Diet Quality in Childhood: Impact
on Growth

12

Guo Cheng and Anette E. Buyken

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 beneficial
influence of higher intakes of vegetable protein and isoflavone, and
lower animal protein intakes.

These beneficial nutrients may be indicative of a specific 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.

Keywords
Diet quality * Body composition ® Growth ¢ Puberty timing * Childhood

G. Cheng (<)
Research Institute of Child Nutrition (FKE),
Rheinische Friedrich-Wilhelms-University Bonn, o ae
Heinstueck 11, 44225 Dortmund, North-Rhine- Abbreviations
Westphalia, Germany
Department of Nutrition and Food Safety, West China BMI B(?dy mass '1nd(.§x .
School of Public Health, Sichuan University, DGI-CA  Dietary Guideline Index for Children
174#, Section 3, Renmin Nan Lu, 610041 Chengdu, and Adolescents
Sichuan, P.R. China DQI Diet quality index
e-mail: cheng @fke-do.de; ehw_cheng @ 126.com .
GI Glycemic index
A.E. Buyken ) N HDI Healthy diet indicator
Research Institute of Child Nutrition (FKE), HEI Health tine ind
Rheinische Friedrich-Wilhelms-University Bonn, E?’a ) y cating mdex .
Heinstueck 11, 44225 Dortmund, PCA Principal component analysis

North-Rhine-Westphalia, Germany

RC-DQI  Revised Children’s Diet Quality Index

V.R. Preedy et al. (eds.), Diet Quality: An Evidence-Based Approach, Volume 1, Nutrition and Health, 143
DOI 10.1007/978-1-4614-7339-8_12, © Springer Science+Business Media New York 2013



144
RRR Reduced rank regression

SSB Sugar-sweetened beverage

YHEI Youth Healthy Eating Index
Introduction

Nutritional influences 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 influ-
ence of modifiable 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 final section discusses
public health relevance.
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Diet Quality: Nutrients, Foods/Food
Groups and Dietary Patterns

As far as nutritional influences 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-fiber 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 defined 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
specific 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 Mediterrancan diet score
(Table 12.1). These measure adhere to different
dietary recommendations: nutrients- or food
groups-specific 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 define dietary patterns.
Factor analysis is a multivariate statistical tech-
nique to identify common underlying dimensions
(factors or patterns) of food consumption. Factor
analysis aggregates specific 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 classified into
distinct clusters or groups. After the identification
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).

145
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 define 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 defined 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
finally, 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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Potential influencing factors
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~
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Potential critical periods

Fig. 12.1 Potential influencing factors during critical
periods of growth for body composition development.
Asterisk current analyses focusing on single nutrients

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
influences from prenatal period may be modified
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

and foods have identified only few dietary factors as
potentially relevant for body composition

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 BML

In Mid-Childhood and Puberty

The period of preschool and preadolescence is
another important time window for body compo-
sition development. Furthermore, adolescents
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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 significant associa-
tions of energy intake with childhood weight gain
[24, 25], which may reflect 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.

G. Cheng and A.E. Buyken

Table 12.3 Prospective studies focusing on dietary factors
in mid-childhood in relation to body composition

Level of evidence® for an
association with body

Dietary factor composition
Energy intake/energy density ~ [24-30]°
Fat intake [31-38]°

[32, 34,37, 39, 401°
[24, 32, 39, 41]°

Protein intake
Total carbohydrate intake

Fiber intake [43-46]¢
Whole-grain intake [46]¢

Glycemic index [45, 46]¢
Sucrose intake [45, 49, 50]¢
Sugar-sweetened drinks [51-53, 55-63]*

*Possible evidence of increased risk for overweight/obe-
sity, according to several prospective studies and meta-
analyses (please see text explanation)

“Inconsistent: several studies suggested an association for
body composition; several studies suggested no associa-
tion for body composition

‘Probable evidence of no association for body composi-
tion, according to all available prospective studies
dPossible evidence of no association for body composi-
tion, according to several prospective studies

Too little data

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 fiber intake has been reported to yield ben-
eficial 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 fiber
intakes were independently associated with mea-
sures of obesity (Table 12.3). Additionally,
dietary whole grain is supposed to be beneficial
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
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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 find any significant 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
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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, five 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-specific 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
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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 identified 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-
nificant 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 identification 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 influence these associations. Since
the patterns identified using RRR in this cohort
may change during the time and may not be
reproduced in other cohorts, further studies are

G. Cheng and A.E. Buyken

needed before firm 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 benefits
of nutrition for body composition development.

Relevance of Diet Quality
for Puberty Timing

Nutrition during early life, which is largely
reflected 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 first and second year of life may not
to be critical for the timing of puberty onset [76].

The influence 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, fiber, protein (animal protein and vegetable
protein), micronutrients, and dietary isoflavone
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 isoflavones and puberty timing among
girls, i.e., girls with high isoflavone 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 beneficial dietary habits (higher
intakes of vegetable protein and isoflavone, 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 identified as beneficial
for later puberty onset may indicate a specific 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 influenced not only by the types of foods
present in the household but also by the amount
of those foods available to them. The parental
influence 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
influencing the diet quality among youth.
Finally, the food industries should be urged to
increase their efforts to provide healthier food
choices to beneficially influence the diet quality
of children and adolescents.

G. Cheng and A.E. Buyken

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 identified only few
dietary factors in childhood as potentially rele-
vant for body composition. With regard to
puberty timing, current evidence suggests a ben-
eficial influence of dietary protein and isoflavone
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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