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Inequality of opportunity in the double burden of
malnutrition in Mexico
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*Department of Economics and Related This paper proposes a pseudo-birth-cohort approach to deal with a lack of
Studies, University of York, York, UK longitudinal data to measure health inequities over time. Using Roemer's
Correspondence framework for inequality of opportunity, this study measures ex-ante and ex-
Andrea Salas-Ortiz. post inequalities in malnutrition, a concept that spans both sides of the
Email: andrea salasortiz@york.ac.uk nutrition continuum. The total contribution of observed circumstances and

Funding information the direct contribution of observed efforts to the variation of malnutrition are
Consejo Nacional de Humanidades, disentangled for people born between 1983 and 1988 in Mexico. Results
Ciencias y Tecnologias indicate that inequality of opportunity has been persistent across this 30-year
lifespan for that cohort. Some evidence suggests that a lack of opportunities
has been transmitted from parents to children and that people's circum-
stances account for most of the explained variation in the double burden of
malnutrition. However, stratifying the analysis by sex shows that efforts
account for more of the explained variation of inequality of opportunity for
women in their middle adulthood than for men in most of the outcomes

analyzed.

KEYWORDS
double burden of malnutrition, inequality of opportunity, lifespan analysis, matching and re-
weighting, Mexico

1 | INTRODUCTION

Identifying inequality of opportunity (IOp) implies distinguishing the role and contribution of circumstances and
efforts in achieving people's outcomes (Roemer, 1998). Circumstances are factors over which people do not have any
control and for which they cannot be held responsible, for example, sex, ethnicity, parental education, or place of
birth. Efforts are acts that reflect individual responsibility, such as lifestyle decisions or food consumption choices.
Two approaches to identifying IOp have been suggested: the ex-ante and ex-post (Bruoni, 2016; Ramos, & Van de
gaer, 2016), with these approaches being measured parametrically (Ferreira, & Gignoux, 2011) or non-parametrically
(Lefranc et al., 2009; Rosa Dias, 2009). The ex-ante approach focuses on the measurement of people's opportunities
before any individual effort is realised. Thus, IOp measurement requires data on circumstances only (Davillas, &
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Jones, 2020). In contrast, the ex-post approach focuses on heterogeneity in the level of outcomes within people who
have exerted the same level of effort (Ramos, & Van de gaer, 2016), and requires data on both, circumstances and
efforts. In this latter approach, where circumstances and efforts are potentially correlated, it becomes relevant to
distinguish between fair (legitimate) and unfair (illegitimate) sources of disparities. However, where to draw this line
is a matter of debate. Some argue that this differentiation can be made through a responsibility-cut (Jones, 2019;
Roemer, 1998) and according to a legal age (Arneson, 1989; Brunori, 2017; Jusot, & Tubeuf, 2019), where it is
assumed that above a certain age, individuals can consciously comprehend their acts, actions, and be held
accountable for their potential consequences.

The volume of studies on IOp in Mexico has rapidly growth in the last few years. A couple have estimated IOp in
wealth (Plassot et al., 2022; Wendelspiess Chavez Juarez, 2015), others have focused on IOp in income (Grajales
et al., 2018) and education (Blanco, 2019; Plassot et al., 2019). A great emphasis has been put on analysing the role
that the tone of the skin has on these economic outcomes (Campos-Vazquez et al., 2019; Monroy-Gomez-Franco
et al., 2021, 2022), however, IOp in nutrition among the Mexican population has not been investigated. However,
studies on inequality in nutrition elsewhere face relevant gaps, such as not explicitly differentiating between fair and
unfair inequalities; relating certain outcomes with specific age groups (e.g., that is, that under-nutrition is mostly
present in children, and obesity mostly happens among adults) and focusing on specific stages of life. Several studies
have assesed IOp in under-nutrition in children (Aizawa, 2019, 2020; Assaad et al., 2012; Ersado, & Aran, 2014; Liu
et al., 2022; Sanoussi et al., 2020), while IOp in over-nutritional outcomes, such as overweight or obesity in children,
has been overlooked. Similarly, very few studies exist about inequality in under-nutrition among adults (Hong, &
Hong, 2007; Irache et al., 2022), although these studies have not adopted an IOp approach. In this regard, the focus
on malnutrition -a concept that spans both sides of the nutrition continuum, under (a lack of) and over (an excess
of),! and that can exist within populations, households, or individuals across their life-course (WHO, 2017)- has
barely been studied by the IOp literature. Malnutrition triggers people's development by affecting current and long-
term health (Conti et al., 2019), educational outcomes (Glewwe et al., 2001), and labour market earnings (Johnson, &
Schoeni, 2011; Shrimpton, & Rokx, 2012). Much of this malnutrition depends on people’s social and economic
background. Thus, social welfare may be improved by achieving a more equitable distribution of nutrition, which
implies mitigating the effect of early life circumstances on outcomes such as wasting, stunting, underweight, over-
weight, and obesity, but also on the intersection of both, which constitutes the double burden of malnutrition (DBM).
A better understanding of the origins and socioeconomic mechanisms behind the DBM is paramount to tackling its
negative social and economic consequences.

The 10p framework offers a suitable approach to further this aim. However, in recent years, the literature on
IOp has identified constraints to obtain unbiased estimates, such as the choice of circumstances and effort
variables or the choice of the best functional form when IOp is estimated parametrically (Brunori et al., 2023).
However, the measurement of IOp in low and middle-income countries faces two additional challenges. First,
information on people's circumstances and efforts is limited, and this may preclude unbiased estimation.
Excluding relevant circumstances variables may lead to downward biased estimates of IOp (Brunori et al., 2023;
Ferreira, & Gignoux, 2011; Hufe et al., 2022). Second, longitudinal data (individuals followed over different
periods) is limited. This latter has hindered the ability to extend static analysis and adopt a life-course
perspective.

The main objective of this paper is to measure ex-ante and ex-post I0p in nutrition-related outcomes at different
points of the lifespan for the cohort of people born between 1983 and 1988 in Mexico. For this, this study capitalises
on nationally representative surveys that span the period from 1988 to 2018. We use matching and re-weighting
methods to ensure the comparability of IOp measures in the DBM. The measures of IOp show how the explained
variation in outcomes, which is associated with a fixed set of observed circumstances and efforts, changes as the
cohort gets older. By doing this, we contribute to the analysis of the evolution of IOp in malnutrition-related out-
comes over 30 years in Mexico. To the best of our knowledge, this is the first paper to do so. It also provides a novel
way to deal with the lack of panel data to analyse life-course-related research questions in health economics. Results
from this analysis indicate an alarming increase in the prevalence of malnutrition within this cohort as they have
grown up. Inequalities related to circumstances, and therefore regarded as inequitable, have been persistent and of
substantial magnitude over this life-course. Finally, although circumstances are the main driver of explained
inequality in malnutrition, we find evidence that efforts account for more of the explained inequalities in nutrition-
related outcomes among women than men in their early thirties.
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2 | METHODS
2.1 | Empirical strategy

An analysis of I0p across the life-course would, ideally, require either household or individual panel data to track
individuals over a long period of time. Unfortunately, such detailed longitudinal data are not available for Mexico.
Instead, this study relies on repeated cross-sections of individuals and exploits matching and reweighting tech-
niques to construct a pseudo-birth cohort to mimic life-cycle data. This starts with a sample of the cohort born
between 1983 and 1988, and combines matched individuals across 30 years as if the cohort has aged. Children
who were newborns and up to five years old in 1988 are compared with matched older individuals into adult-
hood. In this way, conditional on reweighting, the study simulates the ageing of the cohort (see Table 1). For
instance, individuals who were newborns in 1988 would be 11 years old in 1999, 18 in 2006, 24 in 2012, 28 in
2016 and 30 years old in 2018. The rationale is that the six cross-sections can be regarded as representative
samples of individuals from the same birth cohort at different points in time. This innovative way of dealing with
the lack of longitudinal data permits the study of the evolution of health inequalities. This also guarantees that
cross-sectional measures of inequality are comparable over time since the samples represent the same underlying
birth cohort observed at different ages. Table 1 illustrates the study design and shows the specific groups that
were sampled at each wave of the surveys. The subsets actually used in the construction of the pseudo-birth-
cohort are underlined. For example, only adults from the 2012 survey were included.

To ensure that the samples can be regarded as representative of individuals from the same birth cohort at
different points in time, matching and reweighting methods are used to overcome the issue of having different
sampling designs across waves (Blackwell et al., 2009). We do this since have different sampling frames (see
Appendix E), and IOp estimates at different points in time cannot be directly comparable. Therefore, variables related
to differences in sampling designs are used to adjust for this. Representative random sampling at each wave is also
taken into account.

TABLE 1 Measurement of IOp across the lifespan: Empirical design analysis.

