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Abstract
Studies from Latin America have shown that food insecurity reduces dietary diversity. However, dietary diversity measures do
not account for the energy and nutrient supply in households. The objective of our study was to know whether there are
differences in food, energy and nutrients supplies in Mexican households according to their food insecurity level. We analyzed
the database of the National Household Income and Expenditure Survey performed in Mexico in 2014. The modified Latin-
American and Caribbean Food Security Scale was used to determine the existence of household food security or insecurity.
Participants registered foods and beverages available at their homes during the previous week. The supply of energy and nutrients
was estimated usingMexican and American food composition references. Mexican food secure households had greater supply of
healthy (e.g., fresh fruits and vegetables, fish and seafood, and fresh meats) and unhealthy (e.g., processed meats, fries, sugar-
sweetened beverages, desserts, and alcoholic beverages) foods. By contrast, food insecure households rely on cheap staple food
(e.g. maize, rice, pulses, eggs, and sugar). There was a linear relationship between the energy density and severity of food
insecurity. Households with mild and moderate food insecurity had greater total energy supplies than households with food
security and severe food insecurity. Food insecure households had greater supplies of carbohydrates, cholesterol, iron, and
magnesium, but lower supplies of protein, fat, vitamin C, vitamin A, potassium, calcium, and sodium.Most of the results suggest
that food insecure households are exposed mostly to negative aspects of the nutrition transition because they have greater access
to energy and lower availability of some micronutrients.
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1 Introduction

Food insecurity at the household level occurs when there is a
limited or uncertain capability of acquiring healthy and innoc-
uous foods in socially acceptable ways (Pérez-Escamilla et al.
2012). Depending on its severity, household food insecurity
experiences include concerns about running out of food, de-
creasing food quality or availability, and experiences of hun-
ger among family members (Bickel et al. 2000). In Mexico,

household food insecurity is a widespread social problem.
During 2010, 50% of Mexican households presented
some level of food insecurity; specifically, 24.9% suffered
mild food insecurity, 14.6% experienced moderate food inse-
curity, and 10.5% suffered severe food insecurity (Valencia-
Valero and Ortiz-Hernández 2014).

The nutrition transition describes changes at the population
level in diet and physical activity, which are reflected in nu-
tritional and physical outcomes, such as height and body com-
position (Popkin 1999). According to the theoretical frame of
the nutrition transition, Mexico could be characterized by two
phases: receding famine and degenerative disease (Rivera
et al. 2004; Popkin 1999). The receding famine phase is char-
acterized by low-fat and high-fiber diets which are associated
with elevated prevalence of stunting, underweight and micro-
nutrient deficiencies; whereas in the degenerative diseases
phase, the diets have high content of fat, sugar and processed
foods and are paralleled by high prevalence of obesity and
bone density problems. Consequently, Mexico has been
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characterized as having a dual burden of poor nutrition in
which obesity co-exists with undernutrition and other nutrient
deficiencies (Rivera et al. 2004). On the one hand, in 2012,
5.6% of adolescents, 17.9% of pregnant women, 11.6% of
non-pregnant women, 15.4% of older women and 17.8% of
older men had anemia (Gutiérrez et al. 2012), and in most
cases this condition was related to iron deficiency (De la
Cruz-Góngora et al. 2012). Although the frequencies of un-
derweight and wasting among Mexican infants are low (2.8
and 1.6%, respectively), the stunting rate is high (13.6%)
(Gutiérrez et al. 2012). On the other hand, fruits, vegetables,
milk, and meat purchases decreased, and soda and refined
carbohydrates purchases increased (Rivera et al. 2004). Fiber
intake is lower and saturated fat and added sugar intakes are
higher than the recommended for more than 50% of
the Mexican population (Lopez-Olmedo et al. 2016). These
dietary changes have been reflected in negative health out-
comes. In 2016, 72.5% of the adult population, 33.2% of
schoolchildren and 9.7% of infants were overweight or obese
(Instituto Nacional de Salud Pública and Secretaría de Salud
2016). The rates of diabetes and hypertension in adults were
9.4 and 25.5%, respectively (Gutiérrez et al. 2012).

Food insecurity has been associated with negative effects on
health and well-being. In children, food insecurity is related to
higher risk of overweight (Ortiz-Hernández et al. 2007a),
symptoms of respiratory infection, hospitalizations for diarrhea
and pneumonia (Bauermann et al. 2016), mental and somatic
symptoms, low life satisfaction (Molcho et al. 2006), and ane-
mia (Eicher-Miller et al. 2009). In adults, food insecurity is
associated with overweight (Ortiz-Hernández et al. 2007b), di-
abetes, and hypertension (Seligman et al. 2010).

