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 It is well known that nutritional well-being relates to the ingestion of specifi c 
micro- and macronutrients. The optimum intakes of these nutrients are sub-
jected to national or international guidelines such as the Dietary Reference 
Values or the Recommended Daily Allowances. However there is an increasing 
awareness that well-being is also associated with the qualitative nature of diets. 

 Diet quality is a broad term that encapsulates both perceived and actual 
practices, personal preferences, and cultural diversity. Its imprecision contrasts 
sharply with information derived from quantitative measures of micro- and 
macronutrients intakes or status. For quantitative measures, the analytical tools 
range from dietary recall studies and weighed intakes to laboratory measures of 
circulating nutrients in blood or clinical signs of disease. Measuring dietary 
quality is more problematic and includes investigating food types, the number 
or size of portions or their frequency. Diet quality may also be related to the 
type of food being ingested, snacking, and other eating habits. The inclusions 
of manufactured beverages (carbonated drinks) or take-away meals may also 
be included within the measures of diet quality, albeit as a negative measure. 
It may also include microbiological quality and detailed composition of single 
food items such as meats, pulses, or vegetables. However, hitherto fi nding out 
information on food quality and diet has been fragmentary. 

 In this book  Diet Quality :  An Evidence - Based Approach  we cover all of 
the major facets of diet quality. The book adopts a holistic approach to diet 
quality and imparts information on the major areas of concern or knowledge. 
Chapters link in measurable indices of health such as obesity, cardiovascular 
disease, pregnancy outcomes, mortality, diseases of organs, and cancer. 

 Contributors are authors of international and national standing, leaders in 
the fi eld and trendsetters. Emerging fi elds of science and important discover-
ies are also incorporated in  Diet Quality :  An Evidence - Based Approach . 

 This book is designed for nutritionists and dietitians, public health scientists, 
doctors, epidemiologists, healthcare professionals of various disciplines, policy 
makers, and marketing and economic strategists. It is suitable for teachers and 
lecturers, undergraduates and graduates, researchers and professors. 

 London, UK Victor R. Preedy 
 Maidenhead, UK Lan-Anh Hunter 
 London, UK Vinood B. Patel  

   Preface   
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 The great success of the Nutrition and Health Series is the result of the con-
sistent overriding mission of providing health professionals with texts that 
are essential because each includes (1) a synthesis of the state of the science, 
(2) timely, in-depth reviews by the leading researchers in their respective 
fi elds, (3) extensive, up-to-date fully annotated reference lists, (4) a detailed 
index, (5) relevant tables and fi gures, (6) identifi cation of paradigm shifts and 
the consequences, (7) virtually no overlap of information between chapters, 
but targeted, inter-chapter referrals, (8) suggestions of areas for future 
research, and (9) balanced, data-driven answers to patient as well as health 
professionals questions which are based upon the totality of evidence rather 
than the fi ndings of any single study. 

 The Series volumes are not the outcome of a symposium. Rather, each 
editor has the potential to examine a chosen area with a broad perspective, 
both in subject matter as well as in the choice of chapter authors. The editor(s), 
whose trainings are both research and practice oriented, have the opportunity 
to develop a primary objective for their book, defi ne the scope and focus, and 
then invite the leading authorities to be part of their initiative. The authors are 
encouraged to provide an overview of the fi eld, discuss their own research, 
and relate the research fi ndings to potential human health consequences. 
Because each book is developed de novo, the chapters are coordinated so that 
the resulting volume imparts greater knowledge than the sum of the informa-
tion contained in the individual chapters. 

 “Diet Quality: An Evidence-Based Approach,” edited by Professor Victor 
R. Preedy, PhD, DSc, FRSPH, FRSC, FSB, FRCPath, Dr. Lan-Anh Hunter, 
BSc, MBBS, MRCGP, and Vinood B. Patel, PhD clearly exemplifi es the 
goals of the Nutrition and Health Series. The major objective of this compre-
hensive two volume text is to review the body of research on the growing 
importance of the role of diet quality in assuring adequate intake of the essen-
tial nutrients, suffi cient calories to maintain normal weight, and improve indi-
ces of good health. The book includes 50 up-to-date informative reviews of 
the current thinking about the role of diet quality in the health of individuals 
during different stages of life, determinants of diet quality around the world 
and examines the consequences of diet quality on diseases, public health, and 
international nutrition program development. Practicing health professionals, 
researchers, and academicians can rely on the chapters in this volume for 
objective data-driven sources about essential vitamins and minerals, proteins 

   Series Editor Page   



viii

and fats as well as other dietary components that have been determined to be 
required in healthy diets. This new comprehensive review of the science 
behind the assessment of diet quality is of great importance to the nutrition 
community as well as for health professionals who have to answer patient, 
client, or graduate student questions about the newest clinical research on the 
nutritional interactions of foods and the health consequences. 

 “Diet Quality: An Evidence-Based Approach” represents the most com-
prehensive compilation of the recent data on the critical drivers of food con-
sumption independent of the nutrient density of the foods being consumed. It 
is to the credit of Drs. Preedy, Hunter, and Patel that they have organized this 
volume so that it provides an in-depth overview of the critical issues involved 
in the determination of the best nutritional strategies for infants, toddlers, 
school-age children, and adult populations whether they were born in devel-
oping nations or in developed nations. The volumes’ editors provide their 
in-depth knowledge and expertise to help the reader to understand the value 
of diet quality in the development of national dietary recommendations. 
Professor Preedy is a senior member of King’s College London where he is a 
Professor of Nutritional Biochemistry and is also a Professor of Clinical 
Biochemistry at King’s College Hospital. He is also Director of the Genomics 
Centre and a member of the School of Medicine. He is a member of The 
Royal College of Pathologists, a Fellow of the Society of Biology, The Royal 
College of Pathologists, The Royal Society for the Promotion of Health, The 
Royal Institute of Public Health, The Royal Society for Public Health and in 
2012 a Fellow of the Royal Society of Chemistry. Dr. Hunter received her 
medical degree from Guys, King’s & St Thomas’ Medical School, London. 
Her research focuses on the psychological and cultural aspects of diet, nutri-
tion, and anorexia. She also has a background in diabetes research. Dr. Patel 
is a Senior Lecturer in Clinical Biochemistry at the University of Westminster 
and honorary fellow at King’s College London. Dr. Patel obtained his degree 
in Pharmacology from the University of Portsmouth, his PhD in protein 
metabolism from King’s College London and completed postdoctoral 
research at Wake Forest University School of Medicine. 

 Each of the two volumes contains about 25 comprehensive chapters. The 
fi rst volume contains four related parts. The fi rst part provides an overview 
and perspective on national and international diet quality scoring systems and 
the potential nutritional and health benefi ts of adopting high quality diets. 
The quality of diets consumed at home, in the military, hospitals, or other 
institutions can be dependent upon the costs associated with diets of different 
levels of quality. Health economics can help to determine the cost- effectiveness 
of dietary choices. The four chapters in the fi rst part examine the complexities 
of developing standards and scoring systems, initiatives to determine the sci-
ence behind food preferences, and use examples of successful and not so 
successful dietary programs which focus on health as well as cost- 
effectiveness. The fi rst chapter presents a comprehensive review and tabula-
tion of the current diet quality indexes including, but not limited to the 
Healthy Eating Index (HEI), Diet Quality Index (DQI), Healthy Diet Indicator 
(HDI),the Mediterranean Diet Score (MDS), the Diet Quality Index- 
International (DQI-I), and the Food-Based Quality Index (FBQI). The second 
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chapter examines the biological drive to eat and the complex neural and 
 hormonal systems that control food consumption. The factors affecting the 
selection of one food over another, including food availability, social and 
cultural norms, economic, biologic, and cognitive elements, are reviewed. 
Food preferences are examined including both the learned and innate and 
those stemming from environmental, psychosocial, biologic, and genetic 
infl uences. The environmental and psychosocial elements infl uencing food 
choice and preference includes food’s perceived value, culture, religion, cost, 
access, and exposure to food advertisements are discussed. Several of the 
assessment tools to quantify food intake and preference including food fre-
quency questionnaires, hedonic food scales, feeding studies, food records, 
and open- ended questionnaires are also reviewed. 

 The next unique chapter examines the interaction between emotional 
attachments between parents and children and the quality of foods consumed 
in the home compared to meals eaten outside the home. The authors take an 
evidence-based approach to examine the underlying mechanisms contribut-
ing to the protective effects of the home on healthy eating. It is widely 
observed that the nutritional quality of home consumed meals is healthier 
than in away-from-home settings. The authors present the results of their 
recent studies that found that the more anxious the children and parents, the 
poorer the diet quality. The last chapter in this part reviews the literature that 
examines the cost-effectiveness of healthy eating and describes the associa-
tion seen between lowered healthcare costs and improved diet quality using 
data from studies in Australia. 

 The second part looks at the importance of diet quality for men and women 
of reproductive age, during pregnancy and in the growth of children. The fi rst 
two chapters clearly indicate that the effects of maternal diet, as a composite 
measure of total diet quality on pregnancy outcomes have only recently been 
studied. There is an overall review of the nutritional requirements of preg-
nancy that includes a discussion of recent data on dietary fatty acid and folate 
requirements using the Mediterranean diet as an example. There are impor-
tant tables and fi gures that summarize the evidence showing that dietary 
intake (and diet quality as determined using any of the three quality indexes 
that have a pregnancy component), infl uences pregnancy outcomes such as 
fetal growth, preterm delivery, or neural tube defects. However, the totality of 
epidemiological evidence regarding the association of diet quality and preg-
nancy outcomes is weak overall; nonetheless it is suggestive of a benefi cial 
effect of a high quality diet on pregnancy outcomes even in populations that 
are assumed to be well nourished. Of importance, a study in the USA found 
that a maternal diet of high quality as measured by the DQI and the MDS 
during the preconceptional period was associated with a reduced risk of neu-
ral tube birth defects. 

 The importance of maternal choices of foods for their offspring is reviewed 
in the next chapter. There is evidence that the foods consumed in the fi rst 2 
years of life can determine a child’s food preferences until adulthood. Poor 
dietary quality during childhood has been associated with micronutrient defi -
ciencies, overweight, and cardiovascular disease risk factors. The chapter 
discusses the formation of feeding habits in early childhood, the importance 
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and infl uence of nutritional programs and guidance for mothers and the 
impact of diet quality on children’s health. Several studies on educational 
interventions with mothers are reviewed and provide evidence about the posi-
tive effects of such interventions on children’s diet quality and nutritional 
conditions. The fi nal chapter in this part examines the diet quality of women 
from Africa, Asia, and Latin America and concludes that from a biological 
standpoint as well as a cultural one, women are at greater risk for micronutri-
ent defi ciencies than men and that this equates into a number of adverse 
health outcomes for women and their offspring. 

 The third part of this volume contains eight chapters that describe the diet 
quality of children and seniors. Currently, there are no studies that are specifi -
cally designed to look at diet quality in children and/or adolescents. The 
intervention studies that have been done are reviewed and suggest modest 
improvements in fruit intakes from school-based intervention programs. Two 
studies from Norway are described that provided a free fruit to school-age 
children in controlled settings. Free fruit provided over a year resulted in 
increased fruit intake after the program concluded and reduced consumption 
of unhealthy snacks. In the next chapter, studies of dietary patterns and their 
associations with growth and weight parameters in children and adolescents 
are examined. Using the Youth HEI scores of over 16,000 children and teens, 
it was reported that children with higher diet quality had lower body mass 
indexes. Other studies reviewed showed that lower percent body/abdominal 
fat in children was associated with higher diet quality and conversely, child-
hood obesity prevalence decreased signifi cantly with increasing diet quality. 
Diet quality can be signifi cantly infl uenced by nonfood components. 

 The next chapter summarizes the data linking TV viewing in children and 
video game playing in adolescents with lowered diet quality. There is even a 
large, WHO collaborative cross-national study that was conducted in a num-
ber of European countries and regions, and also in the USA, Canada, and 
Israel. A common identical questionnaire was used. Increased TV viewing 
time was statistically signifi cantly associated with higher rates of daily con-
sumption of sugared drinks and sweets and was signifi cantly negatively asso-
ciated with the consumption of vegetables and fruit indicating a common 
non-healthy diet quality pattern related to TV viewing. The next chapter 
examines the complex role of parents in the diet quality of their children. As 
an example, diet quality is negatively associated with not eating regular fam-
ily meals and the frequent consumption of fast food and meals in front of the 
television. Unfortunately, there is limited research on parental perceptions of 
their children’s eating behaviors and diet quality, with only one study of the 
direct comparison between maternal perceptions of the child’s diet quality 
with the actual quality of the child’s diet. 

 Many parents rely on convenience foods, defi ned in this chapter as foods 
where preparation has occurred outside the home and the foods are consumed 
in the home, to complement their children’s meal. Use of convenience foods 
is growing and is often initiated in the second half of infancy and continues 
through adolescence. Recent research suggests that there is an inverse rela-
tionship between convenience food consumption and diet quality; however, 
producers are reducing salt and fat content to improve the convenience food’s 
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quality profi le. Changing dietary habits is challenging, as documented in the 
next chapter that describes an intervention study in high school students in 
Spain. There were signifi cant, but small, increases in fruit consumption and 
reductions in body weight in this intensive educational program. 
Recommendations for follow-up studies include initiation in elementary 
grades and a more prolonged program of at least 1 year to better reinforce 
new dietary habits. The last chapter in this part reviews the rationales behind 
the development of dietary recommended intakes for individuals 70 years old 
and older in the USA and Canada. The recommendations include an increase 
in the nutrient density of foods consumed as caloric intake decreases with 
aging, yet essential nutrient requirements either stay the same or increase. 
Additionally, there are decreased levels of physical activity, decreased meta-
bolic rates, and increased proportions of fat to lean muscle mass, as well as a 
greater risk of chronic degenerative diseases and use of many drugs that can 
affect energy requirements and appetite. 

 The fourth part, entitled “Foods and Dietary Components” contains fi ve 
chapters that examine key nutrients such as salt, sweet potatoes, meats, 
orange juice, and whole grains and how these individual dietary components 
can alter the quality of diets consumed in different parts of the world. The 
chapter that describes the benefi cial effects of the Mediterranean diet on 
blood pressure examines current data on the higher than expected salt intake 
of children and adolescents who are consuming this diet by including a num-
ber of processed foods, such as bread, pizza, and cheeses that are high in salt. 
The authors warn that the benefi cial effects on blood pressure may be lost for 
the next generation if salt concentrations in processed foods are not reduced. 
The next four chapters describe nutrient sources that can enhance the overall 
diet quality for populations that may be at risk for nutrient defi ciencies. The 
sweet potato is not one plant, but many different varieties that provide valu-
able nutrients shown to have health benefi ts. Sweet potatoes are the seventh 
most commonly consumed carbohydrate-rich food source in the world. 
Varieties have been bred that contain higher concentrations of phenolic com-
pounds, β-carotene, anthocyanins, and proteins called sporamins. Health ben-
efi ts associated with sweet potato consumption include reductions in risk of 
diabetes, cancer and hypertension, reduction in vitamin A defi ciency, improv-
ing hepatic functions, and enhanced memory. 

 Meat, discussed in the next chapter, is an important source of high quality 
protein, providing all the essential amino acids needed for growth and devel-
opment. Meat is also an excellent source of essential micronutrients (vita-
mins, minerals, and trace elements), which are often limited in the diet, 
including vitamin A, iron, and zinc. Cooking methods and their effects on the 
nutritional quality of meats are reviewed in this detailed, well-referenced 
chapter. Another important food that is consumed globally and has high nutri-
ent density is orange juice. Brazil is South America’s largest producer of 
orange juice and orange derivatives. The second largest producer is the USA, 
followed by China, Costa Rica, Mexico, and the Mediterranean region. 
Orange juice is a major contributor to vitamin C intake for children and also 
contains high quantities of fl avonoids and carotenoids. Whole grains are also 
important contributors to diet quality. In addition to fi ber and protein, whole 

Series Editor Page



xii

grains are rich sources of B vitamins and vitamin E, minerals including iron, 
magnesium, potassium, zinc and selenium, beta-glucan, inulin, numerous 
phytochemicals, phytosterols, phytin, and sphingolipids. Of importance, as 
described in the fi nal chapter in this part, these compounds exert an additive 
and/or synergistic effect on health when consumed together. Individuals who 
consume diets containing higher than average intakes of whole grains have 
signifi cantly reduced risk of cardiovascular disease and diabetes. Dietary 
guidelines from nations around the world are tabulated and consistently rec-
ommend the daily consumption of whole grains. 

 The second volume of “Diet Quality: An Evidence-Based Approach” also 
contains four related parts. The fi rst part examines the data linking diseases 
and health conditions that are associated with aspects of diet quality. The six 
chapters in this part review the associations between diet quality and body 
weight, strokes, menstrual irregularities and pain, breast cancer and nonalco-
holic fatty liver disease (NAFLD). Obesity is a major global problem and 
there are a number of studies that have examined the association between diet 
quality and body mass index (BMI). Overall, as reviewed in the fi rst chapter 
in this part, there is a consistent inverse association between the healthiness 
of dietary intake and prospective weight gain. Poor diet quality is also strongly 
associated with increased cardiovascular and cerebrovascular diseases. The 
next chapter describes the detailed data that corroborates the association of 
low diet quality with signifi cant increased risk of stroke in the male Korean 
population. C-reactive protein is an accepted biomarker of infl ammation 
associated with increased cardiovascular risk. Preliminary data, summarized 
in a unique chapter, indicates that C-reactive protein can also serve as an 
indicator of a poorer diet in children. One nutrient that has been linked to 
cardiovascular health is calcium. Low calcium intakes, often seen in children 
and young women, have been associated with increased blood pressure and 
newer research has also linked low calcium intakes with menstrual pain that 
may be linked to blood vessel and/or muscle contractions. This chapter exam-
ines the potential for numerous nutrients to reduce prostaglandin secretions 
from uterine tissue that is considered the major source of menstrual pain. 
Diets that are rich in antioxidants and anti-infl ammatory nutrients have been 
associated with reduced pain during menstruation. 

 Breast cancer is the leading cancer to affect women and is related to 
genetic as well as environmental components including dietary factors. 
Several of the diet quality indexes have been used to determine if dietary fac-
tors are predictive of breast cancer incidence, progression, or mortality. The 
data, tabulated and reviewed, point out the lack of consistent fi ndings between 
studies that may be in part due to the strong genetic component of this dis-
ease. The next chapter describes a relatively new liver disease, NAFLD. The 
majority of NAFLD patients have metabolic risk factors such as visceral obe-
sity, type II diabetes, and dyslipidemia. As the prevalence of metabolic syn-
drome, obesity and diabetes continue to increase globally, the prevalence of 
NAFLD has increased. This very serious disease is mainly treated with 
weight loss diets and/or surgery. Diet quality, including the composition of 
the macronutrients in the diet of NAFLD patients may help to reduce the 
adverse effects of hepatic fat and infl ammation. A diet that is low in 
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 carbohydrates and saturated fat and high in fi ber and omega-3 fatty acids may 
be benefi cial. 

 As indicated earlier, there are many critical factors that determine an indi-
vidual’s diet quality. The fi ve chapters in the next part examine the roles of 
eating behavior and psychology on food choices. Survey data suggest that 
certain behavioral factors can improve diet quality. As an example, the next 
chapter reviews the association between consuming meals in a family setting 
vs. eating alone. Family meal frequency is associated with more healthy food 
intake and behaviors, including more fruits and vegetables, whole grains, cal-
cium rich foods, and protein; less-fried food and sugar-sweetened beverages 
and more micronutrients from food. The next chapter discusses the motiva-
tions for eating. Motivations to eat are related to weight status and predict 
food intake. Environmental motivations to eat include eating in response to 
the environment, food availability, and social infl uences; biological cues 
including taste and hunger, and psychological factors such as emotional eat-
ing and dietary restraint. Obese individuals have less availability of healthy 
foods, eat in response to environmental cues, and are more comfortable with 
their weight when surrounded by obese peers. Perceptions of taste and hunger 
are associated with weight status. Greater self-effi cacy and dietary restraint, 
and reduced vulnerability to eating in response to emotional states are linked 
to a healthier weight status. Another chapter examines the importance of 
breakfast to diet quality. A nutrient dense breakfast infl uences the composi-
tion of subsequent meals, regulates energy intake, boosts physical activity 
levels, and provides a crucial source of dietary micronutrients. The benefi ts 
are consistently observed in the USA and around the world when the break-
fast includes fortifi ed ready-to-eat cereals. Consistent cereal consumption has 
been shown to predict improvements in body composition, including BMI in 
children, adolescents, and adults. 

 Most animals have biological controls that determine their normal food 
intake and obesity is not an issue. In contrast, in humans, non-homeostatic or 
psychological factors may play a more important role in food selection and 
energy intake than do homeostatic or biological factors. Foods that are high 
in energy density are often preferred and more reinforcing, but these foods 
are typically lower in nutrient density. Finding ways to reduce motivation to 
eat unhealthier food while increasing motivation to eat healthier food to 
improve diet quality and reduce obesity is the major focus of the next chapter. 
The fi nal chapter in this part confi rms the association between fast food con-
sumption and reduced diet quality. Studies in the USA showed that fast food 
consumers have a lower overall dietary intake quality score, higher intake of 
energy, fat, saturated fat, sodium and soft drinks, and lower intake of vitamins 
A and C, milk, fruits and vegetables than those who did not reported eating 
fast foods. In addition, a growing number of studies showed an association 
between fast food consumption and obesity in children and adults. 

 The third part of this volume examines, from and international perspec-
tive, the public health initiatives that have been undertaken by governments to 
improve the diet quality of their citizens. The ten chapters review recommen-
dations from Germany, Norway, the USA and Puerto Rico, Arabs in Israel, 
developing countries, sub-Saharan Africa and South Africa specifi cally. In 
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the fi rst chapter, we learn that in Germany, the German Nutrition Society 
establishes the nation’s dietary recommendations. Two graphical representa-
tions are used. The Nutrition Circle as a concrete representation of quantita-
tive food-based dietary guidelines for adults representing the quantity 
relationships of different food groups in a balanced diet. The 3D Food Guide 
Pyramid with four triangle sides is used to illustrate qualitative recommenda-
tions for adequate food choices within four major food groups: plant foods, 
animal foods, fat and oil as well as beverages. There is an interesting chapter 
that compares the dietary components of the Nordic vs. Mediterranean diets. 
The Nordic climate does not support the growth of a great variety of fresh 
vegetables, olives and citrus fruits, but does include plant-derived foods 
including root vegetables, berries, cabbages, plums, apples, and pears. Rye, 
oats, barley, and rapeseed oil are also readily available and the Nordic waters 
contain fi sh that are rich in long-chain omega-3 fatty acids. These foods are 
regarded as traditional Nordic foods with favorable health effects. 

 For over a century, the US Department of Agriculture has issued dietary 
recommendations for its population. The history of these recommendations 
and the rationale for the foods that are recommended are reviewed in several 
chapters. Awareness of these guidelines is also examined in a separate chap-
ter. Awareness of US dietary guidelines has varied by sex, age, race-ethnicity, 
income, and education. Over 80 % of adults have heard of at least one of the 
three sets of federal dietary guidance with the greatest awareness of the Food 
Guide Pyramid. Only about half had heard of the Dietary Guidelines for 
Americans or the 5 A Day program. There was a signifi cant linear trend of 
increasing awareness with increasing education, and a similar signifi cant 
trend of increasing awareness with increasing income level. The Hispanic 
population of the USA is growing rapidly and represents the largest minority 
population in the USA. The next chapter describes the process of dietary 
acculturation which is defi ned as a minority group adopting the eating pat-
terns or food choices of the host country. Traditional Hispanic foods are fresh 
and rich in complex carbohydrates, micronutrients, fi ber, and phytochemi-
cals. These foods are being replaced by highly processed foods with higher 
amounts of salt, sugar, and fat. Thus, food acculturation may not change the 
percentage of the contribution that a specifi c food group has on total calorie 
intake, but it can have an impact on the kind of foods that are selected. A 
unique chapter describes in detail, using nine tables and fi gures, the melding 
of the US dietary guidelines with the foods usually consumed in Puerto Rico, 
a commonwealth and territory of the USA. 

 Dietary acculturation of nomadic Arabs into Israeli society has been asso-
ciated with signifi cant changes in all aspects of daily life including diet qual-
ity and increased prevalence of chronic diseases. Among traditionally 
semi-nomadic Bedouin Arabs, the transition away from whole wheat bread 
to white bread as the main dietary staple was associated with reductions in 
diet quality. This chapter confi rms that dietary acculturation, in addition to 
many other changes in lifestyle among Arabs in Israel often negatively 
affects their diet quality, and may increase the risk for the development of 
chronic diseases. Determination of diet quality in developing countries and/
or developing populations, such as discussed above, can be improved with 
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the use of tools that capture the diversity of the foods consumed. Dietary 
diversity is defi ned as the number of foods or food groups consumed, and it 
is considered as a key dimension of dietary quality. Diverse diets increase 
the likelihood of adequate intake of essential nutrients. The chapter on diet 
diversity summarizes new evidence regarding their potential use as a proxy 
for dietary quality in developing countries. The new studies confi rm a posi-
tive association between dietary diversity indicators and anthropometric 
measures in both children and women. As evidence of the importance of diet 
diversity for measuring diet quality, the next chapter endorses this tool for 
use in sub-Saharan Africa. Currently, data-driven dietary patterns and dietary 
diversity may be more appropriate to assess dietary quality in Africa. The 
dietary transition seen in sub-Saharan Africa refl ects globalization of food 
culture. The chapter describes diet quality of South Africans who have 
recently moved to cities and uses diet diversity as a tool to determine overall 
diet quality. In South Africa, the characteristics of malnutrition are changing 
together with the nutrition transition. In 2007 a health survey found that 
underweight was uncommon, with less than 5 % of women and 8 % of men 
with a BMI of <18.5. The survey also found that 50 % of young women and 
30 % of young men were either overweight or obese. Research has shown 
that both hunger and obesity are often present within the same household, 
especially in low- income households. Higher obesity rates are, furthermore, 
associated with low-income and education levels and low diet diversity 
mainly among women. 

 The fi nal part in the volume includes seven chapters dealing with methods, 
indexes, and scoring systems and their applications and analysis. The fi rst 
chapter describes the development of the DQI. The original DQI was devel-
oped in the early 1990s for the US population and included food and nutrient- 
based recommendations. A number of revisions and additions for 
subpopulations have been developed over time. An adapted version is 
described that was exclusively based on Food Based Dietary Guidelines 
(FBDG) and was designed for use in Flemish preschoolers. Although the 
FBDG-based DQI was designed to compare and monitor dietary changes in 
populations rather than individuals, it has also served as an effective evalua-
tion tool for intervention studies and clinical trials. 

 The next chapter describes the development of diet quality indices that 
refl ected the nutritional status of participants in the Framingham Heart Study 
(FHS) cohorts. The FHS has investigated cardiovascular disease and other 
health outcomes among Framingham residents in Massachusetts since 1948. 
A second-generation cohort of 5,124 FHS offspring and their spouses was 
enrolled in 1971 and comprise the Framingham Offspring/Spouse Study 
(FOS). Members of the FOS cohort participate in standardized clinical 
assessments approximately every 4 years. The Framingham Nutrition Studies 
were initiated in 1984–1988. All men and women completed the Framingham 
Food Frequency Questionnaire, a single 24-h recall, and a nutrition behavior 
questionnaire; two-thirds of these participants also completed 3-day dietary 
records. The Framingham Nutritional Risk Score (FNRS) is a validated 
19-nutrient index for evaluating diet quality. The index was developed spe-
cifi cally to assess cardiovascular disease, which is a focus of the FHS. The 
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FNRS has been shown to predict weight change, overweight and obesity, 
abdominal obesity, and metabolic syndrome. The FNRS is the only index that 
has shown long-term stability, further validating the utility of diet quality 
indices. In addition to the FNRS, there are more than 40 published papers that 
have examined the diet quality in seniors, mainly in developed nations. The 
systematic review by Freisling et al. evaluates the major criteria for determin-
ing factors that affect the diet quality of the elderly. The chapter reminds us 
that the elderly population is more heterogeneous in terms of functional 
capacity, physical conditions, social, economic, and lifestyle situations than 
any other age group, and individual diversity tends to increase with age. This 
diversity adds an additional dimension in identifying factors that are associ-
ated with diet in older adults. 

 Consistent fi ndings among studies indicate that more efforts are needed to 
improve diet among elderly, particularly men, overweight and obese indi-
viduals, and those with lower educational levels. Health conditions may 
directly affect food selection, including impaired oral health and/or gastroin-
testinal problems. Poor diets tend to be clustered with other unhealthy behav-
iors such as smoking or being physically inactive. 

 The Overall Nutritional Quality Index (ONQI™) is another index, 
designed in 2005, to quantify the nutritional and health consequences of cer-
tain diet patterns. The objectives of the index are (1) to develop a (the) defi ni-
tive algorithm to stratify food items within any category, and across food 
categories, based on overall nutrition quality; (2) to develop a novel metric 
for the nutritional quality of individual foods based on the relationship among 
nutrients in foods, the overall quality of the diet, and associations with health 
outcomes; (3) to place the ability of top nutrition experts to discriminate 
among food choices on the basis of nutrition into the hands of every con-
sumer; (4) to provide the public a powerful and empowering means to 
improve dietary intake patterns, and thereby health, one food choice at a 
time. The authors indicate that the ONQI™ is the only system with published 
data demonstrating a direct correlation between score variation, and varia-
tion in health outcomes including all-cause mortality. Another important 
component of diet quality is the actual data capture from individuals. There 
is a unique chapter that describes the use of newly developed electronic data 
capture tools especially to affect weight loss. Self-monitoring is a behavior 
change strategy that is central in behavioral weight loss interventions. The 
process of self-regulation involves self-monitoring, self-evaluation, and self- 
reinforcement, where self-monitoring occurs fi rst followed by self-evalua-
tion of progress made toward one’s goal and self-reinforcement for the 
progress made. From a practical perspective, self-monitoring consists of 
identifying a behavior and recording details about its occurrence. It helps 
individuals learn when and how often a behavior occurs and the circum-
stances that surround that behavior and the necessary actions to be taken to 
change desired behaviors. 

 Another index has been developed to capture food purchasing and its 
impact on diet quality. The chapter reviews a system of indicators for the 
nutritional quality of the marketing and food environments in terms of prod-
uct quality, availability, affordability, and promotion. Indicators in the system 
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were constructed by observing marketing activities at the stock keeping unit 
(SKU) level and by geo-coding the stores and media through which the mar-
keting activities occurred. The diagnostic tool assessed the nutritional quality 
of the food environment created by marketing activities at community, city, 
provincial/state, national, and global levels. This index has the potential to 
provide an understanding of how food marketing and nutrition infl uences 
individual food choices. Continuous monitoring of manufacturers’ and retail-
ers’ marketing activities over time can provide vital information to decision- 
makers regarding whether there is an opportunity to improve the food 
environment and hence achieve food supply chain transformations toward 
healthy eating. 

 The Mediterranean Diet Pattern (MDP) has been shown in numerous stud-
ies to be consistently associated with a lower prevalence of ischemic heart 
disease and lower overall mortality and morbidity. The pattern is character-
ized by a diet rich in fruit, vegetables, legumes, whole grains, fi sh, and low- 
fat dairy products. The next chapter reviews the data and also comments on 
the changes seen recently in the diets of populations living in the Mediterranean 
regions. New indexes have been developed to help capture these changes. The 
Mediterranean Diet Quality Index (KIDMED) was developed to assess the 
adherence to MDP in school children and adolescents. Based on a new study 
using the KIDMED score of students, only 6 % were classifi ed as high adher-
ers to a Mediterranean diet and about 42 % were classifi ed as having very low 
diet quality that correlated with clinically relevant levels of urinary albumin. 

 The logical sequence of the parts in each volume as well as the chapters 
within each part enhances the understanding of the latest information on the 
current standards of practice in diet quality assessment in different countries 
around the world. This comprehensive two volume resource has great value 
for academicians involved in the education of graduate students and postdoc-
toral fellows, medical students, allied health professionals, and public health 
nutritionists who plan to improve diet quality especially for populations at 
risk for macro and/or micronutrient defi ciencies. Moreover, the fi nal chapter 
in the volume provides a comprehensive resource to websites, professional 
organizations, books, journals, and other resources that are of value to any 
health professional interested in diet quality. 

 The two volumes contain over 250 detailed tables and fi gures that assist 
the reader in comprehending the complexities of food choices, quantifi cation 
of intake and availability of essential nutrients, composition of diet indexes 
across the world, comparisons of the nutritional needs of infants and children, 
pregnant women, other healthy adults and seniors. There are in-depth discus-
sions of the behavioral aspects of eating as well as cultural, genetic, and emo-
tional health inputs into food choices. The overriding goal of this volume is 
to provide the health professional with balanced documentation and aware-
ness of the newest research and technical approaches including an apprecia-
tion of the complexity of the interactions between genetics, health and 
disease, nutrient defi ciencies, and new issues of psychological aspects to food 
choice in this relatively new fi eld of investigation of diet quality. Hallmarks 
of the 50 chapters include key words and bulleted key points at the beginning 
of each chapter, complete defi nitions of terms with the abbreviations fully 
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defi ned for the reader, and consistent use of terms between chapters. There 
are over 2,300 up-to-date references; all chapters include a conclusion to 
highlight major fi ndings. The volume also contains a highly annotated index. 

 This unique text provides practical, data-driven resources based upon the 
totality of the evidence to help the reader understand the basics of determin-
ing diet quality, historic perspectives, and descriptions of the most widely 
used indexes as well as updates that are specialized to capture the diet quality 
of children, seniors, and other population groups. New research using novel 
sources of data such as information concerning food purchase choices and 
uses of electronic personal data collection are described as these are being 
implemented in the most at risk populations in developed as well as develop-
ing nations across the world. Of equal importance, critical issues that involve 
food preferences, food choice interactions that affect nutrient absorption, and 
regulatory and public health perspectives in developing national dietary rec-
ommendations based upon diet quality data are included in well-referenced, 
informative chapters. The overarching goal of the editors is to provide fully 
referenced information to health professionals so they may have a balanced 
perspective on the value of measuring diet quality to assure governments that 
their food fortifi cation options improve the nutrient density of consumed 
diets, as one example. 

 In conclusion, “Diet Quality: An Evidence-Based Approach,” edited by 
Professor Victor R. Preedy, PhD, DSc, FRSPH, FRSC, FSB, FRCPath, Dr. 
Lan-Anh Hunter, BSc, MBBS, MRCGP, and Vinood B. Patel, PhD provides 
health professionals in many areas of research and practice with the most 
up-to- date, well-referenced, and comprehensive volumes on the current state 
of the science and medical practice guidelines with regard to the value of 
dietary quality assessment programs. The two volumes will serve the reader 
as the most authoritative resource in the fi eld to date and are very welcome 
additions to the Nutrition and Health Series. 

 Morristown, NJ, USA Adrianne Bendich, PhD, FACN, FASN
 Series Editor  
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 1      Diet Quality: Setting the Scene 

           Najeeba     F.     Alamir     and     Victor     R.     Preedy    

 Key Points 

•     Diet quality is a subjective term that is often used within the context of 
a defi ciency or excess of nutrients or foods.  

•   Attempts have been made to translate such subjectivity into objective 
measures, namely via scoring systems. Such scoring systems comprise 
nutrients and foods or food groups that are assumed to be either healthy 
or detrimental.  

•   This chapter briefl y describes a few scoring systems, namely the 
Healthy Eating Index (HEI), Diet Quality Index (DQI), Diet Quality 
Index-International (DQI-I), Healthy Diet Indicator (HDI), and the 
Mediterranean Diet Score (MDS).  

•   These selective examples illustrate the nature of the scoring systems, 
their attributes, and applications.  

•   Some of these scoring systems correlate with biomarkers, mortality, 
cognitive impairment, and other variables.  

•   On the other hand some studies are negative, suggesting that the scor-
ing systems may not be applicable to all situations.    

 Keywords 

 Diet quality   •   Health Eating Index (HEI)   •   Diet Quality Index (DQI)   • 
  Healthy Diet Indicator (HDI)   •   Mediterranean Diet Score (MDS)   •   Diet 
Quality Index-International (DQI-I) 
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  DQI-I    Diet Quality Index-International   
  DQI-R    Diet Quality Index Revised   
  FBQI    Food-Based Quality Index   
  FPI    Food Pyramid Index   
  Hb    Hemoglobin   
  HDI    Healthy Diet Indicator   
  HDL    High density lipoprotein   
  HEI    Healthy Eating Index   
  HFI    Healthy Food Index   
  MAR    Mean Adequacy Ratio   
  MDQI    Mediterranean Diet Quality Index   
  MDS    Mediterranean Diet Score   
  MUFA    Monounsaturated fatty acid   
  NAR    Nutrient Adequacy Ratio   
  PRO    Protein   
  PUFA    Polyunsaturated fatty acid   
  RDA    Recommended Dietary Allowance   
  RNI    Recommended Nutrient Intake   
  SFA    Saturated fatty acid          

    Introduction 

 The human diet is composed of many different 
nutrients, which contribute to maintaining normal 
bodily functions. Components of the diet may be 
used to provide metabolic fuels (e.g., the break-
down of macronutrients to form adenosine triphos-
phate (ATP) which may be used to maintain the 
sodium potassium balance across cells), building 
blocks (e.g., amino acids for cytoskeletal proteins), 
or components of various cellular constituents 
(e.g., selenium as part of glutathione peroxidase). 

 In nutritional epidemiology, the focus has 
mainly been directed towards the role of such 
single dietary components [ 1 ]. This “reductionist” 
approach can reveal the relationship of individual 
nutrients or foods in disease development [ 1 ,  2 ]. 
However, this approach disregards the true com-
plexity of the human diet, and therefore the true 
relationship between diet and disease [ 3 ]. This is 
because the food matrix is a composite mixture of 
individual components, many of which do not 
appear in the established lists of dietary refer-
ence values or recommended daily intakes. 
Additionally, within the body, there are many 
nutrient-to-nutrient interactions that further com-
plicate the associations between single dietary 
components and disease [ 4 ]. For this matter, a 

“holistic” approach is usually undertaken to eval-
uate diet quality based on patterns of intake [ 3 ]. 

 Dietary patterning can be defi ned as theoreti-
cally defi ned dietary patterns or empirically 
derived dietary patterns [ 1 ]. The latter is exam-
ined in “a posteriori” approach, where statistical 
methods such as factor and cluster analyses are 
used to generate patterns from collected food 
consumption data [ 1 ,  3 ,  5 ]. Theoretically defi ned 
dietary patterns (dietary indices/scores), on the 
other hand, are created “a priori.” They are made 
up of nutritional variables (foods and/or nutri-
ents) and based on current nutrition knowledge 
[ 1 ,  3 ,  5 ]. These variables are quantifi ed and 
summed to provide an overall measure of diet 
quality [ 1 ,  5 ]. The ensuing material will focus on 
predefi ned indices of overall diet quality. 
Unfortunately, the term  diet quality  has been 
defi ned and used in different ways. However, 
there have been various attempts to make the con-
cept of diet quality more objective, quantitative, 
and measurable. Table  1.1  provides a basic break-
down of the attributes and key issues in the con-
struction of predefi ned indices of diet quality [ 3 ].

   A variety of diet indices or tools have been 
developed to assess overall diet quality [ 6 ]. 
Typically, these indices are constructed on the 
basis of dietary recommendations, such as “serv-
ings” of food items in the US Department of 
Agriculture Food Guide Pyramid [ 4 ,  7 ].  

    Existing Indices of Diet Quality 

 There are several systems of scoring that have 
been validated by relating the index to health 
outcome. Table  1.2  provides an overview of 
existing diet quality indices and studies in 

   Table 1.1       Characteristics of predefi ned indices of 
 overall diet quality   

 Created beforehand (“a priori”) 
 Researcher selects attributes: nutrients, foods or food 
groups, and/or an indicator of dietary variety 
 Built upon current nutrition knowledge 
 Often represents nutrition guidelines or recommendations 
 Or based on diet that has proven healthful 
(e.g., Mediterranean diet) 

   Source : Waijers and Feskens [ 3 ]  
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which they have been used and/or evaluated 
[ 3 ]. Some of the most common of these indices 
are the Healthy Eating Index (HEI) [ 8 ], Diet 
Quality Index (DQI) [ 9 ], Healthy Diet Indicator 
(HDI) [ 10 ], and the Mediterranean Diet Score 
(MDS) [ 11 ]. The Diet Quality Index-
International (DQI-I) [ 12 ], which is a deriva-
tive of the DQI, is a fairly recent predefi ned 
measure created for global monitoring and 
exploring diet quality across countries. Prior to 
the development of this index, cross-national 
comparison of diet quality had rarely been 
attempted [ 12 ].

   There are some indices, such as the Food- 
Based Quality Index (FBQI), that consist solely 
of foods or food groups. Other indices like the 
adapted DQIs consist of just nutrients. The 
majority of indices, however, comprise both food 
groups and nutrients [ 3 ]. Table  1.3  includes an 
overview of the attributes found in the scoring 
systems mentioned below [ 8 – 47 ].

       Healthy Eating Index 

 The HEI is a 10-component, 100-point measure 
of diet quality that assesses conformance to US 
dietary guidelines [ 48 ]. It is based on fi ve differ-
ent food groups (grains, vegetables, fruits, milk, 
and meat), four nutrients (total fat, saturated 
fatty acids (SFAs), cholesterol, and sodium), and 
a measure of the variety in food intake [ 8 ]. 

   Table 1.2    Overview of existing diet quality measures and 
studies in which they have been used and/or evaluated   

 Index  Authors 

  Based on dietary guidelines  
  Diet Quality Index (DQI)  a    Patterson et al.  [ 9 ] 

 Seymour et al. [ 13 ] 
 Dubois et al. [ 14 ] 

 Diet Quality Index 
Revised (DQI-R) 

  Haines et al.  [ 15 ] 
 Newby et al. [ 16 ] 
 Fung et al. [ 17 ] 

 Diet Quality Index 
International (DQI-I) 

  Kim et al.  [ 12 ] 

 Other indices adapted from the DQI 
 DQI-a I  Drewnowski et al. [ 18 ] 
 DQI-a II  Drewnowski et al. [ 19 ] 
 DQI-a III  Lowik et al. [ 20 ] 

  Healthy Eating 
Index (HEI)  a  

  Kennedy et al.  [ 8 ] 
 McCullough et al. [ 21 ] 
 McCullough et al. [ 22 ] 
 Dubois et al. [ 14 ] 
 Kennedy et al. [ 23 ] 
 Hann et al. [ 24 ] 
 McCullough et al. [ 25 ] 
 Weinstein et al. [ 26 ] 
 Fung et al. [ 17 ] 

 Alternative Healthy 
Eating Index (AHEI) 

  McCullough et al.  [ 25 ] 
 Fung et al. [ 17 ] 

  Healthy Diet 
Indicator (HDI)  b  

  Huijbregts et al.  [ 10 ,  27 ] 
 Huijbregts et al. [ 28 ] 
 Dubois et al. [ 14 ] 
 Haveman-Nies et al. [ 29 ] 

  Dietary Guidelines 
Index (DGI)  

  Harnack et al.  [ 30 ] 

  Based on Mediterranean diet  
  Mediterranean 
Diet Score (MDS)  

  Trichopoulou et al.  [ 11 ] 
 Osler and Schroll [ 31 ] 
 Kouris-Blazos et al. [ 32 ] 
 Lasheras et al. [ 33 ] 
 Woo et al. [ 34 ] 
 Haveman-Nies et al. [ 29 ] 
 Bosetti et al. [ 35 ] 

 Mediterranean Diet 
Quality Index (MDQI) 

  Gerber et al.  [ 36 ] 
 Scali et al. [ 37 ] 

 MDS + fi sh (MDS-f)   Trichopoulou et al.  [ 38 ] 
 Knoops et al. [ 39 ] 
 Trichopoulou et al. [ 40 ] 

 Other indices adapted from the MDS 
 MDS-a I   Haveman-Nies et al.  [ 41 ] 
 MDS-a II  Schroder et al. [ 42 ] 
 MDS-a III  Fung et al. [ 17 ] 
 MDS-a IV  Pitsavos et al. [ 43 ] 

  Food-based  
 Food-Based Quality 
Index (FBQI) 

  Lowik et al.  [ 20 ] 

 Healthy Food Index (HFI)   Osler et al.  [ 44 ] 
 Osler et al. [ 45 ] 

 Food Pyramid Index (FPI)   Massari et al.  [ 46 ] 
  Nutrient-based  
  Nutrient Adequacy Ratio 
(NAR/MAR)  c  

  Madden and Yoder  [ 47 ] 

   Source : Waijers et al. [ 1 ] 
 Publications in which the index was fi rst published are 
shown in bold 
  a Based on US dietary recommendations 
  b Based on 1990 WHO dietary guidelines 
  c Nutrient Adequacy Ratio (NAR) is the ratio of intake of a 
nutrient relative to its Recommended Dietary Allowance 
(RDA). The Mean Adequacy Ratio (MAR) is computed by 
averaging the sum of the NAR. These scores have been used 
in several studies, and also to evaluate diet quality scores  

(continued)
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A HEI score of 80 or more indicates a good diet; 
scores between 50 and 80 suggest that a diet 
needs improvements, and scores less than 50 
consider a diet to be poor [ 49 ]. Table  1.4  shows 
an overview of the HEI.

   Hann et al. [ 24 ] and Weinstein et al. [ 26 ] 
found that the HEI was associated with a wide 
range of nutritional biomarkers of micronutri-
ents, i.e., alpha-carotene, beta-carotene, beta- 
cryptoxanthin, and vitamin C. They explain that 

consumption of these nutrients is a common 
 indicator of fruits and vegetables, and therefore 
consumption of these food groups [ 24 ]. Both 
studies found no signifi cant correlation between 
HEI score and cholesterol [ 24 ,  26 ]. A study by 
Dubois et al. [ 14 ] analyzed three different meth-
ods to measuring overall diet quality. They found 
that the HEI had a higher correlation with the 
Mean Adequacy Ratio (MAR = 0.287) of several 
nutrients, compared to the DQI and HDI. 

 Data on the relationship between the HEI 
score and mortality is lacking. However, there are 
four studies that have examined the relationship 
between HEI and disease risk [ 21 ,  22 ,  25 ,  30 ]. 
Harnack et al. [ 30 ] found no signifi cant associa-
tion between the HEI score with cancer incidence 
[ 30 ]. In the McCullough et al. [ 21 ,  22 ] studies, a 
weak inverse association between HEI score and 
chronic disease risk (cardiovascular disease 
(CVD) and cancer) was reported [ 21 ]. They did 
not report such an association with overall 
chronic disease risk in women, and only a weak 
inverse association with CVD risk [ 22 ]. 

 The HEI is based on US dietary guidelines 
and, to a certain extent, measures how individu-
als follow these guidelines. However, further 
work is needed to fi rmly establish the HEI as a 
good predictor of health outcome. Nevertheless, 
the HEI shows correlations with plasma 
 biomarkers such as alpha-carotene, beta-carotene, 
beta- cryptoxanthin, and vitamin C [ 24 ].  

   Table 1.4    Health Eating Index (HEI)   

 Scoring 

 Component  Criteria for score 0  Criteria for score 10 a   Range 

 Grains  0 servings  6–11 servings  0–10 
 Vegetables  0 servings  3–5 servings  0–10 
 Fruits  0 servings  2–4 servings  0–10 
 Milk  0 servings  2–3 servings  0–10 
 Meat  0 servings  2–3 servings  0–10 
 Total fat  >45 energy %  <30 energy %  0–10 
 Saturated fatty acids  >15 energy %  <10 energy %  0–10 
 Cholesterol  >450 mg  <300 mg  0–10 
 Sodium  >4,800 mg  <2,400 mg  0–10 
 Variety  ≤6 different food items/3 days  16 different food items/3 days  0–10 

   Source : Kennedy et al. [ 8 ] 
  a Depending on energy intake  

   Table 1.3    Overview of attributes included in theoretically 
defi ned indices of diet quality   

 Nutrients 
 Fat-related variables: total fat, saturated fat, 
cholesterol, MUFA/SFA 
 Carbohydrates: (complex) carbohydrates, mono- and 
disaccharides, sucrose 
 Dietary fi ber 
 Protein 
 Micronutrients: sodium, calcium, iron, vitamin C 
 Alcohol 

 Foods of food groups 
 Vegetables and fruit: vegetables, vegetables and fruit, 
fruit, fruit and nuts, legumes, legumes and nuts, etc. 
 Meats (and meat products) 
 Cereals or grains 
 Milk (and dairy) 
 Others: fi sh, olive oil, cheese 

 Dietary diversity or dietary variety 
 Dietary moderation 

   Source : Waijers and Feskens [ 3 ] 

  MUFA  monounsaturated fatty acid,  SFA  saturated fatty acid  
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    Healthy Diet Indicator 

 The HDI (Table  1.5 ) was developed in the 
Netherlands [ 3 ] and is based on the World Health 
Organisation’s dietary recommendations for the 
prevention of chronic disease [ 50 ]. The HDI is 
made up of nine micro- and macronutrient com-
ponents [ 3 ,  10 ]. It uses a 9-point measure of four 
nutrients (SFAs, polyunsaturated fatty acids 
(PUFAs), mono- and disaccharides, and choles-
terol) and fi ve food groups (complex carbohy-
drates, dietary fi ber, fruits and vegetables, and 
pulses, nuts, and seeds). Typically, the higher the 
overall HDI score, the better the diet quality.

   Huijbregts et al. [ 10 ,  27 ] reported the HDI to 
be inversely associated with all-cause mortality 
in men [ 10 ] but not women [ 27 ]. Huijbregts et al. 
[ 28 ] also suggested a healthy HDI score to cor-
relate with better cognitive function in elderly 
men. Dubois et al. [ 14 ] reported that the HDI 
score only slightly correlated with MAR (0.079). 
Moreover, Haveman-Nies et al. [ 29 ] found no 
association between HDI score and albumin, 
hemoglobin (Hb), or waist circumference.  

    Diet Quality Index and Diet Quality 
Index-International and Health 
Outcome 

 The DQI is made up of eight components 
(Table  1.6 ) and is based on the US recommenda-
tions from  Diet and Health  [ 51 ]. The DQI uses a 
16-point measure, where a high score is indica-

tive of a poor diet quality (unlike the previously 
mentioned dietary indices).

   Dubois et al. [ 14 ] showed the DQI to only 
marginally correlate with nutrient adequacy. One 
study by Seymour et al. [ 13 ] found that a high 
DQI score was positively associated with all- 
cause mortality. Moreover, persons with a high 
DQI score had lower CVD-mortality, but no 
association was found between cancer mortality 
and the DQI score [ 13 ]. 

 The DQI-I is an adapted version of the DQI 
[ 12 ]. It is divided into four major components, 
including, variety, adequacy, moderation, and 
empty calorie foods (Table  1.7 ). The total DQI-I 
score ranges from 0 to 100, where a score of “0” 
refl ects an extremely poor diet, and a score of 
“100” (highest possible score) indicates a high 
quality diet [ 12 ]. The differences between the 
original DQI and the DQI-I indices are signifi -
cant. The DQI-I not only is more extensive than 

   Table 1.5    Healthy Diet Indicator (HDI)   

 Nutrient or food group  Scoring 

 SFA  0–10 energy %  1 (else: 0) 
 PUFA  3–7 energy %  1 (else: 0) 
 Protein  10–15 % energy  1 (else: 0) 
 Complex carbohydrates  50–70 energy %  1 (else: 0) 
 Dietary fi ber  27–40 g/day  1 (else: 0) 
 Fruits and vegetables  >400 g/day  1 (else: 0) 
 Pulses, nuts, and seeds  >30 g/day  1 (else: 0) 
 Mono- and disaccharides  0–10 energy %  1 (else: 0) 
 Cholesterol  0–300 mg/day  1 (else: 0) 

   Source : Huijbregts et al. [ 10 ] 
  SFA  saturated fatty acid,  PUFA  polyunsaturated fatty acid  

   Table 1.6    Diet Quality Index (DQI a )   

 Component  Scoring 

 Total fat  <30 energy %  0 
 30–40 energy %  1 
 >40 energy %  2 

 Saturated fatty acids  <10 energy %  0 
 10–13 energy %  1 
 >13 energy %  2 

 Cholesterol  <300 mg  0 
 300–400 mg  1 
 >400 mg  2 

 Fruits and vegetables  5+ servings  0 
 3–4 servings  1 
 0–2 servings  2 

 Complex carbohydrates  6+ servings  0 
 4–5 servings  1 
 0–3 servings  2 

 Protein  ≤100 % RDA  0 
 100–150 % RDA  1 
 >150 % RDA  2 

 Sodium  <2,400 mg  0 
 2,400–3,400 mg  1 
 >3,400 mg  2 

 Calcium  ≥RDA  0 
 2/3 RDA  1 
 <2/3 RDA  2 

   Source : Patterson et al. [ 9 ] 
  RDA  Recommended Dietary Allowance 
  a Based on US recommendations from Diet and Health 
(National Research Council, Committee on Diet and 
Health) [ 50 ]  

1 Diet Quality: Setting the Scene
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   Table 1.7    Diet Quality Index-International (DQI-I)   

 Component  Score (points)  Scoring criteria 

  Variety   0–20 
 Overall food group variety (meat/poultry/
fi sh/eggs, dairy/beans, grain, fruit, vegetable) 

 0–15  ≥1 serving from each food group/day = 15 
 Any 1 food group missing/day = 12 
 Any 2 food groups missing/day = 9 
 Any 3 food groups missing/day = 6 
 ≥4 food groups missing/day = 3 
 None from any food groups = 0 

 Within-group variety for protein source 
(meat, poultry, fi sh, diary, beans, eggs) 

 0–5  ≥3 different sources/day = 5 
 2 different sources/day = 3 
 From 1 source/day = 1 
 None = 0 

  Adequacy   0–40 
 Vegetable group  0–5  ≥3–5 servings/day = 5, 0 servings/day = 0 
 Fruit group  0–5  ≥2–4 servings/day = 5, 0 servings/day = 0 
 Grain group  0–5  ≥6–11 servings/day = 5, 0 servings/day = 0 
 Fiber  0–5  ≥20–30 g/day = 5, 0 g/day = 0 
 Protein  0–5  ≥10 % of energy/day = 5, 0 % of energy/day = 0 
 Iron  0–5  ≥100 % RDA (AI)/day = 5, 0 % RDA (AI)/day = 0 
 Calcium  0–5  ≥100 % (AI)/day = 5, 0 % (AI)/day = 0 
 Vitamin C  0–5  ≥100 % RDA (RNI)/day = 5, 0 % RDA 

(RNI)/day = 0 
  Moderation   0–30 
 Total fat  0–6  ≤20 % of total energy/day = 6 

 >20–30 % of total energy/day = 3 
 >30 % of total energy/day = 0 

 Saturated fat  0–6  ≤7 % of total energy/day = 6 
 >7–10 % of total energy/day = 3 
 >10 % of total energy/day = 0 

 Cholesterol  0–6  ≤300 mg/day = 6 
 >300–400 mg/day = 3 
 >400 mg/day = 0 

 Sodium  0–6  ≤2,400 mg/day = 6 
 >2,400–3,400 mg/day = 3 
 >3,400 mg/day = 0 

 Empty calorie foods  0–6  ≤3 % of total energy/day = 6 
 >3–10 % of total energy/day = 3 
 >10 % of total energy/day = 0 

  Overall balance   0–10 
 Macronutrient ratio (CHO:PRO:FAT)  0–6  55–65:10–15:15–25 = 6 

 52–68:9–16:13–27 = 4 
 50–70:8–17:12–30 = 2 
 Otherwise = 0 

 Fatty acid ratio (PUFA:MUFA:SFA)  0–4  P/S = 1–1.5 and M/S = 1–1.5 = 4 
 Else if P/S = 0.8–1.7 and M/S = 0.8–1.7 = 2 
 Otherwise = 0 

   Source : Kim et al. [ 12 ] 
  RDA  Recommended Dietary Allowance,  AI  Adequate Intake,  RNI  Recommended Nutrient Intake,  CHO  carbohydrate, 
 PRO  protein,  PUFA  polyunsaturated fatty acid,  MUFA  monounsaturated fatty acid,  SFA  saturated fatty acid  

the DQI but also has attributed different weights 
to the individual components [ 3 ]. Thus, the 
DQI-I incorporates both nutrient and food per-
spectives of the assessed diet, providing a more 
grounded tool to describe the diversity of 

 consumption observed from country to country 
[ 12 ]. Kim et al. [ 12 ] have suggested that the 
DQI-I can indentify dietary problem areas. Like 
the DQI, a high score on the DQI-I, suggests a 
good diet quality.

N.F. Alamir and V.R. Preedy
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       Mediterranean Diet Score 

 The MDS is an eight-component, 8-point mea-
sure of diet quality (Table  1.8 ). It is based mainly 
on food groups, and is supplemented with a ratio 
of the fatty acid composition of the diet (mono-
unsaturated fatty acids (MUFAs) and SFAs) [ 1 ]. 
A high MDS score indicates a good diet quality.

   A study by Lasheras et al. [ 33 ] evaluated the 
relationship between MDS and mortality among 
Spanish elderly. They found that the MDS was 
only signifi cantly associated with a reduced risk of 
death in persons under 80 years [ 33 ]. Another 
study evaluating French adults was also reported to 
exhibit lower mortality following a Mediterranean 
diet in intervention studies [ 52 ,  53 ]. Furthermore, 
Osler and Schroll [ 31 ] found an association 
between plasma carotene and MDS. However, no 
association was reported between plasma choles-
terol, high density lipoprotein (HDL), or vitamin E 
with the score [ 31 ]. 

 Dietary patterns are infl uenced greatly by cul-
tural differences. Thus, it is important to take into 
consideration these differences when choosing 
diet quality indices to measure diet quality of a 
certain population. Though the MDS may seem 
pertinent in predicting mortality, especially in 
European Mediterranean populations, it may be 
better to adapt or develop a score that tailors to 
local diets in Western populations, like the UK [ 3 ].  

    Subjective and Non-scoring 
Systems 

 It is important to emphasize that many published 
studies employ the term  diet quality  or other 

aspects of  quality  without using indices or 
numerical scoring systems. Such studies may be 
subjective but based on a fi rm scientifi c founda-
tion. For example, diets low in iodine may be 
deemed as  poor  or  low quality  as the conse-
quences of iodine defi ciency can be devastating. 
Iodine defi ciency, for example, is well known to 
be associated with increased rates of stillbirths, 
spontaneous abortions, cretinism, hypothyroid-
ism, impaired cognitive function, etc. This does 
not mean to say that the terms  poor  or  low quality  
have been misused but rather they have been used 
within a different context. However, it is increas-
ingly likely that the use of diet quality scoring 
systems will gain wider usage, and new ones 
developed as the scientifi c dialogue between diet 
and disease progresses.  

    Conclusion 

 Diet quality is a subjective term that is often used 
within the context of a defi ciency or excess of 
nutrients or foods. Attempts have been made to 
translate such subjectivity into objective mea-
sures, namely via scoring systems. Some of these 
scoring systems correlate with biomarkers, mor-
tality, cognitive impairment, and other variables. 
On the other hand some studies are negative 
 suggesting that the scoring systems may not be 
applicable to all situations or populations.     
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 Key Points 

•     Perceived health benefi ts of foods strongly infl uence food selection, 
although perceived health benefi ts infl uence women’s food choices 
more than the food choices of men.  

•   Men’s food choices are strongly infl uenced by social norms. Cultural 
and social norms also determine customary potion sizes of meals and 
infl uence the amount of food consumed at a meal.  

•   At least in part, an individual’s food intake and preferences may have 
cultural and/or religious roots.  

•   Food cost and accessibility play a role in food choice and preference.  
•   Commercial advertising infl uences food intake.  
•   The presence of nutrients in the gut stimulates the secretion of several 

gut-derived hormones including cholecystokinin (CCK), glucagon- like 
peptide 1 (GLP-1), oxyntomodulin (OXM), neurotensin (NT), and 
 peptide YY (PYY), as well as glucose-dependent insulinotrophic pep-
tide (GIP), all which attenuate continued food ingestion. The adipose 
 tissue-derived hormone, leptin also promotes satiety signals.  

•   The gut-derived peptide hormone, ghrelin, stimulates food intake. 
The neuropeptides NPY and agouti-related peptide are produced in the 
central nervous system (CNS) and stimulate food intake.  

•   The CNS is important in regulating food intake. The hypothalamus and 
brainstem are key in regulating energy intake and expenditure through 
neuronal and hormonal networks. The limbic and prefrontal regions 
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      Abbreviations 

   AACE     American Association of Clinical 
Endocrinologists   

  ADA    American Diabetes Association   
  ARP    Agouti-related peptide   
  BMI    Body mass index   
  CCK    Cholecystokinin   
  CNS    Central nervous system   
  DASH     Dietary approaches to stop hypertension   
  FCI    Food craving inventory   
  FFQ    Food Frequency Questionnaire   
  fMRI    Functional magnetic resonance imaging   
  GABA    γ-Aminobutyric acid   
  GAD    Glutamic acid decarboxylase   
  GI    Gastrointestinal   
  GIP     Glucose-dependent insulinotrophic 

peptide   
  GLP-1    Glucagon-like peptide 1   
  IAPP    Islet amyloid polypeptide   
  NPY    Neuropeptide Y   
  NT    Neurotensin   

  POMC    Proopiomelanocortin   
  PYY    Peptide YY   
  SES    Socioeconomic status   
  TFEQ    Three-Factor Eating Questionnaire   
  TNF-α    Tumor necrosis factor α   
  vmPFC    Ventral medial pre frontal cortex   

           Introduction 

 The biologic drive to eat results from complex 
neural and hormonal systems. The selection of 
one food over another is also a complex process 
involving many factors including food availability, 
social and cultural norms, economic, biologic, 
and cognitive elements. Factors determining food 
preference are both learned and innate, stemming 
from environmental, psychosocial, biologic, and 
genetic infl uences. The environmental and psy-
chosocial elements infl uencing food choice and 
preference include food’s perceived value, cul-
ture, religion, cost, access, and exposure to food 

regulate reward systems. Brain centers involved in pleasure and reward 
are activated when we eat, and the neurotransmitter dopamine plays a 
signifi cant role in the neuronal control of feeding behavior. Centers 
processing cognitive behaviors include the prefrontal cortex and cingu-
lated regions. Cognitive control can be enhanced with practice.  

•   Obesity is associated with attenuated satiety signaling, leptin resis-
tance, and abnormalities in the CNS dopamine reward network.  

•   Taste and olfaction strongly affect eating behavior and nutrient intake. 
Enhanced bitter perception is associated with reduced vegetable intake 
and reduced preference for sweet.  

•   Genetic studies suggest genetic variation to play a role in modulating 
food intake and preference.  

•   Many different modalities are used to measure food preference, including 
food frequency questionnaires (FFQs), hedonic food scales, direct obser-
vational feeding studies, 3 day and 24 h food records. FFQs are widely 
used to estimate food preference and intake. Hedonic scales are used to 
measure food preference or liking. Both food frequency and hedonic 
scales link food intake and preference to risk of chronic disease.    

 Keywords 

   Food intake   •   Eating behavior   •   Taste   •   Genetics   •   Hormone   •   Nervous 
system   •   Food preference 
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advertisements. Many modalities have been used 
to quantify food intake and preference including 
food frequency questionnaires (FFQs), hedonic 
food scales, feeding studies, food records, and 
open-ended questionnaires. In this chapter, we 
will discuss environmental, psychological, social, 
and economic factors impacting food intake and 
preference as well as biologic factors shaping 
eating behaviors, and lastly discuss scientifi c 
methods of quantifying and qualifying food pref-
erence and intake. 

    Perceived Health Value and Food 
Intake and Preference 

 The perceived health value of food impacts food 
intake and preference. Both real and perceived 
health risks and benefi ts of food play a role in 
food intake. Many consumers purchase organic 
foods due to perceived health or environmental 
benefi ts over conventional foods. Fresh foods 
have been promoted as being benefi cial over pro-
cessed foods due to absence of chemical 
 preservatives and other food additives. Data from 
questionnaires aimed at determining attitudes 
and behaviors toward organic foods indicated 
that perceived health benefi ts of these foods most 
strongly determined whether respondents chose 
foods labeled organic [ 1 ]. Whole grains, lean 
protein, low-fat dairy and fresh fruits and vegeta-
bles are promoted due to health benefi ts associ-
ated with habitual consumption of these foods. 
Whole grains may be consumed rather than 
refi ned grains by individuals who hope to lower 
fasting insulin concentrations and improve insu-
lin sensitivity, and/or to reduce risk of cardio-
vascular diseases, diabetes, and colon cancer 
[ 2 ]. The American Association of Clinical 
Endocrinologists (AACE) and the American 
Diabetes Association (ADA) recommend a 
reduced energy, low glycemic index, and low-fat 
diet as a therapeutic intervention for persons with 
diabetes mellitus [ 3 ]. Low-fat dairy and fresh 
vegetables and fruits are mainstays of the dietary 
approaches to stop hypertension (DASH) diet as 
well, which promotes blood pressure control. 

Health conscious individuals who desire to 
 prevent or ameliorate the consequences of hyper-
tension, diabetes, obesity, and cardiovascular dis-
ease through dietary interventions may select 
these types of foods for their dietary portfolio. 
Evidence from tools used to assess eating behavior 
suggests that women tend to select foods based on 
their perceived health value more so than do men.  

    Cultural and Religious Infl uences 

 Cultural and religious practices also infl uence 
food intake. Western culture, for example, tradi-
tionally shuns the consumption of insects, foods 
which are served as delicacies in Thailand, New 
Zealand, and South America. Dogs, socially per-
ceived as part of the family unit in most Western 
cultures are not consumed as food; whereas, in 
some Chinese and Pacifi c Island cultures dogs 
are viewed as serviceable animals and are 
included in the dietary portfolio of many indi-
viduals. Many religions include a dietary code of 
conduct. Pork is often avoided by followers of 
both Judaism and Islam, and vegetarianism is 
promoted by some Christian, Buddhist, and 
Hindu sects. Hindu practice also rejects the con-
sumption of cow based on the caste system inher-
ent to their religious faith. Celebratory events are 
associated with particular foods such as the tradi-
tional birthday or graduation cake in Western 
Culture or the roasted turkey and the American 
Thanksgiving holiday. The Indian culture’s cele-
bration of the Festival of Lights involves the 
preparation of sweet foods like rice kheer or rice 
pudding. At least in part, an individual’s food 
intake and preferences may have cultural or reli-
gious roots.  

    Environmental, Economic, 
and Social Factors 

 Historically, people consumed foods supported 
by local natural environments. Those living in 
regions with fertile soil enjoyed a variety of agri-
cultural products, while desert nomads thrived on 
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the plants and animals that survive harsh environ-
ments. With advances in transportation, a variety 
of foods produced globally are available in many 
communities; however, food deserts continue to 
exist due to political confl ict and poverty. Food 
cost and accessibility play a role in food choice 
and preference, especially in today’s urban envi-
ronments. Energy dense foods, for example, pas-
tries and snack foods tend to have a lower price 
compared to nutrient rich, low energy foods such 
as lean meat, fruits, and vegetables. Education 
about eating healthy may infl uence food intake 
toward more nutritious options, but focus groups 
of women in low income households (75 % of 
whom were overweight or obese) show that 
despite wanting to choose healthy options, the 
price and availability of these foods often limits 
their use. Most of these women report that the 
corner stores are most convenient and shopping 
at these stores curbs the cost and inconvenience 
of traveling to larger markets. However, these 
stores often do not stock lean meats or fresh pro-
duce which, therefore, limits food selections [ 4 ]. 
In addition, women of lower socioeconomic sta-
tus (SES) often do not have role models to teach 
them how to cook healthy foods and therefore 
feel uncomfortable preparing a nutritious meal. 
Cultural and social norms also determine cus-
tomary potion sizes of meals which infl uence the 
amount of food consumed at a meal. Additionally, 
some individuals from lower SES perceive 
healthy eating as equivalent to dieting and do not 
value the benefi ts outside of weight loss. In some 
cultures, being overweight or obese is without 
negative social stigma [ 5 ]. 

 Exposure to advertisements also appears to 
have an infl uence on food choice and intake 
among children and adults. One study showed 
that when men were exposed to information 
about social norms (specifi cally that high per-
centages of the population agreed with eating a 
high vegetable/fruit diet and claimed that healthy 
eating was important to them), these men had a 
signifi cant increase in their vegetable and fruit 
consumption. This social norm information 
caused a greater effect than information on both 
health benefi ts and cost effectiveness of healthy 
eating. This study suggests that alternate marketing 

campaigns aimed at stressing the popularity of 
healthy eating might be effective in infl uencing 
food intake [ 6 ]. Exposure to advertising may 
impact both the amount and type of food chosen 
by consumers. One study showed that children 
ate 45 % more goldfi sh crackers while watching 
TV with food advertising compared to children 
who watched nonfood advertising [ 7 ].  

    Biologic Factors Impacting Food 
Preference and Intake 

 Biologic and genetic infl uences also play a role in 
our food preferences and food intake. Hunger 
drives food intake, and satiety signals bring about 
cessation of eating behavior. Both short term, 
meal to meal behaviors as well as long term energy 
intake and expenditure are regulated by the inter-
action of a variety of hormones and the nervous 
system (Tables  2.1  and  2.2 ), and coordinated via 
homeostatic mechanisms. Brain centers regulating 
food intake include reward centers (striatum, orbi-
tofrontal cortex, insula), centers of emotion and 
memory (amygdala, hippocampus), sensory and 
motor processing regions (insula, precentral 
gyrus), centers regulating cognitive control and 
attention (prefrontal cortex, cingulate) and the 
center of homeostatic regulation of food intake 
regulating hunger and appetite (hypothalamus and 
brainstem) [ 8 ]. Gut-derived hormones and signals 

   Table 2.1    Hormones associated with regulation of food 
intake   

 Stimulate 
food intake  Source 

 Inhibit 
food intake  Source 

 Ghrelin  Stomach  CCK  GI tract 
 GLP-1 
 GIP 
 Glucagon 
 IAPP 
 Insulin 
 OXM 
 Pancreatic 
peptide 
 NT 

 NPY  Central nervous 
system 

 PYY  Central 
nervous system  ARP  POMC 

 Leptin  Adipose tissue 
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provide input to brain centers forming networks 
modulating feeding behavior. It is beyond the 
scope of this chapter to provide a detailed explana-
tion of the hormonal and brain networks regulat-
ing food intake; however, an overview of main 
concepts is presented.

        Gut Hormones 

 Nutrients detected in the gut provide feedback to 
the central nervous system (CNS) and peripheral 
tissues to regulate food intake. The presence of 
nutrients in the gut stimulates the secretion of 
several gut-derived hormones including cholecys-
tokinin (CCK), glucagon-like peptide 1 (GLP- 1), 
oxyntomodulin (OXM), neurotensin (NT), pep-
tide YY (PYY), and glucose-dependent insulino-
trophic peptide (GIP), all which attenuate 
continued food ingestion [ 9 – 12 ]. These hor-
mones provide input to the CNS via the vagus 
nerve. GLP-1, released by the intestines after a 
meal, slows gastric emptying and promotes sati-
ety. Obese individuals appear to have a blunted 
release of GLP-1 following a meal. Gut endo-
crine L cells express the G protein coupled recep-
tors (GPCRs) TAS1R and TAS2R which are also 
present in taste tissue and throughout the gastro-
intestinal (GI) tract. This family of GPCRs act as 
nutrient detectors by sensing sugars and amino 
acids [ 10 ]. When activated, these GPCRs signal 
the release of GLP-1 and PYY from L cells. 

Hormones produced by the pancreas in response 
to the detection of nutrients in the gut include 
insulin, pancreatic peptide, glucagon, and islet 
amyloid polypeptide (IAPP) also known as amy-
lin, and have been shown to inhibit ingestive 
behavior [ 9 – 12 ]. 

 Hypoglycemia is a potent stimulus of hunger 
and is mediated by glucose sensitive neurons in 
the brain and brainstem. Hypothalamic input 
stimulating initiation of food intake is also medi-
ated by the gut-derived peptide hormone ghrelin, 
an agonist of the growth hormone secretagogue 
receptor 1a. Ghrelin levels rise in response to an 
overnight fast and are signifi cantly reduced with 
meal ingestion [ 10 ].  

    Brain Centers Regulate Food Intake 

 The hypothalamus and brainstem are central 
regions regulating food intake, energy expendi-
ture, appetite, and satiety, and are often referred 
to as the homeostasis center. The paraventricular 
nucleus of the hypothalamus receives input from 
neurons that secrete neuropeptide Y (NPY) and 
agouti-related peptide (ARP), hormones that 
stimulate appetite, and from proopiomelanocor-
tin (POMC), which promotes satiety. The hypo-
thalamus provides output signals to the pituitary 
gland, cerebral cortex, motor and autonomic neu-
rons to coordinate endocrine, neuronal, and 
behavioral responses to maintain food intake and 
energy balance. Neurons releasing melanocortin 
receptor ligands reside in the hypothalamic arcu-
ate nucleus and in the nucleus tractus solitarius of 
the brainstem and are regulated by nutrient sen-
sors and other metabolic signals [ 13 ]. Neurons of 
the arcuate nucleus express receptors for gut hor-
mones and the adipose tissue-derived hormone 
leptin. Leptin inhibits the NPY/ARP system 
while stimulating the POMC system, strongly 
favoring appetite suppression [ 14 ]. Leptin resis-
tance is argued to be one of the main features of 
obesity, suggesting appetite is not suppressed suf-
fi ciently by this peptide [ 14 ]. Endogenous canna-
binoids stimulate both NPY and ARP while 
amphetamines and cocaine analogs stimulate the 
melanocortin system. The gut-derived hormone 

   Table 2.2    Central nervous system pathways involved in 
regulating food intake   

 Pathway  Associated brain area 

 Reward  Limbic region and prefrontal 
regions 

 Cognitive control, 
attention, 

 Prefrontal cortex, cingulate 

 Integration of 
appetite; homeostasis 

 Hypothalamus, brain stem 

 Activate ingestive 
behavior 

 Amygdala, orbitofrontal cortex, 
anterior insula, and striatum 

 Centers of emotion 
and memory 

 Amygdala, hippocampus 

 Sensory (taste, 
olfaction) and motor 
processing regions 

 Insula, precentral gyrus 
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PYY competes with NPY for the same receptor, 
stimulating satiety. Integrative neural processing 
in response to food stimuli takes place in several 
brain centers including bilateral insular and oper-
cular cortices, the left orbitofrontal region, and 
putamen [ 15 ]. The homeostasis center primarily 
regulates food intake to maintain energy balance. 

 The brain centers involved in pleasure and 
reward are activated when we eat, and the neu-
rotransmitter dopamine plays a signifi cant role in 
the neuronal control of feeding behavior. Feeding 
is associated with dopamine release [ 16 ], and the 
amount of dopamine release positively correlates 
with perceived food pleasure [ 17 ]. In laboratory 
experiments, dopamine defi cient animals die of 
starvation. Weight gain brought on by overeating 
is thought to be in part due to an imbalance between 
the homeostatic and reward networks, where 
reward seeking overrides satiety. Palatable reward-
ing food can motivate intake even in a state of 
energy suffi ciency and satiety. Obese individuals 
have lower striatal concentrations of the D2 dopa-
mine receptor [ 17 ], fi ndings suggesting that the 
lower concentrations of this GPCR may evoke 
overeating in obese individuals in order to produce 
a reward response. An alternative interpretation is 
that dopamine receptors may be down-regulated in 
response to excessive food stimuli. 

 The pursuit of pleasure infl uences both food 
intake and preference. Humans and animals eat 
the foods they fi nd to be palatable and rewarding. 
Brain reward processes likely evolved in response 
to natural rewards, such as the presence of food 
and the pleasant sensations derived from olfac-
tion, taste, and texture. Animal studies suggest 
that even simple behaviors motivated by reward, 
such as returning to a palatable food, are a com-
plicated interplay of multiple processes including 
sensory perception, motor ability, learning, and 
memory. The endogenous opioid system also 
plays a central role in driving food reward-related 
behavior, and broad expression of opioid precur-
sor proteins and receptors are found throughout 
the brain [ 18 ]. There are extensive functional 
interactions between the dopamine and opioid 
systems within the reward circuitry, suggesting a 
role of these molecules in regulating food intake 
and preference [ 19 ]. Opioid activity in the brain 

enhances liking for sweet taste, and opioid 
 agonists increase food intake. Over-activation of 
reward networks by palatable foods may be 
involved in food cravings. 

 In addition to reward and homeostatic net-
works, cognitive control plays a central role in 
controlling food intake. Cognitive control involves 
decision making, and is exhaustible in the short 
term [ 20 ], can be enhanced with practice [ 21 ], and 
is correlated with measures of intelligence [ 22 ]. 
Novel approaches including functional magnetic 
resonance imaging (fMRI) have been used to 
study self-control, neural activity, and eating 
behavior. Hare et al. measured activity in the brain 
while self-reported dieters made real decisions 
about which foods to eat. Participants performed 
three tasks during brain imaging. They rated 50 
different food items for taste and health value, and 
were asked to choose between these foods and a 
reference food which subjects had rated neutral in 
both taste and health. Participants assigned a goal 
value term to refer to the amount of expected 
reward associated with consuming the food. 
Because participants were selected because they 
were dieting, the research model relied on the 
hypothesis that participants should be concerned 
with both the perceived healthiness as well as their 
taste preference, and that decision making involves 
integrating both these concerns and that individu-
als exercise self- control when making a choice 
toward a food rated more highly for health verses 
taste. Results of the study showed that activity in 
an area of the brain called the ventral medial pre 
frontal cortex (vmPFC) was correlated with inte-
gration of competing factors (health and taste) and 
with short term goal values (taste) regardless of the 
amount of self-control, while activity in the dorsal 
lateral pre frontal cortex (dlPFC) increased when 
subjects exercised self-control. The study authors 
concluded that the vmPFC drives short term 
choices and reward regardless of the degree of 
self-control while a different brain area, the dlPFC 
plays a critical role in higher order reasoning 
involving long term considerations and the exer-
cise of self-control [ 23 ]. 

 Other eating behavior studies utilizing fMRI have 
been used to identify brain loci regulating food intake 
behaviors in response to a variety of  conditions. 
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Studies indicate that fasting increases cortical 
activation among lean individuals [ 15 ], increases 
preference for high calorie foods in obese indi-
viduals [ 15 ,  24 ,  25 ], and that obese men have 
attenuated postprandial brain reactions to satiety 
which may explain excess caloric intake [ 26 ]. In 
addition to increasing subjective hunger, ghrelin 
infusion in normal-weight volunteers produced 
increased fMRI signal intensity in the amygdala, 
orbitofrontal cortex, anterior insula, and striatum 
in response to food pictures, areas of the brain 
involved in activating ingestive behavior [ 27 ]. 
Likewise, subjects with lower leptin levels 
secondary to weight loss or genetic leptin defi -
ciency have increased fMRI signal activity in 
brain areas involved in emotional, cognitive, 
and sensory control of food intake in response 
to food stimuli, which subsequently normalize 
with leptin infusion [ 28 ,  29 ]. Martin et al. dem-
onstrated that brain regions involved in path-
ways of food reward in obese individuals 
exhibited increased fMRI signal activity, spe-
cifi cally the limbic region, and prefrontal 
regions, both which have high concentrations of 
dopamine receptors [ 30 ]. Obese individuals also 
had greater memory for foods in the fasted state. 
Fasted obese individuals have also been shown 
to exhibit higher premeal activation of the ante-
rior cingulated cortex and medial prefrontal cor-
tex, areas of the brain implicated in motivational 
processing [ 30 ]. Increased fMRI signal in the 
prefrontal and limbic regions have also been 
observed in response to taste stimuli among 
fasting obese individuals [ 31 ]. 

 Taste and olfaction strongly affect eating 
behavior and nutrient intake. The density of taste 
papillae on the tongue, genetic differences in taste 
receptors or sensitivity of taste receptors, constitu-
ents of saliva, and other factors all contribute to an 
individual’s taste perception and subsequent food 
preferences [ 32 ]. An individual’s sensitivity to the 
tastes evoked by certain compounds in foods (i.e., 
sweet, salty, sour, bitter) is strongly affected by 
genetic variation [ 36 – 38 ]. Gustatory and olfactory 
function tends to decline with age and impacts 
appetite and food preference in older individuals. 
Total caloric intake and food variety are also gen-
erally reduced with aging. 

 Bitter taste perception affects food preference 
and intake [ 33 – 37 ]. Bitter taster and nontaster phe-
notypes have been associated with preference for 
sucrose and sweet tasting foods and beverages, 
with tasters having reduced preference for sweets 
[ 38 ,  39 ]. Differences in bitter taste perception have 
also been associated with preferences for high-fat 
food [ 36 ], avoidance of specifi c fruits and vegeta-
bles [ 37 ,  40 ,  41 ], alcohol intake, and tobacco use 
[ 42 ,  43 ]. The principal genetic determinants of 
phenotypic variation in bitter taste  sensitivity are 
alleles of the gene  TAS2R38  [ 44 ]. In a study 
reported by Wang et al., a common  haplotype in 
 TAS2R38  which confers greater sensitivity to the 
bitter compound propothiouracil, “PAV” was sig-
nifi cantly associated with lower mean alcohol 
 consumption compared with other haplotypes [ 45 ]. 
The  TAS2R38  bitter taster haplotype “PAV” is also 
associated with smoking quantity in African 
American smokers. It has been suggested that 
heightened oral sensitivity may confer protection 
against nicotine dependence [ 46 ]. 

 Family and twin studies provide evidence for a 
genetic component to eating behavior and food 
preference [ 47 ,  48 ]. The Three-Factor Eating 
Questionnaire (TFEQ) is a tool often used to qual-
ify eating behaviors and quantifi es eating behaviors 
in normal-weight and obese persons as well as in 
subjects with eating disorders such as anorexia ner-
vosa, bulimia nervosa, and binge eating disorders. 
The three eating behavioral traits assessed by the 
TFEQ are the cognitive restraint of eating, disinhi-
bition, and susceptibility to hunger [ 49 ]. Restraint 
involves avoidance of eating to control body 
weight, while disinhibition is loss of restraint that 
results in overeating. Hunger measures the per-
ceived need for food. Heritability estimates for 
hunger from family and twin studies using the 
TFEQ reach approximately 8–28 %; estimates 
for disinhibition, 18–45 %, and 6–58 % for 
restraint [ 50 – 54 ]. Disinhibition and hunger are 
generally positively correlated with obesity, while 
restraint is negatively correlated with body mass 
index (BMI) and body fat [ 52 – 61 ]. In general, a 
high level of restraint or a decrease in disinhibition 
is associated with greater weight loss during 
dieting [ 62 ,  63 ] and better weight maintenance 
after weight loss [ 64 ,  65 ]. Persons who binge eat, 
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have bulimia nervosa, or anorexia nervosa are char-
acterized by dysfunctional levels of cognitive 
dietary restraint, disinhibition, and susceptibility to 
hunger compared with normal subjects [ 66 – 68 ]. 

 Genome-wide linkage analyses provide an 
opportunity to identify chromosomal regions 
(loci) harboring genes infl uencing complex traits, 
including eating behaviors and have revealed sev-
eral functional candidate genes affecting eating 
behavior. The fi rst linkage analysis of eating 
behavior was performed in an Amish cohort, and 
identifi ed four chromosomal regions or quantita-
tive trait loci for eating behaviors assessed by the 
TFEQ. Of the genetic loci identifi ed, the stron-
gest evidence was found with the traits restraint 
and disinhibition [ 52 ]. Modest evidence for link-
age on chromosome 3 with both restraint as well 
as obesity-related traits was identifi ed in the 
Amish [ 52 ,  69 ]. A chromosome 6 loci in proxim-
ity to the genes encoding the GLP-1 receptor, 
tumor necrosis factor α (TNF-α), and lympho-
toxin was also associated with restraint scores. 
GLP-1 has been shown to be involved in eating 
behavior in human and animal models [ 70 ]. 
GLP-1 receptors are found in the hypothalamus 
and are the target for hypothalamic neurons con-
taining glucose transporter 2 and glucokinase, 
proteins involved in glucose sensing and metabo-
lism. TNF-α has been implicated in the develop-
ment of insulin resistance and obesity [ 71 ,  72 ]. 
In the Amish study, analysis of disinhibition 
scores yielded suggestive evidence for linkage to 
a region on chromosome 7 in proximity to the 
leptin gene [ 52 ]. In a similar study, Bouchard 
et al. identifi ed a loci on chromosome 15 and 
implicated  neruomedin beta  to be associated with 
disinhibited eating behavior and obesity [ 50 ]. 

  GAD  (glutamic acid decarboxylase) has also 
been linked to eating behavior. GAD decarboxyl-
ates glutamate into GABA (γ-aminobutyric acid), 
a major inhibitory neurotransmitter in the brain 
which interacts with NPY in the paraventricular 
nucleus to stimulate food intake [ 73 ]. Two spe-
cifi c  GAD  variants, rs7908975 and rs992990 
have been reported to be associated with disinhi-
bition and disordered food intake, specifi cally 
increased carbohydrate intake, in women [ 74 ]. 
Additionally, disinhibition scores in Amish 

women have been linked to genetic variation in 
the GPCR  TAS2R38  [ 75 ]. 

 Polymorphisms in genes including those encod-
ing hormones that regulate food intake and or their 
receptors have been associated with food intake 
behaviors. Monogenic forms of obesity attributed 
to hyperphagia involve functional changes in genes 
encoding leptin [ 76 ], the leptin receptor [ 77 ], the 
melanocortin 4 receptor [ 78 ], the  NTRK2  gene 
[ 79 ], genes at the chromosome 15q11.2 locus 
resulting in Prader-Willi syndrome [ 80 ], prohor-
mone convertase 1/3 [ 81 ], and the  MBD5  gene 
[ 82 ]. Genetic variants in brain- derived neuro-
trophic factor have been strongly linked to the 
eating disorders anorexia and bulimia [ 83 ].  

    Measuring Food Preference 
and Intake 

 There are many different modalities used to 
measure food preference such as FFQs, hedonic 
food scales, feeding studies, food records, and 
open- ended questionnaires; and these tools are 
often used to study the links between food intake, 
preference, and disease. There are both limitations 
and benefi ts to using these tools in research. FFQs 
are the traditional method for determining food 
preference but hedonic food scales have increas-
ingly become popular because self-reported food 
intake frequency may not refl ect true preference. 
In 1982, Dr. Gladys Block reviewed four differ-
ent self-report systems of food intake: dietary 
history approach, 24-h recall, 7-day recall, and 
7-day record method [ 84 ]. The dietary history 
method includes any method which consists of an 
extensive interview designed to elicit the usual or 
customary diet of that individual. In the 24-h and 
7-day recall methods, the subject is asked to 
recall exact intake in the last 24 h or 7 days, 
respectively. In the 7-day record method the 
subject records food intake over 7 days. Each of 
these methods has its own advantages and disad-
vantages but overall these methods were found to 
be time consuming and required training on the 
part of the interviewer. FFQs were established 
with the goal of being less time consuming 
and improving effi ciency, and were created by 
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compiling a comprehensive predefi ned food lists 
which are often linked to nutrient databases. 
Subjects identify food items from a standardized 
list and record consumption frequency for a spec-
ifi ed period of time. The nutrient totals are a sum 
of the frequency of consumption multiplied by 
the portion size and then by nutrient density. 
FFQs are benefi cial in that they are representative 
of a person’s overall typical food intake, especially 
in those with high day-to-day variability, are effi -
cient, and do not require much training of the 
subject or interviewer. They are most useful in 
retrospective case–control studies [ 85 ], and are 
often used in many epidemiologic studies linking 
food intake with disease risk and risk phenotypes. 
However, FFQs do rely on the responder’s mem-
ory, and as such are subject to reduced reliability 
compared to direct feeding studies. Standard lists 
may not include certain foods popular to ethnic 
groups, and therefore introduce possible error 
due to inaccurate reporting. Both of these factors 
can contribute to reduced accuracy in research 
data obtained from FFQs. Using a FFQ linked to 
a nutrient database simplifi es research aimed at 
identifying nutrients associated with pheno-
types being studied. Data from epidemiologic 
studies is used, at least in part by scientifi c and 
professional organizations (for example, AACE 
and ADA) and governments in making dietary 
recommendations. 

 The hedonic scale is another modality used to 
measure food preference. This was developed at 
the Quartermaster Food and Container Institute of 
the US Armed Forces in 1949. This scale was ini-
tially used to measure the food preferences of sol-
diers in order to design rations for the Armed 
Forces but was then quickly adopted by the food 
industry [ 86 ]. The hedonic scale uses actual food 
names or samples presented singly to the subject. 
The subject then rates each item on a scale, for 
instance, from “dislike extremely” to “like 
extremely,” based on the assumption that there is 
a continuum of preferences. It has been noted that 
longer scales, up to 9 intervals, are more discrim-
inating than shorter scales [ 87 ]. Food preferences 
using a 9-point scale have been shown to be a pre-
dictor of dietary intake [ 88 ]. The basis of the 
hedonic scale, in comparison with FFQs, is the 

realization that how often a person eats a certain 
food may not refl ect that person’s true preference 
for that particular food. Peryam et al. reported 
advantages to the hedonic scale to include its 
utility among a wide range of populations, ability 
to produce meaningful results which indicate a 
general level of preference for the subject, and the 
fact that no prior experience is needed to perform 
the test [ 87 ]. This scale has been adapted across a 
variety of age groups and cultures. Facial hedonic 
scales have been developed by a number of inves-
tigators for use in children under the age of 5. 
Birch et al. initially performed the most widely 
used 3-point facial hedonic scale among children. 
In this scale “like” corresponded to “smile,” “just 
ok” corresponded to “neutral” and “dislike” cor-
responded to “frown” [ 89 ]. Yeh et al. compared 
the use of a 9-point hedonic scale between 
American, Korean, Chinese, and Thai subjects 
regarding preference for various foods. The scale 
was translated into their respective languages and 
food samples were able to be designated to cover 
the entire range of hedonic ratings for each cul-
ture [ 90 ]. Bartoshuk et al. have reported evidence 
that suggest the sensory and hedonic properties of 
sweet and fat vary with BMI. Their data indicate 
that obese individuals live in different orosensory 
and orohedonic worlds than do the non-obese. 
Using a food hedonic scale that involves matching 
the magnitude of the food sensory scale with 
magnitude of a non food sensation, these authors 
report that obese participants experience reduced 
sweetness, which may intensify fat sensations, 
and that obese participants like both sweet and fat 
more than the non-obese do [ 91 ]. 

 Tools to measure both food intake and prefer-
ence have been used in dietary studies, which are 
useful in examining the role of diet and nutrients 
in relation to disease and disease development. 
For example, 422 non-Hispanic white men were 
evaluated using a FFQ to assess intake of satu-
rated fats, fruits, vegetables, whole grains, and 
alcohol in order to assess cardiovascular disease 
risk. Fat preference, intake of fi ber-rich foods, and 
alcohol consumption were the best dietary deter-
minants of cardiovascular disease risk factors like 
adiposity and waist circumference [ 92 ]. Increased 
waist circumference and BMI were associated 
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with a higher intake of sugar- sweetened carbon-
ated beverages in 10–19 year old Saudi boys [ 93 ]. 
Murphy et al. used self- reported food nutrient 
intake to reaffi rm the inverse association between 
vitamin C intake and esophageal adenocarcinoma 
as well as reduced risk of refl ux esophagitis seen 
in other studies [ 94 ]. A Chinese group used a 
structured questionnaire to evaluate dietary intake 
in patients with known gastric cancer and 
compared them in a 1:2 matched control group. 
They hypothesized that an increased salt intake 
would be associated with gastric cancer based on 
studies showing that high salt intake produces 
atrophy and metaplasia of the gastric mucosa. 
Consumption of fresh vegetables had a mild 
protective effect with an OR of 0.92 (95 % CI 
0.58–0.98) and fruit with an OR of 0.87 (95 % CI 
0.67–0.93). The investigators also looked at the 
salt taste sensitivity threshold of the participants. 
A higher score was correlated with increased salt 
food preference and intake (OR 1.57, CI 1.15–
2.93) and a diagnosis of gastric cancer with an OR 
of 5.71 (95 % CI 3.18–6.72) [ 95 ]. Ikeda et al. 
investigated food preferences in dementia patients 
using a four point questionnaire geared toward the 
caregiver of the patient. Altered food preference 
toward sweet foods was a prominent and early 
feature in the fronto- temporal dementia groups 
[ 96 ]. A 24-h dietary recall was used to assess the 
relationship between dietary protein intake and 
microproteinuria. Results showed that dietary 
protein intake was not associated with micropro-
teinuria in healthy patients. However, patients 
with both diabetes and hypertension had an 
increased prevalence of microproteinuria with 
higher protein intake [ 97 ]. 

 Laboratory methods have been developed to 
directly quantify food intake. The initial labora-
tory methods predominantly assessed intake of 
liquids. In 1980, Kissileff et al. developed a 
Universal Eating Monitor (UEM) which weighed 
the plate of food using a concealed electronic bal-
ance. The device generates precisely the amount 
of food consumed with the help of a computer and 
digital program. This tool has been useful in 
assessing total food intake, rate food intake, decel-
eration of food intake, and can assess both solids 
and liquids [ 98 ]. Several limitations of using a 

device such as the UEM or other direct feeding 
methods exist. Special equipment is costly, often 
bulky, and must be confi ned to the laboratory. 
Subjects must travel to the laboratory for observa-
tion, therefore representing an unnatural environ-
ment, which may introduce bias into experiments. 

 Food craving also plays a role in food prefer-
ence and intake, and tools have been developed 
to measure this trait as well. Studies have used 
self-report questionnaires to record cravings; for 
example, in one study of 1,000 male and female 
college students, chocolate was reported to be the 
food that was craved the most. However, 
there were limitations to this study as is typically 
the case with self-reported data, as this method 
can lead to inadequate validation [ 99 ,  100 ]. 
Developed by White et al. in 2001, the food crav-
ing inventory (FCI) is a reliable and valid tool to 
assess cravings for high-fat foods, sweets, carbohy-
drates/starches, and fast food fats [ 101 ]. The FCI 
has been used in various studies that examine 
food craving behavior and has also been useful in 
assessing obesity and binge eating.   

    Conclusions 

 In summary, food intake and preference is a com-
plicated interplay of multiple factors, those which 
are innate, and likely have a genetic basis, and 
those that are learned and are a function of our 
environment. CNS mechanisms responsible for 
control of food intake have evolved to sense the 
nutrient and energy levels and to coordinate 
appropriate responses to adjust energy intake and 
expenditure. The energy and nutritional value as 
well as hedonic and emotional aspects of feeding 
impact food intake and preference which in turn 
infl uence health status including BMI. Improved 
understanding of eating behaviors as well as hav-
ing valid but effi cient and cost-effective means to 
measure food preference are important to further 
our understanding of why people choose the 
foods they do. A better understanding of the basis 
for food preference is important in developing 
strategies to prevent the development of nutrition-
related diseases including obesity, hypertension, 
cardiovascular disease, and diabetes.     
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 Key Points 

•     To better understand the superior nutritional quality of home meals vs. 
away-from-home meals, two protective mechanisms are proposed and 
empirically explored: emotional reinforcement and attachment style.  

