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Abstract: The aim of this study is to put forward an approach designed to calculate and sum up
discrepancies between the actual food acquisition or intake and any standard or norm. Based on
secondary analysis of cross-sectional data from the Mexican National Survey of Household Income
and Expenditure, our proposed method to produce classes of entropy-based Diet Adherence Indices
generates a Food Basket Adherence Index (FBAI) for Mexico City (2129 households). Findings suggest
that it is possible to measure and decompose diet adherence using a cross entropy measure. Using
food expenditure data and a normative food basket for Mexico City results, we show households’
deviations from the suggested norm for different food groups. The average FBAI was 0.44, far above
the minimum score of 0 which would indicate full adherence to the normative food basket. Our
measure has a distribution wide enough to detect meaningful changes and distinguish between
groups with known differences, providing important new insights on the linkages between home
food environments and income distribution, and food insecurity and household distribution.

Keywords: diet adherence; food acquisition; home food environment; food baskets

1. Introduction

A healthy, balanced, and diverse diet is one of the foundations of a population’s well-
being [1–3]. Current dietary patterns in Mexico indicate that 42% of the adult population
follow a westernized dietary pattern, characterized mainly by high consumption of sugar-
sweetened beverages, fast food, baked goods, and sweets and salty snacks [4]. The effects
of unhealthy diets on major noncommunicable diseases (cardiovascular disease, type 2
diabetes mellitus, and certain types of cancer) have been well documented for these food
items, and increased intake of energy, saturated fat, protein, and sugar has been associated
with obesity and being overweight [5].

Diet standards are thus important for guiding and evaluating a population’s decisions
as well as for the design, monitoring and evaluation of public health policies. The study of
diet adherence (i.e., the extent to which a population meets such norms) is vital to keep
track of divergences across different groups and populations, and it contributes to the
better design of public health and social development policies [6–8].

Research on diet adherence demands contrasting observed data with a diet standard
to draw conclusions about how far or close a population is from such a norm [9,10].
A major branch in the academic literature has aimed to address the problem of producing
sound diet norms that consider the provision of energy and nutrients, cost, and cultural
validity [11–14]. Given a standard, from an analytical perspective, a follow-up challenge
is to find a robust procedure to calculate and compare the extent to which a population
and sub-populations deviate from such guidelines. The answer to this question requires
an approach that produces consistent metrics to make inter- and intraunit (units can be
households, people, or countries) comparisons.
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The literature that has aimed to evaluate diet adherence to specific norms lacks agree-
ment about how to produce sound, cost-effective, and comparable metrics to examine the
degree of fulfilment of diet standards [15]. The most common strategy used to derive a total
score or index for evaluating adherence to prespecified guidelines or recommendations
usually approaches the matter by summing points when the minimum intake cut-offs of
nutrients, foods or both are met. Sometimes these indices subtract points when the compo-
nents are deemed to contribute excess calories to the detriment of energy-dense foods [15].
A problem of having different composite scores is that, even when somehow validated [16],
they make comparisons across samples, standards and populations extremely difficult,
with no simple (structured and replicable) way to compare divergences from different
cultural dietary norms. For example, several studies rate participants’ responses in such
a way that the maximum and minimum values are different across and within studies
and, even when normalised, do not result in meaningful comparisons of the extent of diet
divergence between and within groups [17–20].

To make progress in the measurement of diet adherence, and following a long-standing
tradition in inequality research in economics, in this paper we propose a novel approach
based on decomposable divergence methods, i.e., indices for within and between-group
comparisons [21,22]. This paper develops a robust and flexible proposal to produce dif-
ferent classes of decomposable entropy-based Diet Adherence Indices (DAI) in order to
consistently assess a population’s divergences from either expenditure (food baskets) or
diet norms by means of standard inequality measures [23]. Provided that dietary norms
can be meaningfully expressed as shares across food groups, this approach helps to create
comparable and decomposable (across food groups) figures of diet adherence that can be
correlated with explanatory variables. It is applicable to both current food expenditure and
food-intake data. A secondary objective is to present a real-data application of our proposal
by evaluating the population’s adherence to a normative food basket for Mexico City. We
decompose the resulting Food Basket Adherence Index (FBAI) and incorporate explanatory
variables such as food security and socioeconomic factors (income, household distribution)
to understand the divergences from the norm.

2. Data and Methods
2.1. Data
2.1.1. Normative Food Basket

An essential condition for producing metrics on diet adherence is having diet norms
or standards. The Mexican diet has a high degree of variability across regions [24,25],
and any attempt to make meaningful inferences on diet adherence is conditional on the
development of sensible standards for the populations of interest. We build upon a study
commissioned by the Council for the Evaluation of Social Development of Mexico City
(Evalúa CDMX) for the construction of a Normative Food Basket (NFB) [26–28]. One of
the primary purposes of the study was to profile the dietary practices of the citizens of
Mexico City [28]. Based on home food inventories, family food diaries, and gender-based
focus groups (with mixed ages and social strata), it was possible to identify a list of popular
food items and prepared dishes eaten by families at home and the factors that determine
their consumption.

The final list of food items was evaluated by a group of experts and was used to create
six food baskets for different age groups and genders. The food baskets account for energy
and nutritional requirements, access to food, and sociocultural factors relevant to Mexico
City [28]. We rely on this NFB method because it is sound in that it has the features of
what are considered best practices in the region [29,30]: it can be traced back to a theory, it
relies on empirical scrutiny, and, very importantly, it has face validity; a decisive, but often
overlooked aspect, for an acceptable and useful standard from a policy perspective. Sadly,
this is the only NFB of its kind in Mexico.
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2.1.2. Food Acquisition And Food Security Data

A second source of input for the implementation of our method is data on food intake
or expenditure. In this example, we conduct a secondary data analysis on the Mexican
National Survey of Household Income and Expenditure 2018 (ENIGH for its Spanish
acronym). The ENIGH survey collects detailed information about all foods purchased or
otherwise acquired (as payment in kind, gifts from other households, self-consumption,
public transfers) by a household over the course of seven days. The primary respondent (the
adult mostly in charge of food purchases) in each household records purchases (either for
consumption or storage) in food diaries, excluding recreational food (acquisitions for special
events) and gifts to other households. At the end of each day, the primary respondent
undertakes an in-person interview regarding any potential mistakes made in completing
the diary. The data set contains information on 247 food items, distinguishing between
food-at-home (FAH) and food-away-from-home (FAFH), including weight (volume), price,
total amount paid, and place of acquisition.