In terms of nutritional quality, most studies in Latin
America have shown that food insecurity reduces dietary di-
versity, which is measured as the number of food groups avail-
able in the households (Melgar-Quiñonez et al. 2005; Hackett
et al. 2007; Álvarez et al. 2006). Although dietary diversity is
considered an indicator of diet quality (Ruel 2003), its use in
the context of the nutrition transition has shortcomings. One
limitation is that a household can buy more foods, but these
foods are not necessarily healthy. For example, food secure
Mexican households have higher dietary diversity because
they have greater availability of healthy food groups (e.g.,
fresh fruits, fish and seafood, milk, or lean meats) as well as
greater supply of medium and high energy density foods
(processed meats, fries, and desserts) or low energy density
and low nutrient density beverages (sugar-sweetened and
alcoholic ones) (Valencia-Valero and Ortiz-Hernández 2014).

Another restriction of dietary diversity analysis is that it
does not provide detailed information about the energy and
nutrient supply, which can be risk factors for disease, indepen-
dent of available food groups. Dietary diversity is focused on
the prevention of malnutrition (Ruel 2003), whereas nutrition-
al quality focuses on the prevention of malnutrition and

obesity. Some authors have suggested that the higher risk of
obesity (and other nutrition-related diseases) observed among
food insecure people is related to the higher supply of high
energy dense food in their households (Dietz 1995; Ortiz-
Hernández et al. 2007b). Mexican food insecure households
have a greater supply of foods with medium to high energy
density, such as pulses, maize, and sugars (Valencia-Valero
and Ortiz-Hernández 2014). In addition, a greater supply of
pulses in food insecure households could imply a greater
availability of some nutrients. However, there is a greater sup-
ply of most food groups in the food secure households; con-
sequently, they tend to have a greater supply of energy and
nutrients. Therefore, it is hard to hypothesize whether food
insecure households will have higher or lower energy and
nutrient supplies compared to food secure households. In oth-
er words, there is evidence describing the differences in food
availability by the severity of household food insecurity; how-
ever, it is unknown what the variation is in energy and nutrient
supplies between food secure and food insecure Mexican
households.

To our knowledge, this is the first study in a middle-income
country that analyzes energy and nutrient supply according to
food insecurity level. In this field, most research has been
conducted in low-income countries from Africa and Asia
(Haddad et al. 1994; Vaitla et al. 2017). However, the social
and food contexts differs by the income-level of the countries,
which could affect the determinants and consequences of food
insecurity. For example, the increase of energy supply (esti-
mated based on balance sheets) from 1973 to 2013 was 1.4%
in low-income African countries (from 2114 to 2144 Kcal per
habitant), 17.6% in Asian low-income countries (2131 to
2507 Kcal per habitant), 24.7% in Latin-American middle-
income countries (2358 to 2942 Kcal per habitant), and
30.3% in African lower-middle-income countries (2054 to
2676 Kcal per habitant) (FAOSTAT 2018) (see supplementary
Table 1). These figures show that the food environment differs
according to economic development because in Latin-
American middle-income countries could have an energy sup-
ply up to 800 Kcal higher than in a low-income country. In the
Mexican case, the increase of energy supply has been pro-
duced by the greater availability of cheap foods such as sugar,
vegetable oils, and egg (Ortiz-Hernández et al. 2006). On the
other hand, food insecurity in most Latin-American countries
could hardly be explained by lack of food availability at the
national level (which is the case in some African countries),
some countries in this region have even become food ex-
porters (Food and Agriculture Organization 2015). In Latin
America, poverty (the main determinant of food insecurity)
is driven by income inequality which is associated with high
rates of unemployment, informal employment, and low wages
(Food and Agriculture Organization 2015).

Based on the previous background, it is unknown whether
the negative association of energy supply and food insecurity,
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which exists in low-income countries, can be observed in a
middle-income country in Latin America. Therefore, the ob-
jective of our study was to analyze the food, energy and nu-
trients supply inMexican households according to the severity
of food insecurity. This information is necessary for the eval-
uation of the nutritional quality of foods available in the
households, particularly among those whose occupants face
financial hardship. Likewise, the identification of household
characteristics related to food expenditure and the consequent
energy and nutrient supply can inform the design of programs
aimed to promote healthy diets (Smith and Subandoro 2007).

2 Materials and methods

The database of the National Household Income and
Expenditure Survey (ENIGH, Encuesta Nacional de Ingreso
y Gasto de los Hogares) performed in Mexico in 2014 was
analyzed (Instituto Nacional de Estadística, Geografía e
Informática 2014). The sample included 21,427 households
nationwide; however, for the analysis, 1948 households were
discarded since they did not have food availability data, or
they were 5 standard deviations (SD) above the nutrient aver-
age (Smith and Subandoro 2007). Sampling was probabilistic
with a bi-phasic sample, stratified (by geographic region and
locality size) and clustered (by census tracts). The last selec-
tion unit was dwellings (i.e., house building), and the obser-
vation units were the households (i.e., people who share food
expenditures). Primary sampling units were constituted of
census tracts conformed by dwelling groups with similar so-
cioeconomic characteristics.