•   Beyond the biological reinforcement process, in which eating is natu-
rally rewarded by sensory and hedonic experiences, emotions can be 
associated with eating, adding emotional reinforcing properties to food 
consumption.  

•   Home may be a place of foremost importance for emotional reinforce-
ment in that, compared to away-from-home settings, more positive 
emotions are experienced and can be attached to food consumed in this 
setting. As such, emotional reinforcement processes particularly bene-
fi t healthy foods, because they are generally lacking biological rein-
forcing properties.  

•   It is highly plausible that emotional reinforcement as a protective 
mechanism of home eating starts from early stage of life through the 
parent/child attachment relationship where both primary caregivers and 
food are the two most central objects in a child’s life.  

•   By providing a secure environment to explore and learn—mainly the 
home environment—nurturing and caring parents establish a secure 
attachment with their children. Such secure attachment styles promote 
emotional reinforcement and become internalized, forming the base for 
life-long healthy eating patterns.  
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             Introduction 

 It is widely observed that food consumption, in 
terms of its nutritional quality, is typically healthier 
at home than in away-from-home settings [ 1 ,  2 ]; 
supporting evidences were extensively documented 
in the chapter by Woodruff and Hanning showing 
an important association between family meals 
and diet quality. This leads to the present chap-
ter’s theoretical interest of taking an evidence-
based approach to further explore the underlying 
mechanisms contributing to the protective effects 
of home on healthy eating. Using theoretical 
rationales and empirical examinations, this chap-
ter proposes that emotional reinforcement and 
parent/child attachment style are potential protec-
tive mechanisms accounting for healthier eating 
patterns occurring at home. Particularly, we will 
fi rst examine evidence revealing that positive 
moods experienced at home can be associated 
with food consumption, especially with healthy 
food intake, therefore increasing the emotional 
reinforcing value of healthy meals at home. We 
will then demonstrate that a trusting and caring 
parent/child relationship starting as early as birth 
and internalized as a secure attachment style may 
facilitate such an emotional reinforcement and 
lead to a life-long healthier eating habits. 

 Closely tied to the pleasure brought by the 
taste of food, eating is generally rewarded by 
biological signals sent by the sensory and 
hedonic systems. This biological reinforcing 
property of food is particularly salient for 

unhealthy foods (high in sugar and/or fat) 
because of their superior palatability compared 
to healthy foods (low in sugar and/or fat) [ 3 ]. 
Beyond biological pleasure, emotional experi-
ences can also be associated with eating through 
an emotional reinforcement process [ 4 ]. It has 
been shown that the home as opposed to the out-
side environment (work places, schools, etc.) is 
a more intense source of positive emotional 
experiences [ 5 ]. Through an associative learn-
ing process, the positive affective states experi-
enced at home can become attached to food 
consumed in this setting, assigning home meals 
a superior emotional reinforcing value. 
Moreover, because healthy food lacks a strong 
biological reinforcing property, emotional rein-
forcement tends to manifest its protective effect 
particularly on this type of food which is low in 
sugar and/or fat. Interestingly, these associa-
tions between positive emotions and food start 
as early as birth; mostly within home settings, 
where sensitive and caring parents provide 
important opportunities to infants to experience 
with food and eating in a calm and safe environ-
ment [ 6 ]. Over time, these experiences are inter-
nalized and constitute the cornerstone for 
individuals to interpret emotions and assign 
emotional value to eating experiences [ 6 ]. 
Therefore, the home becomes a haven where 
positive emotions are more likely to arise and, 
through powerful and early conditioning, to 
become associated with healthier food consump-
tion which lacks the high biological reinforce-
ment of unhealthy food alternatives. 

•   This mechanism was empirically explored in a survey about attachment 
style and high fat/high sugar food consumption. For children and 
adults, more trusting bonds (lower avoidance) and lower anxiety and 
worry about their relationship with their own parents (lower anxiety) 
were linked with lower consumption of unhealthy foods.  

•   Potential interventions and future studies are discussed.    

 Keywords 

   Eating behavior   •   Food choices   •   Reinforcement   •   Emotions   •   Home meals   
•   Attachment style   •   Avoidant attachments   •   Anxious attachment   •   Food 
consumption 
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 Identifying processes through which eating at 
home becomes associated with healthy eating 
habits is essential, not only because home meals 
still represent the bulk of food consumption 
worldwide, but also because food habits are 
formed in the fi rst 5 years of life (mostly at home) 
and serve as a foundation for eating throughout the 
life course [ 7 ]. Understanding these mechanisms 
will allow for the development of interventions 
that may impact eating and healthy lifestyles, and 
that can be implemented as early as birth.  

    Emotional Reinforcement as a 
Protective Mechanism of Home 

    Reinforcement and Food 
Consumption 

 Reinforcement is a process of associating a behav-
ior with contingent positive consequences or the 
alleviation of negative states as rewards [ 8 ]. Food 
is a powerful primary reinforcer in that (1) eating 
is repeatedly paired with biological positive out-
comes, such as pleasant taste and the decrease of 
hunger feelings; and (2) the learned association 
between food and such positive occurrences moti-
vates further behaviors to obtain it, therefore, food 
consumption can be triggered by physiological 
signals of hunger and/or olfactory and visual food 
cues that suggest opportunities to get reward. 

 Furthermore, foods vary in their biological 
reinforcing qualities, with highly reinforcing foods 
being favored over less reinforcing ones [ 9 ]. The 
biological reinforcing quality of a specifi c food is 
closely related to the sensory and hedonic signals 
triggered by the subjective pleasure of taste which 
conceptually incorporates palatability, smell, and 
food texture. It has been shown that individuals 
inherently prefer unhealthy foods, which are high 
in sugar and/or fat (e.g., French fries, pizza, or ice 
cream), fi nding these foods tastier and therefore 
more biologically reinforcing [ 10 ,  11 ], compared 
to healthy foods (e.g., whole grains, low fat yogurt, 
or vegetables). Moreover, individuals are biologi-
cally programmed to avoid bitter taste as it is 
associated with poison. This makes some vegeta-
bles such as Brussels sprouts and broccolis not 

only less preferred because of their lack of biologi-
cal reinforcement qualities but sometimes outright 
rejected regardless of their benefi cial nutritional 
qualities [ 12 ]. 

 Emotions are often at the core of the reinforce-
ment process infl uencing motivated behavior [ 8 ]. 
For eating, immediate taste evaluation along the 
dimension of positive–negative food acceptabil-
ity activates the entire affective system, triggering 
not only simple hedonic experiences (like/dislike) 
but also more differentiated affective states such as 
enjoyment, accomplishment, sadness, anxiety, 
melancholy, or guilt [ 13 ]. Furthermore, food 
consumption is a complex behavior; beside the 
biological signals related to the appreciation of 
palatability, eating can be reinforced by emotional 
experiences and motivated by emotional regula-
tion needs. As shown in our published studies, 
the consumption of comfort food can result in 
increased positive emotions or provide allevia-
tion from negative moods [ 14 ]. Such associations 
between food and emotional comfort, carved in 
the mind as a schema, assigns emotional rein-
forcing properties to food consumption [ 15 ]. We 
further showed in these studies that individual 
emotional experiences associated with comfort 
food are critically moderated by social-cultural 
factors, such as gender and cultural background. 
This evidence points to the importance of post-
natal environment (e.g., the context that individ-
uals consistently experience both food and 
certain emotions) in the emotional reinforcement 
process.  

    Home Environment and the 
Emotional Reinforcement of Food 

 Focusing on positive emotions, we propose that 
emotions arising from the consumption context 
can be associated with the food consumed, and 
can be integrated into the reinforcing value as a 
contingent consequence rewarding consumption 
or as an antecedent state triggering eating. It has 
been shown that enjoyable social interactions and 
pleasant environments [ 16 ], if stably paired with 
eating, may become associated with food con-
sumption, altering its reinforcing properties and 
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ultimately infl uencing food choices [ 13 ]. As a 
unique set of social-cultural and physical-environ-
mental factors, the home can greatly infl uence the 
reinforcing quality of food through an associative 
learning process. Individuals typically experience 
more intense positive emotions and less intense 
negative emotions at home than in work places 
and other away-from-home contexts [ 5 ,  17 ] and 
tend to associate such ambient affects with the 
ongoing activities they perform in this environ-
ment [ 18 ]. Through repeated interactions with 
food at home in the presence of positive emotions, 
people may come to associate these positive affec-
tive states with food consumed at home and attach 
an emotional reinforcing value to home meals. 

 We further suggest that one of the protective 
mechanisms of the home environment is that the 
higher emotionally reinforcing value attached to 
food eaten at home should be particularly salient 
for healthy meals rather than unhealthy ones. 
As previously mentioned in this chapter, 
unhealthy food is biologically rewarded primarily 
by its desirable taste. Because of the powerful 
infl uence of biological signals [ 19 ], when con-
suming high fat/sugar foods, individuals tend to 
focus their attention to the hedonic experiences 
brought by the food and are less likely process 
contextual information, including emotional sig-
nals, from their surrounding environment [ 20 ]. 
Therefore, positive emotional states tied to the 
home are less likely to be actually experienced 
and hence are hard to attach to foods rich in sugar 
and fat. On the other hand, healthy meals lack an 
inherent biological reinforcing value effectively 
leaving space for the emotional reinforcing qual-
ity to be attached to them. Hence, without the 
attention- narrowing effect derived from biologi-
cal reward, the superior emotional states of home, 
compared to away-from-home settings, can be 
more saliently experienced when consuming 
healthy food. If stably paired with each other, the 
superior value of positive contextual emotions 
becomes associated with healthy meals consumed 
in the same environment, adding an emotional 
reinforcing value to healthy food. 

 As a result of such an associative learning pro-
cess, which involves a set of emotions, healthy 
foods, and the home as a physical-psychological 

context, pre-consumption positive emotions that 
align with the rewarding property of healthy 
foods may serve as triggering cues to motivate 
behavior to pursue healthy eating, especially at 
home. This proposition is consistent with studies 
exploring the effects of positive emotions, as 
antecedent states, on food intake. For example, 
it has been shown that positive emotions, such as 
happiness, calm, and joy, can increase an indi-
vidual’s motivation to eat [ 21 ] particularly trig-
gering healthy food consumption and healthful 
food preferences [ 14 ]. 

 To empirically explore the proposed protective 
mechanism of home on healthy eating, we will 
shortly review our published empirical study [ 22 ] 
to illustrate how meal location (home vs. away-
from-home) and emotions (positive vs. negative) 
interact to infl uence food choice (healthy vs. 
unhealthy) and discuss some methodological 
issues related to home meal research.   

    An Empirical Examination of Food, 
Emotions, and Location 

    Baseline Meal Food Choice Pattern 

 The primary goal of this study was to test the 
hypothesis that home is a central setting, where 
eating, especially healthy eating, is emotionally 
reinforced. In the midst of everyday life, contex-
tual factors affect individual choice and behavior 
in each occasion; while across occasions (e.g., 
breakfast, lunch, and dinner), stable patterns of 
behavior can be identifi ed and individual differ-
ences regarding such stable patterns can be mani-
fested [ 23 ]. It has been consistently shown that 
food choices vary systematically across daily 
meals, with low-caloric foods most likely being 
chosen at breakfast, while the tasty, caloric-
intense food more likely being chosen at dinner 
[ 24 ]. Such habitual eating patterns were referred 
as baseline habits, and individuals were found 
generally to exhibit these baseline habits in their 
food choices [ 23 ]. Such baseline habits are 
mainly shaped by social-cultural forces [ 25 ] and 
are relatively independent of emotional reinforc-
ing value. Therefore, an empirical comparison of 
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emotional reinforcing value across meals with 
healthy or unhealthy content should be based on 
each meal’s relative deviation from an individual’s 
baseline habit rather than on absolute nutritional 
quality of a meal.  

    Emotional Reinforcing Property 
of Meals 

 Our empirical study operationalizes emotional 
reinforcing value as an association between posi-
tive mood and food consumption. First, having a 
home meal, if it is more emotional reinforcing 
than other meals, should result in a better mood as 
a positive emotional consequence. Therefore, a 
better post-meal affective state is one of the indica-
tors suggesting a higher emotional reinforcing 
value being attached to home meals. Second, 
within the home setting, if healthier meals are 
more emotional reinforcing than unhealthy meals, 
then the healthier meals are expected to trigger 
more intensive positive and/or less negative post-
meal affective states. Third, as an antecedent 
state, positive mood can serve as a conditioned 
cue to motivate a reward seeking behavior. 
Hence, another way to operationalize emotional 
reinforcing value is to examine the premeal affec-
tive states as a trigger of food choice. As a context 
of associative learning, the home setting activates 
or enhances the associative link between healthy 

meals and positive affective states, while the effect 
of such emotional reinforcement may not be as 
powerful in away-from-home settings. Hence, 
healthier meals, especially those consumed at 
home, should be preceded by more positive pre-
meal emotion and/or less negative emotions.  

    Research Paradigm and Results 

 We used experience sampling method [ 26 ], in 
which every participant (160 Caucasian adult 
non-obese women) was observed on a large num-
ber of meals occurring over a short period of time. 
This method allowed us to examine each partici-
pant’s food choice at a meal level, account for the 
nutritional quality of each meal in terms of its devi-
ance from one’s baseline eating pattern, and to map 
the relationship between emotional states and food 
choice. During 10 observation days, participants 
were asked to report 6 times a day on their momen-
tary emotional states (see Table  3.1  for the mea-
sured emotion items) and on their eating behavior. 
Participants were asked to indicate the nutritional 
quality for each meal in a relative form compared 
to their usual (baseline) pattern in the same meal 
occasion (healthier, less healthy, vs. baseline 
meal). Participants indicated the location of the 
meal, that is whether the meal episode had been 
taken at home or away-from- home (see Table  3.2  
for the frequencies of observed meals).

   Table 3.1    Emotional factor structure   

 Factor components  Cronbach’s alpha  Emotion items 

 General positive emotions  0.88  Joyful  Happy  Elated  Amused 
 Optimistic  Hopeful  Encouraged 
 Fulfi lled  Accomplished 
 Warmhearted  Loving  Sentimental 

 Positive emotions—calm  0.78  Serene  Calm  Peaceful  Contended 
 General negative emotions  0.82  Frustrated  Annoyed  Angry 

 Miserable  Sad  Depressed 
 Negative emotions—shame  0.60  Ashamed  Guilty  Embarrassed 
 Negative emotions—anxiety  0.74  Nervous  Tense  Worried 

  Participants reported their momentary emotional states for every episode on a 28-item scale of emotions adapted from 
the Consumption Emotions Set. Participants were asked to indicate the degree to which they were feeling each emotion 
at that present moment by placing a mark on a 15-cm visual analog scale (rated from “not at all” to “very much”). Factor 
structure was extracted based on Chain-P factor analysis (Factor Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization)  
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    In the examination of the post-meal affective 
states, expectations for the higher general rein-
forcing value of eating at home vs. away-from-
home and for a stronger effect in the specifi c case 
of healthy meals were supported. Specifi cally, 
participants rated higher on calm feeling and less 
anxiety across all meals at home compared to 
away-from-home meals. Moreover, only at home, 
having healthier meals resulted in more positive 
emotions compared to baseline meals, and no 
such facilitation effect was found for meals eaten 
away-from-home (see Fig.  3.1 ). In fact, for away-
from-home meals, consuming healthier meals 

   Table 3.2    The frequencies (odds ratios) of reported 
nutritional quality for home meals and away-from-home 
meals   

 Nutritional quality 

 Healthier a   Baseline  Less healthy b  

 Away from home  167 (0.29)  568  174 (0.31) 
 Home  345 (0.18)  1,903  311 (0.16) 
 Total  512  2,471  485 

  Separated for home and away-from-home settings, this 
table shows the number of episodes that participants 
reported as having baseline, healthier than usual, and less 
healthy than usual meals 
  a Odds ratios in this column are based on healthier/baseline 
  b Odds ratios in this column are based on unhealthy/baseline  

  Fig. 3.1    ( a ) General positive emotions. ( b ) Positive 
 emotions—calm. Means of post-meal positive emotions 
after home vs. away-from-home meals with different 
nutritional quality. Marginal means reported in this table 
are for demonstration purpose. Hypotheses were tested 
by hierarchical linear models, in which the day-centered 

emotion scores (the deviation from day-level mean) for 
each meal were explained by the location (home vs. away 
from home), nutritional quality, and the interaction 
between them, controlled by social context (eat alone vs. 
with others) and meal size (larger than usual, baseline, or 
less than usual)       
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was associated with more negative emotions, 
compared to baseline meals (see Fig.  3.2 ). For the 
analyses of premeal emotional states as a trigger 
of healthy eating, the relative nutritional quality 
of a given meal (healthier, baseline, or less 
healthy) was predicted by meal location and the 
emotions reported before the meal. Particularly, 
the results supported the proposition that more 
positive emotional experiences precede healthier 
eating choices in a home setting. Specifi cally at 
home, more intense premeal positive emotions 

were predictive of higher likelihood of choosing 
a healthier meal over baseline meal, while for 
away-from-home meals, premeal positive emo-
tions showed no effect on the nutritional quality 
of meals chosen.

    As a further source of evidence to paving the way 
to a more theoretical understanding of positive 
emotional reinforcing and food, we next present 
evidence of the importance of parent/child 
 attachment, most of it happening in a home set-
ting, which is also linked to healthier eating.   

  Fig. 3.2    ( a ) General negative emotions. ( b ) Negative 
emotions—anxiety. Means of post-meal negative emo-
tions after home vs. away-from-home meals with different 
nutritional quality. Marginal means reported in this table 
are for demonstration purpose. Hypotheses were tested by 
hierarchical linear models, in which the day-centered 

emotion scores (the deviation from day-level mean) for 
each meal were explained by the location (home vs. away 
from home), nutritional quality, and the interaction 
between them, controlled by social context (eat alone vs. 
with others) and meal size (larger than usual, baseline, or 
less than usual)       
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    The Role of Attachment Style 
in Eating 

 As shown previously, not only emotional rein-
forcement is a protective mechanism for healthy 
eating at home as demonstrated through the above-
reported study on emotions and food consumption 
context, but also it is highly plausible that this 
association starts from birth through the parent/
child attachment relationship where both primary 
caregivers and food are the two most central 
objects in a child’s life. 

 Research shows that eating habits are devel-
oped early in life and remain imprinted in habits 
and preferences of adult life [ 27 ]. Child/caregiver 
attachment is the fi rst process through which 
 biological cues (i.e., hunger) become linked with 
behavior (i.e., feeding) in a social context (par-
ent/child interaction). In the domain of food and 
food choices (as in all domains), responsive and 
sensitive parents provide children with a calm 
and peaceful, albeit challenging, environment 
where they can explore and learn about food and 
eating in a safe environment [ 6 ]. By encouraging 
children to master new food experiences in a pos-
itive context, nurturing parents promote explor-
atory behaviors that allow children to become 
autonomous and knowledgeable about eating and 
food and that may come to supersede an instinc-
tive preference for high reward/high sugar and or/
fatty foods, promoting healthier eating habits. We 
hence propose that early child/parent attachment 
relationship is potentially a critical protective/
risk factor shaping a life course of food choices 
and eating behaviors. 

 Birch has shown that children’s food prefer-
ences are very much infl uenced by their early 
learning experiences, where repeated positive 
associations with food in an unpressured fashion 
is key into developing healthy eating habits and 
accepting new foods [ 27 ]. As such, early infancy 
is a critical stage where most meals are con-
sumed at home [ 27 ] and where, positive explor-
atory experiences with an increased variety of 
foods in a safe haven context (the home) fostered 
by the availability of a nurturing caregiver 
become internalized and contribute to healthier 

eating patterns. However, from a parent/child 
attachment  perspective,  inadequate parental 
 caring, through lack of consistency and support-
iveness or outright rejection, does not allow for 
optimal exploration and positive associations with 
food and eating in a calm and safe context. 
Consequently, these children are more likely to 
show an unhealthy food consumption pattern. 
Accordingly, although the home is linked with 
more positive emotions, quality of caretaker/child 
experience within the home context can be more 
or less optimal and infl uence differentially food 
consumption. This theorizing is also in line with 
Woodruff and Hanning chapter about family meals 
and diet quality, showing that within the home, 
particular patterns are more (high family cohesion, 
authoritarian parenting style) or less (television 
watching) conducive to healthy eating. 

 To understand the differential role of parent/
child attachment style and food consumption, we 
will fi rst shortly review attachment style forma-
tion together with its typology, followed by the 
role of attachment style in eating and evidence of 
how attachment style is linked with food con-
sumption in adults and children. 

    Attachment Style Theory 
and Typology 

 Pioneered by Bowlby [ 28 ], the attachment theory 
is a general theory of personality that aims to 
explain how the quality of early caretaker/child 
relationship interacts with the social and physical 
environment to become the cornerstone for orga-
nizing affect, cognitions and behaviors and guid-
ing distress responses throughout the life course 
[ 29 ]. Bowlby’s theory assumes that all human 
beings have an innate attachment system which, 
when activated by physical or psychological dis-
tress, works to maintain proximity and communi-
cation with nurturing caregivers (attachment 
fi gures) [ 29 ]. When danger is felt, children stop 
their ongoing activities and seek to be comforted 
and reassured. Once their security needs are met, 
children resume their attachment-unrelated activ-
ities (exploration or play) which allow them to 
interact with and master their environment and 
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develop their personalities [ 29 ,  30 ]. The attach-
ment and exploratory systems are complemen-
tary in that exploratory behaviors can take place 
only when the attachment system is quiescent. 
Through repeated patterns of interaction,  parental 
responsiveness to a child’s felt distress becomes 
internalized, generalizing to his/her future expec-
tations of parental availability in these situations 
and impacting exploratory behaviors [ 31 ]. 

 Using observational studies, three attachment 
styles have been documented: secure, anxious, 
and avoidant attachment styles [ 32 ]. These 
attachment styles are based on differential pat-
terns of exploration and reactions to distress 
observed in children. For instance, mothers of 
securely attached children were consistently sen-
sitive and responsive to their children attention- 
seeking bids which allowed them to confi dently 
explore their environment [ 30 ]. Upon a brief 
separation from their mothers, secure children 
looked to reestablish some contact with them. 
Mothers of anxiously attached children showed 
inconsistent patterns of responsiveness towards 
their children, being at times unavailable and at 
other times intrusive. When exploring, anxiously 
attached children were continuously preoccupied 
with their mothers’ whereabouts, trying to keep 
tabs on them rather than focusing on actual 
exploration [ 33 ]. Upon a brief separation/reunion 
episode, these children showed mixed reactions 
of anger and attachment towards their mothers 
[ 31 ]. Lastly, mothers of insecure-avoidant chil-
dren rejected their bids for proximity, especially 
for close body contact [ 30 ]. When left to explore, 
avoidant-attached children showed a lot of pas-
siveness and low interest in the exploration task at 
hand [ 33 ]. When reunited with their mothers after 
a brief separation, they did not seek close contact 
with them but rather continued with their explora-
tion, thus displacing their attachment needs [ 30 ]. 
A fourth category, named fearful/disorganized, 
has been added by Main and Solomon [ 34 ] to 
describe a pattern of attachment where the child 
oscillates between an anxious and an avoidant 
type of attachment style. 

 These differential parent/child relationship 
patterns become the cornerstone for organizing a 
child’s eating experiences and expectations, 

infl uencing their acceptance of new foods [ 6 ]. 
As can be seen from the description of attachment 
patters, nurturing parents provide children with a 
place where they can safely explore because com-
fort is readily available in case of distress. Secure 
children are thus more active and curious explor-
ers [ 35 ,  36 ]. On the other hand, parents of anx-
iously attached children are unreliable and so the 
child cannot solely focus on learning about food 
and eating because they are unsure of the care-
taker’s availability making the child more prone 
to anxious reactions in new environments. Lastly, 
avoidant-attached children have caregivers who 
do not provide comfort when distressed and hence 
the exploratory experience and learning about food 
becomes very passive. Since these parent/child 
attachment styles become  internalized  and, through 
more or less optimal emotional experiences, are 
likely to shape a lifetime of food attitudes and pref-
erences, we next shortly review evidence of the role 
of attachment style in eating.  

    Attachment and Eating 

 There is signifi cant evidence pointing to the 
unique role of attachment style in eating and its 
correlates. For instance, a recent study done in 
the US with 6,650 preschool aged children 
showed that the prevalence of obesity in children 
classifi ed as insecurely (anxious, avoidant, and 
fearful) attached (fourth lowest quartile of secu-
rity score) was 23.1 % compared to 16.6 % for 
their securely attached counterparts (quartile 1, 2, 
and 3) [ 37 ]. Moreover, even after controlling for 
mother/child interaction during play, parental 
practices related to obesity, maternal body mass 
index and socio-demographic characteristics, 
insecurely attached children were 1.3 times more 
likely to be obese than children categorized as 
securely attached [ 37 ]. Both attachment anxiety 
and avoidance have been associated with eating 
disorders prevalence in general [ 38 ]. For exam-
ple, Sharpe et al. [ 39 ] found that insecurely 
attached girls aged between 10 and 14 years old 
had signifi cantly more weight concerns and lower 
self-esteem, compared to their secure counter-
parts, and were more at risk for eating disorders. 
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Moreover, children in third to fi fth grade who 
reported loss of control over eating, a variable 
prevalent in overweight children and adolescents 
seeking weight loss treatments, were more likely 
to be insecurely attached to both parents, com-
pared with children who reported no such control 
loss [ 40 ]. In a sample of undergraduate students, 
Wilkinson et al. [ 41 ] found that attachment anxi-
ety was linked with disinhibited eating, a strong 
predictor of high BMI, while, in adults, a study of 
5,692 participants showed that an insecure-anx-
ious attachment style was positively associated 
with cardiovascular diseases, i.e., stroke, high 
blood pressure, and heart disease, whereas a 
secure attachment style was not correlated with 
any poor health conditions [ 42 ].  

    Attachment Style and Nutrition: 
A Study of Child and Adult Unhealthy 
Food Consumption 

 The aim of the present study was to investigate 
how attachment style infl uenced actual food con-
sumption from a life-course perspective since 
attachment styles are based on early parent/child 
interactions starting from birth and later become 
internalized as mental schemas. To examine this, 
148 parent/child dyads were recruited from a 
major French-speaking North-American city. 
Because, as shown before, humans have an inher-

ent preference for unhealthy foods which is 
linked to negative health consequences [ 43 ], this 
study focused particularly on unhealthy food 
consumption. As such, children aged 8–12 and one 
of their parents fi lled out an online questionnaire. 
Brennan et al. [ 44 ] showed that attachment styles 
were better conceptualized as dimensions rather 
than categorical attachment styles with the anxi-
ety and avoidant dimensions encompassing 
attachment measures in both adults and children. 
As a result, adult and child attachment was mea-
sured using an age-adapted version of the Adult 
Attachment Questionnaire [ 45 ] which allows for 
the construction of an avoidant/secure and anx-
ious index. Because as stated before, the authors 
were interested in the life-course infl uence of 
attachment, both adults and children were asked 
think about their own parents when fi lling out the 
attachment questionnaire and rate their experi-
ence on nine statements with their respective 
caregivers (see Table  3.3 ). Higher scores on the 
avoidant/secure index refl ected greater avoidance 
or not desiring closeness or dependency with 
one’s parents while higher scores on the anxiety 
index were indicative of more anxiety or worries 
about being rejected by one’s parents. To mea-
sure unhealthy food consumption an average of 
14 commonly eaten high sugar and/or fat food 
items was computed. These food items were 
shown to constitute major sources of calorie, car-
bohydrate, and fat in children’s and adults’ diets. 

   Table 3.3    French and English attachment questionnaire adapted to children aged 8–12   

 Attachment 
dimension  Item description—French  Item description—English 

 Avoidant  Je suis mal à l’aise de devoir compter sur mes parents  I am not comfortable having to depend on my parents 

 Je suis mal à l’aise lorsque mes parents comptent sur moi  I’m not comfortable when my parents depend on me 

 Je suis mal à l’aise lorsque mes parents tentent de se 
rapprocher de moi 

 I don’t like when my parents try to get too close to me 

 J’ai peur de devenir trop proche de mes parents  I am scared to become too close to my parents 

 Ça m’est diffi cile de faire entièrement confi ance 
à mes parents 

 I fi nd it diffi cult to trust my parents completely 

 Anxious  Je voudrais que mes parents soient plus proches de moi  I would like my parents to be closer to me 

 Je pense que mes parents ne m’aiment pas réellement  I think my parents do not really love me 

 Mon désir de me rapprocher fait fuir mes parents  My desire of being close to my parents scares them away 

 Je m’inquiète d’être abandonné(e) par mes parents  I worry about being abandoned by my parents 

  French and English versions of the Attachment Questionnaire as administered to both children and adults. Cronbach’s alpha for 
the avoidant index for children was 0.80 and for adults 0.82. The reliability for the anxious index was 0.55 for children and 0.65 
for adults  
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Items included sugar-added cereals, red meat, 
crisps, fried chicken, hot dogs, fries, and poutine, 
ice cream, etc. To separate the effects of attach-
ment style from that of other variables known to 
infl uence food consumption an optimal model 
was elaborated where, for each attachment 
dimension, number of hours spent in front of a 
computer, TV or video game, age, BMI and level 
of education of parent were used as control vari-

ables for both children and adults. In addition, 
parental unhealthy food consumption was also 
controlled for in the children’s model.

   Our results indicate that children and adults 
who had parental relationships marked by higher 
avoidance and anxiety consumed more high sugar 
and/or high fat foods compared to their counter-
parts who showed lower avoidance and anxiety in 
their parental relationships (see Figs.  3.3  and  3.4 ). 

  Fig. 3.3    Means of high sugar and/or fat food consumption 
in children and adults for low and high avoidant index 
scores. Scores of the avoidant index are based on an adapted 
version of the Attachment Questionnaire [ 45 ] where higher 
scores refl ect higher avoidance or lower trust in parental 

fi gures. Least square means of daily high sugar and/or fat 
food consumption in children and adults ( N  = 148 parent/
child dyads) were calculated for low avoidance (M − 1 SD) 
and high avoidance (M + 1SD) groups. Estimates were 
obtained using PROC REG (SAS 9.1 version)       

  Fig. 3.4    Means of high sugar and/or fat food consumption 
in children and adults for low and high anxious index 
scores. Scores of the anxious index are based on an adapted 
version of the Attachment Questionnaire [ 45 ] where higher 
scores refl ect higher worries and fear of abandonment from 

parental fi gures. Least square means of daily high sugar 
and/or fat food consumption in children and adults ( N  = 148 
parent/child dyads) were calculated for low anxiety 
(M − 1SD) and high anxiety (M + 1SD) groups. Estimates 
were obtained using PROC REG (SAS 9.1 version)       
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As such, the internalization of more unreliable 
and more unsupportive parental behaviors based 
on children’s and adults’ reported attachment 
styles with their own caregivers was found to be 
positively associated with higher intake of 
unhealthy food items. These results provide pre-
liminary evidence in line with the authors’ theo-
rizing that internalized parent/child attachment 
styles formed in early infancy have the potential 
of infl uencing a life-long course of food attitudes 
and choices.

         Conclusions 

 Strong evidence shows that meals eaten at home 
are healthier than those eaten away-from-home; 
this chapter uses empirical explorations to investi-
gate the role of emotional reinforcement and par-
ent/child attachment as two potential underlying 
protective mechanisms contributing to the supe-
rior nutritional quality of home meals. While eat-
ing cannot only be reinforced by sensory and 
hedonic pleasure but also by emotions arisen from 
the context in which eating takes place, research 
has shown that more positive emotions are experi-
enced at home than in away-from-home settings. 
Through an associative learning process, the posi-
tive emotions experienced at home may become 
saliently attached to home meals especially to 
healthy foods which lack the biologically rein-
forcing property of unhealthier foods. The results 
of our fi rst study show that, specifi cally at home, 
healthier meals had a superior emotional reinforc-
ing value than less healthy meals as indicated by 
more positive and less negative emotions being 
reported before and after home healthy meals than 
less healthy meals consumed in the same setting. 
Moreover, away-from- home settings did not show 
the similar protective effects on the nutritional 
quality of food choice. 

 Furthermore, this associative learning between 
the emotional experiences and eating may start at 
birth when nurturing and sensitive parents pro-
vide children with a safe haven (mostly at home) 
where they can learn to explore their environment 
and master tasks at hand, eating being one of 
these tasks. This parent/child attachment is inter-
nalized and becomes the cornerstone guiding 

one’s relationship with food and eating throughout 
life. Nonetheless, some parents do not provide a 
safe and calm environment for children to explore, 
learn, and master food experiences. Consequently, 
these less optimal internalized experiences of 
parental caring and environment exploration char-
acterized either by high anxiety and worries or 
lack of exploratory interest may infl uence food 
consumption. As such, fi ndings from our second 
study with children aged 8–12 and one of their 
parents showed that both children and adults who 
showed more anxiety and avoidance in their rela-
tionships with their own parents to be more likely 
to consume unhealthy foods, i.e., foods that were 
high in sugar and/or fat content. 

 In an effort to bridge both literatures and 
acquire a more solid understanding of how emo-
tional reinforcement and attachment styles are 
related, future studies should assess how emo-
tional reinforcement varies with different attach-
ment patterns. For instance we propose that, 
because a secure attachment style is based on 
trusting bonds with caregivers and positive 
exploratory experiences, positive emotions will 
be more saliently attached to healthy food con-
sumption for securely attached individuals. On 
the other hand, for insecurely attached individu-
als (avoidant/anxious/fearful) who have internal-
ized less positive experiences with caregivers, 
positive emotions will be less likely to saliently 
attach to healthy meals. Also, insecure individu-
als will be more likely to experience negative 
emotions within the home context after an eating 
episode than securely attached people. Hence, 
different attachment patterns are likely to infl u-
ence directly the emotional reinforcement likely 
to occur within a home setting, ultimately infl u-
encing food consumption. 

 The present chapter underscores the family and 
home as a vital setting to promote healthy eating. 
We focus on two potential underlying mecha-
nisms of home healthy eating, emotional rein-
forcement, and attachment style, paving the way 
to important prevention strategies. For instance, 
systematic parental interventions should empha-
size further the emotional consequences attached 
to healthy eating at home. This may be a powerful 
strategy to help establish in children a lifetime net-
work of memory associations between healthy 
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food and positive affect, as a complement to pro-
viding adequate education in matters of nutritional 
values of foods and the consequences of unhealthy 
eating habits. Moreover, parents can receive sensi-
tivity training to enhance nurturing behaviors and 
hence promote positive emotional food experi-
ences for their children within a safe haven con-
text [ 46 ]. Lastly, parents can also be taught how to 
use home design and atmospheric cues, such as 
music, dining landscape, and kitchen equipment, 
all media through which positive emotions in 
everyday and laboratory contexts can be induced 
[ 47 ], to promote healthy eating at home.     
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 4      Diet Quality and Its Potential 
Cost Savings 
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and     Amanda     Patterson   

 Key Points 

•        Limited studies have determined the relationship between diet quality 
and health care costs. The current analysis investigates the relationship 
between Medicare health care costs and claims in Australia with diet 
quality, in a nationally  representative sample of mid- aged Australian 
women over the 10-year period from 2001 to 2010. Health care utiliza-
tion data was obtained from Medicare and diet quality was calculated 
using the Australian Recommended Food Score (ARFS). The ARFS is 
derived from Food Frequency Questionnaire (FFQ) responses to foods 
that are consistent with national recommendations detailed in the 
Dietary Guidelines for Australian Adults.  

•   It was found that consuming a greater variety of vegetables predicted 
lower 10-year cumulative Medicare Charges, Benefi t, Gap and a lower 
number of claims. However, for fruit, dairy and healthy fats component 
scores this relationship was in the opposite direction. Further evalua-
tions in other studies are needed and will provide the basis for model-
ling future cost savings and may help to identify appropriate dietary 
targets associated with reduced health care costs.    
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      Abbreviations 

   AIHW     Australian Institute of Health and 
Welfare   

  ALSWH     Australian Longitudinal Study on 
Women’s Health   

  ARFS    Australian Recommended Food Score   
  DALY    Disability-adjusted life years   
  DQES     Dietary Questionnaire for Epidemio-

logical Studies   
  DQI    Diet Quality Index   
  DQS    Diet Quality Score   
  EPC    Enhanced Primary Care   
  FFQ    Food Frequency Questionnaire   
  HDI    Healthy Diet Indicator   
  HEI    Healthy Eating Index   
  HFI    Healthy Food Index   
  HMO    Health Maintenance Organization   
  MDS    Mediterranean Diet Score   
  RFS    Recommended Food Score   
  SENECA     Survey in Europe on Nutrition and the 

Elderly; a Concerted Action   

           Introduction 

 Surprisingly, only limited studies have examined 
the relationship between diet quality and the 
health care costs to government or to individuals. 
Additionally, very few studies have examined 
whether diet quality is able to predict future 
health care costs. 

 Optimal dietary quality in the context of this 
review has been defi ned as eating patterns that 
refl ect greater adherence to national dietary rec-
ommendations. Diet quality can be measured by 
diet quality or diet index scores. There are over 
25 indexes to date that have been developed to 
assess overall diet quality and/or variety. Wirt 
and Collins [ 1 ] reviewed these in 2009 and found 
that the major indexes included the Healthy 

Eating Index (HEI) [ 2 ], the Healthy Diet Indicator 
(HDI) [ 3 ], the Healthy Food Index (HFI) [ 4 ], the 
Recommended Food Score (RFS) [ 5 ], the Diet 
Quality Index (DQI) [ 6 ], the Diet Quality Score 
(DQS) [ 7 ], and the Mediterranean Diet Score 
(MDS) [ 8 ]. Construction of these diet quality 
indexes follows three major scoring approaches: 
(1) based on food groups or specifi c foods, (2) 
based on nutrient intakes or (3) derived from 
combinations of foods and nutrient intakes [ 9 ]. 

 A review of the relationship between these 
diet quality scores and health-related outcomes 
demonstrated that higher quality eating patterns 
were associated with lower self-reported indices 
of health care usage and lower morbidity and 
mortality from chronic disease [ 1 ,  10 ,  11 ]. 

 However, whether higher diet quality trans-
lates into lower health care costs over time has 
rarely been examined. One key Australian report 
evaluated the relationship between fruit and veg-
etable intake (as a measure of diet quality) and 
burden of disease. This Australian Institute of 
Health and Welfare report (AIHW-2003) esti-
mated that 2.1 % of the total burden of disease 
could be attributed to inadequate fruit and vegeta-
ble consumption, making it seventh in a ranking 
of 14 risk factors studied [ 12 ], which together 
explained 32.2 % of the total burden of disease 
and injury. Eating an adequate amount of fruits 
and vegetables has been shown to prevent chronic 
diseases such as cardiovascular disease, type 2 
diabetes and some cancers [ 12 ]. The AIHW report 
found that 69 % of the burden from low fruit and 
vegetable consumption was due to ischaemic 
heart disease and that two-thirds of this was expe-
rienced by males. Further, the report estimated 
that 81 % of the burden from low fruit and vegeta-
ble consumption was due to mortality, and that the 
absolute burden from low consumption peaked 
between 60 and 80 years of age [ 12 ]. 

 We previously reported the results of the 
 relationship between diet quality and health 

 Keywords 
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service use in a cross-sectional analysis of the 
Australian Longitudinal Study on Women’s 
Health (ALSWH) for over 9,000 mid-aged 
women [ 13 ]. Among these women, a higher 
Australian Recommended Food Score (ARFS, 
the index of diet quality used) was associated with 
better self- reported health status (excellent, very 
good, good or fair/poor), a lower number of visits 
to a general medical practitioner in the previous 
year and fewer consultations with a specialist 
medical practitioner in the previous year. Those 
with a higher ARFS also had higher intakes of 
micronutrients and a lower percentage of energy 
from total or saturated fat [ 13 ]. 

 Kant and Schatzkin [ 11 ] examined the 10-year 
association between diet quality (measured by 
nutrient intakes) with self-reported doctor- 
advised chronic medical conditions, for a nation-
ally representative sample of adults (>25 years, 
 n  = 7,207) in the Continuing Survey of Food 
Intakes. A greater number of self-reported medi-
cal conditions were associated with an increased 
risk of not consuming 100 % of the Recommended 
Dietary Allowance (RDA) for  some  nutrients 
(vitamins E, B12 and calcium, zinc and iron, 
 P  < 0.05). Women were more likely to report poor 
nutrient intakes than men [ 11 ]. 

 In the SENECA (Survey in Europe on 
Nutrition and the Elderly; a Concerted Action) 
study on older persons from seven European 
countries, Haveman-Nies et al. [ 14 ] examined the 
health status and lifestyle behaviours of 216 men 
and 264 women born between 1913 and 1918, for 
the 10-year period (1988–1999). Self-rated health 
and self-care ability declined in men and women 
with both healthy and unhealthy lifestyle habits 
during follow-up. There was no relationship 
between having a healthy, Mediterranean-style 
diet and deterioration in health status. Inactive 
and smoking persons did have an increased risk 
for a decline in health status, compared with 
active and non-smoking people, and the authors 
concluded that both physical activity and being 
a non-smoking delayed deterioration in health 
 status for older people. 

 Cost-effectiveness studies have modelled the 
potential cost savings of implementing strategies to 
promote healthful eating patterns and prevent dis-

ease development. Cobiac et al. [ 15 ] evaluated the 
cost-effectiveness of interventions to promote fruit 
and vegetable consumption to assess the degree to 
which promotion strategies could potentially 
reduce population disease burden. They identifi ed 
23 interventions that promoted fruit and vegetable 
intake in adults that also had suffi cient information 
to model the health impacts in disability-adjusted 
life years (DALY). They modelled the intervention 
costs and potential cost savings from averting dis-
ease treatment, and the cost-effectiveness over the 
population’s lifetime, from a health sector perspec-
tive. They found that only fi ve of the 23 interven-
tions had less than a $50,000 per DALY 
cost-effectiveness threshold and that the most 
effective intervention could avert only 5 % of the 
disease burden attributed to insuffi cient fruit and 
vegetable intake. They concluded that further eval-
uation of population level interventions was 
needed. While observational studies and modelling 
estimates do provide a clear rationale for trialling 
interventions to improve diet quality as a strategy 
to reduce health care and medical costs, evaluation 
in real-life settings and databases provides impor-
tant data in relation to true health care costs. 

 Others have assessed the cost-effectiveness of 
interventions to improve diet in specifi c at risk 
 populations groups. Patrick et al. [ 16 ] random-
ized about 5,000 health maintenance organiza-
tion (HMO) older Medicare benefi ciaries to 
receive a 2-year preventive service benefi t pack-
age that included one component aimed at 
improving diet quality, as measured by percent-
age energy from fat and grams from daily fi bre 
intakes, or to usual care. At the 2- and 4-year 
follow-ups, the treatment group reportedly par-
ticipated in more exercise and reduced their per-
centage fat intake more than the control group. 
Although they observed an unexpected greater 
number of deaths in the treatment group, which 
they attributed to more individuals over the age 
of 75 years being randomized to the intervention 
group, the surviving treatment group participants 
reported higher satisfaction with health, less 
decline in self-rated health status, and fewer 
depressive symptoms than surviving control par-
ticipants. However, the intervention did not yield 
a lower cost per quality adjusted life year. 
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 Wolf et al. [ 17 ] evaluated, in a 12-month 
 randomized controlled trial, the costs associated 
with provision of a lifestyle intervention pro-
gramme on health care expenditure in a high-risk 
obese population ( n  = 147) with type 2 diabetes. 
The intervention group received individual and 
group education, support and referrals to regis-
tered dietitians, while the usual-care group 
received educational materials only. The net cost 
of the intervention was $328 per person per year, 
but the overall mean health plan costs (including 
the $328) was $3,586 lower in intervention group 
compared to the usual care group (95 % CI −$8,036 
to −$25,  P  < 0.05). The difference was driven by 
group differences in medical costs (−$3,316, 95 % 
CI −$7,829 to −$320,  P  < 0.05), with signifi cantly 
fewer inpatient admissions for the intervention 
group (prevalence 2.8 % in the intervention group 
vs. 22.5 % in controls,  P  < 0.001). Authors con-
cluded that adding a  modest-cost, registered dieti-
tian-led lifestyle case-management intervention to 
usual medical care did not increase health care 
costs, but resulted in modest cost savings for obese 
patients with type 2 diabetes. 

 Pavlovich et al. conducted a systematic review 
of randomized controlled trials on the cost- 
effectiveness of the provision of outpatient nutri-
tion services [ 18 ]. Of the 13 studies included there 
was relatively consistent support for the cost-
effectiveness of nutrition services. Provision of 
nutrition services was cost-effective in reducing 
serum cholesterol levels (for example, $20–1,268/
mmol/L decrease in serum low-density lipoprotein 
level), for weight loss ($2.40–10 per pound lost), 
and in reducing blood glucose ($5/mmol/L 
decrease). This was evident in target populations 
with diabetes mellitus and hypercholesterolemia 
as well as for those without such diagnoses. The 
authors noted that due to limitations in trial quality 
and differences in cost perspectives though, that 
more randomized controlled trials addressing 
these omissions were needed. 

 While these approaches provide important 
insights into potential cost savings through 
 optimizing dietary quality, we have only been 
able to locate a limited number of studies interna-
tionally that have prospectively examined the 

relationship between diet quality and health care 
costs. Two studies have examined the national 
government Medicare charges in relation to 
aspects of dietary intake. Daviglus et al. [ 19 ] 
looked at US Medicare charges over a 15-year 
period in relation to fruit and fruit plus vegetable 
intakes in mid-aged men from the Chicago 
Western Electric Study, while we examined 
Australian Medicare costs incurred over a 6-year 
period by mid-aged women ( n  > 10,000) from the 
ALSWH in relation to diet quality as measured 
by the ARFS [ 20 ]. 

 Daviglus et al.    demonstrated that in 1,063 men 
from the Chicago Western Electric Study, those 
in the highest tertile of fruit and fruit plus vegeta-
ble intakes during middle age had lower mean 
annual and cumulative Medicare charges over a 
15-year period [ 19 ]. They found that, after adjust-
ing for baseline age, education, total energy 
intake and baseline risk factors, high fruit and 
vegetable intakes were associated with lower 
mean annual and cumulative Medicare charges, 
including total charges and cardiovascular dis-
ease and cancer- related charges, although the 
 P  value for trend ranged from 0.019 to 0.862. 
While many of the results were not statistically 
signifi cant, the trends do suggest that having 
higher fruit and vegetable intakes earlier in adult-
hood has the potential to lower health care costs 
in older age, as well as improve health status. 

 While we hypothesized lower costs would be 
associated with higher diet quality, our Australian 
data demonstrated a positive association between 
having a higher ARFS (i.e. better diet quality) 
and higher cumulative Medicare (Australia) 
costs. Although those in the highest quintile of 
ARFS incurred higher Medicare costs, the num-
ber of Medicare claims for this quintile was lower 
than for the lowest quintile of ARFS for the 
period 2002–2007,  P  = 0.002. 

 Firstly, it is important to note that there are 
some differences between the national Medicare 
programmes in the USA and Australia. In the 
USA, Medicare is a social insurance programme 
administered by the government, which provides 
health insurance cover to people who are aged 65 
and over, or who meet specifi c criteria. Medicare 
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(USA) covers hospital-related inpatient and outpa-
tient services, skilled nursing facility services and 
charges related to outpatient services, including 
emergency room visits, clinic and ambulatory sur-
gery, laboratory tests, radiography, rehabilitation 
therapy, radiation therapy and renal dialysis. This 
contrasts with Medicare Australia, who administer 
a universal health care programme called Medicare 
for the Australian government. Medicare (Aus) is 
funded by income tax and an income-related 
Medicare levy. Medicare (Aus) is the largest 
source of primary health care spending and covers 
scheduled fees for out-of-hospital services for 
doctors (including specialists), tests and examina-
tions by doctors, X-rays and pathology tests, eye 
tests performed by optometrists, most surgical and 
other therapeutic procedures performed by doctors, 
some surgical procedures performed by approved 
dentists, specifi ed items under the Cleft Lip and 
Palate Scheme, and specifi ed items for allied 
health services as part of the Enhanced Primary 
Care (EPC) programme. In-hospital services are 
only covered by Medicare (Aus) for treatment as a 
public patient by doctors and specialists nomi-
nated by the hospital. Medicare (Aus) also admin-
isters a separate Pharmaceutical Benefi ts Scheme 
(PBS), which makes a range of prescription medi-
cines available at affordable prices to Australian 
residents, through government subsidy. 

 While the above two studies are the only ones 
we have found that actually calculate costs, van 
Baal et al. [ 21 ], in three cohorts from the Netherlands, 
estimated the annual and lifetime medical costs 
attributed to obesity for people aged 20 years at 
baseline. They compared obese people to those who 
were smokers and those with a healthy lifestyle 
(including following a high  quality diet). The obese 
group were modelled as having the highest annual 
health expenditure, followed by smokers, but life-
time health expenditure was highest among healthy-
living individuals, due to their longer life expectancy. 
The authors concluded that while obesity prevention 
is an important and cost-effective way of improving 
public health, it is not the only strategy for reducing 
health expenditures. 

 Other than these studies, we were not able 
to locate any other studies that have examined 

associations between diet quality and subsequent 
cost of health service use. This relationship needs 
further study with both costs and claims moni-
tored over time to examine patterns of health care 
usage and costs in the longer term for those with 
the dietary patterns that adhere more closely to 
national recommendations.  

    Evaluating the Association Between 
Diet Quality and 10-Year 
Cumulative Medicare Costs 

    On this basis, we have recently extended the 
1946–1951 (mid-aged) ALSWH cohort follow-
 up period to 10 years, to examine whether higher 
diet quality, as measured by the ARFS was still 
associated with higher health care costs but lower 
number of claims. 

 The data for this analysis comes from ALSWH, 
which was established to investigate multiple 
 factors affecting the health and wellbeing of 
women over a 20-year period. Women in three age 
groups (“younger” 18–23, “mid-aged” 45–50 and 
“older” 70–75 years) were randomly selected from 
the national health insurance database, Medicare 
(Aus) that includes all permanent residents of 
Australia, with over-representation of women 
 living in rural and remote areas. The methods have 
been previously published [ 22 – 24 ].  

    Diet Quality and Health Care Costs 
in Mid-Aged Women in Australia 

 Data used in this analysis have been derived from 
the mid-aged cohort of the ALSWH. Survey 1 
( n  = 13,716) was conducted in 1996 and the respon-
dents have been shown to be broadly representative 
of the national population of women in the target 
age groups [ 22 ]. Survey 2 ( n  = 12,338) was con-
ducted in 1998 and Survey 3 ( n  = 11,228) was con-
ducted in 2001. The response rate for Survey 3 of 
the mid-aged cohort was 83 % of women who had 
completed Survey 1 and had not died or become 
too ill to complete further surveys. The non-respon-
dents included those who did not complete Survey 
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3 (7.4 %), withdrew from the study completely 
(2.8 %) or could not be contacted (6.8 %) [ 24 ]. Of 
the women who completed Survey 3 (then aged 
50–55 years), 11,194 completed a usable Food 
Frequency Questionnaire (FFQ).  

    Assessment of Dietary Intake 

 Dietary intake was assessed using the Dietary 
Questionnaire for Epidemiological Studies 
(DQES) FFQ. The DQES asks respondents to 
report their usual consumption of 74 foods and six 
alcoholic beverages over the preceding 12 months 
using a 10-point frequency option from “never” up 
to “three or four times per day”. Portion size pho-
tographs are used to adjust the serve size for vege-
tables, meat and casseroles. Additional questions 
are asked about total number of daily serves of 
fruits, vegetables, bread, dairy products, eggs, fat 
spreads and sugar, as well asking the type of bread, 
dairy products and fat spreads used. Nutrient 
intakes are computed from NUTTAB 1995, a food 
composition database of Australian foods [ 25 ], 
using software developed by the Cancer Council of 
Victoria. Both the development of the DQES [ 26 ] 
and its validation in mid-aged Australian women 
have been previously reported [ 27 ]. FFQs with 
greater than four missing values were discarded.  

    Australian Recommended 
Food Score 

 The ARFS was modelled on the RFS by Kant and 
Thompson [ 28 ] and has been previously described 
[ 13 ]. Briefl y, it is calculated based on DQES items 
consistent with national recommendations in the 
Dietary Guidelines for Australian Adults [ 29 ]. In 
brief, items consumed less than once a week are 
scored zero and those consumed once a week or 
more score one. Additional points are awarded for 
type and variety of core foods consistent with 
national dietary intake recommendations. A maxi-
mum of two points was added for alcohol con-
sumption: one point for moderate frequency and 
the second point for moderate quantity, when they 
drank alcohol. The maximum ARFS is 74.  

    Medicare Data 

 The health services utilization and cost data was 
provided by Medicare Australia. In the third survey 
of the mid-aged cohort, 7,225 out of the 11,226 
women (64 %) gave consent for linkage of their 
Medicare data to their survey. There were signifi -
cant but small differences between consenters and 
non-consenters by area of residence, and those 
consenting to Medicare linkage tended to be better 
educated, more likely to be able to manage on their 
available income and more likely to say their health 
was excellent, very good or good [ 23 ,  24 ]. Only 
ALSWH respondents who consented to link their 
Medicare data were used in this analysis. There 
were 6,781 women who had given both Medicare 
consent and had an ARFS. 

 All Medicare data were collected for the 10 
years from 2001 to 2010. Annual data was totalled 
for each woman to determine the amount the 
women spent on Medicare health care and the 
“Number of claims”. Women with no claims for a 
particular year had values of zero imputed into 
their claims and cost fi elds for that year, as 
Medicare Australia only provides data for women 
for which there are charges recorded. The “Charge” 
item is the total cost of the treatment. There are two 
other Medicare variables, the “Benefi t” and the 
“Gap”. The Benefi t is what was paid back to the 
patient, while the Gap is the difference between 
the Charge and the Benefi t (i.e. what the patient 
paid out of their own pocket). The Charge is almost 
always higher than the Benefi t. 

 Those with the highest ( n  = 67) and lowest 1 % 
( n  = 68) of charges were excluded from data 
 analysis to avoid extreme values (<$634 and 
>$49,395). Therefore, the sample included data for 
 n  = 6,646 women. Level of education was recorded 
at Survey 1 and was missing for  n  = 39, hence a 
total sample of  n  = 6,607 are included in the multi-
variate regressions with adjustment for baseline 
area of residence and education. The Medicare data 
used in this study were from the Medicare Benefi ts 
Schedule and did not include data from the PBS. 

 The analysis followed the same approach as 
that described previously [ 20 ]. Data manipulation 
and statistical analyses were performed using 
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Intercooled Stata, version 11 (StataCorp LP, 
College Station, TX, USA). The distribution of the 
Medicare data was highly skewed to the right; 
therefore, median values have been presented. The 
ARFS was normally distributed. ARFS quintiles 
were generated using the xtile function in Stata. 
Generalized linear modelling was performed with 
area of residence and level of education at baseline 
used as covariates, to adjust for the sampling frame 
and for socioeconomic status.  P -values <0.01 
were considered statistically signifi cant, due to the 
large sample size. 

 The ARFS was normally distributed while the 
Medicare costs and claims were not. The median 
10-year (2001–2010) cumulative Medicare 
Claims and Charge, Benefi t and Gap expenses 
were examined by quintiles of ARFS at Survey 3, 
with a median (interquartile range, IQR) ARFS 
of 21 (6) for quintile 1 and 44 (5) for quintile 5 
(Table  4.1 ). After adjustment for area of residence 
and education at baseline, ARFS quintile 5 had 
signifi cantly fewer Claims ( P  = 0.008) compared 
to ARFS quintile 1. ARFS quintiles 3 and 5 had 
signifi cantly higher Gap expenses compared to 
quintile 1;  P  = 0.004 and  P  < 0.001, respectively. 
ARFS quintile was not a signifi cant predictor of 
Charge ( P  = 0.583) or Benefi t ( P  = 0.369).

       ARFS Component Scores 

 The individual ARFS component scores were then 
tested as the predictors of 10-year cumulative 
Medicare claims and costs. Table  4.2  shows that 

the number of Medicare Claims and Charges was 
inversely associated with consuming a greater 
variety of vegetables, independent of total ARFS 
at Survey 3, and area of residence and  education at 
baseline. There was a positive linear relationship 
between Medicare claims and charges and the 
ARFS component scores for fruit, dairy and fat. 
All other ARFS component scores were not asso-
ciated with Medicare claims and costs ( P  > 0.01).

       How Diet Quality Impacts on Health 
Care Costs 

 This analysis extends the cumulative Medicare 
costs and claims in Australia in relation to diet 
quality in mid-aged Australian women to 10 
years. Unlike our previous 5-year cumulative 
data, which demonstrated higher Medicare costs 
associated with higher diet quality, this 10-year 
cumulative data show that Medicare charge and 
benefi t are not related to ARFS (Table  4.1 ). 
However, the Medicare Gap, the amount paid by 
an individual, does increase signifi cantly with 
higher diet quality (ARFS). This relationship is 
in the opposite direction to what you would 
expect, and the 10-year cumulative mean differ-
ence for Gap payments from the bottom to the 
top quintile is substantially greater at $AUS500. 
This relationship is likely to be confounded by 
charges incurred for routine screening services 
related to breast and/or cervical cancer, as those 
likely to have higher diet quality may also have 
more routine screening procedures. Interestingly, 

    Table 4.1    Median 10-year (2001–2010) cumulative Medicare claims and costs ($AUS) for mid-aged Australian 
women by quintile of ARFS, where 1 = lowest and 5 = highest quintile   

 ARFS 
quintile   n  

 ARFS 
median  IQR 

 Number 
of claims  IQR 

 Charge 
($)  IQR 

 Benefi ts 
($)  IQR 

 Gap 
($)  IQR 

 1  1,362  21   6  148  137  7,366  8,694  5,732  6,404  1,206  2,507 

 2  1,487  29   3  143  124  7,452  7,886  5,605  5,786  1,572  2,706 

 3  1,239  33   2  147  128  7,745  8,903  5,744  6,327  1,702 a   2,967 

 4  1,244  38   2  140  120  7,683  8,368  5,704  5,849  1,764  2,830 

 5  1,314  44   5  138 a   118  7,835  8,481  5,625  5,983  1,704 a   3,062 

 All  6,646  33  12  143  126  7,608  8,432  5,682  6,040  1,590  2,845 

   a Generalized linear modelling with adjustment for area of residence and education at baseline shows ARFS quintile is a 
signifi cant ( P  < 0.01) predictor of number of Medicare Claims (quintile 5) and Gap expenses (quintiles 3 and 5), compared 
to quintile 1  
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as for the 5-year data, the total number of claims 
for health care services over the 10-year period is 
signifi cantly lower in the highest quintile of ARFS 
compared to the lowest, by a total of 10 claims. 
It will be important to revisit this relationship in 
another 5 years to examine whether there is a 
point at which having consumed a higher quality 
diet over an extended period that it does lead to 
Medicare savings in terms of cumulative health 
care costs. 

 When the ARFS sub-scales were examined, 
there was a statistically signifi cant relationship 
with many of the sub-scales scores (Table  4.2 ). 
While having greater variety of vegetables pre-
dicted lower 10-year cumulative Medicare 
Charges, Benefi t, Gap and a lower number of 
claims, this was in the opposite direction for 
fruits, dairy and healthy fats. This fi nding is 
 different to the results from the Western Electric 
company study of male employees [ 19 ] where 
after 25 years of follow-up there were lower 
Medicare (USA) costs for those with the highest 
reported fruits and vegetables intakes. Although 
the Medicare costs do represent different things 
in the USA and Australia, there is now some syn-
ergy with the longer follow-up in the Australian 
data set. Limitations in the analysis include that 
baseline health status was not adjusted for, 
although the top and bottom 1 % of extreme 
Medicare cost values were removed, and not all 
costs related to medical treatments are captured 
by the Medicare (Aus) data. 

 It will be critically important to continue to 
examine the relationship between diet quality 

and Medicare costs for the ALSWH, and to also 
examine these relationships in other cohort stud-
ies where data are available to conduct similar 
 analyses. This is particularly so because of a 
 previous review in which we demonstrated that 
across a range of diet quality scores and studies 
that higher diet quality is consistently inversely 
related to all-cause mortality, with a protective 
effect of moderate magnitude [ 1 ], and with asso-
ciations seemingly stronger for men. 

 Mid-aged women with lower dietary variety 
and quality, as measured by the ARFS, do not have 
increased cumulative Medicare costs, but do have a 
greater number of Medicare claims. This suggests 
a need to monitor both costs and number of claims 
over time to determine whether higher diet quality 
does eventually lead to monetary savings.  

    Conclusions 

 It is surprising that so few economic evaluations of 
the relationship between diet quality and health care 
costs have been undertaken. Further evaluations 
will provide the basis for modelling the cost savings 
in future interventions and may help to identify 
appropriate dietary targets associated with reduced 
health care costs.     
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    Table 4.2    Coeffi cients and 95 % confi dence intervals for ARFS components that signifi cantly predict a  10-year 
(2001–2010) cumulative Medicare claims or costs ($AUS) for mid-aged Australian women ( n  = 6,607)   

 ARFS component 
 Maximum 
points 

 Coeffi cients (95 % confi dence intervals) 

 Number 
of claims  Charge ($)  Benefi ts ($)  Gap ($) 

 Vegetable  22  −2.3 (−3.5, −1.1)  −154 (−233, −76)  −100 (−157, −43)  −54 (−82, −36) 
 Fruit  14   2.2 (0.8, 3.6)   162 (72, 252)   112 (47, 177)   50 (18, 82) 
 Dairy   7   6.4 (3.3, 9.4)   397 (202, 593)   268 (126, 409)  129 (60, 198) 
 Nuts/beans/soy/egg b    7  −98 (−164, −33) 
 Fat   1   9.1 (2.8, 15.4)   672 (270, 1,073)   421 (131, 712)  250 (108, 393) 

   a Generalized linear modelling with adjustment for area of residence and education at baseline, and total ARFS at Survey 
3. All signifi cant at  P  < 0.01 
  b Non-signifi cant Medicare items and ARFS components are not shown  
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 Key Points 

•     Dysmenorrhea or menstrual pain is one of the most common 
 gynecologic complaints among adolescent and young females.  

•   Prostaglandin (PG) is the major underlying cause of painful menstruation.  
•   Management of dysmenorrhea would have an important social infl u-

ence for this chronic problem.  
•   There is a wide range of treatment options available to relief the symp-

toms of primary dysmenorrhea, however these approaches showed vari-
able effectiveness benefi ts and are troubled by some negative side effects.  

•   A recent study showed a strong association between intake of dietary 
calcium and risk of dysmenorrhea.  

•   When adolescent and young females who experience dysmenorrhea 
considered dietary calcium approach, the majority of participants docu-
mented some improvement in dysmenorrheal symptoms and fewer par-
ticipants reported the need for medications for pain relief.  

•   Therefore, dietary calcium may be considered as a promising nutri-
tional therapy for the relief of pain and symptoms associated with 
menstruation, which can signifi cantly infl uence the quality of life of 
adolescent girls and young women during the reproductive age.    
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      Abbreviations 

   25(OH)D    25-Hydroxyvitamin D   
  CAM    Complementary and Alternative 

Medicines   
  IRB    Institutional Review Board   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  OCs    Oral contraceptives   
  PGs    Prostaglandins   
  PTH    Parathyroid hormone   

           Introduction 

 Dysmenorrhea is a Greek word that means painful 
or diffi cult monthly menstrual fl ow. It is also 
defi ned as menstrual cramps of uterine origin. 
Dysmenorrhea is one of the most common gyne-
cologic complaints among adolescent and young 
females [ 1 ,  2 ]. Different types of studies from 
both developed and developing countries have 
found a consistently high prevalence of dysmen-
orrhea in women of different ages and nationali-
ties. Dysmenorrhea is more prevalent in adolescent 
women. It occurs with an estimated prevalence of 
up to 97 % of menstruating females [ 3 ]. 

 Dysmenorrhea is commonly subcategorized 
into two distinct types based on pathophysiology: 
primary and secondary. Primary dysmenorrhea is 
defi ned as painful menses in women with normal 
pelvic anatomy. It usually begins during adoles-
cence, typically in the fi rst few years after men-
arche with an age range between 17 and 22 years. 

 Secondary dysmenorrhea becomes more com-
mon as woman ages, many years to decades after 
menarche and menstrual pain is associated with 
organic pelvic pathology such as endometriosis, 
chronic pelvic infl ammatory disease, fi broid 
tumors, adenomyosis, ovarian cyst, uterine pol-
yps, and the use of intrauterine contraceptive 
devices [ 4 ,  5 ].  

    Risk Factors 

 The severity of dysmenorrhea is associated with 
several risk factors including early onset of 
puberty, long and heavy menstrual fl ow, low body 
mass index or dieting, stress, depression, anxiety, 
smoking, obesity, and alcohol consumption. 

 However, some of the risk factors such as 
smoking, obesity, and alcohol consumption were 
not found to be consistently associated with pri-
mary dysmenorrhea [ 5 – 8 ].  

    Symptoms 

 Dysmenorrhea is characterized by lower abdomi-
nal pain that occurs during menstruation, but may 
start 2 or more days before menstruation and per-
sists up to 72 h. The pain may also radiate to the 
lower back or inner thighs [ 9 ,  10 ]. Frequently, 
pain is associated with several types of symptoms 
including headache, backache, general weakness, 
nausea, vomiting, dizziness, sweating, abdominal 
bloating, loose stool, depression, excitability, and 
irritability [ 6 ,  9 – 11 ].  

    Pathogenesis of Primary 
Dysmenorrhea 

 The pathogenesis of primary dysmenorrhea is not 
fully understood. Current evidence suggests that 
prostaglandins (PGs) are the major underlying 
cause of painful menstruation [ 12 ]. Evidence that 
support this theory is the presence of high level of 
prostaglandins PGF2 and PGE2 in menstrual 
fl uid that correlate with symptoms of dysmenor-
rhea [ 13 ]. PGs are potent compounds that induce 
a wide range of physiologic and pathologic 
responses. PGs are synthesized mainly from ara-
chidonic acid, a C20:4 omega-6 fatty acid which 

 Keywords 

   Dysmenorrheal   •   Dietary factors   •   Lifestyle modifi cation   •   Calcium   •   Dairy 
products 
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is found in membrane phospholipids. Before the 
start of menstruation and after the drop in proges-
terone level, arachidonic acid is released from 
cellular membrane phospholipids by phospholi-
pase A2 for the synthesis of prostaglandins (PGs) 
in the uterus, which leads to constriction of arte-
rioles, and reduction in uterine blood fl ow and 
pain level [ 14 ,  15 ].  

    Treatment of Dysmenorrhea 

 A wide range of treatment options for primary 
dysmenorrhea are available [ 16 ]. Virtually all 
treatment options are directed toward correction 
of the risk factors or the etiology that produced 
dysmenorrhea with minimal side effects. 
However, these approaches showed variable ben-
efi ts in the management of menstrual pain. 

    Nonsteroidal Anti-infl ammatory 
Drugs 

 Nonsteroidal anti-infl ammatory drugs (NSAIDs) 
are the most common pharmacologic treatment 
for primary dysmenorrhea [ 10 ,  17 ]. Several ran-
domized controlled trials demonstrated the 
superiority of NSAIDs in treating of primary 
dysmenorrhea compared with placebo but no 
superiority was established among different 
NSAIDs in the treatment options of dysmenor-
rhea [ 15 ,  18 ]. However, despite the considerable 
effi cacy of NSAIDs, not all adolescents with 
dysmenorrhea respond to NSAIDs. For many 
women, NSAID therapies offer inadequate 
treatment with a failure rate of 10–25 % [ 19 ]. 
This failure was attributed to different media-
tors or causes that have been implicated to either 
the pathogenesis of primary dysmenorrhea or 
the secondary causes of dysmenorrhea [ 1 ,  20 ]. 
Moreover, some women have intolerable side 
effects to current therapies such as gastric upset 
and even infertility [ 21 ]. Simple analgesics such 
as paracetamol and aspirin can be considered 
for pain relief in women when other treat-
ments are contraindicated or intolerable [ 1 ]. 
NSAIDs affect the physiological mechanisms 

behind menstrual pain, inhibiting prostaglandin 
 production through reducing the activity of the 
cyclooxygenase pathway, which is the rate-
limiting factor in the conversion of arachidonic 
acid to PGs [ 1 ].  

    Oral Contraceptive Pills 

    Treatment of dysmenorrhea also includes a well-
accepted, off-label use of oral contraceptives 
(OCs) [ 6 ,  22 ]. Results from multiple studies indi-
cate that low-dose oral contraceptive pills can 
effectively reduce the incidence and severity of 
pain and symptoms associated with primary dys-
menorrhea [ 23 ]. A recent randomized controlled 
study demonstrated a signifi cant improvement of 
primary dysmenorrhea and its associated symp-
toms in response to combined low-dose oral con-
traceptives ethinyl estradiol and norethisterone 
(IKH-01) treatment [ 24 ]. 

 Reduced menstrual pain severity was attrib-
uted to reduction in uterine contractions and vol-
ume of menstrual fl ow through suppression of 
PG synthesis [ 25 ]. However, some women prefer 
not to use OCs because of side effects or cultural 
reasons. Adverse effects of combined OCs 
including headache, nausea, and weight gain 
have been reported [ 24 ].  

    Complementary and Alternative 
Medicines 

 A number of alternative therapies have been stud-
ied for the treatment of dysmenorrhea and have 
been reported to be effective in relieving men-
strual cramps. However, some reports have small 
number of participates and only short-term 
follow- ups, and sometimes are limited to only 
one trial. 

    Herbal Medicine 
 Complementary and Alternative Medicines (CAM) 
research has focused on the possible  benefi cial 
effects of herbal preparations. The most widely 
studied formulations are the traditional Chinese 
herbal preparations. Chinese herbal  preparations 
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are found to be effective for the treatment of dys-
menorrhea with minimal side effects [ 26 ]. The 
effectiveness of Chinese herbals in dysmenorrhea 
therapies could be related to several mechanisms 
including decrease of PG levels, modulating nitric 
oxide, elevation of plasma beta-endorphin levels, 
blocking of calcium- channels, and improvement 
of microcirculation [ 26 ].  

    Dietary Factors 
 A variety of nutrients have been the focus of 
number of researches that examined the possible 
benefi cial effects in management of primary dys-
menorrhea including vitamin B1 (thiamine), vita-
min B3 (niacin), vitamin B6 (pyridoxine), vitamin 
E, fi sh oil supplement, calcium, and magnesium. 

   Vitamin B1 and B6 
 In a single study, supplementation of 100 mg of 
vitamin B1 daily for 3 months to 556 Indian ado-
lescent girls with moderate to very severe dys-
menorrhea was shown to be an effective therapy. 
The majority of participants (87 %) reported no 
menstrual pain as compared to placebo [ 27 ]. 
Some evidence also exists for the benefi t of 
100 mg/day supplementation of vitamin B6 taken 
with or without magnesium in management of 
dysmenorrhea. However, magnesium can have 
adverse effects such as constipation.  

   Vitamin E 
 Three trials have demonstrated the effectiveness 
of vitamin E in relieving menstrual pain of pri-
mary dysmenorrhea. 

 In the fi rst trial, 100 adolescent girls who suf-
fered from primary dysmenorrhea received sup-
plements of 500 IU/day vitamin E (about 333 mg) 
2 days before the onset of menses and continued 
through the fi rst 3 days of menstruation for 
2 months. Vitamin E supplementation signifi -
cantly improved menstrual pain as compared to 
placebo [ 28 ]. Also the intake of 500 mg vitamin 
E 10 days before the menses and continued until 
the fourth day of menses for 3 months was 
reported to improve menstrual pain as compared 
to placebo (68 % vs. 18 %) [ 29 ]. Similar result 
was obtained in another randomized controlled 

trial when vitamin E (200 U/day) was  administered 
2 days before the menses and continued through 
the fi rst 3 days of menses for 3 months [ 30 ]. 
In this trial, participants also reported reduced 
blood loss.  

   Fish Oil 
 The protective effect of fi sh oil on dysmenorrhea is 
supported by several crossover design clinical tri-
als. In the fi rst trial, 42 girls who experience dys-
menorrhea were placed into two groups of 21 each. 
One group received 6 g of fi sh oil (1,080 mg EPA, 
720 mg DHA, and 1.5 mg vitamin E) daily for 
2 months followed by a placebo for an additional 
2 months, while the second group received placebo 
for the fi rst 2 months followed by fi sh oil for 
2 more months. The results show marked reduc-
tion in symptoms of dysmenorrhea due to fi sh oil 
treatment [ 31 ]. In the second trial, 36 girls aged 
18–22 were randomly allocated into two groups. 
The treated group received 15 mL of fi sh oil per 
day for 3 months while the control group received 
placebo. In that trial, fi sh oil was proven to be more 
effective for relief of menstrual pain than placebo 
[ 32 ]. In another double blind, randomized, placebo- 
controlled trial, 78 Danish women who experience 
dysmenorrhea [ 33 ] supplemented with 2.5 g/day 
fi sh oil with or without vitamin B12, seal oil (5 g/
day), or placebo for three menstrual cycles. Women 
taking fi sh oil plus B12 reported a signifi cant 
reduction in the intensity of menstrual pain and 
some associated symptoms. 

 The benefi cial effect of fi sh oil is apparently 
due to its content of omega-3 fatty acids (eicosa-
pentaenoic acid and decosahexaenoic acid). 
Several mechanisms have been proposed for the 
anti-infl ammatory effect of omega-3 fatty acids 
including fi rst: fewer PGs are made from omega-3 
fatty acids, second: omega-3 can inhibit the 
 formation of arachidonic acid from C18 fatty 
acids at the level of δ 6  desaturase enzyme, third: 
binding of omega-3 fatty acids to cyclooxygen-
ase reduces the conversion of omega-6 to PGs, 
and fourth: PGs derived from omega-3 fatty acids 
are less potent than those formed from the 
omega-6 fatty acids [ 34 ]. Therefore, high 
omega-3 intake is expected to be associated with 
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milder menstrual pain. Adverse effects of fi sh oil 
have been reported, including stomach upset, 
slight nausea and bad taste, and acne.    

    Lifestyle Modifi cation 

 Few studies have examined the effect of lifestyle 
modifi cation with respect to ameliorating symp-
toms of dysmenorrhea, including low-fat vege-
tarian diet [ 35 ] and exercise [ 36 ]. Low-fat 
vegetarian diet was reported to be associated with 
reduction in dysmenorrhea duration and intensity 
as compared with baseline in a crossover design 
which involved 33 women for two menstrual 
cycles. The effect was attributed to diet infl u-
ences on estrogen activity. A low-fat vegetarian 
diet was associated with increased serum sex 
hormone-binding globulin concentration, which 
inactivates estrogens. Estrogen and progesterone 
stimulate the endometrium, which is the source 
of the PGs which induce ischemia and uterine 
muscle contraction [ 37 ].  

    Dietary Habits and Primary 
Dysmenorrhea 

 Although the prevalence and severity of dysmen-
orrhea in adolescents and young females are 
high, many girls either do not ask for medical 
advice or are undertreated [ 17 ]. The severity of 
dysmenorrheal pain varies among different 
females; however, it could be severe enough to 
cause a substantial negative impact on women’s 
daily activities. Pain may inconvenience a 
woman during holidays, social activities, or 
sometimes when high performance is required. 
Chronic recurrent pain of dysmenorrhea leads to 
high rate of school or work absences as well as 
limits their class concentration, which affects 
their academic performance [ 12 ,  38 ]. Besides 
the negative impact on the society, dysmenor-
rhea causes signifi cant cost to the health care 
system and imposes signifi cant socioeconomic 
consequences [ 39 ]. 

 Although there is a wide range of treatment 
options available to relief dysmenorrheal pain, 

these approaches showed variable benefi ts in the 
management of menstrual pain. Therefore, fi nd-
ing an effective and safe nonpharmacologic inter-
vention for management of dysmenorrhea would 
have an important social infl uence on females. 

 Knowledge of benefi cial food-related practices 
can provide better inexpensive nonpharmacologic 
alternative treatment for primary dysmenorrhea. It 
can also limit several negative side effects of the 
current pharmacological treatments. In addition, it 
will contribute positively to the general health of 
adolescent girls and young women. 

 Few studies had examined the relationship 
between dietary habits and menstrual pain. 

 Higher intake of fruit, eggs, and animal and 
fi sh products was found to correlate with milder 
menstrual pain [ 34 ,  40 ]. The protective effect of 
fruit and eggs was attributed to their calcium and 
magnesium contents. However, the role of cal-
cium in the treatment of primary dysmenorrhea 
was subjected to controversial results. A study 
with a relatively small sample size (only ten 
women) conducted by Penland et al. [ 41 ] found 
that increased dietary intake of calcium (587 or 
1,336 mg/day) and magnesium (1.0 or 5.6 mg/
day) reduced menstrual pain and improved some 
psychological symptoms. In contrast, Di Cintio 
et al. [ 42 ] reported no clear relationship between 
the intake of 50 various food items (grains, veg-
etables, fruits, meat, poultry and fi sh, milk and 
milk products, and oil) and risk of dysmenorrhea 
with the exception of cheese and eggs consump-
tion, which showed a little positive association. 
The fi nding of Di Cintio et al. does not support 
previous suggestions that calcium [ 41 ] and even 
omega-3 fatty acids [ 34 ,  40 ] intake reduces risk 
for dysmenorrhea. 

 The effectiveness of magnesium in the treat-
ment of primary dysmenorrhea has been also eval-
uated in three small randomized controlled trials 
[ 43 – 45 ]. The results suggest that magnesium 
 supplementation is effective in treatment of dys-
menorrhea. The appropriate dose of  magnesium 
for treatment of dysmenorrhea is not clear due to 
different magnesium dose and formulation used in 
different trials. The improvement of dysmenorrhea 
symptoms was attributed to reduction in the PGF2α 
level and to direct muscle relaxant and vasodilatory 
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effect of magnesium [ 43 ]. However, treatment with 
magnesium reported to be either free of side effect 
[ 43 ,  44 ] or associated with intestinal discomfort 
and other minor adverse effects [ 45 ]. 

 Although the available data provides little 
direct scientifi c evidence to the relationship 
between dietary habits and risk factor for dys-
menorrhea, consistent observations indicate the 
presence of an association between frequency of 
dietary calcium intake and the risk of dysmenor-
rhea. A study by Abdul-Razzak et al. [ 10 ] showed 
the possible relationship between daily dairy 
products intake and risk of dysmenorrhea and 
other associated symptoms among university 
female students. A detailed description of fi eld 
data collection can be found elsewhere. In this 
study, a strong correlation between dairy prod-

ucts intake and dysmenorrhea and its associated 
symptoms among participants was found. A sig-
nifi cantly lower percentage of female students 
expressing dysmenorrhea were observed when 
their intakes of dairy products were three or four 
servings per day as compared to female who took 
none (Table  5.1 ). Similar infl uence pattern of 
dairy products on most dysmenorrhea-associated 
symptoms was also observed as symptoms fre-
quency was analyzed against the number of daily 
serving of dairy products (Table  5.2 ). On the 
other hand the severity of primary dysmenorrhea 
decreased with increasing the number of daily 
dairy products intake (Fig.  5.1 ).

     This study appears to elucidate the relation-
ship between dietary intake of dairy products and 
the risk of dysmenorrhea. 

   Table 5.2    The association between intake of daily dairy servings and dysmenorrhea-associated symptoms   

 Symptom 

 Total number of daily servings ( n  %) 

 0  1  2  3  4 

 Nausea and vomiting  7(26.92)  5(19.23)  8(30.77)  3(11.54)  3(11.54) 
 Sweat  13(35.14)  10(27.03)  8(21.62)  4(10.81)*  2(5.41) 
 Abdominal bloating  32(32.32)  24(24.24)  23(23.23)  10(10.10)**  10(10.10) 
 Stool  17(34.00)  16(32.00)  12(24.00)  4(8.00)***  1(2.00) 
 Dizziness  17(37.78)  9(20.00)  11(24.44)  3(6.67)****  5(11.11) 
 Others  7(26.92)  5(19.23)  7(26.92)  2(7.69)  5(19.23) 

  Cited from ref. [ 10 ] with permission from John Wiley & Sons Ltd. 
 Signifi cant reduction in dysmenorrhea-associated symptom was found in participants who took three compared with 
participants who took no daily servings of dairy products 
  n  number of students expressing the symptom 
 * P  value = 0.009 
  **P  value = 0.000 
 *** P  value = 0.001 
 **** P  value = 0.000  

   Table 5.1    Dysmenorrhea in relation to daily intake of dairy products   

 Parameter 

 Total number of dairy servings/day 

 0  1  2  3  4 

 Number (%) of female students who 
experience dysmenorrheic pain (total 
number = 111) 

 36(32.4)  26(23.4)  26(23.4)  11(9.9)*  12(10.8)** 

 Number of female students who experience 
no dysmenorrheic pain (total number = 16) 

 1(6.3)  3(18.7)  7(43.8)  4(25)  1(6.3) 

 Total number  37  29  33  15  13 

  There was signifi cant reduction in dysmenorrheic pain in participants who took three daily servings (   * P  value = 0.000) 
or four daily servings (** P  value = 0.000) of dairy products compared to participants who took none. Cited from ref. 
[ 10 ] with permission from John Wiley & Sons Ltd.  
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    Dietary Calcium Is a Promising 
Nutritional Therapy for Primary 
Dysmenorrhea 
 In another study 35 participants of those who 
were involved in a previous study [ 10 ] and expe-
rienced dysmenorrhea and their daily intake of 
dairy products was none were asked to take three 
daily servings of dairy products, 7–10 days 
before the onset of menstruation. To evaluate the 
overall improvement in dysmenorrhea after 
including dairy products in the diet, participants 
were requested to fi ll out another questionnaire to 
assess any changes in the usual pattern of their 
menstruation, if any improvement to pain or the 
other symptoms that are usually associated with 
menstruation were noticed, and if daily activities 
were continued as usual with less or without need 
to administer medications or herbs. 

 The overall improvement in dysmenorrheal 
pain and associated symptoms after considering 
the dairy products therapy were evaluated as 
“excellent, very good, good, and slight.” After 
considering dietary calcium management, 83 % 
of participates had documented some degree of 

improvement regarding their menstrual pain. 
About 11 % of participants reported an excellent 
response to the dietary approach with complete 
resolution of pain, while 26 %, 44 %, and 19 % of 
students have reported very good, good, and slight 
improvement, respectively. Students also reported 
improvement of some symptoms associated with 
dysmenorrhea in different degrees (11 % for nau-
sea and vomiting, 14 % for sweating, 31 % for 
abdominal bloating, 9 % for loose stools, and 
23 % for dizziness). Interestingly and after con-
sidering the dietary calcium approach, fewer par-
ticipants had reported the need for medications to 
relieve pain associated with dysmenorrhea (46 % 
vs. 68.57 %,  P  = 0.047). Additionally, lower per-
centage of participating students  continued to 
report a negative impact of dysmenorrhea on their 
daily activities (46 % vs. 74.3 %,  P  = 0.01). 

 The fi nding of this single cohort study clearly 
elucidated that dietary calcium is a promising 
nutritional therapy for the relief of pain and 
symptoms associated with menstruation, thus can 
signifi cantly infl uence the quality of life of ado-
lescent girls and young women. Besides calcium 

  Fig. 5.1    The relationship between daily intake of dairy serving and pain severity. Cited from ref. [ 10 ] with permission 
from John Wiley & Sons Ltd. * P  = 0.028, ** P  = 0.002       
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can contribute positively to general health includ-
ing reduction of the risk of osteomalacia and 
osteoporosis in older age [ 46 ], since more than 
90 % of peak bone mass is achieved at the end of 
adolescence [ 47 ] and the majority of the cases of 
primary dysmenorrhea usually begin.  

    Evaluation of Nutritional Intervention 
on Dysmenorrhea 
 A total of 185 healthy university students between 
the ages of 18 and 24 years and who experience 
dysmenorrhea were involved in a study, which 
aimed to assess the association between daily 
intake of dairy products, vitamin D status, parathy-
roid hormone (PTH) level, and dysmenorrhea 
symptoms for the period from January to April 
2010. Participants were allowed to complete a 
guided self-fi lling questionnaire to serve as a base-
line. The questionnaire was generally prepared 
with reference to previous study [ 10 ] and con-
sisted of three parts. The fi rst part of the question-
naire was about participants’ demographics. The 
second contained information regarding menstrua-
tion; possible symptoms associated with dysmen-
orrhea and daily consumption of dairy products. 

 Pain severity was measured using numerical 
rating scale (NRS) ranged from 1 to 10 and also 
graded as mild, severe, and very severe as previ-
ously described [ 10 ]. 

 All participants donated venous blood sample, 
which was assayed for plasma 25- hydroxyvitamin 
D (25(OH)D) level and intact PTH level. 

 Vitamin D status was divided into three diag-
nostic categories according to plasma 25(OH)D 
levels; vitamin D suffi ciency, vitamin D insuffi -
ciency, and vitamin D defi ciency. 

 Besides, participants were advised to consume 
three servings of dairy products daily and increase 
the exposure to direct sunlight. Participants with 
severe vitamin D defi ciency were advised to visit 
family physician at University Teaching Primary 
Health Care Center for appropriate treatment. 
The effectiveness of dietary calcium as a therapy 
to relief pain and symptoms associated with men-
struation was evaluated after at least three con-
secutive menstruations in 84 out of the 185 
subjects who followed our recommendation to 
increase daily dietary intake to three servings. 
In those participants, there was a signifi cant 

reduction ( P  < 0.05) in pain severity as compared 
to baseline. Pain severity decreased from 
5.98 ± 2.1 to 3.6 ± 2.3. The overall improvement 
in dysmenorrheal symptoms is shown in Fig.  5.2 . 
A highly signifi cant improvement in all dysmen-
orrheal symptoms was noted among participants 
after the intervention ( P  < 0.001). The most 
improved symptom was abdominal bloating fol-
lowed by dizziness, sweating, nausea, and losing 
stool. Also the results showed that after the 
dietary calcium intervention, there was a signifi -
cant reduction in analgesic drugs use ( P  < 0.001). 
Out of 67 participants who reported taking anal-
gesic drugs, 45 of them decreased or discontin-
ued the drug use (Fig.  5.3 ).

    The fi nding of this single cohort study shows 
that dietary calcium is a promising nutritional 
therapy for the relief of pain and symptoms asso-
ciated with menstruation thus can signifi cantly 
infl uence the quality of life of adolescent girls 
and young women.  

    Possible Role of Calcium in the Etiology 
of Primary Dysmenorrhea 
 Current understanding of the pathogenesis in pri-
mary dysmenorrhea implicates excessive PGs that 
are released from the endometrium [ 12 ]. The level 
of PGs can be reduced to below normal with 
NSAIDs, and because of that, these medications 
are considered effective treatments for the man-
agement of menstruation pain. In the female body, 
the uterus is a muscle that contracts frequently 
and rhythmically [ 48 ]. Strong uterine contractions 
are painful. Uterine hypercontractility is associ-
ated with reduced blood supply to the uterus and 
eventually leads to increased peripheral nerve 
hypersensitivity causing pain [ 49 ]. In another 
word, contractility of the uterus appears to be the 
major source of pain during menstruation. 

 Calcium is the most abundant mineral in the 
human body. Calcium has several important 
physiological functions. Extracellular calcium 
is the ultimate source of intracellular calcium, 
therefore, alterations in calcium are associated 
with many disturbances including its effect on 
neuromuscular activity. Normal calcium level 
controls the contractility, tone, and relaxation 
of smooth muscle, while reduction in calcium 
level may increase neuromuscular excitability, 
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  Fig. 5.2    Participants’ dysmenorrheal symptoms before 
and after dietary calcium intervention. (Unpublished) 
Signifi cant improvement in all dysmenorrheal symptoms 
was observed among participants after including dairy 
products in the diet ( P  < 0.001).  AP  abdominal pain,  N and 

V  nausea and vomiting,  S  sweating,  AB  abdominal bloat-
ing,  LS  loose stool,  DZ  dizziness. Non-parametric analy-
sis using McNemar test was used to fi nd out the 
improvement in dysmenorrheal symptoms.  P  < 0.05 con-
sidered statistically signifi cant       

  Fig. 5.3    Participants’ medication use before and after 
dietary calcium intervention. (Unpublished) Signifi cant 
reduction in pain severity combined with signifi cant 
reduction in analgesic drugs use was observed among 

 participants after including dairy products in the diet 
( P  < 0.001). Non-parametric analysis using McNemar test 
was used to fi nd out the change in analgesic drugs use. 
 P  < 0.05 considered statistically signifi cant       
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 resulting in increased spasms and muscular con-
tractions [ 49 ]. However, mild hypocalcemia is 
often asymptomatic [ 50 ]. Therefore, low intake 
of dietary calcium may be a predisposing factor 
for increased uterine cramping and pain among 
women with primary dysmenorrhea. 

 The fi nding of this research may also explain 
the high prevalence of dysmenorrhea among ado-
lescent females, since most of the world popula-
tion do not satisfy their calcium needs as calcium 
is mostly found in one class of food, namely 
milk, and in adolescents and adults, three dairy 
servings per day are recommended [ 47 ]   .   

    Conclusions 

 Dysmenorrhea is one of the most common gyne-
cologic complaints among adolescent and young 
females. Generally, dysmenorrhea has a negative 
impact on the quality of life in young women 
during their reproductive age. Although there is a 
wide range of treatment options available to relief 
the symptoms of primary dysmenorrhea, these 
approaches showed variable benefi ts in the man-
agement of menstrual pain and are troubled by 
some negative side effects. 

 The results of these studies suggest that 
dietary calcium has a functional role in etiology 
of dysmenorrhea and is a promising nutritional 
therapy for the relief of dysmenorrheal pain and 
associated symptoms.      
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 Key Points 

•     There is evidence showing that dietary intake during pregnancy infl u-
ences pregnancy outcomes such as fetal growth, preterm delivery or 
neural tube defects.  

•   Adverse pregnancy outcomes are important predictors of infant and 
adult mortality and morbidity.  

•   Assessment of the relationship between diet during gestation and preg-
nancy outcomes has been based mainly on nutrient defi ciencies; more-
over mainly in industrialized countries, the results for certain nutrients 
or food groups are still controversial.  

•   The assessment of overall diet represents nutrient and food intake more 
accurately and takes into account nutrient synergies and interactions, 
and from the public health perspective would facilitate health educa-
tion on the effects of maternal diet on the health of the offspring.  

•   Maternal diet as a composite measure, its quality and its effects on 
pregnancy outcomes has been scarcely studied.  

•   The body of epidemiological evidence regarding the association of diet 
quality and pregnancy outcomes is weak overall nonetheless suggestive 
of a benefi cial effect of a high- quality diet even in industrialized set-
tings where populations are assumed to be well nourished.  

•   Well-designed randomized controlled trials are needed in order to 
assess the effect of high-quality diets during the gestational period on 
pregnancy outcomes.  
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      Abbreviations 

   AHEI    Alternate Healthy Eating Index   
  BMI    Body mass index   
  DGI    Dietary Glycemic Index   
  DQI    Diet Quality Index   
  FGR    Fetal growth restriction   
  LGA    Large for gestational age   
  MD    Mediterranean diet   
  MDS    Mediterranean Diet Scale   
  MUFA    Monounsaturated fatty acids   
  NTD    Neural tube defects   
  PUFAS    Polyunsaturated fatty acids   
  RCT       Randomized controlled trial   
  SGA    Small for gestational age   
  USA/US    United States of America   

           Introduction 

 Dietary intake during the periconceptional and 
pregnancy period has been shown to infl uence 
pregnancy outcomes such as fetal growth, pre-
term delivery, and congenital anomalies, particu-
larly, but not exclusively, in nonindustrialized/
low-income populations [ 1 – 3 ]. In the context of 
congenital anomalies, strong evidence on the 
effect of nutrient intake is available mainly for 
neural tube defects (NTD) [ 4 ]. 

 Adverse pregnancy outcomes, in turn, are 
important predictors of the risk of infant mortal-
ity and morbidity [ 5 ,  6 ] and might determine a 
higher susceptibility to developing chronic dis-
eases in adulthood [ 7 ,  8 ]. This concept, known 

as early nutrition programming or metabolic 
programming, has gained broad recognition 
among researchers as evidence increasingly 
shows that diet during pregnancy, breastfeeding, 
and complementary feeding could have an irre-
versible impact on child development and long-
term health [ 9 ]. 

 When considering the effect of maternal 
dietary intake on pregnancy outcomes it is impor-
tant to acknowledge that many micronutrient 
requirements increase during pregnancy in rela-
tion to the inherent physiological changes and in 
order to satisfy the nutrient supply to the fetus. 
A complex relationship exists between maternal 
nutrient intake and fetal nutrient uptake and the 
timing of adequate maternal nutrition is extremely 
important, as developing organ systems respond 
directly to the availability of nutrients during 
critical periods of rapid development [ 10 ]. 

 Research on the child health effects of maternal 
nutrition has focused largely on nutrient defi cien-
cies or the intake of specifi c dietary components, 
and there is still controversy about such effects 
on pregnancy outcomes in populations assumed 
to be well nourished [ 1 ]. 

 The study of specifi c dietary components may 
have the drawback of not taking into account the 
interaction between nutrients and food synergies 
[ 11 ]. Alternatively, assessment of overall dietary 
intake and its quality in order to examine its 
effect on disease risk has grown in interest over 
the last years [ 12 ]. Evaluation of diet as a whole 
might represent food and nutrient intake and its 
global effect on health outcomes more accu-
rately [ 13 ]. 

•   Multinational studies in this context would help to support policy 
 measures regarding diet quality at an international level.  

•   The existing evidence in relation to pregnancy outcomes adds impor-
tance to the current public health messages recommending balanced 
healthy diets containing fruit and vegetables, starchy carbohydrates 
from cereals and legumes and unsaturated fats.    

 Keywords 

   Diet quality   •   Dietary patterns   •   Pregnancy outcomes   •   Nutrition   •   Fetal 
growth   •   Preterm birth   •   Neural tube defects   •   Dietary indexes 
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 There are few data available describing the 
prevailing patterns of dietary intake among preg-
nant women in industrialized countries, the quality 
of overall maternal diet and its effects on preg-
nancy outcomes. From a public health perspective, 
it might be more useful to have evidence on the 
relationship between the quality of diet as a 
whole, rather than a specifi c dietary component 
and health outcomes. 

 We aimed in this chapter to examine the rela-
tionship between maternal diet quality and impor-
tant pregnancy outcomes, gathering information 
from recent evidence, summarizing the main fi nd-
ings, and establishing needs for future research.  

    Pregnancy Outcomes Considered 

    Fetal Growth Restriction 

 Fetal growth restriction (FGR), which represents 
the pathological inhibition of fetal growth and the 
failure of the fetus to attain its growth potential 
[ 14 ], is an important predictor of an infant imme-
diate and long-term health. Fetuses who do not 
reach their full growth potential or babies who 
are born with a low weight have an increased risk 
of infant mortality and morbidity [ 5 ], including 
poor cognitive and neurological development 
[ 15 ] and a higher risk of developing chronic dis-
eases such as coronary heart disease and type 2 
diabetes in adulthood [ 16 ,  17 ]. 