The ENIGH also includes an adaptation of the Latin American and Caribbean Food
Security Scale (ELCSA for its Spanish acronym) [31], which is the base of the Mexican
Official Poverty Measure. We include the Mexican Food Insecurity Scale, a short 12-item
version of ELCSA, to correlate the FBAI with experiences of hunger, lack of variety of food
and food deprivation.

2.1.3. Socioeconomic Data

A definite advantage of household expenditure surveys such as ENIGH is that they
usually contain detailed information about socioeconomic characteristics of the household
that may influence food purchases. For the purpose of exploring the divergence from the
norm in greater depth, variables such as income, household distribution, and household
structure are included in the analysis as explanatory variables.

ENIGH 2018 contains a total of 74,647 households, with a relatively small (n = 2129),
but representative sample of Mexico City households (roughly 2.7 million households
with an average size of 3.3, 1.7 SD people per household), who completed the survey
between August and November 2018 [32]. Although the sample was not stratified by
month, the subtropical highland climate of Mexico City (2240 m; 7350 ft) makes the effect
of weather on dietary habits less of a concern.

2.2. Methodology

Our approach involves two steps. The first applies a norm to classify the available
data on food consumption or expenditure according to food groups or specific diets (see
data analysis section). The second implements an entropy-based approach to generate from
the chosen norm a diet adherence index capable of decomposing the results by food or
population groups. Therefore, the main outcome of our approach is a class of index with
a scope that depends on the characteristics of the selected norm and the available data,
i.e., the proposed approach could yield results on food quality or diet adherence indices
that rely on either consumption or expenditure data.

For the applied example, we rely on a food basket that balances quality and cultural
validity, and therefore the resulting index is a Food Basket Adherence Index (FBAI). We
chose this for our example because it is generalisable with wide-ranging implications due
to the availability of food baskets and expenditure data worldwide.

Entropy as a Measure of Discrepancy

In assessing a household’s diet adherence, we propose a measure that resumes the
aggregate discrepancy between the empirical and the normative food group distribution.
To do so, here we build upon well-known measures of distributional change [21,22], an ap-
proach that extends the generalized entropy studied in inequality measurement [23]. That
is, we measure diet adherence by a population group as the divergence between its FGS
weight distribution and that of the counterfactual NFB, specifically customized according
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to the demographic characteristics of the group in question (e.g., household structure).
Consider N food groups and staples (FGS), FGS = {1, 2, . . . , N}, and the associated vector
of non-negative weight shares We = {we

1, we
2, . . . , we

N}. Our approach compares the em-
pirical distribution We with a reference (normative) distribution Wr = {wr

1, wr
2, . . . , wr

N}.
Endowed with both We and Wr, the quality of food acquisitions is now measured by
summarizing the discrepancies between both vectors into a scalar measure.

Our estimates are presented in terms of the Kullback–Leibler divergence (KLD) [33]
(the key difference between a divergence and a distance measure is that the former neither
needs to be symmetric nor to satisfy the triangle inequality), a particular case of a broader
class called Bergman divergences:

Dn
φ(x||y) := ∑

i∈N
[φ(xi)− φ(yi)− (xi − yi)φ

′
(yi)], (1)

where φ(c) := clnc, x represents a given distribution, y an objective distribution and N
the coarse-grained states across which units of analysis are distributed. Thus, for our
estimates of food acquisition quality, we aggregate divergences between the normative and
the empirical FGS weight distributions as follows:

D(We||Wr) =
N

∑
n=1

we
n ln

we
n

wr
n
+ wr

n − we
n. (2)

where the last two terms add up to zero across the sum. The KLD function is perhaps the
most well-known information theoretic measure of discrepancy between distributions. It
is well known that D(We||Wr) ≥ 0 and the equality holds if and only if We = Wr (the
properties of this measure can be found in [22]). Based on the relative entropy measure
described in Equation (2), we define our index for comparing food basket qualities as:

FBAI(We||Wr) = 1− exp[−D(We||Wr)]. (3)

The transformation defined in Equation (3) is a normalization, so 0 ≥ FBAI ≤ 1.
Similar transformations of the KLD function have been proposed in other contexts [34].
An FBAI ≈ 0 indicates that We and Wn are approximately the same.

As an element of getting us closer to a robust approach in inequality research, the choice
of a (decomposable) relative entropy measure is guided by its proximity to the literature
on information theory [35], characterizing the relative (Shannon) entropy as a measure of
surprise. Entropy is a measure of concentration of probabilities. Low entropy distributions
are more concentrated, and hence more informative, than high entropy distributions. Thus,
our proposal is to measure food basket quality as the additional amount of information
contained in the empirical food basket that is not included in the normative: a measure of
how surprised the researcher is to see a household’s food acquisitions, given the common
agreement of what an adequate basket for that household would look like. It is this infor-
mation discrepancy between the empirical and the normative food baskets that we propose
as a metric comparable across an otherwise utterly dissimilar set of distributions. Given
the nature of our data, we have applied this approach at the household level, and averaged
across households to assess larger population groups. The Stata syntax used to produce the
results is included as supplementary material.