A version of the Latin American and Caribbean Food
Security Scale (ELCSA, Escala Latinoamericana y
Caribeña de Seguridad Alimentaria) was used to determine
the existence of household food security and insecurity
(Pérez-Escamilla et al. 2012), which contained 16 items, of
which seven referred to minors’ experiences (<18 years old),
five to adults’ experiences, and four to households’ experi-
ences (see supplementary Table 2). The items about minors’
experiences are problematic for households without minors; in
these cases, the items were answered negatively due to the
absence of minors, but not because there was food security.
For this reason, only the nine questions related to households
and adults’ experiences were analyzed. Even with these items,
households with minors had a higher frequency of food inse-
curity (see Table 1). Four groups were created according to the
number of affirmative answers on the ELCSA: food security
(no affirmative answer), mild food insecurity (one to three
affirmative answers), moderate food insecurity (four to six
affirmative answers) and severe food insecurity (seven to nine
affirmative answers). With these cut-off points, there was cor-
respondence of the item content with the conceptualization of
food insecurity: mild food insecurity is characterized by a

decrease in food variety or quality or concern about running
out of food; moderate food insecurity is present when the food
quantity for adults is reduced; and severe food insecurity oc-
curs when food runs out, socially unacceptable ways are used
to acquire food, or members of the household experience hun-
ger (Pérez-Escamilla et al. 2012).

In the ENIGH, the respondents (usually the housewife or a
household member who knew about the food expenditures)
were trained to register any foods and beverages purchased
during a week. Trained interviewers reviewed the information
registered by respondents, and clarifications or probing of
missing data was determined at the end of the week. Each
respondent reported any foods and beverages acquired by
any member living in the household during the week. The
interviewers divided the reported foods into 233 categories
of most-consumed single items (e.g., orange) or less-
consumed food classes (e.g., mandarin, nectarine, and tanger-
ine). Standardized procedures to clean and analyze the data of
household expenditure surveys were conducted (Smith and
Subandoro 2007; Fiedler et al. 2012). To analyze the house-
hold food supply, the amounts of foods (in grams per day)
available per adult equivalent was estimated. The concept of
an adult equivalent was necessary to conduct comparisons
among households with different demographic compositions,
because younger subjects require less resources to fulfill their
needs (Teruel et al. 2005). Therefore, rather than using the
total number of household members to make per capita esti-
mations, children received a lower weighting than adults in
order to be able compare households with different numbers
of children and adults. The values used to estimate adult
equivalents are specific to the Mexican population (Teruel
et al. 2005). Food supply data that were greater than 5 SD of
the average total grams for each food were truncated. Based
on energy and nutrient content (Muñoz et al. 2010), process-
ing level (Costa Louzada et al. 2015), and cost (Ortiz-
Hernández 2006), we categorized the food items into 27 food
groups. The items included in each food group are presented
in supplementary Table 3.

The nutrients analyzed were selected because they are risk
or protection factors (JointWHO/FAOExpert Consultation on
Diet, Nutrition and the Prevention of Chronic Diseases 2003)
for diseases that are the main causes of morbidity or mortality
in Mexico (Instituto Nacional de Estadística, Geografía e
Informática 2015; Organización Mundial de la Salud 2016;
Gutiérrez et al. 2012): energy intake is associated with weight
gain; saturated fat, sodium, and cholesterol consumption are
associated with coronary heart disease and stroke; sodium and
potassium are associated with hypertension; calcium is related
to osteoporosis; fiber, vitamin A, and vitamin C are protectors
for some chronic conditions; iron and vitamin A are linked
with anemia; and zinc, vitamin A, and protein are associated
with linear growth. The content of calories and nutrients was
consulted from the national food composition reference
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(Muñoz et al. 2010). If nutrient data were not found in this
reference, then the USDA Food Composition Databases
(United States Department of Agriculture 2016) were used.
The percentages of the edible portions of 193 of the 233 foods
included in the ENIGH were estimated. For the rest of the
foods, it was not possible to estimate nutrient content because
their description in the ENIGH was not specific (e.g., Bother
vegetables^) or nutritional data did not exist (e.g. mole).
Information about the codes used for nutrient estimates may
be requested from the authors. Energy was analyzed as total
kcal per day and as energy density per 100 g of food. The
energy density of the food groups was estimated and classified
into four categories: very low (<0.6 kcal/g), low (0.6–1.5),
medium (1.6–3.9), and high (4.0–9.0) (Rolls and Hermann
2012). Macronutrients were expressed as the percentage of
total energy supply, whereas micronutrients were estimated
as the nutrient density per 1000 kcal.

The sex, age, ethnicity, and education of the household
heads were evaluated. In Mexico, each participant defined
who was the household head of his/her family. Education

was categorized into five groups: without education (kinder-
garten or did not attend school), elementary, junior high
school, high school (including technical careers), and bachelor
and postgraduate (including specialties, masters and doctoral
degrees). Ethnicity was defined according to the language
spoken: an indigenous person is one who speaks a native
language. The region (north, west, center and south) and lo-
cality size (city: >100,000 inhabitants, urban: 15,000 to
99,999, semi-rural: 2500 to 14,999 and rural: <2500) where
the households were located was considered.