 Anthropometrical measurements at birth (i.e., 
birth weight, birth length, or head circumference) 
have been used to assess fetal growth. Small for 
gestational age (SGA)—defi ned as a baby whose 
weight at birth is below the tenth percentile for a 
given reference growth chart according to their 
gestational age—is a proxy measure of FGR 
[ 18 ]. However, size at birth can be infl uenced by 
factors such as infant gender and parental anthro-
pometric variables, race/ethnicity, or parity [ 18 ]. 
Customized birthweight percentiles have been 
designed to differentiate better between infants 
who are small because their in-utero growth has 
been restricted and infants who are constitution-
ally small but have reached their full growth 
potential [ 19 ]. The normative values in custom-

ized percentiles at younger gestational ages are 
based on the distribution of the best estimate of 
intrauterine weights, whereas conventional birth-
weight charts are based on the weights of live 
births [ 20 ]. 

 Although few studies have examined the 
effect of diet during pregnancy on intrauterine 
growth in Western industrialized countries, vari-
ous aspects of maternal diet are hypothesized to 
affect fetal growth, including fruit and vegetables 
[ 21 ,  22 ], fi sh [ 3 ,  23 ], and dairy products [ 24 ]. 

 Other nutritional factors that have been related 
to FGR are low pre-pregnancy body mass index 
(BMI) [ 25 ], and low concentration or intakes of 
nutrients such as iron [ 26 ], folic acid [ 2 ], and vita-
mins D and E [ 24 ,  27 ]. However, results for nutri-
ent or food intake are not always conclusive [ 1 ]. 

    Evidence on Maternal Diet Quality 
and Fetal Growth Restriction 
 Recently, interest has shifted to place greater 
emphasis on dietary patterns that represents a 
broader picture of food and nutrient consumption 
and may therefore be more predictive of health 
outcomes. Nevertheless, the evaluation of dietary 
patterns and diet quality in pregnant populations 
and its effect on fetal growth is rare. 

 Table  6.1  shows a summary of evidence on the 
relationship between maternal diet quality and 
fetal growth.

    Evidence from observational studies : Two cohort 
studies have assessed the effect of diet quality on 
fetal growth [ 28 ,  29 ] using “a posteriori” tech-
niques (which obtain dietary patterns based on 
observed correlations among dietary variables) 
[ 30 ,  31 ]. The Danish National Birth Cohort 
showed that a diet rich in red and processed meat 
and high-fat dairy products and low intake of 
fruit and vegetables during pregnancy increased 
the risk of giving birth to SGA babies [ 28 ]. 
Another birth cohort in New Zealand revealed 
that the “traditional” diet (meat, fruit, green and 
root vegetables and dairy products) had a protec-
tive effect against SGA births [ 29 ]. 

 Only three birth cohorts have assessed the 
effect of diet quality on fetal growth through the 
assessment of indexes/scales of diet quality [ 32 – 34 ], 
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which have been defi ned as “a priori” techniques. 
Both, “a priori” and “a posteriori” approaches 
have strengths and drawbacks. One advantage of 
the “a priori” approach is that it is based on previ-
ous knowledge in relation to the health effects of 
various dietary constituents [ 30 ]. The aforemen-
tioned cohorts are Project Viva, a birth cohort 
from the USA [ 32 ], and INMA [ 33 ] and Rhea 
[ 34 ] mother–child cohorts, from Spain and 
Greece, respectively. The indexes/scales used 
were the Alternate Healthy Eating Index (AHEI) 
[ 35 ] and the Mediterranean Diet Scale (MDS) 
[ 36 ], both of which were modifi ed for pregnancy 
[ 32 – 34 ]. 

 The AHEI modifi ed for pregnancy awarded 
better scores for higher intakes of vegetables, 
fruits, nuts, and soy (this item was included in the 
INMA cohort only), cereal fi ber, the preference 
of white over red meat and that of polyunsatu-
rated over saturated fat, adequate dietary intakes 
of folate, iron and calcium, and for reduced intake 
of  trans  fats [ 32 ,  33 ]. Regarding this index, for 
the USA cohort Rifas-Shiman et al. [ 32 ] reported 
a nonsignifi cant trend towards a decreased risk of 

SGA with increasing maternal diet quality, 
whereas in the Spanish cohort (from the Valencia 
region), Rodríguez-Bernal et al. [ 33 ] observed a 
higher frequency of FGR in offspring of women 
with the poorest diet compared to those with the 
best diet quality, as measured by the AHEI modi-
fi ed for pregnancy (Fig.  6.1 ). After adjusting for 
potential confounders, a signifi cant increase in 
mean birth weight and birth length and a reduced 
risk of delivering a FGR infant—according to a 
customized model—in women with better diet 
quality compared with women who obtained the 
lowest scores on the AHEI was also observed. 
It has been suggested that the different results 
observed in these cohorts could be explained in 
part by differences in the outcomes used as indi-
cators of FGR and by the different modifi cations 
made to the AHEI [ 33 ].

   The MDS awards higher scores to individuals 
whose intake of vegetables, legumes, fruits and 
nuts, fi sh and seafood and dairy products, as well as 
the ratio of monounsaturated to saturated lipids, 
is above the median; and that of any type of meat 
below the median of the study population [ 36 ]. 

  Fig. 6.1    Frequency of fetal growth restriction (FGR) 
according to diet quality in the INMA-Valencia cohort. 
Frequency of FGR (in weight, length, and head circumfer-
ence) between extreme categories (lowest vs. highest) of 

maternal diet quality during pregnancy, as measured by the 
AHEI modifi ed for pregnancy.  p  values obtained by using 
chi-squared test, *statistically signifi cant differences found 
( p  < 0.05). INMA-Valencia cohort (unpublished)       
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Chatzi et al., who studied pregnant women from 
Atlantic and Mediterranean areas in Spain, and 
from Greece, found that higher dietary quality 
(measured by the MDS) was protective against 
the risk of FGR in the Spanish Mediterranean 
populations only [ 34 ]. The authors state that this 
fact could be explained in part by the differences 
in the Mediterranean dietary pattern found across 
the different regions. The pattern of intake asso-
ciated with a lower risk of FGR included a higher 
consumption of vegetables, legumes and mono-
unsaturated fatty acids (MUFA) and a moderate 
consumption of fi sh and dairy products compared 
to the other populations studied. Stratifi ed analy-
sis by smoking revealed that higher Mediterranean 
diet adherence increased birth weight and length 
in smoking mothers, suggesting a high fetal 
exposure to several antioxidant compounds, and 
their property to counter the effect of oxidative 
stress damage of fetal tissues [ 34 ]. 

 The AHEI and the MDS have similar compo-
nents, some of which have been related to fetal 
growth and are included in dietary guidelines for 
pregnant women. Studies examining diet quality 
in women have found that higher scores of dietary 
indexes are related to increased intakes of nutri-
ents such as fi ber, folate, calcium, iron, and zinc 
[ 37 ,  38 ]. On the other hand, it is important to bear 
in mind that intakes of micronutrients considered 
important for fetal growth, such as folic acid, 
iron, calcium, and zinc, have been found to be 
inadequate in populations considered well nour-
ished [ 39 ,  40 ]. Therefore, as proposed earlier 
[ 33 ], it is possible that an improvement in diet 
quality leads to higher intakes of such nutrients, 
benefi tting fetal growth even in women who live 
in industrialized countries. 

  Evidence from intervention studies : There is lim-
ited evidence from intervention studies assessing 
the effect of diet quality on fetal growth. To the 
best of our knowledge, only one randomized 
clinical trial (RCT)—including 256 Finnish 
women randomized into two intervention groups 
of 85 women each, and one control group of 86 
women—has examined the effect of diet quality 
on anthropometric outcomes at birth which might 
refl ect fetal growth impairment [ 41 ]. Women in 

intervention group 1 were advised to increase 
their intake of fruit and vegetables, wholegrain 
bread and cereals and to consume leaner meat 
products. Women in intervention group 2 received 
the same advice as group 1 and were encouraged 
to consume a probiotic drink. Women in the con-
trol group were told to carry on with their usual 
diet. When dietary intake was assessed, women 
in the intervention groups reported consuming 
more fruit and vegetables, and vegetable fats, and 
less butter compared with the control group. The 
study did not show signifi cant differences in birth 
weight, birth length, or head circumference 
between women in the intervention and the con-
trol groups [ 41 ]. One nonrandomized study, also 
among Finnish women ( n  = 105) in their second 
trimester of gestation [ 42 ], assessed the effect of 
a dietary intervention on fetal growth. Women in 
the intervention group were advised to follow a 
diet considered healthy (which included a regular 
meal pattern and the consumption of ≥5 portions 
of fruit and vegetables, high-fi ber bread, and ≤1 
portion of high-sugar snacks). A higher intake of 
vegetables, fruits, and high-fi ber bread was 
reported by women in the intervention group 
compared to those in the control group. Women in 
the intervention group had higher rates of appro-
priate weight at birth and decreased rates of high 
birth weights (>4,000 g). No differences were 
found regarding LBW. It is noteworthy that women 
in the intervention group were younger, less edu-
cated, more often smokers and on average had 
higher pre-pregnancy weight and BMI than the 
women in the control group; besides, the interven-
tion aimed to reduce the incidence of excessive 
gestational weight gain and gestational diabetes. 
Methodological issues such as lack of randomiza-
tion [ 42 ], or lack of power due to small sample size 
[ 41 ,  42 ], hinder the interpretation of the results 
derived from these intervention studies.   

    Preterm Birth 

 Preterm birth, defi ned as a pregnancy ending at 
less than 37 completed weeks of gestation, is a 
primary risk factor for infant morbidity and mor-
tality [ 43 ]. Rates of premature delivery have 
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increased in recent years in different settings. 
The worldwide incidence of preterm birth has 
been estimated about 9 %, with the highest rates in 
Africa and North America (10–12 %), followed by 
Asia and Latin America and the Caribbean regions. 
Europe has the lowest incidence at around 6 %. 
Other industrialized countries have rates which 
range from 5 to 9 % [ 43 ,  44 ]. 

 The associated mortality, and short- and long- 
term morbidity as well as the economic conse-
quences for healthcare systems make preterm 
delivery an important perinatal problem at the 
global level [ 43 ]. 

 Spontaneous preterm births are the result of 
multiple causes, including infection or infl amma-
tion, vascular disease, and uterine overdistension. 
Among the maternal factors that have been associ-
ated with premature delivery are some socio- 
demographic characteristics, pregnancy history 
(i.e., previous preterm birth), characteristics of 
current pregnancy (i.e., short interpregnancy inter-
val), and maternal nutritional status. Pre-pregnancy 

BMI and low concentrations or intakes of certain 
nutrients such as iron, folate, or zinc have been 
related to preterm birth [ 44 ]. 

    Evidence of the Association Between 
Diet Quality and Preterm Birth 
 There is limited evidence on the effect of diet as 
a whole on preterm birth. The literature published 
has examined a diet resembling the Mediterranean 
dietary pattern (MD) as a measure of diet quality 
[ 45 – 47 ]. Available evidence comes from Nordic 
populations, and includes one RCT [ 45 ], whose 
purpose was to see the effect of a cholesterol- 
lowering diet on pregnancy outcomes, and two 
observational studies [ 46 ,  47 ]. 

 In the RCT [ 45 ], women in the intervention 
group were advised to adhere to a diet resembling 
the Mediterranean dietary pattern. The criteria 
for this pattern are shown in Fig.  6.2 . The control 
group was asked to follow their usual diet. 
Compared with the control group, the interven-
tion group consumed signifi cantly less energy, 

  Fig. 6.2    Criteria for dietary patterns used in the studies 
assessing the relationship between overall diet during preg-
nancy and preterm birth. Criteria used to defi ne overall 
maternal diet in the intervention study (Khoury et al. 2005) 

[ 45 ] and the two observational studies [ 46 ,  47 ] assessing 
the relationship between diet during pregnancy and preterm 
birth (unpublished)       
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saturated and total fat, and cholesterol. The 
authors report this was due to a lower intake of 
fatty milk and meat products. Mean dietary intake 
of fatty fi sh and derivative products was signifi -
cantly higher in the intervention compared to the 
control group. As the intervention was aimed at 
reducing cholesterol intake, the consumption of 
other food groups is not reported, but results also 
show that the control group consumed more pro-
teins, carbohydrates (but less sugar), vitamin C, 
tocopherol, magnesium, and vitamin D, which 
suggests higher intakes of their food sources 
(such as fruit, vegetables, or legumes). Regarding 
pregnancy outcomes, the incidence of preterm 
delivery was signifi cantly reduced and mean    ges-
tational age at delivery was increased in the inter-
vention group.

   In the observational studies [ 46 ,  47 ], in which 
a Mediterranean dietary pattern was defi ned as 
shown in Fig.  6.2 ; results were contrasting, with 
a Mediterranean-like diet being associated with a 
reduced risk of preterm delivery in one of the 
studies [ 46 ] and an absence of association in the 
other [ 47 ]. 

 Table  6.2  shows a summary of evidence on the 
relationship between quality of maternal diet and 
preterm birth.

   Results from these studies are not conclusive, 
although evidence points towards the possible ben-
efi cial effect of a high-quality diet (resembling 
the Mediterranean diet) on duration of gestation. 
The only difference between the study fi nding no 
effect of a dietary pattern similar to the 
Mediterranean on preterm delivery [ 47 ] and those 
which did fi nd a reduced risk [ 45 ,  46 ] is that the 
latter, apart from showing evidence of higher 
intakes of nutrients such as carbohydrates (but 
not sugar), vitamin C, α-tocopherol, magnesium, 
vitamin D, and lower intakes of saturated fat, also 
found a reduction in cholesterol levels. That is not 
the case in the former, in which although a higher 
intake of vitamin C, folate and fi ber was observed 
in the “Mediterranean diet group,” a higher intake 
of cholesterol and a lower intake of mono- and 
polyunsaturated fats was also found. 

 These fi ndings might indicate that the composi-
tion of fat in the diet together with the action of 
other benefi cial foods or nutrients composing the 
Mediterranean dietary pattern are likely to reduce 
the risk of preterm delivery. Khoury et al. pro-
posed various mechanisms which could explain 
the association [ 45 ]: In brief, diets with a low con-
tent of cholesterol and high polyunsaturated fatty 
acids (PUFAS) may have an effect on cytokine 

   Table 6.2    Studies assessing the association between diet quality during pregnancy and preterm birth   

 Population, 
country 

 Author 
(Year)   N  

 Main 
exposure  Main outcome 

 Time when 
diet was 
measured 

 Type of 
study  Main results 

 Preterm birth 

 Healthy 
pregnant 
women, 
Norway 

 Khoury 
et al. 
(2005) 
[ 45 ] 

 290 (141, 
IG; 149, 
CG) 

 IG: diet 
resembling 
the MD 

 Preterm birth  Wk 17 
until 
delivery 

 Randomized 
control trial 

 Risk of preterm 
delivery greatly 
reduced in women 
following the MD  CG: usual diet 

 Women 
belonging to 
a nationwide 
birth cohort, 
Denmark 

 Mikkelsen 
(2008) 
[ 46 ] 

 35,530  Diet resem-
bling the MD 

 Early preterm 
birth (<35 
weeks) and 
preterm birth 
(<37 weeks) 

 Wk 21–24  Prospective 
study 

 Risk of early 
preterm birth but 
not preterm birth 
reduced in women 
who fulfi lled the 
criteria defi ned for 
MD 

 Women 
belonging to 
a nationwide 
birth cohort, 
Norway 

 Haugen 
et al. 
(2008) 
[ 47 ] 

 26,563  Diet resem-
bling the MD 

 Early preterm 
birth (<35 
weeks) and 
late preterm 
birth (<37 
weeks) 

 Wk 17–24  Prospective 
study 

 No effect of MD 
was found for 
early or late 
preterm birth 

   IG  intervention group,  CG  control group,  Wk  week of pregnancy, MD mediterranean diet  
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levels, which together with stress hormone levels 
are thought to be involved in mechanisms of 
preterm delivery. Moreover, it has been proposed 
that long-chain n-3 PUFAS might have an antiar-
rythmic effect on the myometrium. Furthermore, 
authors stated that higher intakes of some micro-
nutrients such as vitamin C and E could increase 
the length of gestation according to available evi-
dence [ 45 ]; nevertheless, associations between 
supplementation with these nutrients and preterm 
delivery warrant further investigation [ 48 ].   

    Neural Tube Defects 

 NTD are a group of anomalies that might occur 
due to a failure in the closure of the neural tube, 

usually at day 28 of pregnancy. They are one of 
the most frequent types of birth defects; they 
might lead to spontaneous abortion or intrauter-
ine death and are an important cause of infant 
mortality or lifelong disabilities [ 6 ,  49 ]. The fre-
quency of such defects varies between geograph-
ical regions, with less than 1 per 10,000 in North 
America [ 50 ], 9.7 per 10,000 in Europe [ 51 ] and 
can be more than 10 per 10,000 in South America 
[ 52 ]. There is also variation within geographical 
regions, Fig.  6.3  shows a map representing differ-
ences in prevalence in the European region, as an 
example.

   NTD are multifactorial disorders resulting from 
the combination of genetic and environmental fac-
tors; the wide range of differences in their occur-
rence, related also to socio-demographic factors, 

  Fig. 6.3    Prevalence of neural tube defects (NTD) 
according to EUROCAT registries, 2005–2009. 
Prevalence of NTD per 10,000 live births between 2005 
and 2009 in different places across Europe, which 
belong to the EUROCAT registry.  Circles  represent cit-

ies, regions, or countries which provide data on 
 congenital anomalies to the registry. Source of infor-
mation: Prevalence tables of EUROCAT. This map is 
production of the authors of this chapter and has not 
been published previously       
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refl ects the combined nature of their aethiology 
[ 49 ]. As of today no clinical or experimental 
study has provided unequivocal evidence for a 
defi nitive role for any of the genes (the genes 
involved in the Folic Acid, vitamin B12, and 
homocysteine metabolism during neural tube 
development) in the causation of NTD, suggesting 
that a multitude of genes, growth factors, and 
receptors interact in controlling neural tube devel-
opment by yet unknown mechanisms [ 53 ]. 

 Nutritional or metabolic factors with very 
strong evidence for their association with NTD 
are maternal diabetes and obesity—both related 
to glucose metabolism—possibly due to a sus-
tained state of hyperglycemia and/or hyperinsu-
linemia [ 54 ]. 

 Regarding the relationship between nutrient 
intakes and NTD, only folate intake has been 
consistently found to be strongly related to these 
congenital anomalies. Following the publication 
of a randomized trial showing that folate reduces 
the recurrence risk of NTD [ 4 ], recommendations 
about periconceptional folic acid supplementa-
tion have been established [ 55 ]. 

    Evidence on Pre-conceptional Diet 
Quality and Neural Tube Defects 
 Recently, researchers have started to assess the 
effect of diet during the pre-conceptional period, 
as a composite measure, on NTD. Evidence is 
scarce and, due to the nature of the anomalies, 
comes from case–control studies. 

 Table  6.3  summarizes evidence on pre- 
conceptional diet quality and its effect on NTD.

   One study in the USA [ 56 ] found that a pericon-
ceptional diet containing foods that might induce 
an elevation in serum glucose, and therefore a rise 
in demand for insulin and hyperinsulinemia 
increased the risk (5–6-fold) of NTD only in obese 
women (it is noteworthy that those women were 
nondiabetic). The aforementioned study was aimed 
at measuring the metabolic response to certain 
foods using the Dietary Glycemic Index (DGI), but 
not at measuring diet quality as such, although the 
index measures diet quality indirectly. Foods with a 
high DGI value (highly processed grains, mono-
saccharides, and disaccharides) were found to 
increase the risk of NTD compared to those with a 

low DGI (fruit, vegetables, unprocessed whole 
grains, beans, and some dairy products) [ 56 ]. 
Another case–control study found that a diet like 
the Mediterranean dietary pattern (composed of 
intakes of fruit, vegetables, vegetable oil, legumes 
and cereals, fi sh, and low intakes of potatoes and 
sweets) was associated with a reduction in the risk 
of Spina Bifi da in the offspring [ 57 ]. Similarly, a 
study in the US found that a maternal diet of high 
quality as measured by two different indexes—The 
Diet Quality Index (DQI) and the MDS—during 
the pre-conceptional period was associated with a 
reduced risk of NTD [ 58 ]. Both indexes awarded 
higher scores to women consuming more adequate 
amounts of fruit, vegetables, and grains. Some other 
components differed between the two indexes; 
however, overall, they refl ect the intake of some 
macro and micronutrients according to recommen-
dations (i.e., fat, calcium). 

 In the light of the available evidence, diets 
with a low content of fruit, vegetables, legumes, 
and cereals—especially whole grains—and veg-
etable oils and high intakes of sweets—including 
monosaccharides and disaccharides—might 
increase the risk of NTD. Diverse mechanisms 
have been suggested for this association. One of 
them is thought to be the result of elevated serum 
glucose, either through an excess received by the 
fetus at a stage in which it is unable to regulate 
glucose levels due to the lack of pancreatic func-
tion [ 59 ], or through hypoglycemia following 
elevated glucose concentrations, which has been 
associated with teratogenity in vitro [ 56 ]. 

 Moreover, experimental studies have shown 
that elevated glucose concentrations lead to embry-
onic depletion of inositol, which in turn is related to 
an abnormal closure of the neural tube [ 60 ]. 
Another explanation is that a high-quality diet 
contains enough natural folate to reach a similar 
protective effect as supplementation with folic acid 
[ 57 ]. It is noteworthy that in the study by Vujkovic 
et al., the MD was found to be signifi cantly associ-
ated with increased serum folate, red blood cell 
folate, and serum vitamin B12, and with decreasing 
levels of total homocysteine [ 57 ], markers with a 
documented association with NTD [ 61 ]. 

 The effect of folic acid supplements in the 
periconceptional period on reducing the incidence 
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of NTD has been proved by different RCT’s. 
However, periconceptional supplementation is 
problematic and evidence shows that doses and 
timing of supplementation in pregnant women are 
inadequate if the aim is the prevention of NTD [ 62 ,  63 ]. 
As an alternative, food fortifi cation with folic acid 
has been implemented in diverse settings in a com-
pulsory manner [ 63 ]. There is consistent evidence 
on the reduction of NTD after the inclusion of 
compulsory fortifi cation policies in North 
America [ 64 ,  65 ]. As of November 2009, compul-
sory food fortifi cation with folic acid had not been 
implemented in any European country, although it 
is now widespread in North and South America 
and in several countries in the Middle East [ 66 ]. 

 Nevertheless, this public health measure is 
controversial because of potential health risks 
and the issue of freedom of choice [ 63 ]. 

 Food voluntarily fortifi ed with folic acid 
(mainly breakfast cereals) is available in many 
European countries. In a study investigating the 
effects of consumption of folic acid-fortifi ed bread 
compared with folic acid tablets, bread was found 
to be equally effective in increasing folate status as 
indicated by both increased red cell and serum 
folate concentrations [ 67 ]. However, it may be dif-
fi cult for women to identify foods fortifi ed with 
folic acid and to determine the amount in relation 
to their needs due to limitations/restrictions on 
food labeling [ 66 ]. In this context, promoting a 
high-quality diet in women of childbearing age 
would be a helpful complementary strategy aimed 
at reducing the risk of NTD; however, stronger 
evidence is needed to specify its effect on the inci-
dence of this adverse outcome. Meanwhile, it is 
necessary to acknowledge that adequate pericon-
ceptional supplementation with folic acid is the 
most effective measure known so far.    

    Summary of Evidence on the Effect 
of Maternal Diet Quality on 
Pregnancy Outcomes 

 Overall, we consider that the body of evidence 
regarding the association between diet quality 
and pregnancy outcomes is methodologically too 

weak to inform prevention decisions but suggests 
the important role of a high-quality diet during 
pregnancy, including higher intakes of vegeta-
bles, fruits, legumes, and unsaturated fats, mod-
erate consumption of fi sh and dairy products, and 
low intake of red meat and  trans  fats, in prevent-
ing undesired pregnancy outcomes such as FGR 
or preterm birth. Similarly, diets with a high con-
tent of fruit, vegetables, legumes and cereals—
especially whole grains—and vegetable oils and 
low intakes of sweets—including monosaccha-
rides and disaccharides—might decrease the risk 
of NTD. 

 Unfortunately, due to the nature of NTD, it is 
diffi cult to study their association with maternal 
diet quality using methodological designs differ-
ent from the retrospective designs used so far, 
where recall bias could play an important role, 
weakening the evidence quality. Prospective 
studies would be a good option to overcome this 
limitation; however, very big sample sizes would 
be necessary. 

 The limitations of this overview of evidence 
stem primarily from the scarcity of randomized 
intervention studies, the heterogeneity of study 
designs, small sample sizes, and differing out-
come parameters in the case of FGR (i.e., birth 
weight, SGA, and large for gestational age 
[LGA]). 

 Large multicentre studies could have an 
important role in contrasting the hypotheses 
related to diet quality and pregnancy outcomes 
outlined in this chapter. Population-based pro-
spective cohort studies that started early in preg-
nancy or at birth should be encouraged to avoid 
the risk of recall bias to which retrospective 
approaches are prone. Multinational studies in 
this context are important for scientifi c reasons, 
including the ability to study the effects of a 
wider range of diets and the ability to test for the 
consistency of results in different environments 
[ 68 ]. However, because diet is still very specifi c 
to each country, multinational studies are also 
important for the application of scientifi c research 
to the development of food policy, which is 
bound to need strong arguments at a multina-
tional level for implementation.  
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    Conclusions 

 The body of epidemiological evidence support-
ing the recommendation for high-quality diet for 
the prevention of FGR, preterm birth and NTD is 
weak overall, but nonetheless suggestive of the 
benefi cial effect of a high quality diet including 
higher intakes of vegetables, fruits, unrefi ned 
grains, legumes, and unsaturated fats. 

 Existing evidence in relation to pregnancy 
outcomes adds importance to the current public 
health messages recommending balanced healthy 
diets containing fruit and vegetables, starchy car-
bohydrates from cereals and legumes and unsatu-
rated fats. 

 There is a need for well-designed randomized 
controlled trials as well as multinational studies 
assessing high-quality diets during pregnancy 
and their effect on pregnancy outcomes.     
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 7      Diet Quality in Pregnancy: 
A Focus on Requirements 
and the Protective Eff ects 
of the Mediterranean Diet 

           Miguel     Mariscal-Arcas    ,     Celia     Monteagudo    , 
and     Fátima     Olea-Serrano    

 Key Points 

•     Major anabolic activity increases nutritional requirements during the 
 preconception period, and nutritional research has demonstrated that a 
balanced diet has a positive effect on the course of pregnancy, preventing 
premature births, and even on the development of the newborn, reduc-
ing the risk of weight or size loss and lower resistance to infections, 
among other problems.  

•   After reviewing the nutritional requirements of a healthy woman during 
the pregnancy, it is appropriate to discuss healthy diet patterns. Recent 
observational studies suggested that a higher intake of antioxidant vita-
mins, tocopherols, zinc and selenium during pregnancy and childhood 
reduces the likelihood of childhood asthma, wheezing and eczema. The 
generalized use of olive oil may explain the relationship detected 
between the daily intake of monounsaturated fatty acids (MUFAs) and 
vitamin E in maternal milk during the fi rst month after delivery in a 
Mediterranean population.  

•   There is considerable scientifi c evidence on the benefi cial effects of 
PUFAs of either vegetable (seed oil) or animal (fi sh) origin during 
pregnancy. It was reported that the  consumption of two portions/week 
of salmon achieves the minimum recommended intake of EPA and 
docosahexaenoic acid (DHA) and increases their levels in the foetus.  

•   Diet Quality Indexes (DQIs) consider the foods and/or nutrients usually 
named in dietary guidelines or nutritional objectives. Some indexes assess 
the variability of the diet, which is normally measured by considering 
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      Abbreviations 

   ALA    α-Linoleic acid   
  BMI    Body mass index   
  DHA    Docosahexaenoic acid   
  DRI    Dietary reference intakes   
  HEI    Healthy Eating Index   
  LC-PUFAs    Long-chain polyunsaturated fatty 

acids   
  MD    Mediterranean diet   
  MDS    Mediterranean diet score   
  MUFA    Monounsaturated fatty acid   
  PTWI    Provisional tolerable weekly intake   
  SFA    Saturated fatty acid          

    Introduction 

 Pregnancy is one of the periods of highest nutri-
tional vulnerability a woman’s life. Major ana-
bolic activity increases nutritional requirements 
during the preconception period, and nutritional 
research has demonstrated that a balanced diet 
has a positive effect on the course of pregnancy, 
preventing premature births, and even on the 

development of the newborn, reducing the risk of 
weight or size loss and lower resistance to infec-
tions, among other problems [ 1 ]. 

    Nutritional Needs During Pregnancy 

 Some of the nutritional requirements established 
for the healthy adult are modifi ed under special 
situations, including pregnancy (Table  7.1 ).
     1.     Energy requirements . The energy intake dur-

ing pregnancy should guarantee the growth of 
the foetus, placenta and associated maternal 
tissue to permit a full-term, healthy newborn 
of adequate size. It should maintain the mother 
at her appropriate weight and provide suffi -
cient energy reserves for the lactation period. 
The average weight gain for a healthy, well- 
nourished female should be around 12 kg in 
order to increase the likelihood of a full-term 
newborn with an average weight of 3.3 kg and 
to reduce the risk of foetal and maternal com-
plications. An inadequate weight of the mother 
is related to low weight of the newborn and 
delay in intrauterine growth, and a low body 

the amount of different foods or food groups consumed over a given 
period of time. Other systems of diet quality assessment are based on 
comparison with a specifi c diet pattern that has proven to be healthy, 
such as the Mediterranean Diet or the Dietary Guidelines for Americans. 
We reviewed published studies on the applications in populations of 
pregnant women of the adapted DQI the DQI-P, of the Healthy Eating 
Index (HEI) and adaptation (HEI-P) and of the Mediterranean Diet 
Score (MDS) and adaptation (MDS-P).  

•   Dietary recommendations and DQIs for healthy pregnant women pub-
lished in the scientifi c literature to date are all based on international 
healthy diet models, and there is little difference among them. Indexes 
are needed that take account of the sensitivity of this population to 
environmental pollutants contained in foods, such as heavy metals, 
persistent OCs, synthetic hormone disruptors (e.g., phthalates and 
bisphenols) and anti-oxidizing agents.    

 Keywords 

   Mediterranean diet   •   Pregnant diet   •   Diet quality index pregnancy   • 
  Protective effects   •   Pregnancy 
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mass index (BMI) before pregnancy is associ-
ated with premature delivery [ 2 ]. 

 It has been estimated, by factorial calcula-
tions based on a theoretical model, that there 
is an accumulated deposit of 925 g protein and 
of 825 g fat over the entire pregnancy period, 
with 90 % energy use effi ciency and an accu-
mulated increase of 150 MJ in the basal meta-
bolic rate. Hence, the total energy expenditure 
of pregnancy is 320.2 MJ (76,530 kcal), 
although it is not distributed equally over the 
gestation period, and the accumulation of pro-
tein and fat deposits largely occurs during the 
second and third trimester. The increase in 
energy is estimated to be 0.35 MJ/day in the 
fi rst trimester, 1.2 MJ/day in the second tri-
mester and 2.0 MJ/day in the third trimester. It 
is therefore recommended to increase the cal-
orie intake by 1.5 MJ/day (360 kcal/day) in 
the second trimester and by 2.0 MJ/day 
(475 kcal/day) in the third [ 2 ].   

   2.     Fat . The recommended fat intake during preg-
nancy is the same as for the general popula-
tion, i.e., no more than 30–35 % of total 
energy intake [ 3 ]. However, the intake of 
long-chain polyunsaturated fatty acids 
(LC-PUFAs) is of interest, especially 
 docosahexaenoic acid (DHA), due to its ben-
efi cial effects on cognitive and ocular devel-
opment, sleep patterns, motor function, 
immune system, body composition and sensi-
tivity to insulin in the newborn. The intake of 
at least 200 mg DHA/day is recommended, 

and direct DHA intake is more effective to 
deposit DHA in the foetal brain in comparison 
to the intake of precursors, such as α-linolenic 
acid. An increase in the supply of α-linolenic 
and linoleic acid is not recommended during 
pregnancy [ 4 ].   

   3.     Proteins . Although the need for additional 
protein for the synthesis of maternal and foe-
tal tissues is acknowledged, the required mag-
nitude of this increase is uncertain. The 
effi ciency of protein utilization in pregnant 
women is approximately 70 %, the same as 
observed in breastfed infants. Requirements 
vary over the gestation period and are higher 
during the second and third trimester. The 
protein recommendation is 1.1 g/kg/day, i.e., 
0.3 g/kg/day above the daily recommended 
intake for healthy adults [ 5 ]. A balance 
between energy and protein supplies has a 
positive effect on the mother and also on the 
foetus and newborn, and it is associated with 
optimal weight gain in both and a signifi cant 
reduction in the risk of a small-for-gestational- 
age baby [ 6 ]. Protein supplements and low 
protein:energy ratios do not confer a benefi t in 
pregnant women who are overweight, and 
they may even be detrimental for the 
newborn.   

   4.     Carbohydrates . The intake of carbohydrates 
should be >50–55 % of the total energy intake, 
and a minimum intake of 175 g/day is recom-
mended [ 5 ]. Consideration should be given to 
the quality and distribution of carbohydrate 

   Table 7.1    Recommended intakes of energy and nutrients [ 5 ,  8 – 11 ] during pregnancy   

 Nutrients 

 Recommendation 

 First trimester  Second trimester  Third trimester 

 Energy  –  1.5 MJ/day (360 kcal/day)  2.0 MJ/day (475 kcal/day) 
 Proteins  1.1 g/kg/day 
 Lipids  <30–35 % total energy 
 Carbohydrates  >50–55 % total energy 
 Iron  27 mg/day 
 Calcium  1,300 a  to 1,000 mg/day 
 Iodine  220 mg/day 
 Folic acid  600 mg/day 
 Vitamin D  5 mg/day 
 Vitamin A  750 a  to 770 mg/day 

   a Recommended intake for pregnant women under 18 years old  
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intake over the day in order to avoid episodes of 
hyper- or hypo-glycemia. Slow-release sugars 
(fruit, cereals and pulses) and fast- release sug-
ars (sugar, honey, etc.) are recommended, 
mainly at breakfast and dinner. It is also recom-
mended to consume both types at all meals. 

 In general, an appropriate supply of essen-
tial micronutrients is provided by a balanced 
diet, which is generally accessible in developed 
countries. However, some population groups 
are more vulnerable, including pregnant 
women, who may have an inadequate vitamin 
and mineral intake, especially of iron, iodine, 
folic acid, vitamin D and/or vitamin B 12  [ 7 ].   

   5.    Minerals 
  Iron . Iron needs double during pregnancy for 
iron storage in the newborn (270 mg), for pla-
centa formation, and for the increase in red 
blood cells required by the greater blood vol-
ume and the blood loss during delivery. Iron 
requirements range from 18 mg/day for adult 
women to 27 mg/day for pregnant women 
[ 8 – 11 ]. Iron defi ciency and ferropenic anae-
mia during pregnancy are risk factors for pre-
mature delivery and low gestational weight. It 
has been hypothesized that it may have a neg-
ative effect on the intelligence and behaviour 
development of children [ 12 ]. 

 Iron supplementation is common during 
pregnancy. However, excessive iron intake 
may be toxic through its capacity to generate 
reactive oxygen species and induce cell dam-
age. The most appropriate approach is to 
apply selective prophylaxis if low ferritin lev-
els are detected during the fi rst stage of preg-
nancy [ 7 ]. 

 Dietary sources of iron during pregnancy 
include meat, viscera, fi sh and eggs (hemo 
iron) and pulses and cereals (non-hemo iron). 

  Calcium . Epidemiologic studies have demon-
strated an inverse relationship between cal-
cium intake and hypertension development 
during pregnancy. However, the effects of cal-
cium supplementation have only been 
observed in populations with an inadequate 
calcium intake [ 6 ]. No scientifi c evidence has 

been published that relates calcium supple-
mentation to foetal growth. The recommended 
calcium intake during pregnancy is 1,000 mg/
day, reaching 1,300 mg/day when the woman 
is under 18 years old [ 8 – 11 ]. 

 The consumption of fortifi ed foods and/or 
supplements is an alternative way to enhance 
the intake of calcium, whose main sources are 
milk and milk derivatives such as cheese and 
yoghurt. 

  Iodine . Iodine requirements are increased dur-
ing pregnancy because of (1) an increase in 
the maternal production of thyroxine to main-
tain maternal euthyroidism and thyroid hor-
mone transfer to the foetus, (2) iodine transfer 
to the foetus and (3) an increase in the renal 
excretion of iodine [ 13 ]. The recommended 
iodine intake during pregnancy is 220 μg/day 
[ 8 – 11 ]. 

 A low iodine intake during pregnancy is 
associated with a higher incidence of miscar-
riage, small-for-gestational-age foetus, mental 
retardation and hearing loss [ 13 ]. Thyroxine 
intervenes in the development of the nervous 
system and an adequate iodine intake is espe-
cially important during the fi rst trimester.   

   6.    Vitamins 
  Folic acid . There is a considerable increase in 
the requirement for folic acid during preg-
nancy due to the creation of new tissue and the 
growth and development of the foetus. There 
is scientifi c evidence that folic acid is vitally 
important during the preconception period 
(8–12 weeks before conception) and during 
pregnancy to protect the foetus against neural 
tube defects [ 14 ]. As a preventive measure 
dietary reference intakes (DRI) of folic acid 
was recently increased to 400 μg/day for 
women of childbearing age and to 600 μg/day 
for pregnant females [ 8 – 11 ]. The incidence of 
neural tube defects is correlated with the 
intake of folic acid and vitamin B 12 , which are 
both involved in the metabolism of homocys-
teine [ 7 ]. Folic acid supplementation is appro-
priate, given the impossibility of achieving 
this intake by diet alone. Folic acid is present 
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in green-leaf vegetables, pulses, fruit and cit-
ric juices, liver and fortifi ed foods such as 
bread, cereals, fl our, corn fl our, pasta, rice, etc. 

  Vitamin D . Observational studies suggested 
that maternal vitamin D levels are related to 
the bone mass of newborns, with low levels 
predisposing them to neonatal hypocalcaemia 
and rickets. Various authors have also reported 
that low vitamin D concentrations during pre-
natal life increase the risk of developing mul-
tiple sclerosis, cancer, insulin- dependent 
diabetes mellitus, schizophrenia and respira-
tory problems in subsequent life stages [ 15 ]. 
The recommended vitamin D intake for preg-
nant women is the same as for nonpregnant 
women (5 μg/day) [ 8 – 11 ]. 

  Vitamin A . Vitamin A contributes to the mainte-
nance and development of tissues and has 
essential functions in sight, bone growth, and 
the immune and nervous systems. Foetal vita-
min A levels depend on the vitamin A status of 
the mother; therefore, an adequate maternal 
supply is essential to ensure normal foetal 
growth and development [ 16 ], and recommen-
dations range from 750 to 770 μg/day of vita-
min A [ 8 – 11 ]. Due to the possible teratogenic 
effect associated with this vitamin, intakes 
>3 mg (10,000 IU) preformed vitamin A/day 
are not recommended in women that are or may 
be pregnant, following the precaution principle 
[ 16 ]. Consequently, during the fi rst weeks of 
pregnancy, women should avoid the intake of 
foods that may contain high doses of this vita-
min, such as liver and/or supplements [ 7 ].    

       Mediterranean Diet and Pregnancy 

 After reviewing the nutritional requirements of a 
healthy woman during the pregnancy, it is appropri-
ate to discuss healthy diet patterns, including the 
Mediterranean diet (MD), and consider their possi-
ble benefi ts diet during pregnancy. The characteris-
tics of the MD [ 17 ] are exhibited in Table  7.2 .

   This eating pattern is characterized by an ele-
vated content of total fats (30–40 % of total 

energy, according to the geographic region) but 
low content of saturated fats (≤7–8 % of total 
energy) The high consumption of vegetable prod-
ucts and moderate consumption of animal prod-
ucts results in an elevated intake of fi bre, vitamins, 
minerals and phytochemicals. However, this 
dietary pattern does not meet iron recommenda-
tions during pregnancy, and the defi ciency must 
therefore be covered by nutritional supplements. 

 Recent studies have demonstrated the protec-
tive role of MD for the health of the mother and 
child, who suffer from fewer asthmatic and atopic 
symptoms due to the antioxidants supplied by 
components of this diet, such as olive oil, fruit, 
vegetables, fi sh and legumes [ 18 ]. It has been 
observed that females with low adherence to the 
MD are threefold more likely to have a child with 
 spina bifi da . This protective effect is associated 
with the MD pattern in its totality and not solely 
with the folic acid that it supplies. Moreover, 
given the benefi cial effect of the MD on fertility, 
the need has been proposed for nutritional educa-
tion programmes to promote this dietary pattern 
in women wishing to become pregnant [ 19 ]. 

 Importantly, the MD does not merely repre-
sent a list of foods, because its benefi cial effects 
on health are also infl uenced by other relevant 
attributes of Mediterranean society, culture and 
lifestyle, including the use of fresh seasonal and 
minimally processed foods, unhurried cooking, 
consumption of meals in company, with no time 
pressure, sharing dishes and conversation, a mod-
erate level of physical activity and even the habit 
of “siesta” [ 20 ]. 

   Table 7.2    Characteristics of the MD [ 17 ]   

 Consumption of olive oil as main lipid source, favouring 
a high ratio of monounsaturated to saturated fatty acids 
(MUFA/SFA) 
 High consumption of fruit, dried fruit and vegetables; 
high consumption of legumes 
 High consumption of cereals and derivatives and 
potatoes, among other sources of carbohydrates 
 Moderate-to-high consumption of fi sh; moderate 
consumption of milk and dairy products 
 Low consumption of meat and meat products 
 Moderate consumption of alcohol (mainly wine), usually 
with meals 
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 Foods that are sources of calcium, iron and 
folic acid should be included in the diet of preg-
nant women, which should also provide B com-
plex vitamins, vitamin A, chrome and PUFAs. 
These nutrients are supplied by the intake of 
whole or semi-skimmed milk and milk deriva-
tives (e.g., yogurt and fresh cheese), lean meat, 
eggs, white and blue fi sh, dried fruits, fruit and 
fruit juice, vegetables, pulses and wholemeal 
cereals, which are all characteristic of the MD 
and other healthy diets. 

 Wine is consumed as part of the traditional MD 
pattern and is a source of anti-oxidizing agents. 
Nevertheless, it is recommended that pregnant 
women exclude all alcoholic drinks from their 
diet, including wine, due to the risk of exposing 
the foetus and the possibility of foetal alcohol syn-
drome [ 21 ,  22 ]. On the other hand, there is no pub-
lished evidence to associate the usual wine intake 
in the traditional MD with any alteration in the 
foetus. A recent article reported the absence of 
Italian or Spanish statistics on ethanol consump-
tion during pregnancy and the lack of data on the 
prevalence of foetal alcohol syndrome or any foe-
tal alcohol spectrum disorders [ 23 ]. The authors 
considered that neonatologists and paediatricians 
should be adequately informed in order to accu-
rately diagnose ethanol use during pregnancy and 
inform pregnant women appropriately about the 
consequences for the newborn. 

    Main Lipid Sources in the 
Mediterranean Diet 

 The health benefi ts of the MD have in part been 
attributed to its low saturated fatty acid (SFA) 
content. However, numerous studies have also 
demonstrated the crucial role played by the anti-
oxidant nutrients and non-nutrients in the foods it 
contains, including vegetables, virgin olive oil, 
fi sh and wine [ 20 ,  24 ]. Nevertheless, the overall 
health impact of the MD is not produced by one 
or various individual components but by syner-
gism among them all. 

 Although the MD concept was initially inter-
preted as a diet low in total fats, there is now sci-
entifi c evidence that it is the quality and not 

quantity of the fats that protects against disease. 
In fact, the nutritional policies of many countries 
appear to have changed, and they now promote 
the consumption of high quality fats from olive 
oil and blue fi sh to the detriment of  trans  fats and 
saturated fats. An additional advantage of the 
MD in this regard is that the benefi ts of olive oil 
are enhanced by the practice of consuming it 
along with large amounts of vegetables/vegetable 
products, fi bre and antioxidant nutrients. In olive 
oil, obtained from the fruit of  Olea europaea L ., 
oleic acid comprises 60–85 % of total triglycer-
ide fatty acids, whereas linoleic acid makes up 
only 3–21 %. Oleic acid constitutes around 29 % 
of the daily caloric intake in many Mediterranean 
countries. Lipoproteins rich in monounsaturated 
fatty acid (MUFA)-rich lipoproteins, due to the 
long-term consumption of olive oil, have proven 
less susceptible to oxidation in comparison to 
PUFA-rich particles [ 25 ]. 

 Phenolic compounds and waxes represent 
only a small fraction of olive oil (1–2 %), but 
they exert important biological activities [ 26 ]. 
Virgin olive oil is a source of valuable antioxi-
dant substances such as polyphenols and vitamin 
E. Salvini et al. [ 27 ] studied the reduction of 
DNA oxidative damage and recommended the 
consumption of virgin olive oil, characterized by 
higher concentrations of phenolic compounds 
and hence of antioxidant substances. The antioxi-
dant potential of phenolic compounds is higher in 
olive oil than in other vegetable oils. In addition, 
the phenols of olive oil may also possess anti- 
infl ammatory and antithrombotic properties. 
Recent observational studies suggested that a 
higher intake of antioxidant vitamins, tocopher-
ols, zinc and selenium during pregnancy and 
childhood reduces the likelihood of childhood 
asthma, wheezing and eczema [ 28 ]. 

 A change in maternal dietary fat intake has a 
rapid effect on the fatty acids in breast milk, and 
the vitamin E content of mothers’ milk during the 
fi rst month of breastfeeding was signifi cantly 
correlated with their total fat intake, although it 
was not correlated with their intake of PUFAs, 
which are accompanied by vitamin E in many 
foods, in the study of a population following the 
MD. The generalized use of olive oil may explain 
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the relationship detected between the daily intake 
of MUFAs and vitamin E in maternal milk during 
the fi rst month after delivery in a Mediterranean 
population [ 29 ]. 

 Oxidative stress has been implicated in many 
diseases that arise during pregnancy, delivery and 
puerperium, and the possible preventive or thera-
peutic effects of antioxidants are therefore of great 
interest. Systematic reviews on the effects of sup-
plementary antioxidant vitamins during pregnancy 
have not been conclusive about the benefi ts of 
exceeding recommended intakes. However, an 
adequate supply of antioxidants during pregnancy 
was associated with a reduction in the risk of pre-
eclampsia and the delivery of newborns small for 
gestational age, although supplementation with 
high doses of vitamin C and E was not associated 
with a reduced incidence of preeclampsia [ 4 ]. 

 The MD appears to offer an ideal dietary sup-
ply of antioxidant molecules, attributable to the 
large amount of polyphenols and other antioxi-
dant components, both nutrients (e.g., vitamins A 
and C from vegetables) and phytochemicals (e.g., 
fruit and vegetables).  

    Nutritional Sources of n-3 Fatty Acids 

 There is considerable scientifi c evidence on the 
benefi cial effects of PUFAs of either vegetable 
(seed oil) or animal (fi sh) origin during pregnancy. 
Thus, the intake of linoleic acid (omega [n-] 6), 
α-linolenic acid (n-3) and essential long- chain 
acids is important for neonatal growth and devel-
opment and reduces the incidence of premature 
births. The supply of these acids via maternal milk 
has been positively associated with increased 
weight, height and head circumference of new-
borns, whereas oleic acid intake was only associ-
ated with increased head circumference. Given the 
benefi ts of n-3 long-chain fatty acids for sight and 
their relationship with a lower incidence of prema-
ture delivery, pregnant women should be advised 
to increase their intake of foods rich in these fatty 
acids. However, the intake of α-linoleic acid 
(ALA) and DHA is often low among pregnant and 
breastfeeding women, who should increase their 
intake of ALA by consuming vegetable oil. 

Improvements in infant growth and development 
become evident before the child is 2 years old. No 
signifi cant effect was observed after supplementa-
tion with DHA and ALA [ 30 ]. 

 Recent studies suggested that the intake of 
seafood and n-3 fatty acids favours foetal growth 
and infant development. A high n-3 fatty acid/
PUFA ratio before pregnancy may sustain foetal 
growth in overweight women. Blue fi sh contain 
long-chain fatty acids that are considered impor-
tant for the growth, development, and health of 
foetus and newborn. It was reported that the con-
sumption of two portions/week of salmon 
achieves the minimum recommended intake of 
EPA and DHA and increases their levels in the 
foetus [ 31 ]. Habitual fi sh consumption is one of 
the characteristics of the population of the 
Mediterranean region, especially in coastal areas. 
Numerous studies have addressed the association 
between fi sh/fi sh oil consumption and the protec-
tion and development of the newborn. Currently, 
the intake of PUFA n-3 in the Mediterranean area 
from the consumption of fi sh and derivatives is 
appreciable but not high. Consequently, it is nec-
essary to develop strategies to redefi ne and pro-
mote the consumption of fi sh and seafood in the 
context of the Mediterranean pattern of healthy 
diet. The ethnic group and country of origin are 
both related to DHA + EPA intake. A wide study 
in the USA found a signifi cantly higher monthly 
intake of DHA + EPA by people of African origin 
than by Hispanics or Caucasians. Among cultural 
reasons for this difference would be the preserva-
tion of habits from their historic origins in coastal 
areas despite living in regions with lesser fi sh 
availability. An investigation for the European 
Commission into recommendations on fat intake 
during pregnancy and breastfeeding concluded 
that women of childbearing age should consume 
1–2 portions of fi sh a week, including fi sh fat [ 4 ]. 

 There may be a causal relationship between 
the intake of n-6 PUFA and allergic diseases that 
involves biologically plausible mechanisms in 
which eicosanoid mediators of n-6 PUFA arachi-
donic acid participate. The n-3 PUFA chain is 
considered to protect against atopic sensitization 
and against the clinical manifestations of atopy. 
Epidemiologic studies on the effects of fi sh intake 
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during infancy and childhood on atopy risk in 
breastfed infants or children have not been con-
clusive, although most of them found fi sh to have 
a protective effect. The supply of fi sh oil during 
pregnancy may diminish sensitization to the most 
common food allergens and reduce the preva-
lence and severity of atopic dermatitis during the 
fi rst year of life. This effect may persist until ado-
lescence, decreasing the prevalence and/or sever-
ity of eczema, hay-fever and asthma [ 32 ].  

    Fish and Pollution 

 Although the consumption of fi sh is benefi cial as a 
source of LC-PUFAs, there is increasing evidence 
that it may be an important route for human pollu-
tion. This is because heavy metals, such as mer-
cury and persistent organochlorines (OCs), can be 
stored in their muscle and adipose tissue. A study 
in the USA confi rmed that a large number of preg-
nant women do not consume enough DHA, an 
essential nutrient contained in fi sh, because of a 
reduction in fi sh intake to avoid exposure to sub-
stances toxic for mother and even more so for the 
foetus. Uncertainty has grown about the appropri-
ate consumption of fi sh, but a wide study con-
cluded that women would be willing to consume 
more fi sh if it were recommended by their obstetri-
cian, as long as data were made available to them 
on the types of fi sh that are safe [ 33 ]. 

 A recent study in Norway analyzed ten chemi-
cal pollutants, including mercury (Hg), and found 
fi sh consumption to be a robust positive predictor 
for Hg; they also reported an inverse association 
between parity and blood Hg levels. The con-
sumption of certain foods, such as seafood, may 
affect the blood concentrations of Hg and arsenic 
(As), among other elements, although the authors 
concluded that the levels of toxic elements (As, 
Hg, cadmium [Cd] and lead [Pb]) observed were 
relatively low and not clinically relevant [ 34 ]. 

 The FAO/WHO [ 35 ] established 1.6 μg/kg 
body weight as the provisional tolerable weekly 
intake (PTWI) of methyl mercury (MeHg). The 
most vulnerable groups are women of childbear-
ing age, pregnant women, breastfeeding women 

and children. In foetuses, neurotoxicity has been 
related to chronic exposure to low Hg concentra-
tions. Because it is impossible to minimize the 
risk solely by establishing stricter maximum Hg 
contents for fi sh, the European Commission [ 36 ] 
urged member States to formulate recommenda-
tions to protect the health of consumers. 

 Among all of the chemical species of Hg pres-
ent in food, the most toxic is the organic compo-
nent MeHg, which is mainly found in fi sh and 
seafood, in which it can represent over 90 % of 
the total Hg. The highest concentrations of MeHg 
appear in large fi sh at the highest level of the food 
chain in both freshwater and seawater species. 

 Based on average fi sh consumption values, the 
Spanish Food Safety Agency (Spanish initials, 
AESAN) estimated that the average MeHg intake 
by children was 98.7 % of the Provisional 
Tolerable Daily Intake (PTDI) [ 35 ] and that the 
intake by adults was 80.7 % of the PTDI [ 37 ]. 
Larger fi sh (swordfi sh, tuna and bonito) are 
known to accumulate greater Hg contents, and an 
intake of less than 100 g/week of large predator 
fi sh meat was recommended by the European 
Commission [ 36 ] for populations at risk. Risk 
management options considered by the WHO 
include promoting the consumption of non- 
predator fi sh or smaller species and the reduction 
of intake by heavy fi sh consumers [ 38 ]. 

 Foods are considered a constant source of 
exposure, despite compliance with maximum 
permitted residue levels. The diet of the breast-
feeding mother affects the quality and quantity of 
the milk that she feeds her child. Milk can be a 
vehicle for toxins that can harm the health of the 
breastfeeding child, including drugs and their 
metabolites, viruses, nicotine, caffeine, alcohol 
and OC molecules (e.g., PCBs, DDT, HCB, HCH 
and dioxins). A statistically signifi cant relation-
ship was found between the consumption of fatty 
foods and some OC molecules ( p , p ′ DDD, 
ppDDT and methoxychlor) in the milk of breast-
feeding mothers in the south of Spain [ 39 ]. 

 Our group studied the relationship between 
the nutritional habits of women in Southeast 
Spain and their serum concentrations of OCs. 
The pregnant group showed signifi cantly higher 
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serum concentrations of all OCs studied with the 
exception of DDE. The mean serum concentra-
tion of OCs ( p , p -DDT,  o , p -DDT, aldrin and 
p-pˊDDE)    was signifi cantly associated with the 
intake of milk/yoghurt, red meat, eggs and poul-
try [ 40 ]. We investigated the presence of nine OC 
residues in the umbilical cord blood of newborns 
in Southern Spain and analyzed the relationship 
of this exposure with maternal and pregnancy 
variables, including maternal adherence to the 
MD. OCs were detected in 95 % of umbilical 
cord blood samples from 318 mothers, who had a 
mean degree of adherence to the MD of 56.77 
(SD: 16.35) (range, 0–100). The MD prioritizes 
consumption of vegetable and fruit over that of 
meat and dairy products, and OCs are generally 
lipophilic molecules that accumulate in foods of 
animal origin. We found a signifi cant association 
between the consumption of meat, fi sh and dairy 
products and DDE in umbilical cord serum, 
between the intake of dairy products and lindane, 
between vegetable and lindane and between fruit 
intake and endosulphan I. No signifi cant associa-
tion was found between adherence to the MD and 
serum OC levels, but closer adherence to the MD 
may offer greater protection against OC exposure 
through a lesser intake of meat and dairy prod-
ucts [ 41 ].  

    Diet Quality Indexes: Considerations 
for Pregnant Women 

 DQIs consider the foods and/or nutrients usually 
named in dietary guidelines or nutritional objec-
tives, including food groups such as vegetables 
and fruit, cereals and meat products, among oth-
ers. The most frequently assessed nutrients in 
these indexes are total fat intake, SFA intake and/
or MUFA:SFA ratio, and many also assess choles-
terol and/or alcohol intakes. Some indexes assess 
the variability of the diet, which is normally mea-
sured by considering the amount of different foods 
or food groups consumed over a given period of 
time. Other systems of diet quality assessment are 
based on comparison with a specifi c diet pattern 

that has proven to be healthy, such as the MD [ 20 ] 
or the Dietary Guidelines for Americans [ 42 ]. 

 A diet assessment index for pregnant women 
should consider the supply of the specifi c nutri-
ents discussed above in this chapter. In summary, 
pregnancy implies an extra supply of (1) energy 
(250–300 kcal/day during second half of preg-
nancy); (2) calcium; (3) folic acid; (4) iron and 
vitamin C, which favours the absorption of iron 
from vegetables. 

 The foods that provide these nutrients come 
from animals (dairy products, meat, liver, eggs, 
fi sh, seafood, vegetables (dark green-leaf vegeta-
bles, peppers, tomatoes, cabbage, etc.), fruit (cit-
ric fruits, strawberries, etc.), cereals (bread, 
fortifi ed and wholemeal cereals), pulses and 
dried fruits (walnuts, peanuts, hazelnuts, etc.). 
Almost without realizing it, we have listed the 
foods that defi ne the MD pattern on which 
Trichopoulou et al. [ 20 ] and other groups [ 43 ,  44 ] 
based the Mediterranean Diet Score (MDS). 

 We reviewed published studies on the applica-
tions in populations of pregnant women of the 
adapted DQI, the DQI-P [ 45 – 48 ], of the Healthy 
Eating Index (HEI) and adaptation (HEI-P) [ 49 , 
 50 ] and of the adapted MDS (MDS-P) [ 51 ], whose 
characteristics are summarized in Table  7.3 . In all 
of these studies, regardless of the healthy diet 
model followed, the majority of the population 
was defi cient in iron, folic acid and occasionally in 

   Table 7.3    Diet Quality Indexes for pregnancy   

 Quality 
index  Items 

 Score 
range 

 DQI-P  Cereals, vegetables, fruit, folic acid, 
iron, calcium, percentage of calories 
from fats and food model score 

 0–80 

 HEI-P  Vegetables, fruit, white meat:red 
meat ratio,  trans  fats, PUFA:SFA 
ratio, folic acid, calcium and iron 

 0–90 

 MDS-P  High consumption of vegetables, 
fruit, nuts, pulses, cereals and fi sh, a 
high MUFA:SFA ratio, low 
consumption of meat and dairy 
products and adequate intake of 
iron, calcium and folic acid 

 0–11 
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Ca intake according to the appropriate interna-
tional recommendations. The DQI-P index has 
been used by various authors. Briefl y, it is 
 constructed from a food consumption frequency 
questionnaire (FFQ) with items on the intake of 
cereals, vegetables, fruit, folic acid, iron and  calcium, 
on the percentage of calories from fats, and on the 
food model score. Each of the eight items is scored 
from 0 to 10, giving a maximum score of 80 for 
adherence to recommendations. The fi rst three 
evaluate the grain, fruit and vegetable intake 
according to Dietary Guidelines for Americans 
[ 42 ]. The next three items assess the intake of folic 
acid, iron and calcium, which are especially impor-
tant in pregnancy. The following item scores the 
percentage energy from fat according to the Dietary 
Guidelines for Americans [ 42 ]. Finally, item 8 con-
siders eating patterns, based on recommendations 
by the Institute of Medicine for pregnant women to 
have a minimum of three meals and two snacks per 
day. This index has been used by various research 
groups, notably by Laraia et al. [ 47 ,  48 ].

   Various groups found the food-based HEI to 
be an inadequate instrument for measuring 
important nutrients during pregnancy [ 49 ,  50 ]. 
The HEI uses the portions recommended in the 
Food Guide Pyramid servings for pregnant 
women in the USA [ 52 ]. It assesses the global 
amount of consumption and identifi es ten com-
ponents (score of 0–10 for each): the intakes of 
fi ve food groups (cereals, vegetables, fruit, milk 
and meat), total fat, SFA, cholesterol, and sodium, 
and the variety of the diet. The index score ranges 
from 0 to 100. In the modifi cation of the HEI for 
pregnant women, the HEI-P [ 53 ], the diet quality 
score ranges from 0 to 90 and considers nine 
components: vegetables, fruit, white meat:red 
meat ratio,  trans  fats, PUFA:SFA ratio, folic acid, 
calcium and iron. 

 The MDS-P [ 51 ] is based on the MDS [ 20 ] and 
takes account of the specifi c need for Fe, Ca and 
folic acid during pregnancy. The MDS is based on 
the eight typical components of the MD, i.e., a 
high consumption of vegetables, fruit, nuts, pulses, 
cereals, and fi sh, a high MUFA:SFA ratio and a 
low consumption of meat and dairy products. A 
moderate alcohol supply, also typical of the MD, 

was not considered in the index for pregnant 
women for reasons discusses earlier in the chapter. 
Three new components (Fe, Ca and folic acid) 
were included in the MDS, scoring positively if 
they met the DRIs for pregnant women. The fi nal 
MDS-P score ranges from 0 to 11.   

    Conclusions 

    Dietary recommendations and DQIs for healthy 
pregnant women published in the scientifi c litera-
ture to date are all based on international healthy 
diet models, and there is little difference among 
them. Indexes are needed that take account of the 
sensitivity of this population to environmental 
pollutants contained in foods, such as heavy met-
als, persistent OCs, synthetic hormone disruptors 
(e.g., phthalates and bisphenols) and anti- 
oxidizing agents.     
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 The early years of childhood are characterized 
by accelerated growth and huge acquisitions in 
the development process, including the ability to 
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 Key Points 

•     The fi rst 2–3 years of life play an important role in the future food 
habits.  

•   Maternal attitudes and beliefs most directly affect children’s food 
intake.  

•   Maternal dietary counselling is effective to improve children diet 
quality even in low income population.  

•   In childhood, diet quality infl uences health condition since it is a 
critical period for the prevention of both defi ciency-related and 
excess-related nutritional disorders.  

•   Interventions to promote healthy feeding practices at the beginning of 
life have the potential to infl uence health conditions throughout the 
course of life.    
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receive, chew and digest foods besides breast 
milk as well as ingestive self-control. There is 
evidence that the foods that children receive in 
the fi rst 2 years of life will determine their prefer-
ences and that these preferences can last until 
adulthood [ 1 – 3 ]. Consequently, inadequate feed-
ing practices during childhood constitute a public 
health problem, being associated with the occur-
rence of micronutrient defi ciencies [ 4 ], over-
weight [ 5 ] and later cardiovascular disease risk 
factors [ 6 ]. Thus, this chapter will discuss the 
formation of feeding habits in early childhood, 
the importance and infl uence of nutritional pro-
grams and guidance for mothers and the impact 
of diet quality on children’s health.  

    The Development of Children’s 
Eating Habits 

 Food habits are a result of genetic factors; envi-
ronmental and family infl uences; psychosocial 
and cultural factors; and especially individual 
preferences [ 2 ,  7 ]. Children are genetically pre-
disposed to accept sweet-tasting substances, 
reject acidic and bitter ones and associate food 
intake with its psychophysiological conse-
quences [ 7 – 9 ]. Beginning at age two in particu-
lar, children are also predisposed to food 
neophobia—a phase in which the rejection 
of new foods is manifested [ 9 ]. A survey of 
approximately 600 children between the ages of 
2 and 6 years demonstrated that neophobia was 
associated with lower consumption of fruits, 
vegetables and meats but did not infl uence the 
intake of dairy products, cakes, cookies and 
other fl our products [ 10 ]. 

 Surveys conducted with children aged 2–14 in 
different countries have demonstrated a transcul-
tural pattern regarding food preferences: foods 
with a high concentration of sugar and fat such as 
ice cream, pizza, cake and French fries were indi-
cated as favourites while vegetables were named 
as the least-preferred food group [ 11 – 13 ]. 

 Despite the genetic and biological basis in 
determining food preferences, studies indicate 
that they are strongly modifi ed by the intensity of 
children’s experiences with food [ 9 – 14 ]. Food 
exposure frequency, the physiological conse-

quences caused by the intake of different food 
types and the social context of eating are factors 
that can affect food acceptance patterns in the 
fi rst years of life [ 14 ]. 

 In the fi rst years of life, parents also play an 
important role throughout the development of 
eating habits since they infl uence food familiarity 
by controlling a child’s food environment, expo-
sure and availability [ 15 ,  16 ]. Although there are 
innumerable external factors that infl uence eating 
habits—such as family income, food prices and 
advertising [ 17 ,  18 ]—evidence indicates that 
maternal attitudes and beliefs most directly affect 
children’s food intake [ 15 ]. 

 Inappropriate feeding practices in the fi rst 
years of life are associated with parents’ or care-
givers’ lack of knowledge and information as 
well as restrictions imposed by traditions, beliefs 
and myths [ 19 ]. Thus interventions to dissemi-
nate appropriate knowledge and information to 
mothers are essential for behavioural changes 
and improved infant feeding [ 20 ].  

    Maternal Education Programs 
to Improve Infant Feeding Practices 

 There are many limiting factors that can interfere 
with an educational program’s success—such as 
intervention intensity, the complexity of behav-
iour to be changed and the existence of external 
constraints such as a lack of access to food [ 21 ]. 
The ideal design for each intervention depends 
on local culture, resources, infrastructure and 
communication channels as well as the potential 
to modify them [ 22 ]. The most effective educa-
tional interventions use a limited number of mes-
sages aimed at feasible practices to be adopted by 
the target population, besides being based on 
local health problem data related to feeding prac-
tices that can plausibly be modifi ed [ 22 ]. 

 Although increasing the duration of exclusive 
breastfeeding is still a global challenge—including 
in countries with high breastfeeding rates—studies 
conducted in countries with different cultures and 
socioeconomic conditions demonstrate the effec-
tiveness of maternal counselling on the promo-
tion of this practice [ 23 ]. Considering the fact 
that the main reasons for the low prevalence of 
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exclusive breastfeeding are the absence of social 
group and health professional support; the moth-
er’s stress; maternal perception that breast milk 
does not adequately meet the baby’s needs; and 
family pressure to introduce new foods [ 24 ], 
programs that provide mothers with information, 
counselling and support appear essential in 
reversing this situation. Ibanez et al. [ 25 ] evalu-
ated ten studies conducted with 1,445 women of 
low socioeconomic status and concluded that 
educational programs conducted with mothers 
were effective in stimulating breastfeeding initi-
ation and continuing breastfeeding until 3 
months after birth. The studies assessed had 
 various forms of intervention, but the most effec-
tive ones conducted multiple yet short orienta-
tion sessions (~30 min). 

 Shi and Zang [ 20 ] performed a systematic 
review of studies published since 1998 that assess 
the effectiveness of dietary interventions with 
educational components related to complemen-
tary feeding in developing countries. The authors 
described 15 studies in different countries 
(including nine randomized clinical trials) and 
concluded that the evidence supports the hypoth-
esis that educational interventions are effective in 
improving the quality of complementary feeding 
but that the analysis and comparison of the stud-
ies’ results must take into consideration the dif-
ferent local profi les relating to socioeconomic 
conditions, disease prevalence and children’s 
nutritional status (Table  8.1 ). In a meta-analysis, 
Imdad et al. [ 26 ] assessed the impact of experi-
mental and quasi-experimental studies that use 
educational strategies with mothers (with or 
without the provision of fortifi ed foods) on chil-
dren’s growth in developing countries. Likewise, 
the authors reported that maternal nutritional 
counselling (with or without the concurrent pro-
vision of fortifi ed foods) resulted in greater 
height and weight gain between 6 and 24 months 
of age. Most of the studies described were con-
ducted in communities with a moderate or high 
prevalence of child malnutrition and limited food 
availability and demonstrated that maternal 
dietary counselling can be effective in increasing 
energy intake, food consumption frequency and 
diet quality as well as accelerating height and 
weight gain in the fi rst 2 years of life.

   However, the current epidemiological situation 
in the majority of developed and developing coun-
tries (characterized by high childhood obesity 
rates and early onset of cardiovascular risk factors) 
highlights the need for action strategies to also be 
focused on problems related to excessive weight 
gain and associated risk factors. The few studies 
   that have been published in the scientifi c literature 
have assessed the effectiveness of infant interven-
tions with this objective. 

 In a recent systematic review, Ciampa et al. 
[ 27 ] described only 12 articles (representing the 
results of ten studies) that aimed to test educa-
tional interventions conducted with the parents of 
children under 2 years old for obesity prevention. 
Among the studies described, only three were 
randomized clinical trials and seven were evalu-
ated as being “of low quality” due to method-
ological limitations. No intervention caused any 
signifi cant impact on the children’s weight. 

 In a short-term assessment, Kavanagh et al. 
[ 28 ] conducted a randomized clinical trial with 
children aged between 3 and 10 months who 
were artifi cially breastfed in the city of 
Sacramento, CA, USA with the objective of pre-
venting excessive weight gain. The parents of 
children belonging to the intervention group par-
ticipated in a single orientation session about 
infant feeding in which they were advised on how 
to recognize signs of satiety and limit the volume 
of bottle milk per meal. The results showed no 
change in bottle-feeding practices among the 
groups, stressing the diffi culty of modifying this 
behaviour among children. 

 The  Strip Study  is a randomized clinical    trial 
that begun in Finland in 1990 in which families 
with 5-month-old children were recruited and 
randomized to receive home-based dietary coun-
selling at an interval of 1–3 months when the chil-
dren were between 8 and 24 months of age and 
twice a year from the age of 2 years. The interven-
tion was carried out individually and was based 
on families’ experiences during the well- child care 
visits and aimed mainly to ensure the quantity and 
quality of fat intake. The results showed that, 
between 8 months and 2 years of age, the inter-
vention group had a lower intake of total fat (a 
2 % reduction in relation to total energy con-
sumed) and saturated fat (a 3 % reduction in 
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   Table 8.1    Nutrition education intervention programs to improve infant complementary feeding in developing coun-
tries [ 20 ]   

 Site  Subjects  Intervention strategies  Main fi ndings 

 Bhandari 
et al. (2004), India 

 Five hundred and 
fi fty-two in the interven-
tion (four communities) 
and 473 in the control 
(four communities). 
Followed from birth to 18 
months of age 

 Nutrition counselling, 
monthly home visits, group 
training, feeding demon-
stration, community 
mobilization 

 Children in the intervention 
group got greater length gain 
(0.32 cm, 95 % CI: 0.03–0.61) 
than did controls. But there was 
no difference in weight. The 
intervention group had higher 
energy intakes (531 kJ/day at 9 
months and 1,230 kJ/day at 18 
months) 

 Kilaru et al. (2005), 
India 

 Sixty-nine infants aged 
5–11 months each from 
the intervention and 
control were followed till 
24 months 

 Monthly nutrition 
education, growth chart 

 Girls in the intervention group 
had a weight velocity 77 g per 
month greater than controls. 
The intervention increased 
feeding frequency, dietary 
diversity and consumption of 
bananas 

 Roy et al. (2005), 
Bangladesh 

 Two hundred and 
eighty-two moderately 
malnourished children 
aged 6–24 months from 
15 communities were 
randomized to two 
intervention groups and 
one comparison group 

 INE group received 
nutrition education (group 
training and demonstration 
of preparing khichuri), the 
INE + SF group received 
nutrition education and 
food supplementation 

 The WAZ score was 0.28 
higher in the INE group and 
0.43 higher in the INE + SF 
group compared to the 
comparison group. No 
signifi cant difference in 
nutritional status between the 
INE and INE + SF groups 

 Penny 
et al. (2005), Peru 

 One hundred and 
eighty-seven children 
from six communities in 
intervention and 190 from 
six communities in 
control. Followed from 
birth to 18 months of age 

 Nutrition counselling, 
group training, demonstra-
tion of recipe preparation, 
recommended recipes: 
thick puree, adding liver, 
egg, fi sh to infant diet 

 The intervention group was 
1.07 cm (95 % CI: 0.49–1.65) 
taller and 0.30 kg (95 % CI: 
0.06, 0.53) heavier than the 
controls. The increment in 
WAZ score of the intervention 
group was 0.29 (95 % CI: 
0.1–0.47) higher, and increment 
in HAZ was 0.39 (95 % CI: 
0.21–0.56) higher 

 Santos et al. [ 21 ], 
Brazil 

 Twenty-eight health 
centres were paired and 
randomized to treatment. 
Two hundred and 
eighteen children <18 
months in intervention 
and 206 controls were 
visited 8, 45 and 180 days 
after initial consultation 

 Nutrition education on 
IMCI feeding guidelines 
(feeding frequency, 
increase energy and 
nutrient density, add 
animal protein and 
micronutrients) 

 The intervention group had 
higher daily fat, energy and 
nutrient intake and better 
knowledge. Among those 
children entered the interven-
tion after 1 year of age, weight 
gain was higher in intervention 
group (1.48 vs. 1.14 kg); WAZ 
and WHZ score gain was 
higher in intervention group 
(0.3 vs. 0.1; and 0.4 vs. 0.1) 

 Salehi et al. (2004), 
Iran 

 Four hundred and six 
children aged 0–59 
months from intervention 
group and 405 controls. 
Intervention lasted for 12 
months 

 Training infl uential people, 
girls and tribal teachers to 
disseminate use of eggs, 
vegetables and legumes 

 The intervention group 
achieved 0.42 kg heavier in 
weight, 1.6 cm longer in length, 
0.5 cm longer MAC, 0.45 
greater WAZ, 0.41 greater HAZ 
and 0.266 greater WHZ than 
controls ( p  < 0.05) 

(continued)
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 Site  Subjects  Intervention strategies  Main fi ndings 

 Mackintosh et al. 
(2002) Viet Nam    

 Forty-six households 
were selected from four 
PANP communities and 
25 from comparisons. 
Two children from each 
household, one in PANP 
program, another not 

 Nutrition counselling, 
group training, community 
mobilization 

 The WAZ was 0.63 higher and 
the WHZ was 0.74 higher in 
the intervention group than the 
comparison. The intervention 
group performed better in 
feeding frequency and 
hand-washing practices 

 Pacho et al. (2002), 
Viet Nam 

 Twelve communities were 
randomized to treatment. 
One hundred and nineteen 
children 5–25 months 
each in intervention and 
comparison. Followed for 
6 months 

 Nutrition education, 
growth monitoring 

 The intervention group had 
higher consumption of all food 
groups and higher nutrient and 
energy intakes 

 Gardener et al. 
(2007), West Africa 

 Two cross-sectional 
surveys (before/after 
intervention): 1,807 
children 6–35 months at 
baseline and 1,676 at the 
second survey 

 Nutritional education, 
growth monitoring and 
food supplementation 

 The wasting rate of the 
intervention group decreased 
from 13.7 to 8.6 %, compared 
to from 11.3 to 10.8 % in the 
control group 

 Hotz and Gilson 
(2005), Malawi 

 Eighty-seven and 42 
breastfed children aged 
9–23 months from three 
intervention villages and 
one control village 

 Four nutrition education 
sessions, individual 
counselling, use of soaked 
pounded maize fl our, 
enriching maize porridge 
with egg, banana, oil, etc. 

 The intervention group had 
larger quantity of complemen-
tary foods and higher diet 
intake of energy, animal protein 
and micronutrient. Did not 
report growth data 

 Guldan et al. [ 19 ], 
China 

 Two hundred and fi fty 
infants from two 
intervention townships 
and 245 from two control 
townships, recruited at 
birth and evaluated at 
4–12 months 

 Monthly growth monitor-
ing, nutrition counselling 
to pregnant women, 
complementary food 
recipes 

 The intervention group had 
higher WAZ (−1.17 vs. −1.93) 
and HAZ (−1.32 vs. 1.96), 
lower anaemia rate (22 % vs. 
32 %) and higher breast-feed-
ing rate (83 % vs. 75 %) at 12 
months 

 Li et al. (2007), 
China 

 Three hundred and 
fi fty-two newborns of Dai 
minority in Yunnan 
Province 

 Nutrition education, 
growth monitoring, 
demonstration of preparing 
weaning food, integrated 
management of childhood 
diseases 

 Weight was increased by 
0.83 kg among male infants 
aged 4–5 months, 0.64 and 
0.42 kg between 12–13 and 
15–16 months. Prevalence of 
underweight decreased from 
20.5 to 13.7 % between 6 and 
11 months, from 39.0 to 26.4 % 
at 12–17 months 

 Bhandari et al. 
(2001), India 

 Four hundred and 
eighteen infants 4 months 
of age were randomized 
to intervention or 
comparison groups and 
followed until 12 months 

 Two intervention groups: 
food supplementation 
(milk cereal supplement 
packet) and nutritional 
counselling 

 Food supplementation 
increased energy intakes 
(1,212–2,257 kJ) and weight 
increment (250 g, 95 % CI: 
20–480 g); no effects on length; 
nutritional counselling alone 
had no impacts on weight and 
length, but increased energy 
intakes (280–752 kJ) 

Table 8.1 (continued)
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 relation to total energy consumed) and greater 
intake of polyunsaturated fat (a 1 % increase in 
relation to total energy consumed)—without differ-
ences in total energy, vitamins and minerals con-
sumed between the groups [ 29 ]. Monitoring of the 
children showed that the intervention continued to 
positively infl uence the children’s diets between 4 
and 10 years of age, with the intervention group 
having 2–3 % lower intake of total and saturated fat 
and 0.5–1 % higher intake of polyunsaturated fat in 
relation to total energetic intake [ 30 ]. In regard to 
nutritional status, the intervention demonstrated a 
protective role against the development of over-
weight from 2 to 10 years of age, but only among 
girls [ 31 ]. Total and LDL serum cholesterol levels 
were lower in the intervention group compared to 
the control group during all years of the follow-up, 
while HDL levels showed no signifi cant differ-
ences [ 32 ]. At 9 years of age, the intervention 
group demonstrated better insulin sensitivity com-
pared to the control group [ 33 ]. 

 The Brazilian Health Ministry and the Pan- 
American Health Organization published the fi rst 

edition of the “Feeding Guide for Children Under 
Two” in Brazil in 2002 [ 34 ]. The publication was 
based on feeding guidelines proposed by the 
World Health Organization for this life cycle and 
was prepared according to local socioeconomic 
and cultural contexts and health problems related 
to feeding—after extensive data collection in the 
country. Using this study, recommendations were 
prepared and published in the technical manual 
“Ten Steps for Healthy Feeding for Brazilian 
Children from Birth to Two Years of Age”, aim-
ing to guide the content of messages to be passed 
on to the target population. Its main objectives 
are the promotion of exclusive breastfeeding 
until the child’s sixth month of age, complemen-
tary feeding until 2 years of age and appropriate 
introduction of complementary foods [ 35 ]. 

 The “Ten Steps for Healthy Feeding for 
Brazilian Children From Birth to Two Years of 
Age” are: (1) Exclusive breastfeeding up to 
6 months; (2) After 6 months, mothers should 
 continue breastfeeding up to 2 years and 
 gradually introduce complementary foods; (3) 

 Site  Subjects  Intervention strategies  Main fi ndings 

 Aboud et al. (2008), 
Bangladesh 

 One hundred children 
12–24 months of age 
were in the intervention 
group and 102 compa-
rable children were 
enrolled in control group. 
They were followed until 
5 months 
post-intervention 

 Weekly education sessions 
on child nutrition, child 
self-feeding and parent’s 
responsive feeding 

 Children in intervention group 
gained 0.34 kg more weight 
than controls. Child self-feed-
ing behaviour, diet variety and 
mother’s knowledge were better 
in the intervention than control 
group 

 Campbell et al. 
(1998), Pakistan 

 Three hundred and 
seventy-fi ve children aged 
6–24 months were 
recruited from 36 health 
centres and assigned to 
intervention or control. 
They were followed for 
180 days 
post-intervention 

 Health care providers 
received training on 
feeding counselling using 
the Integrated Management 
of Childhood Illness 
(IMCI) module, then they 
discussed with mothers 
regarding the recom-
mended foods and 
frequency of feeding 

 The intervention group had 
signifi cantly higher weight-for-
age score than the control 
group (−1.14 vs. −1.65). 
Mothers in the intervention 
group achieved better 
knowledge 

  Cited with permission obtained: Shi L, Zhang J. Recent evidence of the effectiveness of educational interventions for 
improving complementary feeding practices in developing countries. J Trop Pediatr. April 2010;57(2):91–98
PANP poverty alleviation and nutrition program, WAZ weight-for-age z score, WHZ weight for height z score, 
HAZ height for age z score, INE group intensive nutrition education, INE+SF group intensive nutrition education 
and additional supplementary feeding, MAC mean arm circumference  
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Complementary food should be given 3 times a 
day (two fruits and a meal at lunch) if the child 
was being breastfed; 5 times, if not and the moth-
ers were advised not to use bottles or breastfeed-
ing as pacifi ers; (4) Mealtimes should be adjusted 
to the child’s internal hunger and satiety cues; (5) 
New foods should gradually get thicker up to the 
time the child is able to eat a family meal and 
complementary foods should not be liquefi ed as a 
soup; (6) A wide variety of healthy foods should 
be given every day to ensure intake of different 
nutrients; (7) Daily intake of different fruits and 
vegetables; (8) Avoid offering sugar, sweets, soft 

drinks, salty snacks, cookies, processed and fried 
foods; (9) Good hygienic practices in preparing 
and handling food; (10) Adequate feeding pat-
terns during child illness [ 35 ]. 

 The impact of these Brazilian feeding guide-
lines through maternal counselling during home 
visits in the fi rst year of life showed that the inter-
vention was associated with a higher occurrence 
of exclusive breastfeeding and breastfeeding in 
general (Table  8.2 ) [ 36 ] and lower intake of high- 
energy foods in the fi rst year of life (Table  8.3 ) 
[ 37 ]. In the same group of children, a longitudi-
nal study showed that at preschool age (3–4 years), 

   Table 8.2    Effectiveness of a home-based maternal dietary counselling on breastfeeding practices [ 36 ]   

 Intervention  Control 

 RR  95 % CI   n   %   n   % 

  Feeding practices  
 Exclusive 
breastfeeding 

 <1 month  54  33.3  111  48.0  0.69  0.54–0.90 
 >=4 months  73  45.1  66  28.6  1.58  1.21–2.06 
 =6 months  31  19.1  19  8.2  2.34  1.37–3.99 

 Breastfeeding  At 6 months  114  66.3  134  55.6  1.19  1.02–1.39 
 At 12 months  86  52.8  98  41.9  1.26  1.02–1.55 

  Adapted from Vitolo MR, Bortolini GA, Feldens CA, Drachler ML. [Impacts of the 10 Steps to Healthy Feeding in 
Infants: a randomized fi eld trial]. Cad Saúde Pública. September-October 2005;21(5):1448–1457. Article in Portuguese  

   Table 8.3    Effectiveness of a home-based maternal dietary counselling on energy-dense foods consumption   

 Intervention  n  = 161  Control  n  = 229 

 RR (95 % CI)   n  (%)   n  (%) 

  Consumption in the prior month  
 Candies  102 (63.4)  171 (74.7)  0.85 (0.74–0.98)* 
 Soft drink  118 (73.3)  190 (83.0)  0.88 (0.79–0.99)* 
 Table sugar  151 (93.8)  219 (95.6)  0.98 (0.93–1.03) 
 Honey  52 (32.3)  114 (49.8)  0.65 (0.50–0.84)* 
 Cookies  112 (69.6)  201 (87.8)  0.79 (0.71–0.89)* 
 Chocolate  81 (50.3)  160 (69.9)  0.72 (0.60–0.86)* 
 Salty snacks  113 (70.2)  187 (81.7)  0.86 (0.76–0.97)* 
 LD foods group  57 (35.4)  129 (56.3)  0.62 (0.49–0.80)* 
 SD foods group  27 (16.8)  83 (36.2)  0.46 (0.31–0.68)* 
  Early introduction  
 Honey (<6 months)  32 (19.9)  98 (42.6)  0.47 (0.33–0.66)* 
 Table sugar (<6 months)  97 (60.2)  167 (72.0)  0.84 (0.72–0.97)* 
 Soft drink (<10 months)  74 (45.7)  138 (60.0)  0.76 (0.62–0.93)* 

  Adapted from Vitolo MR, Campagnolo PD, Hoffman DJ. Maternal dietary counseling reduces consumption of energy-
dense foods among infants: a randomized controlled trial J Nutr Educ Behav. Mar 2012, 44(2):140–147 
 SD group: children who had eaten all the following foods, candies, soft drinks, table sugar and honey during the last 
month. LD group: Children who had eaten all the following foods, salty snacks, cookies and chocolate during the last 
month 
 * p  < 0.05  
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the prevalence of children with low- quality diets 
(as assessed by the Healthy Eating Index, HEI) 
was lower in those who participated in the inter-
vention group compared to those who belonged 
to the control group (Table  8.4 ) [ 38 ]. Children in 
the intervention group presented higher intake of 
fruits and vegetables as well as greater dietary 
variety (Table  8.5 ). On the other hand, the inter-
vention group also presented higher cholesterol 

consumption at age 3–4—a result that can be 
explained by the incentive given to mothers in the 
fi rst year of life to offer meat and entrails in order 
to prevent anaemia. However, the intervention 
group’s higher cholesterol consumption did not 
have a negative impact on the children’s lipid lev-
els at school age, as we could observe in the reas-
sessment performed on the same children at age 
7–8. The only changes observed in the serum 

   Table 8.5    Effectiveness of a home-based maternal dietary counselling on diet quality at 3–4 years old [ 38 ]   

 Intervention ( n  = 145)  Control ( n  = 200) 

 Difference, 95 % CI  Min–Max  Mean ± SD  Min–Max  Mean ± SD 

 Grains a   0.83–10.0  5.07 ± 2.22  0.0–10.0     5.18 ± 2.34  −0.11 (−0.60 to 0.38) 
 Meat group a   0.00–10.0  6.19 ± 3.05  0.00–10.0  6.09 ± 3.07  0.10 (−0.56 to 0.75) 
 Vegetables b   0.00–10.0  1.53 ± 2.10  0.00–10.0  1.00 ±1.84  0.53 (0.10–0.95)** 
 Fruits a   0.00–10.0  4.43 ± 3.56  0.00–10.0  3.56 ± 3.29  0.87 (0.15–1.59)* 
 Milk a   0.00–10.0  8.95 ± 2.34  0.00–10.0  8.60 ± 2.77  0.34 (20.20–0.88) 
 Variety a   0.00–10.0  7.15 ± 2.71  0.00–10.0  6.35 ± 2.95  0.80 (0.19–1.42)* 
 Total fat b,c   0.68–10.0  9.15 ± 1.80  0.00–10.0  9.08 ± 1.85  0.07 (−0.32 to 0.46) 
 Sodium b,c   0.00–10.0  8.64 ± 3.22  0.00–10.0  7.73 ± 3.90  0.91 (0.15–1.66) 
 Cholesterol b,c   0.00–10.0  9.39 ± 1.91  0.00–10.0  9.70 ± 1.50  −0.31 (−0.69 to 0.07)* 
 Saturated fat a,c   0.00–10.0  7.25 ± 3.51  0.00–10.0  6.926 ± 3.59  0.33 (−0.43 to 1.09) 

  Adapted from Vitolo MR, Rauber F, Campagnolo PD, Feldens CA, Hoffman DJ. Maternal dietary counseling in the fi rst 
year of life is associated with a higher healthy eating index in childhood. J Nutr. November 2010;140(11):2002–2007 
  a Student’s  t  test 
  b Mann–Whitney test 
     c Lower scores indicate greater intake:
* p  < 0.05; ** p  < 0.01  

   Table 8.4    Effectiveness of a home-based maternal dietary counselling on diet quality at 3–4 years old [ 38 ]   

 Intervention group  n  = 145  Control group  n  = 200  Difference 95 % CI 

  HEI score  
 Mean ± SD  67.7 ± 10.5**  64.2 ± 11.6  3.52 (1.18–5.88) 
 Minimum–maximum  44.4–89.8  31.6–91.0 
 Median (Q1-Q3)  68.6 (59.3–75.3)  65.2 (57.3–72.2) 
  Children with poor diet  ( HEI score < 50 ) 
  n  (%)  6 (4.1) *   28 (14.0)  9.9 (4.1–15.7) 
 RR (95 % CI)  0.30 (0.13–0.70)  1.00 
 NNT (95 % CI)  10.1 (6.3–24.3) 
  Children with a good diet  ( HEI score > 80 ) 
  n  (%)  20 (13.8) *   13 (6.5)  7.3 (0.8–13.8) 
 RR (95 % CI)  2.12 (1.09–4.12)  1.00 

  Adapted from Vitolo MR, Rauber F, Campagnolo PD, Feldens CA, Hoffman DJ. Maternal dietary counseling in 
the fi rst year of life is associated with a higher healthy eating index in childhood. J Nutr. November 
2010;140(11):2002–2007 
    *Different from control,  p  < 0.05 
 **Different from control,  p  < 0.01. HEI scores: poor diet (HEI score, 50 points); diet needs improvement (HEI score 
between 51 and 80 points); good diet (HEI score, 80 points)  
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lipid levels between the control and intervention 
groups were favourable for girls in the interven-
tion group in that their serum HDL levels were 
0.11 mmol/L higher (IC 95 % 0.00–0.20) and tri-
glyceride levels were 0.13 mmol/L lower (IC95% 
−0.25 to −0.01) (Table  8.6 ) [ 39 ].

           Importance of Diet Quality 
in the First Years of Life 

 The transcendence of the problems related to 
inappropriate feeding practices during childhood 
is widely discussed in the literature. The relation-
ship between micronutrient intake and 
 defi ciency- related diseases such as anaemia and 
vitamin A defi ciency has been known for years 
[ 5 ,  40 ]. More recently the literature has described 
the importance of child nutrition for the develop-
ment of non-transmissible chronic diseases [ 6 ]. 

 Nutrition quality in the prenatal period infl u-
ences health conditions later in life [ 41 ]. 
Children who had restricted intrauterine nutri-
tional intake tend to present poor growth in 

childhood and a higher prevalence of long- and 
short-term nutritional disorders [ 42 – 44 ]. Some 
of these associations can be attributed to the 
Barker programming theory in which it is sug-
gested that children who suffered intrauterine 
growth retardation were submitted to metabolic 
adjustments in foetal life in order to survive in 
inadequate circumstances [ 45 ,  46 ]. Such adjust-
ments would be responsible for hormonal and 
metabolic changes which would result in an 
increase in insulin resistance, hypertension and 
cardiovascular diseases in adulthood. 

 In the fi rst years of life, food quality also infl u-
ences health conditions since the ages of 6–24 
months represent a critical period for the preven-
tion of both defi ciency-related and excess-related 
nutritional disorders [ 22 ]. Inadequate comple-
mentary feeding practices are associated with 
diarrhoea, growth retardation and micronutrient 
defi ciencies. Brion et al. [ 47 ], using data from the 
Avon Longitudinal Study of Parents and Children 
(ALSPAC), showed that sodium intake at 4 
months of age was positively associated with 
systolic blood pressure at 7 years of age after 

   Table 8.6    Effectiveness of a home-based maternal dietary counselling on the lipid profi le at 7–8 years old    [ 39 ]   

 7–8 years 

 Difference (95 % CI) 

 Intervention  Control 

 Mean  SD  Mean  SD 

  Boys  ( n = 172 ) 
 TC (mmol/L) a   4.16  0.72  4.22  0.67  −0.04 (−0.27 to 0.14) 
 LDL (mmol/L) a   2.55  0.63  2.57  0.57  −0.02 (−0.19 to 0.17) 
 HDL (mmol/L) a   1.24  0.27  1.30  0.29  −0.06 (−0.14 to 0.03) 
 TC/HDL a   3.46  0.84  3.35  0.65  0.11 (−0.11 to 0.34) 
 Triglycerides (mmol/L) a   0.75 b   0.29  0.74 b   0.31  0.01 (−0.07 to 9.10) 
  Girls  ( n = 132 ) 
 TC (mmol/L) a   4.41  0.76  4.28  0.69  0.13 (−0.11 to 0.39) 
 LDL (mmol/L) a   2.78  0.66  2.68  0.60  0.10 (−0.32 to 0.11) 
 HDL (mmol/L) a   1.30  0.31  1.19  0.27  0.11 (0.00–0.20) c  
 TC/HDL a   3.53  0.75  3.69  0.87  −0.16 (−0.44 to 0.13) 
 Triglycerides (mmol/L) a   0.69 b   0.24  0.82 b   0.42  −0.13 (−0.25 to −0.01) c  

  Adapted from Louzada MLC, Campagnolo PD, Rauber F, Vitolo MR. Long-term effectiveness of maternal dietary 
counseling in a low-income population: a randomized fi eld trial.Pediatrics. Jun 2012, 129(6):e1477–1484 
  TC  total cholesterol,  LDL  low-density lipoprotein,  HDL  high-density lipoprotein,  TC / HDL  total-to-HDL cholesterol 
ratio 
  a Student  t  test was used 
  b These variables were log-transformed for the analyses 
  c Values from intervention group were signifi cantly different from those of the control group ( p  < 0.05)  
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adjusting for age, sex and energy consumption, 
and Herbst et al. [ 48 ] argued that the consump-
tion of added sugar between 1 and 2 years of age 
was related to higher body mass index values at 7 
years of age. In older children, the intake of low- 
quality foods such as French fries, potato chips, 
candies and sugary drinks was associated with 
higher risk of overweight and obesity [ 49 – 51 ]. 
These results may have even more relevant prac-
tical implications considering that childhood eat-
ing habits tend to persist into adulthood [ 52 ]. 

 Therefore, interventions to promote healthy 
feeding practices at the beginning of life have the 
potential to infl uence health conditions through-
out the course of life.  

    Conclusions 

 Considering the importance of mothers in shap-
ing children’s eating habits, the implementation 
of educational interventions that aim to improve 
knowledge and change attitudes and practices in 
this regard becomes fundamental in changing 
behaviour and improving feeding quality for chil-
dren. From the data presented, it can be seen that 
several studies on educational interventions with 
mothers have been published in the last decade 
and have added evidence about the effects of 
such interventions on children’s diet quality and 
nutritional conditions.     
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 Key Points 

•     Women are physiologically vulnerable to inadequate micronutrient 
intakes; they require a more nutrient-dense diet (nutrients per 100 kcal) 
due to higher needs and (usually) lower food intakes than men.  

•   Few studies from resource-poor settings report intakes separately for 
men and women; among these, several document lower or less ade-
quate micronutrient intakes for women than for men.  

•   Gender differences in micronutrient intakes or adequacy are more pro-
nounced in South Asian countries, and are least prominent in studies from 
South America; African studies show varying results.  

•   Studies on gender bias in intra-household food allocation generally con-
fi rm the same pattern of differences between continents.  

•   Both diet quality and micronutrient intakes vary with socioeconomic sta-
tus in developing countries; food security is an important determinant of 
diet quality.  

•   Limited evidence suggests that gender differences in micronutrient 
intake are not exacerbated by poverty.  

•   Women might nevertheless be harder hit by poverty and economic crises 
than men because of their physiological vulnerability and need for nutri-
ent-dense diets.    
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      Abbreviations 

   BMI    Body mass index   
  BMR    Basal metabolic rate   
  FAO    Food and Agriculture Organization of 

the United Nations   
  MAR    Mean adequacy ratio   
  NAR    Nutrient adequacy ratio   
  PA    Prevalence of adequacy   
  WHO    World Health Organization   

           Introduction 

 Women’s micronutrient status is important for their 
current and future health. During pregnancy and 
lactation, their micronutrient status will also impact 
on their offspring’s health, development and sur-
vival [ 1 ]. The childbearing role of women also leads 
to increased requirements for many micronutrients 
through pregnancy, lactation and menstruation [ 2 ]. 
While being physiologically vulnerable to micronu-
trient defi ciencies, women are also often socially 
and economically vulnerable. This chapter aims to 
describe women’s  vulnerability to low diet quality 
in terms of micronutrient intake and to investigate 
how economic disadvantage may further exacerbate 
this vulnerability, based on a literature review. 