2.3. Data Analysis

In analysing the structure of the food basket, the 247 food items were grouped into
14 common FGS for better coupling with the NFB construction [28]: (1) Grains; (2) Roots and
tubers; (3) Legumes; (4) Nuts and seeds; (5) Vegetables; (6) Fruits; (7) Meat; (8) Processed
meat; (9) Fish; (10) Dairy products; (11) Milk; (12) Eggs; (13) Fat and oils, and (14) Sugars
(Table S1 shows the food items included in each food group). The NFB leaves out seasoning
herbs, spices and condiments, and other items considered obstacles for healthy diets (junk
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food and low-nutrient foods). Subsequently, the group structure of food acquisitions is
expressed in relative terms as weight shares (i.e., as the percentage of total food kilograms
acquired of each of 14 food groups). Focusing on weight shares allows us to (1) leave some
room for individual (household) variability in the composition of the basket in terms of
specific foods in each food group; and (2) improve the comparability across population
groups with different spending levels on Food Away From Home (FAFH).

Using Equation (3), we estimated the FBAI for the 14 food groups in order to make
comparisons between the normative and the empirical distributions. Furthermore, we
estimated the FBAI by income deciles and presented contour plots for better visualisation
of the findings when using households as units of analysis.

3. Results

A description of the characteristics of the 2129 households included in this study are
presented in Table 1.

Table 1. Main characteristics of the sample.

Household Characteristics n/% Standard Error

Total households in sample 2129 n/a
Total gross (sampling weights) households 2.7 million n/a
Mean household size 3.4 members (0.001)

Mean household per capita monthly income 6750 MXN (4.06)(305 USD)
Proportion male headed households 68% (0.005)
Proportion urban households 80% (0.004)
Proportion households with food insecurity 15% (0.004)

3.1. Food Basket Adherence Index Distribution

Overall, as per the NFB, our results suggest that Mexico City’s households acquire
too little or few fruits, milk, vegetables, dairy products, fish, legumes, roots and tubers,
sugars, and nuts and seeds, and too many meats, grains, eggs, processed meat, and fats and
oils (see Table 2). In a wide distribution of scores across households (5th percentile = 0.19;
95th percentile = 0.78; median = 0.42, SD = 0.18), the average FBAI was 0.44, far above the
minimum score of 0 which would indicate full adherence to the NFB.

Table 2. Household-average normative and empirical shares (%) by food groups and staples, Mexico
City, 2018.

Normative Empirical KLD
FGS (wr

n) (we
n) (Dn)

Fruits 21.59 14.42 0.0913
Milk 18.30 12.37 0.0903
Vegetables 22.51 18.18 0.0537
Dairy products 4.55 2.85 0.0352
Fish 2.34 1.30 0.0267
Legumes 2.96 1.95 0.0254
Roots & tubers 3.27 2.55 0.0238
Sugar 1.15 1.11 0.0196
Nuts & seeds 0.49 0.07 0.0062
Meats 3.96 10.59 0.0756
Grains 15.00 23.98 0.0672
Eggs 1.13 4.61 0.0633
Processed meat 0.34 3.14 0.0630
Fat & oils 2.43 2.88 0.0244

FBAI 0.4463
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Additionally, there are significant differences and patterns in dietary components as the
FBAI worsens. Figure 1 shows the relative excess or defect the average household exhibits
by FGS over deciles of the FBAI. In every panel, we see a dashed reference line indicating
the normative level associated with every FGS. At the top, we can see, for example, that
even those households best ranked (on the far left) acquire grains in excess (reference line
always at the bottom of the panel), and this only grows worse as the FBAI increases, to
more than double the norm at the far right. This behaviour is mimicked in the cases of
eggs and processed meat. In contrast, with an opposite behaviour, we find most notably
vegetables and fruits, falling almost absolutely short of the norm at the far right. As this
behaviour suggests significant associations with socioeconomic factors [36–38], differences
across income levels were examined.
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Figure 1. Adherence to NFB by food group over diet adherence level, Mexico City, 2018. Source:
Authors’ own elaboration using data from ENIGH 2018 [32] and Ávila Curiel [28].
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3.2. Income

Figure 2 somewhat corroborates the expected pattern of fruit and grains acquisitions
as we move from lower (left) to upper (right) income deciles—poor households are much
more likely to acquire no fruit, and large amounts of tortillas—while it also reveals more
complex dynamics in other FGS.

At the far right we can see that the richest households do exhibit better access to fruit,
fish, and dairy products, while, at the same time, they comply the worst with legumes,
vegetables and tubers. In addition, regarding the excess acquisitions of meats and processed
meats, differences across income levels are rather small, with all deciles falling well short
of the norm for milk (without distinguishing between whole and skimmed).
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Figure 2. Adherence to NFB by food group over income level, Mexico City, 2018. Source: Authors’
own elaboration using data from ENIGH 2018 [32] and Ávila Curiel [28].
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This worsening of food basket adherence at higher deciles of the income distribution
is best depicted in Figure 3, where we can see the best adherence to the NFB around the
7th decile.
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Figure 3. Household food acquisition adherence and income, Mexico City, 2018. Source: Authors’
own elaboration using data from ENIGH 2018 [32] and Ávila Curiel [28].

3.3. Household Distribution

Figure 4 allows us to better appreciate the distribution of Mexico City’s households
across both our FBAI and income distributions. In the upper left corner of the heatmap, we
can see in red what are most likely to be households living in food poverty: those whose
income does not suffice to afford adequate food. It is important to note that this heat pocket
reaches well into the 3rd income decile. Near the lower right part of the heatmap, we
can see another heat pocket where households with the best food basket adherence are
concentrated around the 7th and 8th income deciles. The upper middle bluish part of the
heatmap is what one would expect of income brackets with adequate food access, starting
in the 4th income decile. However, the two upper income deciles might be more difficult to
interpret, with some red areas at the top and blue in the lower half.
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Figure 4. Density of households by deciles of Food Basket Adherence Index and income, Mexico
City, 2018. Note: The figure shows a contour plot (sometimes called level plot) of a three-dimensional
surface (Income deciles, FBAI deciles, # Households). It graphs income deciles on the x-axis, FBAI
deciles on the y-axis, and the number of households at the intersection of each combination of these
deciles as color-filled contours increasing from blue (<16.8 K) to red (>34.6 K). Source: Authors’ own
elaboration using data from ENIGH 2018 [32] and Ávila Curiel [28].
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3.4. Food Away from Home