Statistical analysis was performed using the survey com-
mands of STATA software version 14.0. These commands con-
sider the complex design of the ENIGH. Frequencies of cate-
gorical variables and means of continuous variables were esti-
mated. To identify whether differences between groups exist,
chi-square tests were conducted. To identify whether the sever-
ity of food insecurity was associated with demographics, an
ordinal regression model was estimated having food insecure
severity as the ordinal outcome variable with the following cod-
ing: 0, food security; 1, mild food insecurity; 2, moderate food

Table 1 Socio-demographic characteristics of Mexican households and their distribution by food insecurity

Food security and insecurity b

Total a FS FI-Mi FI-Mo FI-S ORM

% % % % % p OR p

Total 100% 48.0 25.6 15.4 10.9
HH sex

Male 74.3 48.4 26.1 15.2 10.3 <0.000 Ref.
Female 25.7 46.9 24.2 16.1 12.8 1.15 0.001

HH age, years
34 or younger 19.4 47.6 26.5 14.9 11.0 0.003 Ref.
35–49 36.1 45.5 26.8 16.6 11.1 1.10 0.048
50–64 26.8 50.1 23.8 15.2 10.9 0.91 0.092
65 or older 17.7 50.5 24.8 14.2 10.5 0.66 0.000

HH speaks indigenous language
No 92.1 50.1 24.9 14.8 10.2 Ref.
Yes 7.9 23.7 34.3 22.6 19.4 0.000 1.38 0.000

HH education
No education 7.9 27.4 29.5 22.5 20.6 0.000 Ref.
Primary 34.3 37.5 30.2 18.7 13.6 0.59 0.000
Junior high school 27.5 46.3 27.0 16.7 10.0 0.42 0.000
High school 14.7 56.4 22.2 12.4 9.0 0.30 0.000
Bachelor or more 15.6 76.6 14.4 5.4 3.6 0.13 0.000

Geographic region
North 23.7 57.3 20.2 12.2 10.3 0.000 Ref.
West 22.6 49.0 24.0 15.5 11.5 1.12 0.072
Center 31.3 50.5 25.2 14.5 9.8 1.17 0.011
South 22.4 33.8 33.6 20.1 12.5 1.47 0.000

Locality size
City 49.8 58.7 20.7 12.1 8.5 0.000 Ref.
Urban 14.7 43.9 27.3 16.7 12.1 1.37 0.000
Semi-rural 13.5 39.6 29.9 17.6 12.9 1.31 0.000
Rural 22.0 31.7 33.0 20.9 14.4 1.41 0.000

Minors
No 51.2 54.7 22.4 13.1 9.8 0.000 Ref.
Yes 48.8 41.1 28.9 17.9 12.1 1.45 0.000

FS, food security; FI-Mi, mild food insecurity; FI-Mo, moderate food insecurity; FI-S, severe food insecurity; HH, household head; ORM, ordinal
regression model; OR, odds ratio; having food insecurity severity as outcome; ref., reference group
a Distribution in the total population
b Percentages sum 100% in rows. Weighted estimates are reported
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insecurity; and 3, severe food insecurity. The ordinal regression
models estimate a link function from the actual cumulative odds
of each category in the outcome variable. Odds ratios (OR) can
be estimated from the regression coefficients of the ordinal re-
gression models. An OR> 1.00 (or OR < 1.00) corresponds to
an increasing (or decreasing) odd of being in one of the higher
cumulative outcome categories.

To compare the means of food and nutrient supplies ac-
cording to food insecurity, the respective confidence intervals
(95% CIs) were calculated. The 95% CIs were estimated
based on the Taylor series linearization method. Finally, linear
regression models were estimated with energy and nutrient
supplies as the outcomes and food insecurity as the exposure
variable. The models were adjusted for age, sex, and ethnicity
of the household head, minors in the household, geographical
region, and locality size. These variables were considered
confounders because minors in the household, living in the
south region and living in rural localities were associated with
higher probabilities of food insecurity and lower diet quality
(Shamah-Levy et al. 2014; Valencia-Valero and Ortiz-
Hernández 2014).

3 Results

Household heads were more likely to be males than females;
were 35 to 49 years old; were Spanish rather than native
speakers; or had primary education than other education levels
(Table 1). Around one-third of the households were in the
center region and one-half were in cities. Minors were present
in almost half of the households. Households from urban or
smaller localities and the south region, those with women or
indigenous people as heads and those with minors were more
likely to experience more severe levels of food insecurity.
Conversely, households headed by individuals 65 years or
older or more educated people had a lower probability of
experiencing the more severe grades of food insecurity. The
same trends were observed in the ordinal regression model.
The only exception was that there were no differences be-
tween households with minors and those without minors.