 This chapter focuses on adequacy of micronu-
trient intakes, which is both one dimension of diet 
quality and one determinant of micronutrient 
 status. The chapter also has a geographic focus, on 
populations in Africa, Asia and Latin America. 
Micronutrient intakes, like dietary intakes in 
 general, can be assessed using a variety of mea-
surement approaches including weighed records 
of food intake, 24-h recalls, and validated food 
 frequency questionnaires. Micronutrient adequacy 
is quantitatively assessed by comparing estimated 
intakes to reference levels set for individuals and 
populations [ 3 ]. In addition, at population level 
simple dietary diversity indicators have been 
shown to be strongly associated with micronutri-
ent intakes and adequacy, as explained in the 
 chapter “Diet quality in developing countries”, 
and thus may serve as proxy indicators of this 
dimension of diet quality for populations. Other 
diet quality indicators, which are more geared 

towards refl ecting the risk of chronic diseases, are 
not considered in this chapter but have been 
described in several other chapters in this book. 
The aim of this chapter is to describe and summa-
rize the specifi c vulnerability of women to 
 micronutrient-poor diets. The PubMed database 
(years 1990–2011) was searched for  relevant litera-
ture on gender differences in micronutrient intakes 
and allocation of resources within households.  

    Are Women Vulnerable to Low Diet 
Quality and Low Micronutrient 
Intakes? 

    Nutritional Needs of Women and Men 

 Women are physiologically vulnerable to inade-
quate nutrient intakes as compared with men. This 
physiological vulnerability relates mainly to wom-
en’s reproductive role, since menstruation, preg-
nancy and lactation increase needs for nutrients, to 
varying degrees (see Table  9.1 ). Iron needs, in par-
ticular, fl uctuate with physiological status. 
Compared to men, women have an increased need 
for iron from the moment they reach menarche 
until menopause. Women who suffer heavy losses 
are in particular at risk of iron defi ciency [ 4 ]. 
During pregnancy, iron requirements increase sig-
nifi cantly to cover the needs of the growing foetus.

   Requirements for a range of other nutrients 
also increase during pregnancy and lactation 
(Table  9.1 ). Requirements for protein, vitamin A, 
vitamin C, thiamine, ribofl avin, niacin, vitamin 
B6, vitamin B12, folate, iodine, selenium and 
zinc all increase. For most of these nutrients, the 
recommended daily intake for women who are 
pregnant or lactating exceeds the recommended 
daily intake for men. In addition, since women 
often consume less food and have lower energy 
intakes than men [ 5 ], they require diets with a 
higher nutrient density (Fig.  9.1 ). 1  Negative 

   1In Fig.  9.1 , energy intakes used for calculating the required 
nutrient density (per 100 kcal) have been set to the same 
level for pregnant and lactating women as for nonpregnant, 
non-lactating women, since, in communities with restricted 
food access, there is evidence that pregnant and lactating 
women do not increase their energy intakes [ 6 – 10 ].  
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 consequences of inadequate micronutrient intake 
during pregnancy are well documented; however, 
there remain important knowledge gaps [ 2 ,  11 , 
 12 ]. Breast milk micronutrient concentrations are 
affected by the maternal diet. The  micronutrients 
most affected by low maternal intakes and stores 
are thiamine, ribofl avin, vitamin B6, vitamin 
B12, vitamin A and iodine [ 2 ].

       Micronutrient Intakes of Women 
and Men 

 Studies from developing countries describing 
micronutrient intake are scarce. In particular, stud-
ies with representative samples of populations, 
and studies comparing micronutrient intakes of 
men to those of women are extremely rare [ 13 ]. 

  Fig. 9.1    Women’s required nutrient densities for meeting 
recommended micronutrient intakes as percentage of men’s 
required nutrient densities. Nutrient densities based on 
Recommended Dietary Allowances presented in Table  9.1 , 
and an energy intake of 2,150 kcal for women and 2,700 for 
men (based on energy needs as presented in FAO/WHO [ 5 ] 
using a body weight of 60 kg for females and 70 for men and 

a BMR factor (or Physical Activity Level) of 1.65). Required 
iron density during pregnancy is 424 % higher than the 
required iron density for men. This fi gure shows for ( a ) pro-
tein and vitamins and ( b ) minerals that in the case of several 
nutrients, women in general, and in particular pregnant and 
lactating women require higher nutrient density (mg or μg 
nutrients per 100 kcal) than men do       
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Identifi ed studies from low-resource countries 
using dietary recall methods of acceptable quality 2  
generally show similar results (Table  9.2 ). Most 
studies show lower intake and/or less  adequate 
intakes of micronutrients among women as com-
pared to men; however, there are differences 
between countries and continents. Gender differ-
ences are stronger in South Asian countries, 
whereas they are least prominent in the studies 
from South America (Table  9.2 ). In the studies 
from Africa, the Malian and Gabonese examples 
showed distinct differences in adequacy of micro-
nutrient intake between men and women, whereas 
the difference was smaller in South Africa. It is 
important to note, however, that these studies are 
few, and representative neither of their respective 
countries nor of the continents. The studies also 
present a mix of absolute micronutrient intakes 
and measures of micronutrient adequacy.

       Intra-household Food Allocation 

 Most studies dealing with nutritional aspects of 
gender bias within households assessed patterns 
of food allocation. There have been a number of 
publications focusing on gender differences and 
possible gender discrimination in developing 
countries [ 15 – 20 ]. An extensive review was con-
ducted on the subject by Haddad et al. in 1996 [ 15 ]. 
Fourteen studies that compared food intake 
 (primarily energy intake only) of adult men and 
women were included in the review. Among the 
14, males were favoured in seven studies, 
females in two, and fi ve studies showed no 
 difference. Only seven studies adjusted energy 
requirements for activity and body weight. 
Among these, males were favoured in two stud-
ies (South Asia), females were favoured in one 
study (Southeast Asia) and four studies showed 
no difference (three from South Asia and one 
from Southeast Asia). In this review, no studies 
from Africa or Latin America adjusted energy 
requirements for activity and body weight [ 15 ]. 
Later studies identifi ed on this topic, seem to 

confi rm the general view. One study by Sudo 
et al. from Bangladesh found evidence of gender 
bias, showing that women often received a lower 
share of nutritious foods than men [ 19 ]. Two studies 
from South America did not fi nd  evidence of 
this [ 16 ,  21 ]. 

 In Nepal, Gittelsohn et al. [ 22 ] found that 
whereas staple foods were equally distributed, side 
dishes—usually containing a higher proportion of 
micronutrients—were often preferentially allocated 
to valued household members, including adult 
males and small children (of both sexes). 

 Studies of meal customs in African rural 
 subsistence households typically describe a pattern 
where men eat separately from women and small 
children, whereas older children may or may not 
eat separately from women [ 23 ,  24 ]. In one study 
from Benin, van Liere et al. found that men got 
more of the most nutritionally valued foods such 
as animal-source foods, if available, and larger 
portions as compared to women [ 24 ]. A recent 
study among East African Pastoralists showed no 
difference in dietary diversity between adult men 
and women, whereas adult daughters seemed to be 
favoured as compared to adult sons [ 25 ]. A con-
trasting fi nding was reported in a study examining 
experiences of food insecurity among adolescents 
in Ethiopia [ 26 ]. They found that a larger propor-
tion of girls experienced food insecurity compared 
to boys, and food insecure girls also reported more 
illness compared to food insecure boys [ 26 ]. 

 A review by Nube and van den Boom exam-
ined the prevalence of undernutrition (BMI 
<18.5 kg/m 2 ) among women and men in develop-
ing countries, with an underlying theoretical con-
cept that a difference in undernutrition could 
indicate a bias in intra-household food allocation 
[ 27 ]. Their review showed that there are regional 
variations in the  difference in rates of undernutri-
tion between women and men. In communities in 
Sub-Saharan Africa, prevalence of low BMI was 
on average a few percentage points higher in men 
than in women; in South/Southeast Asia, the 
reverse was the case. Undernutrition rates in 
Latin America were low and slightly higher 
among women than men. These results reinforce 
the fi ndings from Table  9.2 , that there might be 
regional differences in any gender bias of intra- 
household food allocation.  

   2 Either multiple-day records, validated food frequency 
questionnaires or repeated 24-h recalls.  
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     Table 9.2    Examples of dietary assessment studies from low-resource countries comparing micronutrient intakes of 
women and men   

 Source  Country  Sample type 
 Measure of food 
consumption  Main conclusion 

  Africa  
 Macintyre et al. [ 38 ]  South Africa  Cross-sectional study 

in an African 
population from 
the North West 
Province of 
South Africa; 
 n  = 1,008 females 
and 743 males 

 Validated quantitative 
food frequency 
questionnaire 

 Intakes of most 
micronutrients were 
higher (not statistically 
tested) for men 
compared with women 
within each stratum of 
urbanization. Exceptions 
were intakes of vitamin 
A and C which were in 
general higher in women 

 Torheim et al. [ 14 ]  Mali  Cross-sectional study 
in a rural Malian 
population; 
 n  = 275 females 
and 227 males 

 Validated quantitative 
food frequency 
questionnaire 

 Mean adequacy ratio 
(MAR) a  was signifi -
cantly higher in men 
(0.91, SD 0.08) as 
compared with women 
(0.84, SD 0.11,  p  < 0.001 
in multiple regression 
model adjusting for other 
variables) 

 Blaney et al. [ 52 ]  Gabon  Repeated cross- 
sectional study; 
 n  = 194 adults 

 7-day food consump-
tion survey 

 Global nutrient 
adequacy b  was signifi -
cantly higher in men (3.3 
(SE 0.1)) as compared 
with women (2.9 (SE 
0.1),  p  < 0.001) 

  Asia  
 Gittelsohn et al. [ 22 ]  Nepal  Ethnographic study 

of 767 individuals 
in 105 house
holds (numbers 
of adult women 
and men were 
not given) 

 Direct observation 
of meals, and 
visual estimation 
of amounts 

 Women had signifi cantly 
lower intakes and lower 
nutrient adequacy ratios 
of energy, beta-carotene, 
ribofl avin and vitamin C 
as compared with men. 

 Venkaiah et al. [ 53 ]  India  Cross-sectional study 
in nine states in 
India;  n  = 2,579 
females and males, 
10–18 years 

 24-h recall  Intake of energy and all 
the nine nutrients 
analyzed were signifi -
cantly higher in boys as 
compared with girls 
( p -values not presented) 

 Chiplonkars et al. [ 54 ]  India  A cross-sectional 
study in rural 
and urban 
communities in 
India;  n  = 56 
females and 168 
males 

 Validated quantitative 
food frequency 
questionnaire 

 Intakes of most 
micronutrients were 
higher ( p  < 0.01) for men 
compared with women 
with the exception of 
vitamin C and 
ß-carotene 

 Sudo et al. 2006 [ 18 ]  Nepal  Cross-sectional study 
in Hindi communities 
in lowland 
Nepal;  n  = 195 
females and 122 
males 

 Food frequency 
questionnaire 

 Intakes of energy and the 
seven nutrients analyzed 
were signifi cantly higher 
in men as compared with 
women ( p  < 0.001) 

(continued)
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    Underlying Causes of Gender 
Differences in Food Intake 

 Women are disadvantaged in many ways in all 
countries in the world, as is refl ected in the United 
Nation’s Gender Index [ 28 ]. This index com-
prises indicators related to women’s reproductive 
health, and indicators of differences in empower-
ment and labour market access by men and 
women. An ideal fi gure of zero would indicate no 
gender difference. Whereas Europe has an average 
score of 31 %, South Asia and Sub-Saharan 
Africa are at the bottom with average scores 
of 60 % and 61 %, respectively. Sweden, the 
Netherlands and Denmark have the lowest scores 
(5–6 %) and Yemen, Chad and Niger the highest 
scores (72–77 %). 

 In her overview of intra-household allocation 
of food and health care, Messer claims that male- 
biased “investment” is common in patrilineal, 
patrilocal societies where inheritance is from 
father to son and sons establish homes close to or 
within the father’s family [ 20 ]. In particular in 
South Asia, strong gender-based differentials in 
status are reported [ 29 – 31 ]. Research from India 
fi nds that women are often regarded as economic 

burdens [ 32 ]. There is a strong preference for sons 
in India because they are expected to care for aging 
parents. Daughters, on the other hand, leave their 
parents once they are married, and their families 
incur high dowry costs. Discrimination in alloca-
tion of food is consistent with broader gender bias, 
at least in some South Asian societies [ 20 ]. 

 Also in South Asia, in Nepal Gittelsohn et al. 
explained the observed pattern of biased intra- 
household food distribution as a refl ection of a 
complex food belief system guiding food selection, 
preparation, serving and consumption. This system 
also included normative patterns of favouring/
disfavouring household members based on their 
age and gender. Beginning in early adulthood, 
adult females were disfavoured [ 22 ]. 

 However Messer [ 20 ] also suggests that food 
or care may be apportioned to individuals in the 
household to meet outcome goals such as income 
generation, healthiness, social insurance or secu-
rity. In a study from Burkina Faso, Sauerborn 
et al. found that sick children were allocated fewer 
resources for health care compared to that of sick 
adults [ 33 ]. There were no gender differences 
observed—neither for children nor adults. While 
children were nonproductive, women were shown 

 Source  Country  Sample type 
 Measure of food 
consumption  Main conclusion 

  Latin America  
 Barquera et al. [ 37 ]  Mexico  Nationally representative 

cross-sectional 
survey;  n  = 9 848 
females and 5 898 
males 

 Food frequency 
questionnaire 

 Prevalence of adequacy 
(PA) of iron, folate and 
calcium was higher in 
men than in women, 
whereas PA of vitamin 
A, vitamin C and zinc 
was higher in women 

 Berti and Leonard [ 55 ]  Ecuador  Cross-sectional study 
in one village in 
Ecuador;  n  = 41 
females and 39 
males >20 years 

 Repeated 24-h recalls 
(on average 3.6 days) 

 There were no signifi -
cant differences in intake 
of micronutrients 

  This table presents examples of published studies from resource-poor countries comparing micronutrient intakes of 
women and men. It shows a general pattern of larger differences in micronutrient intakes between men and women in 
South Asia than in Sub-Saharan Africa and Latin America 
  a The mean adequacy ratio (MAR) was calculated as the mean of nutrient adequacy ratios (NARs) for the intake of 
energy and nine nutrients, each truncated at one. The NAR for a given nutrient was calculated as the ratio of a subject’s 
intake to the current recommended allowance. Thus, maximum score was 1 
  b Global nutrient adequacy was calculated by adding the ratio of the subjects’ nutrient intakes to the Estimated Average 
Requirement for the nutrient, each truncated at one, for four nutrients. Thus, maximum score was 4  

Table 9.2 (continued)
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to contribute as much to household production as 
men, and their health appeared to be valued 
equally with that of men. As a consequence, 
according to Messer, intra-household food alloca-
tions are non-egalitarian; they tend to be biased 
categorically toward those perceived to be more 
physically and economically active and therefore 
to have greater nutritional needs, and not towards 
those who are most vulnerable nutritionally [ 20 ]. 

 Two studies from Latin America are consistent 
with this view of the primacy of economic roles. 
In Guatemala, Engle and Nieves studied intra-
household distribution to examine two hypothe-
sized patterns: a “Contributors Rule”, where 
individuals considered in the culture to have 
higher economic value would receive a higher per-
centage of the family’s food; and a “Needs Rule”, 
in which those considered to have a greater need 
(but not contribution) would receive a higher per-
centage of the family’s food [ 34 ]. Findings showed 
no gender or age differences in nutrient adequacy 
scores, however, wage earners and heads of house-
holds (whether male or female) received a higher 
proportion of energy and/or protein as compared 
to the rest of the household. Engle and Nieves con-
cluded that observed patterns of intra-household 
distribution were better explained by the 
“Contributors Rule”. Berti et al. also found no dif-
ferences in food intake between men and women 
in the Bolivian Andes [ 21 ]. The authors specu-
lated that rather than refl ecting an idea of equity, 
this related to the economic role of women, which 
involved heavy physical work [ 21 ].   

    How Does Economic Vulnerability 
Effect Women’s Diet Quality and 
Micronutrient Intake? 

    Socioeconomic Status, Food Security 
and Micronutrient Intake 

 We previously documented widespread inade-
quacies in micronutrient intakes among women 
living in resource-poor settings [ 10 ]. These 
results were confi rmed by another study from 
Burkina Faso, Mali, Mozambique, Bangladesh 
and the Philippines [ 35 ]. 

 Economic vulnerability as assessed by socio-
economic status has been shown to have strong 
links with diet quality and micronutrient intakes 
in developing countries. Studies comparing 
intakes across socioeconomic groups fi nd, in 
general, that diet quality and micronutrient ade-
quacy increase with increasing socioeconomic 
status [ 36 ]. For example, the Mexican National 
Health and Nutrition Survey fi nds a signifi cantly 
increasing probability of adequacy with increas-
ing socioeconomic status for all micronutrients 
tested [ 37 ]. This has also been found in studies 
from Africa [ 14 ,  38 ,  39 ] and Asia [ 40 ]. Dietary 
diversity has also repeatedly been shown to have 
a positive association with socioeconomic status 
[ 41 – 44 ]. However, Gittelsohn et al. noted that in 
Nepal, whereas wealthier households do better 
nutritionally than poorer households, higher 
castes eat a decreased variety of food and run a 
greater risk of certain nutrient defi ciencies [ 22 ]. 

 The relationship between poverty and diet 
quality is mediated by food security, in its broad-
est sense. According to the defi nition adopted at 
the World Food Summit in 1996 [ 45 ], food 
 security encompasses “physical and economic 
access to suffi cient, safe, and nutritious food to 
meet … dietary needs and food preferences for 
an active and healthy life”. Thus, food security 
requires access not only to suffi cient energy, but 
also to foods that will provide micronutrient 
adequacy. 

 Previously, most diet-based indicators of food 
insecurity estimated energy adequacy, but not 
micronutrient adequacy. However, energy is rela-
tively cheap to obtain compared to micronutrients 
which require the consumption of animal foods 
and/or fruits and vegetables [ 46 ,  47 ]. Bouis et al. 
showed how increases in staple food prices (mainly 
rice) in Bangladesh led to a slight decrease in 
energy intake (5–15 %) but a much larger reduc-
tion in iron intake (10–30 %) [ 47 ]. They hypothe-
size that poor people adjust to increasing food 
prices by reducing non-staple food expenditures, 
and consequently reducing their diet quality and 
micronutrient intake. The priority given to pur-
chase of staple foods refl ects both the need for 
assuring energy intake and the fact that non- staple 
foods typically are more expensive. 
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 High levels of concurrent overweight and 
micronutrient defi ciency in the form of anaemia 
have been described in Mexico, Egypt and Peru 
[ 48 ], and anaemia was more prevalent in lower 
socioeconomic groups. This might refl ect a situa-
tion in which food insecurity in countries in eco-
nomic transition is increasingly accompanied by 
overconsumption of energy in the form of cheap 
oil and refi ned products, leading to concurrent 
obesity and micronutrient defi ciencies. This 
underscores the importance of considering diet 
quality—not just energy suffi ciency—when 
assessing food security [ 46 ,  47 ].  

    Gender and Food Insecurity 

 The body of evidence presented above shows that 
women are at high risk of inadequate micronutri-
ent intake during economic stress, particularly 
when they are disadvantaged in intra-household 
allocation of nutrient-dense foods. Regardless of 
allocation, however, in poor households, a further 
drop in diet quality will result in increased risks 
of micronutrient inadequacy for women. 

 Note also that intra-household gender differences 
are not necessarily exacerbated by poverty. Filmer 
et al. explored the relationship between per capita 
income and gender disparity and found no rela-
tionship in either South Asian or non- South Asian 
contexts [ 49 ]. They conclude that low income is 
not one of the explanations of the high levels of 
gender disparity in South Asia. From a review of 
Indian case studies, Miller comes to similar con-
clusions for India [ 50 ]: “Daughter discrimination 
does not characterize the poor, anywhere in India. 
If anything, greater disparities and malnutrition 
are found among propertied groups and among 
the more educated”. 

 Besides inadequate diet quality, poverty and 
food insecurity may affect women disproportion-
ally in several other ways [ 46 ]. Women are usu-
ally the primary caretakers of children and play a 
main role in obtaining and preparing food. In 
times of crises, they may carry a heavier burden 
than male household members. This often 
includes sacrifi cing their own food for their 
 family, taking up extra work and even high-risk 

strategies to secure the food intake of the family. 
For example, in Indonesia mothers buffered the 
effects of an economic crisis on children by eat-
ing less, but at the expense of their own nutri-
tional status [ 51 ].   

    Conclusions 

 This chapter documents that women are physi-
ologically vulnerable to inadequate micronutri-
ent intakes; they require a more nutrient-dense 
diet (nutrients per 100 kcal) due to higher needs 
and (usually) lower food intakes than men. 
Although documentation is scarce, there is evi-
dence that in many settings, women have lower 
or less adequate micronutrient intakes than 
men. These gender differences in micronutrient 
intakes or adequacy are most pronounced in 
South Asian countries, and are least prominent 
in studies from South America; African studies 
show varying results. Studies on gender bias in 
intra-household food allocation generally con-
fi rm the same  pattern of differences between 
continents. Biased allocation of food may be 
cultural, linked to a lower status of women, 
and/or it may be linked to economic roles, with 
more food allocated to household members 
based on actual or perceived economic contri-
butions to the household. Both diet quality and 
micronutrient intakes vary with socioeconomic 
status in developing countries, and food secu-
rity is an important determinant of diet quality. 
It is important to note that available evidence, 
though limited, suggests that gender differ-
ences in micronutrient intake are not exacer-
bated by poverty. However, globally, and 
regardless of the presence or absence of biased 
allocation of resources, poor women are very 
vulnerable to micronutrient defi ciencies associ-
ated with low quality diets in combination with 
high needs. Risks of inadequacy increase when 
households are food insecure, whether due to 
seasonal shortages, economic shocks or other 
household crises.     

  Acknowledgement     The authors thank Shubha Yesupriya 
for excellent research assistance.  

9 Diet Quality, Micronutrient Intakes and Economic Vulnerability of Women



114

   References 

    1.    Bartley KA, Underwood BA, Deckelbaum RJ. A life 
cycle micronutrient perspective for women’s health. 
Am J Clin Nutr. 2005;81:1188S–93.  

      2.    Allen LH. Multiple micronutrients in pregnancy and 
lactation: an overview. Am J Clin Nutr. 2005;81:
1206S–12.  

    3.    Murphy SP, Poos MI. Dietary Reference Intakes: 
summary of applications in dietary assessment. Public 
Health Nutr. 2002;5:843–9.  

    4.    IOM (Institute of Medicine). Dietary reference intakes 
for vitamin A, vitamin K, arsenic, boron, chromium, 
copper, iodine, iron, manganese, molybdenum, nickel, 
silicon, vanadium, and zinc. Washington DC: National 
Academy Press; 2000.  

     5.   FAO/WHO/UNU. Human energy requirement. 
Report of a Joint FAO/WHO/UNU Expert 
Consultation, Rome, Italy, 17–24 Oct 2001. Rome: 
FAO/WHO/UNU; 2001.  

    6.    Dufour DL, Reina JC, Spurr GB. Food and macronu-
trient intake of economically disadvantaged pregnant 
women in Colombia. Am J Hum Biol. 1999;11:
753–62.  

   7.    Hutter I. Reduction of food intake during pregnancy 
in rural south India. Trop Med Int Health. 1996;1:
399–405.  

   8.    Huybregts LF, Roberfroid DA, Kolsteren PW, Van 
Camp JH. Dietary behaviour, food and nutrient intake 
of pregnant women in a rural community in Burkina 
Faso. Matern Child Nutr. 2009;5:211–22.  

   9.    Prentice AM, Whitehead RG, Roberts SB, Paul AA. 
Long-term energy balance in child-bearing Gambian 
women. Am J Clin Nutr. 1981;34:2790–9.  

     10.    Torheim LE, Ferguson EL, Penrose K, Arimond M. 
Women in resource-poor settings are at risk of inade-
quate intakes of multiple micronutrients. J Nutr. 
2010;140:2051S–8.  

    11.    Black RE, Allen LH, Bhutta ZA, et al. Maternal and 
child undernutrition: global and regional exposures 
and health consequences. Lancet. 2008;371:243–60.  

    12.    Christian P, Stewart CP. Maternal micronutrient defi -
ciency, fetal development, and the risk of chronic dis-
ease. J Nutr. 2010;140:437–45.  

    13.    Webb P, Nishida C, Darnton-Hill I. Age and gender as 
factors in the distribution of global micronutrient defi -
ciencies. Nutr Rev. 2007;65:233–45.  

     14.    Torheim LE, Ouattara F, Diarra MM, et al. Nutrient 
adequacy and dietary diversity in rural Mali: associa-
tion and determinants. Eur J Clin Nutr. 2004;58:
594–604.  

      15.    Haddad L, Peña C, Nishida C, Quisumbing A, Slack 
A. Food security and nutrition implications of intra-
household bias: a review of literature. Washington DC: 
International Food Policy Research Institute; 1996.  

    16.    Graham MA. Food allocation in rural Peruvian house-
holds: concepts and behavior regarding children. Soc 
Sci Med. 1997;44:1697–709.  

   17.    Gittelsohn J, Thapa M, Landman LT. Cultural factors, 
caloric intake and micronutrient suffi ciency in rural 
Nepali households. Soc Sci Med. 1997;44:1739–49.  

    18.    Sudo N, Sekiyama M, Maharjan M, Ohtsuka R. 
Gender differences in dietary intake among adults of 
Hindu communities in lowland Nepal: assessment of 
portion sizes and food consumption frequencies. Eur J 
Clin Nutr. 2006;60:469–77.  

    19.    Sudo N, Sekiyama M, Watanabe C, Bokul AT, 
Ohtsuka R. Gender differences in food and energy 
intake among adult villagers in northwestern 
Bangladesh: a food frequency questionnaire survey. 
Int J Food Sci Nutr. 2004;55:499–509.  

        20.    Messer E. Intra-household allocation of food and 
health care: current fi ndings and understandings—
introduction. Soc Sci Med. 1997;44:1675–84.  

      21.    Berti PR, Jones AD, Cruz Y, Larrea S, Borja R, 
Sherwood S. Assessment and characterization of the 
diet of an isolated population in the Bolivian Andes. 
Am J Hum Biol. 2010;22:741–9.  

       22.    Gittelsohn J, Thapa M, Landman LT. Opening the 
box: intrahousehold food allocation in rural Nepal. 
Soc Sci Med. 1991;33:1141–54.  

    23.    Hudson GJ. Food intake in a West-African village. 
Estimation of food intake from a shared bowl. Br J 
Nutr. 1995;73:551–69.  

     24.    van Liere MJ, Brouwer ID, den Hartog AP. A food 
ethnography of the Otammari in north-western Benin: 
a systematic approach. Ecol Food Nutr. 1992;34:
293–310.  

    25.    Villa KM, Barrett CB, Just DR. Whose fast and whose 
feast? Intrahousehold asymmetries in dietary diversity 
response among East African pastoralists. Am J Agr 
Econ. 2011;93:1062–81.  

     26.    Belachew T, Hadley C, Lindstrom D, et al. Gender 
differences in food insecurity and morbidity among 
adolescents in southwest Ethiopia. Pediatrics. 2010;
127:e398–405.  

    27.    Nube M, Van Den Boom GJ. Gender and adult under-
nutrition in developing countries. Ann Hum Biol. 
2003;30:520–37.  

    28.    United Nations Development Programme. Human 
Development Report 2011. Sustainability and equity: 
a better future for all. New York: UNDP; 2011.  

    29.    Osmani S, Sen A. The hidden penalties of gender 
inequality: fetal origins of ill-health. Econ Hum Biol. 
2003;1:105–21.  

   30.    Winkvist A, Akhtar HZ. God should give daughters to 
rich families only: attitudes towards childbearing 
among low-income women in Punjab. Pak Soc Sci 
Med. 2000;51:73–81.  

    31.    Haddad L. Women’s status: levels, determinants, con-
sequences for malnutrition, interventions, and policy. 
Asian Dev Rev. 1999;17:96–131.  

    32.    Saha UC, Saha KB. A trend in women’s health in 
India—what has been achieved and what can be done. 
Rural Remote Health. 2010;10:1260.  

    33.    Sauerborn R, Berman P, Nougtara A. Age bias, but no 
gender bias, in the intra-household resource allocation 

L.E. Torheim and M. Arimond



115

for health care in rural Burkina Faso. Health Trans 
Rev. 1996;6:131–45.  

    34.    Engle PL, Nieves I. Intra-household food distribution 
among Guatemalan families in a supplementary feed-
ing program: behavior patterns. Soc Sci Med. 1993;
36:1605–12.  

    35.    Arimond M, Wiesmann D, Becquey E, et al. Simple 
food group diversity indicators predict micronutrient 
adequacy of women’s diets in fi ve diverse, resource- 
poor settings. J Nutr. 2010;140:2059S–69.  

    36.    Vlismas K, Stavrinos V, Panagiotakos DB. Socio- 
economic status, dietary habits and health-related out-
comes in various parts of the world: a review. Cent 
Eur J Public Health. 2009;17:55–63.  

     37.    Barquera S, Hernandez-Barrera L, Campos-Nonato I, 
et al. Energy and nutrient consumption in adults: 
analysis of the Mexican National Health and 
Nutrition Survey 2006. Salud Publica Mex. 2009;
51:S562–73.  

     38.    MacIntyre U, Kruger H, Venter C, Vorster H. Dietary 
intakes of an African population in different stages of 
transition in the North West Province, South Africa: 
the THUSA study. Nutr Res. 2002;22:239–56.  

    39.    Kamau-Mbuthia E, Elmadfa I. Diet quality of preg-
nant women attending an antenatal clinic in Nakuru, 
Kenya. Ann Nutr Metab. 2007;51:324–30.  

    40.    Hartini TN, Winkvist A, Lindholm L, et al. Nutrient 
intake and iron status of urban poor and rural poor 
without access to rice fi elds are affected by the 
emerging economic crisis: the case of pregnant 
Indonesian women. Eur J Clin Nutr. 2003;57:
654–66.  

    41.    Clausen T, Charlton KE, Gobotswang KS, Holmboe- 
Ottesen G. Predictors of food variety and dietary 
diversity among older persons in Botswana. Nutrition. 
2005;21:86–95.  

   42.    Hatloy A, Hallund J, Diarra MM, Oshaug A. Food 
variety, socioeconomic status and nutritional status in 
urban and rural areas in Koutiala (Mali). Public Health 
Nutr. 2000;3:57–65.  

   43.    Ponce X, Ramirez E, Delisle H. A more diversifi ed 
diet among Mexican men may also be more athero-
genic. J Nutr. 2006;136:2921–7.  

    44.    Savy M, Martin-Prével Y, Sawadogo P, Kameli Y, 
Delpeuch F. Use of variety/diversity scores for diet 

quality measurement: relation with nutritional status 
of women in a rural area in Burkina Faso. Eur J Clin 
Nutr. 2005;59:703–16.  

    45.   Food and Agriculture Organization of the United 
Nations. Rome declaration on world food security and 
world food summit plan of action. World Food 
Summit 13–17 November 1996. Rome: FAO; 1996.  

      46.    Ivers LC, Cullen KA. Food insecurity: special consider-
ations for women. Am J Clin Nutr. 2011;94:1740S–4.  

     47.    Buois HE, Eozenou P, Rahman A. Food prices, 
household income, and resource allocation: socioeco-
nomic perspectives on their effects on dietary quality 
and nutritional status. Food Nutr Bull. 2011;32:
S14–23.  

    48.    Eckhardt CL, Torheim LE, Monterrubio E, Barquera 
S, Ruel MT. The overlap of overweight and anae-
mia among women in three countries undergoing 
the nutrition transition. Eur J Clin Nutr. 2008;62:
238–46.  

    49.    Filmer D, King EM, Pritchett L. Gender disparity in 
South Asia: comparisons between and within coun-
tries. Washington DC: World Bank; 1998.  

     50.    Miller BD. Social class, gender and intrahousehold 
food allocations to children in South Asia. Soc Sci 
Med. 1997;44:1685–95.  

    51.    Block SA, Kiess L, Webb P, et al. Macro shocks and 
micro outcomes: child nutrition during Indonesia’s 
crisis. Econ Hum Biol. 2004;2:21–44.  

    52.    Blaney S, Beaudry M, Latham M, Thibault M. 
Nutritional status and dietary adequacy in rural com-
munities of a protected area in Gabon. Public Health 
Nutr. 2009;12:1946–59.  

    53.    Venkaiah K, Damayanti K, Nayak MU, Vijayaraghavan 
K. Diet and nutritional status of rural adolescents in 
India. Eur J Clin Nutr. 2002;56:1119–25.  

    54.    Chiplonkars SA, Agte VV, Tarwadi KV, 
Paknikar KM, Diwate UP. Micronutrient defi ciencies 
as predisposing factors for hypertension in lacto-
vegetarian Indian adults. J Am Coll Nutr. 2004;223:
239–47.  

    55.    Berti PR, Leonard WR. Demographic and socioeco-
nomic determinants of variation in food and nutrient 
intake in an Andean community. Am J Phys 
Anthropol. 1998;105:407–17.     

9 Diet Quality, Micronutrient Intakes and Economic Vulnerability of Women



   Part III 

   Life Stages: Children and Seniors        



119V.R. Preedy et al. (eds.), Diet Quality: An Evidence-Based Approach, Volume 1, Nutrition and Health,
DOI 10.1007/978-1-4614-7339-8_10, © Springer Science+Business Media New York 2013

      Abbreviations 

   BRFSS    Behavioral risk factor surveillance survey   
   C     Control   
  DGA    Dietary Guidelines for Americans   

  f/u    Follow-up   
  FJV    Fruit, juice, and vegetables   
  FV    Fruit and vegetables   
  HBM    Health Behavior Model   
   I     Intervention   
  PA    Physical activity   
  SCT    Social Cognitive Theory   
  SEM    Social Ecological Model   
  SLT    Social Learning Theory   
  svgs    Servings   
  TTM     Trans-theoretical model of behavior change   
  yr    Year   
  yrs    Years   

            M.     Hingle           (*)     
  Department of Nutritional Sciences , 
 University of Arizona ,   1177 East 4th Street, Shantz 
Building, Room 328 ,  Tucson ,  AZ   85721 ,  USA   
 e-mail: hinglem@u.arizona.edu  

 10

 Keywords 

   Diet quality   •   Children   •   Adolescents   •   Interventions   •   Disease prevention   
•   Health promotion   •   Fruit and vegetable   •   Nutrient dense 

      Interventions to Improve Dietary 
Quality in Children 

           Melanie     Hingle    

 Key Points 

•     Dietary patterns research of children and adolescents demonstrates 
relationships between diet quality and specifi c behaviors related to 
food consumption and adiposity.  

•   Improvement in diet quality was not an explicit intervention goal of any 
of the included studies.  

•   The majority of intervention studies designed to improve diet quality in 
children take place in school-based settings.  

•   Attempts to intervene on diet quality of children and adolescents have 
been met with extremely modest effects.  

•   Currently, it is not possible to determine whether observed behavioral 
changes within intervention studies are attributable to specifi c interven-
tion components or to other unidentifi ed factor(s).    
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           Introduction 

    Nutrient intake recommendations have been 
established to provide guidelines for nourishment 
and health in humans. Although obtaining ade-
quate amounts of nutrients to meet basic needs 
remains a challenge for a signifi cant proportion 
of the world’s population [ 1 ], a growing number 
of individuals are facing a different type of nutri-
tional challenge—selected nutrient inadequacy 
combined with too  many  calories. This dietary 
profi le is often referred to as “overnutrition,” and 
when prolonged, can lead to the development of 
overweight and obesity. 

 As obesity reaches epidemic levels around the 
world [ 2 ], nutrition and health professionals seek 
methods by which to characterize and promote 
nutrient-dense diets that at the same time, support 
a healthy weight. The construct of  diet quality  
represents one such way to do so. Diet quality 
implies a qualitative measure, however, this con-
struct has been used to quantitatively evaluate 
different aspects of dietary intake, including: 
adequacy of nutrient intake (i.e., compliance with 
dietary recommendations), nutrient density (ratio 
of total nutrient content in grams to total energy 
content in kilocalories or joules), dietary energy 
density (available dietary energy per unit of food) 
[ 3 ], dietary variety (number of different food 
items consumed over a given period) [ 4 ], and 
dietary diversity (number of different food items 
within same food group). 

  Relationships between diet quality and disease 
outcomes . To health professionals who wish to 
intervene on health and weight in specifi c popu-
lations, the most useful diet quality indexes are 
those that may be linked to specifi c health out-
comes. In adults, a high quality diet (in general, 
consisting of high vegetable, fruit and whole 
grain intake, moderate consumption of mono- 
and polyunsaturated fatty acids, and low-fat 
dairy and no or lean animal meat intake) has 
been associated with lower risk for coronary 
heart disease [ 5 ], cancer [ 6 ], ischemic stroke [ 7 ], 
Type 2 diabetes mellitus [ 8 ], and reduced adi-
posity gain [ 9 ]. 

 In children, relationships between diet and 
disease are less clear, in part, because diet-
mediated chronic diseases (e.g., Type 2 diabetes 
or cardiovascular disease) typically do not mani-
fest during childhood. However, there are cross-
sectional and longitudinal data that provide 
insight into the typical dietary patterns of children 
and adolescents, and importantly, demonstrate 
relationships between diet quality and specifi c 
behaviors related to food consumption, as well as 
intermediate health indicators such as biomarkers 
(e.g., blood glucose, insulin) and weight status. 
These relationships provide a foundation and 
rationale for interventions designed to impact the 
diet quality of children. 

  Trends in food consumption and correlates of diet 
quality in children . Child and adolescent food 
and beverage choices have shifted substantially 
over the past 3 decades [ 10 ]. Arguably, some of 
the most infl uential factors behind this shift in 
dietary choices have been the increasing avail-
ability of high-calorie, low-nutrient-dense foods 
and the number of foods prepared and eaten away 
from the home [ 11 ]. Between the late 1970s and 
the late 1990s, the proportion of US adolescents’ 
food consumption from restaurants tripled (from 
6.5 to 19.3 %) [ 12 ]. Data from the US National 
Health and Nutrition Examination Survey 
(NHANES) in 2003–2006 indicated that major 
contributors to the diets of children and adoles-
cents (ages 2–18 years) were grain desserts, 
pizza, and soft drinks. In this same sample of 
youth, 40 % of total daily calories (~800 kcal/
day) consumed were comprised of these “empty 
calories” (i.e., high-calorie, low-nutrient-dense 
foods)—half of these calories were from solid 
fats (consumed as part of whole milk products, 
pizza, and grain/dairy desserts), and the other 
half from added sugars (primarily from soft 
drinks and sugar-sweetened fruit drinks) [ 13 ]. 
At the same time, over 80 % of American children 
and adolescents did not meet recommended 
amounts of fruit and vegetable consumption [ 14 ]. 
Taken together, these data highlight nutrients and 
food groups in need of improvement. 

 In order to guide the behavioral targets of 
dietary interventions for this age group, it is important 
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to identify specifi c behaviors associated with diet 
quality in children. Ostensibly, interventions 
designed to impact diet quality should when 
possible, focus on encouraging behaviors that 
have the most potential to impact diet quality 
while discouraging those that negatively impact 
diet quality. Signifi cant correlates of diet quality 
in children include family meals (+diet quality) 
[ 15 ], consumption of fast foods or foods away 
from home (−diet quality) [ 16 ], availability of 
fruits and vegetables in the home (+diet quality) 
[ 17 ,  18 ], snacking frequency (−diet quality for 
sugar and fats but +diet quality for fruit) [ 19 ], and 
meal skipping (−diet quality) [ 20 ]. 

 A closer look at published studies of child 
dietary interventions is warranted to:
    1.    Examine how diet quality has been defi ned 

and operationalized within the context of 
interventions targeting the dietary behavior of 
children and adolescents.   

   2.    Identify successful elements that exist across 
interventions.   

   3.    Suggest additional research, evaluation, tools, 
or data that are needed to inform the design of 
effective diet quality interventions for this 
population.      

    Interventions to Improve Diet 
Quality in Children 

 The child dietary intervention literature is expan-
sive. However, diet quality per se has not been a 
review topic, perhaps because interventions that 
seek to impact diet behaviors by design improve 
diet quality. 

 A literature search was performed using elec-
tronic databases such as PubMed, ERIC, 
PsychINFO, and Google Scholar to identify inter-
ventions that sought to improve diet quality in 
children. The search was limited to primary 
research articles, systematic reviews, guidelines 
and recommendations and policy reports pub-
lished up to December 2011 that reported on 
dietary interventions that enrolled children and 
adolescents (2–18 years). This review was focused 
to include only human, English, clinical trial, or 
randomized controlled trials conducted at schools 

or in the community, recognizing that other types 
of interventions (e.g., one-on-one counseling, or 
broad public health or environmental campaigns) 
are important but beyond the scope of this chapter. 
Studies were limited to those whose primary aim 
was to increase fruit, vegetable, and whole grain 
intake, and/or reduce the intake of high-calorie, 
low-nutrient foods. Studies were also limited to 
those which employed designs that could be cat-
egorized as “large pragmatic trials,” as these types 
of interventions are implemented with relatively 
unselected participants and under fl exible condi-
tions. In theory, these studies should provide the 
most practical, generalizable information about 
behavior change strategies that result in improved 
diet quality in children. 

    Summary of Findings 

 A total of 19 studies met the inclusion criteria. 
The majority of studies enrolled youth between 
6 and 12 years of age (Table  10.1 ).

    Study outcomes . Twelve of 19 interventions 
focused only on dietary outcomes [ 21 – 33 ] and 
seven on diet plus physical activity or media 
screen time use [ 34 – 40 ]. Eleven studies had a 
positive impact on diet [ 22 ,  25 ,  26 ,  29 – 32 ,  34 ,  35 , 
 38 ,  40 ]. These were very modest effects, ranging 
from increases of 0.3–0.94 servings of fruit and 
vegetables daily. Four studies reported mixed 
effects—that is, the intervention had a greater 
impact on girls but not boys [ 21 ,  23 ,  36 ], children 
who started out with lowest intakes of fruits/veg-
etables made the most gains (compared to those 
who already met guidelines) [ 24 ], and, normal 
weight but not overweight children improved [ 33 ]. 
Three studies reported no signifi cant effects on 
dietary outcomes [ 27 ,  37 ,  39 ]. No studies reported 
detrimental effects on diet quality. 

  Defi nitions of diet quality . Improvement in diet 
quality was not an explicit intervention goal of any 
of the included studies. For the majority of these 
studies, disease prevention (e.g., prevention of 
 cancer, obesity, CVD) was the explicit goal, and 
to achieve this, investigators typically promoted 
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increased fruit and vegetable intake and decreased 
fat intake [ 23 ,  25 ,  27 ,  29 ,  30 ,  32 ,  33 ,  35 ,  36 ,  39 ,  40 ]. 
Several other studies focused efforts on helping 
child participants to meet general nutrition guide-
lines [ 21 ,  24 ], while still others did not provide a 
clear rationale for targeting a particular food or 
food groups [ 22 ,  26 ,  31 ,  34 ,  37 ,  38 ]. 

  Intervention framework . An a priori theoretical 
framework or theory-based approach is believed 
to contribute to the effectiveness of dietary 
behavior interventions [ 41 ]. Theoretical frame-
works can help investigators organize their 
approach and test hypothesized mechanisms 
through which behavioral changes might take 
place (e.g., self-effi cacy related to healthy eating, 
or availability/accessibility of healthy foods in 
the home). Eleven of 19 studies in this review 
specifi ed a single theoretical framework upon 
which their intervention was based [ 21 ,  24 ,  26 , 
 29 ,  30 ,  32 – 34 ,  36 – 38 ,  40 ], while fi ve studies 
specifi ed multiple theories or approaches [ 23 ,  25 , 
 27 ,  31 ,  35 ]. The Social Cognitive Theory was the 
most frequently mentioned framework, followed 
by the Social Learning Theory and the Trans- 
theoretical Model. Three studies did not specify 
any framework. 

  Location of intervention activities . The majority of 
studies in this review were conducted or based in a 
school setting, although 9 of these 14 also included 
outreach to the home through “parent packs,” par-
ent newsletters, and homework assignments that 
were intended to engage parents in supporting 
their children in health behavior change [ 21 – 23 , 
 27 ,  29 ,  31 ,  34 ,  35 ,  39 ]. The rationale for school-
based interventions is simply that children spend a 
lot of time in school, and interventionists have 
access to a “captive audience” who are primed to 
learn—factors that  should  support signifi cant 
increases in knowledge and perhaps even behav-
ior. While schools are places where youth spend a 
large part of their time, the home environment 
exerts signifi cant infl uence on youth behaviors 
(i.e., healthy food availability and accessibility and 
parent role modeling and encouragement) and 
therefore, youth behavior change, and should be 
considered as equally important venues for health 
behavior change interventions. 

  Delivery of intervention content . In the majority 
of school-based studies [ 22 – 27 ,  29 ,  31 ,  34 – 37 , 
 39 ,  40 ], teachers were trained by research staff to 
deliver intervention content as a part of classroom 
curriculum and activities. Three studies used 
research staff to deliver the intervention directly 
to children—one of these was in a school setting, 
and the other two were conducted at Boy Scout 
and Girl Scout troop meeting locations [ 21 ,  29 , 
 32 ]. In two of the school-based studies, children 
were guided through intervention materials via 
tailored software applications, and not supervised 
by research staff or teachers [ 30 ,  40 ]. Two studies 
recruited from schools and childcare locations, 
but bypassed these settings during the interven-
tion to work directly with parents in the home to 
change family habits and behaviors [ 33 ,  38 ]. 

  Mediators of dietary behavior change . Knowledge 
is necessary but not suffi cient to change dietary 
behavior [ 41 ]. In young children, exposure to 
foods within a positive social context and healthy 
eating behavior modeling by peers and adults is 
important in promoting and sustaining behavior 
change, while in older children and adolescents, 
skills such as self-assessment, goal setting and 
monitoring, and seeking out and creating support-
ive environments (e.g., increasing availability/
accessibility of healthy choices in home) are 
equally critical. Targeting mediators of dietary 
behavior such as these has been shown to impact 
child fruit and vegetable within the context of 
dietary behavior interventions [ 42 ], and have been 
mentioned as desirable elements of interventions 
by participants of focus groups [ 43 ,  44 ]. 

 In this review, fi ve studies focused on impact-
ing mediators of dietary change, which included 
role modeling, self-monitoring, problem solving/
reinforcement, taste-testing and preferences, 
increased awareness, attitudes and knowledge, 
self-effi cacy, and goal setting related to dietary 
outcomes [ 29 – 32 ,  38 ]. Although these studies are 
too few in number to draw any formal conclu-
sions with regard to whether or not targeting 
mediators results in improved outcomes com-
pared to those that do not include these behav-
ioral targets, it is worth noting that all fi ve of 
these studies were modestly successful in achieving 
dietary change. 
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  Duration and frequency of intervention activities 
and follow-up assessments . Duration of each of 
the active intervention periods were highly vari-
able, ranging from 4 weeks [ 21 ] to 4 years [ 31 ]. 
Several of the school-based studies delivered 
intervention curriculum spread out over several 
school semesters or even several years, with cur-
riculum building each year as students progressed 
through grades. Within the active  intervention 
period, the  frequency  of activities was also highly 
variable—some programs were very intense, 
e.g., 20 sessions over 10 weeks [ 22 ], while others 
were more diffuse, e.g., four home visits con-
ducted over 6–11 months [ 33 ]. 

 Follow-up measurements (i.e., those conducted 
beyond the duration of the intervention activities) 
were reported by only four studies [ 21 ,  29 ,  32 ,  40 ], 
and maintenance of the intervention effect beyond 
the conclusion of the active intervention occurred 
only in two of these studies [ 29 ,  40 ]. 

  Methods of dietary assessment . Dietary assess-
ment in children remains a diffi cult undertaking 
under the best of circumstances. For a successful 
study outcome, a valid and reliable instrument or 
dietary assessment approach is as important as 
other aspects of the study including reach, imple-
mentation, and effectiveness. The lack of observ-
able effects in a large percentage of the child diet 
intervention literature suggests more work is 
needed in order to ensure the choice of instru-
ments and approaches reliably captures diet, 
weight, and behavioral outcomes. Without reli-
able outcome measurements, the ability to detect 
a true relationship between participation in the 
intervention and changes in diet quality is hin-
dered [ 45 ]. While selection of a specifi c dietary 
assessment approach largely depends on the study 
design and research question(s), the sheer num-
ber and diversity of diet assessment approaches 
used by investigators remains surprisingly high. 
Studies included in this review provide a good 
example of this phenomenon: one study used 
direct observation to assess dietary behavior [ 26 ], 
two used 24-h recall protocols [ 25 ,  39 ], two 
used food diaries [ 22 ,  24 ], two used single- or 

limited-item screeners [ 30 ,  38 ,  40 ], eight used 
food frequency questionnaires [ 21 ,  23 ,  27 ,  31 –
 33 ,  36 ,  37 ], and three used some combination of 
these methods [ 29 ,  34 ,  35 ]. Of note, no study 
used exactly the same instrument or approach to 
assess dietary intake. 

  Identifying elements contributing to success . 
Although several studies reported specifi c data 
with regard to process evaluation variables of 
interest—e.g., fi delity, reach, and dose of the 
intervention—it was not possible (other than 
through speculation provided by some of the 
investigators) to determine whether observed 
behavioral changes in studies reporting positive 
outcomes were attributable to specifi c interven-
tion components, or whether they were due to 
other unidentifi ed factor(s). In part, this may 
because the majority of studies targeted multiple 
and related behaviors (e.g., diet, physical activity, 
and screen media use) or targeted one behavior 
using multiple strategies all at once, which made 
untangling mechanisms of effect diffi cult. 

 Process evaluation data were reported by more 
than two-thirds of studies in this review. In gen-
eral, these data were intended to capture specifi c 
aspects of the intervention implementation 
including reach and “dose” (i.e., how many peo-
ple participated, and the extent to which they par-
ticipated), fi delity to intervention procedures 
(i.e., how much of intended content was actually 
delivered to youth), acceptability of materials to 
the target audience, and any resulting environ-
mental/policy changes (e.g., number of youth 
reporting point-of-purchase nutrition education). 
When available, data were only briefl y reported 
and with not enough detail to determine what fac-
tors infl uenced study outcomes. However, these 
data did emphasize the high amount of variability 
in process outcomes—e.g., ranging from very 
low participation in intervention activities (e.g., 
12 % of eligible youth) and low fi delity to inter-
vention activities (only 22 % of activities identi-
fi ed as crucial to changing behavior were 
performed) [ 24 ] to very high fi delity and greater 
than 90 % observed participation [ 40 ].   
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    Conclusions 

 There remains no standard defi nition of diet quality 
in the child dietary intervention literature. Fruits 
and vegetables represent healthy low- calorie, 
nutrient-dense options to improve diet quality, 
and as such, remain popular targets for dietary 
behavior change interventions. Although the 
majority of studies included in this review had 
favorable impacts on dietary behavior, these 
effects were extremely modest. The largest pre- 
post change was +0.94 servings/day fruit and 
vegetables [ 32 ]—the clinical signifi cance of 
which remains unclear. The modest impact of 
interventions on diet behavior should not be sur-
prising to anyone in the fi eld of diet behavior 
research, but should stimulate thinking regarding 
the overall approach. One consideration is the 
dose of the intervention that is likely to have an 
impact on behavior—programs must be of suffi -
cient duration and intensity to have an impact in 
the short-term, and then enough momentum and/
or built-in behavioral monitoring in order to dem-
onstrate that behavior change is maintained over 
the long term. Currently, there is no guidance on 
what dose will successfully promote or maintain 
behavior change. It is also highly likely that in 
addition to dose, there are many other factors 
(e.g., the delivery method, specifi city and rele-
vance of the intervention content to participants’ 
lives, support from home and school environ-
ments), that together infl uence whether or not 
dietary change occurs, and whether or not there is 
long-term adherence to change (Table  10.2 ).

    Designing the optimal intervention . What does 
an effective intervention look like? To inform 
future efforts, the childhood dietary intervention 
literature would benefi t from studies reporting 
more detailed and thorough process evaluation 
outcomes—perhaps published as companion 
publications to outcomes papers. 

 Effective programs would be of suffi cient dose 
and duration to signifi cantly impact dietary 
behavior over the short and long term. These pro-
grams would be assessed using reliable and valid 
measures of dietary change for pediatric populations, 

and should include adequate collection and 
analyses of process evaluation data so that infl u-
ences (whether these are mediators, moderators, 
or other factors) may be identifi ed. The clinical 
signifi cance of the intervention should be quanti-
fi able—whether this is by a biomarker that is 
related to weight or disease outcomes, or simply 
through a clear relationship with disease preven-
tion. Related to this, research should focus on 
identifying appropriate biomarkers in youth that 
are linked to dietary and health outcomes, and fol-
low participants over the longer term to determine 
whether dietary change and biomarker changes in 
childhood impacts health in adulthood. 

 Mobile technology-based interventions present 
several opportunities to broaden and deepen the 
reach and effectiveness of dietary interventions, 
thereby helping to reduce disparities in access to 
healthy eating information and opportunities. In 
addition to penetrating into populations that his-
torically have not participated in health behavior 
interventions, the use of mobile technologies also 
provides the opportunity to engage participants 
with tailored health information, thereby, increas-
ing engagement and interest with intervention 
content. Of note, low-income populations have 
numerous resource constraints, which may make 

   Table 10.2    Promising intervention strategies to improve 
diet quality in children and adolescents   

 Choosing behavioral targets associated with both 
adiposity and diet quality, and focusing intervention 
efforts on encouraging these behaviors 
 Interventions that are of suffi cient dose and duration to 
impact dietary behavior over the short and long term 
 Outcomes assessed using reliable and valid measures of 
dietary change 
 Adequate collection and reporting of process evaluation 
data 
 Inclusion of appropriate biomarkers that may be linked 
to dietary and health outcomes 
 Use popular technologies to engage historically 
underserved populations, effectively broadening and 
deepening reach and effectiveness of interventions 
 Address issues of food access through policy change as 
well as through interventions that improve availability 
and access to healthy foods 
 Involve parents and guardians in intervention activities so 
that the home becomes a supportive environment for 
healthy food consumption 
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choosing healthy foods diffi cult. The issue of food 
access needs to simultaneously be addressed 
through policy change as well as through interven-
tions to improve availability and access to healthy 
foods. The CDC has highlighted the importance of 
understanding obesity prevention from an ecologi-
cal perspective, and have recommended that obe-
sity prevention should address multiple levels and 
sectors—all the way from federal government to 
families and individuals [ 46 ]. 

 Where people spend the majority of their time 
signifi cantly infl uences their dietary behavior—
therefore, interventions to improve diet quality 
should also consider context of eating and food 
decisions. For example, in the United States, the 
National School Lunch and Breakfast Programs 
are available in 99 and 85 % of public schools. 
This represents a signifi cant opportunity infl u-
ence the dietary quality of participants in these 
programs. A recent systematic review that evalu-
ated the effect of dietary education and physical 
activity interventions on changes in BMI, obesity 
prevalence, and weight gain in children con-
cluded that strategies most likely to impact 
weight in school settings included improvements 
in  nutritional quality of the food supply , as well 
as support for teachers and other staff to imple-
ment health promotion strategies, increased 
opportunity for physical activity, and a school 
curriculum that included healthy eating, physical 
activity, and body image [ 47 ]. 

 In the home, parental modeling and home 
activities that support consumption of healthier 
foods, being more active, and spending less time 
in screen-based activities represent the most 
promising intervention strategies for child diet- 
and weight-related outcomes [ 47 ]. In fact, parent 
involvement in general appears to be an “added 
value” to the success of dietary interventions [ 48 ]. 
This is unsurprising, as parents exert signifi cant 
infl uence over the types of foods that are avail-
able and accessible in the home, provide opportu-
nities for their children to learn about healthy 
lifestyle behaviors, and are infl uential role mod-
els for their children. Parents therefore, represent 
one end of a continuum of support as interven-
tions extend from the community to the school, 
and into the home. 

 Making healthy food choices should be the 
easy, default choice to make. Achieving and sus-
taining healthy eating habits will require sustained 
behavior interventions that are strategically com-
bined with other approaches, including reducing 
barriers to healthy food access, and increasing 
skills related to healthy food choices, preparation 
and consumption. In order for interventions to be 
maximally effective, individual level behavior 
changes must be supported by community/
national policies (e.g., providing subsidies which 
offset the cost of healthier, higher quality choices). 
As obesity will most certainly continue to be a 
major health challenge in the coming decade, 
interventionists should focus their efforts on infl u-
encing signifi cant correlates of adiposity in chil-
dren. Since specifi c dietary behaviors have been 
associated with both adiposity and diet quality in 
youth, focusing intervention efforts on encourag-
ing behaviors related to increased diet quality and 
healthy weight (e.g., fruits and vegetables and 
family meals) while discouraging behaviors that 
detract from diet quality (e.g., sugar-sweetened 
beverages and fast food) represent evidence-
based, consumer- friendly approaches to nutrition 
education that are simple for health professionals 
to talk about with their patients, and easy for chil-
dren and parents alike to understand and opera-
tionalize in the “real world.”     
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      Abbreviations 

   FV    Fruits and vegetables   
  FVMM    Fruits and Vegetables Make the Marks   
  SES    Socioeconomic status          

    Introduction 

 A diet high in fruits and vegetables (FV) is 
inversely related to several chronic diseases [ 1 ], 
and an increased intake would improve diet 
quality and global public health [ 2 ]. In Norway, 
children and adolescents consume only about 
half of the national fi ve-a-day recommendation 
[ 3 ]. As food preferences and habits established in 
childhood to a large extent tend to be maintained 
into adulthood [ 4 ,  5 ], and in order to achieve 
maximum prevention potential, it is important to 
get children to eat more FV. It is also important 
that effective efforts conducted to increase 
children’s FV intake result in sustained elevated 

        E.   Bere      (*) 
  Department of Public Health, Sport and Nutrition , 
 University of Agder ,   Postboks 422 ,  4604  
 Kristiansand ,  Norway   
 e-mail: elling.bere@uia.no   

    K.-I.   Klepp    
  Department of Nutrition ,  University of Oslo , 
  Oslo ,  Norway    

 11

 Keywords 
   Free school fruit   •   Intervention   •   Fruits and vegetables   •   Adolescents   • 
  Unhealthy snacks   •   Long-term effects   •   Social disparities 

      Free Fruit for School Children 
to Improve Food Quality 

           Elling     Bere      and     Knut-Inge     Klepp   

 Key Points 

•     Free school fruit is much more effective in increasing school children’s 
FV intake than a subscription programme.  

•   Free school fruit might result in a sustained elevated FV intake also 
after the period of free fruit.  

•   An increased intake of FV might reduce the consumption of unhealthy 
snacks.  

•   The nationwide subscription programme in Norway might contribute 
to increased social disparities in FV intake.  

•   Altogether a free school fruit programme appears as an effective effort 
in order to improve food quality of school children.    
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FV intakes, preferably throughout life, in order to 
have maximum health prevention potential. 
However, only a few school-based intervention 
studies evaluate follow-ups longer than 1 year 
after the end of the intervention [ 6 ]. In addition, 
eating more FV could mean eating less of some-
thing else, and the effect on diet quality of eating 
more FV will be even more apparent if the 
increased FV consumption additionally leads to a 
lower intake of unhealthy snacks high in salt, 
sugar and fats [ 7 ]. Only a few studies have 
explored whether interventions aimed to increase 
intake of FV, also decrease consumption of 
unhealthy snacks.  

    School Fruit Programmes in Norway 

 The national Norwegian authorities have con-
ducted considerable efforts to increase school 
children’s fruit and vegetable intake at school the 
last years. A subscription programme for grades 
1–10 was initiated in 1996 and made nationwide 
in 2003 in collaboration with the Norwegian 
Marketing Board for Fruits and Vegetables. In 
this programme the schools initially choose to 
participate or not, and then the pupils at the par-
ticipating schools can decide to subscribe or not. 
The cost for the parents is currently NOK 2.50 
per school day (approximately EUR 0.30). The 
pupils who subscribe receive a piece of fruit or a 
carrot each school day, usually in connection 
with their lunch meal. Apples, pears, bananas, 
oranges, clementines, kiwis, carrots and nectar-
ines are the most common types. The programme 
is subsidized by the Norwegian Government with 
NOK 1.00 per pupil per school day. 

 It is a great challenge to get schools to partici-
pate and parents/pupils to subscribe. In the spring 
of 2006 did 41 % of Norwegian elementary 
schools participate, and within these schools did 
28 % of the pupils subscribe [ 8 ], giving a total of 
only 12 % of all Norwegian school children. 
Younger pupils tend to subscribe to a greater 
extend then older pupils. 

 Despite the Norwegian welfare state and 
the large Norwegian GDP per-capita, there are 
large social inequalities in health in Norway [ 9 ]. 

Social inequalities are also seen in health-related 
 behaviours (e.g., in diet quality), and among ado-
lescents in Norway rather large sex [ 10 ] and socio-
economic [ 11 ] disparities in FV intake have been 
reported. For example, boys have been reported to 
eat FV 11.9 times/week, compared to 14.5 times/
week for girls [ 10 ]. Adolescents of parents with 
higher education (as an indicator of socioeco-
nomic status) have been reported to eat more FV 
than adolescents of parents without higher educa-
tion, and this disparity is increasing with age; 14.0 
vs. 12.8 times/week for high and low socioeco-
nomic status (SES) at age 12.5 and 15.1 vs. 12.7 
times/week respectively at age 15.5 [ 11 ]. There is 
a governmental desire to reduce these inequalities, 
and a free school fruit programme has been sug-
gested as an effective means of achieving this goal 
since all adolescents attend school [ 12 ]. 

 From fall 2007, an offi cial free school fruit 
programme (without parental payment) was 
implemented in all secondary elementary schools 
(grades 8–10) and all combined schools (grades 
1–10) in Norway. Indeed, it is now legally estab-
lished that all pupils in secondary schools are 
entitled to a free piece of fruit or vegetable every 
school day [ 13 ]. The subscription program, with 
parental payment, still runs in primary/elemen-
tary schools (grades 1–7).  

    The Fruits and Vegetables Make 
the Marks Project 

 Within the research project Fruits and Vegetables 
Make the Marks (FVMM) we have evaluated the 
subscription programme and the effect of receiv-
ing free school fruit in two studies. The present 
paper is a summary of the results previously pre-
sented in international journals [ 7 ,  14 – 19 ]. 

    Study Design of the FVMM Project 

 A longitudinal school-based intervention study 
was initiated in 2001 (Cohort 1, Table  11.1 ), and 
a new repeated cross-sectional survey was con-
ducted at the same schools in 2008 (Cohort II, 
Table  11.1 ).
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   STUDY 1: In 2001, 48 elementary schools 
from Hedmark and Telemark counties (24 
schools in each county) were randomly selected 
and invited to participate in the research project 
FVMM, and 19 schools from each county agreed 
to participate. These two counties were chosen 
because the subscription programme was about 
to start in these counties during the autumn 
semester of 2001. All sixth and seventh graders 
(age 10–12), and one of their parents, in the 38 
schools were invited to take part in a question-
naire survey in September 2001 (which was the 
baseline survey for Cohort I, see Table  11.1 ) [ 14 , 
 15 ,  20 ]. In total 1,950 pupils (85 %) and 1,647 
parents participated in the baseline survey. 
Further two surveys were carried in these schools 
in May 2002 and May 2003, a fourth survey was 
carried out in May 2005 (at that time the study 
population were in ninth and tenth grade in 33 
different secondary elementary schools), and a 
fi fth survey in September 2009 (at that time most 
participants had fi nished high school). 

 At the fi rst survey in September 2001 no 
pupils participated in any school fruit pro-
gramme. A total of 9 out of the 38 elementary 

schools were offered to participate in the school 
fruit programme for free from October 2001 to 
the end of the school year (i.e., June 2002), and 
all schools wanted to participate, giving all pupils 
in these schools free school fruit this school year. 
Free school fruit for the nine schools was made 
possible by the Norwegian Fruit and Vegetable 
Marketing Board through the collective agricul-
tural agreement between Norway’s farmers and 
the agricultural authorities to reduce the price 
and the administration of the School Fruit 
Programme. Due to practical reasons only 
schools from Hedmark could receive free school 
fruit, and these 9 schools were therefore ran-
domly drawn from the 19 participating schools in 
this county. Of the remaining 29 schools, 
9 schools did chose to participate in the subscrip-
tion programme starting in these counties this 
school year (lasting from October to June), while 
20 schools opted not to participate. 

 STUDY 2: The 38 schools were recontacted in 
2008 and invited to once more participate in a 
similar survey [ 19 ]. At that time 27 schools 
agreed to participate, and all sixth and seventh 
graders in these 27 schools were invited to take 
part in the survey (Cohort II, see Table  11.1 ). 
Pupils at these 27 schools, both from 2001 to 
2008, constitute the study sample of STUDY 2. 
A total of 1,488 pupils (out of 1,727 eligible; 
86 %) in 2001 and 1,339 pupils (out of 1,712 eli-
gible; 78 %) in 2008 completed the questionnaire 
and brought home a parent questionnaire to be 
completed by one of their parents. In the case of 
1,230 and 996 pupils, respectively, one of their 
parents completed the parent questionnaire. 

 The 2008 survey was also conducted in 
September. In September 2001, no schools had 
any organized school fruit programme at the sur-
vey time. In September 2008, 5 schools partici-
pated in the free offi cial nationwide school fruit 
programme (all schools with grades 1–10) 
(abbreviated FREE FRUIT 08), while 10 schools 
participated in the subscription programme 
(abbreviated SUBSCRIPTION 08) and 12 
schools did not participate in any offi cial school 
fruit programme (abbreviated NO PROGRAM 
08). The free fruit programme was implemented 
from fall 2007 in the fi ve schools.  

      Table 11.1       Describes the two different study designs for 
evaluating different school fruit programmes in Norway 
(Hedmark and Telemark counties) within the FVMM 
project: (I) A longitudinal design (Cohort I), and (II) two 
repeated cross-sectional surveys within the same schools 
(Cohort I vs. Cohort II)   

 Cohort I (38 schools, 
 n  = 1,950) a  

 Cohort II (27 schools, 
 n  = 1,339) 

 Baseline survey: 2001  First survey: 2008 
 Intervention: subscription 
programme b  

 Intervention: subscription 
programme b  

 Free fruit PILOT c   Free fruit nationwide d  
 Follow-up surveys: 2002, 
2003, 2005, 2009 

   a Of which 27 schools also participated in the 2008 survey 
(cohort II).  n  = 1,488 in these 27 schools 
  b The subscription programme (grades 1–10) was initiated 
in 1996 and made nation-wide in 2003. In Hedmark and 
Telemark counties this programme was initiated in 2001 
  c A free school fruit pilot programme was implemented 
within nine elementary schools (grades 1–7) during the 
school year of 2001/2002 
  d A free fruit programme was implemented nation-wide to 
all secondary elementary schools (grades 8–10) and all 
combined schools (grades 1–10) in Norway from fall 2007  
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    Questionnaires in the FVMM Studies 

 A written 24-h fruit and vegetable recall was used 
to assess pupils’ FV intake. The 24-h recall was 
read aloud to the pupils by a project worker. FV 
intake the previous day was recorded for school 
days (i.e., the survey was conducted on week-
days, Tuesday through Friday). The 24-h recall 
separated the day into fi ve time periods (before 
school, at school, after school, at dinner, and after 
dinner). The pupils recalled the types of FV they 
ate at the different time periods in household 
measures (e.g., one apple, 12 grapes) or in por-
tions (e.g., one portion of mixed green salad). 
The household measures were coded into por-
tions/day, and one portion was set at about 80 g 
(ranging from 65 g (one carrot), to 105 g (one 
apple/one orange)). The conversions from house-
hold measures to portions were based on house-
hold measures and food weights published by 
The Norwegian National Association for 
Nutrition and Health. Juices and potatoes were 
not included in the fruit and vegetable calcula-
tions. F, V and FV intake at school (portions/day) 
and F, V and FV intake all day (portions/day) 
were calculated. The 24-h recall is previously 
presented, and validity and reliability have been 
reported for FV intake among sixth graders [ 21 ]. 

 In addition, a frequency question was included, 
asking:  How often do you eat fruits and / or vege-
tables at school ? Response alternatives were: 
Every school day, 4 days a week, 3 days a week, 
2 days a week, 1 day a week, less than once a 
week and never. The FFQ question was dichoto-
mized into a new variable; Eating FV at school 4 
or 5 days/week vs. less. Eating FV 4 or 5 school 
days per week was interpreted as consuming FV 
at school on most school days. Based on data 
from a previous test–retest study involving 114 
children from sixth grade [ 21 ], 93 % of the chil-
dren were classifi ed into the same category in the 
dichotomized variable (4 or 5 days/week vs. less) 
on two assessments, 14 days apart [ 19 ]. 

 A sum-score of unhealthy snacks was made 
from the following three items: “How often do 
you drink soda (including sugar)?”, “How often 
do you eat candy (e.g., chocolate, mixed candy)”, 
and “How often do you eat potato chips?” All 

items had ten response alternatives (never, less 
than once a week, once a week, twice a week, … , 
6 times a week, every day, several times every 
day), and they were scored (0, 0.5, 1, 2, …, 7, 10), 
giving the unhealthy snacks scale a range from 0 
to 30 times/week. Based on data from a previous 
test–retest study involving 114 children from sixth 
grade (16), scores on the unhealthy snacks scale 
were signifi cantly ( p  < 0.001) correlated (Pearson’s 
correlation coeffi cient;  r  = 0.71), and mean values 
were not signifi cantly different (paired samples 
 t -test; 5.2 vs. 5.5 times/week,  p  = 0.24), on two 
assessments with 14 days in between [ 7 ]. 

 The pupils reported their own sex. As an 
indicator of SES, parents recorded their own 
level of education (lower: having no college or 
university education/higher: having attended 
college or university). 

 The effect of the interventions is in STUDY 1 
reported as the difference between intervention 
and control groups at the follow-up surveys, 
adjusted for baseline data (September 2001), or 
as the difference in FV intake between the inter-
vention group and control group in the changes in 
FV intake from baseline to the follow-up survey. 
The effect of the governmental efforts/interven-
tions evaluated in STUDY 2 was assesses as the 
differences in the changes in FV intake over time 
for the different groups (FREE FRUIT 08, 
SUBSCRIPTION 08 and NO PROGRAM 08).  

    The Impact of Free School Fruit 
on Diet Quality 

     1.    A free fruit programme is more effective than 
a subscription programme 

 STUDY 1: Only 9 of 29 schools that were 
not offered free school fruit, did choose to par-
ticipate in the subscription programme. At these 
9 schools did 41 % of the pupils in seventh 
grade choose to subscribe. This was 11 % of the 
total number of 7 grade pupils at the 29 schools 
that were offered the subscription programme. 
FV intake at school did increase at schools tak-
ing part in the subscription  programme com-
pared to the schools that chose not to take part in 
the subscription  programme (the effect of the 
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subscription programme was estimated to be 
0.2 portions/school day at school,  p  = 0.003, and 
0.1 portions/day for all day,  p  = 0.58) [ 14 ]. At 
the schools that received free school fruit the 
school year of 2001/2002 there were no seventh 
graders that did not want to participate (i.e., par-
ticipation rate in the free fruit programme was 
100 %). The effect of free school fruit was esti-
mated to be 0.8 portions/day, both at school 
( p  < 0.001) and for all day ( p  = 0.003), compared 
to schools not taking part in any school fruit 
programme. Free school fruit was also signifi -
cantly more effective in increasing pupils FV 
intake than the subscription programme (differ-
ence was 0.6 portions/day at school ( p  < 0.001), 
and 0.7 portions/day for all day ( p  = 0.03)). 

 STUDY 2: Unadjusted, FV intake at 
school for sixth and seventh grade pupils at 
the 27 schools increased from 0.36 to 0.71 
portions/school day from 2001 to 2008 [ 19 ]. 
FV intake all day increased from 2.45 to 3.07 
portions/day over the same period, and the 
proportion of pupils reporting to eat FV at 
school 4 or 5 days a week increased from 29 
to 59 %. The increase in FV intake, both at 
school and all day, was largest within the 
schools that had been included since 2007 in 
the national free school fruit programme 
(Free fruit 08), and smallest within the 
schools not taking part in any of the govern-
mental efforts to increase FV intake at school. 
The time * group interaction was signifi cant 
for FV intake at school ( p  = 0.02) but not sig-
nifi cant for FV intake all day ( p  = 0.20). All 
effects appear to be due to an increase in F 
intake only. The time * group interactions for 
both F intake at school and F intake all day 
were signifi cant;  p  < 0.001 and  p  = 0.04, 
respectively. The increases in F intake at 
school were 0.49, 0.29 and 0.18 portions/
school day, respectively for the Free fruit 08, 
Subscription 08 and No programme 08 
schools, and the increases in F intake all day 
were 0.74, 0.39 and 0.16 portions/day, respec-
tively. The increase in the proportion report-
ing to eat FV at school 4 or 5 days a week 
increased respectively with 61, 34 and 9 per-
centage points.   

   2.    One year of free school fruit—sustained 
long- term effect 

 STUDY 1: One year (May 03) after the end 
of the free fruit programme did the pupils at 
these schools still eat more FV than the pupils 
at schools not taking part in the free fruit pro-
gramme, both at school (0.2 portions/school 
day,  p  = 0.07) and all day (0.5 portions/day, 
 p  = 0.03) [ 15 ]. This sustained effect was also 
apparent 3 years after the end of the free fruit 
intervention (May 05) [ 16 ]. The sustained 
effect after 3 years was estimated to be 0.4 por-
tions/day for all day ( p  < 0.001) and 0.1 por-
tions/school day at school ( p  < 0.001) [ 16 ]. 
Some, but not all, of the sustained effect could 
be explained by a higher participation rate in 
the subscription programme among those 
receiving free fruit in the school year of 
2001/2002 in the following years; e.g., 31 % of 
those receiving free school fruit in 2001/2002 
did subscribe in May 03 compared to 7 % of 
the pupils in the control schools [ 15 ]. Similar 
fi gures for May 05, while the participants were 
in secondary elementary school, were 16 % 
compared to 1 % [ 16 ]. Preliminary analyses 
from a new follow-up survey conducted in 
September 2009 indicates sustained effects of 
the free school fruit programme also 7 years 
after the end of the free fruit programme [ 22 ].   

   3.    Free school fruit reduced consumption of 
unhealthy snacks 

 STUDY 1: Those receiving free school 
fruit did reduce consumption of unhealthy 
snacks, but this was only apparent for the chil-
dren of parents without higher education (i.e., 
the low SES group) [ 14 ]. The pupils of par-
ents without higher education did initially 
consume unhealthy snacks more often than 
pupils of parents with higher education (1.1 
times/week more often ( p  = 0.005)). The 
reduction in consumption of unhealthy snacks 
in the group of pupils of parents without 
higher education for those receiving free 
school fruit compared to those not receiving 
free school fruit was estimated to be 1.0 times/
week ( p  = 0.04). This difference was sustained 
also 1 year after the end of the free fruit pro-
gramme [ 15 ], but not after 3 years [ 16 ]. 
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 STUDY 2: From 2001 to 2008 consumption 
of unhealthy snacks in the study sample of all 
27 schools decreased from 6.9 to 4.6 times/
week ( p  < 0.001) [ 7 ]. The decrease of unhealthy 
snack consumption was largest within the 
schools that had been included in the national 
free school fruit programme (−2.6 times/week). 
The effect of the school fruit programme was 
again signifi cant in reducing consumption of 
unhealthy snacks in children of parents without 
higher education, but not among children of 
parents with higher education. The decreases in 
consumption of unhealthy snacks were respec-
tively 3.8, 2.5 and 1.6 times/week, respectively 
for the Free fruit 08, Subscription 08 and No 
programme 08 schools.   

   4.    The subscription programme increases social 
disparities while the free fruit programme is 
effective among all groups 

 STUDY 1: For the subscription programme 
it was observed that at participating schools, 
those that subscribed were in general healthier 
than non-subscribers [ 8 ,  14 ,  18 ]. Compared to 
the non-subscribers, the subscribers were often 
more girls, more had plans of taking higher 
education, they ate more FV, they watched less 
TV, they were less physical active, they ate less 
often breakfast, lunch and supper, they had a 
lower BMI and fewer were on a diet. Also par-
ents to those subscribing were different from 
parents of non- subscribers. Parents of subscrib-
ing pupils were older, more had higher educa-
tion, had higher income, watched less TV and 
smoked less than parents of non-subscribers. 

 In the main analyses of free school fruit 
we did not observe any difference of the 
effect of free school fruit on FV intake 
regarding sex, parental education level, ini-
tial habitual FV intake and preferences for 
FV. That is, the effect of the intervention 
was not different for different groups. 
However, we did observe an interaction 
between sex and the school’s participation in 
the subscription programme the year follow-
ing the free fruit programme: Girls did 
sustain their elevated FV intake independent 
of whether the school participated in the 
subscription programme or not, while boys 

only sustained their elevated FV intake if the 
school participated in the subscription pro-
gramme the year following the free fruit 
programme—indicating that boys might 
need an elevated accessibility of fruit and 
vegetables more than girls, in order to sus-
tain the increased intake level [ 15 ]. 

 STUDY 2: Also in STUDY 2 the effect the 
free fruit programme appears to be similar 
for both boys and girls and for children of 
parents both with and without higher educa-
tion [ 19 ]. For example, the percentage of 
boys and children of parents without higher 
education reporting to eat FV at school 4 or 
5 days/week within the Free Fruit 08 schools 
increased from 20 % and 28 % in 2001 to 
81 % and 79 % in 2008, respectively, while 
the same fi gures for girls and for children of 
parents with higher education increased 
from 28 % and 30 % in 2001 to 88 % and 
90 % in 2008 [ 19 ].      

    Free School Fruit in a Broader 
Perspective 

 Due to low participation rates from schools and 
low subscription rates from pupils, the subscrip-
tion programme do only have a limited effect of 
increasing school children’s FV intake. In addi-
tion, it is in general a healthier group of pupils 
that choose to subscribe, a fact that might increase 
the social disparity seen in children’s FV intake. 
The effect of the free programme on intake of FV 
is much larger than for the subscription pro-
gramme, and the free programme appears to 
increase FV intake among all groups of chil-
dren—also those that initially eat the least (as 
boys and pupils in low SES families). 

 It is diffi cult to state the health impact of a free 
school fruit programme. We have assessed the 
effect of 1 year of free school fruit. What effect 
would a free fruit programme for all 10 years of 
elementary school give? Research indicates that 
repeated exposure for FV increase children’s 
preferences for these foods [ 23 ,  24 ]. That those 
given free fruit for 1 year also 1 and 3 years later 
still eat more FV than the control condition gives 
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an indication that 10 years of free school fruit 
might give a sustained elevated FV intake also in 
life after elementary school. A Norwegian cost 
benefi t analysis reported that an increase of only 
2.5 g/day is needed in order for the Norwegian 
School Fruit Program to be cost effective, if 
offered for free for all 10 years of elementary and 
secondary school [ 25 ]. However, an assumption 
is that the increased FV intake has to be sustained 
throughout life. One FV portion in the FVMM 
study is defi ned to about 80 g [ 21 ]. The effect of 
the free fruit intervention 3 years after the fruit 
was provided for free can therefore be estimated 
to be about 30–35 g/day [ 16 ]. That is, it is prob-
ably a very small permanent increase in FV 
intake that is needed for a free school fruit pro-
gramme to also be cost effective. 

 A positive side effect of free school fruit 
appears to be a reduction in the consumption of 
unhealthy snacks. A daily extra fruit every school 
day gives an extra energy content of about 1 MJ/
week (e.g., 5 apples). This is comparable to the 
energy content in 50 g chocolate, 50 g of potato 
chips or 0.6 L sugar containing soft drink, which 
again is rather similar to the reduction observed 
in consumption of unhealthy snacks (about 1.0 
times/week). Norwegian children consume more 
added sugar than recommended [ 26 ], and a 
reduction in consumption of unhealthy snacks is 
very welcome. The reduction in unhealthy snacks 
was observed within pupils of parents without 
higher education, and those children did initially 
eat more unhealthy snacks than children of par-
ents with higher education, and therefore also 
had the greatest benefi t of a reduced intake. 

 Socioeconomic disparities in health behav-
iours are common, also in a well-developed and 
homogenous society as Norway [ 9 ]. In the 
FVMM project we see that girls eat about 50 % 
(1 portion/day) more FV than boys [ 15 ]. It has 
been reported that girls usually is more suscepti-
ble to the content of FV interventions [ 27 ]. As we 
did not see any interactions between sex and free 
school fruit when analyzing the effect of free 
school fruit, free school fruit therefore appears to 
have similar effect in increasing FV intake both 
for boys and girls. However, we did observe a 

difference in the sustained elevated FV intake the 
following year, and girls had a sustained elevated 
FV intake independent of whether the school 
participated in the subscription programme or not 
the following year, while boys sustained an 
elevated FV intake in a higher degree if the 
school participated in the subscription pro-
gramme the following year [ 15 ]. This indicates 
that boys might need an extra effort (e.g., a sub-
scription programme as here) in order to sustain 
an elevated FV intake, than girls do. 

 There is a clear difference between those that 
subscribe to the subscription programme and 
those that don’t subscribe, and the subscribers are 
clearly healthier group. A report on the effect of 
how the price might regulate the subscription rate 
showed that a rather large group would not par-
ticipate if the fruit was not handed out for free 
[ 28 ]. Compared to the energy it contains FV is 
expensive foods [ 29 ], and increasing FV intake 
according to the recommendations will give a 
more expensive diet [ 30 ], which probably con-
tribute to the explanation of the socioeconomic 
disparities reported in FV intake (i.e., that parents 
of subscribing pupils have a higher salary than 
parents of pupils not subscribing). Experiences 
from the project showed that none of the schools 
offered to participate in the school fruit pro-
gramme for free would not participate, and such 
a free programme will therefore reach all pupils, 
also those that need it the most.   

    Conclusions 

 Free school fruit is much more effective in 
increasing school children’s FV intake than a 
subscription programme. Free school fruit 
might result in a sustained elevated FV intake, 
also after the period of free fruit. An increased 
intake of FV might reduce the consumption of 
unhealthy snacks. The nationwide subscription 
programme in Norway might contribute to 
increased social disparities in FV intake. 
Altogether, a free school fruit programme 
appears as an effective effort in order to improve 
food quality of school children.     
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      Diet Quality in Childhood: Impact 
on Growth 
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 Key Points 

•     Emerging evidence suggests that modifying diet quality in childhood 
offers preventive potential for health in later life with regard to later 
body composition or puberty onset.  

•   To date, evidence from prospective analyses focusing on single nutri-
ents and foods is inconclusive regarding the relevance of few dietary 
factors in childhood for body composition.  

•   With regard to puberty timing, current evidence suggests a benefi cial 
infl uence of higher intakes of vegetable protein and isofl avone, and 
lower animal protein intakes.  

•   These benefi cial nutrients may be indicative of a specifi c dietary 
pattern.   

•   Dietary pattern analyses, which consider diet as a whole and account 
for interactions of nutrients and foods, may provide much needed 
insights into dietary factors implicated in growth during childhood.    

      Abbreviations 

   BMI    Body mass index   
  DGI-CA    Dietary Guideline Index for Children 

and Adolescents   
  DQI    Diet quality index   
  GI    Glycemic index   
  HDI    Healthy diet indicator   
  HEI    Healthy eating index   
  PCA    Principal component analysis   
  RC-DQI    Revised Children’s Diet Quality Index   
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  RRR    Reduced rank regression   
  SSB    Sugar-sweetened beverage   
  YHEI    Youth Healthy Eating Index          

   Introduction 

 Nutritional infl uences have sustained conse-
quences for growth and wellbeing in later life. To 
date, evidence has emerged that various chronic 
diseases in adulthood, such as cardiovascular 
disease or diabetes mellitus, have origins in the 
period of growth. Overweight during childhood 
has both immediate and long-term health conse-
quences. Over the last few decades, the obesity 
prevalence in children has increased dramatically 
in USA and European countries [ 1 ]. Since obesity 
is taking place in stable populations over a very 
short period of time, the epidemic of obesity can-
not be attributed to a changed genetic background 
[ 2 ]. Although the contribution of hereditary fac-
tors has to be acknowledged [ 3 ], it is accepted that 
current obesity trends are driven by changes in 
exposure to environmental factors. Nutritional 
factors are thought to play a major role in the 
rising prevalence of obesity worldwide. 

 Puberty onset is a milestone of growth. Age of 
puberty timing is considered to be of general 
public health relevance, since an early age at 
puberty onset may be an intermediary factor for a 
number of diseases in adulthood, including 
hormone- related cancers [ 4 ,  5 ], earlier all-cause 
mortality [ 6 ], and a higher risk of metabolic syn-
drome or cardiovascular disease [ 7 ]. The infl u-
ence of modifi able risk factors such as nutrition 
on puberty onset has thus been addressed by a 
number of studies. 

 The purpose of this chapter is to summarize 
the available observational evidence regarding 
the role of nutritional factors for growth. The 
review begins with an introduction of the use of 
dietary pattern analyses (in particular among 
children) and an introduction to critical periods 
during growth, and is then organized into two 
sections as follows: relevance of diet quality and 
dietary factors for (1) body composition and 
(2) puberty timing. The fi nal section discusses 
public health relevance.  

   Diet Quality: Nutrients, Foods/Food 
Groups and Dietary Patterns 

 As far as nutritional infl uences on health are 
concerned, energy intake/energy density and 
nutrient compositions of diets, i.e., intakes of 
carbohydrate, fat, protein as well as micronutri-
ents, have been investigated systematically over 
the last years. Besides nutrients, the unfavorable 
contribution of several food items or food groups 
has been discussed, e.g., snacks, French fries, 
sugar- sweetened beverages (SSBs), fast foods, 
and sweets, while other frequently consumed 
food item or food groups have been suggested to 
have a protective effect, such as fruits, vegeta-
bles, legumes, and high-fi ber breakfast cereals. 

 However, analyses which focus on a single or 
a few nutrients or foods have several conceptual 
limitations. Meals consist of a variety of foods 
with complex combinations of nutrients, which 
are likely to be interactive. A dietary pattern may 
thus be more relevant to identify associations 
between nutrition and health outcomes. Since 
dietary patterns may be easier for the public to 
interpret or translate into daily diets, studying 
dietary patterns could also have important public 
health implications. It is impossible to measure 
dietary patterns directly. Statistical methods are 
thus used to analyze the collected dietary infor-
mation and to characterize dietary patterns. To 
date, three approaches have been used in the lit-
erature: dietary indices, factor analysis and cluster 
analysis, and reduced rank regression (RRR). 

   Dietary Indices 

 Dietary indices build on a priori defi ned parame-
ters. To date, a variety of dietary indices, which 
are typically constructed on the basis of current 
dietary recommendations, have been proposed to 
assess overall diet quality. Evaluating the health 
effects of adherence to dietary recommendations 
by individuals can provide a practical way for the 
public to translate the recommendations into diets, 
e.g., the healthy eating index (HEI) [ 8 ] is a summary 
measure of the degree to which an  individual’s 
diet conforms to the serving recommendations of 
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the US Department of Agriculture Food Guide 
Pyramid for five major food groups and to 
specifi c recommendations in the US Dietary 
Guidelines for Americans. 

 To date, several dietary indices have been 
developed for children: the Nutritional Quality 
Index, the Youth Healthy Eating Index (YHEI), 
the Revised Children’s Diet Quality Index 
(RC-DQI), the Dietary Guideline Index for 
Children and Adolescents (DGI-CA), the diet 
quality index (DQI), the healthy diet indicator 
(HDI), and the Mediterranean diet score 
(Table  12.1 ). These measure adhere to different 
dietary recommendations: nutrients- or food 
groups-specifi c recommendations, or a combina-
tion of both.

      Factor Analysis and Cluster Analysis 

 Factor analysis includes both common factor 
analysis and principal component analysis (PCA). 
PCA is commonly used to defi ne dietary patterns. 
Factor analysis is a multivariate statistical tech-
nique to identify common underlying dimensions 
(factors or patterns) of food consumption. Factor 
analysis aggregates specifi c food items or food 
groups on the basis of the degree to which food 
items in the dataset are correlated with one 
another. Then, a summary score for each pattern 
is derived and can be used in either correlation or 
regression analysis to examine associations 
between various eating patterns and the outcome 
of interest. Compared with factor analysis, cluster 
analysis aggregates  individuals into relatively 
homogeneous subgroups (clusters) with similar 
food consumption. Individuals are classifi ed into 
distinct clusters or groups. After the identifi cation 
of cluster procedure, further analyses are used to 
interpret association of the dietary patterns with 
outcomes. 

 Both factor analysis and cluster analysis, 
which are purely explorative, have been com-
monly used in adults, while to date few studies 
among children used these approaches to address 
the relevance of nutrition for body composition 
(Table  12.2 ).

      Reduced Rank Regression 

 PCA is purely explorative, i.e., it explains as 
much variation in food intake as possible, how-
ever, that does not mean that much variation in 
important nutrients will be explained. Therefore, 
it might be wiser to focus on the variation in 
those nutrients that presumably affect the inci-
dence of disease. The statistical method known 
as reduced rank regression (RRR), which pro-
vides the opportunity to determine linear func-
tions of predictors (foods) by maximizing the 
explained variation in responses (disease-related 
nutrients), has thus been applied in epidemiology 
[ 9 ]. RRR is neither an a priori nor a purely explor-
atory statistical method. Since RRR uses both 
information sources, data from the study and 
prior information to defi ne responses, it repre-
sents an a posteriori method. To date, few studies 
in children and adolescents have used the RRR 
method to address diet quality (Table  12.2 ).   

   Critical Periods During Growth 

 Critical periods of development have been well 
recognized for many behavioral and physiologic 
developmental processes. The possibility that 
nutritional alterations during critical periods of 
development entrain nutritional states, such as 
obesity, has also been mentioned [ 10 ,  11 ]. In 
1994, Dietz defi ned critical periods for the over-
weight/obesity development as “a developmental 
stage, in which physiologic alterations increase 
the later prevalence of obesity” [ 12 ]. According 
to observational evidence, there appear to be at 
least three critical periods in childhood for the 
development of obesity and its complications in 
late life [ 11 ,  13 ,  14 ]: gestation and early infancy, 
the period of preschool and preadolescence, and 
fi nally, the period of adolescence (Fig.  12.1 ). 
Regarding diet quality and eating behavior, both 
early life and mid-childhood may represent par-
ticularly sensitive phases for their long-term 
effects in later life. Furthermore, the hormonal 
changes regulating appetite, satiety, and fat distri-
bution that occur during puberty, especially 
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 physiological insulin resistance [ 15 ], may put 
adolescents at increased risk for weight gain [ 16 ]. 
Hence, diet quality in these critical periods may 
have sustained consequences for growth and 
wellbeing in later life.

      Relevance of Diet Quality for Body 
Composition 

   In Early Life 

 Maternal nutritional status at conception has 
been associated with obesity or adverse health 
outcomes in general [ 17 ]. Evidence for the role 
of diet quality during pregnancy is only emerg-
ing. Low birth weight is commonly interpreted as 
a marker of poor fetal nutrition. However, the 
infl uences from prenatal period may be modifi ed 
by the early postnatal period, one of the critical 
“windows” for growth. The importance of early 
postnatal life for the body composition develop-
ment is highlighted by the fact that breastfeeding 
seems to reduce obesity risk in later childhood 
[ 18 ,  19 ]. Also, concern has been expressed that 

higher protein intakes during the period of com-
plementary feeding and early childhood could be 
associated with both body mass index (BMI) and 
percentage body fat in later childhood [ 20 ,  21 ]. 
Recently, added sugar intake at low intake levels 
during early childhood has been suggested to not 
be critical for body composition in childhood, 
however, detrimental effects on body composi-
tion development may emerge when added sugar 
intakes are increased to higher levels [ 22 ]. Of 
interest, the factors discussed as potentially rele-
vant to body composition in early life may be 
markers for overall diet quality, e.g., breastfeed-
ing is discussed to be confounded by associations 
with other behavioral factors, and increased 
intake of added sugar may resemble a marker for 
other behavioral changes contributing to increases 
in BMI.  

   In Mid-Childhood and Puberty 

 The period of preschool and preadolescence is 
another important time window for body compo-
sition development. Furthermore, adolescents 

  Fig. 12.1    Potential infl uencing factors during critical 
periods of growth for body composition development. 
 Asterisk  current analyses focusing on single nutrients 

and foods have identifi ed only few dietary factors as 
potentially relevant for body composition       
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change their lifestyle as they test their autonomy 
and assert their independence [ 23 ], which may 
affect both their eating behaviors and their 
physical activity. When addressing the relevance 
of dietary factors for body composition during 
these periods, it should be borne in mind that 
cross- sectional studies do not allow statements 
on the direction of the observed association, an 
issue of particular relevance for the outcome 
overweight/obesity. Therefore, only prospective 
evidence is reviewed in the following section.  

   Nutrients and Foods 

   Energy Intake 
 Overweight is generally believed to be a conse-
quence of an energy imbalance. Current longitudi-
nal studies, which have addressed the relevance of 
energy intake in childhood on the body composi-
tion, have however not shown signifi cant associa-
tions of energy intake with childhood weight gain 
[ 24 ,  25 ], which may refl ect the methodological 
challenge to accurately measure energy intake. 
Recently, interest in dietary energy density, i.e., the 
ratio of the amount of food to total energy intake, 
has emerged. Higher energy density is commonly 
interpreted as a marker of diet quality. However, the 
few prospective studies relating energy density in 
children to their body composition have yielded 
mixed results [ 26 – 30 ] (Table  12.3 ).

      Macronutrients 
 Macronutrients, which are thought to play a role 
in regulation of body weight, have been investi-
gated systematically (Table  12.3 ). The evidence 
from studies analyzing the association between 
dietary fat and obesity among children is incon-
sistent [ 31 – 38 ]. In addition, type of dietary fat 
has received little attention in relation to child-
hood obesity. The existent prospective studies on 
protein intake in children and body composition 
development have yielded mixed results: three 
studies have shown an association with later 
overweight/obesity [ 32 ,  39 ,  40 ], while two other 
analyses found no relation [ 34 ,  37 ]. In most [ 24 , 
 39 ,  41 ], but not all studies [ 32 ], intakes of total 
carbohydrate among children were not related to 
the development of body mass.  