The pattern shown in Figure 4 might have to do with the fact that households in the
upper income deciles tend to spend relatively more on Food Away From Home (FAFH),
weakening the relationship between home food environment and adherence to the NFB.
Figure 5 allows us to dig a little deeper into this possibility. Here we can see how, indeed,
we have estimated the worst home food environments in those households where FAFH
expenditure is more than double Food at Home (FAH) expenditure. However, it is im-
portant to note that this does not necessarily mean that these households observe a better
adherence than what their home food environment would suggest; quite the opposite, it is
probable that, especially for the lower income deciles, food consumed away from home
(most likely on the street) is of a rather poor quality [39,40].
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Figure 5. Relative food-away-from-home expenditure by deciles of FBAI and income, Mexico
City, 2018. Note: The figure shows a contour plot (sometimes called level plot) of a three-dimensional
surface (Income deciles, FBAI deciles, FAFH/FAH expenditure). It graphs income deciles on the
x-axis, FBAI deciles on the y-axis, and the ratio of Food Away from Home (FAFH) expenditure to
that of Food at Home (FAH) at the intersection of each combination of these deciles as color-filled
contours increasing from blue (<0.21) to red (>2.3). Source: Authors’ own elaboration using data
from ENIGH 2018 [32] and Ávila Curiel [28].

The fact that hardly any of the households whose FAFH expenditure more than
doubles their expenditure on FAH can be found among those we estimate to have the best
home food environments (notice how all the red areas are in the upper part of Figure 5)
makes us consider the possibility that our estimates are most reliable for households which
spend no more than half of their of food expenditure away from home (blue and green
zones in Figure 5).

3.5. Household Structure

Another factor that could potentially weaken the relationship between home food
environment and adherence to NFB is household structure. Economies of scale exist within
households, perhaps especially in food preparation; that is, it does not cost a family of four
twice as much as a family of two to procure adequate food for meeting the dietary needs of
its members [41,42].

Figure 6 shows an interesting picture, as it provides useful information regarding those
households in greater need. From it, together with Figure 4, we can see that households
constituting up to three members in the first income decile are having the worst time
providing themselves with adequate food (upper left corner), while households constituting
four or more persons seem to be doing better in general. It is also interesting to note that
those households for which the home food environment is less informative of their food
basket adherence—those with higher FAFH/FAH ratio—fall on the smaller side.
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Figure 6. Household size by deciles of Adherence Index and income, Mexico City, 2018. Note: The
figure shows a contour plot (sometimes called level plot) of a three-dimensional surface (Income
deciles, FBAI deciles, Household size). It graphs income deciles on the x-axis, FBAI deciles on the
y-axis, and the household size at the intersection of each combination of these deciles as color-filled
contours increasing from blue (<2.5) to red (>4.2). Source: Authors’ own elaboration using data from
ENIGH 2018 [32] and Ávila Curiel [28].

3.6. Food Security

Our FBAI also adds further content to the Mexican Official Food Access Depri-
vation Measure (OFADM) and this opens new questions. Valencia-Valero and Ortiz-
Hernández [43] and Vega-Macedo et al. [37] have already shown not only that most food
groups are harder to find (lower variety) in food-insecure households, but also that they
are usually replaced with energy-dense foods.

Figure 7 shows the distribution of those households with Food Access Deprivation
according to the Mexican Official Poverty Measure (MOPM) by income and our FBAI
deciles. As expected, the greatest concentration of deprived households can be found
in the upper left corner, but a couple of hotspots on the lower right corner come as a
surprise. The apparent misalignment between the OFADM and households’ adherence
to the city’s NFB deserves our attention. Perhaps assessing the home food environment
will make it possible to shed new light on the puzzling “anomalies” in the Mexican Food
Security Scale [44,45]: unexpected combinations of (high/low) socioeconomic stratum and
(severe/minimal) food insecurity.
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Figure 7. Mexican Food Security Scale (Food Access Deprivation) by deciles of Adherence Index
and income, Mexico City, 2018. Note: The figure shows a contour plot (sometimes called level plot)
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of a three-dimensional surface (Income deciles, FBAI deciles, Food Access Deprived Households). It
graphs income deciles on the x-axis, FBAI deciles on the y-axis, and the proportion of Food Access
Deprived households at the intersection of each combination of these deciles as color-filled contours
increasing from blue (<2.5) to red (>4.2). Source: Authors’ own elaboration using data from ENIGH
2018 [32], Ávila Curiel [28] and CONEVAL.

4. Discussion

This paper presents a new entropy-based approach for producing comparable and
decomposable (across FGS) diet adherence indices drawn from different diet or food stan-
dards. We provide an empirical demonstration of the approach using Mexico City’s NFB as
a diet standard. The results show that, relative to the suggested standard, households fall
short in the acquisition of fruits, vegetables, dairy products, fish, legumes, roots and tubers,
sugars, and nuts and seeds, but are over-acquiring meat, grains, eggs, processed meat, and
fats and oils. Although we used data on expenditure at the household level, our results are
in line with evidence examining adherence to diet standards in Mexico using individual
intake, where findings also suggest under-consumption of fruits and vegetables, legumes,
dairy products and seafood [46,47].

When examining the possible factors affecting the discrepancy between food acquisi-
tion and the NFB, we found that income plays an important role. Our estimates strongly
suggest that lower-income households are less likely to procure adequate food, downgrad-
ing from the 7th decile of the income distribution. These findings further establish the
link between income and the types of foods purchased or otherwise acquired by house-
holds [36,37,43]. We take this as evidence that the divergences reported do not reflect
mere differences in personal tastes, but a real disadvantage to affected people; the dietary
expression of social exclusion.

The example based on real data from Mexico City shows the scope of implementation
of the proposed approach to widely available expenditure data. However, our approach is
not restricted to such data, and future research should explore its implementation using
intake data.