Compared to food insecure households, those with food
security had a higher supply of fifteen food groups: wheat,
fresh fruits, fresh vegetables, processed vegetables, fresh
meat, processed meat, chicken, fish and seafood, milk, cheese,
fries, sugar-sweetened beverages, desserts, oilseeds, and alco-
holic beverages (Table 2). Households with any level of food
insecurity had a higher supply of six food groups: maize, rice,
spices, pulses, eggs, and sugars. There were no significant
differences for roots, animal fats, vegetable oils, fast food,
coffee and tea, and baby food supplies. In total, two of the
fifteen food groups with higher availability in food secure
households had very low energy density, five had low energy
density, six had medium energy density, and two had high

energy density. Conversely, in food insecure households, there
was lower availability of any food groups with very low en-
ergy density: however, two of the six food groups with higher
availability in food insecure households were low energy den-
sity, three were medium energy density, and one was high
energy density.

Mildly and moderately food insecure households had
higher supplies of energy than food secure and severely food
insecure households (Table 3). Energy density was higher as
food insecurity became more severe. Food insecure house-
holds had a higher percentage of calories from carbohydrates
and a higher iron and magnesium density than food secure
households. The percentage of calories from protein, fats,
and saturated fats was higher among the food secure house-
holds than those with any level of food insecurity. In these
households, the food available had higher vitamin C, calcium,
and sodium density than the food insecure households.
Compared to mildly or moderately food insecure households,
those with food security had foods with higher vitamin A
density. There were no differences between food secure and
insecure groups with respect to fiber, cholesterol, potassium,
or zinc density.

After adjusting for demographic variables, the total energy
supply was greater in the mild and moderate food insecure
households than in the food secure households (Table 4).
Energy density; the percentage of calories from carbohy-
drates; and the density of cholesterol, iron, and magnesium
became greater as food insecurity severity increased; but the
percentages of calories from proteins, fat, and saturated fat;
and the densities of vitamin C, calcium, zinc, and sodiumwere
less. The vitamin A supply was lower in mild and moderate
food insecure households, although in the last case the differ-
ence was marginal (p = 0.060). The potassium supply was
lower in moderately food insecure households, but the differ-
ence was marginal (p = 0.060).

4 Discussion

Mexican food secure households had a greater supply of more
food groups that were both healthy and unhealthy. By con-
trast, food insecure households had greater supplies of maize,
rice, spices, pulses, eggs, and sugar. Mildly and moderately
food insecure households had greater total energy supplies
than food secure or severely food insecure households.
Energy density became higher as food insecurity increased.
Food insecure households had a greater supply of carbohy-
drates, cholesterol, iron, and magnesium; but a lower supply
of protein, fat, saturated fat, vitamin A, vitamin C, calcium,
zinc, and sodium.

Our analysis confirms that food secure households have
higher availability of more food groups (fifteen), including
foods with different energy density (i.e. from very low to
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high); whereas food insecure households had higher availabil-
ity of fewer food groups (six) and most of them had medium
energy density (Hackett et al. 2007; Álvarez et al. 2006;
Melgar-Quiñonez et al. 2005; Valencia-Valero and Ortiz-
Hernández 2014). Higher dietary diversity in the food secure
households is driven by the higher cost of healthy foods, such
as fresh fruits and vegetables, lean meats, fish and seafood,
and dairy products (Ortiz-Hernández 2006). However, studies
based on dietary diversity measures (Hackett et al. 2007;
Melgar-Quiñonez et al. 2005) preclude a detailed analysis of
the nutritional consequences of food insecurity on diet be-
cause some foods that are more available in food secure
households are not healthy. To clarify these potential conse-
quences, our estimates of household supplies can be compared
with recommendations of food consumption to prevent chron-
ic diseases. In Mexican food secure households, the supply of
fresh fruits, fresh and processed vegetables, and pulses is
291.5 g/day, which corresponds to 58% of the recommenda-
tion (i.e. 500 g/day; (Joint WHO/FAO Expert Consultation on
Diet, Nutrition and the Prevention of Chronic Diseases

2003)); whereas in severely food insecure households the fig-
ures were 43% and 217.3 g/day, respectively. The supply of
fish and seafood in food secure households corresponded to
the 33% (10.6 g/day) of the consumption recommendation
(32.0 g/day; U.S. Department of Health and Human
Services, U.S. Department of Agriculture 2015)) and it
corresponded to 26% (8.2 g/day) in mildly food insecure
households. The supply of sweetened beverages in food se-
cure households was nearer (80% or 191.3 ml/day) to the
suggested limit (240 ml/day; (Rivera et al. 2008)) than in
severely food insecure households (54% or 130.4 ml/day).