Survey year

Year of
1988 1999 2006 2012 2016 2018
birth
1988 >0yo <l... 11yo.. 18 yo ... 24 yo... 28 yo... 30 yo
1987 1 yo... 12 yo... 19 yo... 25 yo... 29 yo... 31 yo...
1986 2 yo... 13 yo... 20 yo... 26 yo... 30 yo... 32 yo...
1985 3 yo... 14 yo... 21 yo... 27 yo... 31 yo... 33 yo...
1984 4 yo... 15 yo... 22 yo... 28 yo... 32 yo... 34 yo...
1983 <5 yo... <16 yo... < 23 yo... < 29 yo... < 33 yo... < 35 yo...
Children  Adolescents Adults

Survey respondents:

Preschool Preschool Preschool Preschool Preschool Preschool
children: <5 children: <5 | children: <5 | children: <5 | children:<5 | children: <5
School School School -School School

children:5-11 | children:5-11 | children:5-9 children:5-9 | children:5-9

Adolescents: Adolescents: | Adolescents: | Adolescents: | Adolescents:
12-19 12-19 10-19 10-19 10-19
7 - N
Women; Women; Adults >20 | Adults >20 | Adults >20 | Adults >20
12-49 12-49

Estimation of ex-ante inequality of opportunity

Estimation of ez-post inequality of opportunity

Note: Columns two to seven show the expected age given the year of birth, as shown in column one. Survey respondents refer to the type of individuals that
responded to the survey in each year. The vertical red line sets the responsibility-legal age. The last two rows indicate the estimation approach to IOp given
this age cut-off.

Abbreviation: yo, years old.
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In what follows, the terms baseline and follow-up refer to the different surveys. Formally, n represents a random
sample taken from a population of N individuals, n < N. T; is a variable that indicates whether individuals are present
either in the baseline or follow-up surveys. For our case, the baseline survey is the 1988 National Nutrition Survey
(NNS) and all other surveys are follow-ups, such that T; = 1 if i is in the 1988 NNS and T; = 0 if i belongs to the 1999,
2006, 2012, 2016 or 2018 surveys. Balancing on covariate across baseline and follow-up years is achieved by selecting
1988 as a baseline group and separately matching observations from each of the other years to the baseline. The
matching covariates, X, are time-invariant individual characteristics. The matching algorithm proceeds with the
following steps.

1. Define the 1988 survey as the baseline and each of the other samples as follow-up surveys.

2. Match on the year of birth, sex and geographical region where people live. By doing this different strata are
created.

3. Do one-to-many matching, such that multiple follow-up individuals can be matched to a baseline individual

4. Create matching weights. Matching weights are calculated for each observation by dividing the number of baseline
by follow-up observations in each stratum, adjusting by a normalisation factor (Porro, & Iacus, 2009):

We, = (m—ST> w0 (1)

s
mC mr,

Where m, equals the number of baseline observations T within strata s. Likewise, m{. is the number of follow-up
an
bl an’

same applies to mc,. Individuals from the baseline have weights equal to one and the follow-up individuals in other
years are assigned a positive weight.

This algorithm is applied separately for each follow-up survey, for example, 1988-1999; 1988-2006, and so on. IOp is
then measured using the matching weights created and under both, the ex-ante and ex-post approaches assuming an
ethical position based on an age of responsibility set at 18 years old. Ex-post 10p is only measured for individuals above
this age. This is based on the legal norms about the minimum age at which, in Mexico, it is permitted to buy and
consume tobacco and alcoholic beverages, be able to vote and contract legal responsibilities, such as: getting married,
opening a bank account, eligibility for bank credit, etc. Furthermore, nutritional age restrictions are imposed due to
paternalistic motivations to protect children who are deemed incapable of making rational decisions because they are
unable to fully consider the future consequences of their actions.

observations C within strata s. The normalisation factor.

my, indicates the number of T in the n sample. The

2.2 | Measuring inequality of opportunity

We measure ex-ante I0p within the cohort at different ages, following the direct mean-based parametric app-
roach proposed by Ferreira and Gignoux (2011) as applied to health by Davillas and Jones (2020). We also
measure ex-post 10p following the approach proposed originally by Jusot et al. (2013) and recently applied to
biomarkers by Carrieri et al. (2020). This latter approach is only estimated for individuals above the age of
responsibility.

Roemer's benchmark model applied to health assumes that a health outcome (y;) of an individual i is a function of
their observed circumstances, C, their observed efforts, E, and other unobserved and random factors, such as “luck”, u;,”
or other situations that the individual cannot avoid. In this model, individuals that have the same circumstances belong
to the same type, whereas those that exert the same effort belong to the same tranche. Individuals that share the same
circumstances and efforts belong to the same cell. An important aspect of the model is that the distribution of effort
within each type is regarded as a circumstance itself (Rosa Dias, 2009). The model allows efforts to depend on individual
circumstances together with random factors, v;.

Yi = h(Ci, E(Ci,vi), u;) (2)

Assuming additive separability and linearity in h(.) and E(.) a system of equations can be written in the following
structural form:
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yi=aot+ali+ ki +u (3)
Ei=6p+6.Ci + v (4)
In Equation (3), a; and «a, are coefficients that respectively capture the direct effect of circumstances and efforts on

the outcome y for individual i = 1, ..., N. In Equation (4), 8, represents the indirect effect of circumstances on efforts. It is
worth noticing that Equation (4) can be rearranged to show efforts purged from the effect of circumstances such that,

v; = E; — 8o — 6,C; (5)
which is equivalent to
vi = E; — E(E{|C)) (6)
Thus, the estimator of v; is
v =E; — E; (7)

2.2.1 | Ex-ante 10p

This type of IOp focuses on measuring the role of circumstances on people's outcomes before individual efforts are
realised. Thus, in the ex-ante approach individual effort is unobservable. In practice, we have the reduced form measure
of ex-ante I0p by inserting Equation (4) into (3) and arranging the terms, such that’:

Yi=PBy+BCi+ e (8)

Where y; are the health outcomes for individual i. By = (ap + a8,) is the intercept, 8, = (a; + a,8;) captures the total
contribution of circumstances, reflecting the direct effects of circumstances on the outcomes and the indirect effect of
circumstances through efforts. ¢; = (ar,v; + u;) depicts the error term that captures random factors not captured by
observed circumstances or efforts. Hence, from Equation (8) the total effect of observed circumstances, which comprises
the direct and indirect effect of observed circumstances through effort, is estimated.

Measuring ex-ante 10p is a two-step procedure. The first is to estimate Equation (8) to obtain a counterfactual
distribution of the outcome for which differences in outcomes arise as a consequence of having different circumstances
(Davillas, & Jones, 2020). The second step is to plug these predicted values into an inequality measure (Ferreira, &
Gignoux, 2011). The way to estimate Equation (8) and the inequality measure to use, depends not only on the desired
properties of the inequality measure but also on the type of outcome variable. Chavez -Juarez and Soloaga (2014) argue
that when the outcome variable is continuous on a cardinal scale, the best choice is to use the mean-logarithmic de-
viation (MLD). However, for binary variables, the dissimilarity index (D-index) is preferred. This is the inequality
measure we will use as all our outcomes are binary variables. Thus, we use logit models to estimate Equation (8).

The D-index focuses on the dissimilarity of the level of health for groups defined by their circumstances compared
with the average level of health of the population. It ranges between 0 and 1. If equality exists, D = 0 (Paes de Barros
et al., 2008). The D-index is defined as:

% =Dpy) = 1= > b -3 )

where y; = E(y|C;). In this case, y is a binary variable and predictions are based on logit models. This index indicates the
fraction of observed opportunities that need to be reallocated from the better-off to the worse-off groups to achieve
equality of opportunity holding constant the population average outcome. Hence, it measures the opportunity set gap.
This index has desirable properties, for example, it is sensitive to redistribution of health from non-vulnerable to
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vulnerable groups, but it is insensitive to redistribution of health among people who share the same circumstances
(Bruoni, 2016). It is also scale-invariant, exhibits anonymity and is invariant to population replication.* As shown in
Equation (9), the D-index is a relative measure as it is divided by y and expressed in units of shares/percentages.’

2.2.2 | Ex-post 10p

For individuals above the “age of responsibility” threshold, it is assumed that health outcomes are explained by cir-
cumstances, efforts, and other random factors. In this approach, efforts are assumed to be mediating factors that lie in
the pathway between circumstances and outcomes. When efforts are observable, it is possible to disentangle two
different effects: (i) the total effect of circumstances, which can be further decomposed into a direct and indirect effect
and, (ii) the direct effect of efforts on outcomes.

Since the efforts exerted depend on people's circumstances, the former and the latter are correlated. To deal with
this issue, ex-post I0p is calculated via a two-stage method. First, Equation (4) is estimated to remove the influence of
circumstances on efforts. By doing this, we obtain the residuals in Equation (7), which represents the purged level of
effort. In the second stage, the outcome variable is regressed against the vector of circumstances and the isolated level of
effort (Jusot et al., 2013).