   Carbohydrate Quality 
 More recently, increased attention to quality of 
dietary carbohydrate rather than quantity of car-
bohydrate intake has begun to clarify the role of 
dietary carbohydrate in the obesity epidemic. 
High fi ber intake has been reported to yield ben-
efi cial effects on objective and subjective mea-
sures of satiety in experimental studies conducted 
in adults [ 42 ]. However, among children, only 
one [ 43 ] of the few [ 44 – 46 ] prospective observa-
tional studies has demonstrated that dietary fi ber 
intakes were independently associated with mea-
sures of obesity (Table  12.3 ). Additionally, 
dietary whole grain is supposed to be benefi cial 
for body weight regulation, since whole grains 
are rich in a myriad of nutrients, including vita-
mins, minerals, phytochemicals, and other sub-
stances that have been related to body weight 
regulation [ 47 ]. To date, the only existent pro-
spective analysis regarding adolescents sug-
gested that whole-grain intake is not relevant for 
the body composition development during 
puberty [ 46 ] (Table  12.3 ). 

 In addition, high dietary glycemic index (GI: 
calculated as the blood glucose response to a 50 g 

         Table 12.3    Prospective studies focusing on dietary factors 
in mid-childhood in relation to body composition   

 Dietary factor 

 Level of evidence a  for an 
association with body 
composition 

 Energy intake/energy density  [ 24 – 30 ] b  
 Fat intake  [ 31 – 38 ] b  
 Protein intake  [ 32 ,  34 ,  37 ,  39 ,  40 ] b  
 Total carbohydrate intake  [ 24 ,  32 ,  39 ,  41 ] c  
 Fiber intake  [ 43 – 46 ] d  
 Whole-grain intake  [ 46 ] e  
 Glycemic index  [ 45 ,  46 ] d  
 Sucrose intake  [ 45 ,  49 ,  50 ] d  
 Sugar-sweetened drinks  [ 51 – 53 ,  55 – 63 ] a  

   a Possible evidence of increased risk for overweight/obe-
sity, according to several prospective studies and meta- 
analyses (please see text explanation) 
  b Inconsistent: several studies suggested an association for 
body composition; several studies suggested no associa-
tion for body composition 
  c Probable evidence of no association for body composi-
tion, according to all available prospective studies 
  d Possible evidence of no association for body composi-
tion, according to several prospective studies 
  e Too little data  
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(or 25 g) carbohydrate portion of food, expressed 
as a percentage of the same amount of carbohy-
drate from a reference food, either glucose or 
white bread [ 48 ]) has been proposed as a risk fac-
tor for weight gain. However, regarding children 
and adolescents, two prospective analyses [ 45 , 
 46 ] reported no association between dietary GI 
and BMI or body fatness (Table  12.3 ). 

 In particular, the increased consumption of 
SSB brought up discussions on the relevance of 
added sugar and SSB for weight gain especially 
in childhood. However, the results from prospec-
tive studies focusing on sucrose intake and added 
sugar intake in children are inconsistent [ 45 ,  49 , 
 50 ] (Table  12.3 ). To date, four meta-analyses 
were conducted [ 51 – 54 ] addressing the relevance 
of SSB for body composition. Two [ 52 ,  53 ] of 
them concluded that increased consumption of 
SSB in children and adolescents is associated 
with obesity risk, while another meta-analysis 
[ 51 ] judged the effect as almost zero. Mattes 
et al. did not fi nd any signifi cant effect of lower-
ing the consumption of SSB on BMI, however, in 
the meta-analysis of a subgroup, the authors 
found a consistent effect of interventions on the 
BMI of subjects with higher BMI or obesity at 
baseline [ 54 ]. Since the publication of the meta- 
analyses, further nine cohort studies in children 
[ 55 – 60 ] and adolescents [ 61 – 63 ] regarding the 
relation of SSB with body composition have 
yielded mixed results. Taken together, according 
to a number of studies including meta-analysis, 
an increased consumption of SSB among chil-
dren and adolescents may be related to later over-
weight/obesity risk. However, in view of 
inconsistence, the level of evidence should be 
judged to indicate a possible association only 
(Table  12.3 ). In addition, an increased risk of 
obesity is especially observed in children and 
adolescents with initially already increased BMI 
or already existing overweight.   

   Dietary Pattern 

 Overall, the current evidence for dietary factors 
implicated in body composition development 
suggests little relevance of diet among childhood 

except for a potential role of SSB. In this context, 
it should be noted that consumption of SSB may 
be strongly related to overall lifestyle and thus be 
indicative of overall diet quality. It is thus intrigu-
ing to consider that analysis of diet quality and/or 
dietary pattern may provide more insights into 
the role of diet in the development of body com-
position during childhood. To date, fi ve cross- 
sectional studies [ 64 – 68 ] in children and 
adolescents have directly examined the associa-
tion between diet quality using dietary quality 
indices and body composition. Using YHEI 
scores to characterize the diet quality of 16,452 
children aged 9–14 years, Feskanich et al. 
reported that children with higher YHEI scores 
(higher diet quality) had a lower BMI [ 64 ]. 
Similarly, Hurley et al. analyzed the diet quality 
among 317 US children using YHEI scores and 
they found that lower percent body/abdominal fat 
was associated with higher diet quality [ 65 ]. In 
addition, using data from the National Health and 
Examination Survey 1999–2002 from 1,521 chil-
dren aged 2–5 years, the authors have shown that 
childhood obesity prevalence decreased signifi -
cantly with increasing diet quality characterized 
by RC-DQI score [ 66 ]. In line with this analysis, 
Jennings et al. suggested that children with higher 
diet quality indices based on the US (DQI) and 
the WHO (HDI) healthy eating guidelines have 
lower body weight [ 67 ]. However, only a weak 
positive association was reported in a recent 
study conducted in 4–10-year-old Australian 
children [ 68 ]: using the age-specifi c DGI-CA, 
weak positive associations were observed 
between DGI-CA score and BMI or waist cir-
cumference  Z -scores. Since cross-sectional data 
in relation of body composition suffer from 
potential reverse causality, prospective analyses, 
which are able to consider the baseline weight 
status, may be more insightful. To date, only two 
prospective studies [ 69 ,  70 ] were conducted in 
children using dietary pattern methods 
(Table  12.2 ). The analysis from the DONALD 
study used two dietary quality indices to identify 
the diet quality among 222 German children. In 
this study, diet quality in preadolescents was not 
independently associated with later body compo-
sition. A dietary quality index created on the 

12 Diet Quality in Childhood: Impact on Growth



152

basis of previous knowledge is an “a priori” 
dietary pattern [ 55 ]. As outlined above, dietary 
pattern analyses with PCA, which describes the 
variation in intake of food items, is an alternative 
approach. Cutler et al. [ 70 ] examined associa-
tions between dietary patterns identifi ed with 
PCA based on dietary data in an adolescent 
cohort and weight status both cross-sectionally 
and over a 5-year period. In cross-sectional anal-
yses, dietary patterns characterized by higher 
vegetable intakes were associated with lower risk 
of overweight in girls, whereas higher adherence 
to a “sweet and salty snack food” pattern was 
associated with lower overweight risk in boys. 
However, these associations were no longer sig-
nifi cant in prospective analyses after adjusting 
for baseline weight status [ 70 ]. 

 The fact that in these studies no long-term 
associations were seen between dietary pattern in 
children and later overweight may on the one 
hand relates to the overarching relevance of base-
line body composition for later body mass in 
comparing to current diet quality. Dietary pattern 
predicting the change of body composition could 
be of interest in future analyses. On the other 
hand, the absence of clear relations may be due to 
the method used for the identifi cation of dietary 
pattern. Compared with dietary quality indices, 
PCA is an a posteriori statistical method and 
solely describes the variation in dietary data. 
Instead, relating the correlation structure of foods 
and nutrient intakes to the health outcomes, by 
methods such as RRR, may reveal more mean-
ingful dietary pattern. This approach has been 
used in a recent multiple cross-sectional analysis 
[ 71 ] identifying dietary pattern among children 
predictive of bone and body fat (Table  12.2 ). This 
analysis suggested that a dietary pattern charac-
terized by a high intake of dark-green and deep- 
yellow vegetables was related to low fat mass and 
high bone mass, while high fried-food intake was 
related to high fat mass and high processed-meat 
intake was related to high bone mass. Adjustment 
for body composition and energy intake at base-
line did not infl uence these associations. Since 
the patterns identifi ed using RRR in this cohort 
may change during the time and may not be 
reproduced in other cohorts, further studies are 

needed before fi rm conclusions can be drawn for 
children. In summary, although an examination 
of dietary patterns has certain advantages over 
traditional methods of examining single foods or 
nutrients, more evidence using advanced 
approaches is needed to fully elucidate benefi ts 
of nutrition for body composition development.   

   Relevance of Diet Quality 
for Puberty Timing 

 Nutrition during early life, which is largely 
refl ected by breastfeeding, has been discussed as 
a potential determinant of pubertal timing. 
However, prospective analyses have not found an 
independent association of breastfeeding with 
age at menarche [ 72 – 75 ], age at take-off, or age 
at peak height velocity [ 74 ]. Furthermore, protein 
intake in the fi rst and second year of life may not 
to be critical for the timing of puberty onset [ 76 ]. 

 The infl uence of various nutrient/food intakes 
in childhood on puberty timing is increasingly 
acknowledged in a number of studies. We 
recently reviewed these data (for details on this 
summary of observational data please see [ 77 ]). 
To date, energy intake, intakes of fat and fatty 
acids, fi ber, protein (animal protein and vegetable 
protein), micronutrients, and dietary isofl avone 
intake have been investigated in various observa-
tional studies for their potential relevance to 
puberty timing. Of them, six analyses suggest 
notable associations between dietary protein 
intakes and puberty timing: children in the high-
est groups of vegetable or animal protein experi-
ence their puberty onset up to 7 months later or 7 
months earlier, respectively (Table  12.4 ). One 
study has shown a strong association between 
dietary isofl avones and puberty timing among 
girls, i.e., girls with high isofl avone intakes may 
experience the onset of breast development and 
peak height velocity approximately 7–8 months 
later (Table  12.4 ). Delays in pubertal timing in 
response to benefi cial dietary habits (higher 
intakes of vegetable protein and isofl avone, and 
lower animal protein intakes) may be of substan-
tial public health relevance: a later age at both 
peak height velocity and menarche is related to a 
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reduced risk of breast cancer, and a later menar-
cheal age is also associated with a lower total 
mortality. These nutrients identifi ed as benefi cial 
for later puberty onset may indicate a specifi c rel-
evance of diet quality. More analyses focusing on 
the overall diet quality are thus warranted.

      Public Health Consideration 

 Body composition and body fat distribution 
change rapidly during growth; in addition, 
puberty onset is to date considered to be of gen-
eral public health relevance for both sexes. 
Emerging evidence suggests a relevance of diet 
quality to both body composition development 
and puberty timing. Future studies in diverse 
population are needed to identify which aspects 
of diet quality or which pattern is of particular 
relevance. This information could be of major 
public health relevance, since long-term eating 
habits are shaped during childhood and adoles-
cence. While it is generally accepted that poor 
diet quality could conduce overweight/obesity, 
the importance of diet quality for puberty onset, 
which is relevant to health in later life, is cur-
rently not recognized. Educational interventions 
focusing on diet quality should not be limited to 
children and adolescent individuals. Parents 
with good dietary awareness (or nutritional 
knowledge) are thought to be more likely to 
make healthy food choices for their children 
[ 78 ]. Moreover, the intake preference of chil-
dren is infl uenced not only by the types of foods 
present in the household but also by the amount 
of those foods available to them. The parental 
infl uence of food choice should thus be taken 
into account for the promotion of dietary habits 
of children. In addition to family dynamics, 
school factors and the “built environment”, 
which refers to the neighborhoods and commu-
nities in which children live, also play a role in 
infl uencing the diet quality among youth. 
Finally, the food industries should be urged to 
increase their efforts to provide healthier food 
choices to benefi cially infl uence the diet quality 
of children and adolescents.  

   Conclusions 

 In conclusion, emerging evidence suggests that 
modifying diet quality in early life could offer 
preventive potential for health in later life with 
regard to later body composition or puberty 
onset. Current approaches focusing on single 
nutrients and foods have identifi ed only few 
dietary factors in childhood as potentially rele-
vant for body composition. With regard to 
puberty timing, current evidence suggests a ben-
efi cial infl uence of dietary protein and isofl avone 
intake, which may indicate a particular relevance 
of overall diet quality. The approach of dietary 
pattern analyses, which considers the interaction 
of nutrients and foods, may provide new insights 
into the effect of diet as a whole and should be 
adapted for this issue.     
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 Key Points 

•     An unbalanced diet is a very important risk factor for several chronic 
 diseases such as obesity, stroke, cancer, and type 2 diabetes mellitus.  

•   Television (TV) viewing and video gaming have emerged as signifi cant 
factors contributing to the current obesity epidemic and the correspond-
ing low diet quality.  

•   The assessment of diet quality is performed with the assessment of the 
necessary micro- and macronutrient elements in children’s and adoles-
cents’ diet or with the use of composite health quality indices.  

•   Children are more prone to poor diet quality which is attributed to the 
vulnerability of their developmental phase to food advertising on TV 
and also to the poor diet quality of their parents or caregivers.  

•   In adolescence, besides food advertising, snacking while watching TV 
plays also a signifi cant role in poor diet quality food choices.  

•   Another possible way in which TV may infl uence fast food intake is 
through hidden food consuming messages embedded within program 
content.  

•   Important food markers for assessing the relation between TV watching 
and poor diet quality are snacks and soft drinks or sugar-added beverages.  

•   Video gaming has emerged as a rapidly evolving favorite screen-related 
activity in childhood recently and its effect on diet quality is poorly 
studied.  

•   Video gaming has been positively related with food overconsumption 
and increased caloric intake, indicating an association with poor diet 
quality choices.    
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      Abbreviations 

   AMQI    Adolescent Micronutrient Quality 
Index   

  DQI    Diet Quality Index   
  DQI-I    Diet Quality Index-International   
  HEI    Healthy Eating Index   
  TV    Television   
  USA    United States of America   
  USDA    Department of Agriculture of the USA   
  WHO    World Health Organization          

   Introduction 

 An unbalanced diet is a very important risk factor 
for several chronic diseases such as obesity, 
stroke, cancer, and type 2 diabetes mellitus. 
These diseases are contributing to the rise of the 
proportion of preliminary deaths, to the limita-
tion of general life quality and are considered as 
major public health problems. Thus, it is of pri-
mary importance to monitor the population’s diet 
and to help improve dietary habits by providing 
the necessary nutritional information and the cor-
responding education. Moreover, it is vital to 
identify groups or individuals whose consump-
tion of certain nutrients is systematically too high 
or too low and their diet quality is characterized 
as poor. These individuals are in greater danger 
of developing nutrient-related conditions, thus 
early recognition of the population in danger 
could lead to interventions that could prevent the 
arise of such pathology. 

 Time spent engaged in sedentary behaviors, 
such as television (TV) viewing and video gam-
ing, is considered to be one of the factors underly-
ing the increasing prevalence of overweight and 
obesity observed around the world [ 1 ]. Positive 
relations between TV viewing and adiposity are 
constantly found, with several studies reporting 
the fact that men and women watching the most 
TV have a 2–4-fold increased risk of obesity com-
pared with those watching the least TV [ 2 ,  3 ]. 

 Video games have vast mass call and are pres-
ent in the daily schedule of most children and 

teenagers. As of 1999, video games account for 
approximately 30 % of the USA toy market, 
which helped the video game industry to earn 
between $6 and $9 billion, thus making more 
profi t than even the motion picture industry [ 4 ]. 
A 2004 estimate of media consumption showed 
that video game play and nonschool-related com-
puter access occupy approximately 2 h of a typi-
cal child’s day [ 5 ]. The increased prevalence of 
electronic game play (computer and video games) 
has alarmed the researchers and urged them to 
investigate the effect of this media type on vari-
ous aspects of health [ 6 ]. 

 The purpose of this chapter is to review the 
current literature in order to summarize the effect 
of the aforementioned sedentary activities (TV 
viewing and video gaming) in the diet quality of 
children and adolescence. Furthermore, a sum-
mary of the indexes of assessing diet quality will 
be further discussed.  

   Defi nition and Assessment Methods 
of Diet Quality 

 Good nutrition is a very important part of every 
child’s healthy life. Diet quality refl ects a dietary 
pattern in accordance with all the necessary 
micro and macronutrient elements needed to 
maintain health and to support growth and 
development. As a reference value, the most 
commonly used in the international literature 
are the Reference Daily Intake Tables used from 
the Department of Agriculture of the USA 
(USDA) [ 7 ]. 

 Diet quality indices are often used to provide a 
summary of diet quality rather than observing 
single food and nutrient items [ 8 ]. There are sev-
eral indexes proposed for assessing diet quality in 
various age groups which are summarized in 
Table  13.1 . The Revised Children’s Diet Quality 
Index (DQI) has been developed by Kranz et al., 
using the USA dietary recommended intake 
guidelines for preschool-aged children (aged 2–5 
years old). This index evaluates 12 dietary com-
ponents (added sugar, total fat, linoleic and 
 linolenic fatty acids, docosahexaenoic acid, 
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eicosapentaenoic acid, total grains, whole grains, 
vegetables, fruits, 100 % fruit juice, diary and 
iron intake) as well as total energy intake and 
television time spent with an interaction term [ 8 ]. 
For the same age group another DQI had been 
developed as a tool for assessing the compliance 
of Flemish preschoolers with the Flemish Food- 
Based Dietary Guidelines for preschool children. 
This index consists of four major components: 
dietary diversity (eight food groups), dietary 
quality (preferred foods within a food group are 
given higher scores), dietary equilibrium (higher 
scores if adequate but moderate intake of each 
food element is reassured), and meal index (num-
ber of main meals per day). The DQI has been 
validated by comparing the DQI scores derived 
from 3 days’ records with nutrient intake profi les 
and has been found to be a reliable quality index 
[ 9 ]. An index that was not specifi cally developed 
for children but can be applied to them, the 

   Table 13.1    Summary of the main indices used in the 
diet quality research in children and adolescents   

 Health index  Components 

 The Revised 
Children’s Diet 
Quality [ 8 ] 

 Added sugar 
 Total fat 
 Linoleic and linolenic fatty acids 
docosahexaenoic acid 
 Eicosapentaenoic acid 
 Total grains 
 Whole grains 
 Vegetables 
 Fruits 
 100 % fruit juice 
 Diary and iron intake 

 Diet Quality 
Index (DQI) [ 9 ] 

 Dietary diversity (eight food groups) 
 Dietary quality (preferred foods within 
a food group are given higher scores) 
 Dietary equilibrium (higher scores if 
adequate but moderate intake of each 
food element is reassured) 
 Meal index (number of main meals 
per day) 

 Healthy Eating 
Index (HEI) [ 10 ] 

 Total and whole fruit 
 Total vegetables 
 Dark, green and orange vegetables 
and legumes 
 Total and whole grains 
 Milk 
 Meat 
 Beans 
 Oils and calories from solid fats 
 Alcoholic beverages 
 Added sugars 
 Saturated fats 
 Sodium 

 Adolescent 
Micronutrient 
Quality Index 
(AMQI) [ 12 ] 

 Cereals and millets 
 Legumes 
 Milk and milk products 
 Vegetables (green leafy vegetables, 
other vegetables, roots and tubers) 
 Fruits 
 Sugar 
 Fats/oils (visible) 
 At least 50 % grains as whole grains 
 At least 50 % legumes being 
micronutrient-dense 
 Food variety based on all subgroups 
and weekly variety in vegetables and 
fruits 
 Sprouts/fermented foods/salads 
 Tea/coffee with meals 
 Fried foods 

(continued)

 Health index  Components 

 Diet Quality 
Index- 
International 
(DQI-I) [ 13 ] 

 Variety 
 Overall food group variety 
 Within-group variety from protein 
source 
 Adequacy 
 Vegetable group 
 Fruit group 
 Grain group 
 Fiber 
 Protein 
 Iron 
 Calcium 
 Vitamin C 
 Moderation 
 Total fat 
 Saturated fat 
 Cholesterol 
 Sodium 
 “Empty calorie food” 
 Overall balance 
 Macronutrient ratio 
(carbohydrate:protein:fat) 
 Fatty acid ratio (PUFA + MUFA/SFA) 

   PUFA  polyunsaturated fatty acids,  MUFA  monounsatu-
rated fatty acids,  SFA  saturated fatty acids  

Table 13.1 (continued)
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Healthy Eating Index (HEI), was revised in 2005 
after the publication of the 2005 Dietary 
Guidelines in order to measure diet quality in 
terms of compliance with the key diet-related 
recommendations of the 2005 Dietary Guidelines. 
The components of the HEI include all the major 
food groups (total and whole fruit, total vegeta-
bles, dark, green and orange vegetables and 
legumes, total and whole grains, milk, meat, 
beans, oils and calories from solid fats, alcoholic 
beverages, added sugars, saturated fats, and 
sodium) [ 10 ]. A modifi ed version of the previous 
HEI designed to assess diet quality in children 
aged 9–14 years of age had also been published 
[ 11 ]. Also diet quality indexes for specifi c popu-
lation has been formulated, like the Adolescent 
Micronutrient Quality Index (AMQI) for assess-
ing the micronutrient adequacy in adolescent 
girls consuming a lacto-vegetarian diet [ 12 ] and 
the Mediterranean adaptation of the Diet Quality 
Index-International (DQI-I) [ 13 ].

   Since validated diet quality indexes are lack-
ing from the literature, research has focused on 
the consumption of specifi c food groups or nutri-
ents, as a proxy to the overall children’s diet qual-
ity. The selection of these food groups and 
nutrients is based on the previous knowledge 
about the protective or un-protective effect in 
various aspects of childhood or adult life. For 
example, sugar-sweetened beverage intake is 
associated with weight gain in children [ 14 ,  15 ]. 
Also, calcium intake is associated with decreased 
blood pressure among children as well as 
increased bone mineral density among them [ 16 , 
 17 ]. Fruit and vegetables may play a protective 
role against the development of cancer and coro-
nary heart disease while  trans - and saturated fat 
consumption has a negative association with it 
[ 18 ,  19 ]. However, the approach of assessing 
 single nutrients or food items, instead of assess-
ing dietary patterns, could introduce some bias 
since children do not consume isolated nutrients, 
but eat meals consisting of a variety of foods with 
complex combinations of nutrients. This way of 
dietary assessment is indicated when there is lack 
of age-appropriated, validated diet quality 
indexes to capture the whole eating patterns and 
is often observed in recent studies   .  

   TV Viewing and Diet Quality 
in Childhood and Young Adulthood 

 Up to 17 years of age, a US child has spent more 
hours in watching television than going to school 
(15,000–18,000 compared to 12,000 h). Thus, 
TV viewing has been connected early to the vari-
ous aspects of children’s diet patterns. Table  13.2  
summarizes several studies regarding the associ-
ation of TV viewing with diet quality during 
childhood. The focus of the studies in this age 
group is attributed to the venerability of this 
developmental phase to food advertising on TV. 
There is evidence supporting that TV watching is 
closely related to snacking and their snacking 
preferences are most of the time affected by 
advertised foods which are more likely to have 
high concentrations of fat, sugar, and sodium 
[ 20 ]. Batada et al. have reported that 91 % of 
food advertisements during Saturday morning 
children’s television programming in the USA 
were for foods or beverages high in fat, sodium, 
or added sugars or were low in nutrients and 
18 % of food advertisements were about snack 
foods [ 21 ]. Moreover, children exposed to food 
advertisements are more prone to request that 
their parents purchase the dietary products that 
are most advertised [ 22 ,  23 ]. Exposure to as little 
as one or two times to short food commercials is 
enough to alter a preschool-age child’s food pref-
erences [ 24 ]. During the development of eating 
patterns the role of environment has a great infl u-
ence. Children become developmentally capable 
of making the transition to family foods, after the 
age of one and their internal regulatory mecha-
nism for hunger and satiety is infl uenced by cul-
tural patterns. The preschool period is essential to 
the origins of healthy eating patterns and due to 
the sensitivity of the developmental immaturity 
of children it is being thoroughly investigated by 
the researchers. Also young children’s TV and 
eating habits often refl ect those of their parents or 
caregivers. For instance, children who watch 
greater amounts of TV may do so because those 
caring for them may frequently watch TV. 
Therefore, the association we found between 
young children’s television/video viewing and 
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   Table 13.2    Summary of studies assessing TV viewing and diet quality in childhood and young adulthood      

 Study  Study design  Sample  Exposure  Estimates of association 

 Miller et al. 
(2008) [ 30 ] 

 Cross-sectional  3-Year-old 
 613 boys 
 590 girls from 
USA 

 1 h TV viewing 
per day 

 0.06 servings/day [95 % CI 0.03, 
0.10] for sugar-sweetened 
beverages 
 0.32 servings/month [95 % CI 
0.16, 0.49] for fast food 
 0.06 servings/day [95 % CI 0.02, 
0.09] for red/processed meat 
 48.7 kcal/day [95 % CI 18.7, 
78.6] for total energy intake 
 0.05 [95 % CI 0.03, 0.07] for % 
energy intake from trans 
 −0.18 servings/day [95 % CI 
−0.32, −0.05] for fruits and 
vegetables 
 24.6 mg/day [95 % CI −41.0, 
−8.1] for calcium 
 −0.44 g/day [95 % CI −0.65, 
−0.22] for dietary fi ber 

 Taveras et al. 
(2006) [ 37 ] 

 Cross-sectional  2–6 years old 
 240 parents of 
children 
 USA 

 1 h increase of TV/
video watched 
per day 

 Adjusted OR for consuming fast 
food ≥1 time per week: 1.55 
(95 % CI, 1.04–2.31) 

 Parvanta et al. 
(2010) [ 33 ] 

 Cross-sectional  6–18 years old 
  n  = 1,552 
 China 

 TV watching 
hours 
per week 
 Reported paying 
attention to 
TV commercials (yes 
vs. no) 

 aOR: 1.00; 95 % CI = 0.98–1.02 
per TV watching hour for 
requesting snacks seen on TV 
 aOR: 3.42; 95 % CI = 2.55–4.60 
of requesting snacks seen on TV 
when children paid attention to 
the commercials 
 aOR 1.60; 95 % CI = 1.23–2.07 
for eating snacks seen on TV 
when children paid attention to 
the commercials 

 Liang et al. 
(2011) [ 39 ] 

 Cross-sectional  11 years old 
students 
  n  = 4,966 
 Canada 

 Hours of television 
watching (1–2 h/d, 
3–4 h/d, ≥5 h/d vs. 
<1 h/d) 

 OR for soft drinks: 2.46 95 % 
CI = 1.54–3.93 for ≥5 h/d vs. 
<1 h/d 

 Supper in front of 
television (1–2 times/
week, 3–4 times/week, 
≥5 times/week vs. 
<1 time/week) 

 0.57; 95 % CI 0.24–0.89 % of 
sugar energy from carbohydrate 
energy for 3–4 h/d vs. <1 h/d 
 2.20; 95 % CI 0.29–4.10 % of 
energy from snack foods for 
≥5 h/d vs. <1 h/d 
 −0.09; 95 % CI = −0.16, −0.03 
daily servings of fruits and 
vegetables for 3–4 h/d vs. <1 h/d 
 −1.73; 95 % CI = −3.35, −0.10 
mean difference in Diet Quality 
Index for ≥5 h/d vs. <1 h/d 
 OR for overweight: 2.42 95 % 
CI = 1.54–3.79 for ≥5 h/d vs. 
<1 h/d 
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Table 13.2 (continued)

 Study  Study design  Sample  Exposure  Estimates of association 

 Manios et al. 
(2009) [ 41 ] 

 Cross-sectional  1–5 years old 
  n  = 2,374 
 Greece 

 ≥2 h/d watching TV vs. 
≤2 h/d 

 46.5; 95 % CI = 12.2–80.8 kcal of 
total energy intake 
 OR: 1.31; 95 % CI = 1.00–1.69 of 
≥5 exchanges of fat 
 OR: 1.51; 95 % CI 1.14–2.00 of 
exchanges of meat 
 OR: 1.31; 95 % CI 1.01–1.67 if 
exchanges of other carbohydrate 

 Dubois et al. 
(2008) [ 42 ] 

 Longitudinal  Birth to 4.5 
years of age 
  n  = 2,013 
 Canada 

 Frequency of eating 
while watching TV 
(meal or lunch using eat 
while-TV- watching 
index) 

 OR: 3.57;  p  < 0.05 for drinking 
soft drinks when eating snacks 
while watching TV every day vs. 
never 
 OR:2.34;  p  < 0.05 for drinking 
soft drinks while eating when 
watching TV three of four 
times daily vs. less than once 
daily 

 Jackson et al. 
(2009) [ 58 ] 

 Cross-sectional  2–6 years 
  n  = 89 
 UK 

 1 h watching TV 
per day 

 1.095 kg increase in weight per 
extra hour of TV viewing 

 Jago et al. 
(2005) [ 43 ] 

 Cohort  Start age: 
3–4 years 
  n  = 149 
 Follow-up time: 
3 years 
 USA 

 Minutes of TV per day  Beta = 0.046 kg/m 2  ( p  < 0.001) 
increase in per minute increase of 
TV watching 

 Fieldman et al. 
(2007) [ 34 ] 

 Cross-sectional  Mean age: 
14.9 years 
  n  = 4,746 
 USA 

 Watch TV while eating 
family meals 

 1.3 median daily servings of 
vegetables for family meals with 
TV vs. 1.4 with no TV,  p  < 0.001 
 0.40 median daily servings of 
dark green/yellow vegetables for 
family meals with TV vs. 0.43 
with no TV,  p  < 0.001 
 5.1 median daily servings of 
grains for family meals with TV 
vs. 5.3 with no TV,  p  = 0.02 
 0.56 median daily servings of 
fried foods for family meals with 
TV vs. 0.54 with no TV,  p  < 0.001 
 2.4 median daily servings of 
snack food for family meals with 
TV vs. 2.2 with no TV,  p  = 0.002 

 Fitzpatrick et al. 
(2007) [ 61 ]    

 Cross-sectional  1–4 years 
  n  = 1,478 
 USA 

 Number of days per 
week the television was 
on during dinner 

 aOR = 0.95; 95 % CI 0.91–0.99 
for serving fruits per night of 
watching television with dinner 
 aOR = 0.94; 95 % CI 0.90–0.98 
for serving vegetables per night of 
watching television with dinner 

(continued)
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Table 13.2 (continued)

 Study  Study design  Sample  Exposure  Estimates of association 

 Francis et al. 
(2006) [ 59 ] 

 Experimental  3–5 years old 
preschoolers 
  n  = 24 
 USA 

 (a) 22-min cartoon 
video on TV 

 (b) Parental reporting of 
children’s eating 
during TV viewing 
at home 

 Signifi cant higher intake for both 
snack and lunch meals in the no 
TV condition in the experimental 
condition ( t (24) = 3.1,  p  < 0.01 and 
 t (24) = 4.2,  p  < 0.001, respectively) 
 Signifi cant higher intake for lunch 
intakes ( r  = 0.56,  p  < 0.05) for 
children reported watching more 
daily hours of TV at home 

 Francis et al. 
(2003) [ 44 ] 

 Longitudinal  Start age: 
5-year-old 
girls 
 Assessment: at 
7 and 9 years of 
age 
  n  = 173 
 USA 

 Hours of watching TV 
per day 

 Beta = 0.30 kg/m 2  ( p  < 0.001) for 
BMI at age 9 in girls with at least 
one overweight parent 

 Boynton-Jaret 
et al. (2003) 
[ 31 ] 

 Cohort  Mean start age: 
11.7 years 
 Follow-up 
time = 19 months 
  n  = 548 
 USA 

 Hours of watching TV 
per day 

 Mean reduction of daily fruit and 
vegetables consumption: 0.14 
serving/day per additional hour of 
television viewed, adjusted for 
several confounders 

 Wiecha et al. 
(2006) [ 45 ] 

 Cohort  Mean start age: 
11.7 years 
 Follow-up 
time = 18 months 
  n  = 548 
 USA 

 Hours of watching TV 
per day 

 Mean increase in all foods 
commonly advertised on 
television (FCAT-soft drinks, fried 
foods, and snacks): 0.60 servings/
day per 1 h/d increase ( p  = 0.001) 

 Vereecken et al. 
(2007) [ 40 ] 

 Cross-sectional  11–15 years old 
  n  = 162,305 
children 
 Several countries 
from Europe, 
USA, and Israel 

 Hours of watching TV 
per day 

 Statistically signifi cant increase 
for the effect of TV viewing to the 
daily consumption of soft drinks, 
sweets and decrease in the daily 
consumption of vegetables and 
fruit 

 Pearson et al. 
(2011) [ 28 ] 

 Longitudinal  Start age: 12–15 
years old (T1) 
 Follow-up 
time = 2 years 
(T2) 
  n  = 1,729 
 Australia 

 Eating snacks while 
watching TV 

 Beta: 0.26; 95 % CI (0.21–0.31) 
for energy-dense snack consump-
tion in T2 when adolescents 
eating snacks while watching TV 
 Beta: 0.14; 95 % CI (0.09–0.20) 
for energy-dense drink consump-
tion in T2 when adolescents 
eating snacks while watching TV 
 Beta: −0.06; 95 % CI (−0.10 to 
0.03) for fruit consumption in T2 
when adolescents eating snacks 
while watching TV 

 French et al. 
(2001) [ 38 ] 

 Cross-sectional  Mean age: 14.9 
years 
  n  = 4,682 
 USA 

 Hours of watching TV 
on average per weekday 
and weekend day 

 More than 3 times/week eating in 
fast food restaurants was 
signifi cantly positively associated 
with weekday television viewing 
in boys and girls ( p  < 0.001) and 
only with weekend television 
viewing in girls ( p  < 0.001) 
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 Study  Study design  Sample  Exposure  Estimates of association 

 Barr-Anderson 
et al. (2009) 
[ 29 ] 

 Longitudinal  Cohort 1:  n  = 564 
middle school 
students 
 Cohort 2: 
 n  = 1,366 high 
school students 
 Follow-up time: 
5 years 
 USA 

 Heavy television 
viewers (≥5 h/d) vs. 
moderate (2–5 h/d) 
and limited (<2 h/d) 

 Younger cohort: 1.72 (0.11) fruit 
servings/d for heavy TV viewers 
vs. 1.9 (0.07) and 2.06 (0.09) for 
moderate and limited, respectively 
( p  = 0.009) 
 Older cohort: 1.25 (0.07) fruit 
servings/d for heavy TV viewers 
vs. 1.60 (0.04) and 1.70 (0.05) for 
moderate and limited, respectively 
( p  < 0.001) 

 Utter et al. 
(2006) [ 32 ] 

 Cross-sectional  5–14 years 
  n  = 3,275 
 New Zealand 

 ≥2 h/d TV watching vs. 
<1–2 h/d or <1 h/d 

 Aged 5–10 years: 
  Statistically signifi cant less 
likely to be high consumers of 
fruits and vegetables and more 
likely to be high consumers of 
soft drinks ( p  = 0.029), hamburg-
ers ( p  = 0.016), and French fries 
( p  < 0.001) than children watching 
less than an hour 
 Aged 10–14 years: 
  Statistically signifi cant more 
likely to be high consumers of 
soft drinks ( p  = 0.036), hamburg-
ers ( p  = 0.018), French fries 
( p  = 0.003), and chocolate sweets 
( p  = 0.004) than adolescents 
watching TV for less than an hour 
  Statistical more likely to be 
obese ( p  = 0.04) than adolescents 
watching TV for less than an hour 

 Ranjit et al. 
(2010) [ 52 ] 

 Cross-sectional  Mean age: 
15(1.6) years 
  n  = 15,283 
 USA 

 Hours of watching 
television per day 

 Statistically signifi cant increase 
for mean times soda consumption 
per day ( p  < 0.001) 

   aOR  (adjusted) odds ratio,  CI  confi dence intervals,  h / d  hours per day  

Table 13.2 (continued)

poorer diet quality could, in fact, refl ect an asso-
ciation between parents’ television viewing and 
diet quality. Figure  13.1  presents the conceptual 
framework of the relation between TV watching 
and low diet quality in children.

    The other age group that has been extensively 
researched is that of adolescents. Adolescence is 
another critical time during child development in 
which lifetime behaviors are formed or reshaped 
and eating patterns developed at this age are 
more likely to characterize later eating patterns 
and diet quality [ 25 ]. Adolescents have better 
cognitive abilities than younger children and 
they  provide better quality information to 

researchers. Also the participation of most of the 
adolescents in schools makes them an easily 
accessible age group to longitudinal dietary 
assessment and evaluation. Like younger chil-
dren, food advertisement plays a signifi cant role 
in the negative effect of TV viewing in adoles-
cents’ diet quality. Adolescents eat more 
unhealthy foods such as pizza, hamburgers, 
snack foods, and soda consistent with the foods 
advertised on television [ 26 ,  27 ]. However, 
snacking while watching TV is a signifi cant con-
tributing factor in mediating the association 
between television viewing and  adolescents’ eat-
ing behaviors. Pearson et al. in a longitudinal 
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study of 1,729 adolescents from Australia with 
start age of 7 and 9 years, who were assessed 2 
years later, documented that the prediction of 
energy-dense drinks, energy-dense snacks, and 
fruit consumption was mediated by the effect of 
eating snacks while watching TV and the rein-
forcing factor of TV viewing, and among them 
eating snacks while watching TV had the great-
est mediating role [ 28 ]. Furthermore, the most 
critical period during adolescence for forming 
and maintaining bad diet habits to young adult-
hood is the high school period rather than the 
middle school period, as demonstrated by the 
study of Barr-Anderson et al. [ 29 ]. 

 There is also a great variability in the out-
comes used in the diet quality–TV viewing asso-
ciation studies, which are summarized in 
Table  13.3 . Some studies use for indicators 
selected food and nutrient intakes, categorizing 

them as healthy and unhealthy. Greater intake of 
healthy foods and nutrients is indicative of a bet-
ter diet quality whereas a lesser intake with the 
opposite one [ 30 ,  31 ]. The most common 
unhealthy food categories are snacks and soft 
drinks or sugar-added beverages. Snacking is a 
food pattern infl uenced mostly by advertising 
than inactivity. Many studies use the duration of 
TV viewing time as a proxy estimation of the 
children’s exposure to food advertisements and 
they have reported statistically signifi cant posi-
tive associations with advertised snacks and TV 
viewing [ 32 ]   . However, in their study Parvanta 
et al. assessed both TV viewing time and paying 
attention to the TV commercials in Chinese chil-
dren and adolescents and found signifi cant posi-
tive correlations only between snacking and 
attention to TV commercials, suggesting that a 
measure of attention is a better indicator of expo-
sure to food advertisements on TV than is the 
overall amount of time spent watching TV [ 33 ]. 
Sugar-added beverages and soft drinks are also 
used as indicators of a bad diet quality with TV 
viewing. Feldman et al. reported that when fam-
ily meals are accompanied by television the like-
lihood of consuming soft drinks increases for both 
adolescent boys and girls, attributing this effect to 
the food and soft drink advertisements [ 34 ]. This 
is particularly important since  sweetened soft 
drink consumption could be considered as an 

  Fig. 13.1    Conceptual framework for the causal association between TV watching and low diet quality in children       

   Table 13.3    Food and nutrients commonly used in the 
studies of the association between TV viewing and diet 
quality in children and adolescents   

 High diet quality indicators  Low diet quality indicators 

 Fruits  Snacks 
 Vegetables  Soft drinks 
 Meat  Fast food 

 Red/processed meat 
 Sweets 
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overall unhealthful diet quality marker in child-
hood. As seen in many studies, over consuming 
sugar-sweetened beverages is associated with 
less consumption of essential nutrients such as 
calcium, vitamin D, folate, and iron [ 35 ,  36 ]. 
Limiting TV viewing time could decrease sugar- 
sweetened soft drink consumption and positively 
affect diet quality in childhood. Finally, fast food 
consumption has also been used as a proxy out-
come for assessing overall diet quality in  children. 
There are studies which report positive correla-
tion between TV viewing and fast food consump-
tion both for children and adolescents [ 37 ,  38 ].

   Besides food advertising, another possible 
way in which TV may infl uence fast food intake 
is through hidden food consuming messages 
embedded within program content. TV content 
analysis focusing of food messages made by 
Story and Faulkner reported that the average ref-
erence to food occurred approximately 4.8 times 
per 30 min of program content, while one half of 
them were about foods that are low in benefi cial 
nutrients. These fi ndings are further supported by 
Kotz and Story who reported that 43.6 % of the 
advertised foods in children’s Saturday morning 
television programming promote foods predomi-
nantly high in fat and/or sugars with relatively 
low nutritional value [ 22 ]. 

 Only one of the recently published studies eval-
uating the effect of TV watching to diet quality has 
used a complex DQI. Liang et al. have used DQI 
as an overall assessment tool for the estimation of 
the diet quality in Canadian children while at the 
same time they also report TV watching effects at 
a macronutrient (servings/day of fruits and vegeta-
bles and soft drinks) or at a micronutrient effect (% 
energy delivered from fat, carbohydrate energy, 
and snack foods, all of which are related with 
increased or decreased risk for obesity and chronic 
diseases) [ 39 ]   . Since there is lack of evidence for 
the valid application of diet health indices in child-
hood populations, most researchers have been 
avoiding using a single DQI and have preferred 
using specifi c indicators, which can be easily stud-
ied and can provide results for within-country and 
longitudinal comparisons. 

 In the context of 2001/2002 HBSC survey, a 
WHO collaborative cross-national study was con-
ducted in a number of European countries and 

regions, and also in the USA, Canada, and Israel. 
A common identical questionnaire was applied to 
the participating countries, with items related to 
sociodemographics, TV viewing, and eating hab-
its, thus allowing for between- countries compari-
sons. In all participating countries beside 
Greenland, increased TV viewing time (as per 
hour increase) was statistically signifi cant associ-
ated with higher rates of daily consumption of 
sugared drinks and sweets. On the other hand, 
increased TV viewing time was signifi cantly neg-
atively associated with the consumption of vege-
tables and fruit (in 20 and 19 countries, 
respectively), revealing a common non-healthy 
diet quality pattern related to TV viewing. The 
majority of the countries that no statistically sig-
nifi cant associations were found belong to the 
Central and Eastern Europe. Authors attributed 
this fi nding to the differences in the TV food 
advertisements across these countries, but stressed 
the possible presence of cultural-specifi c con-
founders or other confounders related to family 
food culture, parental practices, and the availabil-
ity of access to unhealthy snack foods and bever-
ages [ 40 ]. From the existing body of evidence, 
most of the recent studies concern populations 
from the USA and Canada, while there is emerg-
ing evidence from Greece [ 41 ] and China [ 33 ]. 

 Concerning the study design of the recent 
research about TV watching and diet quality, most 
of the studies are cross-sectionals and very few 
are longitudinal (Fig.  13.2 ). Furthermore, more 
longitudinal studies are referring to adolescents 
rather than younger children. Longitudinal studies 
due to their prospective design are able to demon-
strate temporal associations between television 
viewing and diet quality indicators, providing 
thus evidence regarding the causal relationship of 
TV watching with bad diet quality. Moreover, 
they are able to control for baseline exposures as 
well as for other empirically and theoretically rel-
evant factors. All recent longitudinal studies have 
documented TV watching as a risk factor for 
unhealthy diet quality or increase in adiposity at 
later childhood and adolescence, either as total 
minutes or hours of TV watched per day or eating 
while watching TV [ 28 ,  29 ,  31 ,  42 – 45 ]. Their fi nd-
ings are in concordance with many cross-sectional 
studies published in the literature [ 30 ]. 
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Even though cross-sectional design suffers from 
the phenomenon of reverse causality, due to the 
nature of the exposure, it is likely that television 
viewing could lead to poor diet quality rather than 
the opposite. However, it should be noted that 
cross-sectional and longitudinal studies of the 
effect of TV watching suffer also from measure-
ment errors in both exposure and outcome vari-
ables. The assessment of TV watching is usually 
self-reported or in children below 5 years of age is 
reported by their parents and diet quality assess-
ment is done mostly by food frequency question-
naires, which are prone to recall bias. Also the 
possibility of the presence of confounding from 
other factors, such as socioeconomic status (which 
may not have always been controlled for), needs 
to be taken into consideration. Taking account of 
the possible measurement over- or underestima-
tion and the confounding bias, the consistency in 
the fi ndings of both types of studies argues in 
favor of the negative effect of TV viewing in chil-
dren’s diet quality.

      Video Games and Diet Quality in 
Childhood and Young Adulthood 

 American Academy of Pediatrics in the most recent 
guidelines about the recommended screen time 
consumption per day for children and  adolescents 
refers to daily total media time consumption and 
makes no discrepancy between the types of media 

use in which children are engaging [ 46 ]. Although 
television viewing is still the preferred leisure time 
activity for most children, in recent studies video 
gaming has emerged as a rapidly evolving favorite 
screen-related activity [ 47 ]. Furthermore, it has 
been reported that more than 50 % of children 
report eating when playing computer video games, 
besides when watching TV [ 48 ]. However, there 
are rather few studies addressing the unique effect 
of video gaming in the diet quality of children and 
adolescents (Table  13.4 ). Video gaming is consid-
ered a part in children’s everyday sedentary activi-
ties and most researchers have not attempted to 
assess it as a sole factor, but with other passive 
activities like TV watching and doing homework. 
Recent evidence has acknowledged the role of 
knowledge- based work as a contributor to the cur-
rent obesity epidemic [ 49 ]. The only studied out-
come in the relevant literature is food intake, 
expressed as energy intake. In their study, Chaput 
et al. reported that 1-h video game played by male 
adolescents is accompanied by increased caloric 
intake at a following ad libitum meal compared to 
the control condition consisting of relaxing on a 
comfortable chair. Authors also added that over-
consumption of food after playing video games 
was observed without increased subjective sensa-
tions of hunger and appetite. The authors justifi ed 
their fi nding about the association between over-
eating and video gaming to non-homeostatic mech-
anisms but to a rewarding feeding behavior 
associated with the practices of video games that 

  Fig. 13.2    Distribution of the recent studies assessing the association between diet quality and TV viewing according 
to their study design       
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impair satiety signal capacity [ 50 ]. Moreover, the 
activity type of video game does not seem to alter 
food intake. In their study Mellecker et al. demon-
strated no statistically signifi cant alteration in snack-
ing between children participating in 
activity-enhanced video gaming or seated video 
gaming [ 51 ]. Finally, as one of the factors examined 
in the survey by Ranjit et al., video gaming has been 
associated with increased consumption of sugar-
sweetened beverages, as a part of the assessment of 
several screen-related sedentary behaviors (hours 
spent watching television and using the computer), 
adjusted for several confounders for both sexes [ 52 ].

   However, video games have been used as an 
effective means of improving diet quality in 
healthy children. Barranowski et al. have docu-
mented in several works that video games can 
effectively promote dietary change among youth 
[ 53 ,  54 ]. Moreover, there is some evidence that 
active video games, which are electronic games 
that allow players to physically interact (by 
using arm, leg, or whole-body movements), 
could have a benefi cial effect against childhood 
obesity which is mediated by the increase in the 
physical activity of the participating children 
[ 55 – 57 ].  

   Table 13.4    Summary of studies assessing video gaming and diet quality in childhood and young adulthood   

 Study  Study design  Sample  Exposure 
 Estimates of 
association 

 Chaput et al. 
(2011) [ 60 ] 

 Randomized crossover 
clinical trial 

 Mean age 
16.7 ± 1.1 
years 
  n  = 22 
 Canada 

 1-h of video gaming  Mean difference in ad 
libitum energy intake 
after video gaming vs. 
after rest: 335 kJ 
( p  < 0.05), adjusted for 
sensation of hunger 

 Mellecker et al. 
(2010) [ 51 ] 

 Experimental  Mean age: 
11.0 ± 1.0 
  n  = 30 
 USA 

 1-h free choice video 
gaming sessions 

 Mean difference in 
snacking energy intake 
between seated and 
activity-enhanced video 
game condition 374 
(192) vs. 383 (266) cal 
( p  = 0.844) 

 Ranjit et al. 
(2010) [ 52 ] 

 Cross-sectional  Mean age: 
15(1.6) 
years 
  n  = 15,283 
 USA 

 Hours of video gaming 
per day 

 Statistically signifi cant 
increase for mean times 
soda consumption per 
day: 0.015 

 Baranowski 
et al. (2011) [ 53 ] 

 Randomized clinical 
trial 

 10–12 years 
old 
  n  = 133 
 USA 

 Intervention group: 
9 sessions of at least 
40 min of playing 
video games designed 
to lower risks of type 2 
diabetes and obesity 

 Statistically signifi cant 
higher treatment vs. 
control fruit and 
vegetables intake (mean 
increase = 0.67 
servings/day,  p  = 0.018) 

 Control group: playing 
general healthy lifestyle 
video games 

 Baranowski 
et al. (2003) [ 54 ] 

 Randomized clinical 
trial 

 10–11 years 
old 
  n  = 1,578 
 USA 

 Intervention group: 10 
sessions of engaging to 
a psychoeducational 
multimedia game for 25 min 

 Statistically signifi cant 
higher treatment vs. 
control fruit and 
vegetables intake (mean 
increase = 1.0 servings/
day,  p  = 0.018) 

 Control group: not engaging 
in the multimedia game 
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   Conclusions 

 Childhood is a very sensitive developmental 
period where the impact of various factors has 
lifetime infl uence on several aspects of children’s 
lives. This period is also a crucial time for the 
development of future food habits. Hence, suffi -
cient energy and nutrient intake from a balanced 
diet and healthy snacks should be provided for 
optimal growth and the acquisition of early 
healthy diet habits. TV and videogames have 
become an important part of children’s everyday 
life and their effect in various behavioral patterns 
has taken a great concern in the recent literature. 
The majority of the published evidence is about 
the negative relationship between TV exposure 
and healthy eating habits. However, most of the 
studies are cross-sectional which cannot establish 
causal relationships between TV viewing and 
several healthy diet quality markers like vegeta-
bles and fruit consumption or unhealthy markers 
like increased snacking and sugar-sweetened 
beverages. As far as computer gaming, there is 
very limited data available regarding the correla-
tion between gaming and diet quality. More inter-
vention studies are needed in order to provide 
suffi cient evidence to support that decreasing 
television viewing time and video gaming can 
help in obesity prevention and the maintenance 
of normal weight in childhood.     

   References 

    1.    Hill JO, Peters JC. Environmental contributions to the 
obesity epidemic. Science. 1998;280:1371–4.  

    2.    Tucker LA, Bagwell M. Television viewing and obesity 
in adult females. Am J Public Health. 1991;81:908–11.  

    3.    Tucker LA, Friedman GM. Television viewing and 
obesity in adult males. Am J Public Health. 1989;79:
516–8.  

    4.    Dickinson A. Video playground. Time. 2000;19:98.  
    5.    Rideout VG, Roberts DF, Foehr UG. Generation M: 

media in the lives of 8–18 year-olds. Menlo Park, CA: 
Kaiser Family Foundation; 2005.  

    6.    Wack E, Tantleff-Dunn S. Relationships between elec-
tronic game play, obesity, and psychosocial functioning 
in young men. Cyberpsychol Behav. 2009;12:241–4.  

    7.   USDA.   http://www.iom.edu/Activities/Nutrition/
SummaryDRIs/~/media/Files/Activity%20Files/
N u t r i t i o n / D R I s / 5 _ S u m m a r y % 2 0 Ta b l e % 2 0
Tables%201-4.pdf    . Assessed 18 Oct 2011.  

      8.    Kranz S, Hartman T, Siega-Riz AM, Herring AH. A 
diet quality index for American preschoolers based on 
current dietary intake recommendations and an indi-
cator of energy balance. J Am Diet Assoc. 2006;106:
1594–604.  

     9.    Huybrechts I, Vereecken C, De Bacquer D, et al. 
Reproducibility and validity of a diet quality index for 
children assessed using a FFQ. Br J Nutr. 2010;104:
135–44.  

     10.    Guenther PM, Reedy J, Krebs-Smith SM. 
Development of the Healthy Eating Index-2005. J Am 
Diet Assoc. 2008;108:1896–901.  

    11.    Feskanich D, Rockett HR, Colditz GA. Modifying the 
Healthy Eating Index to assess diet quality in children 
and adolescents. J Am Diet Assoc. 2004;104:
1375–83.  

     12.    Chiplonkar SA, Tupe R. Development of a diet quality 
index with special reference to micronutrient adequacy 
for adolescent girls consuming a lacto-vegetarian diet. 
J Am Diet Assoc. 2010;110:926–31.  

     13.    Mariscal-Arcas M, Romaguera D, Rivas A, et al. Diet 
quality of young people in southern Spain evaluated 
by a Mediterranean adaptation of the Diet Quality 
Index-International (DQI-I). Br J Nutr. 2007;98:
1267–73.  

    14.    Welsh JA, Cogswell ME, Rogers S, et al. Overweight 
among low-income preschool children associated 
with the consumption of sweet drinks: Missouri, 
1999–2002. Pediatrics. 2005;115:e223–9.  

    15.    Ludwig DS, Peterson KE, Gortmaker SL. Relation 
between consumption of sugar-sweetened drinks and 
childhood obesity: a prospective, observational analy-
sis. Lancet. 2001;357:505–8.  

    16.    Johnston Jr CC, Miller JZ, Slemenda CW, et al. 
Calcium supplementation and increases in bone min-
eral density in children. N Engl J Med. 1992;327:
82–7.  

    17.    Gillman MW, Oliveria SA, Moore LL, Ellison RC. 
Inverse association of dietary calcium with systolic 
blood pressure in young children. JAMA. 1992;267:
2340–3.  

    18.    Gillman MW. Enjoy your fruits and vegetables. BMJ. 
1996;313:765–6.  

    19.    Hu FB, Stampfer MJ, Manson JE, et al. Dietary fat 
intake and the risk of coronary heart disease in 
women. N Engl J Med. 1997;337:1491–9.  

    20.    Halford JC, Boyland EJ, Hughes G, Oliveira LP, 
Dovey TM. Beyond-brand effect of television (TV) 
food advertisements/commercials on caloric intake 
and food choice of 5–7-year-old children. Appetite. 
2007;49:263–7.  

    21.    Batada A, Seitz MD, Wootan MG, Story M. Nine out 
of 10 food advertisements shown during Saturday 
morning children’s television programming are for 

13 Diet Quality, in Relation to TV Viewing and Video Games Playing

http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf


174

foods high in fat, sodium, or added sugars, or low in 
nutrients. J Am Diet Assoc. 2008;108:673–8.  

     22.    Kotz K, Story M. Food advertisements during chil-
dren’s Saturday morning television programming: are 
they consistent with dietary recommendations? J Am 
Diet Assoc. 1994;94:1296–300.  

    23.    Coon KA, Tucker KL. Television and children’s con-
sumption patterns. A review of the literature. Minerva 
Pediatr. 2002;54:423–36.  

    24.    Borzekowski DL, Robinson TN. The 30-second 
effect: an experiment revealing the impact of 
 television commercials on food preferences of 
 preschoolers. J Am Diet Assoc. 2001;101:42–6.  

    25.    Story M, Neumark-Sztainer D, French S. Individual 
and environmental infl uences on adolescent eating 
behaviors. J Am Diet Assoc. 2002;102:S40–51.  

    26.    Jeffery RW, French SA. Epidemic obesity in the 
United States: are fast foods and television viewing 
contributing? Am J Public Health. 1998;88:277–80.  

    27.    Coon KA, Goldberg J, Rogers BL, Tucker KL. 
Relationships between use of television during meals 
and children’s food consumption patterns. Pediatrics. 
2001;107:E7.  

      28.    Pearson N, Ball K, Crawford D. Mediators of longitu-
dinal associations between television viewing and eat-
ing behaviours in adolescents. Int J Behav Nutr Phys 
Act. 2011;8:23.  

      29.    Barr-Anderson DJ, Larson NI, Nelson MC, Neumark- 
Sztainer D, Story M. Does television viewing predict 
dietary intake fi ve years later in high school students 
and young adults? Int J Behav Nutr Phys Act. 
2009;6:7.  

      30.    Miller SA, Taveras EM, Rifas-Shiman SL, Gillman 
MW. Association between television viewing and 
poor diet quality in young children. Int J Pediatr Obes. 
2008;3:168–76.  

      31.    Boynton-Jarrett R, Thomas TN, Peterson KE, et al. 
Impact of television viewing patterns on fruit and veg-
etable consumption among adolescents. Pediatrics. 
2003;112:1321–6.  

     32.    Utter J, Scragg R, Schaaf D. Associations between 
television viewing and consumption of commonly 
advertised foods among New Zealand children and 
young adolescents. Public Health Nutr. 2006;9:
606–12.  

      33.    Parvanta SA, Brown JD, Du S, et al. Television use 
and snacking behaviors among children and adoles-
cents in China. J Adolesc Health. 2010;46:339–45.  

     34.    Feldman S, Eisenberg ME, Neumark-Sztainer D, 
Story M. Associations between watching TV during 
family meals and dietary intake among adolescents. 
J Nutr Educ Behav. 2007;39:257–63.  

    35.    Keller KL, Kirzner J, Pietrobelli A, St-Onge MP, 
Faith MS. Increased sweetened beverage intake is 
associated with reduced milk and calcium intake in 
3- to 7-year-old children at multi-item laboratory 
lunches. J Am Diet Assoc. 2009;109:497–501.  

    36.    Frary CD, Johnson RK, Wang MQ. Children and ado-
lescents’ choices of foods and beverages high in 
added sugars are associated with intakes of key nutri-

ents and food groups. J Adolesc Health. 2004;34:
56–63.  

     37.    Taveras EM, Sandora TJ, Shih MC, et al. The 
 association of television and video viewing with fast 
food intake by preschool-age children. Obesity (Silver 
Spring). 2006;14:2034–41.  

     38.    French SA, Story M, Neumark-Sztainer D, Fulkerson 
JA, Hannan P. Fast food restaurant use among adoles-
cents: associations with nutrient intake, food choices 
and behavioral and psychosocial variables. Int J Obes 
Relat Metab Disord. 2001;25:1823–33.  

     39.    Liang T, Kuhle S, Veugelers PJ. Nutrition and body 
weights of Canadian children watching television and 
eating while watching television. Public Health Nutr. 
2009;12:2457–63.  

     40.    Vereecken CA, Todd J, Roberts C, Mulvihill C, Maes 
L. Television viewing behaviour and associations 
with food habits in different countries. Public Health 
Nutr. 2006;9:244–50.  

     41.    Manios Y, Kondaki K, Kourlaba G, et al. Television 
viewing and food habits in toddlers and preschoolers 
in Greece: the GENESIS study. Eur J Pediatr. 
2009;168:801–8.  

     42.    Dubois L, Farmer A, Girard M, Peterson K. Social 
factors and television use during meals and snacks is 
associated with higher BMI among pre-school chil-
dren. Public Health Nutr. 2008;11:1267–79.  

    43.    Jago R, Baranowski T, Baranowski JC, Thompson D, 
Greaves KA. BMI from 3-6 y of age is predicted by 
TV viewing and physical activity, not diet. Int J Obes 
(Lond). 2005;29:557–64.  

    44.    Francis LA, Lee Y, Birch LL. Parental weight status 
and girls’ television viewing, snacking, and body 
mass indexes. Obes Res. 2003;11:143–51.  

     45.    Wiecha JL, Peterson KE, Ludwig DS, et al. When 
children eat what they watch: impact of television 
viewing on dietary intake in youth. Arch Pediatr 
Adolesc Med. 2006;160:436–42.  

    46.    American Academy of Pediatrics. Children, adoles-
cents, and television. Pediatrics. 2001;107:423–6.  

    47.    Christakis DA, Ebel BE, Rivara FP, Zimmerman FJ. 
Television, video, and computer game usage in chil-
dren under 11 years of age. J Pediatr. 2004;145:
652–6.  

    48.    Moag-Stahlberg A, Miles A, Marcello M. What kids 
say they do and what parents think kids are doing: the 
ADAF/Knowledge Networks 2003 Family Nutrition 
and Physical Activity Study. J Am Diet Assoc. 
2003;103:1541–6.  

    49.    Tremblay A, Therrien F. Physical activity and body 
functionality: implications for obesity prevention and 
treatment. Can J Physiol Pharmacol. 2006;84:
149–56.  

    50.    Chaput JP, Klingenberg L, Astrup A, Sjodin AM. 
Modern sedentary activities promote overconsump-
tion of food in our current obesogenic environment. 
Obes Rev. 2011;12:e12–20.  

     51.    Mellecker RR, Lanningham-Foster L, Levine JA, 
McManus AM. Energy intake during activity 
enhanced video game play. Appetite. 2010;55:343–7.  

G. Antonogeorgos and D. Panagiotakos



175

      52.    Ranjit N, Evans MH, Byrd-Williams C, Evans AE, 
Hoelscher DM. Dietary and activity correlates of 
sugar-sweetened beverage consumption among ado-
lescents. Pediatrics. 2010;126:e754–61.  

     53.    Baranowski T, Baranowski J, Thompson D, et al. 
Video game play, child diet, and physical activity 
behavior change a randomized clinical trial. Am J 
Prev Med. 2011;40:33–8.  

     54.    Baranowski T, Baranowski J, Cullen KW, et al. 
Squire’s Quest! Dietary outcome evaluation of a 
multimedia game. Am J Prev Med. 2003;24:
52–61.  

    55.    Maddison R, Foley L, Ni Mhurchu C, et al. Effects of 
active video games on body composition: a random-
ized controlled trial. Am J Clin Nutr. 2011;94:
156–63.  

   56.    Adamo KB, Rutherford JA, Goldfi eld GS. Effects of 
interactive video game cycling on overweight and 
obese adolescent health. Appl Physiol Nutr Metab. 
2010;35:805–15.  

    57.    Maddison R, Foley L, Mhurchu CN, et al. Feasibility, 
design and conduct of a pragmatic randomized con-
trolled trial to reduce overweight and obesity in 
 children: the electronic games to aid motivation to 
exercise (eGAME) study. BMC Public Health. 
2009;9:146.  

    58.    Jackson DM, Djafarian K, Stewart J, Speakman JR. 
Increased television viewing is associated with elevated 
body fatness but not with lower total energy expendi-
ture in children. Am J Clin Nutr. 2009;89:1031–6.  

    59.    Francis LA, Birch LL. Does eating during television 
viewing affect preschool children’s intake? J Am Diet 
Assoc. 2006;106:598–600.  

    60.    Chaput JP, Visby T, Nyby S, et al. Video game playing 
increases food intake in adolescents: a randomized 
crossover study. Am J Clin Nutr. 2011;93:1196–203.  

    61.    Fitzpatrick E, Edmunds LS, Dennison BA. Positive 
effects of family dinner are undone by television 
viewing. J Am Diet Assoc. 2007;107(4):666–71.    

13 Diet Quality, in Relation to TV Viewing and Video Games Playing



177V.R. Preedy et al. (eds.), Diet Quality: An Evidence-Based Approach, Volume 1, Nutrition and Health,
DOI 10.1007/978-1-4614-7339-8_14, © Springer Science+Business Media New York 2013

      Abbreviations 

   BMI    Body mass index   
  CDC    Center for Disease Control   
  SES    Socioeconomic status   
  UK    United Kingdom   
  US    United States of America   
  WHO    World Health Organization   

        K.  B.   Adamo (*) •         K.  E.   Brett    
  Healthy Active Living and Obesity Research Group , 
 Children’s Hospital of Eastern Ontario 
Research Institute ,   401 Smyth Road ,  Ottawa , 
 ON ,  Canada   K1H 8L1   
 e-mail: kadamo@cheo.on.ca  

 14

 Keywords 

   Parental perception   •   Diet quality   •   Healthful eating   •   Eating behaviours   • 
  Children 

      Parental Perceptions 
and Childhood Dietary Quality: 
Who Holds the Reins? 
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 Key Points 

•     Diet quality is imperative for appropriate child growth and 
development.  

•   There are many complex and integrated factors that infl uence diet qual-
ity and how a parent perceives their child’s diet quality.  

•   Parents are their child’s primary role model and thus bear considerable 
responsibility for shaping diet quality and feeding behaviours.  

•   Parenting style can strongly infl uence diet quality and eating behav-
iours in children.  

•   A parent’s perception of child’s weight status, depending on its refl ec-
tion of reality, can positively or negatively affect diet quality.  

•   Family structure can signifi cantly infl uence diet quality.  
•   In general, children’s diet quality does not meet recommendations for 

optimal growth and development. However a parent’s perception of 
their child’s diet may not accurately refl ect this reality.    
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          Introduction 

 This chapter will focus on diet quality in children 
and specifi cally the parental perception of diet qual-
ity and how this might impact eating behaviours. 

 There are two interrelated factors to be described:
    1.    The impact of parental perceptions (knowl-

edge, beliefs, attitudes, self-effi cacy) on diet 
quality of a child   

   2.    The actual parental perception of diet quality 
(i.e. realism vs. idealism)      

   Why We Care 

 The early years represent a critical period of 
growth and development of health behaviours. 
The global increase in child obesity and comor-
bid conditions [ 1 ], phenotypes once reserved 
only for the adult population, indicates that health 
behaviours have changed over time. While there 
is a complex set of factors associated with opti-
mal growth and development, one cannot deny 
the role of eating habits and diet quality. In the 
case of children, it is universally accepted that 
parents/guardians are primarily responsible for 
food procurement, choices and meal preparation, 
and conventional wisdom suggests that parents 
want to provide them with the necessary tools to 
ensure healthy growth and development. There 
are of course many contributors, both non- 
modifi able such as biological, societal, environ-
mental, and socioeconomic as well as modifi able 
contributors to healthy growth and development 
which include dietary and physical activity or 
sedentary behaviours. 

 Parents can be a strong positive infl uence 
(good model, encourage high quality choices, 
exposure to a wide array of healthful choices), or 
conversely, a powerful negative infl uence (setting 
a poor example, making the easy and often less 
healthy choice, food rewards of low quality, inap-
propriate snacking, lack of control or heavy 
restriction) on diet quality. Like any relationship, 
the one between parents and children is complex 
and multilayered. Most people, regardless of 
whether they are a parent or not, have been caught 

not ‘practicing what they preach’ and it is not 
uncommon for children to hold back information, 
or hide behaviours from their parent(s). This may 
start as early as the preschool years. Therefore, it 
should not be surprising that a parent’s percep-
tion of a child’s behaviour, in this case eating 
behaviour and diet quality, may not be refl ective 
of the true situation. We know from other work 
that there exists a lack of awareness for various 
health-related concepts, such as parents not rec-
ognizing obesity in their own children [ 2 ]. There 
are many potential reasons and biases related to 
this concept which will be touched on later (see 
Table  14.1 ). Additionally, the commonly held 
parental perception that they have little or no con-
trol over their child’s eating behaviour may also 
lead to detrimental diet quality.

     Importance of Diet Quality 

 Diet quality is strongly related to the physical and 
cognitive development of children [ 3 ], and thus a 
proper diet with adequate nutrition is of the 
utmost importance during critical developmental 
stages. In the early 1900s in Europe and North 
America, malnutrition was a salient child-health 
concern due to inadequate supplies of healthy 
foods (high in protein and vitamins), and the 
focus of healthy eating was related to achieving 
adequate growth and maintaining strength in the 
children. Currently, in developed countries, the 
problem is quite the opposite; increased exposure 
to poor-quality food due to an overabundance of 
low nutrient, energy dense foods including nutri-
tionally unbalanced snacks, convenience and fast 
foods [ 4 ] resulting in high calorie, but nutrient- 
poor diets (i.e. diets that are not meeting current 
dietary recommendations known to reduce dis-
ease risk). This nutrition transition is being expe-
rienced by many developing nations as well [ 5 ] 
and is a major health concern as it has led to an 
increase in so-called ‘diseases of affl uence’ in 
children. While conditions such as obesity, high 
blood pressure, and type 2 diabetes have been 
linked to caloric excess and diets high in fat, 
sugar and salt and low in fi bre, many children are 
not meeting the recommended intakes of certain 
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   Table 14.1    Common parental misperceptions about dietary behaviours and diet quality and their associated dangers   

 What the parent perceives  What is the ‘true’ situation 

 Child to have a high quality diet because of 
parental misconceptions of what constitutes 
healthy eating 

 Lack of healthy eating due to misguided unhealthy choices, despite 
believing that what they are doing is healthy 
 May have self perceptions about healthy eating that are not in keeping 
with the actual guidelines 
 Parents may be mislead by advertising and serve low nutrient energy 
dense foods, over processed foods 

 In order to improve their child’s diet quality 
(i.e. encourage them to eat their veggies) or 
ensure their child is eating enough, they must 
pressure the child to eat or use ‘preferred’ 
food as a reward 

 Pressure feeding is detrimental to development of appropriate satiety 
cues and may lead to undesirable eating practices 
 Rewarding with preferred food or treats may have short term 
successes but is not benefi cial in the long term 

 Their child has a diet as good as it is going to 
get given they are working within their 
current limitations (budget, accessibility) 

 Choices being made are not ideal and thus child’s diet is less than 
satisfactory 

 They have no control over their child’s eating 
i.e. fatalistic perception/external locus of 
control 

 May results in the provision of very limited variety of food items 
without the recognition that they do have control and have many more 
options or choices regarding food that can increase their child’s diet 
quality 

 They are serving healthy food of high quality, 
therefore portion control is unnecessary 

 The over consumption of even ‘healthy’ foods can lead to excess 
calorie consumption and weight gain over time 

 That restrictive eating will produce healthy 
children with good eating habits 

 Child may develop restrictive eating style and may suppress feelings 
of hunger 
 Being too health conscious and restrictive, without moderation can be 
counter productive, resulting in children who may binge on treats 
outside of the home 
 Restrictive eating focuses children’s attention on restricted foods, 
increasing their desire to obtain and consume the foods 

 That a healthy weight child means that the 
child is eating healthy (i.e. high diet quality) 

 A thin child may not have healthy eating habits; thin ≠ healthy 
 What a child eats is still important for macronutrients and fi bre, and 
can have major impacts on health 

 That their child has adequate diet quality 
because the parent packed the child’s lunch 
for school and limits snacks at home 
(assumption) 

 Once at school the child does not necessarily eat what is provided, 
they may trade the unwanted items, selectively eat only the unhealthy 
treats provided possibly throwing out unwanted items, older kids 
might buy food in the vending machines, the cafeteria or local 
convenience stores or food establishments 
 Children of a certain age are able to help themselves to food and/or 
snacks without the parental awareness 

 That their child does not notice ‘adult snacks’ 
or parental unhealthy eating patterns 

 There should not be unhealthy adult-only food 
 Children may learn to seek these forbidden foods 

 That telling a child that certain food is ‘good’ 
for them or ‘bad’ for them will lead to high 
quality diet 

 This may not be the case since simply stating good for you or bad for 
you may not be enough. There needs to be an explanation or reasoning 
behind why a child needs to eat more of one food and less of another 
 Parents must also model good eating behaviour. Encouraging 
moderation and decision making is important (i.e. if you are going to 
have that cookie now, you cannot have cake later on) 

 Their child to be a ‘fussy eater’ because they 
dislike healthy foods 

 Parent might not want to take responsibility for their child’s poor 
eating habits and may only provide preferred foods to avoid confl ict 
thereby not encouraging their child to try new foods or provide the 
opportunities for their child to expand their palate 

 Parents perceive their child as too immature 
or incompetent to make healthy nutritional 
choices 

 Although children may choose to make ‘unhealthy’ choices, they may 
also choose ‘healthy’ options if they are given the opportunity to 
decide for themselves 

 Parents perceive their child’s diet quality to 
be high because they eat everything that is 
served 

 This can be a positive behaviour if the food served is of high quality 
but if the parent’s perception is skewed, the diet quality may be 
suboptimal 

  This chart describes dietary misperceptions that are commonly held by parents and the potential detrimental effects that 
these misperceptions may have on the child’s diet and dietary behaviours  
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micronutrients, such as calcium and fi bre, which 
are important for future disease prevention [ 6 ]. 

 It is essential for children to establish healthy 
eating behaviours early, as experts posit that atti-
tudes towards food choice develop during child-
hood and play an important role in the 
maintenance of eating habits which infl uence 
health across the lifespan [ 7 ,  8 ]. It is therefore 
important that an unhealthy or suboptimal diet is 
identifi ed early in childhood, in order for the 
proper changes to be made to improve the child’s 
diet and prevent future disease risk. An underly-
ing problem with this approach is the dependence 
on parental perception, and thus a parent must 
fi rst be able to recognize when a child’s diet is 
poor, and know how to make the necessary 
changes. While this chapter will focus on con-
tributors to parental perception and how such 
perceptions affect child diet quality, there is a 
paucity of research that has examined parental 
perceptions and misperceptions of their child’s 
diet [ 9 – 11 ]. To our knowledge only one study to 
date has directly compared maternal perception 
of the child’s diet quality with the actual quality 
of the child’s diet [ 12 ] and this study will be dis-
cussed in detail in a later section.

  …although people may want to eat a healthy diet, 
people of different ages, genders and educational 
attainment levels have different views as to what 
constitutes a healthy diet [ 13 ] 

       Parental Role 

 Parents are their child’s fi rst and most important 
dietary role models. Parents generally hold the 
greatest responsibility when it comes to establish-
ing diet quality and shaping their child’s eating 
behaviours and thus lifelong eating habits [ 14 ]. 
There is considerable causal evidence that parent-
ing affects child eating; however this relationship 
is not unidirectional, as there is also substantial 
correlational evidence that child eating and weight 
status infl uence parenting [ 14 ]. There is no deny-
ing that parents need to not only provide consis-
tent messaging, but to supply appropriate role 
modelling through their own behaviour; that is 
infl uence children to ‘do as I do’ rather than ‘do as 
I say’ [ 15 ]. Conner and Armitage [ 13 ] argue that a 

child’s attitudes to certain foods are learned by 
modelling what their parents do; for example par-
ent’s fruit and vegetable consumption has been 
shown to be the strongest predictor of the child’s 
fruit and vegetable consumption [ 16 ]. While par-
ents can exert a strong level of control over what 
their young children eat (particularly in their 
home), this is age dependent and as children 
mature and start  making their own decisions they 
become less reliant on their parents, and a portion 
of this control is lost, thus why the early years are 
an important time point to target with respect to 
behaviour adoption/adaptation. 

 Families are the primary setting for feeding 
children, and parents and other family mem-
bers have a substantial infl uence on a child’s 
eating patterns [ 17 ]. Therefore it is important 
for parents to recognize not only the potential 
health consequences of a poor diet, but also 
recognize what constitutes a healthy diet and 
an unhealthy diet. Knowing that food behav-
iour in children can be altered, depending on 
the environment in which they live, parental 
perception is key to defi ning and determining 
diet quality. Children emulate both positive 
and negative parental behaviours, and if par-
ents are disinterested in nutrition or are against 
making positive lifestyle (i.e. dietary) changes, 
then it is likely that the children’s attitudes will 
refl ect that of their parents [ 18 ], and thus com-
promise diet quality. This may be further com-
plicated if parental backgrounds or belief 
systems differ within the same family unit, and 
thus result in opposing views/perceptions [ 19 ]. 
It is therefore important for parents to be able 
to decipher when cultural or ethnic customs or 
traditions are not in accordance with healthy 
eating recommendations. 

 Additionally it is important for parents to be 
able to recognize whether their child is actually 
 consuming  a healthy diet or a poor diet, and the 
ability to make this distinction is a combination 
of what the parent perceives the child to be con-
suming and their understanding of a healthy diet. 
If a parent does not comprehend what constitutes 
a nutritionally balanced diet, than they will be 
less likely to perceive their child’s diet as poor, 
and they will not be able to make the changes to 
improve diet quality and prevent future disease.  
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   Contributors to Parental 
Perceptions and Diet Quality 

   Overview 

 The diet quality of children is highly infl uenced 
by a wide variety of characteristics from both 
their physical and social environments, and 
includes factors such biology, behaviour, avail-
ability of food, family food preferences and prac-
tices, portion sizes, socioeconomic factors, and 
cultural beliefs. Figure  14.1  is designed to dem-
onstrate the multidimensional nature of a child’s 
dietary behaviours and the factors that can infl u-
ence parental perceptions and thus shape a child’s 
dietary quality. Obviously the interplay between 
contributing factors is complex and interdepen-
dencies are high. We do not claim that this fi gure 
includes every possible factor but rather it is 
meant to illustrate the various intricacies.

   Things to consider when reading this chapter: 
•   How does a parent quantify if a food is healthy 

or not? (sugar, fat, salt, vitamins?)  
•   How does one determine the healthfulness? 

(labels, advertising, peers, professionals?)  
•   Is there a parenting style associated with bet-

ter diet quality?  
•   Why are mothers and their perceptions so 

important to diet quality?  
•   What are some of the barriers (perceived or 

otherwise) to diet quality in children?  
•   What factors contribute to the perception of 

diet quality? Do they create biases?  
•   Are there commonly held stereotypes/atti-

tudes that can hamper child’s diet quality?  
•   What infl uence might family structure have on 

a child’s diet quality?  
•   Does the child’s weight impact how the par-

ents feed a child?  
•   Does the perception of a child’s weight under-

mine diet quality?     

  Fig. 14.1    The interrelationships of different infl uences on 
parental perceptions and diet quality in children. This dia-
gram demonstrates the complexity of the interrelationships 

of the different infl uences on a parent’s perception of their 
child’s diet as well as the infl uences on a child’s diet       
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   Parental Knowledge, Awareness, 
Beliefs, and Action 

 Parental beliefs and perceptions play a part in 
childhood growth and development because they 
shape parental feeding behaviours. Research has 
shown that the similarities and differences 
between parent’s and children’s food preferences 
are, in part, related to the family environment, 
and not simply due to a shared cultural experi-
ence [ 20 ]. Moreover, it is important to recognize 
that family infl uences on food preferences are not 
unidirectional. As mentioned earlier, it is well 
known that parents have a strong infl uence on 
their child’s eating habits; however it is not 
uncommon for children to also infl uence their 
parent’s eating behaviours [ 20 ]. Parental food 
preferences and beliefs about what constitutes 
healthy foods are known to infl uence how a par-
ent feeds their child. For example, Dennison 
et al. found that parents with young children were 
more likely to serve their children whole milk if 
the parent had never tried reduced fat milk or if 
they believed that whole milk was healthier for 
their child [ 21 ]. Parental eating restraint could 
also impact a child’s diet. Roberts et al. found 
that many parents felt it was necessary to control 
their children’s snacking; however some parents 
admitted to being unable to make ‘healthy’ snack 
choices when more appealing options were avail-
able [ 11 ]. This questions whether the parent is 
always competent to make healthy choices for 
their child when they are unable to do so for 
themselves. In addition, when parents restrict 
certain food items from their children, such as 
cookies, this may increase desires in their children 
to obtain and consume the ‘forbidden’ foods [ 22 ], 
and potentially cause the children to binge on 
these items should they ever be available for 
consumption. 

 The diet quality of the children may also be 
impacted by whoever holds the grocery purchas-
ing power within the household. While the 
mother typically has the most authority over food 
purchases for the family, many parents will admit 
that the decision of what foods to purchase is 
often the result of negotiations with their chil-
dren, who will repeatedly request snack items, in 
the hopes that one day their parent will capitulate 

and buy these items [ 11 ]. Research has shown 
that about 50 % of parents believe that their child 
infl uences their food purchases [ 9 ,  23 ] and the 
infl uence of children on parental purchasing pat-
terns seems to be increasing. Parents may fi nd it 
diffi cult to deny their children treats in the gro-
cery store due to increasing advertising and mar-
keting to children; with over 65 % of parents 
feeling that their children are infl uenced by 
advertisements on television [ 24 ]. Due to this 
‘pester power’ of children asking for specifi c 
foods, such as those featuring their favourite ani-
mated character, most parents reported having 
confl icts when deciding what food to purchase 
and 60 % of parents agreed or strongly agreed 
that they gave in to their children’s demands in 
the supermarket [ 24 ]. 

 It is also possible that parents may not per-
ceive diet  quality  but rather diet  quantity  as being 
important. Absolute caloric intake is still a con-
tributing factor to diet quality and research has 
shown that the most powerful determinant of the 
amount of food consumed at meals by children 
between the ages of 4 and 6 years was amount 
served [ 25 ]. Furthermore, this study reported that 
children do not compensate for a previous large 
meal or snack prior to their meal. Portion size is 
important and children can in fact have too much 
of a good thing signifying that parents need to be 
aware of the dietary guidelines and what qualifi es 
as an appropriate portion for their child’s age.  

   Information Sources 

 Parents rely on a wide variety of information, 
strategies, and personal beliefs when qualifying 
and trying to improve their child’s diet, some of 
which are benefi cial, while others are counter 
productive. Parental knowledge and beliefs spe-
cifi cally about nutrition undoubtedly impact a 
child’s diet quality. In an attempt to draw in the 
health conscious shopper, supermarkets com-
monly pitch presumably ‘healthier’ versions of 
popular foods such as baked potato chips, and fat 
free ice cream, in addition to the traditional item. 
Functional foods are another recent trend in 
nutritional advertising. These are foods that 
boast specifi c health benefi ts on the basis of one 
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ingredient (e.g. juice made from pomegranates 
that are high in antioxidants to protect against 
cancer); however these products may not always 
be nutritionally well rounded (e.g. high in sugar 
and low in fi bre juice). These marketing strate-
gies may cause parents to believe they are mak-
ing ‘healthy’ choices for their children, when in 
fact are only making ‘slightly less bad’ choices. 

 While a mother’s nutrition knowledge and 
diet-health awareness is signifi cantly associated 
with improved diet quality in young children, the 
infl uence decreases as children age [ 26 ]. Beydoun 
and Wang found that the positive association 
between socioeconomic status (SES) and diet 
quality indicators varied across levels of nutrition 
knowledge and belief; in adults with strong nutri-
tion knowledge, education level was positively 
associated with healthy eating, while in adults 
with low nutrition knowledge, the relationship 
between education and healthy eating was non-
signifi cant [ 27 ]. This indicates that parental edu-
cation can have an infl uence on dietary choices 
and diet quality only for those who have the nec-
essary knowledge and beliefs about nutrition. 

 Ethnicity and culture can also have a consider-
able impact on diet quality of children, with cul-
tural inheritance accounting for 30–40 % of the 
variance in dietary intake in children [ 28 ], due to 
socio-demographic differences or cultural prefer-
ences in food choices and the preparation methods 
[ 17 ]. Additionally, many cultural traditions and 
customs include food as a major component, 
which may shape attitudes towards food. It is not 
uncommon for parental knowledge and beliefs to 
be formed from cultural and intergenerational 
opinions from trusted family members, rather than 
from health professionals [ 19 ]. However the cul-
tural impact on parental perceptions and diet qual-
ity can be infl uenced by education and income. 

 It may be diffi cult for some parents to  recognize 
what constitutes a healthy diet, for in addition to 
information provided by health professionals, they 
may receive contradictory advice about health and 
nutrition from informal sources, notably televi-
sion, magazines, newspapers, internet, advertise-
ments on buses, friends, relatives, and retailers. 
Unfortunately the majority of the information on 
health and nutrition of which parents are inundated 
comes from commercial or media sources, whose 

main interest is profi t (e.g. increased sales or 
attracting viewers), rather than the best interest of 
the consumer. With this constant barrage of infor-
mation, some adults have reported reaching a satu-
ration point concerning new information on food 
and health, and tend to ignore new advice [ 29 ]. 
Many adults prefer to rely on nutritional knowl-
edge based on their personal experiences with 
food and health or information from their friends 
or relatives, rather than formalized advice [ 29 ]. 
Some have also reported that they fi nd that infor-
mation on food and health is often contradictory 
and in a constant state of fl ux, and generally regard 
the advice as ‘worthless’, rather than a result of 
scientifi c advances [ 29 ]. Due to this distrust of the 
ever changing nutritional facts, parents may not 
incorporate the most recent nutritional advice into 
their notion of a ‘healthy diet’ when deciding what 
to feed their children.  

   Parenting Style 

 Parents can vary considerably with regard to how 
they socialize their children, otherwise known as 
parenting style, and this can dramatically alter 
their child’s development [ 30 ]. There are four 
 recognized parenting styles; Authoritative, 
Authoritarian, Permissive, and Neglectful 
(Fig.  14.2 ). While some degree of control is impor-
tant, authoritarian feeding styles, which are associ-
ated with high levels of parental control, are not 
necessarily the most desirable [ 31 ]. For example, 
in an attempt to prevent overweight or negative 
health consequences, parents who are concerned 
about their children’s diet may adopt very control-
ling child-feeding practices [ 32 ]. While this may 
be perceived as an appropriate mechanism to 
improve diet quality, research has suggested that 
strict parental control practices may have the 
opposite effect. A body of research lead by    Birch 
and Fisher has shown that parental control efforts 
may potentiate children’s preference for restricted 
foods as well as their intake of these unhealthful 
foods [ 33 ], while diminishing self- control in 
eating [ 34 ]. Instead there appears to be consensus 
in the literature that authoritative parents, who are 
both demanding and responsive, (i.e. parental 
warmth, emotional support, appropriate granting 
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of autonomy, and clear, bidirectional communica-
tion) have the most benefi cial impact on children’s 
developmental outcomes [ 30 ,  35 ] and, relevant to 
this chapter, diet quality. Additionally, research 
that has explored associations between children’s 
perceived parental parenting style and dietary 
behaviour also indicates that authoritative parent-
ing is the most balanced and effective [ 36 ,  37 ] 
since authoritative feeding styles are associated 
with higher parental responsiveness dimensions 
such as nurturing and reasoning. For instance, per-
ceived maternal nurturing has been associated with 
lower calorie consumption and lower saturated fat 
intake while paternal nurturing was associated with 
lower sodium intake [ 38 ].

   Both maternal and paternal authoritative par-
enting style is positively associated with fre-
quency of family meals [ 39 ], known to be related 
to healthy diet quality [ 40 ]. Authoritative moth-
ers are less reliant on fast food [ 41 ], which one 
would assume is related to more healthful diet 
quality. On the other hand, neglectful parenting is 
associated with increased consumption of fast 
food [ 41 ]. Inconsistencies between parents and 
parenting style or the delivery of contradictory 
messages may negatively affect diet quality [ 31 ], 
meaning congruency in healthful verbal messaging 
and action will support high diet quality. 

 Parents who have a more relaxed or permissive 
relationship with their child are more likely to 
make choices to avoid confl ict and give children 
what they want rather than making a responsible 

decision. While inconsistencies exist in the lit-
erature, data has shown that adolescents who 
reported more permissiveness in their family ate 
more fat and sweet foods and more snacks, and 
reported less healthy food choices in the family, 
while those who reported more food rules in the 
family consumed less soft drinks [ 42 ,  43 ]. In 
summary, parents need to exert some level of 
control as to not indulge their children but not so 
much that it negatively impacts eating behaviour 
and food choices. 

    Fatalists vs. Self-Believers 
 Parental attitude in the fundamental approach to 
their child’s eating and their perception of control 
can have a substantial infl uence on the quality of 
their child’s diet. The UK’s Offi ce of 
Communications report on food advertising in 
the context of childhood obesity identifi ed two 
types of mothers in respect to their attitudes to 
children’s eating: fatalists and self-believers [ 44 ]. 
Fatalist mothers lack confi dence in their own 
judgement and have a more relaxed approach to 
their children’s diet. They believe that they have 
little or no control over their child’s diet, and 
make minimal or no effort to encourage healthier 
food choices in their children. They often believe 
that they have little power against the constant 
barrage of advertising and tempting foods [ 45 ]. 
These mothers are more likely to abandon the 
idea of trying to control their child’s diet since 
they cannot control or infl uence 100 % of their 

  Fig. 14.2    Parenting style. This chart demonstrates four 
different parenting styles and their level of responsiveness 
and demandingness. Table adapted, with permission from 
Elsevier, from Berge JM, Wall M, Neumark-Sztainer D, 

Larson N, Story M. Parenting style and family meals: 
cross-sectional and 5-year longitudinal associations.  J Am 
Diet Assoc  2010 July;110(7):1036–42       
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child’s diet. Families with fatalist mothers often 
have a lower SES, rely heavily on unhealthy pro-
cessed foods, and readily allow the children to 
make their own unhealthy food choices. 

 Conversely, ‘self-believers’ are more confi -
dent in their own judgement and ability to make 
informed decisions, they feel they have more 
control over their child’s diet, and have a vested 
interest in choosing healthier options for their 
family. Families with self-believer mothers are 
often better educated and have a higher income, 
serve mainly fresh foods and home-cooked 
meals, and the mother has the most control over 
food choices for the family. 

 When asked to identify the ‘ideal diet’ for 
children, both subsets of mothers had a broad 
understanding of a healthy diet (e.g. convenience 
foods are less healthy than home-cooked meals 
and the importance of fruits and vegetables), 
however, they differed in their ability to concep-
tualize a healthy diet. Fatalist mothers are thought 
to have diffi culty interpreting information on 
healthy eating and determining how to provide 
this diet to their children in an attractive and 
affordable manner, and may feel that they have to 
reject whole categories of foods rather than 
supplying items in moderation. The picture of an 

‘ideal’ diet for a child from a fatalist mother is 
very sparse, with a greater reliance on brand 
name foods (Fig.  14.3a ). These mothers are also 
likely to perceive dietary guidelines as unattain-
able, and consequently do not bother trying to eat 
healthy. In addition, fatalist mothers are more 
likely to have a reactive rather than a proactive 
approach to health and healthy eating; if their 
child is normal weight, than they may not make 
any effort to improve the diet. Self-believer moth-
ers are more concerned with the long term conse-
quences of an unhealthy diet (e.g. diabetes, heart 
disease), and have a more inclusive and more 
attainable idea of what constitutes a healthy diet. 
The picture of an ‘ideal’ diet for a child from a 
self-believer mother is much more comprehen-
sive, with a greater reliance on home-cooked and 
whole foods (Fig.  14.3b ). These mothers are 
unlikely to exclude whole categories of food, but 
rather they limit the consumption of certain 
foods, and if they do purchase convenience food, 
they prefer options such as prepackaged salads 
and chilled foods.

      Mothers as the Epicentre of Control 
 Within the family, the behaviours and knowledge 
of mothers have appealed to researchers more so 

  Fig. 14.3       Perceptions of items that contribute to an ideal 
diet for a child. This diagram demonstrates the differences 
in food choices that have been selected as contributors to 
an ideal diet for children by fatalist and self-believer 
mothers. Figure 14.3a represents the picture of an ‘ideal’ 
diet for a child as reported by a fatalist mother. This diet is 

very sparse, with a high reliance on name brand foods. 
Figure 14.3b represents a picture of an ‘ideal’ diet for a 
child created by a self-believer mother. This diet is more 
comprehensive, and is more reliant on whole foods and 
whole cooked meals.  Figure reprinted from the 2004 
Ofcam report        
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than that of fathers in regards to children’s eating 
habits, as mothers continue to spend signifi cantly 
more time caring for their children, specifi cally 
the physical care activities such as feeding [ 46 ]. 
Each family tends to only have one ‘nutritional 
gatekeeper’ who controls the majority of the fam-
ily food [ 45 ], and despite more women holding 
full time jobs, this role still tends to belong to 
mothers. Given this, mothers tend to be in charge 
of grocery shopping and consequently their atti-
tudes to food and approach to their children’s diet 
is crucial. It is in no way meant to underplay the 
role of fathers, some of whom now fi ll this role, 
but fathers are seldom included in studies and 
often report knowing little about their children’s 
eating habits. In general, women tend to be more 
aware of food and health information, and they 
become more interested in nutrition and health 
when they are pregnant or raising young children 
[ 29 ]; however they may still fi nd it diffi cult to 
interpret what nutritional information is correct 
and what constitutes healthy and unhealthy diets. 

 There is also research to suggest that fear 
often bolsters mothers’ perceptions and attitudes 
regarding their child’s eating and can work to 
undermine diet quality. Fearing a child is not 
getting enough to eat for normal development 
can be a powerful infl uence and such anxiety can 
lead a parent to provide their children with only 
foods they enjoy rather than providing healthier 
items that they may refuse to eat [ 44 ]. A recent 
focus group study assessed maternal beliefs and 
practices regarding child feeding among mothers 
[ 47 ]; and three themes emerged. First, the moth-
ers believed that a heavy infant was a healthy 
infant and refl ected successful feeding and par-
enting. Second, they frequently perceived that 
their infants were not satiated, which led to the 
introduction of solids before recommended ages. 
Finally, the mothers described situations in 
which food was used to shape child behaviour. 
These fi ndings highlight how certain maternal 
biases and beliefs can infl uence the child-feed-
ing relationship. 

 Mothers who are preoccupied with their own 
weight and eating behaviours can negatively 
impact their children’s eating habits, especially if 
they perceive their children, in particular their 

daughters, as overweight, by restricting intake 
and encouraging weight loss [ 15 ]. This could 
infl uence the child’s diet quality if calories are 
highly restricted and the child does not eat 
enough healthy foods to obtain adequate macro- 
and micronutrients for healthy development. This 
could also result in food preoccupation in the 
children and putting them at risk for developing 
problematic eating behaviours.   

   Contribution of the Individual Child 

   Eating greens is a special treat, it makes long ears 
and great big feet. But it sure is awful stuff to eat 
(Thumper-Bambi circa 1942) 

   A child’s food intake will be strongly deter-
mined by their own personal preferences which 
may be altered by many factors. It must be noted 
that there is a difference between preferences and 
liking of food. While ‘liking’ a food involves the 
taste, texture, and smell of the food, ones ‘prefer-
ence’ for a food can be impacted by factors such 
as perceived healthiness, convenience, availabil-
ity, and cost [ 20 ]. 

 A recent systematic review of the qualita-
tive research pertaining to parental perceptions 
of healthy behaviours found that the child’s 
food likes and dislikes was a commonly identi-
fi ed barrier to healthy eating [ 19 ]. Many par-
ents will often defer to their children’s food 
preferences, and serve foods high in fat, sugar, 
and salt. Additionally, children may attribute 
different values to ‘healthy’ and ‘unhealthy’ 
food than adults in their lives [ 11 ]. Young chil-
dren are often neophobic about food, that is 
they are afraid to try new and unfamiliar foods 
[ 15 ], and will often need to be exposed to a 
new food multiple times before they will try it. 
Of interest, is that neophobia in children is 
related to the consumption of fruit, vegetables, 
and meat, but is unrelated to consumption of 
sweet, fatty snack foods, or starchy staples 
[ 48 ]. The greater the child’s exposure to a food 
item, the more likely they are to consume it; 
simply put, if foods of high diet quality are 
offered most often, a child will tend to enjoy 
and prefer these foods. 
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 Parental attitudes and food preferences can 
also substantially impact a child’s food intake; 
food consumption patterns are often similar 
between children and their parents and if a child 
observes their parents consuming a new food 
item, then they will be more apt to try the unfa-
miliar food [ 17 ]. Similarly, if parents dislike a 
certain food, than their child will not get a chance 
to try it because it is not offered at home, or their 
dislike for the item will infl uence their child’s 
perceptions of that food, and dissuade them from 
trying it [ 11 ]. Thus acknowledging the fact that 
 children are unable to eat foods that are not made 
available to them .  