At the other extreme, the higher availability of maize, rice,
pulses, eggs, and sugars in the food insecure households is
explained by their lower cost (Ortiz-Hernández 2006). For
example, moderately food insecure households had a sugar
supply closer (44% or 21.8 g/day) to the maximum suggested
consumption (50 g/day (JointWHO/FAOExpert Consultation
on Diet, Nutrition and the Prevention of Chronic Diseases
2003)) than food secure households (32% or 16.2 g/day).
Similarly, other factors could explain the differences in food

Table 2 Availability of food
groups by food insecurity among
Mexican households, 2014

Total population ED FS FI-Mi FI-Mo FI-S

% 1 M 2 (kcal/g) M 2 M 2 M 2 M 2

Maize products 88.64 205.83 2.00 177.68 227.07a 238.55a 234.24a

Wheat products 83.92 58.03 3.67 59.94 57.95 55.54 53.33a

Rice 33.93 14.39 5.18 13.42 15.06 15.99a 14.83
Roots 45.23 25.43 0.62 25.13 26.54 25.72 23.76
Fresh fruits 55.23 86.19 0.44 108.40 73.22a 63.02a,b 51.22a,b

Fresh vegetables 82.57 146.54 0.26 154.06 147.05 138.04a 124.28a,b

Processed vegetables 21.41 4.25 1.18 4.54 4.01 4.34 3.42a

Spices 22.40 4.45 1.25 4.05 5.23a 4.34 4.52
Pulses 48.83 30.38 3.26 24.5 34.09a 36.87a 38.39a

Fresh pork and beef meat 57.14 34.89 1.86 42.83 32.24a 25.11a,b 19.88a,b,c

Processed meat 52.62 16.93 3.35 19.30 15.46a 15.10a 12.52a,b,c

Chicken 58.90 44.44 1.61 47.98 43.39a 41.18a 35.86a,b

Fish and seafood 22.19 9.55 1.51 10.65 8.22a 8.54 9.19
Milk 68.82 135.93 0.71 156.41 124.31a 118.54a 97.38a,b,c

Cheese 48.58 12.38 2.45 14.40 11.02a 10.61a 8.73a,b,c

Egg 65.85 37.30 1.33 35.13 38.64a 39.78a 40.29a

Animal fats 23.57 4.79 3.83 5.04 4.75 4.74 3.84
Vegetable oils 35.33 15.84 8.54 15.04 16.62 16.97 15.93
Fries 12.24 2.19 5.18 2.70 1.79a 1.91 1.27a

Fast food 33.70 74.12 1.94 76.73 70.78 68.75 77.96
Sugar-sweetened beverages 70.40 166.21 0.61 191.26 147.42a 144.45a 130.39a

Sugars 30.75 18.72 3.86 16.20 21.15a 21.80a 19.84a

Desserts 21.62 8.49 3.34 10.34 6.97a 6.88a 6.17a

Coffee and tea 17.50 1.74 0.00 1.79 1.64 1.75 1.79
Oilseeds 3.00 0.70 4.65 0.90 0.60 0.50a 0.37a

Alcoholic beverages 4.77 10.49 0.82 13.65 7.31a 6.14a 10.10
Baby food 0.99 0.27 1.55 0.34 0.14 0.32 0.14

ED, energy density; FS, food security; FI-Mi, mild food insecurity; FI-Mo, moderate food insecurity; FI-S, severe
food insecurity
1 Proportion of households that purchased the food group
2 Average grams or milliliters of food per day per adult equivalent. Weighted estimates are reported
a significant difference from FS. b significant difference from FI-Mi. c significant difference from FI-Mo.
Superscripts mean that 95% confidence intervals (estimated through Taylor series linearization method) do not
overlap
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supply by the severity of food insecurity. For example, the
acquisition of certain unhealthy foods (e.g., fries, sugar-
sweetened or alcoholic beverages) by food secure households
could be influenced by marketing (Chandon and Wansink
2012). In addition, some low-cost foods (e.g., maize, pulses,
and sugar) are perceived to generate the satiety perception,
and food insecure households tend to select these items for
this reason (Hernández et al. 2013).

In the regression models, a linear relationship of energy
density with severity of food insecurity was evident. This
shows that as household resources are restricted, households
prefer staple foods that are usually more energy dense and low
cost. The total energy supply was higher among mildly and
moderately insecure households compared to secure and se-
verely insecure households. These differences in total energy
correspond to the curvilinear relationship of food insecurity
with body weight: the risk of being overweight is higher in
people from mildly or moderately food insecure households,
whereas it is lower among those from severely food insecure
households (Morales-Ruán et al. 2014; Ortiz-Hernández et al.
2007a; Ortiz-Hernández and Rivera-Marquez 2010). These
patterns may occur because mildly and moderately food inse-
cure households give priority to buying, and can afford, great-
er amounts of medium and high energy density foods, which
increase the risk of weight gain among their members.
Although severely food insecure households prefer energy
dense foods, they can only afford less of these foods than
households with food insecurity of a lesser severity. The lower
energy supply may explain the higher risk of low weight
among members of severely food insecure households. Food

secure households have greater dietary variety which includes
very low, low, medium and high energy density foods; how-
ever, contrary to food insecure households, those with food
security tend to acquire lower quantities of foods with high
energy density, which could reduce the risk of their members
being overweight and obese (Perez-Escamilla et al. 2012).