Since E; =, + E,, we can re-write h(.) as:
yi:oco+oc1Ci+a2(\5i+Ei)+ui (10)

and by separating terms, we obtain the total effect of circumstances, which can be further decomposed into a direct
and an indirect effect, and the direct effect of efforts.

indirect effect of C

Yi=ao+ G + aE; + + U (11)
~—— ~—~
direct effect of C direct effect of E

total effect of C

The simplified form of Equation (11) can be written as:

Yi=Yo +71Ci+7; + i (12)

where y, = (oco + azgo), V1= (ocl + azgl) and y, = a,. In Equation (12), y; represents the health outcomes: under-

nutrition, as well as over-nutrition outcomes defined at clinical cut-off points, as well as a binary outcome that
explicitly measures malnutrition by combining under and over-nutrition outcomes defined by clinical thresholds. y0, is
the constant term; C is the vector of observed circumstances and y; captures the total contribution of circumstances on
outcome y and y, is a vector that captures the direct contribution of efforts. The relation between the ex-ante and ex-post
approaches is the equivalence of the estimators 5, in Equation (8) and y, in Equation (12), both represent the total effect
of observed circumstances on the outcome y.

To ease the interpretation of the results, the level of inequality is disentangled between the total effect of circum-
stances and the direct effect of efforts using a Shapley-inspired approach to decompose the level of IOp. It is important
to note that this decomposition should not be understood as causal, but only to show the relative importance of cir-
cumstances and efforts. This is because unobservable determinants of nutrition-related outcomes are likely to be
correlated with the observable circumstances (Ferreira, & Gignoux, 2011). Furthermore, while the ex-ante approach
takes all efforts into account (both observed and unobserved), there might still be unobserved circumstances. 8;, in the
reduced form, estimates both the direct effect of circumstances and their indirect effect through efforts. Since there
might be omitted circumstances, estimates of IOp might be underestimated. Due to the same reason, and despite
circumstances being pre-determined, these estimates cannot be seen as causal. Besides this, the ex-post approach may
suffer from potential omitted variable bias due to unobserved efforts.

ASULOI suOWWOo)) AN a[qearidde ayy Aq pausoAoS a1e S3[ONIE V() 98N JO SANI 10J AIRIGIT AUIUQ AJ[IAL UO (SUONIPUOD-PUR-SULId)/WOY" KA[Im " AIRIqI[QuUI[U0//:sdNY) SUONIPUO)) PUE SWLIDL, Ay} S *[$707/L0/20] U0 Areiqr] aurjuQ Ad[Ip ‘Areiqr Ansioatun) £ 0L84"994/Z001 0 1/10p/wod" KM Areiqriauruoy/:sdny woy papeopumod ‘0 ‘05016601



SALAS-ORTIZ and JONES Health 7
Economics ~WILEY—L

As we aim for like-for-life comparisons of IOp across waves, we use a vector of commonly observed circumstances
across all survey years (sex, ethnicity, running water inside the house, household living standards and geographic
region).® Additionally, we explore ex-ante and ex-post IOp in all outcomes separately for men and women due to ev-
idence about biological (Thurstans et al., 2020), social (Matthews et al., 1999) and cultural (Kanter, & Caballero, 2012)
differences across sexes. Results from these analyses are shown in the Appendix, Tables D3 to D6.

3 | DATA
3.1 | Sources of data

Data from the 1988 and 1999 National Nutrition Survey (NNS) and the National Health and Nutrition Surveys
(ENSANUTS) from 2006, 2012, 2016 and 2018 are used. These are all the health and nutrition surveys carried out in
Mexico. The sample units across all the surveys were households.’

3.2 | Key variables
3.2.1 | Matching variables

The matching covariates, X, are characteristics that change across survey designs and, therefore, affect their
comparability over time, such as year of birth, sex and geographical region where individuals lived. The selection of
region, instead of geographical State® where people live, as a time-invariant characteristic, is based on the evidence
that internal migration in Mexico occurs mainly within regions (Cruz Pifieiro et al., 2015; Rangel Garrocho
et al., 2014; Sobrino, 2010; Solis Pérez et al., 2015). This assumes that even though individuals could migrate, this
migration mainly occurs within the geographical region and not across them. Even though this is not testable in all
surveys, in ENSANUT 2018 people were asked about the State where they were born and the State where they lived
when the survey took place. Results show that 82% of the respondents said they were born in the same State where
they were living at the moment of the survey. 17% said they were born in another State, but 97% were born in
another State of the same geographical region. Thus, these results give confidence about migration mainly occurring
within regions. A description of the distribution of matched individuals by survey years and birth cohort is shown in
Table A2, in the Appendix.

3.2.2 | Outcomes

The concept of DBM, which appeared at the beginning of the 1990s, refers to the coexistence of over- and under-
nutrition that can occur within populations, households, and individuals. Thus, it is possible to have a DBM at
the individual level, for instance, a person overweight and who also suffers from a lack of nutrients. Throughout the
life-course, the way to measure nutrition-related outcomes cannot be consistently the same. It is well known that
weight and height vary with age, and this is particularly important during childhood. Classically, height-for-age
(HAZ), weight-for-height (WHZ), and weight-for-age (WAZ) are used in the public health literature to assess the
nutritional status of children. The Z-scores benchmark height and weight differences for all children of the same age
to allow comparability.

We use low HAZ as a proxy for stunting, low WHZ for wasting, low WAZ to capture undernutrition and BMI-for-age
as a proxy of over-nutrition when analysing child data. This refers to the 1988 survey, where individuals were children
under five years of age. For the rest of the cross-sections, the level of haemoglobin (HB) in the blood is used to account
for under-nutrition since low levels of haemoglobin in the blood are closely related to anaemia, defined as a deficiency
of iron, folate and vitamin B°(WHO, 2012). The body mass index and WC are used as outcome variables that capture
over-nutrition in the form of excess weight or excess body fat and excess or central adiposity in adolescents and adults.
Further details about the outcomes used are found in Table A4, in the Appendix.
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3.2.3 | Circumstances and efforts

Framed within the social, political, and economic context previously described, we define circumstances as those factors
beyond an individual's control and that are potential sources of illegitimate inequalities. These factors are categorised as
those related to individual factors; family-related characteristics; household-level factors and geographical character-
istics. The set of circumstances included has been chosen based on normative criteria according to those factors that
have been socially defined as illegitimate sources of disparities. For example, mother's health insurance, which reflects
preventive healthcare utilisation has been heavily conditioned on accessing the labor market, although access to health
is a fundamental right stated in the Mexican Constitution, Article Four. Other circumstances, such as mother's health
are framed in the literature on the relationship between parental health and children's health outcomes. Mother's
anaemia and parental diabetes reflect the nutritional status of the parents and indirect transmission of health conditions
and eating behaviors. We treat household living standards as circumstances given the constitutional right to a healthy
environment (Article Four, 1999). In particular, to have running water in a household cannot be taken for granted and
this, by itself, represents a potential source of illegitimate health disparities due to the evidence about marked differ-
ences across the Federal States (INEGI, 2015). To capture the geography of opportunity, a concept that describes how the
area and geographical space where people live condition access to opportunities (Rosenbaum, 1995), we include as a
circumstance the geographical region where people live. Mexico is a country with a noticeable North-South divide, with
the North being more economically advantaged. Recent studies about inequalities in access to public goods and health
found that place of residence matters Mexico (Altamirano & Flamand Gémez, 2018; Monroy-Gémez Franco, 2019;
Monroy-Gémez-Franco, & Corak, 2020, 2021; Plassot et al., 2022). All these variables have been specifically chosen and
titled circumstances because they represent illegitimate sources of disparities. The definition of a circumstance used in
this paper entails a combination of those given characteristics that people cannot change, but also those factors that
should guarantee an equal playing field for everyone before exerting any effort.

Efforts are those factors that lie within the sphere of individual responsibility and are subject to choice, such as
lifestyles (Jusot, & Tubeuf, 2019), eating patterns and human capital investments. For our analysis, efforts comprise
dietary patterns (see Appendix Tables A5 and A6 for further information about the items and food groups), daily hours
of vigorous and moderate physical activity and risky health behaviors. The list of circumstances and efforts used in the
analysis is found in Table A3 in the Appendix.

4 | RESULTS
4.1 | Description of the sample and balancing weights

Figure Al and Table Al, in the Appendix, show detailed information about the results of the matching exercise,
including the distribution of the matching weights across the different surveys by year of birth. As the baseline group
are those individuals present in the 1988 survey, their weights are equal to one. The highest range is found in the 2006
cross-section. Note that men living in the Northwest region of Mexico were not surveyed in the 2006 dataset, and hence
were excluded from the analysis for that year.