Our results are also important because they add significant detail to our understanding
of the home food environments of food-insecure households. Our results show that there
are significant and measurable differences by food security status in the food baskets
acquired, with potential explanatory power for long-perceived “anomalies” in the Mexican
Food Security Scale (misalignments with income, variability measures and frequency
items) [44].

The application of our expenditure-based approach has several strengths. First, it
relies mostly on data sources that are readily available in most low-and middle-income
countries (LMIC), naturally dovetailing with poverty measures, and has potential as a
means of evaluating large social development programs. Second, it takes advantage of
the strengths of expenditure data sets, namely, that they rely less on memory and are less
prone to social desirability biases. Third, being based on the food group and staples level,
the results are not only more interpretable compared with nutrients, but also easier to
translate into recommendations and intervention targets [48].

It is important to acknowledge the difference between food acquisition and intake (we
looked at what people procure for their household, not what they actually eat), and even
though there are good reasons to expect important correlations, our results warrant some
caveats. Firstly, our approach does not directly compare with diet indices in that (i) it is
based on food acquisitions as opposed to intake, and (ii) it is measured at the household
as opposed to the individual level. This type of analysis assumes that food purchases are
distributed according to need across all household members. However, this is not always
the case, especially in food-insecure households where adults may try to protect children
from food insecurity [49].

While expenditure data sets constitute a unique and valuable source of data regarding
the home food environment, there are several limitations inherent in their data collection
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processes. Expenditure surveys usually do not include information on how households
prepare meals or snacks with what is acquired, and hardly ever register food inventories
that households currently have in the surveying week, or how much of the acquired
food regularly goes to waste. Third, it is hardly possible to infer the quality of FAFH
purchases. In this respect, some degree of caution is warranted when interpreting home
food environments as an indicator of diet quality, particularly when FAFH expenditure is
sizeable relative to that of food at home.

This study provides a novel approach to analyse adherence to diet standards, and this
has a number of implications for future research. For instance, the entropy-based DAI could
be used to evaluate the adherence to diet quality indices in Mexico, namely the Mexican
Diet Quality Index [36,50], but this method can also be widely used with other diet quality
indices (e.g., Healthy Diet Index [51], Alternate Healthy Eating Index [52]), diet scores
(Dietary Approaches to Stop Hypertension Score [52]), and countries’ or regions’ specific
dietary guidelines and using expenditure or dietary intake at individual level.

We see the proposed entropy-based DAI as having a wide range of applications,
perhaps most importantly in assessing the growing concern worldwide of food security.
Indeed, assessing home food environments may add further content to measures of food
security in vulnerable groups. As people experiencing food insecurity usually face diffi-
culties in acquiring food and are forced to compromise on the quality and/or quantity of
the food they procure, the entropy-based DAI may prove to be a simple tool to gauge the
extent of food budget restraints, even outlining the sociodemographic groups most at risk
of experiencing food insecurity. In this way, the entropy-based DAI can help public officials
look with higher resolution into a broader range of food insecurity levels, informing the de-
sign of appropriate interventions for specific population groups in situations of widespread
economic turbulence.

On the nutritional side, the promotion of healthy diets still needs to be provided
to the population. The findings presented here can inform decisions about which food
groups need to be promoted in Mexico City and to which populations. For instance, the
consumption of fruits and vegetables still needs to be widely promoted to all sectors of the
population, even though different campaigns to increase intake of fruit and vegetables have
been carried out in previous years [47]. Less is known about what is impeding household
expenditure on fruits and vegetables in Mexico City. Potential factors may be the cost
and access that households have to these food items, or that people are consuming these
foods outside the home environment. In Mexico it is common to buy fresh fruits and
vegetables from street vendors. Our findings also suggest excessive consumption of meats
and processed meats in all income deciles. Although controversial, the over-consumption
of red and processed meat has been considered detrimental to health, increasing the risks
of diabetes, cardiovascular disease and colorectal cancer [53]. Education to this end can
inform the population to reduce red and processed meat consumption and increase other
dietary sources of protein, such as legumes and fish, two food groups also showing under-
consumption.

It is important to keep in mind some obvious limitations in the construction of diet
adherence indices. First of all, they are all predicated on the existence of shared diet
norms by the target population. Our approach requires, additionally, for these norms to
be meaningfully translatable as consumption shares for each food group. Second, all diet
adherence indices embody a particular evaluation and metric of the “costs” of deviations
from the norm, including presumed measures of nutritional substitutability that may or
may not be appropriate. Our proposal is no different in this sense. The measurement of
diet adherence requires a more careful discussion of this and related issues.

A less obvious limitation of our approach is that, as an application of information-
theoretic concepts and instruments to the analysis of socioeconomic systems, our proposal
is rather modest in defining Kullback–Leibler (or Bergman divergences more broadly) for
pairs of frequency distributions of food mass across food groups for any given aggregation
of individuals. Admittedly, our approach has little to say regarding the functioning of the
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underlying systems generating the distributions in question. dos Santos and Wiener [54]
make a compelling argument regarding the careful consideration researchers must give to
the construction of the domains over which they are defining distributions. Our approach
effectively assumes that the FGS are the domain supporting distributions of “units of mass”.
However, in the analysis of socioeconomic systems, using people as (indistinguishable)
units of analysis allows for deeper analytical insights regarding their probabilistic content.
Future research should pursue this relatively unexplored line of study.

5. Conclusions

Our entropy-based method to produce Diet Adherence Indices is a promising measure-
ment tool, but considerable research is needed to continue to explore how it can be most
useful. It remains a pending task to assess the time stability of our measures, for which
longitudinal data are crucial. In addition, the development of NFBs for different dietary
communities (gastronomic regions in Mexico) will surely throw some light on the compa-
rability of our measures across different diet cultures. Further research is also needed to
bridge the knowledge gap between home food environment and diet behaviours, perhaps
somewhat immediately by way of examining covariations with health outcomes. It would
also be desirable to conduct a joint study using individual food intake data. Combining
the results of both of these kinds of analysis could help us to achieve deeper insights into
the links between home food environments and the general population’s dietary habits.
Ultimately, it is our hope that the work presented here will open new lines of communica-
tion between prominent research branches sharing the same interests: food poverty and
diet quality.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/e25091258/s1.