Protein, total fat, saturated fats, vitamin A, vitamin C, calci-
um, and sodium supplies became lower as food insecurity be-
came more severe, whereas the proportion of energy from car-
bohydrates, cholesterol, iron and magnesium supply became
greater. These patterns can be attributed, on the one hand, to
the lower availability of fresh and processed meats, fruits, and
vegetables in food insecure households; and on the other hand,
to their higher supply of maize, rice, pulses, sugars, and eggs. In
Canada, children and adults who live in food insecure house-
holds tend to have more energy dense carbohydrates and a
greater proportion of them (Kirkpatrick and Tarasuk 2008) but
iron and magnesium intake were higher in those living in food
secure households, contrary to our results. Thus, food insecurity
is consequent upon a diet based primarily on staple foods of
moderate or high energy density but are not necessarily sources
of nutrients associated with reduced health risks (Joint WHO/
FAO Expert Consultation on Diet, Nutrition and the Prevention
of Chronic Diseases 2003). Simultaneously, in addition to their
lower total fat and saturated fats supply, food insecure house-
holds have some elements in their diet that are healthy, such as
higher supplies of pulses and eggs, which are important sources
of protein and other nutrients. However, it remains controversial
whether the excessive consumption of eggs represents a health
risk (Shin et al. 2013).

Table 3 Energy and nutrient
supplies by food insecurity
among Mexican households,
2014

Total FS FI-Mi FI-Mo FI-S
M M M M M

Energy (kcal/day) 1581.89 1551.62 1627.78a 1632.34a 1537.43b,c

Energy (kcal/g/day) 1.41 1.30 1.48a 1.54a,b 1.57a,b

Macronutrients (% of calories)
Proteins 13.97 14.47 13.68a 13.39a 13.23a,b

Carbohydrates 57.80 56.06 58.67a 59.72a,b 60.68a,b

Fats 28.96 30.01 28.57a 27.85a 26.86a,b

Saturated fats 9.39 10.26 8.92a 8.46a,b 7.99a,b,c

Micronutrients (units/1000 kcal)
Fiber (g) 5.96 5.90 6.01 5.98 6.05
Cholesterol (mg) 172.34 174.51 170.09 168.85 172.98
Vitamin A (μg) 229.91 246.24 213.71a 216.57a 215.07
Vitamin C (mg) 44.71 50.92 41.99a 38.04a 33.27a,b

Calcium (mg) 502.33 515.81 492.67a 490.33a 482.96a

Iron (mg) 7.54 7.32 7.63a 7.76a 8.01a,b

Magnesium (mg) 212.72 201.26 220.05a 224.69a 228.95a,b

Potassium (mg) 1213.48 1222.25 1214.13 1193.63 1201.57
Zinc (mg) 4.20 4.23 4.21 4.15 4.16
Sodium (mg) 718.25 785.06 679.03a 636.40a,b 632.86a

FS, food security; FI-Mi, mild food insecurity; FI-Mo, moderate food insecurity; FI-S, severe food insecurity;M,
weighted means
a significant difference from FS. b significant difference from FI-Mi. c significant difference from FI-Mo.
Superscripts mean that 95% confidence intervals (estimated through Taylor series linearization method) do not
overlap
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Contrary to our expectations and to what was observed in
Canadian adults (Kirkpatrick and Tarasuk 2008), food inse-
cure Mexican households had higher iron and magnesium
supplies than their counterparts. The higher availability of
eggs (source of iron), fortified processed cereals, and pulses
(sources of iron and magnesium) can explain this fact.
However, the bioavailability of minerals from pulses is re-
duced compared to that from animal sources (Gibson 2007;
Leroy et al. 2015).

This study presents limitations inherent in the analysis of
household expenditure surveys (Smith and Subandoro 2007;
Fiedler et al. 2012). These types of surveys are unable to
determine the distribution of food among household members.
Potential sources of bias could include the type of food pur-
chased within the reference period (i.e., perishable food may
be bought in higher quantities), inaccuracy of the reported
food weights, the lack of information about food consumed
away from home, and by the variability of the people who eat
at home. In addition, the ENIGH is based on a cross-sectional
design, which does not allow causal conclusions to be drawn.
The average energy supply in Mexican households estimated
in this study (1581 kcal/d) was lower than that estimated from
FAO balance sheet data (3139 kcal) (Ortiz-Hernández et al.
2006). This may be due to the underestimation of the energy
supply and because of the different levels of analysis (house-
hold versus national). Reported energy consumption by 24 h
recall among Mexican adults (2030 kcal/d) (Lopez-Olmedo
et al. 2016) is also lower than the FAO estimates. In
Ugandan households, the energy supply derived from a house-
hold expenditure survey did not differ from estimates based on

24-h recalls (Dary and Jariseta 2012). However, we cannot
dismiss the possibility that our estimates are an underestima-
tion of household food supply because the kind and quantities
of foods eaten away from home are not assessed in the
ENIGH. In 2002, foods eaten away from home was 18.8%
of total food expenditure (Ortiz-Hernández et al. 2006). Future
studies are necessary to analyze the energy and nutrients of
food consumed away from home. Because of this, estimates of
total energy supply could be biased; however, this is not the
case for energy density, which depends on the kinds of foods
but not on food quantity.