   Convenience, Time, and Cost 

 The term ‘convenience food culture’, refers to the 
demand for foods which are quick and easy to 
prepare, a trend that has considerable negative 
impact on children’s diet quality [ 44 ]. In a sys-
tematic review, Pocock et al. identifi ed that par-
ents recognized their important role in modelling 
healthy eating behaviours for their children; how-
ever a perceived lack of time often prevented such 
positive actions from occurring [ 19 ]. While the 
nutritional impact is often considered, conve-
nience and taste have been shown to be very 
important determinants of food selection [ 49 ,  50 ]. 
The impact on weight control is often quite low 
on the list of food choice motives [ 49 ,  50 ]. 
Unfortunately the prioritization of convenience is 
positively associated with intake of energy-rich 
foods and negatively associated with nutrient- rich 
(healthful) foods [ 50 ]. We know that food away 
from home is now a major contributor to total 
food expenditures and this is related to perceived 
lack of time for meal planning and preparation 
and thus parents with busy work schedules fre-
quently rely on fast food [ 41 ]. Fathers use of fast 
food restaurants was found to be strongly associ-
ated with their children’s use of these restaurants 
[ 41 ], likely to the detriment of diet quality. 

 It is not uncommon for parents to have misper-
ceptions about the costs associated with a healthy 
diet, and the cost of food is frequently listed as a 
barrier to a healthy diet [ 19 ,  51 ]. Parents may have 

the perception that all high quality foods are more 
expensive, particularly when multiple ingredients 
are needed to prepare a healthy meal. When 
money is an issue, parents may choose to pur-
chase individually packaged prepared items that 
appear cheaper, but in reality are lower in quality, 
non-satiating, and cost more overall [ 52 ]. Thus 
while parents may appreciate the importance of 
healthful food, if they perceive that all such 
choices are too expensive they are unlikely to risk 
their food budget on healthier foods that may not 
be accepted by their children [ 53 ]. This issue is of 
particular importance in families of lower SES, 
(see section on ‘ Socioeconomics ’), who must 
feed their families on a restricted budget.  

   Perception of Child’s Weight 

 Parental perception of their child’s weight is 
infl uenced by a number of factors, including the 
parent’s weight, the weight of their child’s peers, 
and stereotypes perpetuated by the media. Given 
that many Canadian parents are oblivious to the 
state of their children’s health [ 54 ], it is not sur-
prising that there is a growing body of research 
indicating that the majority of parents do not 
accurately perceive when their children are over-
weight [ 2 ,  55 ,  56 ]. 

 Parents have identifi ed that having children of 
different weights within a family can create diffi -
culties for feeding their children, because it is 
sometimes necessary to restrict the amount and 
types of food in the household due to an over-
weight child; however this was thought to be 
unfair to the other healthy weight children in the 
family [ 19 ]. The fact that parents perceive that 
they need only be mindful about the eating behav-
iours of their overweight children is cause for 
concern. Providing treats or unhealthful foods is 
not a necessity and should not be the norm for the 
lean child and a taboo for the overweight child. 

 The way in which a parent perceives their 
child’s weight status can potentially have a large 
impact on the diet quality of the child. There are 
three possible scenarios through which a misper-
ception of weight could negatively impact the 
child’s diet quality. First, the child is incorrectly 
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perceived to be underweight, a concern that is 
still common amongst parents [ 19 ], and is thus 
overfed with calorie rich foods, in order to reach 
the parent’s perception of a ‘healthy weight’. 
This malpractice could turn a healthy weight 
child into an overweight child, and increases the 
risk of future disease. Secondly, a parent may 
misperceive a healthy weight child as overweight, 
and therefore restrict access or availability of 
food. This is a dangerous practice as it may lead 
to nutrient defi ciencies or the development of dis-
ordered eating. Finally, a parent may misperceive 
their child as having a normal weight, and thus 
believes that their child’s eating habits and diet 
quality do not matter. This fi nal scenario is par-
ticularly problematic, as the child is potentially 
being over- or under-fed, resulting in an over- or 
underweight child, respectively. Either way the 
diet may be of poor quality as the parents do not 
recognize the need for healthy nutrition if they 
believe their child has a healthy weight. These 
scenarios are a grave concern as parents have 
repeatedly been shown to underestimate their 
child’s true weight status, particularly that of 
overweight and obese children [ 2 ,  55 ,  56 ]. 

 As rates of obesity increase in children and 
larger body sizes become the norm, parents may 
not be aware that their child’s weight is unhealthy 
because they appear similar to their peers, who 
may also have an unhealthy body weight. This 
shift from the norm that is occurring in parental 
perceptions of a healthy body weight may also be 
impacting their perceptions of a healthy diet. As 
prepackaged foods increase in popularity, and 
grocery stores become fi lled with products that 
are highly processed and highly marketed (e.g. 
‘whole grain’ sugary cereals, or 100 % ‘juice 
blends’ that boast a full serving of fruit but con-
tain few vitamins and no fi bre), parents may be 
unaware that their child’s eating habits are subop-
timal as they are similar to others in their social 
environment.  

   Peer and Social Environment 

 As children enter the school environment, peers 
become a large infl uence on their food preferences; 

in particular adolescent eating behaviours [ 57 ]. 
While peers can be both a positive and negative 
infl uence on a child’s eating habits, a UK-based 
study reported that 60 % of parents believed peer 
pressure was associated with children demanding 
high fat, sugary or salty snacks, while only 44 % of 
parents believed peer pressure infl uenced the 
demand for fruit and healthy foods [ 44 ]. 

 Swapping of school lunches may also impact 
the quality of a child’s diet, as a parent may pre-
pare a well balanced lunch for their child; how-
ever the child may not consume all or parts of 
that meal. Children admit to not eating or giving 
away parts or all of their lunches because they 
want to go outside to play, and some children 
have admitted to swapping their lunch even if 
they did not want to so as to avoid disappointing 
their peers [ 11 ]. Swapping of school lunch items 
also occurs in elementary students participating 
in school lunch programs despite there being ‘no 
trading rules’, with older students being more 
likely to trade items than younger students [ 58 ]. 
This implies that an empty lunch tray does not 
necessarily mean that a child has eaten all of the 
lunch served to him/her. Most parents understand 
that it is likely that their child will swap parts or 
all of their lunches, and thus they cannot monitor 
what their child eats at school as there is no guar-
antee that it was their child who consumed the 
food that was sent in the fi rst place [ 11 ].  

   Family Structure and Dynamics 

 Mealtime structure is another important factor 
infl uencing diet quality in children [ 59 ]. Diet qual-
ity is negatively associated with not eating regular 
family meals and the frequent consumption of 
fast food and meals in front of the television [ 6 ]. 
As previously mentioned, time constraints of par-
ents and busy families also impact the quality of a 
child’s diet. With both parents in many families 
working outside of the home, it becomes diffi cult 
for parents to plan and prepare healthy, home-
cooked meals daily, and may opt to serve conve-
nience foods (i.e. fast food or prepackaged meals) 
that are typically high in calories, fat, and sodium. 
Working mothers in particular are more likely to 
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have reduced time for meal planning, shopping, 
and preparation, and may choose the greater con-
venience of premade or processed foods [ 60 ]. 
Additionally, parents may not have time to prepare 
healthy lunches for their children, which increases 
the consumption of convenience foods and lunches 
purchased at school, which has been associated 
with reduced diet quality [ 6 ]. 

 In fact, in a national health survey it was found 
that a quarter of all Canadians over the age of 4 
years had eaten something that had been prepared 
in a fast food outlet the day before the survey was 
conducted [ 61 ]. This may be related to a cultural 
shift in work-home priorities. For example moth-
ers who consider their work more important than 
other roles, including parenthood, had children 
who spent more time eating in fast food restau-
rants [ 41 ]. This same research study suggests that 
a father’s perception of family meals as an impor-
tant ritual is associated with children spending less 
time in fast food restaurants. This is important 
because children who eat fast food, compared with 
those who do not, consume more total energy, 
more energy per gram of food, more total fat, more 
total carbohydrate, more added sugars, more 
sugar-sweetened beverages, less fi bre, less milk, 
and fewer fruits and non-starchy vegetables [ 62 ]. 

 Family structure is also important in determin-
ing child diet quality. Single parent households 
are known to rely heavily on time saving, micro-
waveable and unhealthy convenience foods [ 63 ], 
and if parents are divorced children may receive 
different foods depending on which parent they 
are living with or visiting. Some mothers report 
that although they believe they are feeding their 
child healthy food, they perceive that their child 
does not eat as healthily while at the father’s 
house [ 11 ]. The guilt that is often felt by divorced, 
single or nonresident parents due to a lack of time 
spent with the child can hamper diet quality as 
this perception results in frequent compensation 
(e.g. money or food treats), as well as more free-
dom and independent decision making [ 64 ]. 
Additionally, a UK-based study reported that 
most families eat together only on weekends and 
there has been a trend over the last decade for 
children to eat alone, without parental chaperone 
or oversight [ 44 ]. Another survey indicated that 

only 46 % of children aged 8–15 years report eating 
with their family most days [ 44 ] and thus the chil-
dren are responsible for food selection on the 
other days which may compromise diet quality 
considering their preferences for unhealthy foods. 

 A parent’s control over their child’s diet qual-
ity can often be undermined by other members of 
the family, such as grandparents who always 
‘treat’ the child to sweets, or unintentionally sab-
otaged by others who interact with the child, such 
as cookies from the grocery store clerk [ 11 ]. 
Opposing views or inconsistency regarding food 
within a family may also infl uence the child’s 
diet quality, with mothers reporting that fathers 
often interfere with their efforts to control the 
child’s diet by repeatedly giving in when the chil-
dren ask for treats (permissive parenting) [ 65 ].  

    Socioeconomics 

 The SES of the parents can also have a large 
infl uence on a child’s diet quality. Low income 
parents may be faced with many problems attain-
ing healthy food for their children including lack 
of access to cheaper food retailers (due to neigh-
bourhood or transportation), an inability to buy 
bulk, limited cooking facilities, and limited time 
and money for experimenting with new foods. 
Moreover, while parents with low incomes may 
understand the importance of a healthy diet, they 
must spend within a budget and their priority 
may be to avoid food waste [ 24 ,  66 ]. A meta- 
analysis of 11 studies in seven European coun-
tries found a positive association between SES of 
adults and fruit and vegetable consumption [ 66 ], 
and more recently Beydoun and Wang found that 
SES factors were consistently and positively 
related to all dietary factors in the Healthy Eating 
Index in US adults [ 27 ]. This suggests that 
unhealthy eating habits are more likely in adults 
with lower SES in Europe and North America, 
and as parents have the greatest infl uence on their 
children’s eating patterns, that it is likely that 
the diet quality of their children is also affected. 
A systematic review illustrated that, compared to 
their higher SES counterparts, children from 
lower SES families had less desirable eating 
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behaviours. Among an array of unhealthy factors, 
these children eat fewer family meals, less fruits 
and vegetables, are more likely to eat fast food 
and drink sugar-sweetened beverages, have par-
ents who are more likely to use food as a reward, 
are more likely to live in neighbourhoods without 
grocery stores, and are more likely to skip break-
fast [ 60 ]. A family’s access to resources, such as 
healthy grocery stores, may also impact the diet 
quality of their child. Barriers to healthy foods 
include not only monetary resources, but also the 
physical environment of the area in which the 
family resides, and whether they can access the 
necessary foods. 

 On the other side, family wealth may also neg-
atively impact a child’s diet quality. Wealthier 
families who can afford to feed their children a 
healthy diet may decide instead to treat their chil-
dren more frequently because they can afford to 
do so. Turner et al. found that 60 % of parents feel 
guilty about not spending time with their children 
due to work commitments, and that 69 % of par-
ents would give their children treats if they had 
the money [ 24 ]. This suggests that parents may 
want to ease their guilt by giving their children 
treats and, that wealthy families, who may spend 
more time at work, may try to compensate by 
buying unhealthy treats for the children.   

   Parental Perceptions and 
Misperceptions of Diet Quality 

   Perception vs. Reality: Current 
Research 

 The way in which a parent perceives their child’s 
diet quality is very important in ensuring a health-
ful diet for optimal development, while prevent-
ing the development of disease. As most parents 
believe that they are the primary infl uence on 
their child’s eating habits [ 11 ], it is critical that 
they have accurate perceptions of their child’s 
diet quality, as it is up to them to make the neces-
sary dietary changes to ensure optimal health. 
Despite the importance of this issue, it is surprising 
that there is such limited research on parental 
perceptions of their children’s eating behaviours 

and diet quality, with only one direct comparison 
between the maternal perceptions of the child’s 
diet quality with the actual quality of the child’s 
diet [ 12 ]. 

 While there are certain views about diet qual-
ity and healthy eating that the majority of parents 
tend to support (e.g. homemade lunches are 
healthier than store bought, and that parents need 
to monitor and control the quality and quantity of 
their child’s diet) [ 11 ], parents do not share all of 
the same views about healthy eating. To demon-
strate, Roberts et al. found that perceptions of 
‘healthy eating’ differed across parents, with 
some parents believing that their family was eat-
ing healthier because they has started eating 
‘oven baked chips instead of fried chips’, whereas 
others thought chips were unhealthy altogether 
[ 11 ]. Parents also hold different beliefs in regard 
to snacking. Some parents believe it is necessary 
to monitor what their children are eating by hav-
ing them ask permission for snacks, while others 
believe that by having snacks freely available, 
children would be less tempted by the items, 
rather than creating forbidden and more enticing 
foods [ 11 ]. Conversely, parents may not feel that 
it is necessary to monitor the intake of all snacks, 
but rather that it is important to limit certain 
unhealthy snacks (e.g. cookies or chocolate), 
while allowing ad libitum access to healthy 
options (e.g. fruit or vegetables) [ 11 ]. 
Additionally, a parent’s perceived responsibility 
for their child’s diet may change over time as the 
quality of the diet changes. There is evidence to 
suggest that parents of teenagers who disliked 
‘healthy’ food tend distance themselves from the 
responsibility of ensuring that their child con-
sumed a healthy diet by calling them ‘fussy eat-
ers’, inferring they were diffi cult to care for [ 67 ]. 

 Despite reports of unhealthy eating habits of 
Canadian children [ 61 ], a large portion of parents 
perceive their child’s diet to be healthy. For 
instance, in a large ( n  = 1,940) survey of parents 
with children aged 4–12 years in the national 
capital region of Canada, more than 80 % of 
respondents considered their child to have ‘good’ 
or ‘excellent’ eating habits [ 9 ]. While these par-
ents perceived their children to be eating healthy, 
when questioned about their child’s fruit and 
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vegetable consumption, only a fraction were 
actually meeting the recommendations and many 
reported high sugar-sweetened beverage con-
sumption (see Fig.  14.4 ). This suggests that parents 
do not apply the same criteria as health experts 
when assessing the diet quality and eating habits 
of their children. Similarly, Dammann et al. 
found that low income minority and homeless 
mothers perceived their child’s diet and health 
status to be ‘fair’ (15 %) or ‘good’ (44 %), and 
rated their own diet similarly, however most of 
these families were homeless and receiving food 
stamps, both of which have been linked to poor 
dietary intake [ 10 ]. It is likely that the perceived 
‘good’ diets of the children would be considered 
‘fair’ or ‘poor’ according to health experts.

   As one might anticipate, parents were more 
likely to rate their children’s eating habits more 
favourably if they report preparing home cooked 
meals and eating meals as a family at the dinner 
table [ 9 ], as they believe that these practices are 
related to more positive eating habits. By the same 
token, the parent’s perception of their child’s eat-
ing habits was positively related to perceived fruit 
and vegetable consumption, and negatively 
related to perceived soft drink consumption [ 9 ], 
implying that parents are aware of the necessity of 
the former and the dangers of the latter (Fig.  14.5 ). 

Finally, the parent’s perception of their child’s 
eating habits was positively related to the parent’s 
perceived infl uence over the children’s weight and 
negatively related to the parent’s concern about 
their children’s weight status [ 9 ].

   To the best of our knowledge, there has only 
been one study to date that has compared the 
maternal perception of the child’s diet quality 
with the actual quality of the child’s diet as esti-
mated by the Healthy Eating Index [ 12 ]. This 
large scale study that included 1,759 Greek chil-
dren aged 2–5 years, found that 83 % of mothers 
overestimated the quality of their child’s diet 
(Fig.  14.6 ). Specifi cally, mothers whose main 
concern when choosing their child’s foods was 
having a healthy diet were more likely to overes-
timate the quality of their child’s diet, with an 
86 % overestimation rate [ 12 ]. Since these moth-
ers do not recognize their child’s diet as ‘poor’ or 
‘needs improvement’, then they will not make the 
necessary changes to improve the child’s diet, 
thus increasing the child’s risk for nutrition- 
related diseases of both dietary excess (i.e. diabe-
tes) and nutrient defi ciencies (i.e. poor bone 
health). It is apparent that although mothers may 
believe that they are providing their child with a 
healthy diet, this may not be true, and may be a 
result of limited nutritional knowledge of healthy 

  Fig. 14.4    Parental reported eating behaviours of their chil-
dren. The bar graph demonstrates the percentage of children 
meeting select dietary goals as reported by their parents. 
Note the inconsistency between parental perception of eat-
ing habits, and percentage meeting high quality dietary 

goals set by health professional organizations. Adapted 
from Adamo et al. Using path analysis to understand par-
ents’ perceptions of their children’s weight, physical activity 
and eating habits in the Champlain region of Ontario. 
Paediatrics & Child Health 2010;15(9):e33–e41       
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foods and appropriate quantities for children. 
Of interest, was that despite the well documented 
signifi cant associations between parental SES 
and a child’s diet [ 27 ,  66 ], Kourlaba et al. found 
no signifi cant association between maternal edu-
cation, employment status, and BMI and the 
maternal overestimation of their child’s diet qual-
ity (Fig.  14.6 ) [ 12 ].

      Actual Diet Quality of Children 

 As previously mentioned, one of the strongest 
predictors of a child’s diet quality is parental 

beliefs, and role modelling. These may inform a 
parent’s perception of not only their own diet 
quality, but that of their children. We know that 
eating habits have changed over time and that the 
nutritional transition has played a large role in 
this instigating this change. 

 The 2004 Canadian Community Health 
Survey found that  on average  Canadian children 
were meeting the recommended daily servings of 
most food groups [ 61 ]; however  average  con-
sumption patterns of a population disguise the 
fact that substantial portions of the population are 
not meeting the recommended daily servings of 
the food groups, and do not have a healthy diet. 

  Fig. 14.5    Path analysis predicting parental perception of 
their child’s eating habits. β or beta-(path) correlation 
coeffi cients, measure the relative strength and sign of the 
effect from a causal variable to an outcome variable in the 
model and help to describe the amount of variance in paren-
tal perceptions explained by any given variable.  Shaded 
boxes  represent variables that were identifi ed in the original 
correlation analyses but did not have a signifi cant beta-
coeffi cient. This path analysis demonstrates that parents 
with higher education levels believed they had greater infl u-
ence over their child’s weight which in turn increased their 
perception that their child was eating healthily. Parents with 

higher household income believed their child was eating 
more servings of fruits and vegetables, which was associ-
ated with an increased perception that their child was con-
suming a healthy diet. Conversely, the path analyses 
indicated that parents from households with lower incomes 
were more concerned with their child’s weight, which was 
correlated with a decreased perception that their child diet 
was healthy. This information was originally published in 
Adamo et al. Using path analysis to understand parents’ 
perceptions of their children’s weight, physical activity and 
eating habits in the Champlain region of Ontario. Paediatrics 
& Child Health 2010;15(9):e33–e41       
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Fruits and vegetables, and milk products and 
alternatives provide vital macro- and micronutri-
ents for developing children, including protein, 
calcium, fi bre, vitamin C and D, and despite the 
well-documented benefi ts of these foods, large 
portions of Canadian children are failing to meet 
the minimum daily recommended servings of 
these products [ 61 ]. 

   Fruits and Vegetables 
 Over 60 % of Canadian children aged 9–13 years 
and 70 % of children aged 4–8 years did not meet 
the minimum recommendation of fi ve and six 
servings per day, respectively [ 61 ]. These data are 
not unlike those published by the WHO, which 
indicated that just over 30 % of European children 
11–13 years report eating fruit daily [ 68 ], and 
about 25 % of surveyed children report consum-
ing fruit once per week or less. The vegetable con-
sumption numbers are more dismal and 
consumption rates decrease with age. Similarly, 

a report by the Center for Disease Control (CDC) 
illustrated that only 22 % of US adolescents 
reported meeting their guidelines of fi ve or more 
fruits or vegetables per day [ 69 ].  

   Dairy, Grains, Meat, and Alternatives 
 In the Canadian sample, 37 % of kids aged 4–9 
years and 61 % of boys and 83 % of girls aged 
10–16 years did not meet the minimum of two 
and three daily servings of milk and alternative 
products, respectively [ 61 ]. Likewise, only 
14.5 % of US high school students reported hav-
ing consumed three or more servings of milk per 
day in the 7 days prior to the survey [ 69 ]. 
Canadian children were more likely to meet the 
recommended servings of meat and alternatives 
and grain products [ 61 ].  

   Other Foods 
 In today’s grazing culture, a major problem con-
tributing to the failure of children to meet the 

  Fig. 14.6    The prevalence of maternal overestimation of diet 
quality in their children by maternal BMI, maternal level of 
employment, education, and child sex. This bar graph dem-
onstrates the high percentage of mothers who overestimate 
their child’s diet quality. The likelihood of overestimating 

their child’s diet quality was not impacted by maternal BMI, 
employment, education or the sex of the child. Adapted from 
Kourlaba et al. Diet quality of preschool children and mater-
nal perceptions/misperceptions: the GENESIS study.  Public 
Health  2009 November;123(11):738–42       
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minimum recommended servings for healthy 
 eating is the consumption of food items that fall 
under the ‘other’ category of the food guide. 
These ‘other’ foods are represented by soft drinks, 
salad dressings, sugars/sweets/preserves, fruit 
drinks, and oils/fats, which cannot be classifi ed by 
the four food groups. Consumption of ‘other’ 
foods accounts for almost a quarter of their total 
intake (Fig.  14.7 ) [ 61 ]. Excessive advertising of 
nutrient-poor, high-sugar foods aimed at children 
[ 70 ] (e.g. breakfast cereals, granola bars), and the 
lower cost of calorically dense, less nutritionally 
valuable food choices [ 51 ,  70 ] (e.g. potato chips, 
soft drinks), are presumed to be major contribu-
tors to this problem. Additionally, 41 % of the 
calories that Canadians consumed as snacks were 
considered ‘other’ foods [ 61 ], and in the US, chil-
dren obtain approximately 20 % of their calories 
from snacks [ 71 ], suggesting that snacking could 
be an area for improved dietary choices and where 
children and adults could incorporate some of 
their missing servings of fruits and vegetables. 
Data from the 2009 CDC Youth Risk Behaviour 
Surveillance report indicates that almost 30 % of 
high school students reported drinking at least one 
regular soft drink per day in the previous 7 days 
[ 69 ] and similar statistics are reported for Europe 
(Fig.  14.8 ) [ 68 ].

         Who Is in Charge? 

 Although parents have the greatest infl uence on 
their child’s eating habits, not all parents perceive 
that they have the same level of control or infl u-
ence over their child’s dietary behaviours. 
According to the work done by Wansink et al., 
parents and nutrition educators believe that, on 
average, the ‘nutritional gatekeeper’ of the family 
has direct or indirect control over 72 % their 
child’s diet [ 45 ]. While 72 % does not account for 
the entire child’s diet, it is important for parents 
to recognize that they do have a substantial infl u-
ence over their child’s nutritional habits, and that 
they may have even more control than they per-
ceive they do (particularly fatalist mothers, see 
section on ‘ Fatalists vs. Self-Believers ’). While 
there are a plethora of other factors that may 
infl uence a child’s diet, a parent must not ignore 
their infl uence and it is important that they are 
aware of how they are infl uencing the develop-
ment of their child’s dietary habits. 

 While the majority of parents believe that chil-
dren are too young or irresponsible to make 
dietary decisions and that it is the parents’ 
responsibility to determine what the child should 
consume, others believe that children should 
know what they should be eating and place the 
responsibility on the child to make the  appropriate 
choices and changes in their eating habits [ 11 ]. 
This is where the authoritative parenting style is 
particularly useful in that the need for parental 
control lessens as a child ages in these house-
holds [ 30 ] and parents who provide the structure 
and support needed for children to internalize 
and maintain positive behaviours have a better 
chance of producing children capable of taking 
responsibility for themselves. 

 Consumer research and academic research 
have shown that, in general, children are having 
more say in what they eat [ 72 ] and young chil-
dren, who often accompany their parents to 
supermarkets, are infl uencing their parents’ pur-
chases [ 23 ]. For example, one UK-based study 
found that 48 % of parents believed that their 
child infl uenced their food purchases [ 23 ]. 
Similarly, 50 % of parents surveyed in the capi-
tal region of Canada reported that their child 

  Fig. 14.7    Percentage distribution of sources of calories, 
by food group in Canadians aged 4–18 years. This pie 
chart demonstrates the high percentage of calories 
(22.3 %) that Canadian children are obtaining from ‘other’ 
foods that do not fi t within Health Canada’s Food Guide to 
Healthy Eating. Adapted from Garriguet D. Canadians’ 
eating habits.  Health Rep  2007 May;18(2):17–32       
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infl uenced their food purchases [ 9 ]. This suggests 
that parents are losing some control over the food 
procurement process to their children and that 
parents are consistently fi nding it more chal-
lenging to deny children; a phenomenon thought 
to be related to advertising and marketing [ 73 ]. 
There has been a gradual shift in the child’s role 
within the family context and many parents 
involve children in most of the family decisions; 
including food purchases [ 74 ]. Children’s own 
spending power is also providing increasing 
control over their diet quality. As children get 
older, spend more time outside of parental 
supervision and have money of their own, they 
may choose to spend it on food items of poor 
quality. Children learn to be consumers initially 
through observing their parents, then by mak-
ing requests and choices of their own which 
leads to making assisted and fi nally indepen-
dent purchases. It has been suggested that 
another potential factor contributing to increas-
ing infl uence of the child is the high rate of 
divorce which may provide a child with lever-
age to put pressure on parents to purchase their 
preferred products [ 24 ].  

   Conclusions 

 Diet quality is infl uenced by many factors includ-
ing parental perceptions. Since parents play such 
an integral role in the development and mainte-
nance of their child’s healthy eating behaviours, 
addressing misconceptions and unhealthy paren-
tal beliefs may be an important area for early 
intervention and prevention work in childhood 
obesity.     
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      Abbreviations 

   CF    Convenience food   
  DONALD Study    Dortmund Nutritional Anth-

ropometric Longitudinally 
Designed Study   

  ED    Energy density   
  HM    High meat   

  LM    Low meat   
  NQI    Nutrient Quality Index   
  VMP-Meal    Vegetable-meat-potato meal          

    Introduction 

 Pre-prepared food products, i.e. convenience 
foods (CF), are an important aspect of modern 
dietary habits. Consumer researchers reported an 
increasing trend towards the use of convenience 
food (CF) products during the last decades. 
Several studies showed their widespread use in 
children [ 1 ] and adults [ 2 ,  3 ]. In the UK, total 
sales of ready meals were valued at £1.78 billion 
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 Key Points 

•     Studies showed the widespread use of convenience food in infants 
(i.e. commercial weaning food), children and adults.  

•   Composition of commercial weaning food is well-regulated by law; 
however, iodine content requires further alertness.  

•   Convenience food is a signifi cant contributor of sodium and fat in the 
diet of children and adults.  

•   With increasing consumption of convenience food, values of a nutri-
ent-based dietary quality score decline.  

•   Some studies indicate a positive association between convenience food 
consumption and body weight status.    
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in 2001, up 46 % on 1997. Those meals include: 
chilled (53 % of the value of retail sales); frozen 
(40 %); and room temperature (7 %)—including 
instant hot snacks [ 4 ]. 

 This strong trend towards CF is attributed to 
several social changes, e.g., the increasing num-
ber of single or small family households, the 
increasing number of women in employment, a 
social trend towards more leisure time, or the 
break-up of the traditional family mealtimes, and 
an altogether increase in the demand for easily 
prepared and just-in-time meals [ 5 ,  6 ]. 
Simultaneously, the technical equipment of 
household kitchens (freezer, microwave) has 
increased [ 6 ]. A lack of cooking skills is predic-
tive especially for the consumption of highly and 
moderately processed CF [ 7 ]. It is noticeable that 
this great demand for CF contravenes the nega-
tive attitudes towards CF and the negative image 
of these products regarding taste, nutritional 
value and healthiness [ 8 ]. 

 The consumption of CF, especially of highly 
processed ready-to-eat meals, transfers responsi-
bility for ingredients and nutrient content from 
the household to the food processor. Therefore, 
the regular CF consumption may affect overall 
dietary quality and health.  

    Defi nition 

 There is a lack of consensus about the defi nition 
of CF. Berghofer [ 6 ] cited the New Oxford 
Dictionary of English that stated: ‘A CF is typi-
cally a complete meal that has been pre-prepared 
commercially and so requires minimum further 
preparation by the consumer’. This defi nition’s 
limitation on complete meals does not refl ect 
modern dietary habits and the actual food market, 
since also CF meal components, especially CF 
sauces, are very popular. 

 A more comprehensive defi nition of CF is 
available which defi nes it as products that trans-
fer time and activities of preparation from the 
household manager to the food processor [ 9 ]. 
This defi nition would also include fast foods or 
takeaway food [ 3 ], but in the present text, we 
constrict on CF eaten at home.  

    Consumption 

 During life course, consumption of CF starts 
already during infancy. After 4–6 months of 
exclusive breastfeeding or formula feeding, the 
introduction of weaning food (beikost) starts. 
Weaning meals can be prepared at home by par-
ents from fresh ingredients, but the food industry 
also offers a wide assortment of commercial 
products. Figure  15.1  shows consumption fre-
quency of commercial weaning products by 
infants from the German DONALD (Dortmund 
Nutritional Anthropometric Longitudinally 
Designed) Study. Consumption frequency of 
commercial products depends on type of meal 
with highest frequencies in jarred vegetable-
meat- meals, and decreased with age (Hilbig 
et al., unpublished data).

   Due to the widespread use and the susceptibil-
ity of the young consumers, the composition 
of commercial weaning food is vitally important. 
A lot of aspects of composition are well-regulated 
by law, e.g. energy and fat content. However, some 
aspects, for example iodine content, require fur-
ther alertness. Especially breastfed infants are in 
risk for inadequate iodine intakes without iodine-
fortifi ed weaning food [ 10 ,  11 ]. Iodine fortifi ca-
tion is not required by law and for example in 
Germany, only half of products are fortifi ed [ 10 ]. 

 Another critical nutrient during infancy is 
iron. Infants in the second 6 months of life are at 
high risk for iron defi ciency and iron defi ciency 
anaemia, because of extraordinary requirements 
for growth. As human milk is a poor source of 
iron, complementary foods which are providing 
highly bioavailable iron should be introduced 
between 17 weeks of age at the earliest and 26 
weeks of age at the latest [ 12 ]. In Germany, this 
iron-rich weaning food is traditionally a 
vegetable- meat-potato (VMP) meal. The meat 
content of commercial VMP was prescribed in 
1996 to be 8–10 % of weight, whereas paediatric 
recommendations remained at about 12 %. 
A double-blinded randomised controlled trial 
examined the potential impact of the low meat 
content of commercial VMP meals on the iron 
status in a group of healthy well-nourished 
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infants [ 12 ]. In the total sample ( N  = 97), there 
were no differences in means of iron status bio-
markers between infants of the low meat group 
(LM, receiving commercial VMP with 8 % meat 
refl ecting the actual meat content in commercial 
baby jars) and the high meat group (HM, 
 receiving commercial VMP with 12 % meat in 
accordance with paediatric recommendation). 
However, an analysis of the breastfed subgroup 
(fully breastfed 4–6 months,  N  = 53) reveals a 
strong tendency towards an increased risk to 
develop a marginal iron status, since the mean 
haemoglobin concentration in the LM was lower 
than in the HM group, although the difference 
between the groups did not reach signifi cance at 
the age of 10 months ( p  = 0.0563). 

 Another aspect of diet during the fi rst months 
of life is the development of food preferences. 
There is increasing evidence that early sensory 
experience shape and modify long-term food 
preferences. This begins during gestation and 
continues after birth. For example, preschool 
children, who were exclusively breastfed for 3 or 
more months had odds of 2.6 for consuming two 
or more servings of vegetables per day in com-
parison to children who were formula fed and/or 
partial breastfed [ 13 ]. There are clear sensory 

differences between commercial and homemade 
weaning food, due to the extensive heating of 
baby jars. Additionally, the variety of ingredi-
ents in commercial weaning food is only small. 
A recent market survey of German commercial 
baby menus showed that the predominant vege-
table in baby jars is carrot (59 % of all jars), fol-
lowed by tomato (15 %), parsnip (8 %), pumpkin 
(7 %) and spinach (3 %) (Fig.  15.2 ). Overall, 
only 12 sorts of vegetables were used by food 
industry [ 14 ]. Here, a higher diverseness would 
be desirable, since a higher variety early in wean-
ing increases new food acceptance even long-
term [ 15 ]. However, up to now, studies on the 
infl uence of commercial weaning food on later 
dietary habits are lacking.

   After the age of 1 year, children can take part 
in the common family food. However, in 
Germany, an increasing number of special CF for 
toddlers are offered by the industry. Such toddler 
food not only includes special formula for chil-
dren >1 year of age but also ready-to-eat meals 
with meat, vegetable and a starchy food in com-
bination [ 16 ]. Data on the consumption frequency 
of such special toddler CF are lacking up to now. 

 During childhood, the consumption of CF 
increases with age. This is a result of an evaluation 

  Fig. 15.1    Consumption of commercial weaning products 
during the second half year of life. Four hundred and ten 
infants from the DONALD Study, 1,167 3-day dietary 

records, 1989–1999 (Research Institute of Child Nutrition, 
unpublished data)       
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of the DONALD study on trends of CF intake in 
3–18-year-old children and adolescents. In this 
analysis, CF has been defi ned as all pre- prepared 
savoury products. Sweet CF has been excluded, 
as well as CF eaten in communal  feeding, e.g. 
day-care centres or schools. Using this defi nition, 
in 86 % of all 3-day dietary records, at least one 
CF product has been reported, in 21 % of the 
records on all three recorded days. CF consump-
tion accounted for approximately 3 % in 3–8 year 
olds to 7 % in 14–18-year-old boys and 5 % in 
14–18-year-old girls. Also the percentage of sub-
jects who ate ≥20 % CF increased with age from 
1 % in 3–8 year olds to 9 % in 14–18 year olds. 
During the analysed study period, 2003–2006, no 
time trend has been observed [ 1 ]. This is in accor-
dance with another study in Germany [ 5 ], which 
reported that only 3 % of 2,200 families declared 
in a questionnaire never to use frozen CF, 16 % 
never used ready-to-eat meals and 14 % ready-to-
eat soups. The widespread use of CF even in the 
diet of families is surprising, since another study 
showed that having children had a negative effect 
on CF consumption [ 7 ]. 

 The most popular CF dishes in the DONALD 
Study were rice or pasta dishes and pizza, fol-
lowed by soups (meals), sauces, vegetables and 
potato crisps (meal components) [ 17 ]. 

 A recent study (2009) analysed the CF 
 consumption of adults in Switzerland. Here, a 

frequency questionnaire composed of 17 com-
mon CF items was used, which was mailed to 
randomly selected households in Switzerland [ 7 ]. 
In this study, salad cut and/or washed in bags was 
the most consumed product with a mean 72.9 
times per year, followed by frozen or canned veg-
etables (24.6 times per year), ready bought sand-
wiches (17.9 times), chilled fresh tortellini, pasta, 
gnocchi, etc., (15.5 times) and ready soups in 
bags or cans (13.9 times). Age was a negative 
predictor of consumption: The older the partici-
pant, the fewer convenience products he or she 
consumed [ 7 ], which was explained fi rst by the 
availability of time for cooking after retirement, 
but also by a generation effect, since elderly are 
accustomed to conventional cooking. With 
respect to gender, men had a higher intake of 
ready meals than women [ 3 ].  

    Composition 

 It is widely assumed, that composition of CF is 
often not in agreement with current food-based 
dietary guidelines, because they are rich in 
energy, fat, salt, and sugar and lack the recom-
mended servings of vegetables [ 3 ,  18 ]. However, 
only few surveys described the composition of a 
sample of CF products. An evaluation of the 
DONALD Study, the in-house food composition 

  Fig. 15.2    Main vegetables in 273 commercial infant weaning products. Baby/junior menus, market survey, Germany, 
2010, data from [ 14 ]       
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database LEBTAB was used to describe compo-
sition of CF eaten in the families of study partici-
pants. In LEBTAB, the energy and nutrient 
contents of composite foods are estimated by 
recipe simulation using labelled nutrient contents 
and ingredients. The ingredients of the simulated 
recipes are stored in LEBTAB [ 19 ]. From the 700 
analysed products, 378 (54 %) products con-
tained either fl avourings and/or fl avour enhancers 
[ 1 ]. This is not surprising, since the sensory qual-
ity of CF could be impaired by the warmed-over 
fl avour and aroma losses from storage [ 6 ]. The 
use of high and standardised spicing in industrial 
food production results in a taste standardisation 
and a loss of the specifi c taste of ‘mothers’ 
 cuisine’. In addition, the lower diversity in ingre-
dients use can also contribute to taste standardi-
sation. Studies demonstrating that sensory 
experiences in early childhood may have long 
lasting effects are increasing [ 20 ,  21 ]. 
Additionally, Berghofer [ 6 ] complained the agri-
cultural disadvantage of the loss of biodiversity, 
if the number of plants used for human nutrition 
would further decrease. 

 Energy density (ED) of CF differed between 
dishes (Fig.  15.3 ): Highest median ED was found 
for pizza, which was the most popular complete 
CF meal in this study, salads (including salads on 
the basis of sausage or eggs) and cold sauces. 
Compared with the reference ED for warm lunch 
in schools, ED of most CF products was higher. 

The median % of energy from fat in all product 
groups was at least 35 %E [ 1 ].

       Convenience Food and Dietary 
Quality 

 CF products are considered to be salty: In an 
Australian sample of 18 year olds, CF was the 
main contributor to sodium intake (22–27 % of 
total intake) [ 22 ]. In an evaluation of Finnish 
ready-to-eat foods from the leading brands, the 
reduction of salt content of almost all products 
has been recommended [ 18 ]. 

 In German children and adolescents, CF had a 
higher impact on fat intake than on energy intake 
[ 1 ]. Compared with energy intake, percentage fat 
from CF was higher (mean: 1.3 %,  p  < 0.0001), 
percentage carbohydrates from CF was lower 
(−0.95 %,  p  < 0.0001). Also in an Australian sur-
vey with 18 year olds, CF was the major food 
group contributing to fat intake (32 % and 28 % 
in males and females, respectively) [ 1 ,  22 ]. 

 To analyse the potential association between 
CF consumption and overall dietary quality, the 
Nutrient Quality Index (NQI) was calculated. 
This score determines the extent to which the 
nutritional recommendations for particular nutri-
ents are met. In the present analysis, the intake of 
ten nutrients (vitamins E, A, C, B1 and folate, 
zinc, iron, magnesium, calcium and potassium; 

  Fig. 15.3    Energy density (kJ/100 g) in 547 non-instant CF products consumed by 554 children and adolescents from 
the DONALD Study, 2003–2006. One thousand fi ve hundred and fi fty-eight 3-day dietary records, data from [ 1 ]       
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individual mean of 3-day records) was compared 
with the recent age- and sex-specifi c dietary 
 reference values issued by the German Nutrition 
Society. Percentages indicating the extent to 
which the recommendation was met were calcu-
lated. To avoid mathematical compensation of 
defi cient intakes of one nutrient by exceeding 
intakes of another nutrient, percentage values 
were truncated at 100 if the intake of a nutrient 
exceeded the recommended level. For nutrients 
with a maximum desirable intake, percentage 
values >100 were reduced by the exceeding 
amount. The NQI was calculated as the individ-
ual harmonic mean of each subjects’ nutrient 
components. This is more sensitive to imbalances 
in nutrient intake than the arithmetic mean. As a 
consequence, a low intake of one nutrient is not 
as easily compensated for by a high intake of 
another nutrient. The NQI score theoretically 
ranges from 0 to 100, with a higher score indicat-
ing better diet quality. Mean (SD) NQI in the 
sample was 75.7 (13.8), indicating an overall 
good dietary quality. With increasing intake of 
CF (% of total food intake), the values of NQI 
decreased (−0.1,  p  = 0.0054). Regarding the asso-
ciation between CF intake and food groups, the 
consumption of dairy decreased (−0.54 g/MJ, 
 p  < 0.0001) and of fat increased (+0.03 g/MJ, 
 p  ≤ 0.0001) with increasing CF intake. No sig-
nifi cant association was found for fruits and veg-
etables ( p  = 0.09) [ 23 ].  

    Convenience Food 
and Body Weight 

 There is some evidence of a positive association 
between the consumption of CF and body weight 
status. In a cross-sectional study, overweight 
respondents were more likely to consume ready 
meals (defi ned as meals that require few or no 
extra ingredients and are designed to replace the 
main course of a homemade meal) compared 
with normal-weight respondents. Also the atti-
tudes of overweight subjects towards ready meals 
differ: Overweight persons perceived ready 
meals as containing more vitamins and nutrients 
compared with normal weight persons [ 3 ]. 

 Two properties of CF are discussed to mediate 
the adipogenic effect of CF: the high ED of many 
products, or the high sodium content. ED is 
 discussed as an important factor that determines 
total daily energy intake [ 24 ,  25 ]. In the DONALD 
Study, no association between long-term CF con-
sumption and changes in parameters of body 
weight were found [ 23 ]. Only among boys, the 
baseline consumption of CF with a high ED sig-
nifi cantly predicted change in % of body    fat dur-
ing the study period (    β  0.104,  p  = 0.0098). 

 The high salt content of CF might indirectly 
act adipogenic due to an increasing consumption 
of sugar containing beverages. In an analysis from 
the National Diet and Nutrition Survey in Great 
Britain, the consumption of salt predicted the 
intake of sugar-sweetened soft drinks in children. 
Each additional gram of salt intake daily was 
associated with additional consumption of 27 g of 
soft drinks daily [ 26 ]. However, evidence from 
studies on the effect of soft drink consumption on 
body weight is controversial, but overall the liter-
ature on this topic suggests that the replacement 
of these beverages by non-caloric alternatives is 
effi cient for the prevention of weight gain in chil-
dren and adolescents [ 27 – 29 ]. In an analysis of 
the DONALD Study, urinary sodium was posi-
tively associated with BMI-SDS and % of body 
fat in boys and girls ( N  = 364). However, these 
associations remained signifi cant after adjustment 
for sugar-sweetened beverage consumption and 
total energy intake. These results suggest that a 
high intake of processed salty foods could have a 
negative impact on body weight status in children 
and adolescents. However, this relationship seems 
to be independent from the consumption of sugar-
sweetened beverages [ 30 ].  

    Conclusions 

 Studies on the effect of CF consumption on diet 
quality and indirectly on health are rare, although 
the relevance of these food groups on all-day 
dietary habits is beyond controversy. The few 
existing studies confi rm the negative attitude of 
consumers towards CF, i.e. CF decreases diet 
quality and may contribute to the development of 
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adiposity. However, it cannot be expected, 
that CF disappears from the food market or the 
kitchens. Therefore, the food industry is requested 
to offer healthy products with a composition of 
ingredients in accordance with the actual food- 
based dietary guidelines. The nutritional science 
should assist the food industry in this task. 

 Some studies showed the association between 
cooking skills and use of CF [ 3 ]. Probably, the 
loss of the ability to cook healthy meals from 
scratch will further increase, although the prepa-
ration of meals and the handling of foods can be 
seen as an important part of culture.     
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 Key Points 

•     Nutritional education is an effective tool to facilitate individuals to 
make adequate choices and decisions directed towards protecting, 
 promoting or restoring health and well-being, as it helps them select 
and acquire food intelligently and, in the case of adults, to prepare, 
manipulate, combine and store foods.  

•   Nutritional education aims at helping individuals and their families to 
improve their health status and to help preventing nutrition-related health 
problems by establishing long-standing dietary habits and gaining a bet-
ter understanding of the strong relationship between nutrition and health.  

•   There is also strong evidence of the benefi cial effects of child over-
weight and obesity prevention programs, particularly for programs tar-
geting children in primary and secondary education.  

•   Childhood obesity is associated with a large variety of long-term and in 
most cases severe adverse health consequences and comorbidities, 
including cardiovascular, respiratory gastrointestinal and metabolic 
disorders, orthopedic and rheumatologic complications, certain types 
of cancer and several psychosocial or psychiatric problems, as well as 
an increased and signifi cant risk for adult obesity.  

•   Over the last 2 decades there has been a threefold increase in the num-
ber of children, adolescents and young adults with obesity in Spain 
mainly due to an increase in a sedentary lifestyle and changes in the 
dietary habits.  
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      Abbreviations 

   %BF    Percentage of body fat   
  BMI    Body mass index   
  NAOS strategy    Strategy for nutrition, physical 

activity and the prevention of 
obesity (Estrategia Nacional 
de Nutrición, Actividad Física 
y Prevención de la Obesidad)   

  SD    Standard deviation   
  WC    Waist circumference   
  WHO    World Health Organization          

    Introduction 

 Over the recent 3 decades changes in food and 
dietary habits have lead to an increase in obesity, 
diabetes and chronic disorders such as cardiovas-
cular disease (CVD) worldwide [ 1 ]. As a conse-
quence, there has been a greater recognition and 
awareness of the importance of nutritional educa-
tion as an essential element in the prevention and 
control of food intake and diet-related problems 
[ 2 ]. Nutritional education has been defi ned as any 
combination of learning strategies designed to 
facilitate voluntary adoption of food choices and 
other food- and nutrition-related behaviors 

directed to health and well-being [ 3 ]. The goals 
of nutritional education are to help individuals 
and their families to establish long-standing 
dietary habits to gain a better understanding of 
the strong relationship between nutrition and 
health, to improve their health status and to help 
preventing nutrition-related health problems. 

 Nutritional education is an effective tool to 
facilitate individuals to make adequate choices 
and decisions directed towards protecting, pro-
moting or restoring health and well-being, as it 
helps them select and acquire food intelligently 
and, in the case of adults, to prepare, manipu-
late, combine and store foods. A good knowl-
edge of foods and appropriate healthy eating 
practices are required for improving access and 
consumption of nutritionally balanced diets, 
which in turn is essential for achieving a nutri-
tional well-being [ 4 ]. 

 It is estimated that by 2020 two-thirds of the 
global burden of disease will be attributable to 
chronic non-communicable diseases, therefore 
becoming the principal global causes of morbid-
ity and mortality, most of them strongly associ-
ated with diet [ 5 ]. Worldwide there are two major 
problems associated with diet and nutrition:
    1.    Overnutrition, which causes overweight and 

obesity, is the primary etiological factor in 
a number of disease processes, including 

•   The available evidence shows that it is easier to promote healthy eating 
and lifestyles habits during childhood and early stages of adolescence 
than to modify or restructure them later in life.  

•   Solid evidence supports the benefi cial effects of child obesity prevention 
programs and the specifi c importance of nutritional education. To maxi-
mize effi ciency it is important to reinforce multidisciplinary prevention 
programs addressing both nutritional elements and lifestyles changes, 
including physical and leisure activities, both at home and in the school.  

•   Childhood and adolescence are key priority educational moments to 
generate long-term beliefs, attitudes and values related to overall health 
and particularly towards nutrition.    

 Keywords 

   Nutritional education   •   Adolescent obesity   •   Overweight   •   Mediterranean 
diet   •   Secondary education 
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metabolic/endocrine disease, cancer, osteoar-
thritis, CVD, or obstructive lung disease [ 6 ,  7 ].   

   2.    Under-nutrition, which is directly related with 
hunger and is an underlying cause of chronic 
malnutrition resulting in stunting and wasting, 
together with micronutrient defi ciencies [ 8 ].    
  Both when there is a lack or an excess of food 

supplies, it is essential that individuals become 
aware of implementing the resources that ensure 
their nutritional well-being and consequently 
enhances their health status. To reach this well- 
being, it is necessary that individuals gain access 
to suffi cient foods and of good quality and that 
they understand what is implied in an adequate 
and healthy diet. They also need to be aware of 
the skills, behaviors and motivations leading to 
the correct food choices. Failure to provide infor-
mation may result from several problems, such as:
•    Lack of awareness on nutrition education by 

the general population and failure to pay ade-
quate attention to the relationship between 
health status and food intake.  

•   Inadequate or lack of nutrition education at 
school and in the school curriculum, with a 
much more limited access to information, 
available resources and teaching materials, as 
well as a consequence the absence of an 
 effective and pragmatic learning model on 
nutritional education focused more on action 
and attitudes than on mere information [ 4 ].  

•   Underestimation and limited fi nancial support 
by governments and policy makers.  

•   Insuffi cient funding for disseminating nutri-
tion information. Overall, communication of 
nutritional facts is defi cient in most countries 
and usually the language used is very techni-
cal and advice given is often perceived as not 
very practical.    
 In order to overcome these problems, the 

Global Forum on Food Security and Nutrition 
(FSN Forum) have suggested [ 2 ,  9 ] a series of 
measures, including:
•    To adopt a multidisciplinary approach and 

reinforce coordination at national level. 
Nutrition education ought to be included at all 
levels of education, from primary school to 
university. Nutrition education in schools is 
important for the development of the individual 

skills and motivation needed to adopt healthy 
food practices. Therefore, primary and second-
ary schools can contribute decisively to the 
overall efforts of the community to reach food 
safety and nutritional well-being.  

•   Children and adolescents should be consid-
ered as tomorrow’s adult consumers. Food 
habits are learned at an early age and schools 
may play an important role in promoting ade-
quate criteria for food selection, and healthy 
and long-term dietary patterns [ 9 ].    
 In the present global scenario of limited 

resources and raising healthcare expenditure the 
development of preventive measures and strate-
gies directed towards addressing and avoiding the 
adverse health and societal consequences of over-
nutrition and poor dietary habits are becoming 
increasingly important. There is a growing recog-
nition that prevention demands public health 
actions at both the national and global levels [ 1 ,  2 , 
 4 ]. There is also strong evidence of the benefi cial 
effects of child overweight and obesity prevention 
programs, particularly for programs targeting 
children in primary and secondary education [ 10 ]. 
Within this context nutritional education is clearly 
a very important prevention approach. 

 The fi rst part of the chapter provides an over-
view of childhood and adolescent overweight and 
obesity and the problems associate with both, 
particularly in the Mediterranean countries and 
specifi cally in Spain. In the second part, an out-
line is provided of a nutritional educational pro-
gram developed with secondary education 
students in Valencia (Spain), as well as the main 
outcomes of the program, aiming at healthier eat-
ing and lifestyle habits and focusing at the 
Mediterranean Diet.  

    Overnutrition, Overweight 
and Obesity 

 Overnutrition is directly associated with obesity, 
the most prevalent nutritional and metabolic dis-
order not only in industrialized, but in developing 
countries with important socioeconomic disparities, 
and even in countries where hunger is endemic, 
as well [ 5 ,  11 ]. The epidemic of overweight and 
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obesity is one of the leading causes of morbidity 
and mortality and is associated with raising direct 
and indirect societal and economic costs, world-
wide, therefore becoming a serious public health 
concern [ 6 ,  8 ,  12 – 14 ]. Specifi cally, childhood 
obesity is associated with a large variety of long-
term and in most cases severe adverse health con-
sequences and comorbidities, including 
cardiovascular, respiratory gastrointestinal and 
metabolic disorders, orthopedic and rheumato-
logic complications, certain types of cancer and 
several psychosocial or psychiatric problems, as 
well as an increased and signifi cant risk for adult 
obesity (Table  16.1 ). A good knowledge of the 
causes and the multiple and complex interrela-
tionships between childhood obesity and these 
disorders is essential for changing or modifying 
unhealthy dietary and lifestyle habits.

   Obesity is defi ned as the excessive accumula-
tion of body fat or adipose tissue. Whilst envi-
ronmental factors, lifestyle preferences, and 
cultural environment are key factors to under-
stand the rising prevalence of obesity worldwide, 
this chronic, multifactorial disorder is the result 
of the complex interactions between genetic, 
 neuroendocrine, metabolic, psychological, envi-
ronmental, and sociocultural factors [ 11 ,  12 ]. 
These are particularly evident in childhood and 
adolescent onset obesity. Childhood and adoles-
cent obesity dramatically increases the risk of 
adult obesity, and has therefore been identifi ed 
as a valid predictive factor of adult obesity [ 15 ]. 
Assessment of overweight in children and ado-
lescents is more diffi cult than in adults due to a 
number of factors such as the changes in body 
fat during development. The fast growth rate and 
the developmental processes during adolescence 
affect body size, structure and composition. 
Nutrition therefore plays a key role during this 
period [ 16 ,  17 ]. 

 Body weight tends to be associated with adi-
posity; however weight alone is an insuffi cient 
measure of obesity, because it is correlated with 
height [ 18 ]. A number of anthropometric meth-
ods, through direct measurements of various body 
parameters, are most commonly used to measure 
body fat in human subjects [ 18 ]. By calculating 
body fat from skinfold measurements and indicators 

of biomedical, waist circumference or waist-hip 
ratio it is possible to assess the nutritional status 
of the adolescent and whether overweight or 
obesity is present [ 15 ]. The measurement of 
weight in relation to height, via body mass index 
(BMI), is a valuable indirect and the most com-
mon measure of body fat in clinical practice and 
in research [ 10 ,  19 ,  20 ]. 

 Overweight and obesity in children and ado-
lescents are generally defi ned using age- and 
sex- specifi c normograms for BMI [ 11 ]. Children 

   Table 16.1    Adverse long-term health consequences and 
comorbidities of childhood obesity [ 5 ,  6 ,  11 – 15 ]   

 Cardiovascular  Atherosclerosis 
 Coronary heart disease (CHD) 
 Congestive cardiac failure 
 Cerebrovascular disease (hemor-
rhagic and non-hemorrhagic) 
 Hypertension 
 Deep venous thrombosis 

 Gastrointestinal  Gallstones 
 Nonalcoholic fatty liver disease 
steatohepatitis 
 Liver fi brosis 

 Metabolic/
endocrine disorders 

 Insulin resistance 
 Type 2 diabetes mellitus (NIDDM) 
 Dyslipidemia 
 Gout 
 Menstrual abnormalities 
 Polycystic ovary syndrome 
 Obesity in adulthood 

 Orthopedic/
rheumatologic 

 Osteoarthritis 
 Hip fracture 
 Extremity fractures 

 Psychological  Low self-esteem 
 Depression 
 Eating disorders 
 Obsessive concern about body 
image 
 Sleep disorders 

 Respiratory  Asthma 
 Increased bronchial hyperactivity 
 Obstructive sleep apnea 

 Other  Cancer (breast, ovaries, uterus 
and prostate cancer, colorectal 
cancer, …) 
 Increased healthcare costs and 
disability 
 Premature mortality 
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with BMI equal to or exceeding the age-gender- 
specifi c 85th percentile (P 85 ) are considered over-
weight. Although some authors have suggested 
that only those children with BMI equal to or 
above the P 98  should be defi ned obese [ 21 ,  22 ], in 
clinical practice, as well as the majority of reports 
and studies rely on the P 95  for defi ning child or 
adolescent obesity [ 11 ,  18 ].  

    Obesity in Spain and Other 
Mediterranean Countries 

 The  enKid  study, a cross-sectional study con-
ducted on a national random sample of the 
Spanish population aged 2–24 years revealed the 
magnitude and increasing trends of obesity 
among Spanish children and youth [ 23 ]. Over the 
last 2 decades there has been a threefold increase 
in the number of children, adolescents and young 
adults with obesity in Spain mainly due to an 
increase in a sedentary lifestyle and changes in 
the dietary habits [ 24 ]. 

 The prevalence of childhood obesity in the 
 enKid  study was amongst the highest in Europe, 
with 12.4 % of children and youngsters estimated 
to have overweight and a further 13.9 % having 
obesity, based on BMI and considering the P 85  
and the P 97  as cutoffs for overweight and obesity 
of the Spanish reference distribution and growth 
charts, respectively [ 23 ,  25 ]. Based on the P 95  
cutoff, the prevalence of obesity in the  enKid  
study in adolescents aged 12–18 years was 
approximately 9 % in male children and 7 % in 
girls. In addition, obesity was signifi cantly asso-
ciated with low education level of the mother and 
low socioeconomic [ 23 ,  26 ]. 

 Dietary habits are acquired during early child-
hood, at 3 or 4 years of age, tend to consolidate 
long-term during adolescence. The latter is a 
critical period for acquiring healthy dietary prac-
tices and lifestyles that will infl uence eating 
behaviors during adulthood [ 24 ,  25 ]. The avail-
able evidence shows that it is easier to promote 
healthy eating and lifestyles habits during child-
hood and early stages of adolescence than to 
modify or restructure them later in life [ 25 ,  27 ]. 
Therefore, although adequate nutrition and food 

intake is important across the lifespan, this is 
 particularly so during childhood, school age, and 
adolescence, which play a very important part in 
health prevention and promotion [ 10 ,  13 ,  27 ]. 

 The vast majority of cases of obesity are due 
to unhealthy dietary habits and lack of regular 
physical activity. High consumption of cakes and 
buns, soft-drinks, and other products with a high 
fat content and low physical activity levels, 
including spending 3 or more hours watching TV 
daily are well-recognized lifestyle factors associ-
ated with an increased likelihood of being obese 
[ 4 ,  25 ,  28 ]. For instance, the prevalence of obe-
sity is higher in individuals that have no or very 
little breakfast [ 23 ,  26 ], and in Spain an estimated 
8 % of Spanish children go to school without 
having had breakfast and only 26 % after having 
had a full breakfast [ 28 ]. In addition, technologi-
cal and transport progress have favored a more 
sedentary lifestyle that often neglects daily sig-
nifi cant physical activity. Childhood leisure 
activities have also become increasingly seden-
tary. Available data indicate that Spanish children 
and adolescents spend an average of two and half 
hours watching television and a further half an 
hour playing videogames [ 26 ]. These data further 
highlight that the best treatment to tackle over-
weight and obesity is prevention, particularly 
when initiated in childhood [ 3 ,  5 ]. 

 Nutritional education is a basic element in the 
prevention of childhood and adolescent over-
weight and obesity. Within this context, the 
Spanish Ministry of Health set up the National 
Strategy for Nutrition, Physical Activity and the 
Prevention of Obesity ( Estrategia Nacional de 
Nutrición ,  Actividad Física y Prevención de la 
Obesidad or  NAOS strategy), aiming at changing 
the trend of the growing prevalence of overweight 
and obesity, raising public awareness of the prob-
lems of obesity as a public health priority, encour-
aging citizens, particularly children and young 
people, to adopt healthy lifestyles, primarily 
through healthy diets and regular physical activ-
ity, and establishing a working relationship 
between the Public Administrations, experts in 
the fi eld, the private sector and the general popu-
lation [ 25 ,  29 ,  30 ]. Furthermore, the  NAOS strategy  
recommends implementing classroom and extra 
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curricula activities at school to promote healthy 
eating habits and regular physical activity and 
sport, considering the school environment as one 
of the most effi cient places for altering the life-
styles of children and adolescents [ 29 ,  30 ].  

    Development of a Nutritional 
Education Program with Secondary 
Education Students 

 We conducted an intervention study to better char-
acterize the nutritional and lifestyle habits of sec-
ondary education students in our setting, as well as 
to assess the feasibility and effectiveness of a 
nutritional education program [ 31 ]. The program 
included both theoretical and practical activities. 
A total of 372 adolescents aged 12–16 years (181 
females and 191 males) from a secondary school 
(Instituto de Enseñanza Secundaria or IES) in 
Valencia (Spain) participated in this project aimed 
at promoting healthy dietary and lifestyle habits 
and implementing a nutritional intervention for 
those with overweight or obesity. Specifi cally, the 
nutritional and lifestyle habits, the rates of over-
weight and obesity and the effects of a nutritional 
education program were evaluated in a sample of 
students in mandatory secondary education 
(Enseñanza Secundaria Obligatoria or ESO). 

    Phase 1: Assessment of Dietary 
Habits and Nutritional Status 

 Prior to starting the program, each student 
enrolled in the study was thoroughly assessed. 
Baseline assessments with complete anthropo-
metric measurements, including weight, height, 
waist circumference (WC) and percentage of 
body fat (%BF), were conducted on all subjects 
using standardized methods. These helped to cal-
culate the daily energetic needs of participating 
students and distribute a diet with hypocaloric 
balance adapted to age. Overweight and obesity 
in the sample were defi ned based on age- and 
sex-specifi c BMI, so that a BMI equal to or above 
the P 85  and the P 95  was used as cutoff for over-
weight and obesity, respectively. Table  16.2  
shows the mean BMI values with standard devia-
tion (SD), the lowest value (zero percentile), the 
maximum value (percentile 100), the median 
(50th percentile), as well as the cutoff points of 
the P 85  (used as an index of overweight) and of 
the P 95  (used as an index of obesity) of the BMI. 
All these BMI data are grouped by gender and 
by age.

   Based on the BMI, 36 adolescents (18 males 
and 18 females) in the sample had overweight 
and 28 (12 males and 16 females) had obesity. 
From this group of 64 students with overweight 

   Table 16.2    BMI values of adolescent boys and girls aged 12–16 years included in the study [ 31 ]   

 12 years  13 years  14 years  15 years  16 years 

  Females    n  = 36   n  = 47   n  = 36   n  = 35   n  = 27 
 Mean (SD)  20.77 (4.79)  22.09 (4.46)  22.84 (3.52)  22.24 (2.93)  23.14 (3.88) 
 P 0   14.52  14.39  16.31  13.93  17.75 
 P 50   20.60  21.46  22.15  21.85  22.43 
 P 85   24.10  27.07  26.00  24.64  27.31 
 P 95   29.79  30.26  30.45  27.35  31.02 
 P 100   34.38  33.56  30.86  27.59  31.61 
  Males    n  = 36   n  = 41   n  = 35   n  = 42   n  = 37 
 Mean (SD)  21.59 (3.87)  21.01 (3.94)  22.36 (4.23)  22.17 (4.10)  21.58 (2.96) 
 P 0   14.18  15.04  15.48  16.71  16.67 
 P 50   21.04  20.68  21.74  21.82  21.33 
 P 85   26.28  25.92  26.38  24.17  24.17 
 P 95   28.48  28.16  30.74  29.75  25.23 
 P 100   28.92  30.23  33.30  37.08  32.66 

   SD  standard deviation  
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or obesity, six changed or left school and one 
was expelled prior to fi nishing the study, 14 
refused to participate in the study, and six addi-
tional students abandoned the study prema-
turely. Therefore, 38 students (19 girls and 19 
boys) aged 12–16 years completed the nutri-
tion intervention for overweight or obesity, 
which included individualized Nutritional 
Intervention. 

 Baseline socio-demographic characteristics, 
family history data, lifestyle, and nutritional hab-
its were evaluated with a self-report question-
naire. The instrument provided information on 
the average consumption of different foods at 
individual and group level and their distribution 
during the day. To assess the educational needs in 
the study sample and conduct a more effective 
nutritional education we also explored the knowl-
edge and attitudes towards the Mediterranean 
diet with the Mediterranean Diet Quality Index 
for children and adolescents (KIDMED) [ 32 ]. 
The KIDMED was administered again at the end 
of the study to assess the behavioral changes fol-
lowing the nutritional intervention. As seen 
Table  16.3 , the KIDMED index is a 16-item 
instrument specifi cally devised for children, ado-
lescents and young adults that can either be used 
as a self-report measure or administered by a 
trained interviewer. The index ranges from 0 to 
12 and was originally developed based on prin-
ciples sustaining Mediterranean dietary patterns 
as well as those undermining it [ 32 ]. Items with a 
negative view towards the Mediterranean diet 
were valued as −1, while those with a positive 
connotation +1. As a result, the total sum of the 
values on the different items was classifi ed into 
three levels:
•     ≤3: low quality diet  
•   4–7: improvement in the food pattern is 

needed to adapt it to the Mediterranean diet  
•   ≥8: good Mediterranean quality diet    

 At follow-up assessments, students were regu-
larly asked to provide details about their daily 
diet during the previous week, which was then 
used to provide feedback. This was used to assess 
the dietary habits of students throughout the pro-
gram as well as their daily or weekly exercise 
pattern and their psychological state.  

    Phase 2: Nutrition Education 
Program in the Classroom 

 The program was particularly directed towards 
secondary education students and their teachers. 
Initially the work was conducted with the stu-
dents tutoring hours in theoretical and practical 
workshops with the following topics:
•    Healthy breakfast  
•   The nutritional pyramid: balanced food  
•   Comparison of two dishes with practically the 

same ingredients, but prepared and cooked 
differently, thus with different caloric content    
 As evidenced in the  NAOS  strategy, 38 % of 

young Spaniards identify themselves as being sed-
entary [ 25 ,  30 ]. When considering the average 

   Table 16.3    KIDMED test to assess the Mediterranean 
diet quality during childhood and adolescence [ 40 ]   

 Diet quality  Scoring 

 Takes a fruit or fruit juice every day  +1 
 Has a second fruit every day  +1 
 Has fresh or cooked vegetables 
regularly once a day 

 +1 

 Has fresh or cooked vegetables 
more than once a day 

 +1 

 Consumes fi sh regularly (at least 
2–3 times per week) 

 +1 

 Goes more than once a week to a 
fast-food (hamburger) restaurant 

 −1 

 Likes pulses and eats them more 
than once a week 

 +1 

 Consumes pasta or rice almost every 
day (5 or more times per week) 

 +1 

 Has cereals or grains (bread, etc.) 
for breakfast 

 +1 

 Consumes nuts regularly (at least 
2–3 times per week) 

 +1 

 Uses olive oil at home  +1 
 Skips breakfast  −1 
 Has a dairy product for breakfast 
(yoghurt, milk, etc.) 

 +1 

 Has commercially baked goods or 
pastries for breakfast 

 −1 

 Takes two yoghurts and/or some 
cheese (40 g) daily 

 +1 

 Takes sweets and candy several 
times every day 

 −1 

   KIDMED  Mediterranean Diet Quality Index in children 
and adolescents  
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global daily time spent in sedentary activities 
(studying, TV, computer, videogames, …), prev-
alence of obesity is higher in adolescents that dedi-
cate more time in these activities [ 33 ]. Watching 
TV has become the second most common activity 
in young individuals, only after sleeping, and the 
main leisure activity and free- time activity, with a 
lot of time spent as well on videogames and new 
technologies [ 6 ,  23 ]. In our sample there were sub-
stantial differences between boys and girls, inde-
pendently of age, on these behaviors, as girls spent 
less time watching TV and more time reading than 
boys. Prevalence of obesity is much higher among 
adolescent who do not practice any sports, com-
pared to those who practice sports in a regular 
basis. It is therefore important to promote both 
activities of low energetic balance such as routine 
home chores, as well as those with high-energy 
consumption, such as structured exercise or thrice 
weekly sport practice [ 34 ,  35 ]. 

 Breakfast is a very important meal, particu-
larly in school-age children. It should contain 
20–25 % of total daily calories intake. A bal-
anced meal during the fi rst hours of the day 
reduces compulsive eating and consumption of 
inadequate foods, improves intellectual abilities, 
and physical as well as cognitive and academic 
performance [ 36 ,  37 ]. Breakfast should contain 
dairy products, cereals, and some fruit or fresh 
fruit juice. As indicated by the  enKid  study, the 
BMI decreases in both genders with the increase 
of calories in breakfast. Prevalence of obesity is 
higher among those children and adolescents 
who take very little (1–15 % of daily caloric 
intake) or no breakfast compared to those who 
take a large breakfast and this association is 
stronger for males than for females [ 23 ]. Indeed, 
it has been suggested that omitting breakfast may 
induce metabolic changes responsible for future 
development of obesity [ 38 ].  

    Phase 3: Nutritional Intervention 
in Students with Overweight 
and Obesity 

 A nutritional program cannot solely include the 
list of concepts and notions associated with 

healthy eating. The goals have to be realistic and 
adapted to the targeted population. It is also 
important to provide the child or adolescent with 
the necessary skills to promote permanent life-
style changes, partly by helping them to develop 
self-effi cacy and self-control strategies and rein-
force healthy behaviors. To facilitate such a 
change it is essential to restructure certain cir-
cumstances in the immediate environment of the 
individual, in addition to infl uence on the dietary 
habits and the physical activity environment. Any 
intervention has to address the cues and craving 
associated with eating certain foods, while 
replacing them with others that facilitate a healthy 
and balanced food intake and which will serve 
for future illness prevention [ 39 ]. The different 
activities should ultimately aim at health promo-
tion, particularly for adolescents with overweight 
or obesity [ 40 ]. 

 It is also important to implement strategies 
directed towards controlling and modifying nega-
tive emotions inherent to obesity [ 13 ]. Similarly, 
it is also necessary to enhance motivation chang-
ing lifestyle and nutritional habits. Therapeutic 
dietary modifi cations should allow for satisfying 
the nutritional needs of the individual without 
interfering the growth rate and the adequate 
development. The main goal of nutritional pro-
grams is weight stabilization not simply weight 
loss. Dietary changes have to be planned in the 
context of promoting a realistic body weight, 
potentiating self-esteem, and acceptance of the 
body image [ 39 ]. 

 Individual follow-up meetings were held 
with students with baseline overweight or obe-
sity to discuss their daily food intake, going 
over each meal and each group of foods on a 
daily basis with the help of self-report diaries. 
Rather than quantifying the different foods a 
color scheme was used for the different groups 
of foods. Physical exercise was also emphasized 
at the individual level, and depending on the 
 preferences and capacities to avoid a sedentary 
lifestyle. Therefore, it was aimed that with 
short-term and realistic goals the targeted stu-
dents gradually implemented the nutritional 
knowledge and lifestyle changes addressed dur-
ing the program. 
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 The family plays a key role in modeling and 
consolidating the child’s dietary habits. The partici-
pation of parents can therefore be very  important, 
particularly in the preparation of daily menus. This 
is a critical point that may create some diffi culties, 
as no all parents may be willing to participate. To 
facilitate this we conducted a series of meetings 
with the Association of Mothers and Fathers of 
Students to present and address the specifi c topics 
and subsequently reach a greater adherence to the 
program. However, different studies that incorpo-
rated the parents to the treatment of their adoles-
cent sons and daughters failed to fi nd any 
effectiveness in inducing any behavioral changes, 
or even had a detrimental effect [ 26 ,  41 ]. Even in 
studies with very positive results, only one-third of 
children and adolescents reached and maintained a 
very optimal weight [ 41 ].   

    Practical Outcome Results 
of the Program 

    Changes in the Anthropometric 
Measures Following the Nutritional 
Intervention 

 Regular measurements of BMI and a variety of 
other anthropometric parameters, including WC, 
%BF, arm circumference, triceps skinfolds, and 
subscapular skinfolds were conducted during 
follow-up (Table  16.4 ). There were statistically 
signifi cant differences in the BMI, WC, %BF 
and arm circumference following the nutritional 
intervention.

       Assessment of the Changes in the 
Dietary Habits After the Nutritional 
Education 

 A total of 217 study participants (103 females 
and 114 males) aged 12–16 years completed the 
KIDMED prior and after receiving nutritional 
education. Changes in the KIDMED index 
scores and in the percentage of food intake 
prior and after the program were analyzed to 
assess the effi cacy of the nutritional interven-
tion (Table  16.5 ).

   As shown in Table  16.5 , the percentage of stu-
dents having a daily piece of fruit or a fruit juice 
increased by 17.6 %, whilst an additional 18.4 % 
were having a second piece of fruit every day 
after the nutritional program. Similarly, 14.8 % 
more students and 18.4 % more students were 
eating fresh or cooked vegetables once a day and 
more once a day, respectively. While intake of 
nuts, olive oil, and pulses practically remained 
unchanged after the nutritional unchanged, 9.8 % 
more study participants were eating fi sh regu-
larly, and 9.2 % more of the sample were eating 
pasta or rice, carbohydrates, a central element of 
the Mediterranean diet, almost every day almost 
every day after the intervention. In contrast, 12 % 
less participants were going to fast-food restau-
rants every week, and 11.1 % less of them were 
having sweets or candies several times every day, 
after completing the program. The latter two 
items refl ect the signifi cant improvements in 
dietary and nutritional habits, which were partic-
ularly evident in those students with overweight 
or obesity, so that 89.5 % of kids with overweight 

   Table 16.4    Anthropometric parameters at baseline and following the nutritional intervention   

 Baseline  After 1 month  After 2 months 

 BMI (kg/m 2 )  28.55 (2.85)  27.72 (3.05)  27.50 (3.18)   p  < 0.001 
 Waist circumference (cm)  88.64 (8.86)  87.71 (9.33)  85.63 (12.92)   p  < 0.05 
 Percentage of body fat  34.99 (4.42)  33.94 (4.24)  33.13 (4.34)   p  < 0.001 
 Arm circumference (cm)  30.76 (2.83)  30.43 (2.75)  29.61 (3.53)   p  < 0.001 
 Subscapular skinfolds (mm)  16.41 (6.94)  17.71 (6.35)  17.48 (6.28)  n.s. 
 Triceps skinfolds (mm)  19.84 (3.93)  19.79 (4.41)  19.74 (4.05)  n.s. 

  Results are expressed as mean values (±SD) [ 40 ] 
  n.s.  not signifi cant  
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      Table 16.5    KIDMED test to assess the Mediterranean 
diet quality during childhood and adolescence   

 Items on the KIDMED test 

 Nutritional education 

 Baseline 
students (%) 

 Post-
intervention 
students (%) 

 Takes a fruit or fruit juice 
every day 

 70.0  87.6 

 Has a second fruit every day  33.2  51.6 
 Has fresh or cooked 
vegetables regularly once 
a day 

 60.8  75.6 

 Has fresh or cooked 
vegetables more than once 
a day 

 12.9  31.3 

 Consumes fi sh regularly 
(≥2–3 times per week) 

 59.9  69.1 

 Goes at least once a week 
to a fast-food restaurant 

 25.4  13.4 

 Likes pulses and eats them 
more than once a week 

 71.4  76.0 

 Consumes pasta or rice 
almost every day (≥5 times/
week) 

 77.9  87.1 

 Has cereals or grains (bread, 
etc.) for breakfast 

 52.5  67.3 

 Consumes nuts regularly 
(at least 2–3 times/week) 

 45.2  45.2 

 Uses olive oil at home  92.6  94.0 
 Skips breakfast  20.7   9.2 
 Has a dairy product for 
breakfast (yoghurt, milk, 
etc.) 

 73.3  84.8 

 Has commercially baked 
goods or pastries for 
breakfast 

 25.3  15.7 

 Takes two yoghurts and/or 
some cheese (40 g) daily 

 40.6  56.2 

 Takes sweets and candy 
several times every day 

 25.8  14.7 

  Results at baseline and following the nutritional interven-
tion [ 40 ] 
  KIDMED  Mediterranean Diet Quality Index in children 
and adolescents  

     Table 16.6    KIDMED test to assess the Mediterranean 
diet quality during childhood and adolescence   

 Items on the KIDMED test 

 Nutritional education 

 Baseline 
students (%) 

 Post-
intervention 
students (%) 

 Takes a fruit or fruit juice 
every day 

 65.8  94.7 

 Has a second fruit every day  34.2  68.4 
 Has fresh or cooked 
vegetables regularly once 
a day 

 63.2  92.1 

 Has fresh or cooked 
vegetables more than once 
a day 

 13.2  42.1 

 Consumes fi sh regularly 
(≥2–3 times/week) 

 63.2  76.3 

 Goes at least once a week 
to a fast-food restaurant 

 28.9  10.5 

 Likes pulses and eats them 
more than once a week 

 73.7  78.9 

 Consumes pasta or rice 
almost every day (≥5 times/
week) 

 84.2  92.1 

 Has cereals or grains (bread, 
etc.) for breakfast 

 31.6  65.8 

 Consumes nuts regularly 
(at least 2–3 times/week) 

 26.3  26.3 

 Uses olive oil at home  89.5  89.5 
 Skips breakfast  34.2   2.6 
 Has a dairy product for 
breakfast (yoghurt, milk, 
etc.) 

 60.5  94.7 

 Has commercially baked 
goods or pastries for 
breakfast 

 15.8   5.3 

 Takes two yoghurts and/or 
some cheese (40 g) daily 

 34.2  47.4 

 Takes sweets and candy 
several times every day 

 21.1   2.6 

  Results at baseline and following the nutritional interven-
tion in children with overweight or obesity [ 40 ] 
  KIDMED  Mediterranean Diet Quality Index in children 
and adolescents  

or obesity were not going regularly to fast-food 
restaurants after the program (Table  16.6 ).

   As previously mentioned, breakfast is the 
most important meal of the day, particularly in 
children and adolescents. At the end of the study, 
90.8 % of the total sample of adolescents that 
completed the questionnaires had breakfast daily, 

and only one student of the overweight or obesity 
subsample continued without having breakfast 
(2.6 %). Prior to the nutritional educational pro-
gram, less than half of the sample (Table  16.5 ) 
and only one-third of overweight or obese stu-
dents (Table  16.6 ) were taking any type of cereal- 
based foods for breakfast. After the intervention 
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14.8 % more of the overall sample and 34.2 % 
more (more than double) of overweight or obese 
students had incorporated these foods to their 
breakfasts. Similarly, the percentage of overall 
students and of students with overweight and 
obesity taking dairy products for breakfast 
increased by 11.5 % and 34.2 %, respectively, 
while there was a marked decrease in the intake 
of commercially baked goods or pastries for 
breakfast as observed in Tables  16.5  and  16.6 . 

 Following the intervention, 47.4 % of stu-
dents with overweight or obesity participating in 
the intensive nutritional program showed an 
improvement in the quality of the diet and none 
of them worsened ( p  < 0.001) it, as shown with 
the KIDMED index.   

    Conclusions 

 Albeit the limited sample size, the fact the nutri-
tional intervention was limited to a single sec-
ondary school and the limited follow-up period 
the results in the present study show a signifi cant 
change in the quality of the diet following the 
nutritional education. Indeed, these positive 
results, both in the overall sample and in the sub-
sample of students with overweight or obesity, 
indicate that nutritional education aiming at 
acquiring healthy dietary habits typical of the 
Mediterranean diet can be effectively applied to 
adolescent populations. Despite its limitations, 
the study supports the feasibility of these pro-
grams targeting adolescent populations aiming 
to adopt healthier nutritional and lifestyles. 
However, it appears necessary that such preven-
tion and educational programs have to be much 
longer in duration, so that they would have to 
cover primary and secondary education, to 
ensure solid, fi rm results [ 4 ], particularly consid-
ering the increasing rates of childhood and ado-
lescent obesity in most countries [ 6 ,  14 ,  28 ,  40 ]. 
Among the students in our sample the intake of 
fruits and vegetables prior to initiating the pro-
gram was not good, only 5.09 % combined car-
bohydrates, with a proteic food, a vegetable and 
a fruit at lunch, and 3 % at dinner. After the pro-
gram, there was a signifi cant increase in regular 

use of fruits, vegetables, and other healthy foods. 
Importantly, active participation of the students 
was promoted throughout the study, partly to 
facilitate resolving any doubts that may arise. 

 Solid evidence supports the benefi cial effects 
of child obesity prevention programs and the spe-
cifi c importance of nutritional education [ 2 ,  6 , 
 40 ]. To maximize effi ciency it is important to 
reinforce multidisciplinary prevention programs 
addressing both nutritional elements and life-
styles changes, including physical and leisure 
activities, both at home and in the school [ 3 ,  25 ,  42 ]. 
These prevention initiatives need to be appropri-
ately planned and developed to the needs of the 
targeted population. It is equally important to 
fi nd the adequate motivations for behavior and 
attitude changes, as motivation is one of the key 
elements in learning [ 43 ]. Childhood and adoles-
cence are key priority educational moments to 
generate long-term beliefs, attitudes and values 
related to overall health and particularly towards 
nutrition [ 22 ].     
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 Key Points 

•     Dietary guidance for older adults should be aimed at maintaining 
 optimal health and forestalling the onset of chronic diseases.  

•   Specifi c dietary recommendations, for the most part, are consistent 
with those associated with optimal health outcomes throughout 
adulthood.  

•   Evidence suggests that in older adults there is a direct relationship 
between the diet quality and health outcomes.  

•   With advancing age there is a decrease in energy requirements to main-
tain a healthy body weight, yet nutrient requirements remain either 
unchanged or increase.  

•   Emphasis should be placed on choosing nutrient dense foods within 
each food category.  

•   Current data suggests that older adults who report using nutrient sup-
plements have diet and lifestyle characteristics that are more closely 
associated with lower rather than higher risk for nutrient insuffi ciency.  

•   Special attention should be given to adapting living environments for 
older adults to enable them to retain the ability to acquire and prepare 
familiar foods that are appealing.  

•   Changes in social situations that could impact on food intake should be 
monitored on a regular basis and adjustments made, when necessary.    
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    Introduction 

 The demographic shift occurring in both devel-
oped and developing countries is towards an 
older population. For example, the US popula-
tion over the age of 65 years grew from 3.1 mil-
lion in 1900 to 35.0 million in 2000. During that 
same time period individuals aged 85 years and 
older increased by 34-fold. In 2010, approxi-
mately 14 % of the US population was over 65 
years of age, with the fi rst individuals of the 
Baby Booth generation having turned 65 years 
old in 2012. The US Census Bureau has esti-
mated that the current percentage of individuals 
65 years of age and older will double between 
2000 and 2030. At that rate, by 2030, 70 million 
Americans will be over the age of 65 years. This 
is equivalent to one out of every fi ve Americans. 
Similar trends are seen in other countries. As an 
increasing proportion of the world population 
enters the older age categories, more emphasis 
needs to be placed on optimal diet guidance so 
as to enable these older individuals to stay 
healthy and active. This emphasis will need to 
happen within the context of the biological and 
psychological changes known to occur with 
advancing years.  

    Nutrient Recommendations 
for Older Adults 

 Evidence suggests that within a population, older 
adults who score in the higher categories for diet 
quality [ 1 – 4 ] and physical activity [ 5 ,  6 ] measures 
have the highest survival rates. In recognition of 
these and other fi ndings, the Food and Nutrition 
Board of the Institute of Medicine placed renewed 
emphasis on the unique needs of older adults 
when the Recommended Dietary Allowances 
(RDA) was revamped in 1990s. A major change 
from prior RDA’s was an expansion of the age cat-
egories for which individual recommendations 
were made. This approach was a joint effort 
between the United States and Canada. Prior iter-
ations of the RDA’s included a single category for 
individuals above the age of 50 years [ 7 ]. Current 

guidelines include  recommendations for adults 
aged 51–70 years and greater than 70 years 
(Table  17.1 ) [ 8 – 15 ]. Of interest is whether a dis-
tinction will be made among adults greater than 
70 years of age as new data emerge in the future. 
Nevertheless, general recommendations can be 
made for older adults that will likely benefi t them 
as they advance in years.

   Energy requirements decline with advancing 
age which makes it increasingly challenging to 
achieve optimal nutrient intakes while maintain-
ing a healthy body weight. The decline in the 
total energy requirements is attributed to multiple 
factors, including a gradual reduction in physical 
activity and a shift in body composition from 
lean to fat even in the absence of a change in 
body weight. This latter factor, in turn, leads to a 
reduction in basal metabolic rate [ 16 ]. Within the 
context of reduced energy needs nutrient require-
ments either remain the same or increase. For 
example, the RDA for vitamin D has recently 
been increased for all individuals and is higher 
for individuals >70 years than those below 70 
years [ 17 ,  18 ]. Likewise, the RDA for vitamin B 6  
and calcium is higher for individuals >70 years 
than those below 70 years [ 9 ]. In contrast, the 
RDA for sodium is lower for older adults, mak-
ing it more challenging to comply within our cur-
rent food environment.  

    Unique Diet-Related Considerations 
for Older Adults 

 Gradual physical and psychosocial changes occur 
with advancing years, but the rate at which these 
occur for each individual is highly variable. In 
addition, the onset of chronic disease can limit 
food choices. Older adults can also become 
increasingly susceptible to the lures of food fads 
or nutrient supplement claims, particularly those 
that promise the fountain of youth. These claims 
can drain scarce resources from food budgets and 
potentially lead to the overconsumption of indi-
vidual nutrients. Nutrient overconsumption may 
interfere with the actions or utilization of pre-
scription and nonprescription drugs, and the utili-
zation of essential nutrients. 

A.H. Lichtenstein
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    Energy Requirements 

 As noted previously, although the energy levels 
required to maintain a healthy body weight 
decrease with advancing years, nutrient require-
ments either remain constant or increase 
(Table  17.2 ). Successfully fulfi lling nutrient 
requirements within the context of reduced 
energy intakes can be challenging, and can only 
be accomplished by ensuring that the nutrient 
density of the diet (nutrients per calorie) be main-
tained at a relatively high level. For some indi-
viduals, this may be easy to accomplish, for 

example, by switching from iceberg lettuce to 
romaine lettuce, or increasing the relative propor-
tion of vegetables and fruits in the diet compared 
to traditional snack foods. For other individuals, 
necessary changes may mean reversing prior life-
long trends, for example, by seeking out low lac-
tose forms of dairy products to replace regular 
forms or boasting fi ber intake by shifting from 
refi ned to whole grain breads and cereals. Any 
change should be accomplished within the con-
text of established eating patterns and food avail-
ability so that the enjoyment of food and 
promotion of long term changes is maintained.

   Table 17.1    Recommended Dietary Allowances for older adults age 31–50 years, 51–70 years, and greater than 70 years   

 Nutrient  Females (years)  Males (years) 

 31–50  51–70  >70  31–50  51–70  >70 

 Vitamin A (μg/day) a   700  700  700  900  900  900 
 Vitamin C (mg/day)  75  75  75  90  90  90 
 Vitamin D (μg/day)  15  15  20  15  15  20 
 Vitamin E (mg/day)  15  15  15  15  15  15 
  Vitamin K  ( μg / day ) b    90    90    90    120    120    120  
 Thiamin (mg/day)  1.1  1.1  1.1  1.2  1.2  1.2 
 Ribofl avin (mg/day)  1.1  1.1  1.1  1.3  1.3  1.3 
 Niacin (mg/day)  14  14  14  16  16  16 
 Vitamin B 6  (mg/day)  1.3  1.5  1.5  1.3  1.7  1.7 
 Folate (μg/day)  400  400  400  400  400  400 
 Vitamin B 12  (μg/day)  2.4  2.4  2.4  2.4  2.4  2.4 
  Pantothenic acid  ( mg / day )   5    5    5    5    5    5  
  Biotin  ( μg / day )   30    30    30    30    30    30  
  Choline  ( mg / day )   425    425    425    550    550    550  
 Calcium (mg/day)  1,000  1,200  1,200  1,000  1,000  1,200 
  Chromium  ( μg / day )   25    20    20    35    30    30  
 Copper (μg/day)  900  900  900  900  900  900 
  Fluoride  ( mg / day )   3    3    3    4    4    4  
 Iodine (μg/day)  150  150  150  150  150  150 
 Iron (mg/day)  18  8  8  8  8  8 
 Magnesium (mg/day)  320  320  320  420  420  420 
  Manganese  ( mg / day )   1.8    1.8    1.8    2.3    2.3    2.3  
 Molybdenum (μg/day)  45  45  45  45  45  45 
 Phosphorus (mg/day)  700  700  700  700  700  700 
 Selenium (μg/day)  55  55  55  55  55  55 
 Zinc (mg/day)  8  8  8  11  11  11 
  Potassium  ( g / day )   4.7    4.7    4.7    4.7    4.7    4.7  
  Sodium  ( g / day )   1.5    1.3    1.2    1.5    1.3    1.2  
  Chloride  ( g / day )   2.3    2.0    1.8    2.3    2.0    1.8  

   a Standard font—Recommended Dietary Allowance values 
  b Italic font—adequate intake values  
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       Dexterity and Strength 

 Diminished dexterity can make food preparation 
diffi cult, which in turn can have a negative impact 
on the variety, quality, and enjoyment of the 
resulting products. Challenging tasks during food 
preparation include diffi culty opening jars, cans, 
or other types of food and beverage packaging, 
and pealing and cutting foods due to arthritis or 
diminished strength. Small accommodations such 
as ergonomically designed kitchen aides (e.g., can 
openers and scissors) and kitchen reorganization 
(e.g., eliminating clutter and reorganizing draws 
and cabinets to increase accessibility of frequently 
used items) can minimize the impact of these 
changes. Also helpful can be the introduction of 
newer forms of familiar foods, such as partially 
processed or prepared foods, for example, precut 
frozen vegetables and fruits, boneless chicken 
breasts, and prewashed salad greens or grated car-
rots. Older adults may not automatically take 
advantage of these newer forms of common food 
items and require some regular guidance in this 
area to take advantage of good options.  

    Taste and Smell 

 Retaining the desire to eat a variety of foods is 
integral to ensuring optimal nutrition for older 

adults. Changes that can occur with aging which 
can lead to poor appetite include diminished taste 
acuity primarily resulting from loss of taste buds, 
particularly those sensing salt and sweet. The 
impact of these changes on food intake can be 
exacerbated by recommendations to restrict 
sodium intake. In addition, these changes can 
result in greater sensitivity to acid and bitter 
tastes [ 19 ]. Another change that is frequently 
observed in older adults includes a diminished 
sense of smell. Older adults with poor odor per-
ception have been reported to have lower nutrient 
intakes than those with good odor perception 
[ 20 – 22 ]. Encouraging the liberal use of herbs and 
spices may enhance the continued enjoyment of 
favorite items.  

    Mobility and Vision 

 Diminished mobility and vision can make it dif-
fi cult to leave the home, particularly during times 
of inclement weather. This can limit social inter-
action and exposure to sunlight, as well as the 
ability to purchase food due to limited transporta-
tion options and types of stores accessible. 
Potential solutions include identifying alternative 
forms of transportation, such as taxi-pooling to 
the market once a week with neighbors, taking 
advantage of senior shuttles/discounts, and ask-
ing for help. Finding solutions to limited mobility 
and vision is critical to minimizing their potential 
negative impact on both psychological well- 
being and food intake. 

 In addition to addressing transportation- 
related issues, there are a number of additional 
strategies than can be gradually adapted to fur-
ther minimize the effect that diminished mobility 
and vision has on food intake. These include, for 
example, shifting the type of foods purchased to 
those that can be stored for longer periods. 
Resealable bags of pre-cleaned and cut frozen 
vegetables and fruits are particularly good 
choices for older adults because they allow for 
small quantities to be removed at any one time, 
eliminate the need to peel and cut, minimize 
waste due to spoilage of excess quantities, and 
provide variety during winter months. Newer 
varieties of low sodium and low sugar canned 

   Table 17.2    Factors that can contribute to compromised 
nutrient intake in older adults   

 Factor  Change 

 Energy needs  ↓ Energy requirements due to ↓ 
physical activity and ↑ fat to lean 
muscle mass 

 Dexterity and 
strength 

 ↑ Arthritic involvement fi nger and 
hand joints 
 ↑ Tremor 
 ↓ Manual dexterity 

 Senses  ↓ Acuity (taste, smell) 
 Mobility and vision  ↓ Physical activity 

 ↓ Respiratory capacity 
 ↓ Lean muscle mass (strength, 
physical disability) 
 ↑ Physical isolation 

 Oral cavity  ↑ Peritoneal disease 
 ↑ Ill-fi tting dentures 
 ↓ Salivary gland function 
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soups, vegetables and fruits, and shelf-stable 
milk can minimize the need to go shopping dur-
ing short periods of inclement weather.   

    Psychosocial Factors 

 In addition to dealing with declines in physical 
capacity associated with the aging process, there 
are also changes in the social environment of 
older adults that can have an impact on nutri-
tional status (Table  17.3 ). With advancing years 
the loss of a spouse or other family members with 
whom an individual shared and prepared meals 
with is common. These changes can lead to social 
isolation, especially during mealtime, and dimin-
ished desire to prepare well-balanced and varied 
meals. Due to deterioration in mental or eco-
nomic status older adults are frequently faced 
with having to adapt to a new living environment, 
resulting in dramatic changes in meal times, 
opportunities for food preparation and types of 
food available. Depression frequently accompa-
nies the aging process in individuals without 
adequate support and can make the necessary 
adaptations even more challenging. Older adults 
are also at increased risk of alcohol abuse. All of 
these factors have been associated with a deterio-
ration of dietary habits and nutrient intakes [ 23 ].

       Nutrient Supplements and Older 
Adults 

 Nutrient supplement use is more common in 
older than younger adults [ 24 – 28 ]. The primary 
reasons cited by older adults for taking nutrient 
supplements are to improve health and delay 
the onset of chronic disease [ 29 ,  30 ]. This issue 
is of particular concern because in general, 
older adults who choose to use nutrient supple-
ments are least likely to have biomarkers of 
nutrient inadequacy or diets rated as a poor [ 28 , 
 31 ]. In light of the widespread availability of 
fortifi ed foods this group may be particularly 
vulnerable to excess nutrient intakes and drug-
nutrient interactions [ 25 ,  27 ,  32 – 34 ]. The latter 
issue is of particular concern given the limited 
amount of information available on the topic 
[ 35 ]. General characteristics of individuals 
using supplements, in addition to being older 
[ 24 – 28 ], including being female [ 26 – 28 ], non-
Hispanic white [ 27 ,  28 ], college educated or 
beyond [ 24 ,  26 – 28 ], and affl uent [ 28 ]. In addi-
tion, nutrient supplement users are more likely 
to have body mass indices within the normal 
range [ 24 ,  27 ], engage in regular physical activ-
ity [ 24 ,  27 ], have optimal chronic disease bio-
markers [ 28 ], have low rates of smoking [ 24 ], 
have better nutrient intakes, and hold strong 
attitudes about the importance of a good diet 
[ 30 ,  31 ,  34 ].  

    Unique Nutrition-Related Issues 
in Older Adults 

 Nutrient-related chronic diseases particularly 
prevalent in middle and later years include car-
diovascular disease, cancer, Type 2 diabetes, 
hypertension, osteoporosis, and most recently 
overweight and obesity. Also of concern are dis-
orders of dentition and associated senses. In some 
cases, the goal of unique nutrient recommenda-
tions for older adults is to accommodate physio-
logical changes associated with aging. In other 
cases, the goal is to delay the onset of, accom-
modate, or treat chronic diseases. 

   Table 17.3    Psychosocial factors that can contribute to 
compromised nutrient intake in older adults   

 Factor  Potential changes 

 Companionship  ↑ Loss of spouse and 
contemporaries 
 ↑ Social isolation secondary to ↓ 
mobility and ↑ loss 
contemporaries 

 Mental state  ↑ Depression 
 ↑ Mental deterioration 
(dementia) 
 ↑ Alcoholism 

 Economic  ↑ Fixed income 
 ↓ Choice, variety, and availability 
secondary to ↓ mobility 

 Nutrition knowledge  ↑ Susceptibility to food fads 
 Housing  ↑ Change in status (loss of home) 
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    Vitamin B 12  

 Many individuals experience a decline in gastric 
hydrochloric acid secretion (atrophic gastritis) as 
they increase in age [ 36 ]. The resulting hypo-
chlorhydria results in a decrease in the bioavail-
ability of vitamin B 12 . After age 60, it has been 
estimated that 10–30 % of individuals will have 
some degree of atrophic gastritis [ 37 ]. The result-
ing higher gastric pH leads to a decrease in vita-
min B 12  bioavailability. This necessitates higher 
intakes of vitamin B 12  to achieve nutrient ade-
quacy. In addition, atrophic gastritis can result in 
abnormal bacterial colonization of the upper gas-
trointestinal tract. These bacteria utilize vitamin 
B 12  for growth, further compromising vitamin B 12  
status [ 38 ].  