4.2 | Description of key variables
4.2.1 | Outcomes

Table 2 shows the description of the dichotomised outcomes according to the clinical cut-off points for malnutrition in
terms of stunning, wasting and underweight, as well as overweight and obesity. Specifically, in 1988 23% of children
below five years old were stunted, 6% wasted and 10% underweight. For over-nutrition, 8% were overweight and 3%
suffered a double burden of malnutrition. The table also shows the evolution of the cohort across time for under-
nutrition proxied by the presence of anaemia, over-nutrition proxied by excess weight and adiposity, as well as
malnutrition. In terms of undernutrition, the proportion of individuals with anaemia decreased from adolescence (1999
survey) to young adulthood (2012 survey). But, as the cohort got older, the proportion of anaemia among individuals in
the 2016 and 2018 surveys doubled. Contrary to the non-linear trend in the proportion of individuals with anaemia, the
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TABLE 2 Description of the binary

. Age of the cohort
outcomes across the lifespan.

0-5 11-16 18-23 24-29 28-33 30-35

Survey year 1988 1999 2006 2012 2016 2018
Stunting

Proportion 0.23

N 6003
Wasting

Proportion 0.06

N 6077
Underweight

Proportion 0.10

N 6228
Anaemia (HB)

Proportion 0.23 0.11 0.09 0.17 0.21

N 1375 5386 1121 488 2078

Overweight children
Proportion 0.08
N 6101
Excess weight (BMI)
Proportion 0.11 0.39 0.58 0.70 0.75
N 3256 5636 1198 1059 2112
Excess adiposity (WC)
Proportion 0.10 0.51 0.59 0.73 0.77
N 2101 2701 1118 984 2019

Malnutrition children

Proportion 0.03
N 5701
Malnutrition
Proportion 0.03 0.08 0.10 0.29 0.41
N 978 3354 530 175 827

Note: Matching weights used. Stunting proxied by height-for-age (HAZ) below —2 Z scores,

wasting by weight-for-height (WHZ) below —2 Z scores, underweight by weight-for-age (WAZ) below —2
Z scores. An individual has anaemia if haemoglobin (HB) <13(g/dL) for men and <12 for women.
Overweight in children is proxied by a body mass index (BMI) Z score above 2, excess weight by
BMI>25 kg/m?, excess adiposity by WC > 80 cm for women and >90 for men. Malnutrition in
children occurs when those that observe HAZ or WHZ or WAZ below —2 Z scores have a BMI above 2 Z
scores, and malnutrition in adolescents and adults when those that observe BMI above 25 kg/mZ or
WC > 80 cm (women) or WC > 90 cm (men) also have HB < 12 g/dL among women or <13 among men.

proportions of individuals with excess weight and adiposity have been continuously increasing over time. The evolution
of malnutrition is striking, the proportion of individuals with an excess of body fat or central adiposity and that also had
anaemia increased from 3%, when individuals were aged 11-16 years old, to 41% when they were in their 30-35 years of
age. We complement this description with Figure A2, in the Appendix, which shows a detailed description of the
distributions of the outcomes. Over the whole period, under-nutrition (HB) increased and, on average, BMI and WC
rose as people aged.
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4.2.2 | Circumstances and efforts

Table 3 shows that across all surveys, 51% of the individuals are males, and the proportion of non-indigenous people is
between 94% and 89%. In 1988, 12% of the mother's cohort were anaemic, and 59% had achieved primary school as the
highest level of education. In 1999, most mothers had a level of education up to primary school. Over the years, the
proportion of parents without type II diabetes has been diminishing, reflecting the rapid increase in its prevalence
among the Mexican population. In terms of household conditions, in 1988 53% of the households were considered to
have either low or medium-low living standards, but in 2018 60% were classified as medium-high and high. The
proportion of people living in States considered as having very low levels of deprivation decreased (23% in 1988 vs. 8% in
2018).

Data about the adult diet show that, overall, as individuals aged, the consumption of low-nutritious and high-energy
food decreased. Further information on the cohort's eating patterns is found in Figure A3. Lastly, as individuals got
older, the average number of hours dedicated to vigorous and moderate physical activities overall decreased, as well as
alcohol and cigarette consumption.

4.3 | Regression models

All regression models are displayed in the Appendix, Tables B1 to C4. Regression models for the ex-ante approach were
estimated for all waves. Thus, outcomes for the first wave differ from the later waves. Across waves, the role of cir-
cumstances on outcomes was, in most cases, similar. Sex (being a man), was a circumstance that for most waves and
models appeared to be relevant in statistical terms. For the ex-post approach, the two-step estimation for ex-post I0p
provides evidence about the potential health inequalities transmission channels of direct and indirect effects. For
example, if circumstances are statistically significant in the first stage, but not in the second, as with geographical
region, this suggests that those circumstances have an indirect effect on malnutrition that operates only through the
effort channels such as dietary patterns.

4.4 | Inequality of opportunity in the double burden of malnutrition

In Table 4, the DI expresses the fraction of all opportunity sets that should be reallocated from better to worse-off groups
to reach an inequality-free situation (Paes de Barros et al., 2008), for example, when the cohort was below 5 years of age,
a re-distribution of 0.287 was needed to observe equality in circumstances. Overall, ex-ante I0p in malnutrition for
adolescents and adults slightly decreased with age, from 0.347 during the cohort's adolescence to 0.23 in their emerging
adulthood.'® This table also shows the results of estimating Equation (12) and computing the relative contribution of
circumstances and efforts, to ease the interpretation of the results, circumstances and effort variables were grouped. We
found evidence about observed circumstances being the main driver of inequality in malnutrition, although as people
age, its relative importance decreased, while that of efforts increased. It is worth noting that all IOp measures are
statistically significant at a 95% confidence level.

When analysing IOp in under and over-nutritional outcomes separately (Tables D1 and D2), we note that ex-ante
IOp across the lifespan of the cohort is higher for under-nutritional outcomes compared to over-nutritional ones.
The inequality related purely to observed circumstances in anaemia among individuals 30-35 years of age is 0.279,
while IOp in excess weight and adiposity is 0.031 and 0.049, respectively. When incorporating the role of efforts, a
similar pattern is observed. Circumstances are the main driver of IOp in all outcomes, however, as individuals age, the
relevance of efforts increases.

4.5 | Estimation of ex-ante and ex-post 10p in malnutrition by sex

Tables D3 and D6 display the results from estimating ex-ante and ex-post I0p by sex. Overall, girls (0-5 years) observed
higher levels of I0p than boys in the DBM. However, it is difficult to make comparisons along different periods of the
lifespan due to the lack of some estimates for men. Ex-ante 10p is higher for men than women, for example, a DI of
0.246 in anaemia for men between 30 and 35 years old compared to 0.082 for women or 0.054 in the DBM for women
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TABLE 3 Description of circumstances and efforts across time.

Expected age cohort 0-5 11-16 18-23 24-29 28-33 30-35
1988 1999 2006 2012 2016 2018
Survey year N Mean N Mean N Mean N Mean N Mean N Mean
Circumstances
Men 6491 0.51 7095  0.51 5660 0.51 9988 0.51 2223 0.51 2208 0.51
Non-Ind 6491 0.94 4704 092 5659 0.96 9988 0.93 2223 0.89 2208 0.91

Mother's circumstances

PNonD 5683 0.99 1176 0.73 1032 0.66 2018 0.62
Mother's BMI 5532 23.85

M.Anae 3166 0.12

Health insurance 6469 0.49 6946  0.44

No Education 5669 0.12 6159  0.16

Up to primary school 5669 0.59 6159  0.55

Up to secondary school 5669 0.21 6159 0.14
Up to high school 5669 0.04 6159  0.06
Higher education 5669 0.05 6159  0.00

Household standards

Watter inside household 6471 0.51 5945 041 5281 0.21 9988 0.62 2223 0.55 2208 0.61
HLS: Low 6236 0.29 5208 0.26 5122 0.22 9501 0.24 2216  0.25 2208 0.18
HLS: MLow 6236 0.22 5208 0.26 5122 0.26 9501 0.25 2216  0.24 2208 0.23
HLS: MHigh 6236 0.27 5208 0.26 5122 0.26 9501 0.26 2216 0.24 2208 0.26
HLS: High 6236 0.22 5208  0.22 5122 0.26 9501 0.24 2216 0.26 2208 0.33

State deprivation

SDL: V.High 6491 0.21 7095 0.15 5660 0.11 9988 0.12 2223 0.09 2208 0.12
SDL: High 6491 0.16 7095  0.22 5660 0.24 9988 0.23 2223 0.25 2208 0.24
SDL: Med 6491 0.04 7095  0.11 5660 0.21 9988 0.27 2223 0.21 2208 0.32
SDL: Low 6491 0.35 7095 0.33 5660 0.30 9988 0.23 2223 0.30 2208 0.24
SDL: V.Low 6491 0.23 7095 0.18 5660 0.14 9988 0.16 2223 0.15 2208 0.08

Geographic regions

Northwest 6491 0.07 7095  0.07 5660 0.07 9988 0.07 2223 0.07 2208 0.07
Northeast 6491 0.24 7095  0.24 5660 0.24 9988 0.24 2223 0.24 2208 0.24
West 6491 0.14 7095 0.14 5660 0.14 9988 0.14 2223 0.14 2208 0.14
Centre 6491 0.37 7095  0.37 5660 0.37 9988 0.37 2223 0.37 2208 0.37
South 6491 0.15 7095  0.15 5660 0.15 9988 0.15 2223 0.15 2208 0.15
Southeast 6491 0.03 7095  0.03 5660 0.03 9988 0.03 2223 0.03 2208 0.03
Efforts
Dietary pattern 1 2398  23.13 239 19.65 1651 18.03
Dietary pattern 2 2398  20.97 239 18.72 1651  17.37
Dietary pattern 3 2398  32.03 239 30.57 1651 39.07