Author Contributions: Conceptualization, C.H., A.G.O.-A. and H.N.; methodology, C.H.; software,
C.H.; validation, A.G.O.-A. and H.N.; formal analysis, C.H.; investigation, A.G.O.-A.; data curation,
A.G.O.-A.; writing—original draft preparation, C.H.; writing—review and editing, A.G.O.-A. and
H.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Autonomous University of Mexico under grant
from DGAPA-UNAM IA300621.

Data Availability Statement: Publicly available datasets were analyzed in this study. This data can
be found here: http://en.www.inegi.org.mx/programas/enigh/nc/2018/ (accessed on 16 Febru-
ary 2023).

Acknowledgments: We thank Fernando Cortés, Israel Banegas and Luis Daniel Torres González for
reading and providing comments on early drafts of this work. The usual disclaimer applies.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Afshin, A.; Sur, P.J.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.; Abebe, Z.; et al.

Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017.
Lancet 2019, 393, 1958–1972. [CrossRef]

2. Gómez-Dantés, H.; Fullman, N.; Lamadrid-Figueroa, H.; Cahuana-Hurtado, L.; Darney, B.; Avila-Burgos, L.; Correa-Rotter, R.;
Rivera, J.A.; Barquera, S.; González-Pier, E.; et al. Dissonant health transition in the states of Mexico, 1990–2013: A systematic
analysis for the Global Burden of Disease Study 2013. Lancet 2016, 388, 2386–2402. [CrossRef] [PubMed]

3. Harmon, B.E.; Boushey, C.J.; Shvetsov, Y.B.; Ettienne, R.; Reedy, J.; Wilkens, L.R.; Le Marchand, L.; Henderson, B.E.; Kolonel, L.N.
Associations of key diet-quality indexes with mortality in the Multiethnic Cohort: The Dietary Patterns Methods Project. Am. J.
Clin. Nutr. 2015, 101, 587–597. [CrossRef] [PubMed]

4. Rodríguez-Ramírez, S.; Martinez-Tapia, B.; González-Castell, D.; Cuevas-Nasu, L.; Shamah-Levy, T. Westernized and diverse
dietary patterns are associated with overweight-obesity and abdominal obesity in Mexican adult men. Front. Nutr. 2022, 9, 891609.
[CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/e25091258/s1
https://www.mdpi.com/article/10.3390/e25091258/s1
http://en.www.inegi.org.mx/programas/enigh/nc/2018/
http://doi.org/10.1016/S0140-6736(19)30041-8
http://dx.doi.org/10.1016/S0140-6736(16)31773-1
http://www.ncbi.nlm.nih.gov/pubmed/27720260
http://dx.doi.org/10.3945/ajcn.114.090688
http://www.ncbi.nlm.nih.gov/pubmed/25733644
http://dx.doi.org/10.3389/fnut.2022.891609
http://www.ncbi.nlm.nih.gov/pubmed/35811984


Entropy 2023, 25, 1258 14 of 15

5. Branca, F.; Lartey, A.; Oenema, S.; Aguayo, V.; Stordalen, G.A.; Richardson, R.; Arvelo, M.; Afshin, A. Transforming the food
system to fight non-communicable diseases. BMJ 2019, 364, l296. [CrossRef] [PubMed]

6. Wirt, A.; Collins, C.E. Diet quality—What is it and does it matter? Public Health Nutr. 2009, 12, 2473–2492. [CrossRef]
7. Niessen, L.W.; Mohan, D.; Akuoku, J.K.; Mirelman, A.J.; Ahmed, S.; Koehlmoos, T.P.; Trujillo, A.; Khan, J.; Peters, D.H. Tackling

socioeconomic inequalities and non-communicable diseases in low-income and middle-income countries under the Sustainable
Development agenda. Lancet 2018, 391, 2036–2046. [CrossRef]

8. Satia, J.A. Diet-related disparities: Understanding the problem and accelerating solutions. J. Am. Diet. Assoc. 2009, 109, 610.
[CrossRef]

9. Alkerwi, A. Diet quality concept. Nutrition 2014, 30, 613–618. [CrossRef]
10. Elmadfa, I.; Meyer, A.L. Diet quality, a term subject to change over time. Int. J. Vitam. Nutr. Res. 2012, 82, 144–147. [CrossRef]
11. Figueroa, H.; Boltvinik, J. Dos elementos metodológicos centrales para una medición rigurosa de la pobreza alimentaria.

Aplicación al DF. Acta Sociol. 2016, 70, 223–243. [CrossRef]
12. Boltvinik, J. La pobreza alimentaria en América Latina. Arch. Latinoam. Nutr. 1992, 42, 1–16.
13. Tur, J.A.; Romaguera, D.; Pons, A. The Diet Quality Index-International (DQI-I): Is it a useful tool to evaluate the quality of the

Mediterranean diet? Br. J. Nutr. 2005, 93, 369–376. [CrossRef] [PubMed]
14. Drewnowski, A.; Henderson, S.A.; SHORE, A.; Fischler, C.; Preziosi, P.; Hercberg, S. Diet quality and dietary diversity in France:

Implications for the French paradox. J. Am. Diet. Assoc. 1996, 96, 663–669. [CrossRef] [PubMed]
15. Trijsburg, L.; Talsma, E.F.; de Vries, J.H.; Kennedy, G.; Kuijsten, A.; Brouwer, I.D. Diet quality indices for research in low-and

middle-income countries: A systematic review. Nutr. Rev. 2019, 77, 515–540. [CrossRef]
16. Román-Vinas, B.; Barba, L.R.; Ngo, J.; Martínez-González, M.Á.; Wijnhoven, T.M.; Serra-Majem, L. Validity of dietary patterns to

assess nutrient intake adequacy. Br. J. Nutr. 2009, 101, S12–S20. [CrossRef]
17. Yuan, Y.Q.; Li, F.; Dong, R.H.; Chen, J.S.; He, G.S.; Li, S.G.; Chen, B. The development of a chinese healthy eating index and its

application in the general population. Nutrients 2017, 9, 977. [CrossRef]
18. Cheng, G.; Duan, R.; Kranz, S.; Libuda, L.; Zhang, L. Development of a dietary index to assess overall diet quality for Chinese

school-aged children: The Chinese children dietary index. J. Acad. Nutr. Diet. 2016, 116, 608–617. [CrossRef]
19. Kourlaba, G.; Polychronopoulos, E.; Zampelas, A.; Lionis, C.; Panagiotakos, D.B. Development of a diet index for older adults and

its relation to cardiovascular disease risk factors: The Elderly Dietary Index. J. Am. Diet. Assoc. 2009, 109, 1022–1030. [CrossRef]
20. Leppälä, J.; Lagström, H.; Kaljonen, A.; Laitinen, K. Construction and evaluation of a self-contained index for assessment of diet

quality. Scand. J. Public Health 2010, 38, 794–802. [CrossRef]
21. Cowell, F.A. Measures of distributional change: An axiomatic approach. Rev. Econ. Stud. 1985, 52, 135–151. [CrossRef]
22. Magdalou, B.; Nock, R. Income distributions and decomposable divergence measures. J. Econ. Theory 2011, 146, 2440–2454.

[CrossRef]
23. Theil, H. Economics and Information Theory; Harvard University Press: Cambridge, MA, USA, 1967.
24. Ayora-Díaz, S. I. Foodscapes, Foodfields, and Identities in the Yucatán. Berghahn Books: New York, NY, USA, 2012.
25. Ayora-Díaz, S. I. (Ed.) Taste, Politics, and Identities in Mexican Food. Bloomsbury Academic: London, UK, 2019.
26. Cameo, L. Reporte de los Grupos de Enfoque Sobre las Prácticas Alimentarias de los Habitantes del Distrito Federal; Technical report;

Evalúa CDMX: Mexico City, Mexico, 2010.
27. Cameo, L. Reporte de los Grupos de Enfoque para Evaluar la Canasta Alimentaria; Technical report; Evalúa CDMX: Mexico City,

Mexico, 2011.
28. Ávila Curiel, A. Construcción de una Canasta Normativa Alimentaria para el DF (CNA-DF); Technical Report; Evalúa CDMX: Mexico

City, Mexico, 2012.
29. Calderón Chelius, M. Metodología para la Construcción de la Canasta Alimentaria Desde la Perspectiva del Derecho Humano a la

Alimentación; CEPAL: Santiago, Chile, 2013.
30. Evalúa CDMX. Análisis y Actualización de la Canasta Normativa Alimentaria para el Distrito Federal 2015; Technical Report; SEDESO:

Mexico City, Mexico, 2015.
31. de la Elcsa, C.C. Escala Latinoamericana y Caribeña de Seguridad Alimentaria (ELCSA): Manual de Uso y Aplicaciones; FAO-RLC:

Santiago, Chile, 2012.
32. Instituto Nacional de Estadística y Geografía. Encuesta Nacional de Ingresos y Gastos de los Hogares 2018; ENIGH. Nueva Serie;

Documento Operativo de Campo; Technical report; INEGI: Aguascalientes, Mexico, 2019.
33. Kullback, S.; Leibler, R.A. On information and sufficiency. Ann. Math. Stat. 1951, 22, 79–86. [CrossRef]
34. Soofi, E.S.; Ebrahimi, N.; Habibullah, M. Information distinguishability with application to analysis of failure data. J. Am. Stat.

Assoc. 1995, 90, 657–668. [CrossRef]
35. Hufe, P.; Kanbur, R.; Peichl, A. Measuring unfair inequality: Reconciling equality of opportunity and freedom from poverty.

In Proceedings of the Annual Conference on Taxation and Minutes of the Annual Meeting of the National Tax Association,
New Orleans, LA, USA, 15–17 November 2018; CESifo Working Paper Series; National Tax Association: Washington, DC, USA,
2018.

36. López-Olmedo, N.; Popkin, B.M.; Taillie, L.S. Association between socioeconomic status and diet quality in Mexican men and
women: A cross-sectional study. PLoS ONE 2019, 14, e0224385. [CrossRef]

http://dx.doi.org/10.1136/bmj.l296
http://www.ncbi.nlm.nih.gov/pubmed/30692128
http://dx.doi.org/10.1017/S136898000900531X
http://dx.doi.org/10.1016/S0140-6736(18)30482-3
http://dx.doi.org/10.1016/j.jada.2008.12.019
http://dx.doi.org/10.1016/j.nut.2013.10.001
http://dx.doi.org/10.1024/0300-9831/a000104
http://dx.doi.org/10.1016/j.acso.2017.01.010
http://dx.doi.org/10.1079/BJN20041363
http://www.ncbi.nlm.nih.gov/pubmed/15877877
http://dx.doi.org/10.1016/S0002-8223(96)00185-X
http://www.ncbi.nlm.nih.gov/pubmed/8675909
http://dx.doi.org/10.1093/nutrit/nuz017
http://dx.doi.org/10.1017/S0007114509990547
http://dx.doi.org/10.3390/nu9090977
http://dx.doi.org/10.1016/j.jand.2015.11.010
http://dx.doi.org/10.1016/j.jada.2009.03.004
http://dx.doi.org/10.1177/1403494810382476
http://dx.doi.org/10.2307/2297475
http://dx.doi.org/10.1016/j.jet.2011.06.017
http://dx.doi.org/10.1214/aoms/1177729694
http://dx.doi.org/10.1080/01621459.1995.10476560
http://dx.doi.org/10.1371/journal.pone.0224385


Entropy 2023, 25, 1258 15 of 15

37. Vega-Macedo, M.; Shamah-Levy, T.; Peinador-Roldán, R.; Méndez-Gómez Humarán, I.; Melgar-Quiñónez, H. Inseguridad
alimentaria y variedad de la alimentación en hogares mexicanos con niños menores de cinco años. Salud Pública Méx. 2014,
56, s21–s30. [CrossRef]

38. Moreno-Altamirano, L.; García-García, J.; Soto-Estrada, G.; Capraro, S.; Limón-Cruz, D. Epidemiología y determinantes sociales
asociados a la obesidad y la diabetes tipo 2 en México. Rev. Médica Hosp. Gen. Méx. 2014, 77, 114–123. [CrossRef]

39. Liu, H.; Wahl, T.I.; Seale, J.L., Jr.; Bai, J. Household composition, income, and food-away-from-home expenditure in urban China.
Food Policy 2015, 51, 97–103. [CrossRef]

40. Lee, H.; Tan, A.K. Determinants of Malaysian Household Expenditures on Food-Away-from-Home; In Proceedings of the
International Association of Agricultural Economists Conference, Brisbane, QLD, Australia, 12–18 August 2006.