    Vitamin D and Calcium 

 The requirement for vitamin D and calcium 
increases with advancing years. This is due to a 
number of factors. The effi ciency of the skin to 
synthesize vitamin D from cholesterol declines 
with age [ 39 ]. Residing in northern latitudes, 
reducing outdoor activities and intentionally limit-
ing sun exposure due to skin cancers concerns will 
compromise endogenous vitamin D synthesis 
[ 40 ]. More recently, overweight and obesity has 
been linked to lower circulating vitamin D concen-
trations, likely attributable to a sequestration of the 
vitamin in adipose tissue [ 41 ]. Accompanying 
these trends, an increase in the incidence of lactose 
intolerance can result in a decrease in the intake of 
milk and other dairy products, rich sources of cal-
cium and potentially vitamin D [ 42 – 44 ]. Important 
to consider is the dependency of calcium absorp-
tion on adequate vitamin D status.  

    Dentition and Associated Senses 

 Salivary secretions decrease with increasing age. 
Changes in bite pattern resulting from partial or 
complete tooth extraction/loss is common [ 45 , 
 46 ]. For those who have lost teeth, poorly fi tted 
dentures may result in an avoidance of certain 

types of foods and limit the variety consumed. 
For example, chewing and swallowing fi brous 
foods may become diffi cult, resulting in a shift 
towards highly processed foods or juices that are 
low in fi ber [ 47 ]. It is critical when evaluating 
dietary intakes of older adults to consider possi-
ble concerns regarding food textures and prepara-
tion methods. Extended cooking times and small 
shifts in preparation techniques, for example, 
grating rather than slicing vegetables, can rem-
edy some of the problems.  

    Osteoporosis 

 Age-related or type II osteoporosis (bone loss) is 
a concern with advancing years. It has been esti-
mated that osteoporotic fractures affect 50% of 
females and 30% of males over the age of 50 
years [ 48 ]. There are a number of factors that are 
associated with accelerated bone loss in older 
adults. These include diminished estrogen pro-
duction, decreased intake and absorption of cal-
cium, decreased renal calcium resorption, 
diminished rates of physical activity, compro-
mised vitamin D status, and decreased calcitriol 
production secondary to hyperparathyroidism 
[ 48 ,  49 ]. In general, calcium balance is favorably 
affected by vitamin D intake, and negatively 
affected by high sodium, protein, alcohol, and 
caffeine intakes [ 49 ]. Supplemental calcium and 
vitamin D in postmenopausal women living in 
northern latitudes may minimize bone loss [ 50 ].  

    Cardiovascular Disease 

 The rate of cardiovascular disease increases with 
age, particularly after menopause in women [ 51 ]. 
The American Heart Association [ 52 ], the 
National Cholesterol Education Program [ 53 ], 
and the 2010 Dietary Guidelines for Americans 
[ 54 ] recommend the lifelong consumption of 
diets that are rich in vegetables and fruits, whole 
grains, legumes (beans), fat-free and low-fat 
dairy products, fi sh, lean meat, and vegetable 
oils. This ensures that the diets are low in 
 saturated and  trans  fat, rich in unsaturated fat and 
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nutrient dense. No specifi c modifi cations are rec-
ommended for older adults. The response to 
these recommendations in terms of plasma lipids 
appears consistent across different age groups 
and both sexes [ 55 ].  

    Hypertension 

 The incidence of hypertension, particularly iso-
lated systolic hypertension, increases with age 
[ 51 ]. This increase is associated with changes in 
the vasculature and kidneys, and when present is 
exacerbated by weight gain. A number of clinical 
trials have demonstrated clear benefi ts of dietary 
modifi cation to treat hypertension in older adults. 
The Dietary Approaches to Stop Hypertension 
(DASH) type dietary pattern, rich in vegetables, 
fruits, and fat-free and low-fat dairy products, 
decreases blood pressure in a wide range of indi-
viduals [ 56 ]. Further coupling this dietary pattern 
with sodium restriction has been shown to further 
decrease blood pressure [ 57 ].  

    Glucose Intolerance/Type 2 Diabetes 

 The incidence of glucose intolerance and Type 2 
diabetes mellitus increases with advancing age 
[ 58 ,  59 ]. This trend frequently is associated with 
an increase in body weight. Lifestyle interven-
tions in most age groups, including older adults, 
have been shown to be effi cacious in preventing 
or delaying the onset of Type 2 diabetes mellitus 
[ 60 – 62 ]. These include achieving and maintain-
ing a healthy body weight, engaging in regular 
physical activity, and consuming a diet with mod-
erate rather than low level of fat.  

    Cancer 

 The incidence of cancer shows tremendous vari-
ability on the basis of worldwide distribution, 
type, and site in the body. The incidence of all 
types of cancer increases with age. Support for 
a diet/cancer incidence link comes from data 
 suggesting associations between markedly 

 divergent food consumption patterns and 
 incidence rates of cancer among different popula-
tion groups [ 63 ]. Some data has been reported for 
associations involving the following dietary com-
ponents: alcohol intake (laryngeal), calcium and 
vitamin D intake (stomach, colon, breast), fat 
intake (breast, colon, prostate), fi ber intake 
(breast), antioxidant vitamin and/or orange and 
dark green vegetable intake—vitamin A and 
beta-carotene, vitamin C, vitamin E and trace 
elements (wide range of sites) [ 63 – 67 ]. However, 
results from randomized controlled trials in the 
area of cancer and diet are limited [ 68 ]. Frequently 
the data between observational and interventional 
studies are inconsistent and few recommenda-
tions are made for diet and cancer risk reduction 
with the exception of achieving and maintaining 
a healthy body weight, engaging in regular physi-
cal activity, and eating a diet rich in vegetables 
and fruits [ 69 ]. Vitamin A supplementation in 
individuals at high risk for lung cancer has been 
associated with increased incidence [ 70 ,  71 ]. 
Concerns have also been raised regarding high 
intake levels of folate and vitamin B 12 , and 
increased colon and prostate cancer risk [ 72 – 74 ]. 
At this time the general dietary guidance to 
reduce cancer risk is consistent with the dietary 
guidance to prevent the onset of chronic diseases 
of concern in the twenty-fi rst century [ 69 ].   

    Dietary Guidance for Older Adults 

    Food-Based Dietary 
Recommendations 

 From an applied perspective, nutrient-based 
guidelines for older adults can be viewed on the 
basis of food-based recommendations. The nutri-
ent goals remain unchanged; however, the 
approach towards making the recommendations 
has shifted from individual nutrients to foods. In 
general, the unique considerations of food-based 
dietary recommendations for older adults include 
issues related to diminishing total energy needs, 
maintaining nutrient density, increasing  incidence 
of lactose intolerance, ensuring adequacy of fl uid 
intake, and reducing chronic disease risk. 
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 Two tools are available to guide older adults in 
adapting their food intake to match the changing 
nutrient requirements associated with advancing 
years. Important to note, food-based recommen-
dations intended for older adults are, for the most 
part, likewise appropriate for younger adults as 
well. One graphic representation of food-based 
recommendations for older adults is the familiar 
Food Guide Pyramid as adapted for older adults, 
 MyPyramid for Older Adults  (Fig.  17.1 ) [ 75 ]. 
The second is    MyPlate, also adapted for older 
adults,  MyPlate for Older Adults  (Fig.  17.2 ) [ 76 ]. 
Differences from the original icons incorporated 
into the versions developed specifi cally for older 

adults are aimed at addressing their unique needs 
and are specifi c to the two different icons.

       MyPyramid for Older Adults 
 Modifi cations made to the original version of the 
Food Guide Pyramid specifi cally for older adults 
include the following: narrowing the pyramid 
base to refl ect diminished energy requirements; 
inserting icons to represent illustrative examples 
of nutrient dense food choices within each food 
grouping; illustrating forms of foods particularly 
useful when adapting to the changing needs and 
abilities of older adults such as bags of frozen 
vegetables and fruits, low lactose dairy products 

  Fig. 17.1     MyPyramid  for Older Adults,   http://nutrition.tufts.edu/docs/pdf/releases/Modifi edMyPyramid.pdf           
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and canned low sodium vegetables and low sugar 
fruits; and including a band at the base of the 
pyramid with icons of drinking glasses to empha-
size the importance of adequate fl uid intakes 
(Fig.  17.1 ). Due to the potential disassociation 
between the sensation of thirst and state of hydra-
tion in older adults [ 77 – 79 ], meeting fl uid needs 
particularly for individuals who spend prolonged 
periods in hot environments requires increased 
attention. Also depicted at the base of the pyra-
mid is a band with icons of individuals engaging 
in different forms of activities to illustrate the 
importance of engaging in daily physical activity 
regularly. Regarding the food icons, specifi c 
emphasis is given to vegetables and fruits with 
deep-colored interiors that tend to be nutrient 

dense; whole vegetables and fruits rather than 
juice and whole grains and cereals products to 
ensure adequate fi ber intakes; low-fat and nonfat 
dairy products as well as low lactose dairy prod-
ucts to minimize saturated fat intake and promote 
continued intake of high calcium foods, respec-
tively; sources of protein (fi sh, legumes, poultry) 
to minimize saturated fat intake; and liquid veg-
etable oils and soft spreads that are rich in unsat-
urated fat.  

    MyPlate for Older Adults 
 Modifi cations made to the original MyPlate spe-
cifi cally for older adults include the addition of 
food icons to the different sectors of the plate to 
provide illustrative examples of nutrient dense 

  Fig. 17.2     MyPlate  for Older Adults,   http://nutrition.tufts.edu/docs/pdf/releases/Modifi edMyPyramid.pdf           
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choices such as deeply colored vegetables and 
fruits along with whole grain alternatives; shift of 
the dairy sector into the protein sector; fusion of 
the vegetable and fruit sectors; creation of a fl uid 
sector on the top right of the plate to emphasize 
the importance of this category; construction of a 
physical activity panel in the top left of the plate 
to likewise emphasize the importance of engag-
ing in regular physical activity; insertion of a sec-
tor in the center of the plate containing vegetable 
oils and herbs-spices to emphasize the benefi t 
across the diet of using vegetable oils for food 
preparation in place of animal fats and fl avorings 
as an alternative to salt; addition of a knife with 
the fork to emphasize the importance to focusing 
on and enjoying food while eating meals rather 
than using electronic gadgets; and depiction of a 
broad range of different forms of foods particu-
larly useful to older adults such as bags of frozen 
fruits, precut and prewashed vegetables, and 
canned low sodium foods (Fig.  17.2 ).    

    Conclusions 

 The aim of dietary guidance specifi cally targeted 
for older adults is to maintain optimal health and 
forestall the onset of chronic diseases. The actual 
dietary recommendations, for the most part, are 
consistent with those associated with optimal 
health outcomes throughout adulthood. Evidence 
suggests that there is a direct relationship between 
the nutrient quality of the diet and survival rates. 
Due to decreased levels of physical activity, 
decreased metabolic rates, and increased propor-
tions of fat to lean muscle mass, energy require-
ments decline with advancing years yet nutrient 
requirements remain either unchanged or 
increase. This situation requires a greater empha-
sis on choosing nutrient dense foods within each 
food category. Attention also needs to be placed 
on monitoring nutrient supplement use in older 
adults to avoid overconsumption. Current data 
suggest those who are more likely to report using 
nutrient supplements have dietary and lifestyle 
characteristics that are more closely associated 
with lower rather than higher risk for nutrient 
insuffi ciency. Special attention needs to be given 

to adapting living environments for older adults 
to enable them to retain the ability to acquire and 
prepare familiar foods that are appealing. 
Changes in social situations that could impact on 
food intake should be monitored on a regular 
basis. There is no data to suggest a person is too 
old to benefi t from improvements in diet quality 
and physical activity. The defi nitions for old age 
and expectations for the period of time individu-
als can remain active, productive, and indepen-
dent is expanding. Efforts towards maintaining 
and when necessary improving diet quality and 
physical activity patterns with advancing years 
should keep up with this trend.     
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 Key Points 

•     Limiting sodium intake is crucial for the treatment of high blood 
 pressure in children and adults.  

•   The average estimated salt intake in most countries around the world is 
higher than the recommended, a trend also seen in childhood 
populations.  

•   Sodium is a mineral found naturally in foods but is also used greatly in 
processed foods. In westernized diets, an estimated 80 % of total 
sodium intake comes from processed or restaurant- prepared foods.  

•   Adherence to the Mediterranean diet besides providing many undoubted 
health benefi ts is also associated with a lower risk of elevated blood 
pressure levels.  

•   Recent studies reveal that children and adult populations of 
Mediterranean countries have elevated sodium intake from “hidden” 
sources which are mainly processed foods.  

•   Public health initiatives, in association with the food industry, are 
urgently needed to lower salt consumption, by decreasing sodium con-
centration of foods and especially those that are  consumed regularly.    

      Abbreviations 

   BMI    Body mass index   
  BP    Blood pressure   
  CVD    Cardiovascular disease   
  DASH    Dietary approaches to stop 

hypertension   
  DBP    Diastolic blood pressure   
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  GRECO study    Greek Childhood Obesity study   
  KIDMED    Mediterranean Diet Quality 

Index for children and 
adolescents   

  MD    Mediterranean diet   
  NHANES    National Health and Nutrition 

Examination Surveys   
  SBP    Systolic blood pressure   
  WHO    World Health Organization          

    Introduction 

 Hypertension is a global burden which has been 
associated with renal and cardiovascular disease 
(CVD), the latter being the leading cause of 
death in developed countries. Worldwide, it is 
estimated that nearly one billion adults have 
hypertension which is a major cause of CVD, 
responsible for 62 % of stroke and 49 % of coro-
nary heart disease [ 1 – 3 ]. While few would dis-
pute the importance of taking effective steps to 
assess and manage this condition in adults, rela-
tively little attention has been paid to the prob-
lem of high blood pressure (BP) in children. It is 
now established, that high BP is detectable in 
children and adolescents, but is relatively com-
mon, and is increasing in prevalence [ 4 ,  5 ]. It has 
been demonstrated that childhood hypertension 
tracks into adulthood, and children with systolic 
blood pressure (SBP) that meets the defi nition of 
high BP at any age have higher the odds of devel-
oping hypertension in adulthood by 3–4-fold 
compared with children whose SBP is normal 
[ 4 ]. Furthermore, the negative and potentially 
severe consequences of high BP are not only lim-
ited to adulthood, but also during the early ages 
[ 4 ]. Evidence of end-organ damage, such as left 
ventricular hypertrophy, pathological vascular 
changes, and possible renal dysfunctions have 
been found even in young children with high BP 
[ 5 ]. Even central nervous system end-organ dam-
age, which manifest as reduced cognitive func-
tion and poorer performance on selected tests of 
cognition, have also been detected among chil-
dren with high BP, compared with normotensive 
children [ 6 ,  7 ]. However, what is not known is 
whether interventions to reduce high BP during 

childhood would prevent or delay the progres-
sion to hypertension in adulthood [ 8 ]. Estimates 
for the prevalence of high BP among children 
and adolescents are in the range of 3–5 %, with 
much higher rates reported in certain populations 
and subgroups [ 4 ]. Nevertheless, despite the 
variations in age, sample size, and defi nition 
across the different studies, the reported preva-
lence of high BP among children and adolescents 
describes an important health issue. In the United 
States, mean BP values in children have increased 
in recent years. Data from the National Health 
and Nutrition Examination Surveys (NHANES) 
show that mean systolic BP (SBP) and diastolic 
BP (DBP) increased by 1.4/3.3 mmHg from 
1988–1994 to 1999–2000 [ 9 ]. 

 According to the position paper of the 
American Society of Hypertension regarding the 
dietary approaches to lower BP [ 10 ], the report 
from the National High Blood Pressure Education 
Program Working Group on High Blood Pressure 
in Children and Adolescents for the diagnosis, 
evaluation, and treatment of high BP in children 
and adolescents [ 8 ], and the recommendations of 
the European Society of Hypertension for the 
management of high BP in children and adoles-
cents [ 11 ], therapeutic lifestyle changes are rec-
ommended as an initial treatment strategy for 
adults with abnormal BP values, and children or 
adolescents with BP greater than the 90th per-
centile for age, sex, and height (Table  18.1 ). 
These lifestyle modifi cations include regular 
physical activity, avoiding excess weight gain, 
limiting dietary sodium intake, and increasing 
the consumption of fresh fruits, fresh vegetables, 
fi ber, and low-fat dairy products.

   Table 18.1    Defi nition and classifi cation of hypertension 
in children and adolescents   

 Class  SBP and/or DBP percentile 

 Normal  <90th 
 High-normal  ≥90th to <95th 

 ≥120/80 even if below 90th 
percentile in adolescents 

 Stage 1 hypertension  95th percentile to the 99th 
percentile plus 5 mmHg 

 Stage 2 hypertension  >99th percentile plus 5 mmHg 

  Adapted from ref. [ 11 ]  
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       Dietary Sodium Intake and High 
Blood Pressure in Adults 
and Children 

 Sodium is a mineral found naturally in many 
foods but is also used greatly in processed foods. 
It is the mineral that has been, mainly, linked to 
hypertension and CVD, and most often studied 
and assessed in relation to BP. Besides to its 
effects on BP, excess dietary sodium consump-
tion has been associated directly with coronary 
heart disease, stroke, and stomach cancer 
[ 12 –  14 ]. Animal experiments, epidemiological 
studies, and clinical trials provide compelling 
evidence for a detrimental effect of sodium intake 
on BP among both hypertensive and normoten-
sive individuals. The INTERSALT study demon-
strated a signifi cant positive relationship between 
salt intake and BP, while there was also a positive 
relationship between salt intake and the increase 
in BP with age [ 15 ]. Moreover, the INTERMAP 
(the international study of macro- and micronu-
trients and BP) epidemiological study, and the 
Norfolk Cohort of the European Prospective 
Investigation into Cancer, have provided further 
support for the important role of salt intake in 
determining the levels of population BP [ 16 ,  17 ]. 
A meta-analysis of randomized trials of 1 month 
or longer, demonstrated that a modest reduction 
in salt intake caused signifi cant and important 
falls in BP in both hypertensive and normoten-
sive individuals, while there was a dose response 
to salt reduction [ 18 ]. Finally, the Dietary 
Approaches to Stop Hypertension (DASH)-
Sodium Trial was undertaken to study the effect 
of the DASH diet (diet high in fruits, vegetables, 
low-fat dairy products, and low in red meat and 
refi ned carbohydrates) on the BP among normo-
tensive and hypertensive individuals who con-
sumed varying levels of sodium. It was found that 
in a short period of time the DASH diet lowered 
BP at all levels of sodium consumption, although 
these effects were further enhanced with sodium 
restriction [ 19 ]. The effect of multiple dietary 
factors that have been suggested in the literature 
to lower or increase BP, besides sodium, are sum-
marized in Table  18.2 . Some of the evidence 

regarding the effects of the dietary factors is 
strong, while other is less certain.

   The importance of sodium intake in determin-
ing the BP levels in children and adolescents is 
also shown in many observational studies. 
Although there are studies that did not show a 
signifi cant association [ 20 ] the observational 
studies that were methodologically stronger (i.e., 
multiple measurements of salt intake were made, 
urinary sodium was measured, and confounding 
factors were controlled), showed in most cases a 
signifi cant positive association between salt 
intake and BP [ 21 ]. In the meta-analysis of He 
and MacGregor [ 21 ] of ten salt reduction trials 
with 966 participants for an average duration of 4 
weeks, it was demonstrated that a modest reduc-
tion in salt intake had a signifi cant effect on BP 
in children and adolescents. A 42 % reduction in 
salt intake reduced systolic BP by 1.2 mmHg and 
diastolic by 1.3 mmHg. In three trials with infants 

    Table 18.2    A summary of the evidence on the effects 
of dietary factors and dietary patterns on blood pressure   

 Hypothesized effect  Evidence 

 Weight  Direct  ++ 

 Sodium chloride (salt)  Direct  ++ 

 Potassium  Inverse  ++ 

 Magnesium  Inverse  ± 

 Calcium  Inverse  ± 

 Alcohol  Direct  ++ 

 Fat 
 Saturated fat  Direct  ± 
 ω-3 Polyunsaturated fat  Inverse  ++ 
 ω-6 Polyunsaturated fat  Inverse  ± 
 Monounsaturated fat  Inverse  + 

 Protein 
 Total protein  Uncertain  + 
 Vegetable protein  Inverse  + 
 Animal protein  Uncertain  ± 

 Carbohydrate  Uncertain  + 

 Fiber  Inverse  + 

 Cholesterol  Direct  ± 

 Dietary patterns 
 Vegetarian diets  Inverse  ++ 
 DASH-type dietary 
patterns 

 Inverse  ++ 

   DASH  dietary approaches to stop hypertension 
 Key to evidence: ±, limited or equivocal evidence; +, sugges-
tive evidence typically from observational studies and some 
clinical trials; ++, persuasive evidence typically from clinical 
trials (adapted from ref. [ 10 ] with permission of Elsevier)  
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(median duration 20 weeks) it was also shown 
that a salt reduction by 54 % reduced the systolic 
pressure by 2.5 mmHg. According to the authors, 
these results in conjunction with other evidence 
provide strong support for the necessity of reduc-
tion of salt (and subsequently sodium) in chil-
dren [ 21 ]. 

    Sodium Intakes and Main 
Food Sources 

    In the light of the previous data many countries 
have developed their own guidelines on dietary 
salt intake. The United Kingdom and US guide-
lines recommend salt intake of less than 6 g/day 
(2.4 g/day of sodium) for adults. The World 
Health Organization (WHO) set a worldwide tar-
get of a maximum intake of 5 g/day (2.0 g/day of 
sodium). However, the average estimated salt 
intake in most countries around the world is 
approximately 9–12 g/day, with many Asian 
countries having mean intakes more than 12 g/
day. In children older than 5 years, salt intake is 
commonly more than 6 g/day, and increases with 
age [ 22 ]. In European and Northern American 
diets, an estimated 75–80 % of sodium intake 
comes from processed or restaurant-prepared 
foods, 10–12 % occurs naturally in foods; and a 
similar proportion is from optional use of table 
salt [ 22 ]. According to the UK National Food 
Survey data collected in 2000, cereal products 
(including bread, other baked goods, and break-
fast cereals) accounted for the greatest propor-
tion (38 %) of household sodium intake. The 
second largest source (21 %) was meat products 
(including processed meats such as ham, bacon, 
etc.) [ 23 ]. Data from the USA show a similar pat-
tern:  cereals and baked goods providing >16 % 
sodium and meat products >13 %. A different 
picture with regard to dietary sources of sodium 
is noticeable for some Asian countries. In China 
and Japan, the greatest proportion of dietary 
sodium comes from sodium added during cook-
ing and sauces (e.g., soy sauce) [ 22 ]. In children 
and young people fewer data are available on 
sodium intake than in adults, and these are mainly 
limited to the developed nations of Europe and 

North America. The National Diet and Nutrition 
Survey in young people in Great Britain which 
was carried out in 1997 and measured salt intake 
using a 7-day dietary record in 856 boys and 845 
girls, demonstrated that the average salt intake, at 
the age of 4–6 years, was 5.2 g/day for boys and 
4.6 g/day for girls. With increasing age, there 
was an increase in salt intake, and by the age of 
15–18 years, salt intake was 8.2 and 5.7 g/day for 
boys and girls, respectively [ 24 ]. In France, the 
main contributors to sodium and potassium 
intakes were essentially the same in adults and 
children. Breads, soups, cooked pork meats, con-
venience foods, pastries, and sugary products 
were the major sources of sodium whereas vege-
tables, dairy products, and fruits were the major 
providers of potassium, similarly to what has 
been described in other industrialized popula-
tions [ 25 ]. Detailed presentation of the available 
data concerning the sodium intakes of children 
and adolescents are presented in the review of 
Brown et al. [ 22 ]. 

 According to estimations, salt intake in chil-
dren in developed countries has increased even 
more than the data presented in the aforemen-
tioned review, due to the increasing consumption 
of processed foods. Surveys in the United States 
showed that the proportion of foods that children 
consumed from restaurants and fast-food restau-
rants increased by nearly 300 % between 1977 
and 1996, and it is very likely to have increased 
even further in more recent years [ 21 ]. Snack 
food consumption showed a similar trend. The 
processed, restaurant, fast foods, and snacks are 
generally very high in salt, fat, and sugar, there-
fore it is possible that children nowadays con-
sume as much salt as adults [ 26 ].  

    Hidden Sources of Sodium 
in the Modern Diets 

 In a recent study of Magriplis et al. [ 27 ], under 
the context of the GRECO (Greek Childhood 
Obesity) study, the daily dietary sodium intake 
(excluding table salt and salt added during cook-
ing) of 10–12 years old Greek children, was 
 studied, within the context of the Mediterranean 
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diet (MD) pattern. Four thousand fi ve hundred 
and eighty children aged 10–12 years were 
enrolled, in a cross-sectional, population-based 
survey. Among other measurements, dietary data 
were obtained by a semiquantitative food fre-
quency questionnaire, and sodium intake was 
calculated. High sodium consumption was con-
sidered an intake over 2,200 mg/day. Adherence 
to the Mediterranean dietary pattern was evalu-
ated using the Mediterranean Diet Quality Index 
for children and adolescent score (KIDMED 
score) [ 28 ]. The KIDMED index was initially 
developed in an attempt to combine the MD 
guidelines (e.g., daily fruit and vegetable con-
sumption, weekly fi sh and legumes intake, olive 
oil is recommended for culinary use, daily con-
sumption of grains and cereals is recommended 
during breakfast, pasta and rice should be con-
sumed at least 5 times per week) for adults, as 
well as the general dietary guidelines for children 
(such as breakfast skipping) in a single index. It 
was based on the principles sustaining the 
Mediterranean dietary pattern as well as on those 
that undermine it (such as frequent consumption 
of fast-food and increased intake of sweets). The 
index comprises 16 yes or no questions. Questions 
denoting a negative connotation with respect to 
the MD were assigned a value of −1 and those 
with a positive aspect +1. The total score ranged 

from −4 to 12 and was classifi ed into three levels: 
>8, optimal MD; 4–7, improvement needed to 
adjust intake to the MD; and <3, very low diet 
quality. 

 The results of the study showed that 23 % of 
the total sample had high sodium intake 
(>2,200 mg/day), without taking into account 
added salt at the table or while cooking. In addi-
tion, a further 20.9 % of the children had a mod-
erate sodium intake (between 1,500 and 
2,200 mg/day), but only via foods, again without 
taking into account the salt added at the table and 
the salt added during cooking, implying that a 
signifi cant and alarming proportion of the chil-
dren consumes sodium above the guidelines, 
which makes it an important public health issue 
in Greece. The major sodium sources were pizza, 
hamburgers, fried potatoes, souvlaki (traditional 
meat product), white and yellow cheese, 
 processed cereals, and bread (Fig.  18.1 ). Another 
important fi nding was that children closer to the 
MD reported a higher dietary sodium intake. In 
particular, children that reported moderate and 
high adherence to the MD (i.e., KIDMED score 
>4) had higher sodium intake from the majority 
of the food groups ( p  < 0.001), by the exception 
of pizza, hamburgers, souvlaki (a type of meat), 
saltines (including crisps, crackers, cheese 
sticks), and cakes ( p  > 0.05). In addition, the level 

  Fig. 18.1    Sodium intake from healthy or “junk” foods as percent of total consumption other than table salt and salt added 
during cooking, from the GRECO study in children. Adapted from ref. [ 27 ] with permission of Wolters Kluwer Health       
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of adherence to the MD was associated with 
sodium intake from various food sources. 
Analyses revealed that 1 U increase in the 
KIDMED score was associated with 4–50 % 
(i.e., ORs varied from 1.04 to 1.50, all  p -values 
<0.05) increased likelihood of consuming 
sodium intake above the median value for the 
majority of foods. These results were confi rmed 
even after adjusting for age, sex, body mass 
index (BMI), and physical activity. Moreover, 
1 U increase in KIDMED score was associated 
with 10 % increase in likelihood of consuming 
total sodium >1,500 mg/day (which is the EU 
upper level).

   The strong association between the level of 
adherence to MD and sodium intake may seem 
controversial after taking into consideration that 
adherence to a Mediterranean food pattern has 
been shown to be associated with substantial 
reductions in total mortality and CVD mortality 
in adults [ 29 – 31 ]. In addition, studies have also 
found an inverse association between hyperten-
sion incidence, as well as BP levels in individuals 
following the MD. A possible explanation of the 
high sodium intake of children with moderate 
and high MD adherence is that 34 % of total 
sodium intake was found to be consumed by 
those foods known as “healthy” (i.e., bread, pro-
cessed cereal, and white cheese), compared with 
18 % that was observed from pizza. These foods 
which are recommended to be consumed on a 
daily basis according to the MD scheme are the 
everyday hidden sources of sodium, due to 
sodium addition during manufacturing, and seem 
to add substantially to the total dietary sodium of 
an otherwise healthy dietary pattern.   

    The Association of the 
Mediterranean Diet with Blood 
Pressure Levels in Adults 
and Children 

 Since the fi rst results of the Seven Countries 
Study establishing that the traditional 
Mediterranean dietary pattern, as followed in 
Crete, was associated with lower ischemic heart 

disease [ 32 ], the term Mediterranean diet (MD) 
has been widely used to describe the traditional 
dietary habits followed by the populations in 
Crete, Southern Italy, Spain, and other countries 
of the Mediterranean region, during the decade of 
the 1960s [ 33 ,  34 ]. The MD has been associated 
with longevity [ 35 ] and has been promoted for its 
numerous health benefi ts, since there are many 
intervention and epidemiological studies sug-
gesting that MD is protective against several 
morbid conditions including atherosclerosis, cor-
onary heart disease, diabetes, metabolic syn-
drome, and infl ammation [ 31 ,  36 – 38 ]. 

 The traditional MD is characterized by abun-
dant plant foods: fruits, vegetables, bread, and 
other forms of cereals (pasta, brown rice, bulgur, 
etc.), legumes, nuts, and seeds. It also includes 
olive oil as the principal source of added lipid 
(probably the most characteristic component of 
the MD is olive oil), moderate amounts of dairy 
products (mainly cheese and yogurt), low to 
moderate amounts of fi sh and poultry, low 
amounts of red meat, and wine consumed in low 
to moderate quantities (Fig.  18.2 ). The 
Mediterranean dietary pattern is characterized as 
rich in monounsaturated fatty acids, high mono-
unsaturated to saturated fat ratio, balanced ratio 
of (n-6):(n-3) essential fatty acids, and high 
amounts of fi ber as well as antioxidants, such as 
vitamins E and C, carotenoids, polyphenols 
(coming mainly from olive oil), and selenium 
[ 33 ,  39 ].

   Although information regarding the sodium 
intake of Mediterranean populations (both adults 
and children) is very limited, the inverse relation 
of MD adherence and arterial BP levels has 
been shown in recent epidemiological studies. 
In a cross-sectional study in Greece, it was 
reported that adherence to a MD increases the 
likelihood of having the arterial BP controlled. 
Specifi cally, consumption of a MD was associ-
ated with a 26 % lower risk of being hyperten-
sive, and with a 36 % greater probability of 
having the BP controlled in adults [ 40 ]. According 
to the authors, the protective infl uence is not 
caused by single nutrients, such as dietary fatty 
acids, potassium, or dietary fi ber, but can be 

P. Farajian and A. Zampelas



241

attributed to the MD as a whole. Furthermore, in 
the Greek arm of the European Prospective 
Investigation into Cancer and Nutrition (EPIC) 
study, it was investigated whether the MD, as an 
entity, and olive oil in particular, can reduce BP [ 38 ]. 
According to the results of the study, the MD 
score was inversely associated with both systolic 
and DBP, after controlling for socio-demographic 
and anthropometric variables as well as for 
energy intake and energy expenditure. 
Additionally, it was shown that olive oil, vegeta-
bles, and fruits are the principal factors that 
explain the overall effect of the MD on arterial 
BP. Nevertheless, it was noted that cereals 
(including bread), a nutritional factor generally 

considered to be benefi cial to health, were posi-
tively associated with both systolic and DBP, as 
was the high intake of ethanol, and the consump-
tion of meat and meat products. The consumption 
of fi sh and seafood was inversely associated with 
systolic BP. Although sodium intake was not 
assessed in this study, the fact that one of the ben-
efi cial components of the MD, cereal consump-
tion, was actually positively associated with both 
systolic and DBP was attributed to the salt that is 
frequently added to cereal products, particularly 
bread, which is a widely consumed in Greece. 

 Concerning the association between the 
adherence to the MD and BP levels in children, 
in the study of Lazarou et al. [ 41 ] the relationship 

  Fig. 18.2    The Mediterranean diet pyramid.  Source : Higher supreme scientifi c health council, Ministry of Health and 
Welfare, Greece       
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between diet quality, as assessed by the Foods 
E-KINDEX, and BP levels was assessed. The 
index includes 13 components that assess con-
sumption frequency of 11 major food groups or 
foods (i.e., bread, cereals and grains, fruit and 
fruit juices, vegetables, legumes, milk, fi sh and 
seafood, meat [excluding delicatessen and pro-
cessed meat], salted and smoked meat food, 
sweets and snacks, and soft drinks), as well as 
two cooking techniques (fried and grilled foods). 
Its score ranges between 0 and 37. A subsample 
of 622 Cypriot children from the CYKIDS 
national cross-sectional study was used. The 
Foods E-KINDEX score was found to be inde-
pendently associated with lower BP among 
healthy children. Compared with children with a 
low diet score, those with at least an average 
foods E-KINDEX score were 57 % less likely to 
have elevated systolic BP levels, regardless of 
various potential confounders, and children who 
scored below mean in the Foods E-KINDEX 
(i.e., poor diet quality) were 2.3 times more 
likely to have elevated SBP. However, as the 
authors pointed out, when the foods E-KINDEX 
was replaced by its individual components, no 
signifi cant associations were observed between 
any of the individual foods and BP levels, sug-
gesting that dietary patterns represent a stronger 
regulating factor of BP levels than individual 
foods and nutrients. 

 These results are in line with previous evi-
dence from a study using a sample of children 
from the Framingham prospective study, where 
investigators found that children who consumed 
four or more servings of fruit and vegetables 
per day plus two or more servings of dairy prod-
ucts had smaller yearly gains in systolic and 
DBP throughout childhood, even after account-
ing for differences in BMI. Those with higher 
intakes of fruits and vegetables alone or dairy 
alone had intermediate levels of adolescent 
 systolic BP [ 42 ]. 

 The mechanism by which the MD favors the 
reduction of BP levels is basically unclear. 
It could be however postulated that of all the 
components of the MD, vegetables, fruits, and 
olive oil (high ratio of monounsaturated to satu-

rated lipids), are mainly responsible for the 
apparent protection against hypertension con-
veyed by the adherence to the MD. The high 
content of plant foods and dairy products in 
minerals such as potassium, calcium, and mag-
nesium, which have been referred in the litera-
ture to reduce arterial BP, may represent the 
mediating mechanisms of the apparent protec-
tive effects of these foods. Furthermore, the high 
content of the dietary pattern in fruits and vege-
tables and olive oil, together with the moderate 
consumption of red wine (resveratrol as the main 
antioxidant) result to a daily high antioxidants 
intake which may also contribute to the health of 
the vascular system [ 38 ]. In particular, the natu-
rally occurring antioxidants present in olive oil 
such as tocopherols, and phenolic compounds 
have been suggested to inactivate the effects of 
free radicals and lipid peroxidation, which could 
affect arterial stiffness [ 43 ,  44 ]. Moreover, the 
recommended low intake of red meat and meat 
products, and the relatively high intake of fi sh 
and seafood seems to enhance the BP lowering 
effect of the MD [ 45 – 47 ] (Table  18.2 ). 

 The fact that healthy dietary patterns can rep-
resent a stronger predictive factor of BP levels 
among adults and children than the intake of indi-
vidual foods and nutrients have also been reported 
from the DASH study, demonstrating the BP 
lowering benefi ts in adults with high BP of a diet 
that was high in fresh fruits, vegetables, whole 
grains, and low-fat dairy products [ 19 ]. The study 
of Couch et al. [ 48 ] provided data to support that 
children with high BP may benefi t from diets that 
emphasize fruits, vegetables, fi ber, and dairy, 
plus a reduction in sodium. The investigators 
compared a DASH diet for children vs. standard 
nutrition counseling in children with hyperten-
sion or prehypertension. There was a signifi -
cantly greater reduction in SBP in children 
assigned to the DASH diet compared with stan-
dard diet counseling, and BP was normalized in 
50 % of children in the DASH group compared 
with 36 % in the control group. The similarities 
of the DASH diet and the MD have been pointed 
out since they both represent healthy dietary pat-
terns that could be used to tackle the increasing 
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prevalence of adult and childhood hypertension. 
The main difference between the two diets is that 
the MD is high in olive oil [ 38 ].  

    Regulating Factors of BP Levels 
Besides Sodium Intake: The Role 
of Healthy Dietary Patterns 

 Improving diet quality and increasing physical 
activity and weight loss (if overweight and obe-
sity are present) are cornerstones for both the pre-
vention and the non-pharmacologic treatment of 
hypertension in adults as well as children. 
Regarding the effects of the dietary habits and 
intakes on the BP levels, many epidemiological 
studies that focus on the relationship between 
diet and risk of chronic disease, examined the 
intake of a single nutrient, food, or food group. 
However, this approach does not consider the 
complexity of dietary behaviors, as food and 
nutrients are not eaten in isolation. To address 
this issue, investigators are now including indexes 
of dietary quality, patterns, and variety in their 
research [ 49 ]. Indices assessing the adherence of 
adults and children to the MD, have demonstrated 
the inverse relationship shown between the adher-
ence to the MD dietary pattern and BP [ 38 ,  40 , 
 41 ]. Nevertheless, the study of Magriplis et al. 
[ 27 ], under the context of the GRECO study, 
revealed that 23 % of the total sample of children 
had high sodium intake (>2,200 mg/day), without 
taking into account added salt at the table or 
while cooking, and showed a strong association 
between the level of adherence to the MD and 
sodium intake. A possible explanation of the high 
sodium intake of children with moderate and 
high MD adherence was that 34 % of total sodium 
intake was found to be consumed by those foods 
known as “healthy” (i.e., bread, processed cereal, 
and white cheese). However, although it would 
then be expected that high adherent to the MD 
children would also have higher BP levels, this 
was not the case in the representative sample of 
Greek children since there were no differences in 
the KIDMED score (index used to evaluated the 
adherence to the MD for children and adolescent) 

between the prehypertensive or the hypertensive 
children compared with the normotensive chil-
dren (unpublished data from the GRECO study). 
The former data imply that although the MD 
adherence is shown to be accompanied by high 
intakes of sodium, still provides protection 
against high BP levels probably through the high 
intakes of potassium mainly from the increased 
consumption of fruits and vegetables.  

    Conclusions 

 The health benefi t of decreasing dietary sodium 
intake in adults and children is beyond question, 
since it has been demonstrated that a reduction in 
salt intake has a signifi cant lowering effect on BP. 
If we take into account that dietary habits adopted 
during childhood track into adulthood, and the 
hypothesis that if highly salted foods are con-
sumed on a regular basis, the salt taste receptors 
are suppressed and habituation to salty foods 
occurs, with greater demand for highly salted 
foods [ 12 ], the need to reduce sodium intake in 
children becomes even more critical. Given that 
most of the sodium in westernized diets is hidden 
in processed foods or restaurant-prepared foods 
[ 22 ], individuals are often unaware of the amount 
of sodium they consume. In European and 
Northern American diets, it is estimated that 
75–80 % of sodium intake comes from processed 
or restaurant-prepared foods [ 22 ], therefore a sig-
nifi cant decrease in sodium intake cannot be 
made without avoiding or reducing the amount 
consumed of these foods, or without a reduction 
of the amount of salt added to these foods by the 
food manufacturers, especially in regularly con-
sumed foods like breads and cereals. In addition, 
implementing effective food labeling practices 
would also facilitate consumers exercise informed 
choice with respect to sodium, and even track 
their everyday intake [ 50 ]. Public health initia-
tives, in association with efforts by the food 
industry, are urgently needed to lower salt con-
sumption and consequently lower CVD burden. 
Such public health approaches can be relatively 
simple, low cost and effective [ 12 ].     
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             Introduction 

 The sweet potato ( Ipomoea batatas ) belongs to 
the family Convolvulaceae, which is grown to 
obtain starchy tuberous root as a carbohydrate 
supply. Although the name “sweet potato” makes 
us look back on the common potato ( Solanum 
tuberosum ), it is not closely related to this plant. 

 Sweet potato is thought to be originated and 
domesticated in Central America and South 
America at least 5,000 years ago [ 1 ]. Gradually, it 
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 Key Points 

•     The sweet potato ( Ipomoea batatas ) has been known for thousands of 
years as one of the most common carbohydrate foods.  

•   Many studies have reported that sweet potato is not only a rich source 
of starch but some varieties also contain remarkable amounts of dietary 
fi ber, phenolic compounds, high quality proteins, and other bioactive 
nutrients.  

•   Among various types of sweet potato, orange- fl eshed and purple-
fl eshed ones have been proven as the richest sources of β-carotene and 
anthocyanins, respectively.  

•   The nutrients in sweet potato have been demonstrated to have many 
important biological functions such as provitamin A, antioxidant, anti-
mutagenicity, antidiabetic activities, and antihypertensive effect.  

•   The results suggest that sweet potato might bring many benefi ts to 
human health other than as a carbohydrate food.    
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had spread widely to the tropical, subtropical, 
and even temperate areas all over the world. 
Sweet potato can grow well in many farming 
conditions and variety of soils (even in poor soil) 
with low requirements of fertilizer and pesticide. 
By this reason, it becomes a staple food crop in 
some tropical regions in Africa and Asia, where 
productions of wheat, rice, or other crops are 
often disadvantaged due to climatic restraints. It 
was reported that sweet potatoes are the seventh 
most commonly consumed carbohydrate-rich 
food source, and they are one of the most impor-
tant food crops in developing countries among 
rice, wheat, maize, and cassava [ 2 ]. 

 According to the Food and Agriculture 
Organization (FAO) statistics, annual world pro-
duction of sweet potato is more than 100 million 
tons. China is the largest grower of sweet potatoes 
with about 80 % of the world’s supply. Some 
other Asian countries, such as Indonesia, Vietnam, 
and India, also produce considerable yield of 
sweet potato. In Uganda and Rwanda, sweet 
potato plays an important role in the diet of popu-
lation, and they are also the biggest producers of 
this crop in Africa. The contributions of some 
major countries in world production of sweet 
potato in 2009 are provided in Table  19.1  [ 3 ].

   Sweet potato is commonly used as food in the 
form of fresh root, which is boiled or steamed 
before consuming. Nevertheless, the fresh root is 
highly perishable so it is processed into dried 
slices and fl our for extensive storage and applica-
tion in food products   . Recently, sweet potato 
fl our is more considered because it can be applied 
in many kinds of foods as a thickener (in soup, 
gravy, fabricated snack, and bakery products), an 
enhancer of color and fl avor, and a supplement of 
nutrients [ 4 ]. 

 Not only as a rich source of carbohydrate, sweet 
potato also contains considerable amounts of func-
tional nutrients including dietary fi ber, β-carotene, 
phenolic compounds, anthocyanins, vitamin C, 

and high quality proteins (sporamins) [ 5 ]. Among 
various types of sweet potato with skin color rang-
ing between purple, red, brown, and beige and 
fl esh ranging from beige through yellow, orange, 
and purple, the orange- and purple- fl eshed ones 
are the most considered for their high content of 
functional nutrients. While the orange-fl eshed 
sweet potato exhibits as a potential source of 
β-carotene (the precursor of vitamin A) [ 6 ], the 
purple-fl eshed one was reported to be rich in 
anthocyanins and phenolic compounds [ 7 ]. Due to 
this special nutrient composition, sweet potato has 
shown many important biological functions such 
as provitamin A, antioxidative, antimutagenicity 
activities, and antihypertensive effect [ 8 ,  9 ]. 

 Consequently, the discussion about diet qual-
ity of sweet potato in this chapter mainly focuses 
on the functional nutrients with their biological 
activities and benefi ts for human being other than 
on the major component, carbohydrate.  

    Diet Quality of Sweet Potato 

    Sweet Potato: A Carbohydrate-Rich 
Source 

 As mentioned in the previous part, sweet potato 
ranks as the seventh most commonly consumed 
carbohydrate-rich food source, and plays an 
important role in carbohydrate supply in some 
areas having climatic restraints. It was reported 
that carbohydrates constitute up to 90 % of dry 
matter of sweet potato [ 10 ]. The major carbohy-
drate in sweet potato is starch, which is com-
posed of 60–70 % amylopectin and 30–40 % 
amylose. Besides starch, free sugars also present 
in fresh roots with the concentration ranging 
between 4.3 and 14.9 % dry weight depending on 
varieties. The major sugar in raw roots is sucrose 
while maltose, the product of starch conversion, 
is the dominant one in cooked roots [ 11 ].  

   Table 19.1    Production of sweet potato of major producers in 2009 (in million tons)   

 China  Nigeria  Uganda  Indonesia  Vietnam  Tanzania  India  Japan  World 

 80.5  3.3  2.7  1.88  1.32  1.31  1.1  1.0  106.5 

   Source : FAO statistics 2009 [ 3 ]  
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    Sweet Potato and Benefi cial Effects 
on Blood Sugar 

 Although sweet potato is classifi ed as a 
carbohydrate- supplied food, several studies have 
demonstrated that this tuber root has ability to 
improve blood sugar regulation and the related 
disease, type 2 diabetes. 

 Remarkable antidiabetic effect of white- 
skinned sweet potato ( Ipomoea batatas  L.) was 
demonstrated in a study by Kusano and Abe in 
obese Zucker fatty rats [ 12 ]. The oral administra-
tion of sweet potato for 6 weeks reduced 60 % of 
hyperinsulinemia, a symptom of type 2 diabetes 
mellitus, in these rats. Decreases in blood triacyl-
glyceride and free fatty acid lactate levels were 
also observed in sweet potato-administered rats 
compared to the control group. Increase in blood 
glucose levels after glucose loading was also 
inhibited with 7-week administration of sweet 
potato. In addition, the administration of sweet 
potato showed even higher antidiabetic effect 
than an antidiabetic drug, troglitazone, in terms of 
body weight gain when increase in body weight 
gain appeared in troglitazone-treated group but 
not in sweet potato-treated group. A study by 
Ludvik et al. [ 13 ] on male type 2 diabetic patients 
for 6 weeks showed positive effects of caiapo, the 
extract of white-skinned sweet potato ( Ipomoea 
batatas ), containing powdered white-skinned 
sweet potato via reducing fasting plasma glucose 
and low-density lipoprotein cholesterol. The 
ingestion at high dose (4 g caiapo/day) also 
resulted in an increase in insulin sensitivity of the 
patients without side effects. In a later study, they 
observed an improvement of insulin sensitivity 
even at the low dose of caiapo by frequently sam-
pled intravenous glucose tolerance test (from 
2.02 ± 0.7 × 10 4  to 2.76 ± 0.89/min/(μU/mL)). 
These results suggested that the extract of white-
skinned sweet potato might be a potential appli-
cation in the treatment of type 2 diabetes [ 14 ]. 

 Recently, a parameter related to carbohydrate 
food, glycemic index has been considered in 
many studies because of its positive correlation 
with the risk increase in chronic diseases such as 
type 2 diabetes, cancer, and cardiovascular dis-
eases [ 15 ,  16 ]. The glycemic index is a measure 

of how quickly a carbohydrate food affects the 
blood glucose levels. Fifty grams of glucose is 
the standard reference food on the glycemic 
index, and it is ranked as value of 100 because 
pure glucose raises blood sugar very quickly. The 
effect of other carbohydrate-containing foods on 
blood sugar level can then be compared with the 
effect of glucose to ascertain a particular food 
glycemic ranking [ 17 ]. Glycemic index of sweet 
potato and some other common carbohydrate 
foods is shown in Table  19.2  [ 18 ].

   The low glycemic index of sweet potato in 
comparison with other rich-carbohydrate foods is 
related to low digestibility of starch and fl our in 
this tuber root. A study on fl our from fresh roots 
of the six sweet potato genotypes in China 
showed that the mean digestibility of those was 
only 54.0 (47.7–59.2 %) [ 19 ]. Astawana and 
Widowati [ 20 ] also investigated hypoglycemic 
responses of eight Indonesian sweet potato vari-
eties. The highest hypoglycemic activity was 
observed in the variety having lowest starch 
digestibility (51.4 %). In addition, they reported 
that processing methods signifi cantly infl uenced 
glycemic index of sweet potato. Glycemic index 
of fried, boiled, and baked sweet potatoes was 47, 
62, and 80, respectively. Recently, remarkable 
effects of traditional cooking methods of ten 
sweet potato cultivars in Jamaica on glycemic 
index of nondiabetic people were reported [ 21 ]. 
Matured tubers were cooked by roasting, baking, 
frying, or boiling and consumed immediately by 
the ten nondiabetic test subjects (5 males and 5 
females; mean age of 27 ± 2 years). Sweet pota-
toes processed by boiling had the lowest glyce-
mic index (41–50), followed by fried (63–77), 
roasted (79–93), and baked ones (82–94). 

   Table 19.2    Glycemic index (GI) of some common car-
bohydrate foods (glucose GI = 100)   

 Potato (baked)  98  Wheat cereal  67 
 Potato (boiled)  70  Table sugar  65 
 Pumpkin  75   Sweet potato    61  
 Millet  71  Oatmeal  58 
 Rice (white)  70  Taro  55 
 Rice (brown)  55  Corn  52 
 Tapioca (steamed)  70  Barley  25 

   Source : Foster-Powell et al. [ 18 ]  
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 The hypoglycemic effect of sweet potato sug-
gested that this fresh root and its products are 
potential candidates in the use of selected diets as 
one of the ways for treatment of diabetes.  

    Sweet Potatoes with High β-Carotene 
Content, Potential Candidates 
for Solving Vitamin A Defi ciency 

 Literature indicated that sweet potato is one of 
the best natural sources of β-carotene. However, 
β-carotene level in sweet potato varies in a wide 
range depending on many factors including gen-
otype, age, farming area, and farming conditions. 
It was reported that β-carotene is not detected in 
some cultivars while some others contain 
extremely high content of this compound, even 
signifi cantly higher than those of the common 
sources of β-carotene such as carrots and man-
goes. Among variety of sweet potato cultivars 
with different fl esh colors, orange-fl eshed one 
was demonstrated to have highest β-carotene [ 5 , 
 6 ]. By these reasons, several studies were estab-
lished to evaluate infl uences of rich-β-carotene 
sweet potatoes on the vitamin A situation in 
developing countries. 

 As one of the major crops in developing coun-
tries, rich-β-carotene sweet potatoes were demon-
strated to play an important role in solving the 
defi ciency of vitamin A, one of the most prevalent 
problems in Sub-Saharan Africa and South Asia. 
While the supplementation from rich- vitamin A 
animal foods, such as fi sh oils, liver, milk, eggs, 
and butter, is becoming costly, sweet potato 
immerges as a potential supplementation of vita-
min A in these countries. It was reported that 100 g 
of boiled roots of sweet potato can satisfy 50 % 
daily vitamin A requirement of a young child. In 
comparison with Golden Rice ® , which is consid-
ered as a natural source of β-carotene, orange-
fl eshed sweet potatoes might contain this nutrient 
more than 20–30 times [ 8 ]. A study on children 
3–6 years old in Sumatra, Indonesia, for 3 weeks 
showed that incorporation of β-carotene sources 
(mainly in the form of red sweet potato) into the 
meals and snacks signifi cantly increased serum 
retinol concentrations of this group compared to 
the control group. In addition, the observation of 

an increase in serum retinol with the addition of 
extra fat in the meals suggested that fat might sup-
port the absorption of β-carotene in these objects. 
Changes in serum retinol of the children supple-
mented with red sweet potato and dietary fat are 
given in Fig.  19.1  [ 22 ].

   In Sub-Saharan Africa, a project was carried 
out to investigate infl uences of replacement of 
white-fl eshed sweet potatoes by orange-fl eshed 
ones, which contain higher β-carotene, on vita-
min A defi ciency of population in some coun-
tries. It was concluded that orange-fl eshed sweet 
potatoes are the promising food-based approach 
for controlling vitamin A defi ciency problem in 
Sub-Saharan Africa [ 23 ]. This potential of sweet 
potato was asserted in a later study in South 
Africa by Jaarsveld et al. [ 24 ] which showed a 
greater improvement of vitamin A liver store in 
the children (5–10 years old) who consumed 
125 g boiled and mashed orange-fl eshed sweet 
potato than in the control group.  

    Anthocyanins: Biofunctional Pigment 
in Purple-Fleshed Sweet Potatoes 

 Besides orange-fl eshed sweet potato, purple- 
fl eshed one is also an important variety due 

  Fig. 19.1    Mean (±SEM) changes in serum retinol of chil-
dren after supplementation. B: basic meal; S: basic 
meal + red sweet potato; FS: basic meal + red sweet 
potato + added dietary fat.  Source : Jalal et al. [ 22 ]       
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to considerable content of anthocyanins in 
its root. Several anthocyanin pigments were 
found in purple- fl eshed roots, and mono- 
or  diacylated forms of cyanidin and peonidin 
were identifi ed as predominant anthocyanins. 
The chemical structures of two most abundant 
anthocyanins in purple- fl eshed sweet potato, 
3-caffeylferulysophoroside- 5-glucosides of 
cyanidin (YGM-3) and peonidin (YGM-6), are 
shown in Fig.  19.2  [ 25 ].

   Anthocyanins in plants have been proven as 
powerful antioxidants for long time and adminis-
tration of natural anthocyanins has been reported 
to be benefi cial for treating diabetes, ulcers, and 
some other diseases [ 26 ]. Recently, a series of 
studies have suggested that purple-fl eshed sweet 
potato might become a functional food due to 
strong antioxidative activity of its pigments, 
anthocyanins. 

 In a comparison of antioxidant property 
between 21 sweet potato cultivars with several 
fl esh colors, ethanol extracts of sweet potato with 

purple fl esh showed very high  tert -butylperoxyl 
radical scavenging activity and antioxidant activ-
ity against lipid peroxidation induced by auto- 
oxidation of linoleic acid; whereas, these 
activities of cultivars with white, white-yellow, 
yellow, and orange fl esh were low in almost all 
samples [ 27 ]   . Anthocyanins were identifi ed as 
the dominant DPPH radical-scavengers besides 
phenolic compounds in ethanol extracts of fi ve 
purple-fl eshed sweet potato cultivars in a study 
on the contribution of these compounds to radical 
scavenging activity of sweet potato [ 9 ]. Steed and 
Truong [ 7 ] reported that anthocyanin contents in 
sweet potatoes with purple skin and fl esh in USA 
were in the range between 51.5 and 
174.7 mg/100 g fresh weight. These sweet pota-
toes also exhibited comparable antioxidant 
capacity with various purple-colored fruits and 
vegetables, which was indicated by their DPPH 
radical scavenging activities (from 47.0 to 
87.4 μmol trolox equivalent (TE)/g fresh weight) 
[ 7 ]. In vivo antioxidant activity of purple-fl eshed 

  Fig. 19.2    Chemical structures of YGM-3 and YGM-6       
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sweet potato anthocyanin concentrate was also 
exhibited in rats. The ingestion of this concentra-
tion resulted in a signifi cant elevation in plasma 
antioxidant capacity of rat. The major acylated 
anthocyanin (Pn 3-Caf sop-5-glc) in this concen-
tration was confi rmed to be absorbed directly into 
rats in an intact form [ 28 ]. 

 Anthocyanins from sweet potato have been 
demonstrated to have antimutagenic, vasoprotec-
tive, anti-infl ammatory, and hepatoprotective 
activities in vitro and in vivo, as summarized 
in Table  19.3 . Yoshimoto et al. [ 29 ] showed 
that extract from the whole roots of a purple-
fl eshed variety (Ayamurasaki) containing 
3-(6,6′-caffeylferulylsophoroside)-5-glucoside 
of cyanidin (YGM-3) and peonidin (YGM-6) 
signifi cantly inhibited the reverse mutation 
induced by Trp-P-1, Trp-P-2, and IQ in rat liver 
microsomal activation systems. They also sug-
gested that the caffeyl or ferulyl group in the 
chemical structure of these anthocyanins may be 
responsible for their strong inhibition of reverse 
mutation. The potent antimutagenic activity of 
anthocyanin-rich aqueous extracts from this vari-
ety was then clarifi ed by remarkable inhibition of 
Trp-P-1-induced reverse mutation of  Salmonella 

typhimurium  TA98 and the proliferation of 
human promyelocytic leukemia cells (HL-60) 
with treatments for 24 h. A dose of 1 mg/plate of 
extract from storage root resulted in 36 % and 
25 % inhibition against the growth of Trp-P-1 
and HL-60 cells, respectively [ 30 ].

   Besides antimutagenic activity, the purple- 
fl eshed sweet potato (Ayamurasaki) also exhib-
ited positive effects on hepatic function. In an in 
vivo study by Suda et al. [ 31 ], administration 
with juice of this sweet potato showed ameliora-
tive effect against carbon tetrachloride-induced 
liver injury of treated rats compared to the con-
trol. They also reported about hepatic restorative 
capacity of this juice by a clinical trial, in which, 
serum γ-glutamyl transpeptidase, glutamic oxa-
loacetic transaminase, and glutamic pyruvic 
transaminase of human volunteers with impaired 
hepatic function were lowered to normal levels 
after administration of this sweet potato juice 
[ 32 ]. A reduction in levels of serum hepatic bio-
markers (γ-glutamyl transferase, aspartate    ami-
notransferase, and alanine aminotransferase) was 
also observed by these authors in healthy 
Japanese men using purple sweet potato beverage 
rich in acylated anthocyanins [ 33 ]. 

   Table 19.3    Biological activities of anthocyanins in purple-fl eshed sweet potato   

 Activity  Model  Effect  References 

 Anticancer  Rat liver microsomal 
activation systems 

 Inhibition of the reverse mutation induced 
by Trp-P-1, Trp-P-2, and IQ 

 [ 29 ] 

  Salmonella typhimurium  TA98  Inhibition of Trp-P-1-induced reverse mutation  [ 30 ] 
 Human promyelocytic 
leukemia cells (HL-60) 

 Inhibition of cell proliferation  [ 30 ] 

 Hepatoprotective  Rats 
 Impaired hepatic 
function volunteers 
 Healthy men 

 Ameliorative effect against carbon 
tetrachloride- induced liver injury 

 [ 31 ] 

 Reduction to normal level of serum γ-glutamyl 
transpeptidase, glutamic oxaloacetic transami-
nase, and glutamic pyruvic transaminase 

 [ 32 ] 

 Decrease in levels of serum γ-glutamyl 
transferase, aspartate aminotransferase, 
and alanine aminotransferase 

 [ 33 ] 

 Anti-atherosclerotic  Human macrophage cells  Inhibition of fructose-mediated protein 
glycation and oxidation of low-density 
lipoprotein 

 [ 34 ] 

 Blood circulation 
improving 

 Rats  Enhancement of brain blood fl ow increase 
in ATP level in the stratum corneum 

 [ 35 ] 

 Memory enhancing  Rats and mice  Inhibition of lipid peroxidation in brain 
homogenates of rats 

 [ 36 ] 

 Enhancement of cognitive performance in mice 
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 Anti-atherosclerotic activity of purple sweet 
potato was reported recently in a study by Park 
et al. [ 34 ]. The ethanol extract of purple sweet 
potato resulted in strong inhibitions to risk factors 
for atherosclerosis, fructose-mediated protein 
glycation, and oxidation of low-density lipopro-
tein. The inhibitory effect of this extract to cupric 
ion-mediated low-density lipoprotein oxidation 
was even comparable with that of vitamin C treat-
ment [ 34 ]. The ability of anthocyanins in sweet 
potato to improve the blood circulation was dem-
onstrated by an enhancement of brain blood fl ow 
and an increase in ATP level in the stratum cor-
neum in the rats treated with anthocyanin fraction 
of sweet potato [ 35 ]. In addition, anthocyanin 
prepared from purple sweet potato was claimed to 
exhibit memory enhancing effects, which were 
higher than effects of Cordyceps mushroom, an 
extremely expensive Chinese medicine. The 
effective inhibition to lipid peroxidation initiated 
by Fe 2+  and ascorbic acid in brain homogenates 
was only observed in rats treated with purple 
sweet potato extract but not in the group treated 
with the mushroom extract [ 36 ].  

    Phenolic Compounds and 
Antioxidant Activity of Sweet Potato 

 Phenolic content in hand-peeled storage roots 
sweet potato cultivars in the USA was reported in 
the range between 0.14 and 0.51 mg of chloro-
genic acid equivalent/g fresh weight. It varied 
widely among cultivars, and chlorogenic acid and 
isochlorogenic acids were identifi ed as the major 
phenolic compounds in these cultivars. Their 
chemical structures are shown in Fig.  19.3  [ 37 ].

   As mentioned in the previous part, phenolic 
compounds and anthocyanins are dominant 
groups contributing to the antioxidant activity of 
sweet potato. Consequently, several studies have 
focused on the relation between antioxidant 
capacity and content of these compounds in sweet 
potato. Furuta et al. [ 27 ] showed a positive corre-
lation between increase in the total phenolic con-
tent and radical scavenging activities of ethanol 
extracts of 21 sweet potato cultivars with several 
fl esh colors. This observation suggested that phe-
nolic compounds are important candidates for the 
radical scavenging activity of various genotypes 

  Fig. 19.3    Chemical structures of chlorogenic acid ( a ) and isochlorogenic acid A ( b )       
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of sweet potato [ 27 ]. Nineteen sweet potato geno-
types in the USA with various fl esh colors from 
white, cream, yellow, orange, and purple were 
also evaluated for phenolic content and antioxi-
dant activity. The purple-fl eshed cultivars showed 
the highest total phenolic content, followed by 
orange, yellow, and white-fl eshed ones. The anti-
oxidant activities of these genotypes were found 
to be highly correlated with their phenolic content 
[ 38 ]. In a later study by Steed and Truong [ 7 ], 
purple sweet potato showed very high phenolic 
content (313.6–1483.7 mg chlorogenic acid 
equivalent/100 g fresh weight) with correlative 
DPPH radical scavenging activities (47.0–
87.4 μmol trolox equivalent (TE)/g fresh weight). 
These indices of purple sweet potato were compa-
rable with various purple-colored fruits and veg-
etables [ 7 ]. In the Philippines, total phenolic 
content and antioxidant activities of fi ve sweet 
potato varieties were evaluated by Rumbaoa et al. 
[ 39 ]. They reported that phenolic content of these 
varieties ranged from 192.7 to 1159.0 mg gallic 
acid equivalent (GAE)/100 g dry sample; antioxi-
dant capacities of methanol extracts from these 
sweet potatoes were even higher than those of 
EDTA. Besides, positive correlations were also 
observed between phenolic content and DPPH 
radical scavenging activity and reducing power 
and iron-chelating capacity of these extracts [ 39 ]. 
Zhu et al. [ 40 ] recently identifi ed mono- and 
dicaffeoylquinic acids and caffeoyl-hexoside as 
the main phenolic compounds in the crude 
extracts of roots of ten Chinese purple-fl eshed 
sweet potato genotypes. These phenolic com-
pounds were demonstrated to be responsible for 
antioxidant capacity of the tested sweet potato 
samples. In addition, great differences between 
genotypes and parts of the roots in phenolic con-
tent and antioxidant activity were also reported 
[ 40 ]. In South America, a red- fl eshed sweet potato 
in the Andean region exhibited even higher phe-
nolic content and antioxidant capacity than a cer-
tain cultivar of blueberry, a fruit known as a rich 
source of antioxidants. This result suggests that 
some sweet potato cultivars can be considered as 
novel sources of natural antioxidants for dietary 
supplementations and functional foods [ 41 ].  

    High Quality Storage Proteins 
in Sweet Potato 

 Sporamins were identifi ed as the major storage 
proteins, which account for about 80 % of total 
protein in root of sweet potato [ 42 ]. In sweet 
potato, proteins not only act as a nutrient compo-
nent for energy supplying but also exhibit some 
other important biological functions. Lin [ 43 ] 
found that water-soluble proteins are the trypsin 
inhibitors in sweet potato storage roots. Among 
the trypsin inhibitors purifi ed from a Chinese 
sweet potato (cv. Tainong 57), a 33 kDa trypsin 
inhibitor showed scavenging activity against 
DPPH radical in a dose-dependent manner. This 
evidence suggested a certain contribution of stor-
age proteins to antioxidant capacity of sweet 
potato [ 44 ]. The sporamin B protein from sweet 
potato also exhibited signifi cant antioxidant 
activity through total antioxidant status test by 
Huang et al. [ 45 ]. Concentration of 100 μg/mL of 
sporamin B expressed 4.21 ± 0.0078 mM trolox 
equivalent antioxidative value [ 45 ]. They also 
reported the ability of trypsin inhibitor isolated 
from sweet potato storage roots to scavenge  • ON 
and ONOO − , the factors related to several human 
diseases such as Alzheimer’s disease, atheroscle-
rosis, and stroke [ 46 ]. Results showed that tryp-
sin inhibitor suppressed the production of nitrite 
and superoxide radicals in a dose-dependent 
manner. Trypsin inhibitor also showed a signifi -
cant ability to inhibit nitration of bovine serum 
albumin and inhibition to lipopolysaccharide- 
induced nitrite production in macrophages. This 
effect of trypsin inhibitor on the reactive nitrogen 
species suggested that it is useful for the preven-
tion of NO − - and ONOO-involved diseases. This 
suggestion was partially confi rmed in their later 
study, which found that trypsin inhibitor might be 
good for control of hypertension and other dis-
eases. In this study, trypsin inhibitor from sweet 
potato inhibits angiotensin converting enzyme, a 
factor related to hypertension and other diseases, 
in a dose-dependent manner   . Treatments with 
concentration from 50 to 200 μg/mL of this com-
pound resulted in inhibitions of this enzyme in a 
range from 31.9 to 53.2 % [ 47 ].  
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    Dietary Fiber of Sweet Potato 

 Fiber in sweet potato is also an important nutrient 
in the diets. It was reported that sweet potatoes 
generally contain 2–4 % dietary fi ber, which vary 
with cultivars, ages, and farming conditions [ 4 ]. 
Dietary fi ber contributes potential benefi ts for 
human health including reduction of bowel tran-
sit time, decrease in the risk of colorectal cancer, 
lowering of serum blood cholesterol, and promo-
tion of the growth of gut microfl ora [ 48 ].   

    Conclusions 

 Sweet potato, the seventh most commonly con-
sumed carbohydrate-rich food source, has 
emerged recently among other food crops due to 
its special nutrient composition. Phenolic com-
pounds, β-carotene, anthocyanins, and sporamins 
were demonstrated to be responsible for various 
biological functions of sweet potato. The benefi ts 
in treating diabetes, cancers, and hypertension, 
solving vitamin A defi ciency, improving hepatic 
functions, and enhancing memory of this tuber 
root suggested that it should be considered as a 
high quality food. However, the underlying mech-
anisms of these health benefi ts are waiting for 
being clarifi ed by further studies. The future work 
should also be done to fi nd out other nutritional 
values of sweet potato, improve nutritional value 
of the existing varieties, and produce new variet-
ies with high yield of biofunctional compounds.     
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      Cooking and Diet Quality: A Focus 
on Meat 
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and     José     A.    M.     Prates    

 Key Points 

•     This chapter deals with the infl uence of cooking on meat composition, 
nutritional value, safety, and sensory and functional properties   .  

•   Detailed nutrient composition of the most eaten meats (beef, pork, and 
poultry) reviewed from the literature was complemented with original 
data from the authors.  

•   A broad number of food cooking techniques are considered ranging 
from traditional to emerging thermal technologies.  

•   Cooking may have either benefi cial or harmful effects on the physico-
chemical properties of meat, including lipid and protein oxidation.  

•   The suitable cooking time and temperature parameters must represent 
a compromise between nutritional and sensory quality.    

      Abbreviations 

   CLA    Conjugated linoleic acid   
  COPs    Cholesterol oxidation products   
  dl-PCBs    Dioxin-like polychlorinated biphenyls   
  HAAs    Heterocyclic aromatic amines   

  MUFA    Monounsaturated fatty acids   
  PAHs    Polycyclic aromatic hydrocarbons   
  PUFA    Polyunsaturated fatty acids   
  SFA    Saturated fatty acids   
  TFA     Trans  fatty acids   
  TR    True retention   
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           Introduction 

 Diet quality involves food composition, con-
sumer appreciation, and food safety.    Food quality 
has been related to safety, sensory characteristics, 
and shelf life of food products, but, nowadays, it 
is more associated with nutrition, well-being, and 
health [ 1 ]. Remarkable changes in consumer’s 
attitude towards food have been occurring during 
the last few decades increasing the consumer’s 
demand for a high quality diet (variety, adequacy, 
moderation, and overall balance) covering the 
nutritional concerns. The purpose of an equili-
brated diet is to provide the nutrients required for 
normal growth, development, and maintenance 
of a healthy life. It is well established that the 
accurate balance of micro- and macronutrient 
intake has been associated with optimal health, 
but it can also play an important role in reducing 
the risk of lifestyle-related diseases [ 2 ]. 
Nevertheless, increases only in the quantity of 
foods will not address diet quality, which cover 
supply adequate amounts of particular micronu-
trients, namely vitamins, minerals, and trace met-
als   . Animal food products, particularly meat and 
milk, hold great promise for improving diets of 
poor quality in developing countries [ 3 ]. In addi-
tion, the dietary patterns in Mediterranean coun-
tries are changing with increased consumption of 
animal products and saturated fat to the detriment 
of vegetable foodstuffs. Some reasons for this 
nutrient transition could be highly associated to 
the modernization of society, which implies 
socio-economic and cultural changes, and tech-
nological innovations that affect feeding prefer-
ences and dietary habits, including food 
components and cooking processes. Indeed, the 
majority of foods become more edible and palat-
able when submitted to cooking. However, con-
siderable changes occur during processing, and 
these modifi cations are strongly dependent upon 
the specifi c food (Fig.  20.1 ).

   This chapter provides an overview on the 
cooking techniques behind the main methods 
used in today’s food industry and households 
(section “ An Overview of the Cooking 
Methods ”). The methodologies available range 

from the conventional methods to the recent 
developments of minimal processing technolo-
gies, which are designed to limit the impact of 
heating on the nutritional quality of foods. In 
section “ Meat Changes Induced by Cooking ,” 
the most relevant meat changes induced by 
cooking will be discussed. Heat treatments can 
either improve the nutritional value of meat by 
making nutrients more available or lead to 
leaching of essential micronutrients. The effect 
of cooking methods on meat composition of 
beef, pork, and poultry is reviewed from the 
literature and complemented with original data 
(unpublished), obtained by our research group 
(section “ Nutritional Changes ”). In addition, 
meat composition undergoes signifi cant bio-
chemical changes, including lipid and protein 
oxidation (section “ Oxidative Changes ”), which 
may in turn affect the sensory characteristics, 
and its acceptability by consumers (section 
“ Sensory Properties and Eating Quality ”). 
Finally, section “ Safety Concerns of Meat 
Cooking ” is focused on the major concerns 
associated with the formation of potentially 
harmful compounds in cooked meats and, there-
fore, the information related with food quality 
and food safety are of utmost importance with 
regard to public health.  

  Fig. 20.1    Schematic representation of the relationship 
between meat quality characteristics and main cooking 
variables       
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     An Overview of the Cooking 
Methods 

 Cooking can be described as the practice of 
 preparing food for eating by the application of heat. 
Although it has long been argued that cooking 
improves the quality of diet while maintaining 
product safety, the nature of the improvement has 
not yet been well defi ned [ 4 ]. 

 The majority of foods are submitted to thermal 
processing like cooking, pasteurization, or steril-
ization. Cooking helps to achieve the desirable 
sensory characteristics while pasteurization or 
sterilization aims to assure microbiological safety, 
and to eliminate some enzymatic activities that 
reduce food preservation [ 5 ]. The heating pro-
cesses applied in food industry are based on the 
same principles as those prevailing in the house-
holds. Most of the traditional cooking methods 
rely on conductive and/or convective mechanisms 
from the heating medium (air, water, oil) to the 
food product. Depending on the product geome-
try, it may take considerable time to conduct suf-
fi cient heat into the product core to reach a safe 
end-point temperature. This may cause some 
parts of the product to be overcooked or under-
cooked, adversely causing quality deterioration 
[ 6 ]. The two general heating strategies differenti-
ated by heat transfer include dry heat cooking and 
moist heat cooking. Dry cooking uses hot air to 
conduct the heat and food cooks in its own juice. 
Such methods of cooking include baking, roast-
ing, and grilling. Cooking by moist heat consists 
in heating food by immersion in boiling water, or 
cooking in the steam, which comes out from the 
boiling water. In oven cooking, the forced air con-
vection method is often coupled with steam injec-
tion to reduce the cooking time and prevent 
surface dehydration. Traditional wet cooking 
methods include boiling, stewing or braising, 
steaming, and frying. Fry- cooking methods com-
prise deep-frying, pan- frying, and stir-frying/
wok. Deep-frying is a high temperature cooking 
process in which the oil provides an effective 
medium of heat transfer. However, a huge number 
of traditional cooking methods cause inevitable 
nutrient losses, which can adversely affect the 

nature and quality of foods. These nutrient losses 
may vary according to the food type, size and 
shape, and cooking technique. 

 The novel thermal processes often referred to as 
“minimal processes” aim to produce safer foods 
with high nutritional quality. These minimal pro-
cessing technologies have gained importance as 
potential alternative methods because conventional 
heating requires longer cooking time and nonuni-
form temperature distribution. The emerging tech-
nologies include microwaving, radio frequency, 
and ohmic heating. Electromagnetic heating meth-
ods transfer energy from its source directly into the 
food without heating up the heat transfer surface of 
the processing equipment. Industrial microwave 
food applications use the two frequencies of 915 
and 2,450 MHz, while domestic ovens use 
2,450 MHz. Radio frequency applications are 
restricted to 13.56, 27.12, and 40.68 MHz for 
domestic, industrial, and scientifi c and medical 
purposes, respectively   . Two mechanisms (dielec-
tric and ionic) are involved in microwaving and 
radio frequency heating, with water in food serving 
as the foremost component for heating. The water 
molecules respond readily to the oscillating elec-
tromagnetic fi eld, resulting in frictional interac-
tions that generate heat. The other mechanism of 
heating is the oscillatory migration of ions present 
in food [ 7 ]. Microwave cooking has been applied 
successfully to the tempering or partial defrosting 
of foods. Although microwave heating can have 
benefi cial effects on chemical reactions, some 
 publications have claimed that microwaves do not 
show any improvement in effi ciency over conven-
tional methods [ 8 ]. Thus, the effect of microwaves 
and its mechanism are still under debate. An exten-
sion of microwaves is the application of radio fre-
quency heating in the food industry. With radio 
frequency cooking, the product is heated internally, 
not through the surfaces, offering a more controlled 
heating of foods [ 7 ]. In addition, ohmic heating, 
also called electrical resistance heating or direct 
resistance heating, is one of the promising tech-
niques to heat products where the energy is directly 
dissipated into the product. Ohmic heating becomes 
a very effective high temperature technology with 
the potential to shorten heat processing times. 
One of the major advantages of ohmic heating 
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compared to the conventional cooking, despite a 
15-fold reduction in cooking time, is the reduced 
cooking loss [ 9 ].  

     Meat Changes Induced by Cooking 

 Meat is known for its high nutritive composition, 
which could explain why it is consumed world-
wide. Beef, lamb, pork, and chicken are the fore-
most meats consumed in Western societies. Despite 
a shift towards higher poultry consumption, red 
meat still represents the largest proportion of meat 
consumed (58 %) in the USA [ 10 ]. In contrast, 
meat consumption in the UK has remained steady 
since the 1980s. While consumption of chicken, 
pork, and meat products has increased, beef and 
lamb has declined. In the European Community, 
the outlook is characterized by a further contrac-
tion in total meat consumption, which is expected 
to decline by 0.7 % in 2012 and 0.4 % in 2013. 
Only poultry meat has proven to be resilient, 
with consumption estimated to have grown slightly 
in 2011 [ 11 ]. 

 Meat constitutes an important source of high 
biological value protein, providing all the 
essential amino acids, fundamental for growth 
and development to enhance well-being and 
health. Proteins from animal sources contain 
the essential amino acids required by the organ-
ism since they cannot be synthesized de novo, 
and, therefore, must be available through the 
diet. Meat is also an excellent source of micro-
nutrients (vitamins, minerals, and trace ele-
ments), which are often limiting in the diet, 
such as vitamin A, iron, zinc, and other bioac-
tive compounds [ 12 ]. Moreover, ruminant meat 
represents a major source of conjugated linoleic 
acid (CLA) isomers in the human diet. CLA is a 
group of fatty acids composed of positional and 
geometric isomers of linoleic acid, containing a 
conjugated double- bond system. Twenty-four 
different CLA isomers occur naturally in rumi-
nant-derived foods, namely meat, milk, and 
dairy products. Some CLA isomers, at least the 
 cis 9, trans 11 and  trans 10, cis 12, have been 
shown to have an impressive range of promis-
ing health benefi ts, including prevention of 
heart diseases and atherosclerosis, inhibition of 

tumors growth, and modulation of body fat 
composition [ 13 ]. 

 Meat is commonly cooked prior to consumption. 
Depending on the consumers’ meat preferences, 
a wide range of traditional cooking methods have 
been employed at home to cook meat, such as 
dry heat methods, moist heating methods, and 
microwave cooking. Sometimes, a combination 
of dry and moist heat methods is used to cook 
meat. The selection of the cooking treatment 
must take into account the meat type, the amount 
of connective tissue, and the shape and size of meat. 
For experimental purposes, the heating parame-
ters must be standardized, controlled, and not 
overshadow the effects of the treatment. Cooking 
temperature is one of the well-known altering 
factors that can infl uence the characteristics of 
foods. The temperature on the surface of meat, 
the temperature profi le through the meat, and the 
method of heat transfer are the most important 
differences across the cooking methods. Perhaps, 
the major diffi culty during the cooking process 
is the low rate of heat conduction to the thermal 
center. Consumers base empirically the evalua-
tion of cooked meat by their experience and 
judgment (e.g., change of color, juice) or, alterna-
tively, by cooking times reported on labels,    but 
these methods are generally misleading them [ 14 ]. 
Hence, consumers are being advised on appro-
priate temperatures to which meat products 
should be cooked. Since 2001, the Department of 
Agriculture launched campaigns to encourage 
consumers to cook food to a safe internal tem-
perature providing a detailed list of end-point 
temperatures [ 15 ]. Likewise, the Food and Drug 
Administration has distributed a summary chart 
with minimum cooking food temperatures and 
holding times [ 16 ]. 

     Nutritional Changes 

 The nutritional quality of meat is infl uenced by 
numerous factors, including cooking (temperature, 
rate, time, moist or dry heat). Heating can lead to 
undesirable changes such as a decrease in the nutri-
tional value of meat mainly due to nutrient losses. 
Table  20.1  summarizes the effect of cooking pro-
cesses on proximate composition, energy content, 
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and cooking loss of some of the most eaten meats 
(beef, pork, and poultry). The data reviewed from 
literature was complemented with original data 
obtained by our research group.

   Water is the major constituent of meat account-
ing for approximately 75 % of its weight. Most of 
this water is physically retained by capillarity 
within myofi brillar proteins, while a small amount 
is bound by the sarcoplasmic proteins and the 
connective tissue [ 17 ]. During cooking, meat pro-
teins contract as a result of thermal denaturation 
leading to a substantial weight loss, which can be 
up to 20–40 % of the initial weight, mainly in the 
form of water and fat [ 18 ]. Internal transport of 
liquid water, due to protein denaturation, causes 
the shrinkage of the meat fi bers network resulting 
in a mechanical force that expels the excess inter-
stitial water towards the surface [ 19 ]. Depending 
on heat and mass transfer conditions at surface, 
the water can be lost by evaporation through the 
crust or as drip. Goñi and Salvadori [ 20 ] reported 
that oven cooking (or roasting) involves heat 
transfer from the surrounding ambient to the food 
surface and, consequently, induces a temperature 
gradient inside the product. An increase of the 
internal temperature results in huge changes of 
water distribution and structure of meat [ 18 ,  21 ]. 
Normally, the water content of meat decreases 
while fat and protein contents increase, indicating 
that the main fraction of the cooking loss is water 
[ 22 ,  23 ]. Alfaia et al. [ 24 ] reported signifi cant 
losses of moisture in cooked beef, which were 
more evident in microwaves. In microwave-
heated foods, the water migration towards its 
 surface is fast and, thus, facilitates water evapora-
tion from food [ 25 ]. Regarding pork meat, cook-
ing causes a great reduction of moisture, except in 
fried samples, and suggests a water loss due to the 
high temperatures during treatments [ 26 ]. Pork 
cooked in conventional oven shows the lowest 
amounts of moisture [ 26 ,  27 ]. The moisture value 
(54 %) reported for raw pork meat is lower to the 
ones obtained by other authors, because the sam-
ples came from Iberian pigs, a special breed char-
acterized by high levels of total lipids and, thus, 
lower moisture content [ 26 ]. In chicken patties, 
microwave heating and frying decreased the 
moisture contents [ 28 ]. 

 Meat proteins are subject to various changes 
during heating involving the molecule itself or 
resulting from interactions with other meat con-
stituents. These modifi cations mostly comprise 
denaturation (loss of native tertiary structure) and 
hydrolytic degradation (proteolysis) of proteins 
by endogenous and/or exogenous enzymes [ 29 ]. 
The nature and extent of these modifi cations are 
temperature- and time-dependent, although other 
factors, like amino acid sequence and protein 
conformation, pH, and water activity ( a  w ), may 
play a decisive role. Table  20.1  shows the effect 
of heating on the protein content of meat sam-
ples. Herein, the data support the fact generally 
accepted that total protein increases as total 
moisture content decreases [ 30 ,  31 ]. The true 
retention (TR) values of proteins around 100 % 
suggest that proteins are not susceptible to migra-
tion due to coagulation or denaturation. 
Theoretically, the consumption of 100 g of raw 
bovine meat would be enough to supply the daily 
adult’s requirement of amino acids. During cook-
ing, aromatic amino acids (tryptophan, phenylal-
anine, and tyrosine) have been described to be 
particularly sensitive to oxidative processes caus-
ing a net loss of these amino acids [ 32 ]. Gatellier 
et al. [ 33 ] observed that heating at 60 °C had little 
infl uence on the aromatic amino acid levels while 
higher temperatures (100 and 140 °C) had a 
remarkable effect on the amino acid stability. 
Table  20.2  shows the effect of cooking on the 
amino acid contents of beef samples analyzed by 
our group. The contents of amino acids increase 
during cooking, except for histidine. This 
increase in amino acid contents may be due to the 
cooking loss. The TR values of amino acids 
tended to be lower in boiling and microwaving 
than in grilling. Since grilling proceeds at higher 
temperature and in the absence of water, it prob-
ably allowed for a high retention of amino acids   .

   Fat content and fatty acid composition of meat 
are of major importance for consumers due to its 
implications for human health. The specifi c 
guidelines for fat (20–35 % of caloric intake) and 
fatty acids in human nutrition were reviewed 
recently by the Food and Agriculture Organization 
of United Nations [ 34 ]. Among the recommenda-
tions, reducing the intake of saturated fatty acids 
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(SFA; <10 % of caloric intake), cholesterol 
(<300 mg/day), and  trans  fatty acids (TFA; <1 %), 
as well as increasing the intake of  n -3 polyunsatu-
rated fatty acids ( n -3 PUFA; 0.5–2 %) are particu-
larly encouraged. The fatty acid content and 
composition of cooked meat, in contrast to those 
of raw meat, have been less studied. During cook-
ing, fat content and composition of meat might 
change by different mechanisms such as oxida-
tion,  cis – trans  isomerization, or hydrogenation, 
affecting the nutritional value of meat lipids. Post-
slaughtering activities such as the trimming of 
visible fat can also greatly infl uence the amount 
of fat in meat. The effect of cooking on total fat in 
the selected meat species is shown in Table  20.1 . 
Regarding beef samples, the values of total fat, in 
general, increase in cooked samples compared 
with raw beef control because of moisture loss 
through cooking [ 23 ,  24 ]. The TR values for total 
fat vary widely being higher for both microwave 
and grilled beef compared to boiling. This vari-
ability has been explained by the presence of 
unpredictable levels of subcutaneous and inter-
muscular fats, which liquefy during cooking, and 

absorption by the lean tissue leads to TR values 
higher than 100 % [ 35 ]. If only intramuscular fat 
is present, TR values of 100 % are expected, 
unless fat is partially degraded or lost to the cook-
ing medium. In pork samples, Broncano et al. [ 26 ] 
reported that cooking does not change signifi -
cantly the total fat content in meat samples. 
Similar results were obtained by others authors 
[ 30 ], excepting for the fried meat samples where 
they found an increase of the total lipid content 
although it is known that the water loss during 
frying produces an incorporation of cooking oil. 
Gerber et al. [ 36 ] found a relative increase in total 
fat of pork cuts (neck steak and belly) after cook-
ing and trimming of visible fat, but when com-
pared to the original fresh weight an absolute fat 
loss was observed. In addition, fat contents in raw 
chicken and duck breast were higher than those in 
cooked samples, except in poultry cooked by 
deep-frying, which can be explained by the drip-
ping of fat during heating [ 37 ]. Great differences 
in total lipid contents were also detected in 
chicken breast cooked in oven by dry air and by 
air–steam [ 38 ]. 

   Table 20.2    Effect of cooking methods on amino acid content of beef (g/100 g)   

 Amino acid  Raw  Boiling  Microwaving  Grilling 

 Alanine  1.41  2.61 (125)    2.59 (117)  3.03 (137) 
 Arginine  0.86  1.49 (117)   1.65 (123)  1.66 (123) 
 Aspartic acid  1.81  3.47 (129)  3.10 (110)  4.02 (143) 
 Glutamic acid  3.22  5.46 (115)  5.07 (102)  6.50 (130) 
 Glycine  0.36  0.72 (134)  0.88 (145)  1.02 (180) 
 Histidine  0.65  ND  ND  0.21 (22.0) 
 Isoleucine  1.27  2.41 (128)  2.29 (116)  2.83 (142) 
 Leucine  2.06  3.75 (123)  3.75 (117)  4.49 (177) 
 Lysine  0.38  0.72 (125)  1.13 (189)  0.75 (127) 
 Methionine  0.25  0.51 (137)  0.53 (135)  0.44 (112) 
 Norleucine  0.33  0.56 (115)  0.51 (98.2)  0.79 (154) 
 Phenylalanine  0.80  1.30 (110)  1.57 (127)  1.67 (133) 
 Proline  0.44  0.78 (119)  0.87 (126)  1.00 (144) 
 Serine  1.50  2.32 (104)  2.58 (111)  2.64 (113) 
 Threonine  1.45  2.59 (120)  2.45 (109)  3.08 (136) 
 Tyrosine  0.30  0.57 (126)  0.61 (129)  0.63 (135) 
 Valine  1.50  2.51 (113)  2.44 (105)  2.94 (125) 

  Our values (unpublished results) with the following cooking conditions: boiling, 81 °C, 40 min; microwave, 750 W, 
90 s; grilling, 225 °C, 30 min 
  * Data in the same row indicate contents and retention values (%) in parenthesis 
  ND  not detected  
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 The effect of cooking on the fatty acid 
 composition of meat varies among studies 
involving different animal species, which make 
it diffi cult to draw general conclusions [ 23 ,  24 ]. 
Increases in fatty acid concentrations in response 
to different cooking methods have been reported 
in trimmed beef and in restructured beef steaks 
[ 24 ,  30 ]. Figure  20.2  shows the effect of cooking 
methods on the major fatty acids of beef sam-
ples. Raw and cooked beef showed a clear 
 predominance of oleic (18:1 c 9), followed, in 
decreasing order, by palmitic (16:0), stearic 
(18:0), and linoleic acids (18:2 n -6). The cooking 
process increases the content, expressed as mg 
per 100 g of meat, of the individual beef fatty 
acids. Alfaia et al. [ 24 ] reported that the relative 
amounts (g/100 g total fatty acids) of 14:0, 16:0, 
17:0, 18:0, and 18:1 c 9 were signifi cantly higher 
in cooked beef samples than in the uncooked 
meat control while the percentages of 18:2 n -6 
and almost all  n -6 PUFA decreased in cooked 
beef compared to raw meat.

   By contrary, in Fig.  20.3 , the content of the major 
fatty acids in grilled pork compared to raw samples 
decreases, probably due to lipid losses containing 
mainly triacylglycerols of adipose tissue [ 36 ].

   Poultry raw and cooked samples show a simi-
lar predominance of the individual fatty acids as 
for beef and pork, being linoleic acid the third 
most predominant fatty acid instead of stearic 
acid. Both microwave heating and frying improve 
the amounts of the major fatty acids of chicken 
patties (Fig.  20.4 ) [ 28 ].

   The partial sums of fatty acids in raw and 
cooked meat samples are listed in Table  20.3 . 
The pattern of the sums of fatty acids refl ects the 
values described for the major individual fatty 
acids of each group. The TR of  n -6 and  n -3 
PUFA below or around 100 % suggests a little 
loss or oxidative degradation of these fatty acids 
during cooking. Concerning the different fatty 
acids groups, cooked beef samples show lower 
PUFA/SFA ratios close to the lowest nutritional 
recommended limit (0.45) [ 39 ]. Contrarily, Ono 
et al. [ 40 ] found higher PUFA/SFA ratio in 
cooked beef than in raw samples. According to 
the former authors, PUFA are less affected by 
heat since they are part of the membrane struc-
ture. The PUFA/SFA ratios in fried chicken pat-
ties increase, which may be considered as 
benefi cial from the nutritional point of view. In 
addition, cooking not changes the values of the 

  Fig. 20.2    Effect of cooking on the major beef fatty acids. Data are expressed as mean contents in raw and cooked state 
as reported by Alfaia et al. [ 24 ]       
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  Fig. 20.3    Effect of cooking on the major pork fatty acids. Data are expressed as mean contents in raw and cooked state 
as reported by Gerber et al. [ 36 ]       

  Fig. 20.4    Effect of cooking on the major fatty acids of chicken patties. Data are expressed as mean contents in raw and 
cooked state as reported by Echarte et al. [ 28 ]       

 n -6/ n -3 ratio in beef samples. Echarte et al. [ 28 ] 
found that microwave heating did not modify the 
 n - 6 / n -3 ratio but decreased the PUFA/SFA ratio 
in beef patties, whereas no change was observed 
in chicken patties. Cooking also induce a remark-
able increase in cholesterol content of meat. Fat 

and cholesterol contents have been positively 
correlated in both raw and cooked meat [ 23 ]. 
In addition, the data shows higher total CLA 
 content in cooked beef than in raw samples prob-
ably because of moisture loss [ 24 ]. The cooking 
methods with higher internal temperatures lead to 
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the highest CLA concentrations, probably owing 
to the higher cooking losses. The TR values for 
total CLA content are in line with the TR values 
obtained for total lipids. Although CLA has been 
described to be more sensitive than linoleic acid 
to oxidation, and even to isomerization, minor 
changes in the CLA isomeric profi le of beef have 
been reported throughout cooking [ 24 ].

   The energy value of foods is one of the most rel-
evant nutritional factors for consumers. Reductions 
in gross caloric value due to cooking have been cal-
culated by comparing the protein, lipid, and carbo-
hydrate contents of raw and cooked samples, and 
multiplying these values by the typically caloric 
conversion factors of 4, 9, and 4 kcal/g, respectively 
[ 41 ]. However, it is not well documented whether 
the negative effects of cooking on the gross caloric 
value of meat due to fat loss are outweighed by 
potential positive effects of cooking on the net 
energy values of the residual fat and protein [ 4 ]. 
Some mechanisms have been suggested by which 
cooking might increase the energy available from 
meat, including increasing food intake through pos-
itive effects on palatability, rendering proteins more 
digestible through denaturation, lowering the cost 
of digestion through food softening, and reducing 
immune up-regulation by eliminating foodborne 
pathogens [ 7 ]. Therefore, more controlled studies of 
energy balance on cooked and raw meat-rich diets 
will be required in order to address the potential 
energetic effects of cooking meat [ 7 ]. The energy 
values of raw and cooked samples in different meat 
species are shown in Table  20.1 . In general, the 
energy content in beef and pork increases from raw 
to cooked state. In restructured cooked beef, the 
energy values were slightly lowest compared to raw 
samples, except in pan-frying, probably because of 
the highest fat content [ 30 ]. 

 Meat is also an excellent source of vitamins 
and trace elements in human nutrition, particu-
larly of vitamins and minerals, such as iron, sele-
nium, vitamins A, B 12  (cyanocobalamin), and 
folic acid. Water- (B complex and vitamin C) and 
fat-soluble vitamins (A, D, E, and K) are a broad 
group of essential components required for the 
normal growth, self-maintenance, and function-
ing of human and animal bodies. No single food 
contains all the vitamins, so, a balanced and var-

ied diet is necessary for an adequate intake of 
these compounds. Vitamin E is a potent fat- 
soluble antioxidant. The only form of the tocoph-
erols and tocotrienols that has vitamin E activity 
is α-tocopherol   . The requirements for vitamin E, 
in beef cattle, are dependent on the quantities of 
dietary PUFA, other antioxidants, S-containing 
amino acids, and selenium. Dietary vitamin E 
supplementation of beef cattle has been reported 
to increase the skeletal muscle concentrations of 
α-tocopherol [ 42 ]. In addition, red meat provides 
the essential minerals to human nutrition as well 
as trace inorganic elements, which our body 
needs in small amounts, usually obtained by con-
suming a conventional mixed diet. A daily intake 
of 100 g of meat can supply 100 % of vitamin A 
and up to 50 % of the recommended daily allow-
ance for vitamins B 1  (thiamin), B 2  (ribofl avin), B 6  
(pyridoxine), B 12 , iron, zinc, and selenium [ 42 ]. 
However, the vitamin and mineral compositions 
of meat change with breed, age of animals, mus-
cle type, rearing, diet, and processing. 

 Vitamins are the fi rst and foremost sensitive 
food component infl uenced by heating. The main 
factors responsible for vitamins losses during 
cooking include cooking time, temperature, and 
cooking methods. In addition, vitamin degrada-
tion also depends on pH, metals, other vitamins 
and enzymes, oxygen, light, and water solubility. 
The most heat-sensitive vitamins are A, D, E, and 
β-carotene within fat-soluble vitamins, and C, B 1  
and B 2 , biotin, nicotinic and pantothenic acids 
among the water-soluble vitamins. A great loss of 
B 1 , B 2 , and B 3  vitamins has been reported in beef 
roasts cooked by microwave heating than by con-
ventional roasting [ 43 ]. In contrast, chicken 
breasts cooked by microwaves have greater 
retention of vitamin B 6  compared with meat 
cooked by roasting in a conventional oven [ 44 ]. 
Vitamin concentrations in raw and cooked meats 
are shown in Table  20.4 . The inconsistency on 
vitamin contents mainly refl ected the water loss 
(and possibly the lipid loss) of meat during cook-
ing [ 45 ]. B 1  vitamin is undoubtedly the most sus-
ceptible to thermal degradation while B 2  and B 3  
 vitamins being relatively stable to heat. The con-
tents of retinol and α-tocopherol in raw and 
cooked meats reinforce that fat-soluble vitamins 
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are less heat-labile than water-soluble vitamins. 
Nevertheless, fat-soluble vitamins are also sus-
ceptible to degradation in the presence of oxygen 
and high temperatures. Concerning cooking 
methods, the culinary practices that make no use 
of water (e.g., grilling and microwave) allow for 
a greater retention of vitamins in meat.