(Continues)
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TABLE 3 (Continued)

Expected age cohort 0-5 11-16 18-23 24-29 28-33 30-35
1988 1999 2006 2012 2016 2018
Survey year N Mean N Mean N Mean N Mean N Mean N Mean
Food supplement 2398 0.07 239 0.07 1651 0.09
Physical activity 5660 4.26 1300 6.49 2197 2.99
Alcohol 5660 0.31 289 0.19 2150 0.19
Tobacco 5659 0.25 563 0.48 2192 0.22

Notes: Matching weights used. Dietary pattern 1 entails low-nutritious, high-energy food (whole dairy, fast food, sweetened beverages, candies). Dietary
pattern 2 high-nutritious food (fruits, vegetables, poultry, fish and cereals). Dietary pattern 3 legumes and maize-based products. HLS means household living
standards, Non-Ind non-Indigenous, M.Anae mother anaemic, MLow medium-low, PNonD parents non-diabetic, SDL State deprivation level, V.High very
high, and V.Low very low. 1 if the individual consumes food supplements, if alcohol consumption is above the recommendation, and if frequent tobacco
smoking.

TABLE 4 Ex-Ante and ex-post IOp in the double burden of malnutrition.

Survey year 1988 1999 2006 2012 2016 2018
0-5 11-16 18-23 24-29 28-33 30-35
Expected age of the cohort (years) DI % DI % DI % DI % DI % DI %
Ex-ante Circum 0.28 7% 0.347** 0.335%** 0.311%* - 0.230**
N 5475 567 2974 455 853
Ex-post Circum. - - - - 0.317** 78 - - - - 0.162** 67
Efforts 0.0878** 22 0.078** 33
N 1202 630

Note: DBM in children is defined as BMI above 25 kg/m* or WC > 80 cm and HB < 13 g/dL and in adults as BMI> 25 kg/m? or WC > 80 cm and HB < 13 g/dL.
N = observations. Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. Efforts include direct contribution of efforts.

Abbreviations: Circum, Total contribution of circumstances; DI, dissimilarity index.

versus 0.263 for men. Regarding ex-post I0p, there are differences across stages of the lifespan and outcomes. However,
we find that efforts play a relevant role for women between 30 and 35 years of age for all outcomes. While, circum-
stances are of higher relevance for men aged 30-35 in BMI, WC and the DBM.

5 | DISCUSSION

This study contributes to the ongoing literature on the evolution of IOp in outcomes related to the emerging double
burden of malnutrition in Mexico. This is made possible by constructing a pseudo-birth cohort using matching and re-
weighting methods. Four main results emerge from this analysis. First, we find an alarming increase in malnutrition,
the joint prevalence of under and over-nutrition, among this cohort of people. From a 3% prevalence during childhood
to 41% in their middle adulthood. Second, inequalities in malnutrition are mainly associated with observed circum-
stances, which are considered unfair, and have been persistent across the life-course of the cohort. Third, when
incorporating the role of efforts into our analysis and disentangling its role along with that of the circumstances, we
consistently find that circumstances account for most of the explained variation in malnutrition over this lifespan.
Fourth, when analysing IOp in the cohort by sex, we find that ex-ante inequalities are higher among men than women,
and that efforts have a higher contribution among women in their middle adulthood. This might suggest that efforts
matter more for women than men.

Our results about the increasing magnitude in the prevalence of malnutrition are similar to those found by Fernald
and Neufeld (2007), who documented that the prevalence of concurrent overweight or obesity and stunting was
approximately 5% in non-indigenous children, over 10% in indigenous children of two to 5 years old and that the factors
associated with this double burden were socioeconomic status, maternal age, education, maternal height, and house-
hold size (Fernald, & Neufeld, 2007). In this respect, a recent study that measured the joint prevalence of overweight
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and anaemia in 52 low-and-middle-income countries found malnutrition prevalence as high as 30% among adult
women (20-49 years old) (Irache et al., 2022).

Results regarding ex-ante IOp are in line with previous literature (Aizawa, 2021; Davillas, & Jones, 2020; Ebai-
dalla, 2019; Fajardo-Gonzalez, 2016; Hussien, & Ayele, 2016; Nie et al., 2020; Pinilla et al., 2017). Notwithstanding, ex-
ante 10p among children (0-5 years old) indicates the potential transmission of health across generations. Trannoy
et al. (2010) analyze, for the case of France, how parental health and familial circumstances correlate to children's
health and the perpetuation of inequities right from the beginning of life. This finding echoes the results from other
studies on the origins of health inequality (Conti et al., 2019). Our results also coincide with the dominating role of
circumstances over efforts when measuring ex-post 10p in health (Carrieri, & Jones, 2018; Pasqualini et al., 2017;
Trannoy et al., 2010). However, differences between the relative importance of circumstances and efforts to ex-post 10p
in excess weight and adiposity outcomes are worthy of discussion. Although overall circumstances are the main driver
of ex-post inequality, their role in over-nutritional outcomes, BMI and WC, decreases over time. When splitting the
sample by sex and measuring IOp under both approaches, it was found that, before exerting any effort and just
considering people’s circumstances during the first 5 years of age, girls have higher levels of inequities in all outcomes,
except underweight. However, as individuals reach their young adulthood, inequalities exclusively related to circum-
stances are higher among men. When incorporating the role of choices and effort-related variables, these factors are of
higher relevance for explaining variations in BMI, WC and malnutrition outcomes among women aged 30-35 years old.
Regarding this result, we believe that further research is needed to better understand why efforts matter more for
women at that point in life. These results are important for policy-making purposes in many aspects since there is an
implicit belief that most of the variation in over-nutritional outcomes is driven by choices, not by people's circum-
stances. Current Mexican policies aiming to tackle the obesity crisis similarly target women and men and do not make
any differentiation across different age periods.

Our results also indicate that circumstances kept their leading role in inequities in anaemia. Further research is also
needed in this aspect, and that can shed more light regarding the causes of this. For example, detailed studies on the
effect of the different nutrition-related programmes'' implemented in Mexico during this period could help to better
understand the persistence of such inequities. Although there are quite a few studies regarding the effect of early-life
nutritional programmes on Mexican children's health and anaemia (Rivera-Dommarco et al., 2010; Villalpando
et al., 2006), little evidence exists regarding whether this effect holds over time, as a lasting protective factor for
developing malnutrition later in life and if these programmes have had an effect in preventing disparities over different
stages of the life-course.

There are limits to what we can achieve with our data. One is that we are restricted to the characteristics of the 1988
survey design. Another important point is that the sample units in all six surveys were the households and hence
respondents were those individuals residing in households at the time of the study. These small sample sizes do not
allow us to measure ex-post IOp in 2012 and 2016. We did not estimate ex-ante and ex-post inequality in 2016 because
the sampling design was different and data on food consumption were collected differently concerning previous waves,
and therefore effort variables were not available. Regarding the data, it is worth adding that food consumption and
physical activity information were self-reported. There are also limitations in our analysis regarding IOp estimates. We
recognise that recent literature on this topic has highlighted the potential sources of biases when measuring IOp, which
are mainly related to model selection choices (Brunori et al., 2019, 2023; Hufe et al., 2022), for example, that IOp es-
timates could have a downward bias due to the partial observability of circumstances. In our case, we faced a trade-off
between using variable selection techniques at each wave, such as the ones proposed by this recent literature, that will
select a different set of regressors at each wave, and the fact that like-for-like comparisons of IOp across waves are
desired. This consistency and comparability have been achieved given that data has been re-weighted to make the
sample representative of the cohort at each wave, a common set of measured circumstances at each wave has been used,
along with a common set of efforts for the waves that are relevant have been included, outcomes have been measured in
the same way for most waves, and the same inequality measure at each wave has been used. However, this compa-
rability and consistency comes at the expense of potentially having downward estimates of IOp.

Despite these limitations, we have proposed an innovative way to deal with the lack of panel data when performing
life-course analysis and explored inequalities in a worrying public health problem: the double burden of malnutrition.
Our analyses show that equality of opportunity in nutrition-related health outcomes is far from being achieved in
Mexico. Circumstances are a key source of health disparities for all health outcomes. Hence, policies aiming to reduce
the scale of social injustice in health are more likely to be effective should the role of circumstances at early stages of life
be considered and attenuated, and tailored policies across the life-cycle exist for men and women.
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ENDNOTES
! Under-nutrition is mostly related to the lack of micro-nutrients and over-nutrition is conceived as an excess of macro-nutrients that leads
to an excess of weight or adiposity.