41. Thiele, S.; Peltner, J.; Richter, A.; Mensink, G.B. Food purchase patterns: Empirical identification and analysis of their association
with diet quality, socio-economic factors, and attitudes. Nutr. J. 2017, 16, 69. [CrossRef]

42. Deaton, A.; Paxson, C. Economies of scale, household size, and the demand for food. J. Political Econ. 1998, 106, 897–930.
[CrossRef]

43. Valencia-Valero, R.G.; Ortiz-Hernández, L. Disponibilidad de alimentos en los hogares mexicanos de acuerdo con el grado de
inseguridad alimentaria. Salud Pública Méx. 2014, 56, 154–164. [CrossRef]

44. Consejo Nacional de Evaluación de la Política de Desarrollo Social. Hallazgos del Estudio El Acceso a los Alimentos en los Hogares: Un
Estudio Cualitativo, 2013–2014; Technical report; Consejo Nacional de Evaluacón de la Política de Desarrollo Social: Mexico City,
Mexico, 2016.

45. Mundo-Rosas, V.; Unar-Munguía, M.; Hernández, M.; Pérez-Escamilla, R.; Shamah-Levy, T. La seguridad alimentaria en los
hogares en pobreza de México: Una mirada desde el acceso, la disponibilidad y el consumo. Salud Pública Méx. 2019, 61, 866–875.
[CrossRef]

46. Batis, C.; Aburto, T.C.; Sánchez-Pimienta, T.G.; Pedraza, L.S.; Rivera, J.A. Adherence to dietary recommendations for food group
intakes is low in the Mexican population. J. Nutr. 2016, 146, 1897S–1906S. [CrossRef] [PubMed]

47. Batis, C.; Castellanos-Gutiérrez, A.; Aburto, T.C.; Jiménez-Aguilar, A.; Rivera, J.A.; Ramírez-Silva, I. Self-perception of dietary
quality and adherence to food groups dietary recommendations among Mexican adults. Nutr. J. 2020, 19, 1–12. [CrossRef]
[PubMed]

48. Schwingshackl, L.; Schlesinger, S.; Devleesschauwer, B.; Hoffmann, G.; Bechthold, A.; Schwedhelm, C.; Iqbal, K.; Knüppel, S.;
Boeing, H. Generating the evidence for risk reduction: A contribution to the future of food-based dietary guidelines. Proc. Nutr.
Soc. 2018, 77, 432–444. [CrossRef] [PubMed]

49. National Research Council. Research Opportunities Concerning the Causes and Consequences of Child Food Insecurity and Hunger:
Workshop Summary; National Academies Press: Washington, DC, USA, 2013.

50. López-Olmedo, N.; Popkin, B.M.; Mendez, M.A.; Taillie, L.S. The association of overall diet quality with BMI and waist
circumference by education level in Mexican men and women. Public Health Nutr. 2019, 22, 2777–2792. [CrossRef]

51. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the
healthy eating index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [CrossRef]

52. Schwingshackl, L.; Bogensberger, B.; Hoffmann, G. Diet quality as assessed by the healthy eating index, alternate healthy eating
index, dietary approaches to stop hypertension score, and health outcomes: An updated systematic review and meta-analysis of
cohort studies. J. Acad. Nutr. Diet. 2018, 118, 74–100. [CrossRef]

53. Qian, F.; Riddle, M.C.; Wylie-Rosett, J.; Hu, F.B. Red and processed meats and health risks: How strong is the evidence? Diabetes
Care 2020, 43, 265–271. [CrossRef]

54. dos Santos, P.L.; Wiener, N. By the content of their character? Discrimination, social identity, and observed distributions of
income. J. Math. Sociol. 2020, 44, 12–41. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://dx.doi.org/10.21149/spm.v56s1.5162
http://dx.doi.org/10.1016/j.hgmx.2014.07.002
http://dx.doi.org/10.1016/j.foodpol.2014.12.011
http://dx.doi.org/10.1186/s12937-017-0292-z
http://dx.doi.org/10.1086/250035
http://dx.doi.org/10.21149/spm.v56i2.7331
http://dx.doi.org/10.21149/10579
http://dx.doi.org/10.3945/jn.115.219626
http://www.ncbi.nlm.nih.gov/pubmed/27511940
http://dx.doi.org/10.1186/s12937-020-00573-5
http://www.ncbi.nlm.nih.gov/pubmed/32571341
http://dx.doi.org/10.1017/S0029665118000125
http://www.ncbi.nlm.nih.gov/pubmed/29708078
http://dx.doi.org/10.1017/S136898001900065X
http://dx.doi.org/10.1016/j.jand.2018.05.021
http://dx.doi.org/10.1016/j.jand.2017.08.024
http://dx.doi.org/10.2337/dci19-0063
http://dx.doi.org/10.1080/0022250X.2019.1630832

	Introduction
	Data and Methods
	Data
	Normative Food Basket
	Food Acquisition And Food Security Data
	Socioeconomic Data

	Methodology
	Data Analysis

	Results
	Food Basket Adherence Index Distribution
	Income
	Household Distribution
	Food Away from Home
	Household Structure
	Food Security

	Discussion
	Conclusions
	References