Our results have implications for the conceptualization of
household food insecurity. It has generally been considered
(Melgar-Quiñonez et al. 2005; Hackett et al. 2007; Pérez-
Escamilla et al. 2012; Leroy et al. 2015) that increasing sever-
ity of household food insecurity is associated with decreasing
quality and quantity of foods; therefore, its energy supply is
expected to decrease in a linear way. Based on this premise, a
common practice is to validate new indicators of household
food insecurity having the household energy supply as a gold
standard (Melgar-Quiñonez et al. 2005; Vaitla et al. 2017;
Haddad et al. 1994; Leroy et al. 2015). In other words, most
authors assume that there is a linear negative association of
household food insecurity severity with household energy
supply. This may be the case in low income countries, espe-
cially those in Africa and Asia (Vaitla et al. 2017). However,
our results challenge such a premise and suggest that in a
middle-income country the relationship is positive and curvi-
linear i.e. households with mild or moderate food insecurity
had higher energy supply than those with food security; but

Table 4 Linear regression
models having as outcomes the
energy, macronutrient and
micronutrient supplies among
Mexican households, 2014

FI - mild FI - moderate FI - severe Linearity test

B 1 p B 1 p B 1 p t p

Energy (kcal/day) 47.44 0.024 52.39 0.024 −42.23 0.136 −0.06 0.955
Energy (kcal/g/day) 0.09 0.000 0.14 0.000 0.18 0.000 13.03 0.000
Macronutrients (% of calories)
Proteins −0.55 0.000 −0.78 0.000 −0.90 0.000 −8.04 0.000
Carbohydrates 1.77 0.000 2.67 0.000 3.51 0.000 9.92 0.000
Fats −1.02 0.000 −1.65 0.000 −2.53 0.000 −7.59 0.000
Saturated fats −0.83 0.000 −1.25 0.000 −1.72 0.000 −14.54 0.000
Micronutrients (density/1000 kcal)
Fiber (g) 0.00 0.977 −0.02 0.820 0.07 0.695 0.25 0.801
Cholesterol (mg) 5.12 0.112 5.21 0.119 9.35 0.035 2.32 0.020
Vitamin A (μg) −22.56 0.000 −17.12 0.060 −18.10 0.216 −1.76 0.079
Vitamin C (mg) −6.31 0.000 −9.72 0.000 −14.55 0.000 −8.78 0.000
Calcium (mg) −8.64 0.113 −10.25 0.077 −19.27 0.006 −2.90 0.004
Iron (mg) 0.33 0.000 0.46 0.000 0.70 0.000 8.81 0.000
Magnesium (mg) 13.75 0.000 18.22 0.000 23.91 0.000 10.39 0.000
Potassium (mg) −5.45 0.638 −24.44 0.059 −18.83 0.262 −1.67 0.095
Zinc (mg) −0.03 0.331 −0.09 0.014 −0.07 0.126 −2.24 0.025
Sodium (mg) −60.64 0.000 −98.70 0.000 −103.5 0.000 −7.82 0.000

Models adjusted for age, sex, and ethnicity of the household head; minors in household, geographical region and
locality size. Reference group: food security households. Weighted estimates are reported

FS, food security; FI, food insecurity; B, linear regression coefficient
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the latter is not different from those with severe food insecu-
rity. This situation occurs in part because in this country there
is a greater availability at the national level of cheap food
which has moderate or high energy density (Ortiz-
Hernández et al. 2006); such foods are affordable for house-
holds with mild or moderate food insecurity.

Regarding nutritional quality, although in food insecure
households there is less availability of most food groups, there
is greater availability of foods that are inexpensive, some of
which have low nutrient density but medium or high energy
density (sugar or rice). This may imply that their members are
at an increased risk of consuming insufficient amounts of
foods of high nutrient density and very low or low energy
density (e.g., fresh fruits and vegetables) and nutrients (e.g.,
vitamin A, vitamin C, or calcium) that reduce the risk of
chronic diseases (Joint WHO/FAO Expert Consultation on
Diet, Nutrition and the Prevention of Chronic Diseases
2003). It is imperative to recognize these facts because the
negative effects of the nutritional transition are concentrated
in households and individuals with food insecurity. Therefore,
policies and programs to promote healthy eating should in-
clude the goal of eradicating food insecurity.

Finally, although food secure households have access to
foods of good nutritional quality (e.g., fresh fruits and vegeta-
bles or lean meats), they also have access to low-quality foods
(e.g. processed meats, fried foods, sugar-sweetened beverages,
desserts, and alcoholic beverages). Consequently, having great-
er food variety does not always imply having a healthier diet
because some of these food groups are nutrient sources (total
fat, saturated fats, and sodium) that are related to detrimental
effects on health. Regardless, food-secure households have ac-
cess to more foods with very low and low energy densities than
those households with any level of food insecurity.
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