S}

Lefranc et al. (2009) define different types of “luck”, such as: genetic, brute, initial and later brute luck.

w

This is y; = (ctg + @00) + (@1 + a281)C; + (av; + uy).

IS

A graphical description of this index can be found in Paes de Barros et al. (2008, p.69) and Bruoni (2016, p.43).

w

Note that D is calculated only using the explained variation y and does not reflect any remaining (residual) variation in the observed
outcome (y).

=)

Ex-ante 10p was not calculated in 2016 due to the restrictions imposed by the survey. Equally, ex-post IOp was not estimated in the 2012
and 2016 survey years due to sample sizes being too small to run the models and due to data on efforts. Specifically, the number of
potential observations in the 2012 survey were: n = 34 for the DBM outcome, n = 35 for the HB, n = 89 for the BMI, and n = 85 for the WC
models, respectively. Considering the number of circumstances and effort variables, there was likely to be insufficient degrees of freedom
for estimation. Furthermore, we did not estimate IOp using the 2016 survey because the 2016 survey was a mid-way survey and rich data
on food consumption and physical activity were not collected. Thus, there were no effort variables available.

N}

A household is defined as a group of people, related by kinship or not, who usually sleep under the same roof, benefiting from a common
income, from either one or more of the household members. The key respondents were those individuals who resided in households at the
time of the study. This impacts the analysis in two ways: (1) in some cases, it is not possible to identify the familial link and, given that, (2)
the set of circumstances included in each model is different in each cross-section according to the availability of data. Detailed information
about the survey design of all the National nutrition surveys is found in Appendix E.

©

Mexico has 32 Federal States, 31 States and Mexico City, the capital of the country. These States were grouped into six regions: Northwest,
Northeast, West, Centre, South, and Southeast.

)

HB concentration alone is an imperfect indicator of iron deficiency and, therefore, a proxy for undernutrition in adults. We are aware that
other nutritional deficiencies, or acute and chronic inflammation and parasitic infections, affect haemoglobin levels. However, the WHO
suggests that levels of HB are an adequate and relevant indicator for identifying anaemia and its severity at the population level
(WHO, 2012). Public health studies have also used HB concentration as an indicator of anaemia (Hruschka et al., 2020) and along with
BMI measures, as an indicator of malnutrition at the population level (Irache et al., 2022).

1% Emerging adulthood covers the period between 18 and 29 years of life, while middle adulthood spans from 30 to 45

M Programmes such as PROGRESA-OPORTUNIDADES-PROSPERA; Liconsa-conasupo which aimed to commercialise iron-fortified milk
bags at very low prices for people in extreme poverty and social vulnerability; Tortibonos, a programme consisted of granting people in
extreme poverty a voucher that could be exchanged for a kilo of tortillas, and school breakfasts which aimed to ameliorate the diet of most
at-risk people.

12 1t is worth noticing that only adult women were targeted in the 1988 and 1999 National Nutrition Surveys.
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13 Since 2006, ENSANUT was thought to be administered every six years. Notwithstanding, as a response to the accelerated increase in the
prevalence of overweight and obesity, it was decided to conduct a mid-term survey between 2012 and 2018 to assess the nutritional status
of the population (National Institute of Public Health, 2016).
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Eating pattern 3

FIGURE A3 Distribution of eating
patterns across survey years. Eating pattern
1: low-nutritious and high-energy food, such
as whole-fat dairy, fast food, sweetened
beverages, sweets and red meat. Eating
pattern 2: high-nutritious food, such as
fruits, vegetables, poultry, fish, and cereals.
Eating pattern 3: Legumes and maize-
based products.

TABLE Al Matching summary.

TABLE A2 Distribution of the
matched samples across cohorts.
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*The 55 observations unmatched across the 1988 and 2006 surveys correspond to the strata composed of

men living in Northwestern States and born in 1985.

Survey year

Year of birth 1988
1983 1112
1984 1345
1985 1306
1986 1278
1987 1338
1988 112

Total 6491

1999
949

1063
1071
1161
1514
1337
7095

2006
694
706
677
716
1336
1531

5660

2012
1565
1589
1661
1704
1750
1719
9988

2016
406
400
334
377
364
342
2223

2018
372
384
363
382
331
376
2208

Total
5098
5487
5412
5618
6633
5417

33,665
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TABLE A3 Key variables definition.

Circumstances

Variable Definition

Sex 1 if man, 0 woman

Ethnicity 1 if non-indigenous, 0 if indigenous

Mother's health insurance
Mother's BMI

Mother's anaemia
Parental diabetes

Parent's education

Running water available in the household

Household living standards

State deprivation level

Geographic region

Efforts

Dietary patterns

1 if mother insurance, 0 otherwise

In kg/mts2

1 if mother anaemic, 0 otherwise

1 if mother or father was diagnosed with diabetes, 0 otherwise

Five categories: No education, up to primary school up to secondary school, up to
high school and higher education

1 if water available, 0 otherwise

Using the polychoric principal-component analysis method and following (Basto-
Abreu et al., 2018), asset indices were estimated for all years. Indices considered
information reported by the head of the household about the physical
characteristics of the house, for instance, material from which the floors, walls and
roofs are made; number of rooms, whether the house has latrines or toilets, etc. We
also included data about the ownership of durable assets in the house, such as
radio, television, fridge, telephone, car, computers, washing machine, microwave,
air conditioner, etc.

A single component, which in all cross-sections explained more than 50% of the
variation, was extracted.

The indices were then categorised into quartiles with the following categories: Low,
medium-low, medium-high, and high.

Weighted index that measures social deprivation at the State level and takes into
account characteristics such as the percentage of the population older than 15 years
old and deemed illiterate, the population aged 6 to 14 who do not attend school,
households with individuals aged 15 to 29 that have less than 9 years of education;
population older than 15 years with incomplete basic education; population
without health insurance; households with no floor; average occupants per
bedroom; households without a toilet; piped water from the public network;
sewage; electricity; washing machine or fridge. This index is estimated by the
National Council for the Evaluation of Social Development Policy (CONEVAL) and
the data come from the National Count of Population and Housing censuses
(CONAPO), we use 1990, 1995, 2005, 2010 and 2015 indices. The indices were
categorised into five levels: Very high, high, medium, low and very low.

The 32 Federal States of Mexico were grouped in six regions: Northwest:

Baja California, Baja California Sur, Sinaloa and Sonora.

Northeast: Coahuila, Nuevo Le6n, Tamaulipas, Chihuahua, Durango, Zacatecas
and SL Potosi.

West: Aguascalientes, Colima, Guanajuato, Jalisco, Michoacan, Nayarit and
Queretaro.

Centre: Mexico City, State of Mexico, Hidalgo, Morelos, Puebla and Tlaxcala.
South: Guerrero, Oaxaca, Chiapas, and Veracruz.

Southeast: Campeche, Quintana Roo, Tabasco and Yucatan.

Rich data about dietary intake was collected using a food frequency questionnaire
in ENSANUT 2006, 2012 and 2018. This questionnaire included 101 different foods
and beverages. For each food item, data about intake according to the number of
days in the week, daily frequency of consumption, portion size and the number of
portions consumed were collected. We classified the 101 food items into five
different groups.
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TABLE A3 (Continued)

Circumstances

Economics

Variable

Physical activity

Alcohol consumption

Smoking frequency

Definition

With this rich data, we used factor analysis to identify dietary patterns for everyone
(Denova-Gutiérrez et al., 2016). To aid the interpretation of the dietary patterns, we
re-scale them to range between 0 and 100.

These three factors that accounted for approximately 35%-50% of the total variance
were extracted.

We characterise the three factors by looking at the loading of a given food to each
factor and their correlations.

The first pattern was characterised by grouping low-nutritious and high-energy
food (whole-fat dairy, fast food, sweetened beverages, sweets and red meat), the
second pattern included high-nutritious food (fruits, vegetables, poultry, fish, and
cereals) and the third-factor food items such as legumes and maize-based products
(beans and maize-based products which are the staples of the traditional and pre-
Hispanic diets).

We check also for the adequacy of using factor analysis using the Kaiser-Meyer-
Olkin (kmo) test.

The KMO coefficient was, on average, 0.85 which indicates that the sample is
adequate for using the method.

This variable is the sum of the self-reported daily hours doing vigorous physical
activity, defined as those activities that take more than 6 metabolic equivalents
(METs), such as aerobics, cycling fast, lifting heavy things, digging, doing farm
work, etc.

Moderate physical activity is defined as activities that use 3 to 6 METSs, for example,
carrying light things from one place to another, cleaning heavily, cycling at a
regular pace, playing sports for recreation, etc.

The number of hours was bounded from 0 to 16 h in a day.

1 if the alcohol consumption is above recommendation (that is more than three
units for women and more than four units for men. One unit: one standard glass of
13%-level-of-alcohol wine); 25 millilitres (mL) of 40°-spirit; 250 mL of 4%-level-of-
alcohol beer. One unit is also equivalent to 10 ml or 8 g of pure alcohol.