   Heat treatment also leads to a decrease in the 
nutritional value of foods mainly due to mineral 
losses. Cooking methods involving water, such as 
steaming and boiling, seem to affect deeply the 
mineral content of meat. However, the magnitude 
of the mineral loss is largely dependent on the cook-
ing medium and use of drip [ 42 ]. The effect of 
cooking on the contents of trace elements in beef, 
pork, and poultry meats is presented in Table  20.5 . 
Cooked meat compared to raw meat shows higher 
iron concentration due to the moisture losses during 
heating [ 46 ]. The contents of potassium, sodium, 
magnesium, and phosphorus decrease in cooked 
beef and pork. Few studies have been performed on 
mineral retention of cooked meats, but all agree that 
zinc, copper, and iron are the most stable minerals 
during cooking [ 42 ].

   Cooking loss includes a combination of liq-
uid and soluble matters lost from meat being 
water the main component [ 22 ]. Generally, the 
cooking loss starts to develop around 40 °C. 
Variations in cooking loss can be associated to 
changes in meat structure caused by increasing 
temperature during cooking. The sarcoplasmic 
and myofi brillar proteins begin to denature at 
40–50 °C. Further protein denaturation and pro-
tein coagulation occur, which lead to myofi la-
ment shrinkage and textural toughening at 
45 °C. The cooking losses of beef at low cook-
ing temperatures (50–58 °C) are linked to the 
denaturation of α-actinin and myosin while 
losses observed in the range of 58–65 °C are 
mainly attributed to collagen contraction [ 21 ]. 
As shown by Lawrence et al. [ 47 ] beef samples 
cooked under the same conditions to the same 
fi nal internal temperature may differ in cooking 
loss due to moisture, fat, and collagen contents 
of raw material. In addition, different heating 
methods could also result in different cooking 
losses. Table  20.1  shows the cooking losses in 
meat samples after cooking. Alfaia et al. [ 24 ] 

reported higher cooking losses in beef cooked 
by microwaving followed by boiling and grill-
ing. Beef and pork patties cooked by microwave 
oven exhibit the highest cooking loss [ 25 ,  30 ].  

     Oxidative Changes 

 Meat composition, and its physicochemical prop-
erties, undergoes signifi cant changes such as oxi-
dative reactions through cooking. However, these 
changes differ with muscle location, animal spe-
cies, and cooking time and temperature. The time/
temperature cycle during cooking deeply affects 
free fatty acid content and enzyme activity. The 
lipolytic processes liberate free fatty acids, which 
are the substrates for subsequent oxidative reac-
tions and, therefore, leading to the development 
of rancidity and loss of shelf life, palatability, 
functionality, and nutritional quality of foods. 

 Lipid oxidation is the most important reaction 
responsible for deterioration of food quality, 
especially meats, and for the development of oxi-
dized fl avors, generally, called warmed-over 
 fl avor. It is widely acknowledged that a higher 
unsaturation index in meat may affect its oxida-
tive stability, since unsaturated fatty acids are 
more prone to oxidation. Numerous analytical 
methods have been developed for assessing lipid 
oxidation in foods. Among them, the peroxide 
value and conjugated dienes analysis are used to 
measure primary oxidative changes whereas 
thiobarbituric acid reactive substances and vola-
tile compound determinations to evaluate sec-
ondary lipid oxidation changes. Lipid oxidation 
of muscle foods occurs in the following order, 
poultry (chicken and turkey) > pork > beef > lamb 
[ 48 ]. It has been shown that roasting, which uses 
high temperatures during a long time, produces 
an increase of lipid oxidation compared to other 
heating methods [ 49 ]. However, microwave 
treatment using short time also enhances lipid 
oxidation. This high oxidation after microwave 
cooking was explained by a decrease of PUFA 
from phospholipids suggesting an increase of 
secondary oxidation products originated from 
these fatty acids [ 49 ]. In addition, an increase in 
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lipid oxidation could be explained by the loss of 
antioxidant activity, which could drop by up to 
80 % after heat treatment [ 50 ]. Nevertheless, 
lipid oxidation can be minimized either by dietary 
supplementation with antioxidants or by adding 
directly antioxidants to meat during processing. 
Therefore, the oxidative stability of meats 
depends upon the balance and interaction 
between endogenous anti- and pro-oxidant sub-
stances. Cholesterol may also undergo autoxida-
tion during cooking of meat and meat products. 
Cholesterol oxidation products (COPs) in food 
exhibiting mutagenic, carcinogenic, and cytotoxic 
properties are strongly dependent on cholesterol 
concentrations. 

 The susceptibility of meat to oxidative degra-
dation has been traditionally focused on lipids, 
mainly PUFA and cholesterol, whereas the 
impact of protein oxidation on meat quality is an 
issue of recent interest [ 29 ,  51 ]. Cooking plays a 
key role in protein oxidation because it affects the 
physicochemical state of proteins and the bio-
availability of their amino acids [ 21 ,  52 ]. The 
main changes in proteins include denaturation 
(loss of their native tertiary structure) and hydro-
lytic degradation (proteolysis) by endogenous 
and/or exogenous enzymes. Gatellier et al. [ 51 ] 
investigated the oxidation of three classes of 
amino acids (basic amino acids, aromatic amino 
acids, and cysteine), which can negatively affect 
the nutritional quality of meat by inducing cross- 
linking and aggregation of proteins. The forma-
tion of carbonyl groups from specifi c amino 
acids, thiol oxidation, and aromatic hydroxyl-
ation have been reported as the most remarkable 
chemical modifi cations in oxidized proteins, 
being used as protein oxidation indicators in both 
biological and food systems [ 29 ]. The oxidation 
of amino acid residues generates oxidation prod-
ucts, which can induce structural and physical 
changes such as protein aggregation, hydropho-
bicity changes, and a decrease in protein solubil-
ity [ 52 ]. Santé-Lhoutellier et al. [ 52 ] showed that 
the aggregation of meat proteins during cooking 
is associated to the increase of protein surface 
hydrophobicity. Even if some of these aggregates 
could be broken down by enzymatic reaction, it 
has been demonstrated that heating could reduce 

meat protein susceptibility to digestive proteases, 
which can negatively infl uence the nutritional 
value of meat [ 33 ].  

     Sensory Properties and Eating 
Quality 

 Cooking infl uences several attributes of eating 
quality through multiple physicochemical changes. 
It is well known that cooking time, temperature, 
and cooking method have a great effect on eating 
quality indicators including tenderness, fl avor, 
color, and overall acceptability by the onset of lipid 
and protein oxidation [ 22 ]. Consequently, main-
taining a balance of multiple quality attributes is a 
requisite in the processing of cooked meat [ 53 ]. 

 Tenderness is the most important meat quality 
characteristic that affects ultimate palatability and, 
thus, dictates consumer acceptance. During meat 
cooking, the time–temperature relationship infl u-
ences the meat texture parameters (cohesiveness, 
springiness, chewiness, hardness, elasticity). Heat-
induced alterations of primary structure compo-
nents in the muscle tissue, mainly collagen and 
myofi brillar proteins, are associated with changes in 
meat tenderness. Heating can strengthen myofi bril-
lar protein networks, which leads to toughening, but 
at the same time may solubilize connective tissue 
leading to tenderization [ 53 ]. Therefore, cooking 
can be responsible for either tenderization or tough-
ening of meat with the net effect being dependent 
on the composition of muscle, and the time/tem-
perature combinations employed. In addition, cook-
ing method is also an important factor affecting the 
tenderness of meat. Cooking in water seems to 
enhance meat tenderness than that of microwave 
heating due to the higher loss of water from muscle 
during microwave heating [ 30 ]. 

 Flavor represents a very complex sensory 
attribute of meat palatability that infl uences the 
overall eating quality. Cooking enhances the fl a-
vor of foods. Meat fl avor is primarily generated 
through the cooking process being the Maillard 
reaction and lipid oxidation the major pathways 
to produce fl avor components. The food industry 
makes extensive use of heat treatment to induce 
the Maillard reaction to generate hundreds of 
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 different fl avor compounds and aromas. The 
Maillard reaction, which is known to be highly 
pH-, temperature-, moisture-, and reactant- 
dependent, at high temperatures produces brown 
pigments, called melanoidins, and aromatic com-
pounds, as sulfur-containing amino acids and 
reducing sugars recombine. Even though, this 
reaction may be desirable in generating charac-
teristic fl avors in cooked meat, the degradation of 
proteins into smaller peptides and free amino 
acids may contribute to sour, bitter, and umami 
taste of meat products. Furthermore, mild condi-
tions of cooking meats (at temperatures between 
70 and 80 °C) lead to the disruption of muscle 
membrane structure and facilitate the interaction 
of lipid oxidation catalysts with unsaturated fatty 
acids, resulting in the production of free radicals 
and propagation of rancid off-fl avors [ 54 ]. 

 Color is also an important quality attribute for 
meat industry and consumers. Meat color is 
largely determined at the meat surface by the rela-
tive amounts of the three forms of myoglobin, 
specifi cally deoxymyoglobin, oxymyoglobin, and 
metmyoglobin. Among pH, fat content, and heat-
ing, the chemical state of myoglobin is the key 
factor for meat color changes. During cooking, 
these forms of myoglobin interconvert, and meat 

becomes progressively browner affecting the 
product’s fi nal appearance [ 55 ]. 

 Figure  20.5  summarizes the main changes 
induced by thermal processing in meat quality 
described in this chapter.

         Safety Concerns of Meat Cooking 

 Cooking is a critical process to assure microbio-
logical and chemical safety of foods. The main 
concerns associated with cooking involve the for-
mation of potential carcinogens in food such as 
heterocyclic aromatic amines (HAAs), polycyclic 
aromatic hydrocarbons (PAHs), dioxin-like poly-
chlorinated biphenyls (dl-PCBs) compounds, 
 N -nitrosamines, and COPs. HAAs, a potent class 
of carcinogens, are common pyrolysis products 
formed when muscle meat is cooked using high 
temperature methods. To date, more than 25 highly 
mutagenic HAAs have been found in cooked 
meats, including beef, poultry, fi sh, and pork [ 56 ]. 
Cooking methods such as frying, roasting, grilling 
and boiling, and other high temperature cooking 
are known to yield high concentrations of HAAs. 
The effect of microwave on HAAs formation in 
meat is controversial and remains unclear. Some 

  Fig. 20.5    Main changes induced by cooking on meat traits       
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studies have suggested that microwave pretreat-
ment before frying may be a way to minimize the 
formation of HAAs due to the loss of precursors 
by leakage [ 56 ]. Likewise, the effect of cooking 
on the levels of some PAHs and dl-PCBs in food-
stuffs (meat, fi sh, and dairy products) has also 
been investigated [ 57 ]. Cooking can also gener-
ate PAHs through grilling and smoking of food. 
The presence of these chemical contaminants in 
cooked foods is still a matter of concern with 
negative health outcomes. A possible role of 
HAAs plus PAHs and other harmful compounds 
(e.g., acrylamide, high fat, salt intake) in human 
cancer etiology has been documented [ 58 ]. High 
intake of red and processed meat has been associ-
ated with increased risk of colorectal cancer. The 
evidence that red and processed meat infl uences 
colorectal carcinogenesis was judged convincing 
in the 2007 World Cancer Research Fund report. 
Ongoing studies are investigating the associa-
tions between meat intake, cooking methods, and 
cancer risk [ 59 ].  

    Conclusions and Future 
Perspectives 

 This chapter highlights the effect of cooking on 
meat composition, which is quite complex, 
depending not only on the different cooking 
methods but also on the product type and its fat-
ness and degree of doneness. In general, cooking 
promotes remarkable increases in the concentra-
tion of fat, protein, and ash as moisture content 
decreases. In addition, the data herein reported 
shows distinct fatty acid composition related to 
different meat species, cooking techniques, and 
heating parameters. Finally, vitamins and trace 
elements are the most heat-sensitive nutrients, 
affecting mainly B vitamins. The cooking prac-
tices involving higher temperatures and longer 
times allowed for low retention values of these 
essential compounds refl ecting the water loss of 
meat during heating. Moreover, heat treatment 
induces protein and lipid degradation that have a 
strong impact on meat quality. However, the 
 heterogeneity of studies on meat makes hard to 
draw general conclusions. 

 Forthcoming research regarding the role of 
cooking methods and control of variables should 
be focused on the proper time–temperature param-
eters relative to a specifi c food, minimizing 
 nutritional losses and reducing the potential carci-
nogenic exposure to chemical contaminants. In 
summary, cooking time and temperature combina-
tions must represent an acceptable compromise 
between sensory and nutritional quality, safety, 
and energy use. The maintenance of meat quality 
throughout cooking is of great interest as meat rep-
resents an important part of a balanced and varied 
diet.     
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21The Quality of Orange Juice

Luciano Cinquanta and Marisa Di Matteo

Key Points

• Orange juice (OJ) is 100 % fruit juice available for consumer  year-round, 
after the pasteurization or the process of concentration/freezing/
pasteurization.

• Thermal pasteurization is used to prolong OJ shelf life, through inacti-
vation of pectin- methylesterase, enzyme that causes loss of fresh juice 
cloudiness, and the suppression of spoilage microorganisms. Generally, 
the shelf life of OJ is estimated as the time period in which there is a 
50 % of vitamin C (AA) loss.

• Mild processing technologies, such as high hydrostatic pressures, allow 
to obtain OJ with characteristics closer to those of fresh orange, namely 
for its content in substances exhibiting free radical scavenging and anti-
oxidant activities. Other alternative stabilization techniques (micro-
wave, ohmic heating, pulsed electric field), are under study to improve 
OJ quality.

• OJ contains an array of antioxidants including AA, flavonoids, and 
carotenoids, which exhibit different absorption kinetics, bioavailability, 
and antiradical mechanism.

• In the human organism AA may play a critical role in reducing the 
formation of compounds produced by the random oxidation of phos-
pholipids by oxygen radicals, synergistically with carotenoids, that are 
part of the antioxidant defense system in membranes and other lipo-
philic compartments.
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Abbreviations

AA Ascorbic acid or vitamin C
C AA concentration at time t
C0 AA concentration at time 0
DPPH Diphenyl-1-picrylhydrazyl
Ea Activation energy (J/mol)
FCOJ Frozen concentrate orange juice
FRAP Ferring reducing antioxidant capacity
HHPs High hydrostatic pressures
K AA loss rate (days−1)
kref AA acid loss rate at a reference tem-

perature Tref

kT AA loss rate at a storage temperature T
NFC Not from concentrate
OJ Orange juice
ORAC Oxygen absorbing capacity
PET Polyethylene terephthalate
R Gas constant (8.314 J/(mol K))
R2 Coefficient of determination
RDA Recommended daily acceptance
RECON Reconstituted
ROS Reactive oxygen species
RTD Ready to drink
T Storage time (days)
TEAC Trolox equivalent antioxidant capacity
UPOJ Unpasteurized orange juice

 Introduction

Orange juice (OJ) is defined in the European 
Union: “the fermentable but unfermented prod-
uct obtained from Citrus sinensis (L.) Osbeck, 

which is sound and ripe, fresh or preserved by 
chilling, having the characteristic color, flavor, 
and taste typical of the juice of the fruit from 
which it comes. Flavor, pulp, and cells from the 
juice which are separated during processing 
may be restored to the same juice. The fruit juice 
must come from the endocarp with minimum 
11.2°Brix.” In the United States OJ is also 
obtained by the citrus hybrid commonly called 
“Ambersweet.” OJ is prepared by mechanically 
squeezing of fruits: it is always 100 % fruit 
juice. Nectar is also made from citrus fruit but 
presents at least 50 % juice content and usually 
has added sugar. Still drinks contain some juice 
and a lot of sugar.

Orange juice is commonly marketed in four 
forms:
 – Unpasteurized (UPOJ): squeezed from fresh 

fruit and packaged in cartons, glass, or plastic 
containers, without being pasteurized. The 
product is clearly labeled, with a shelf life of 
only a few days.

 – Ready to drink (RTD), or not from concen-
trate (NFC): immediately processed and pas-
teurized after squeezing the fruit. The product 
can be stored frozen or chilled for at least a 
year.

 – Frozen concentrate (FCOJ): obtained by 
removing, through evaporation, the water 
from the OJ. It can be stored for several years 
at −6.7 °C or lower.

 – Reconstituted (RECON): processed to obtain 
the frozen concentrate and then reconstituted 
by adding back the water originally removed. 

• OJ contains several possible anticancer agents such as limonoids and 
flavonoids, such properties are attributed to their ability to inhibit cell 
proliferation, promote differentiation, to act as antioxidants and to 
modulate tyrosine kinases.

• Beyond the nutritional and healthy values, sensorial quality of OJ is 
also important, in fact, because of its pleasant taste, OJ often represents 
the major vitamin C intake source in children’s dietary.

Keywords

Antioxidant • Ascorbic acid • Bioavailability • Carotenoids • Flavanones 
• Orange juice • Pasteurization • Shelf life
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Reconstituted single strength juice is sold as a 
ready-to-serve (RTS) product either in chilled 
form or in aseptic form, in bottles or cartons, 
with a shelf life of 6–8 months at room 
temperature.
Brazil is the country’s largest producer of 

oranges and orange derivatives, production is 
located primarily in the state of São Paulo (70 % 
of Brazil’s production) and the four major orange 
varieties used for processing OJ are the Hamlin, 
Pera Rio, Natal, and Valencia. The second  
largest producer is the United States, followed 
by China, Costa Rica, Mexico, and the 
Mediterranean region. The two major orange vari-
eties under cultivation in United States (Florida, 
California) are the Navel and Valencia. A blend of 
different types of oranges is generally used to pro-
vide a specific flavor. Europe in 2009 has con-
sumed almost 30 % of the world’s beverages with 
orange flavor, of which 56 % was in the form of 
juice. The total consumption of OJ in Europe 
amounts to approximately 10 L per head and year. 
Consumers with elevated per capita income tend 
to consume 100 % premium OJ; so, a supply shift 
had the largest percentage impact on frozen con-

centrate orange juice (FCOJ) and RECON OJ and 
the smallest impact on not from concentrate 
(NFC) [1]. On the other hand, a consumer with 
lower per capita income tends to consume larger 
quantities of nectars and still drinks (Fig. 21.1). 
Total emission of greenhouse gas for 1 L of OJ 
produced in United States was estimated ranging 
between 0.22 and 0.38 kg carbon equivalent [2]. 
In the estimate data is not taken into account the 
carbon emission during shipping, for instance in 
transoceanic transportation of OJ in Europe.

 A Brief History of Orange Juice

Orange trees, originated in Southeast Asia and 
cultivated in China by 2500 bc, were introduced 
to Brazil in the 1500s. The observations of great 
navigators from the fifteenth centuries, when 
scurvy plagued ships’ crews, played an important 
role in clarifying scurvy’s etiology. Vasco da 
Gama, during his circumnavigation of Africa 
noticed that many men fell sick showing swelling 
in the legs, arms, and gums, and he also noticed 
that eating oranges had a beneficial effect. Among 

Fig. 21.1 Consumption (106 L) of beverage made from oranges in main countries during 2009. Juice: 100 % orange 
juice content; nectar: at least 50 % juice content; still drink: some juice content (Source: various reports)
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the personalities in the history of the disease, 
James Lind and Nobel Prize-winning Albert 
Szent-Györgyi are the most noteworthy, the first, 
an officer of the British Royal Navy, in 1753 
reported the first clinical trial on the treatment of 
scurvy with OJ. Szent-Györgyi is famous for dis-
covering and identifying vitamin C in 1930s [3], 
while the advances in pasteurization techniques 
improved juice quality and the industry expanded 
significantly. Prior to the late 1940s, consumers 
obtained OJ from either squeezing fresh fruit at 
home or from canned juice, until scientists found 
a way to concentrate fruit juice in a vacuum and 
freeze it without destroying the flavor or vitamin 
content. FCOJ were first sold in the United States 
in 1945, and they became widely available and 
popular. In the same decade, hot packed orange 
concentrate in small flat glass bottles, was made 
available in the United Kingdom to supplement 
vitamin C intake for children and pregnant 
women. For many years, FCOJ was the most 
popular form of processed OJ sold at retail: in the 
1950s it accounted for about 70 % of the OJ mar-
ket. Afterwards, few things have stirred the hopes 
of the public in matters of nutrition as much as a 
double Nobel Prize-winning scientist Linus 
Pauling’s 1970 book, Vitamin C and the Common 

Cold. The book’s main claim was that taking 1 g 
of AA daily would reduce the incidence of colds 
by 45 % for most people. Nowadays vitamin C 
does not seem to prevent the onset of the com-
mon cold, but in some studies it has been reported 
to reduce the length and severity of the symp-
toms. Furthermore, Pauling popularized use of 
AA for cancer therapy. In 1970s, a shift from 
glass to paper packaging facilitated reprocessing 
bulk FCOJ into RTS reconstituted OJ. By 1990 
FCOJ popularity had declined: it accounted for 
less than 50 % of the OJ market, and RECON and 
NFC juices first outsold the frozen type 
(Fig. 21.2). The NFC juice requires special 
extraction and storage conditions to ensure high 
quality, for instance oil content <0.035 %, chill-
ing and storing aseptically or in frozen blocks to 
provide a year-round supply to packers. Anyway, 
frozen technology was responsible for most of 
the early growth of the citrus industry, as shown 
by the development of “futures contract” as the 
world benchmark contract in the global FCOJ 
market. Shelf-stable OJ hot-filled into heatset 
polyethylene terephthalate (PET) containers have 
steadily grown in popularity since they first 
started appearing in 1995, made from concen-
trate. Today commercial aseptic packaging 

Fig. 21.2 Trends in category shares of the US orange juice market during last decades. NFC not from concentrate, 
FCOJ from concentrate orange juice, RECON reconstituted orange juice (Source: various reports)
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allows ready to drink (RTD) to be marketed 
without refrigerated storage. The recent trends 
show the increase of consumer preference in the 
United States and Europe towards unpasteurized 
orange juice (UPOJ), due to its superior taste, 
aroma, healthy and nutritive values. However, the 
juice is less stable during storage.

 Nutritional and Sensory Quality  
of Orange Juice

The main energy-yielding nutrients in OJ are 
simple carbohydrates: fructose, glucose, and 
sucrose, as well as citric and malic acids, which 
can also provide a small amount of energy. OJ is 
also considered a good source of important 
essential nutrients such as AA, flavonoids, carot-
enoids, folate, and potassium (Table 21.1).

 Vitamin C

The AA content of OJ is highly variable, depend-
ing on variety, fruit maturity, orange handling, 
processing parameters, packaging and storage 
conditions. The physiological functions of AA 
are attributed to the capacity to provide reducing 
equivalents for biochemical reactions. AA, an 
essential water-soluble vitamin, plays a key role 
in the formation of collagen, a primary compo-
nent of much of the connective tissue in the body, 
is an essential cofactor in neurotransmitter syn-
thesis and is important in vascular function [4]. 
AA is also an important aid in the absorption of 
inorganic iron; it has also been shown to aid in the 
treatment of anaemia and stress. AA is considered 

as a most important water-soluble antioxidant. 
It protects compounds in extracellular and 
intracellular spaces in most biological systems 
and reduces tocopherol radicals back to their 
active form at the cellular membranes [5]. It can 
directly scavenge superoxide radical, singlet oxy-
gen, hydrogen peroxide, and hydroxyl radical. 
The nutritional quality of OJ is related primarily 
to its content of l-ascorbic acid, and dehydro-
ascorbic acid, an oxidized form of AA. However, 
several studies revealed that the latter accounts 
for a small percentage (around 5 %) of the AA 
activity of the samples [6, 7]. Dehydroascorbic 
acid is not readily absorbed across the intestinal 
mucosa [8] and supplemental dehydroascorbic 
acid has little antiscorbutic activity. Thus, the 
oxidized AA content of OJ can be used an indica-
tor of oxidative stress but cannot be considered a 
dietary source of vitamin C [9]. Based on avail-
able biochemical, clinical, and epidemiological 
studies, the current recommended daily accep-
tance (RDA) for AA is suggested to be 100–
120 mg/day to achieve cellular saturation and 
optimum risk reduction of heart diseases, stroke, 
and cancer in healthy individuals [4, p. 9]. The 
AA content in OJ range from 150 to 550 mg/L; 
one glass of OJ (200 mL), can deliver about 
30–90 % of recommended daily intake of AA. 
The main factors that can affect AA loss in OJ 
include temperature, salt and sugar concentra-
tion, pH, oxygen, enzymes, light, metal catalysts, 
initial concentration of AA, microbial load and 
protection provided by the container [10]. The 
decrease of AA concentration toward levels 
unacceptable by legislation or industrial practice, 
often defines the OJ shelf life. Generally, shelf 
life of OJ was estimated as the time period in 
which there is a 50 % AA loss. AA loss was 
found to follow apparent first order kinetics dur-
ing storage (I):

 C = -C k t
0e( • )

 (I)

The effect of storage temperature on AA deg-
radation rate was described adequately by 
Arrhenius kinetics (II):
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Table 21.1 Average composition of commercial fresh 
squeezed orange juice (100 mL)

Energy (kJ) 170 Vitamin C (mg) 50
pH 4 Flavanones (mg) 55
Acidity (meq) 11 Limonoids (mg) 40
Carbohydrates (g) 10 Folate (μg) 30
Protein (g) <1 Carotenoids(μg) 400
Phenolic acids (mg) 7 Potassium (mg) 190

J joule, meq milliequivalents, μg 10−6 g (Source: various 

reports)
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The activation energy (Ea) was determined to 
be 68.5 kJ/mol (R2 = 0.97) and 53.1 kJ/mol 
(R2 = 0.97) for high pressurized and thermally 
pasteurized OJ, respectively, suggesting greater 
temperature dependence of the AA degradation 
rate for high pressurized OJ [11]. In another trial 
with concentrate OJ, the activation energy was 
determined to be 105.4 kJ/mol [12]. The shelf life 
(t) of high pressure, heat pasteurized juice, and 
concentrate OJ at different storage temperatures 
can therefore be calculated through (I), substitut-
ing C with 0.5C0 and k with the predicted value 
from Arrhenius equation (II) for each storage 
temperature. The shelf life increase of HPPs 
treated OJ, compared to thermal pasteurized 
juice, ranged from 13 days (49 % increase), for 
storage at 15 °C, to 99 days (112 % increase), for 
storage at 0 °C (Table 21.2) [11]. In concentrate 
OJ, shelf life ranged from 173 days at 28 °C to 19 
days at 45 °C [12]. It was then demonstrated that 
RECON OJ from frozen concentrate had the low-
est content of oxidized AA (30 % of AA at prepa-
ration), whereas the NFC had higher concentration 
of oxidized AA (51 % of AA at 4 weeks from 
expiration). These data demonstrate a substantial 
loss of active vitamin C available to the consumer 
in NFC juice (Table 21.3). Pasteurized, NFC OJ 
typically contains 25 % less vitamin C per serv-
ing (80 mg), compared to frozen concentrate 
(100 mg), a result, in part, of heat-induced 
destruction of AA [9, p. 10].

 Flavanones

Oranges are a rich source of health-promoting 
flavonoids, especially flavanones and hydroxy-
cinnamic acids, or esters of ferulic, p-coumaric, 
sinapic, and caffeic acids. In contrast to other fla-
vonoids like flavonols, which are found in a wide 
range of foods, flavanones are present in our 
diet almost exclusively in citrus fruits. Prominent 
flavanone glucosides in citrus are hesperidin 
(hesperetin-7-O-rutinoside) and naringin 
(naringenin- 7-O-rutinoside), followed by nariru-
tin and poncirin. The content of hesperidin and 
narirutin in OJ ranges from 188 to 590 mg/L and 
from 16 to 96 mg/L, respectively [13]. One glass 
of OJ (200 mL) of OJ provides approximately 
83.3 mg of flavanones [14]. It was reported that 
concentration technique doubled the total flava-
nones content in the cloud portion (pulp), due to 
the precipitation from the soluble fraction [15]. 
Hesperidin content variation appears to be greater 
in NFC juice than that of FCOJ. In general, hes-
peridin, narirutin, and total flavonoids content of 
NFC juices were lower compared to FCOJ [16].

 Carotenoids

Characteristic color of both the peel and the pulp 
of most varieties of ripe oranges are mainly due to 
carotenoid pigments. The carotenoids profile can 
vary markedly within the same variety, in function 
of the climatic features, of the geographical area of 
the cultivar and of industrial processing and stor-
age conditions. Carotenoids possess structural 
diversity and are important from a nutritional point 
of view and for their potential health benefits, 
because some of them have provitamin A activity. 
Total carotenoid content in fresh OJ varied from 
26 to 81 mg/100 mL, originated by more than 14 
different carotenoid compounds, the main of 
them is antheraxanthin (44 %), followed by 
β-cryptoxanthin (10 %), zeaxanthin, and lutein 
(8 %) [17, 18]. Pasteurization leads to decreases in 
the levels of some carotenoids, such as violaxan-
thin, antheraxanthin [19] and β-cryptoxanthin, 
considered the main source of provitamin A in OJ.

Table 21.2 Estimated shelf life (days) based on 50 % 
ascorbic acid reduction at different temperatures (°C) of 
various form of orange juices

Storage  
temperature

Thermally 
pasteurized

HHPs  
treated Concentrate

0 88 187 –
5 58 109 –
10 39 64 –
15 26 39 –
28 – – 173

30 9 9 –
37 – – 26
45 – – 19

Adapted from refs. [11, 12]
HHPs high hydrostatic pressures
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 Folate

Folate content in OJ ranged from 13 to 
30 mg/100 mL, with wide variation between 
juices from different brands, freshly pressed juice 
and juice made from concentrate [20, 21]. OJ 
may be considered a good source of natural folate 
also in respect to stability during storage and sim-
ulated digestion. Folate is a B-vitamin essential 
for cellular replication. The RDA for folate for 
adults aged 51 and greater is 400 μg/day. Adequate 
folate status has been defined as a serum or 
plasma folate concentration above 7 nmol/L 
(3 ng/mL) and a red blood cell concentration 
above 305 nmol/L (140 ng/mL). Plasma homo-
cysteine has been used as a folate status func-
tional indicator, with 14 μmol/L more often used 
as a cutoff to define elevated concentrations [22].

 Limonoids

Limonoids are unique highly oxygenated triter-
penoid compounds present in Rutaceae long rec-
ognized as significant biologically active natural 
compounds. Citrus limonoids appear in large 
amounts in citrus juice as water-soluble limonoid 
glucosides, their concentrations can reach levels 
of 350–400 mg/L in OJ. Pharmacological investi-
gations have shown that certain citrus limonoids 
have potential health benefits, owing to their 
anti- inflammatory and anticancer properties. 
Limonoid aglycones are converted to non-bitter 

17β-d-glucopyranoside derivatives such as limonin 
17β-d-glucopyranoside (LG) during maturation. 
This natural debittering process is catalyzed by 
the enzyme UDPD-glucose (limonoid glucosyl-
transferase). Bitterness is an important factor 
for determining the quality of citrus fruits and 
their processed products. Particularly, the reduc-
tion of the bitter taste due to limonin is still a 
major problem in the citrus industry worldwide. 
An ongoing molecular biology study aimed at the 
creation of transgenic citrus fruit could provide a 
way to eliminate the bitterness problems [23].

 Volatile Compounds

Another important attribute for OJ acceptance by 
consumers is its aroma: during the industrial pro-
cessing of OJ the biggest losses in the concentra-
tion of volatile components occurs during 
deaeration, applied before pasteurization. 
Afterwards, to reduce the costs for transportation 
and storage, OJ undergoes a concentration pro-
cess, yielding three important fractions: the con-
centrate, the aqueous phase, and the essential oil. 
In the distributing countries, the concentrate is 
diluted with water and, after addition of the two 
aroma fractions the RECON juice is pasteurized 
before bottling. In comparison to a hand squeezed 
OJ, compounds with higher odor activity val-
ues (OAVs), in the freshly reconstituted OJ 
were: linalool, octanal, decanal, (R)-limonene, 
(R)-α- pinene and myrcene. On the other hand, 

Table 21.3 Loss of active vitamin C (reduced AA) in different form of orange juice at 4, 1, and 0 expiration weeks

Expiration date
Total AA  
(mg/100 mL) Reduced AA (%) Oxidized AA (%)

Label claim  
(mg/100 mL)

Label  
claim (%)

RECON Freshly prepared 122.7 70 30 96  90
NFCa

4 133.0 49 51 60 108
0 83.0 28 72  39
NFCb

4 118.5 46 54 72  75
1 98.1 46 54  63

Adapted from ref. [9]
AA ascorbic acid, NFC not from concentrate, RECON reconstituted orange juice
aWaxed carton container
bPlastic container
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acetaldehyde, (S)-ethyl 2-methylbutanoate, ethyl 
butanoate, and (Z)-3-hexenal were significantly 
reduced in RECON OJ, as compared to the hand 
squeezed juice. Moreover, (E)-β-damascenone, 
dimethyl sulfide and carvone, probably formed 
by the thermal treatment and/or oxidation, were 
found in the RECON juice, but not in the hand 
squeezed juice [24].

 Advanced Technologies to Improve 
Orange Juice Quality

Nowadays there is a strong consumer demand for 
premium OJ that maintains a nutrient profile as 
close as possible to that of fresh fruits. As the 
processing techniques (pasteurization, freezing, 
and concentration), could affect OJ compounds, 
manufacturers and researchers have a common 
aim to find the best conditions and processing 
techniques able to improve the health benefits 
and taste from OJ.

 Extraction and Juice Concentration

In the extraction of OJ the fluid is moved to a 
finisher, to separate the solids from the stream of 
liquid. A process for debittering OJ involves sep-
arating the pulp by centrifugation or ultrafiltra-
tion and recombining the pulp with the debittered 
juice prior to concentration. OJ is then moved to 
an evaporator, commonly a seven-effect short- 
time evaporator (TASTE), where about 2.8 kg of 
water are removed for each kilogram of steam 
used, followed by pasteurization and chilling 
prior to retail packaging.

 Advanced Technologies  
for Pasteurization

Thermal pasteurization is used to inactivate heat- 
stable pectin-methylesterase enzyme (PME EC 
3.1.1.11), which is more thermal resistant than 
spoilage microorganisms (yeasts and lactic acid 
bacteria), to prolong OJ shelf life. PME activity 
is important because this enzyme is responsible 

for the hydrolysis of the pectin present in citrus 
fruit juices that causes loss of fresh juice cloudi-
ness and gelation of pectin in concentrate juice. 
Due to the low pH (generally ≤4.0) of OJ, growth 
of pathogenic microorganisms is normally sup-
pressed, anyway, the FDA recommends a 5-log 
reduction of the “pertinent microorganism,” 
which is the most resistant microorganism, in OJ: 
E. coli O157:H7. Typically, for shelf-stable 
juices, processing times for thermal pasteuriza-
tion are equivalent to 90 °C for 1 min. Thermal 
processing has a negative impact on the quality of 
OJ such as loss of fresh flavor, degradation of 
AA, and discoloration. A relatively large loss of 
provitamin A (β-carotene, α-carotene, and 
β-cryptoxanthin), and carotenoids occurred after 
thermal processing in OJ. Alternative stabiliza-
tion techniques are under study to improve OJ 
quality. Microwaves’ heating seems a useful 
technique, owing to its characteristic volumetric 
heating without intermediate fluid, thus allowing 
for faster and more effective treatment. 
Microwave processing, with the support of an 
effective temperature control (i.e., infrared ther-
mography), resulted effective to stabilize fresh 
OJ, minimizing thermal damage [25]. Another 
method proposed for OJ pasteurization was 
ohmic heating, which advantages, instead, 
include uniform heating of food. The results 
obtained with a thermal treatment by continuous 
ohmic heating suggested that it can be used to 
extend the sensorial shelf life of pasteurized 
freshly squeezed OJ [26]. Pulsed electric field 
(PEF) processing is a nonthermal preservation 
process: OJ is treated in a chamber with two elec-
trodes giving short electric pulses to inactivate 
microorganisms, in order to increase the shelf life 
of OJ with a minimal effect on its quality.

 High Hydrostatic Pressures

High hydrostatic pressures (HHPs) represent an 
industrial method for the inactivation of micro-
bial activity through the induction of membrane 
damage under reduced heating regimes, provid-
ing better retention of many antioxidant com-
pounds. HHPs have been used to inactivate PME 
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enzymes in OJ, thereby preventing the hydrolysis 
of pectin and maintaining the desirable cloud [11, 
p. 14]. HHPs treated OJ is available in Europe, 
United States, and Japan, thus evidencing the util-
ity and cost effectiveness of the process. HHPs 
have been demonstrated to be effective against E. 
coli O157, inactivated in OJ following treatment 
at 250 MPa for 5 min at 40 °C. HHPs treatment, 
compared with thermally processed juices, main-
tained higher or equivalent levels of AA in OJ, 
increased the bioavailability of folate, and 
improved the recovery of the major flavonones, 
naringenin, and hesperetin. Regarding lipophilic 
antioxidants, HPPs treatment improved the recov-
ery of carotenoids in OJ up to 54 %, probably as 
a result of enhanced carotenoid release from 
denatured proteins and membranes [7, p. 14].

 Packaging and Shelf Life of Orange 
Juice

The adverse effects of dissolved oxygen on OJ 
quality include degradation of AA, increased 
browning and growth of aerobic bacteria and 
moulds. The packaging prevents microorganisms 
from entering and proliferating inside and reduces 
the exposure of OJ to oxygen through the use of 
high barrier materials such glass or foil laminates 
in brick packs, nitrogen flushing or improving gas 
barrier of PET by blending with aromatic poly-
amides [27]. The reasons for AA loss in fully pas-
teurized, aerobically stored OJ are not enzymatic, 
because oxidative enzymes such as cytochrome 
oxidase, ascorbic acid oxidase, and peroxidase, 
responsible for the loss of AA in freshly squeezed 
OJ, are destroyed during pasteurization. Chilled 
OJ contains significantly less AA (−40 %), than 
freshly prepared OJ from frozen concentrate [9, 
p. 15]. Most chilled OJ is packaged in polyethyl-
ene or polystyrene containers, which are perme-
able to oxygen, causing AA destruction (20 % at 
3–4 weeks postproduction). FCOJ retain more 
than 90 % of its AA content after 12 months at 
−20 °C. UPOJ showed higher ascorbic acid reten-
tion respect to pasteurized juice during storage, 
owing to: oxygen consumption by natural flora in 
single strength juice, the thermal oxidative 
destruction of several protectors of AA such as 

flavonoids, and the production of oxidative 
molecules during the first steps of the Maillard 
reaction. The shelf life of the natural fresh OJ 
stored at 25 °C and 4 °C could be extended only 
1 and 6 days, respectively, because beyond these 
periods, their total colony counts, odor, and 
chemical changes were unacceptable [28].

 Health Benefits of Orange Juice

 Antioxidant Capacity of Orange Juice

OJ contains an array of potent antioxidants 
including flavonoids (hesperetin and naringenin, 
predominantly as glycosides), carotenoids (xan-
thophylls, cryptoxanthins, carotenes), and AA. 
The term “antioxidant” has been defined: “a sub-
stance in foods that significantly decreases the 
adverse effects of reactive species, such as reac-
tive oxygen species (ROS) and nitrogen species, 
on normal physiologic function in humans.” 
Oxidative stress has been associated with the 
development of many chronic and degenerative 
diseases as well as being involved in the process 
of aging. ROS can damage biological molecules 
such as proteins, lipids, and DNA. ROS are gen-
erated as byproducts of normal cell aerobic respi-
ration that is essential to life. Antioxidants can 
reduce radicals by single electron transfer and 
hydrogen atom transfer mechanisms, thus its 
activity can been determined in food using 
 several assays. AA scavenges superoxide anions 
and plays an important role in the control of 
the intracellular redox state [29]. Diphenyl-1- 
picrylhydrazyl (DPPH) and FRAP measure the 
single electron transfer, and oxygen absorbing 
capacity (ORAC) and TRAP represent the hydro-
gen atom transfer mechanism (Table 21.4) [30, 
31]. The positive and very strong correlation 
between AA content and total antioxidant activ-
ity of NFC suggested that the AA is the main 
responsible for the antioxidant activity [32].. In 
OJ the AA content explained 50 % of the antioxi-
dant capacity measured by the DPPH assay. AA 
protects endothelial cells from either intra- or 
extracellular oxidant stress and also may reduce 
the risk of atherosclerosis. High intakes of AA 
(500 mg/day, corresponding to five glasses of 
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OJ), obtained from OJ, prevented a rise in the lev-
els of oxidized LDL (low density lipoproteins), 
even in the presence of a high-saturated fat diet. 
Drinking OJ increased AA concentrations and 
reduced oxidative stress in vivo, by lowering 
the concentration of F2-isoprostanes. Moreover, 
two glasses of OJ reduced the concentrations of 
8-epi- prostaglandina (8-epi PGF2α), marker of 
oxidative stress, inversely correlated with total 
AA content [33]. Such data suggested that AA 
may play a critical role in reducing the formation 
of compounds produced by the random oxidation 
of phospholipids by oxygen radicals. Moreover, 
it was ascertained that low blood levels of AA are 
detrimental to health of older persons [34]. In the 
past it was assumed that AA was the only chemo 
preventive agent in citrus, whilst recent accumu-
lative evidences suggest that citrus contains sev-
eral possible anticancer agents such as limonoids 
and flavonoids [35]. Physiological properties of 
these flavonoids are attributed to their ability to 
inhibit cell proliferation, promote differentiation 
and function as antioxidants and to modulate 
tyrosine kinases. Thus, in OJ coexist components 

exhibiting fast antiradical kinetics (mainly  
AA and minor amounts of some polyphenolic 
derivatives), and components exhibiting slow 
antiradical kinetics (mainly citrus flavanone-7-O-
glycosides and minor amounts of some polyphe-
nolic derivatives). Drinking OJ with meals can 
counter the pro inflammatory effects of high-fat, 
high-carbohydrate meal that induce a protein, 
suppressor of cytokine signaling 3 (SOCS-3), 
which interferes with the action of insulin, pro-
moting insulin resistance. These adverse changes 
can be avoided when OJ is consumed with a 
meal. This implies that drinking OJ could poten-
tially help prevent insulin resistance, diabetes, 
and coronary heart disease. Such benefit may be 
attributable to the OJ flavonoids, which suppress 
ROS. The intake of glucose or a high- fat, high-
carbohydrate meal, but not OJ, induces an 
increase in inflammation and oxidative stress in 
circulating mononuclear cells (MNCs) of normal- 
weight subjects. These observations may partly 
explain the mechanisms underlying postprandial 
oxidative stress and inflammation, pathogenesis 
of insulin resistance, and atherosclerosis. In con-
trast, the intake of OJ containing fructose, glu-
cose, and sucrose does not cause an increase in 
ROS generation. In addition, hesperetin and nar-
ingenin, but not AA, are able to suppress ROS 
generation by MNCs in vitro by 50 % [36]. 
Carotenoids may be scavengers of reactive 
 species, showing antioxidant activity, and they 
may protect humans from serious disorders such 
as skin disorders, cardiovascular disease, age- 
related diseases of the eye, such as macular degen-
eration, or cataracts [17, p. 17]. The lipophilicity 
of the carotenoids determines their subcellular 
distribution in membranes and other lipophilic 
compartments. In the human organism, carot-
enoids are part of the antioxidant defense system, 
since are most likely involved in the scavenging of 
two of the ROS, singlet molecular oxygen and 
peroxyl radicals. Singlet oxygen quenching by 
carotenoids occurs via physical or chemical 
quenching. Mixtures of carotenoids are more 
effective than single compounds and they interact 
synergistically with other antioxidants. Anyway, 
under specific conditions AA, flavonoids and 
carotenoids may also act as pro- oxidants, as were 

Table 21.4 Antioxidant potency in orange juice

Antioxidant assay Content Reference

DPPH index 25.3 [30]
DPPH (% inhibited) 12.7 [30]
ORAC index 23.3 [30]
ORAC (μmol of TE/mL) 7.4 [30]
H-ORACa (μmol of TE/day) 454.0 [31]
FRAP index 18.5 [30]
FRAP (μmol of FE/mL) 1.5 [30]
TEAC index 10.1 [30]
TEAC (μmol/mL) 1.5 [32]
VCEAC (mg/100 mL) 19.4 [32]
Peroxidesb 12.9 [30]
Malondialdehydeb 7.7 [30]
Total phenols (mg gallic acid/L) 3.3 [32]
GAEs (mg gallic acid/L) 0.7 [30]

Adapted from refs. [30–32]
TEAC trolox equivalent antioxidant capacity, ORAC oxygen 
absorbing capacity, FRAP ferring reducing antioxidant 
capacity, DPPH free radical scavenging properties by 
duphenyl-1-picrylhydrazil radical, VCEAC vitamin C, 
equivalent antioxidant capacity, GAE gallic acid equivalent
aH hydrophilic
bInhibition of LDL oxidation
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discussed in context of adverse effects observed 
upon supplementation at high levels. Thus, it is 
important to get antioxidant intake directly by 
vegetables or minimally processed fruits (i.e., 
OJ), and to consider that antioxidants health-pro-
moting properties depending on specific people 
baseline levels of ROS. ROS, in fact, play either 
harmful or beneficial role in biological systems, 
the last including physiological roles in cellular 
responses against infectious agents and in several 
cellular signaling pathways [37].

 Bioavailability and Benefits  
of Orange Juice Micronutrients  
in Humans

At low concentrations, the absorption of AA 
occurs through an active transport process, 
whereas at high concentrations, absorption is 
mediated by a combination of both active and 
passive diffusion in the gastrointestinal tract. 
Thus, consumption of foods rich in AA may 
favor absorption by slowing the interaction of the 
juice with the gastric wall. Consumption of 
250 mg AA, contained in two and a half glasses 
of OJ (500 mL), significantly increased plasma 
AA from 30–50 to 60–90 mmol/L in just 3 h [36, 
p. 18]. The increased concentration was main-
tained as long as the subjects were drinking the 
OJ, which suggests that this is an efficient means 
of increasing AA concentrations in the body. For 
a long time, absorption of flavonoids from dietary 
sources was considered to be negligible. 
Furthermore, recent reports suggest that humans 
absorb appreciable amounts of flavonoids in the 
small intestine and citrus flavonoids could reach 
relatively high concentrations in human plasma 
after ingestion of orange [38]. Flavanones absorp-
tion takes place in the colon, a concentration of 
0.5–1.5 mmol/L of flavanone glucuronides was 
found in plasma only for a short period. In fact, 
24 h after the ingestion of orange juice, the uri-
nary elimination of flavanones was nearly com-
plete (98 %), and the metabolites were no longer 
present in plasma [39]. It has been suggested that 
flavonoids from OJ affect cholesterol metabolism 
in the liver, because they inhibit the production of 

endogenous lipoproteins. Hesperidin and naringin 
have been reported to reduce plasma cholesterol 
and to protect animals against chemically induced 
cancers of colon, bladder, skin, and oesophagus 
[40]. Adequate folate intake and status has been 
also associated with reduced risk for chronic con-
ditions that may particularly affect the elderly, 
including hyperhomocysteinemia, a risk factor 
for vascular disease, cancer, and cognitive dys-
function. The primary chemical form of folate 
occurring in nature is a pteroylglutamate com-
pound; folate must be cleaved to the monogluta-
mate form by an intestinal conjugase enzyme 
before being absorbed in the intestinal tract. The 
bioavailability of carotenoids is governed by 
characteristics of the food matrix, which affect 
the efficiency of physical, enzymatic, and chemi-
cal digestion. Following release from the food 
matrix, the major limiting factor is solubility of 
carotenoids in digesta. There is a large body of 
literature that indicates that dietary carotenoids 
are cancer preventative: α-carotene has been 
found to be a stronger protective agent than its 
well-known isomer β-carotene [41]. To support 
healthy benefits of OJ, some results of the asso-
ciation of 100 % OJ consumption by children 
2–18 years of age (n = 7,250), participating in the 
2003–2006 National Health and Nutrition 
Examination Survey with intakes of select nutri-
ents, were reported. Compared with non consum-
ers, OJ consumers had a higher percentage of the 
population meeting the Estimated Average 
Requirement for vitamin A (19.6 % vs. 30.2 %), 
vitamin C (0.0 % vs. 29.2 %), folate (1.3 % vs. 
5.1 %), and magnesium (25.5 % vs. 39.0 %). The 
Healthy Eating Index-2005 was significantly 
(P < 0.01) higher in consumers (52.4 ± 0.4 vs. 
48.5 ± 0.3). So, a moderate consumption of OJ 
should be encouraged in children as a component 
of a healthy diet [42].

 Conclusions

Mild processing technologies allow to obtain OJ 
available year-round, with characteristics closer 
to those of fresh orange, namely for its content in 
substances exhibiting free radical scavenging and 
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antioxidant activities. These healthy components, 
mainly vitamin C, carotenoids, and flavonoids, 
exhibit different absorption kinetics, bioavail-
ability, and antiradical mechanisms. Anyway, 
there is greater absorption of these nutrients 
when taken not as singly as supplements, but 
when consumed in minimally processed fruit, 
such as OJ, in which they naturally appear along 
with all the other biologically active phytonutri-
ents that citrus fruits contain. Type of processing, 
packaging and storage conditions affect the OJ 
quality; generally, the shelf life of OJ is estimated 
as the time period in which there is a 50 % of 
vitamin C loss. Beyond the nutritional and 
healthy values, sensorial quality of OJ is also 
important, in fact, because of its pleasant taste, 
the orange juice often represents the major vita-
min C intake source in children’s dietary.
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 Key Points 

•     Whole grains contain signifi cant amounts of functional, biologically 
active nutrients and phytonutrients.  

•   Global dietary guidelines recommend incorporation of whole grain 
foods into a healthy diet and lifestyle program.  

•   Global whole grain intake continues to be well below dietary 
recommendations.  

•   Regular consumption of whole grains contributes to improved nutrient 
intakes.  

•   Whole grains play a signifi cant role in lowering the risk of chronic 
diseases, such as coronary heart disease, diabetes, and cancer, and also 
contribute to body weight management and gastrointestinal health.  

•   The essential macro- and micronutrients, along with the phytonutrients 
present in whole grains, synergistically contribute to benefi cial health 
effects of whole grains.  

•   Ways to encourage whole grain consumption include: Increasing con-
sumer awareness of the health benefi ts of whole grains, increasing 
availability of whole grain foods, enabling easy identifi cation of whole 
grain foods in the marketplace and changing perceptions of taste and 
palatability of whole grain foods.  

•   It’s important for health professionals, industry, government, and pub-
lic health campaigns to more vigorously promote consumption of 
whole grains.    
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      Abbreviations 

   CSFII    Continuing Survey of Food Intake   
  EAT    Eating attitudes of teenagers   
  HEI       Healthy Eating Index   
  NHANES    National Health and Nutrition 

Examination Survey   
  RTEC    Ready-to-eat-cereals   
  TE    Trolox equivalents          

    Introduction 

 Whole grains and whole grain foods are an 
important component of nutrient-dense diets and 
play a signifi cant role in maintaining health and 
preventing chronic disease. This chapter briefl y 
summarizes the role of whole grains in health and 
nutrition through discussion of: defi nition of 
whole grains, whole grain composition, whole 
dietary recommendations and consumption pat-
terns, dietary sources of whole grains, whole 
grains impact on diet quality and whole grain 
foods in the market place. This chapter is not 
meant to be a comprehensive review of these top-
ics but rather provides an overview of the impor-
tance of whole grains.  

    Whole Grains Defi nition 

 Whole grains are defi ned by the American 
Association of Cereal Chemists International and 
the United States Food and Drug Administration 
as consisting of the “intact, ground, cracked or 
fl aked fruit of the grain whose principal compo-
nents, the starchy endosperm, germ and bran, are 
present in the same relative proportions as they 
exist in the intact grain” [ 1 ,  2 ]. This defi nition 
was adapted by other regulatory agencies and 
groups, such as the United Kingdom’s Food 
Standards Agency [ 3 ], and Health Grain Forum 
[ 4 ]. In order to be considered whole grain, whole 
grains foods that undergo processing and recon-
stitution must deliver the same proportion of 
bran, germ, and endosperm as that of the original 
grain [ 1 ,  2 ]. During the refi ning of whole grains 
into white fl our, the outer bran and inner germ 

layers are removed and the remaining endosperm 
is processed into fl our. Consequently, whole 
grains are inherently richer in dietary fi ber com-
pared to refi ned grains, containing approximately 
80 % more dietary fi ber [ 5 ]. Furthermore, the 
refi ning process results in a substantial loss of 
essential minerals, vitamins, and phytonutrients 
[ 5 ]. Table  22.1  provides examples of common 
whole grains and whole grain foods.

       Whole Grains Composition 

 Table  22.2  shows the macronutrient composition 
of the common whole grains [ 6 ]. In addition to 
fi ber, whole grains are rich sources of vitamins 
(B-complex, E), minerals (Iron, Magnesium, 
Potassium, Zinc, Selenium), dietary fi ber, lignins, 
cellulose, beta-glucan, inulin, numerous phyto-
chemicals, phytosterols, phytin, and sphingolipids 
[ 5 ,  7 ]. It is suggested that these compounds exert 
an additive, synergistic effect on health when con-
sumed together [ 5 ,  7 ].

   Table 22.1    Common whole grains and examples of 
whole grains food products   

 True cereals 
(common names)  Pseudo cereals 

 Wheat  Amaranth 
 Oat  Buckwheat 
 Barley  Quinoa 
 Brown rice 
 Maize (corn) 
 Rye 
 Millets 
 Sorghum 
 Teff 
 Triticale 
  Examples of common whole grains food products  
 Whole wheat fl our  Whole grain (wheat) pasta 
 Whole wheat bread  Whole grain (e.g., wheat, corn) 

tortilla 
 Rolled oats, oatmeal  Brown rice 
 Popcorn  Baked goods (e.g., whole wheat 

blueberry muffi n, whole wheat 
bread) 

 Rye bread  Whole grain ready-to-eat 
breakfast cereal 
 Whole grain snacks 
(e.g., crackers, bars) 
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       Individual Whole Grain 
Components 

 The outer bran layer of whole grains is the multi-
layered outer skin of the grain that protects the 
germ and endosperm from damaging sunlight, 
pests, water, and disease. The bran is composed of 
non-digestible, mainly insoluble, poorly ferment-
able carbohydrates (e.g., cellulose, hemicellulose), 
phenolic compounds, vitamins, minerals, and 
fi ber. The inner germ and starchy endosperm con-
tain viscous soluble fi bers, fermentable oligosac-
charides, resistant starch, lignins, vitamins, 
minerals, polyphenols, unsaturated fatty acids, and 
other phytonutrients [ 5 ]. The endosperm is the 
largest component of the whole grain and contains 
carbohydrates, protein, vitamins, and minerals. It 
serves as the food supply for the germ and provides 
energy for the rest of the plant. The germ refers to 
the embryo, the part that forms the new plant, and 
contains vitamins, some protein, minerals, and fat.  

    Whole Grain Phytonutrients 

 Dietary phytochemicals are defi ned as bioactive, 
non-nutrient plant compounds that are associated 
with a reduced risk of chronic diseases. Adom 
et al. [ 8 ] reported that the majority of the benefi -
cial phytochemicals are present in the bran and 
germ fractions of whole grains. The additive and 
synergistic effects of these bioactive phytochemi-
cals may be responsible for the health benefi ts 

associated with whole grains. Additionally, these 
phytochemicals can potentially complement 
those found in fruits and vegetables when con-
sumed together [ 5 ,  8 ].  

    Whole Grain Phenolics 

 Plant phenolics provide chemical defense 
against pathogens, parasites, and predators. 
There are various classes of phenolic compounds 
in whole grains, including derivatives of benzoic 
and cinnamic acids, namely ferulic acid, vanillic 
acid, caffeic acid, syringic acid,  p -coumaric 
acid, anthocyanidins, quinines, fl avonols, cha-
lones, fl avones, fl avanones, and amino phenolic 
compounds [ 5 ,  8 ]. These phenolics are present 
in water-soluble conjugated and free-form in 
whole grains [ 9 ]. Ferulic acid is one of the most 
studied whole grains phenolics [ 5 ,  8 ,  9 ]. Food 
processing (e.g., thermal processing and mill-
ing) helps to release these phytochemicals, mak-
ing them more bioaccessible. Additionally, 
colonic digestion results in release of the bound 
phenolic compounds, thus enabling them to 
exert their health effects both locally and sys-
temically upon absorption. Andreasen et al. [ 10 ] 
showed that human gastrointestinal esterase, 
from the intestinal mucosa and intestinal micro-
biota, can release ferulic acid and diferulics 
from cereal bran, thereby potentially contribut-
ing to the lower risk of certain cancers (e.g., 
colon cancer) associated with consumption of 
whole grains [ 11 ]. 

   Table 22.2    Macronutrient composition of whole grains [ 6 ]   

 Grain  Calories (kJ) 
 Total 
carbohydrate (g)  Protein (g)  Total fat (g) 

 Total dietary 
fi ber (g) 

 Per 100 g 
 Wheat, soft white  1,421  75.4  10.7  1.99  12.7 

 Oat  1,626  66.3  16.89  6.90  10.6 

 Barley, hulled  1,480  73.5  12.48  2.3  17.3 

 Rice, brown, long-grain  1,547  77.2  7.9  2.9  3.5 

 Corn, yellow  1,526  74.3  9.4  4.7  7.3 

 Rye  1,413  75.9  10.3  1.6  15.1 

 Millets  1,580  72.8  11.0  4.2  8.5 

 Sorghum  1,413  74.6  11.3  3.3  6.3 

 Teff  1,534  73.1  13.3  2.4  8.0 

 Triticale  1,404  72.1  13.0  2.1  Not available 
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 In wheat kernels, ferulic acid and other pheno-
lic acids provide protection through physical and 
chemical barriers such as: cross-linking with car-
bohydrates, antioxidant activities to combat 
destructive radicals and astringency that deters 
consumption by insects and animals [ 5 ,  8 ,  9 ]. The 
whole grains phenolic compounds function in the 
body as antioxidants by donating hydrogen atoms 
to free radicals [ 5 ,  9 ]. The total phenolic content 
of whole grains corresponds to their total antioxi-
dant capacities. Miller et al. [ 12 ] reported the 
antioxidant capacity of whole grains breakfast 
cereals to range from 2,200 to 3,500 Trolox 
Equivalents (TE). In comparison, antioxidant 
capacity of fruits generally ranged from 600 to 
1,700 TE, and vegetables averaged 450 TE. The 
average antioxidant capacity of a 41 g serving of 
ready-to-eat whole grains breakfast cereal was 
1,120 TE, compared to 380 and 1,020 TE in an 
average 85 g serving of vegetables and fruits, 
respectively [ 12 ]. 

 A few other phytonutrient and nutrients found 
in whole grains will be discussed below.  

    Plant Sterols 

 Plant sterols and stanols found in whole grains 
vary in type and amount based on variety of 
whole grains and the whole grains component. 
These substances are known to inhibit absorption 
and increase excretion of cholesterol, thereby 
regulating blood cholesterol levels. Whole grains 
consumption may be associated with increased 
phytosterol intake, therefore increasing whole 
grains consumption may contribute to cholesterol 
reduction and cardioprotection [ 5 ].  

    Carotenoids 

 Carotenoids are another group of compounds 
found in whole grains [ 5 ,  8 ]. The most common 
carotenoids, lutein, zeaxanthin, β-cryptoxanthin, 
β-carotene, and α-carotene, are generally concen-
trated in the bran or germ portion of whole grains 
[ 5 ,  8 ]. In addition to providing pigmentation, 
they  play an important role in reproduction and 

protection of the whole grains, and provide anti-
oxidant and provitamin A activity (β-cryptoxanthin, 
β-carotene, and α-carotene) in the body.  

    Vitamin E and Unsaturated 
Fatty Acids 

 Vitamin E in the form of tocopherols and tocotri-
enols is generally concentrated in the germ frac-
tion of the grain [ 5 ], and may play an important 
role in the antioxidant activity of whole grains. 
β-tocotrienol is the predominant form of vitamin 
E in whole wheat grain [ 5 ]. Whole grains also 
contain unsaturated fatty acids, mainly oleic and 
linoleic acid, which are known for their protec-
tive role in cardiovascular and other chronic 
diseases.  

    Dietary Fiber 

 Whole grains contain dietary fi ber, resistant 
starch, oligosaccharides, arabinoxylans, and lig-
nans, which have important biological activities 
and functions [ 5 ]. For example, dietary fi ber, 
resistant starch, and oligosaccharides in whole 
grains may contribute to cholesterol reduction, 
maintenance of healthy blood glucose and insulin 
concentrations, improved digestive health, and a 
lower risk of certain gastrointestinal cancers [ 5 ]. 
Lignans found in whole grains have strong anti-
oxidant and phytoesterogenic effects. Intestinal 
microfl ora play a role in converting these plant 
lignans into the mammalian lignans, enterolac-
tone and enterodiole, which may provide protec-
tion against hormone-related cancers, diabetes, 
and heart disease [ 5 ].  

    Anti-nutrients 

 Anti-nutrients, i.e., compounds that interfere with 
nutrient absorption, such as phytic acid, tannins 
and enzyme inhibitors, are also present in whole 
grains and may contribute to their overall protec-
tive effects [ 5 ]. Phytic acid chelates with various 
metals suppressing redox reactions and associated 
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oxidative damage. Likewise, phytic acid may pro-
tect the intestinal epithelium by suppressing the 
oxidant damage associated with the oxygen radi-
cals produced by the colonic bacteria. Protease 
inhibitors, phytic acid, phenolics, and saponins 
present in whole grains have also been suggested 
to lower risk of certain cancers (e.g., colon and 
breast cancer). Additionally, phytic acid, lectins, 
phenolics, amylase inhibitors, and saponins have 
also been shown to lower plasma glucose, insulin 
and/or plasma cholesterol and triacylglycerol lev-
els, which could potentially also contribute to the 
lower risk of chronic diseases associated with 
whole grains consumption [ 5 ]. 

 Whole grains have higher phytonutrient con-
tent and antioxidant activity than refi ned grains. 
Refi ning of whole grains may result in losses in 
vitamins and minerals, total phenolics, fl avo-
noids, ferulic acid, zeaxanthin, lutein, and 
β-cryptoxanthin [ 8 ]. Further research on the 
health benefi ts of whole grains phytochemicals, 
their bioaccessibility, effects of processing on 
their physiological effects and amounts in whole 
grains products is warranted.  

    Whole Grains Dietary 
Recommendations 

 The majority of global dietary guidelines recom-
mend the consumption of whole grains; 
Table  22.3  provides a summary of existing global 
dietary whole grain guidelines. The 2010 Dietary 
Guidelines for Americans recommend that indi-
viduals should “consume three or more ounce- 
equivalents of whole grains products per day, 
with the rest of the recommended grains coming 
from enriched or whole-grain products. In gen-
eral, at least half of the grains should come from 
whole grains” [ 13 ]. Similar country-specifi c 
guidelines are listed in Table  22.3 .

   Despite these dietary guidelines, dietary 
intake data in the United States from the 
Continuing Survey of Food Intakes (CSFII) and 
the National Health and Nutrition Examination 
Survey (NHANES) indicate that the average 
whole grains intake is 1 serving/d, with 95 % of 
Americans not meeting their whole grains daily 

intake recommendations [ 13 – 15 ]. Since the 2005 
Dietary Guidelines for Americans, some data 
show that consumers increased purchases of 
whole grain foods, particularly ready-to-eat 
breakfast cereals, breads, and pasta, which maybe 
in part due to more whole grain products on 
supermarket shelves [ 16 ].  

    Whole Grains Consumption 
Patterns 

 Estimation of an individual’s whole grains intake 
can be obtained in a variety of ways, such as 24-h 
dietary intake recalls, food records and food fre-
quency questionnaires, with the latter being the 
most common method used in epidemiological 
studies. For each of these methods it is important 
to clearly understand the defi nition of whole grain 
foods. Defi nitions vary between studies and nutri-
ent intake databases. Early studies included 
whole grain foods such as: whole grains breakfast 
cereals (containing ≥25 % of whole grains con-
tent), dark bread, brown rice, oatmeal, and other 
specifi c individual foods such as wild rice, whole 
wheat crackers, and bran muffi ns. In addition, 
added bran and added germ were included in the 
whole grains category. Based on the defi nition of 
a “whole grain food” estimation of whole grains 
intake maybe easily under- or overestimated. 
There is a need for standardization of dietary 
intake assessment methods and nutrient databases 
to better quantify intake of whole grains.  

    Whole Grain Intake: Adults 

 Data from the 1994 to 1996 CSFII, show that US 
adults consumed 1 serving of whole grains/d 
(16 g/d) [ 14 ]. In this survey, 36 % of the popula-
tion averaged <1 whole grain serving/d and only 
8 % met the recommendation to eat at least 
3 servings/d. Similarly, in the Baltimore 
Longitudinal Study of Aging, Maras et al. [ 17 ] 
observed low whole grains intake in older partici-
pants, but women consumed more whole grains 
per day than men (25 vs. 20 g/d). Data from the 
1999 to 2004 NHANES show that adults aged 
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    Table 22.3    Global dietary whole grain guidelines   

 Country/
organization  Specifi c recommendation 

 Australia  The Australian Dietary Guidelines and Guide to Healthy Eating recommend 3–12 servings (dependent 
upon age, sex, or caloric requirements) of grain (cereal) foods, mostly wholegrain, such as breads 
cereals, rice, pasta, noodles, polenta, couscous, oats, quinoa, and barley 

 Austria  The Austrian Food Pyramid (“Die österreichische Ernährungspyramide”) recommends consuming 4 
servings daily of cereals, bread, pasta, rice, or potatoes (5 servings for active adults and children), 
preferably whole grain 

 Canada  The Canadian Food Guide recommends 3–8 servings (age and sex dependent) of grain products per 
day and advises making at least half of the grain product choices whole grain each day. Further 
recommendations state to eat a variety of whole grains such as barley, brown rice, oats, quinoa, and 
wild rice 

 China  The Chinese Dietary Guidelines and the Diet Pagoda recommend adults to consume 300–500 g 
(dependent upon energy requirements) of total grains, cereals and legumes daily, among them—at 
least 50 g/d of coarse grains, including whole grains 

 Denmark  Denmark’s Food Administration uses the Diet Compass and the Dietary 8 (Danish: “Kostkompasset” 
and “8 kostråd”) to recommend consuming 75 g of whole grain a day (for energy requirements of 
10 MJ/d). Bread, grains, rice, and pasta should be an essential part of the diet and for older children 
and adults and 500 g is recommended per day 

 France  France’s Guide of the National Health and Nutrition Program (French: “Guides alimentaires du 
programme national nutrition-santé”) recommends consumption of breads, cereals, and starchy foods 
at each meal, especially whole grain foods that provide signifi cant amounts of fi ber 

 Germany  The German Nutrition Society’s ten guidelines for wholesome diet and food pyramid (German: 
“Ernährungspyramide”), recommends consuming ample bread, pasta, rice, grain fl akes, preferably 
from whole grain. At least 30 g of daily dietary fi ber is recommended, especially from whole-grain 
products. A high intake of these foods lowers the risk of various nutrition-related diseases 

 Greece  The Dietary Guidelines for adults in Greece suggest consuming 8 servings of non-refi ned cereals and 
products, preferably whole-grain varieties (whole-grain bread, whole-grain pasta, brown rice, etc.) 

 Iceland  Iceland’s Food Circle (Icelandic: Fæðuhringurinn) recommends eating whole grain products and 
fi ber-rich food. Recommendations state to choose more whole grain products rather than refi ned 
products because fi ber and other benefi cial substances for your health remain intact 

 Ireland  The Irish Heart Foundation’s Nutrition Guidelines for Heart Health state that 6 or more servings of 
starch and complex carbohydrates should be achieved by consuming more wholemeal bread, other 
cereals, and potatoes. Individuals should eat wholegrain cereal products or potatoes with every meal 

 India  The Dietary Guidelines for Indians recommends increasing consumption of whole grains, legumes, 
and nuts to maintain body weight and body composition 

 Latvia  The Latvian Health Ministry recommends consumption of 4–6 servings of cereals per day especially 
whole grains such as fi ber-rich whole-grain products (bread, pasta, oatmeal porridge) to reduce the 
risk of diseases 

 Mexico  Mexico’s Department of Nutrition and Health Promotion uses the Plate of Good Eating (Spanish: “El 
Plato del Bien Comer”) to recommend. Consumption of cereals should be recommended, preferably 
whole grains without added sugar. Their fi ber and nutrients should be highlighted.  Whole grains 
should be eaten with every meal, with legume seeds 

 Norway  The Health Directorate of Norway’s Key Advice for a Healthy Diet (Norwegian: “Nøkkelråd for et 
sunt kosthold”) suggests increasing intake of whole grain products and cereals each day. The 
whole-grain products should together provide 70–90 g of wholemeal fl our or whole grain per day 

 Oman  The Omani Guide to Healthy Eating recommends choosing whole grains and cereals, and consuming 
potatoes, with their skin. For an average diet of 2,000 kcal, 2–3 servings of whole grains daily is 
advised 

 Singapore  The Dietary Guidelines for Adult Singaporeans and Healthy Diet Pyramid recommend eating 
suffi cient amounts of grains especially whole grains. Out of the 5–7 servings of rice and alternatives, 
adults should consume 2–3 servings of whole- grain food daily 

 Sweden  Sweden’s Food Administration recommends selecting primarily whole grains when eating bread, 
cereals, grains, pasta, and rice. The recommended amount of whole grains is approximately 70–90 g/d 

(continued)
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19–50 and 51+ y consumed a mean of 0.63 and 
0.77 servings of whole grains/d, respectively 
[ 18 ]. More than 70 % of US adults in the 1999–
2004 NHANES failed to consume the mean num-
ber of servings of whole grains. Only 4.8 % and 
6.6 % of individuals in these age groups con-
sumed the recommend 3 or more daily servings 
of whole grains (48 g/d) [ 18 ]. 

 Similar to the intake patterns observed among 
the adult US population, Thane et al. [ 19 ] 
observed that whole grain intake of British adults 
was low in 1986–1987, which became even lower 
over the subsequent decades. The median whole 
grain intake of British adults in 1986–1987 was 
16 vs. 14 g/d in 2000–2001. In 1986–1987, 25 % 
of adults reported no whole grain intake and 
77 % had less than three 16 g amounts of whole 
grain intake/d [ 19 ]. The improvements in 2000–
2001 were minimal, with 29 % consuming no 
whole grains and 84 % eating less than the rec-
ommended levels. Foods with less than 51 % 
whole grain content provided 18 % of whole 
grain intake in 1986–1987 and 27 % in 2000–
2001. Whole grain intake was observed to 
increase with age during both survey years, but 
intakes were higher in 1986–1987 vs. 2000–2001 
and whole grain intake was signifi cantly lower 
among adults with manual occupations and 
smokers, indicative of low socioeconomic status. 

In 1986–1987, whole grain intake was lowest 
among adults living in Scotland, followed by 
those living in Wales; these differences were not 
observed in 2000–2001 due to decline in intakes 
in regions other than Scotland and Wales [ 19 ]. 

 Unlike the adults in the UK, Egeberg et al. 
[ 20 ] in the Diet, Cancer and Health Study among 
a cohort of adults in Denmark, observed higher 
whole grain intakes; the median consumption of 
whole grain foods was 140 g/d among men and 
119 g/d among women, with rye bread contribut-
ing to 63 % and 55 % of the total whole grain 
food consumption. A similar trend was observed 
among a Scandinavian cohort [ 21 ]. Kyrø et al. 
[ 21 ] recently reported the whole grain intake in 
Norway, Sweden, and Denmark based on 1995–
2000 subset of the adult (30–65 y) Scandinavian 
cohort “HELGA.” The mean whole grain intake 
among this cohort was well below the recom-
mended level, with only 16 % of Danish men, 
35 % of Norwegian women consuming at least 
the recommended intake of whole grains. Among 
women, the median intake of whole grain prod-
ucts was 114 g/d in Norway and 108 g/d in 
Denmark, whereas the intake was much lower in 
Sweden at 64 g/d. For women, the median intake 
of whole grain in absolute amount (i.e., grams of 
calculated whole grain content) was highest in 
Norway (44 g/d), and lower in Sweden (35 g/d) 

 Country/
organization  Specifi c recommendation 

 Switzerland  The Swiss Society for Nutrition recommends states that each main meal should be served with 1 
starch-rich side dish (i.e., 3 portions a day, 1 portion = 75–125 g of bread or 60–100 g of pulses [raw 
weight] for instance lentils/chick peas or 180–300 g of potatoes or 45–75 g of pasta/rice/fl akes/corn/
other grains [raw weight]), including at least two portions of whole grain products 

 United 
Kingdom 

 The National Health Service’s Eatwell Plate recommends to eat plenty of bread, rice, potatoes, pasta, 
and other starchy foods (shown as one-third of a plate) and choose whole grain varieties whenever you 
can 

 United 
States of 
America 

 The 2010 Dietary Guidelines for Americans states to consume 3 or more ounce-equivalents of whole 
grain products per day, with the rest of the recommended grains coming from enriched or whole grain 
products (at the 2,000 kcal intake level). Consume at least half of all grains as whole grains. Increase 
whole-grain intake by replacing refi ned grains with whole grains 

 World Health 
Organization 

 The World Health Organization and the Food and Agriculture Organization of the United Nation 
recommend increasing consumption of whole grains as a strategy to prevent diet- related chronic 
diseases. The WHO/FAO rate the strength of evidence for whole grain consumption and decreased 
risk of cardiovascular disease and diabetes is rated as “probable” 

   Note : References to the individual country guidelines are available upon request  

Table 22.3 (continued)
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and Denmark (31 g/d). Among men, the intake of 
whole grain products was higher in Denmark 
(138 g/d) compared to lower intake in Sweden 
(79 g/d), while the intake of whole grain in abso-
lute amount was highest in Sweden (49 g/d) com-
pared to Denmark (41 g/d).  

    Whole Grain Intake: Children 
and Adolescents 

 Similar to the adult UK population, using the 
1997 National Diet and Nutrition Survey, Thane 
et al. [ 22 ] examined the whole grain intake of 
4–18 y olds in Great Britain. Median whole grain 
intake was 7 g/d with a mean intake of 13 g/d 
among this young population, with 27 % of this 
population not consuming any whole grains. 
Although no differences in intake were observed 
by age, gender, region, or season, whole grain 
intake was signifi cantly lower among young 
 people whose head of household had a manual 
occupation. A similar lower intake pattern was 
observed among German children [ 23 ]. In the 
Dortmund Nutritional and Anthropometric 
Longitudinally Designed Study, mean whole 
grain intake of German children and adolescents 
was between 20 and 33 g/d, which highest intake 
among 13–18 y olds, with the percentage of whole 
grain consumers decreasing with age [ 23 ]. In this 
study, 19 % of the total cohort recorded no whole 
grain intake, 16 % among the 2–5 y olds, 17 % in 
6–12 y olds and 24 % in 13–18 y olds [ 23 ]. 

 Among American adolescents in project EAT 
(Eating Attitudes of Teenagers), Larson et al. 
[ 24 ] observed mean whole grains intake of 0.59 
servings/d among males and 0.61 servings/d 
among females, with young adults consuming 
0.68 servings/d (males) and 0.58 servings/d 
(females), which were all below the whole grain 
dietary recommendations. In 1999, only 11 % of 
adolescent males and 13 % of adolescent females 
in this cohort reported consuming more than 1 
serving/d of whole grains [ 25 ]. Whole grain 
intake was observed to be lowest among Native 
American and white youth and youth of high 
socioeconomic status. Asian male and female 
adolescents were most likely to report consump-

tion of more than 1 serving of whole grain/d. 
During the transition from middle to late adoles-
cents, an increase by 0.14 servings of whole 
grains/d was observed among males and by 0.09 
servings/d was observed among females. No sig-
nifi cant changes were observed in whole grain 
intakes during the transition from early to middle 
adolescence. Availability of whole grain bread at 
home was observed to be positively associated 
with whole grain intake among both age cohorts. 
Frequency of breakfast consumption, greater 
involvement in food preparation and shopping, 
greater preferences for taste of whole grain bread 
and self-effi cacy to consume greater than 3 daily 
whole grain servings were also positively associ-
ated with whole grain intake. Additionally, 
among male adolescents, family meal frequency 
and peer support for healthful eating were 
observed to be positively associated with whole 
grain intake. Youth who consumed fast food 
more frequently consumed fewer servings of 
whole grains. 

 Nationally representative US data from 1994 
to 1996 show that the average whole grain intake 
ranged from 0.8 servings/d for preschool-aged 
children to 1.0 servings/d for adolescents [ 26 ]. 
Preschool-aged and school-aged children in 
households with an income ≤150 % of federal 
poverty threshold were more likely to consume 
≤1 serving of whole grains/d. Adolescent females 
were 1.37 times more likely than males to con-
sume ≤1 serving of whole grains/d. Likewise, 
based on the NHANES 1999–2004 data, among 
children 2–5 and 6–12 y, O’Neil et al. [ 27 ] 
observed that the whole grain intake was 0.45, 
0.59, and 0.63 servings/d for children and adoles-
cents at the age of 2–5, 6–12, and 13–18 y, 
respectively.  

    Whole Grain Intake: Overall 

 The 2010 US Dietary Guidelines [ 13 ] noted that 
Americans of all ages consume fewer whole 
grains than recommended. Currently, Americans 
consume less than 20 % of the recommended 
intakes for whole grains. More than 95 % of all 
age-sex groups fail to consume the minimum 
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 recommended amounts of whole grains. Median 
whole grain intakes for adult US men and women 
are 0.50 and 0.47 ounce-equivalents (oz eq)/d, 
respectively, compared to the recommended mini-
mum of 3 oz eq/d (one-half of total grains). 
Children, aged 1–3 and 4–8 y, also have low 
intakes of whole grains, with median intakes of 
0.37 and 0.41 oz eq/d, respectively, less than the 
recommended 1.5 or 2 oz eq/d, respectively. 
Median whole grain intakes are 0.48 and 
0.34 oz eq/d for boys and girls, aged 9–13 y, 
respectively, compared to recommended levels of 
3 and 2.5 oz eq/d, respectively; and 0.26 and 
0.33 oz eq/d, respectively, for adolescent boys and 
girls, aged 14–18 y, compared to the recommended 
level of 3.5 and 3 oz eq/d, respectively [ 13 ].  

    Approaches to Increase Whole 
Grain Intake 

 Recently, Keast et al. [ 28 ] investigated the infl u-
ence of substituting whole grain for refi ned grain 
ingredients on whole grain consumption in chil-
dren. Refi ned wheat fl our contained in foods such 
as pizza crust, pasta, breads, and other baked 
goods was replaced with whole wheat fl our and 
white rice was replaced with brown rice at levels 
that were acceptable by school age children (15–
50 % replacement). This modeling showed that 
whole grain intake can be increased by 1.7 oz eq/d 
(range 0.5–2.2 oz eq/d), contributing to 28 % of 
total grain intake. The major sources of whole 
grain intakes were breads/rolls (28 %), pizza 
(14.2 %), breakfast cereals (11 %), rice/pasta 
(10.6 %), quick breads such as tortillas, muffi ns, 
and waffl es (10.8 %), other baked goods (9.9 %) 
and grain-based savory snacks other than pop-
corn (7.3 %). These data show that substitution of 
refi ned grain ingredients for whole grains may 
enable reduction in disparities between demo-
graphic subgroups of children and teens. 
Furthermore, Sadeghi and Marquart [ 29 ] showed 
that graham crackers that were partially whole 
grains (5 g/serving) had a higher rate of accep-
tance by elementary school children compared to 
100 % whole grains graham crackers (26 g/serv-
ing). These studies identify ways to incorporate 

whole grains into commonly consumed foods 
and ultimately increase whole grain consumption 
in the general population. 

 There are a number of methodological chal-
lenges to developing a standardized approach for 
accurately quantifying consumption of whole 
grain foods. The greatest challenge may be the 
handling of foods that contain a combination of 
whole and non-whole grains ingredients. A grow-
ing number of partial whole grain foods appear to 
be entering the marketplace and therefore this 
methodological issue must be addressed to more 
accurately assess dietary intake of whole grain 
foods. Low consumption of whole grain is attrib-
uted to multiple factors, including lack of under-
standing of the health benefi ts, inability to 
identify or purchase whole grains, inability to 
incorporate whole grains in the lifestyle, lack of 
familiarity with preparation methods, higher 
price of whole grain products and perceived poor 
taste and texture of whole grain products. 
Ongoing efforts are necessary to more accurately 
estimate whole grains intake to gain a better rep-
resentation of consumption patterns at individual 
and population level and to fi nd ways to promote 
regular daily consumption of whole grains.  

    Dietary Sources of Whole Grains 

 Table  22.4  provides a brief overview of common 
food sources of whole grains in the United States 
and Europe. In the United States, major contribu-
tors to whole grain dietary intakes are grain- 
based foods, providing almost one-third of whole 
grains servings [ 14 ,  25 ,  30 ]. In the United States, 
the 1994–1996 CSFII data show that yeast breads 
and breakfast cereals each contributed one-third 
of the whole grain servings, grain-based snacks 
provided about one-fi fth and less than one-tenth 
came from quick breads, pasta, rice, cakes, cook-
ies, pies, pastries and miscellaneous grains [ 14 ]. 
Whole grains made up more than half of the grain 
servings from breakfast cereals, while they made 
up a relatively small percentage of the total yeast 
bread servings. In this study, whole grain con-
sumers were more likely to meet the food guide 
pyramid recommendations for grain, fruit, and 
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dairy food groups. Albertson and Tobelman [ 31 ] 
observed that the average number of eating occa-
sions of all grain products in the diets of 
Americans was <3/d for all age groups, with 
40 % of individuals consuming grain products 
2–2.99 times/d.

   Data from 1994 to 1996 CSFII show that only 
ten foods accounted for most (94.7 %) of the 
whole grain intake among those aged 2–18 y 
[ 26 ]. Ready-to-eat cereals (RTEC), corn and 
other chips, and yeast breads were found to be the 
major food sources of whole grains accounting 
for 30.9 %, 21.7 % and 18.1 % of whole grain 
intake respectively among those aged 2–18 y. 

 Major sources of whole grain foods for ado-
lescents in Project EAT were yeast breads, pop-
corn, and RTEC [ 25 ]. Five year secular trends 
showed that the mean percentage of daily whole 
grain servings from yeast breads increased 
 signifi cantly, by 12.5 % among males and by 
11.1 % among female adolescents. A decrease in 
daily whole grain servings from hot breakfast 
cereals (−6.4 %) among male adolescents, and a 
decrease in daily whole grain servings from 
cooked grains (−3 %) among female adolescents 
was observed. These data suggest that more tar-
geted approaches may be required to increase the 
whole grain consumption among adolescents. 

 In 2001–2002, the leading food sources of 
whole grains in the American diet were RTEC 
(28.7 %), yeast breads (25.3 %), hot cereals 
(13.7 %), popcorn (12.4 %), and crackers (6.4 %), 
with these food categories accounting for close to 
90 % of all whole grains consumed [ 30 ]. 
Likewise, among older participants in the 
Baltimore Longitudinal Study of Aging, RTEC, 
hot breakfast cereals, multigrain bread, and 
whole wheat bread were the main contributors to 
the whole grain intakes [ 17 ]. The most common 
types of whole grains in the American diet are 
wheat, corn, oats, barley, and rice, with wheat 
being the most prominent grain consumed on a 
daily basis [ 13 ]. 

 Among adult British population, whole grain 
breakfast cereals and wholemeal bread contrib-
uted to 28 % and 48 %, respectively, to the whole 
grain intake in 1986–1987 and 45 % and 31 % in 
2000–2001, respectively [ 19 ]. Among younger 
individuals in Great Britain, the main sources of 
whole grains in the diet of these young individu-
als were breakfast cereals (56 %) and breads 
(25 %) [ 22 ]. The majority of the whole grains 
intake was in the form of wheat. 

 In the adult, 30–65 y, Scandinavian cohort 
“HELGA,” main source of whole grains, among 
the Norwegian and Danish participants, was 
whole grain bread (>80 %), whereas breakfast 
cereals, whole grain bread, whole grain crisp 
bread were all major sources of whole grains 
intake among the Swedes [ 21 ]. Rye was by far 
the most important source of whole grains in 
Denmark (>70 %), whereas whole grain wheat 
was the most important source among Norwegian 
women (72 %). In Sweden, both rye and wheat 
were important sources of whole grains. 
Additionally, in Denmark and Sweden, oats also 
contributed substantially to the whole grains 
intake (15 %), while they only contributed to 6 % 
of whole grains intake among Norwegian women. 

 In the Dortmund Nutritional and Anthropo-
metric Longitudinally Designed Study, among 
German children and adolescents, of all the 
foods consumed by this cohort, Muesli had 
the highest whole grain density, followed by 
bread and grain (fl our, cakes, popcorn, etc.); a 
trend towards increasing whole grain RTEC at 

   Table 22.4    Examples of common food sources of whole 
grains in the global diet   

 Country  Common food sources of whole grains 

 United States  Breakfast cereals (ready-to-eat and hot) 
 Yeast breads 
 Grain-based snacks (e.g., crackers, 
pretzels, popcorn, corn chips) 
 Common grains consumed: wheat, 
corn, oats, barley, rice 

 United 
Kingdom 

 Breakfast cereals 
 Wholemeal bread 
 Common grains consumed: wheat 

 Germany  Muesli 
 Bread 
 Grain (e.g., fl our, cakes, popcorn) 

 Scandinavia  Breakfast cereals 
 Whole grain bread 
 Whole grain crisp bread 
 Common grains consumed: rye, 
wheat, oats 
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the expense of bread consumption was also 
observed [ 23 ]. 

 The current available data suggests that 
despite a wide range of whole grain products in 
the market place, there a few top categories, such 
as breakfast cereals and breads, that continue to 
be the main sources of whole grains in the diets 
of the global population. The type of whole 
grains consumed varies by region; with a mix of 
grains being most commonly consumed. Given 
the low daily intake of whole grains observed in 
different population groups, there is a need to 
increase the availability of whole grain food 
options in the marketplace.  

    Whole Grains Impact on Diet 
Quality 

 Whole grains are one of the major food sources 
of carbohydrates; whole grains are also good 
sources of protein, fi ber, unsaturated fatty acids, 
vitamins, minerals, and numerous phytonutri-
ents. Inadequate intakes of whole grains contrib-
ute to the lack of adequate intakes of certain 
nutrients like magnesium and fi ber across all age 
groups. Data from the 1994 to 1996 CSFII survey 
in the United States show that individuals who 
consume whole grain foods have signifi cantly 
better intakes of nutrients and other dietary com-
ponents than nonconsumers [ 14 ]. Compared to 
nonconsumers, whole grain consumers had sig-
nifi cantly higher intakes of carbohydrate and pro-
tein (as percent of food energy), vitamins and 
minerals, and signifi cantly lower intakes of total 
fat, saturated fat, and added sugars [ 14 ]. Intakes 
of vitamin A, vitamin E, vitamin C, thiamin, 
ribofl avin, niacin, vitamin B6, folate, calcium, 
magnesium, iron, zinc, and dietary fi ber per 
1,000 kcal were signifi cantly higher than non- 
whole grain consumers. Whole grain consumers 
were more likely to be male, older, white, non-
smokers, to use dietary supplements and to have 
higher household income, education, and physi-
cal activity [ 14 ]. 

 Data from the 1999 to 2004 NHANES show 
that adults aged 19–50 and 51+ y who consumed 
the most servings of whole grains had higher 

diet quality and intake of energy, fi ber, polyun-
saturated fatty acids and most micronutrients, 
including potassium, a common micronutrient 
defi cient in most diets, while intakes of total 
sugars, added sugars, saturated fatty acids, 
monounsaturated fatty acids, cholesterol, 
sodium, and vitamin B12 were signifi cantly 
lower [ 18 ]. Mean Healthy Eating Index (HEI) 
scores were signifi cantly higher in those with 
higher consumption of whole grains than in 
those consuming fewer servings. Increasing con-
sumption of whole grains was associated with 
improved diet quality and nutrient intake in chil-
dren and adolescents. Among United States chil-
dren 2–5 and 6–12 y, the HEI and intakes of 
energy, fi ber, vitamin B6, folate, magnesium, 
phosphorus, and iron were signifi cantly higher 
in those consuming greater than 3 servings of 
whole grains/d, while intakes of protein, total 
fat, saturated fat, monounsaturated fat, and cho-
lesterol levels were lower [ 27 ]. 

 Compared to standard hypocaloric diets, those 
diets with whole grains cereals contributed to 
higher intakes of total fi ber (21.2 vs. 17.5 g/d), 
insoluble fi ber (14.9 vs. 11.3 g/d), magnesium 
(301.1 vs. 247.6 mg/d), vitamin B6 (2.12 vs. 
1.91 mg/d) and lower intakes of saturated fat 
(13.7 vs. 14.34 g/d) [ 32 ]. Magnesium intakes 
were closer to recommendations and vitamin B6 
were adequate (>1.3 mg/d); in RTEC, magne-
sium is from the whole grain ingredients and 
vitamin B6 is from the whole grain ingredients 
and fortifi cation. Additionally, most studies also 
show that individuals who consume a diet high in 
whole grains tend to have healthier lifestyles, 
including increased physical activity, reduced 
smoking, and consumption of foods generally 
considered to be healthy [ 32 ]. The Diet, Cancer 
and Health Study [ 20 ] observed that consump-
tion of whole grain foods was positively associ-
ated with cycling, taking dietary supplements, 
high school education and negatively associated 
with intake of alcohol, BMI and smoking, sug-
gesting that whole grain intake may be indicative 
of healthy lifestyle practices. Among this cohort 
whole grain consumption was positively associ-
ated with other dietary factors, mainly intake of 
processed meat and vegetables and negatively 
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associated with intake of red meat and refi ned 
grain products [ 20 ]. 

 The 2010 US dietary guidelines technical 
advisory committee chose to use food pattern 
modeling to determine the impact on intake of 
folate and other nutrients if all recommended 
grains were selected as whole grains rather than 
half whole and half enriched refi ned grains [ 13 ]. 
In this exercise consumption of all grains as 
whole grains, without including any fortifi ed 
whole grain products, was observed to contribute 
to lower dietary folate and iron intake to levels 
less than adequate amounts for individuals in 
population groups who may be at high risk for 
inadequate intakes of these nutrients (e.g., chil-
dren 2–8 y, girls 14–18 y, women with low to 
moderate energy needs, men >50 y). Thus indi-
viduals are encouraged to consume most of their 
grains as whole grains, and when doing so, they 
are encouraged to select some whole grains prod-
ucts that have been fortifi ed with folic acid and 
other key micronutrients.  

    Whole Grain Foods in the Market 
Place 

 Hectic, unhealthy lifestyles and poor dietary hab-
its have heightened concerns about obesity, car-
diovascular and other chronic diseases, leading to 
changes in food choices. Rising consumer aware-
ness about the dietary signifi cance of whole grain 
foods is one of the major factors contributing to 
higher consumption of such foods. The shift in 
consumer perception and trends could also be 
attributed to greater investments towards con-
sumer education and availability of products with 
improved tastes and fl avors. 

 Global trends indicate that the number of 
whole grain products in the marketplace have 
increased dramatically. As increasing numbers of 
consumers become more health and fi tness con-
scious, the global market for whole grain foods is 
forecast to reach over US$24 billion by the year 
2015 [ 33 ,  34 ]. Claims relating to the benefi ts of 
whole grains were the most sought after health 
claims on food packages, followed by claims 

about dietary fi ber. The number of new whole 
grain products increased nearly 20-fold between 
2000 and 2010; in 2010, 3,272 new products for-
mulated with whole grains were introduced [ 34 ]. 
There is an increasing trend in the restaurant 
industry featuring exotic rice, spelt, faro, ama-
ranth and other ancient grains in everything from 
salads, pancakes, pizza crusts, soups, cocktails, 
and desserts [ 34 ]. A 2009 survey found that 36 % 
of adults were eating more whole grains mainly 
because they enjoyed the taste, which is a dra-
matic increase since 2006 (13 %), potentially due 
to the broader availability of whole grain prod-
ucts, improvements in technologies to help 
deliver tasty and healthy whole grain products 
and the greater acceptance of the health and 
nutrition benefi ts of whole grains [ 34 ]. 

 There was marginal impact of the global eco-
nomic slowdown on whole grain foods market 
[ 34 ]. Bread, a baked food considered an essential 
staple in most of the economies, withstood the 
recessionary impact. In 2009, global bread prod-
ucts sales (at retail level) increased by over 5 % 
over 2008. Breakfast cereals also fared well dur-
ing the crisis period, and were preferred over 
other morning foods owing to the nutritional con-
tent and affordable pricing. Usage of whole 
grains and reduction of fat and sugar levels were 
some of the most popular claims in the new prod-
ucts rolled out during the year. Blended fl ours are 
gaining popularity among consumers wishing to 
consume whole grains but averse to the taste, fl a-
vor, and texture of whole grain fl our or products. 

 The US constitutes the largest regional market 
for whole grain foods [ 34 ]. The dominance of the 
US market is likely to continue, backed by 
increased adoption of rice, wheat, barley as well 
as various specialty grains among consumers and 
by health professionals. Europe and Asia-Pacifi c 
follow the United States as the next major mar-
kets. Demand for whole grain and high fi ber 
foods in Asia-Pacifi c is projected to grow at a rate 
of 6 % through 2015. The increasing health ori-
entation among upper and middle class consum-
ers in developing regions may drive the demand 
for nutritious, value-added products, such as 
whole grain foods.  
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    Conclusions 

 Existing evidence indicates that whole grains 
have a benefi cial health effect. A recent evidence 
review by Gil et al. [ 7 ] observed that individuals 
who consume 3 or more servings of whole grain 
foods/d have a 20–30 % lower risk of cardiovas-
cular disease than individuals who ingest lower 
amounts of whole grain foods; this level of pro-
tection was not observed with ingestion of refi ned 
grains and intake of fruits and vegetables. 
Likewise, higher intake of whole grain foods was 
associated with a 20–30 % reduction in risk of 
type 2 diabetes. Additionally, regular consump-
tion of whole grain foods was associated with 
protection against risk of colorectal cancer and 
polyps, other cancers of the digestive tract, and 
other hormone-related and pancreatic cancers 
[ 7 ]. Gil et al. [ 7 ] conclude that regular consump-
tion of whole grains may contribute to reduction 
of risk factors related to noncommunicable 
chronic diseases. The essential macro and micro-
nutrients, along with the phytonutrients present 
in whole grains, synergistically contribute to 
their benefi cial effects. Current evidence lends 
credence to the recommendations to incorporate 
whole grains foods into a healthy diet and life-
style program and they need to become more 
common place in the diets of all individuals.     
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