0 otherwise.

1 if smoking tobacco occurs daily or regularly, 0 otherwise

*Outcomes measured in individuals older than 11 years old.

TABLE A4 Outcomes analyzed in the Ex-ante and Ex-post approaches.

Age group

0-5 years old

11-35 years
old

Ex-ante
Outcome Proxy Focus Proxy Focus
Stunting HAZ < -2 z scores Undernutrition
Wasting WHZ < -2 z scores
Underweight WAZ < -2 z scores
Overweight BMI >2 z scores Overnutrition
Double burden = HAZ or WHZ or WAZ Malnutrition
< -2 z scores
AND
BMI >2 z scores
Anaemia HB < 13 gL/L Undernutrition HB < 13 gL/dL Undernutrition
Excess weight BMI >25 kg/mts2 Overnutrition ~ Excess weight BMI >25 kg/mts2  Overnutrition

(Continues)
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TABLE A4 (Continued)

Ex-ante

Age group Outcome Proxy Focus

Excess adiposity WC > 80 cm

Double burden = BMI >25 kg/mts2 or WC Malnutrition

> 80 cm
AND
HB < 13 gL/dL

TABLE A5 Food items included in the 2006, 2012 and 2018 surveys (D).

Animal protein

Milk (whole, skim, lactose-free, powder, LICONSA, etc)
Panela or cottage-type cheese
Chihuahua-type, manchego, gouda cheese
Yoghurt

Liquid yoghurt

Petite Suisse yoghurt

Sweetened probiotic milk beverage

Pork or beef meat

Dried beef

Sausage

Pork sausage, ham, Turkey, mortadella
Chicken (leg, thigh or breast)

Chicken wing

Chicken liver or gizzard

Egg (boiled or cooked)

Fish

Tuna and sardines (Tomato, water or oil)
Other seafood (shrimp, oysters, etc.)
Fruits, vegetables and legumes
Banana

Jicama

Orange or tangerine

Apple or pear

Melon or watermelon

Guava

Mango

Papaya

Excess adiposity

Double burden

Proxy Focus
WC > 80 cm

BMI >25 kg/mts2 Malnutrition
or WC > 80 cm

AND
HB < 13 gL/dL

One portion is:
1 cup (240 mL)
1 slice or 2 tablespoons (30 g)
1 slice (30 g)
1 typical cup yoghurt (150 g)
One typical jar (230 g)
1 pot (45 g)
1 bottle (80 ml)
1 medium steak (90 g)
1 plate (80 g)
1/2 piece (30 g)
1 sausage or slice (30 g)
1 piece (leg, thigh) (90 g)
One wing
1 piece (30 g)
1 piece (62 g)
1 piece (90 g)
1/4 tin (40 g)
1 plate (100 g)
One portion is:
1 medium piece (176 g)
1/2 medium piece (163 g)
1 large piece (206 g)
1 medium piece (140 g)
1 slice or 3/4 cup (115 g)
1 medium piece (75 g)
1 medium piece (185 g)

1 medium slice (100 g) or 1/2 cup
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TABLE A5 (Continued)
Fruits, vegetables and legumes
Pineapple
Grapefruit
Strawberry
Grapes
Peach
Red tomatoes
Green leaves (spinach, quelites)
Squash
Carrot
Zucchini
Broccoli, cauliflower or cabbage
Green beans
Corn cob
Lettuce
Nopales
Cucumber
Avocado

Poblano Chile

Canned vegetables such as peas, carrots, mushrooms and green beans

Frozen vegetables such as peas, carrots, broccoli, cauliflower, green beans

Beans

Lentils and chickpeas

TABLE A6 Food items included in the 2006, 2012 and 2018 surveys (II).

Energy-dense food

Cake or sandwich

Burger

Pizza

Hot dog

Soda

Tea or coffee

Natural juices
Fruit-favoured water
Sweetened beverages
Chocolate

Candy (Candies, lollipops)
Spicy and sweet candy
Snacks (like peanuts, crisps)

Gelatin, flan

Health
Economics —VVI LEy | 2

One portion is:

1 medium slice (150 g)

1 piece small (270 g)

1 cup or 9 medium pieces (140 g)
10 pieces (60 g)

1 medium piece (50 g)

Half piece (30 g)

1/2 plate (85 g)

1/4 piece (50 g) or 1/3 cup

1 small piece or 1/2 cup (50 g)
1/2 medium part (50 g)

1/4 cup (35 g)

1/4 cup or 5 pieces (30 g)
Half small piece (50 g)

1/2 cup (30 g)

1 large piece (100 g)

1/2 large piece (150 g)

1 slice or 1 small piece (33 g)
A medium piece or 1/3 cup (80 g)
1/3 cup or 1 small can

1/3 cup

50g

1 plate or 1 cup (100 g)

One portion is:

1 medium piece (130 g)
Medium 1 piece (240 g)

1 slice small (92 g)

1 medium piece (110 g)

1 cup (240 mL)

1 cup (240 mL)

1 cup (240 mL)

1 cup (240 mL)

1 cup (240 mL)

1 piece or 1 tablespoon (10 g)
1 piece (30 g)

1 piece (30 g)

1 single package or small bag (35 g)
1 piece or slice (125 g)

(Continues)
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TABLE A6 (Continued)
Energy-dense food

Cake or pie

Ice cream

Peanuts, beans or seeds
Microwavable popcorn (all types)
Doughnuts

Biscuits (all types)

Cereal bars

Margarine

Butter

Mayonnaise

Fresh sour cream

Vegetable lard

Animal lard

Pasta, cereals and white bread
Cooked rice

White bread

Wholemeal bread

Sweet bread (except doughnuts and fritters)

Bakery doughnuts and churros

Pretzels

Potatoes cooked

Fried potatoes

Box cereals (chocolate, light, cornflakes, fruit-flavoured, fiber)
Broth

Soups

Instant soup

Maize products and tortillas

Meatless snacks like sopes, quesadillas, tlacoyos, gorditas and enchiladas

Antojitos with beef, pork, poultry, organ meats, such as tacos, quesadillas, tlacoyos,
enchiladas, gorditas

Pozole (all types)
Tamales (all types)
Atole (all types)
Maize tortillas

‘Wheat flour tortilla

One portion is:

1 medium slice (125 g)

1 scoop (80 g)

1 fist (han (35 g))

1 medium bag (100 g)

1 piece (70 g)

2 units (32 g)

1 piece (25 g)

1 tablespoon (10 g)

1 tablespoon (10 g)

1 tablespoon (10 g)

1 tablespoon (10 g)

1 tablespoon (10 g)

1 tablespoon (10 g)
One portion is:
1 cup or 1 plate (100 g)
2 slices or one roll (70 g)
2 slices or one roll (70 g)
1 piece (70 g)
1 piece (70 g)

4 pieces (20 g)

1/2 medium cooked piece (40 g)

1/2 medium piece (40 g)
1 cup (30 g dry)

1 cup (240 mL)

1 plate (240 mL)

1 pot (64 g)

One portion is:

100 g
100 g

1 plate (100 g)

1 piece (200 g)

1 cup (240 mL)
1 unit

1 unit
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Undernutrition is measured in the following ways. For the child-level analysis (1988 cross-section), HAZ, WHZ and
WAZ are used as outcome variables. We discretise the variables such that 1 depicts if the outcome is lower than -2 z-
scores and 0 otherwise. The WHO defines moderate to severe undernutrition when height-for-age is < -2 z scores
(WHO, 2020). For the adolescent and adult-level analysis (1999 to 2018 cross-sections), the level of haemoglobin is used
as a measure of under-nutrition. This outcome is used both in a binary and continuous way. This aims to measure IOp
using the clinical cut-off points, but also to allow IOp measurement across the whole distribution. For the binary case,
the variable takes the value of 1 if hb < 12 g/dL(grams per decilitre) for females and <13 g/dL for males, and 0 otherwise
(WHO, 2012). Over-nutrition is defined when a child has a BMI z-score above 2 and when an adult observes a BMI
above 25 kg/m? or WC above 80 and 90 cm (for women and men, respectively). Malnutrition (under and over-nutrition)
is constructed and defined as a binary variable that takes the value of 1 when a child has a z-score for HAZ or WHZ or
WAZ below —2 and BMI above 2. Likewise, for adolescents and adults, malnutrition is defined when they present a BMI
above 25 kg/m* or WC > 80 or 90 cm according to sex and HB < 13 g/dL.

Data on height, weight and blood samples were taken and measured by specialised and trained staff by the National
Institute of Public Health (INSP), in Mexico. Haemoglobin (g/dl) was adjusted for altitude (no change if altitude<l1,
000 m; —0.2 if > 1000 m but <1, 500 m; —0.5 if > 1500 m but <2000 m; —0.8 if > 2000 m but <2500 m; —1.3 if > 2500 m
but <3, 000 m and —1.9 if altitude >3000 m but <3500 m) and smoking behaviors (—0.03 if the individual smokes up to
one pack of cigarettes per day (20 cigars per package); —0.05 if > 1 but <2 packs and —0.07 if > 2 packs of cigarettes)
(WHO, 2012). For the analysis, implausible biological values: <-5 and >+3; for WHZ <-4 and >+>5 and, <-5 and >+75
for WAZ and BMIZ (O’Donnell et al., 2007). For BMI, values below 10 kg/m2 and above 59 kg/mz, for WC measure-
ments below 51 cm and above 190 cm and, for haemoglobin values below 4 g/dL and above 20 g/dL (Sullivan
et al., 2008). Pregnant women were excluded as well.

APPENDIX B: REGRESSION MODELS

Ex-ante approach

TABLE Bl Logit regression results from the Ex-Ante analysis, 1988.

HAZ WHZ WAZ BMIz DBM
Individual characteristics
Men 0.078 —-0.004 —-0.002 0.295%* 0.265+
(0.068) (0.110) (0.088) (0.100) (0.156)
Non-indigenous —0.616™** —-0.155 —0.768*** 0.561* 0.392
(0.135) (0.274) (0.148) (0.282) (0.331)
Household living standards
Running water HH 0.183+ 0.419** 0.363** —0.088 0.224
(0.100) (0.159) (0.132) (0.151) (0.243)
LS: Low 2.460%** 0.357 2.011%** 0.129 1.551%**
(0.161) (0.229) (0.216) (0.200) (0.339)
LS: Med-Low 1.326™** 0.407* 1.317%*%* —0.422* 0.160
(0.149) (0.189) (0.200) (0.182) (0.332)
LS: Med-High 0.876%** 0.396* 0.900*** —0.192 0.191
(0.137) (0.163) (0.187) (0.146) (0.287)
State Deprivation
Dep: V.High 0.129 0.146 0.160 0.259 —0.167
(0.155) (0.307) (0.205) (0.245) (0.404)

(Continues)
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TABLE Bl (Continued)

HAZ
Dep: High 0.198
(0.148)
Dep: Med 0.312
(0.204)
Dep: Low 0.099
(0.105)
Geographical region
Northwest —0.689**
(0.264)
Northeast -0.172
(0.206)
West 0.217
(0.202)
Centre 0.264
(0.217)
South 0.157
(0.258)
Constant —2.412%%*
(0.302)
N 5764
rp 0.129

Note: Clinical cut-off points. Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

WHZ

—0.050
(0.210)
—0.568
(0.368)
-0.103
(0.158)

0.930+
(0.518)
1.079*
(0.478)
1.069*
(0.477)
0.168
(0.497)
0.385
(0.581)
—3.75]%
(0.604)
5837
0.0251

WAZ

-0.199
(0.192)
0.049

(0.275)
—0.042
(0.143)

—1.027**
(0.346)
-0.229
(0.259)
—0.111
(0.256)
—0.489+
(0.278)
~0.268
(0.325)
—2.597%
(0.378)
5981
0.0748

BMIz
-0.143
(0.204)
—0.354
(0.280)
0.003
(0.142)

0.780*
(0.362)
0.148
(0.336)
0.615+
(0.327)
—0.166
(0.351)
-0.475
(0.427)
—3.146%
(0.490)
5861
0.0224

DBM
0.190
(0.330)
—0.130
(0.481)
0.106
(0.255)

0.496
(0.603)
0.493
(0.509)
0.988*
(0.494)
0.364
(0.539)
0.639
(0.645)
—5.305%#x
(0.720)
5475

0.052

Abbreviations: BMIz, 1 if overweight; DBM, 1 if stunting or wasting or underweight and overweight; HAZ, 1 is stunting; r*_p, pseudo R squared; WAZ, 1 if

underweight; WHZ, 1 if wasting.

TABLE B2 Logit regression results from the Ex-Ante analysis, 1999.

DBM
Individual characteristics
Men 0.000
O
Non-indigenous 2.722
(3.552)
Household living standards
Running water HH 0.032
(0.809)
LS: Low -1.011
(1.081)
LS: Med-Low —0.595
(0.866)
LS: Med-High —1.386+

(0.822)

HB

1.839%*
(0.701)
-0.165
(0.380)

0.371
(0.306)
0.474
(0.447)
0.847*
(0.378)
—0.206
(0.363)

BMI

~1.723
(1.362)
1.075*

(0.478)

-0.129
(0.191)
—0.723%*
(0.274)
—0.660%*
(0.229)
—0.124
(0.173)

wC

0.000
©
1.023
(0.653)

-0.278
(0.221)
—1.219%%*
(0.326)
—0.946%%*
(0.263)
—0.463*
(0.195)
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TABLE B2 (Continued)
DBM HB BMI wC
State deprivation
Dep: V.High —0.928 —-0.540 0.122 —0.063
(1.875) (0.678) (0.628) (0.865)
Dep: High 0.452 0.609 —-0.025 —0.430
(1.016) (0.419) (0.254) (0.302)
Dep: Med 0.354 0.725 0.070 —0.031
(1.008) (0.469) (0.273) (0.304)
Dep: Low 0.155 0.637+ 0.115 -0.132
(0.853) (0.356) (0.197) (0.220)
Geographical region
Northwest 0.992 —0.046 1.115+ 1.026
(1.519) (0.610) (0.592) (0.824)
Northeast —0.629 —0.730 0.920 1.105
(1.541) (0.568) (0.578) (0.810)
West —0.284 —1.266* 0.635 0.985
(1.491) (0.578) (0.580) (0.807)
Centre —0.440 —1.182* 0.272 0.507
(1.399) (0.523) (0.563) (0.795)
South 0.000 0.000 0.000 0.000
) ) O O
Constant —5.319 —1.580+ —2.873%x —2.861**
(4.007) (0.823) (0.778) (1.067)
N 518 775 1905 1519
.p 0.0851 0.0531 0.0497 0.0637

Note: Clinical cut-off points. Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.
Abbreviations: BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia Sex and South omitted because of collinearity; HB, 1 if anaemia;
¥*_p, pseudo R squared; WC, 1 if excess adiposity.

TABLE B3 Logit regression results from the Ex-Ante analysis, 2006.

DBM HB BMI wC
Individual characteristics
Men —1.667*** —1.310%** 0.141* —0.940%**
(0.157) (0.107) (0.058) 0.072)
Non-indigenous 0.067 0.280 0.476** 0.603**
(0.315) (0.260) 0.172) (0.199)
Household living standards
Running water HH 0.116 0.098 0.010 0.090
0.173) (0.126) (0.080) (0.098)
LS: Low 0.669** 0.428** —0.050 0.003
(0.214) (0.158) (0.096) (0.120)
(Continues)
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TABLE B3 (Continued)

DBM
LS: Med-Low 0.458*
(0.196)
LS: Med-High 0.100
(0.199)
State deprivation
Dep: V.High —-0.565
(0.469)
Dep: High —0.206
(0.249)
Dep: Med —-0.077
(0.223)
Dep: Low 0.060
(0.214)
Geographical region
Northwest 0.202
0.471)
Northeast 0.154
(0.431)
West 0.099
(0.441)
Centre —0.490
(0.419)
South 0.081
(0.517)
Constant —1.890%**
(0.547)
N 3005
r_p 0.0979

Note: Clinical cut-off points. Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, **p < 0.001.

HB
0.134
(0.146)
0.223
(0.142)

—0.044
(0.322)
0.407*
(0.181)
0.059
(0.174)
0.188
(0.164)

0.561
(0.344)
0.383
(0.312)
0.385
(0.318)
-0.114
(0.301)
0.430
(0.359)
—2.497 %+
(0.421)
4863

0.0666

BMI
0.112
(0.082)
—0.165*
(0.080)

—0.539*
(0.211)
—0.284**
(0.105)
—0.110
(0.099)
0.106
(0.091)

—0.572%*
(0.203)
—0.492%*
(0.182)
—0.570%*
(0.188)
—0.441*
(0.175)
—0.260
(0.226)
—0.265
(0.255)
5100

0.00972

wC
0.139
(0.103)
—0.059
(0.101)

—0.716**
0.271)
—0.215+
(0.130)
—0.023
(0.123)
0.142
(0.113)

—0.122
(0.251)
—0.090
(0.228)
—0.300
(0.235)
—0.336
(0.219)
0.220
(0.293)
0.080
(0.305)
2430

0.0472

Abbreviations: BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia Sex and South omitted because of collinearity; HB, 1 if anaemia;

r2_p, pseudo R squared; WC, 1 if excess adiposity.
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TABLE B4 Logit regression results

from the Ex-Ante analysis, 2012. DEM HEB BMI we
Individual characteristics
Men —1.710%** —1.577%*%* 0.090 —0.936%**
(0.409) (0.305) (0.130) (0.138)
Non-indigenous 1.133 0.547 —0.030 0.086
(0.781) (0.451) (0.254) 0.271)
Household living standards
Running water HH —0.339 —0.390 0.193 0.275
(0.422) (0.301) (0.185) (0.199)
LS: Low —0.351 —0.141 0.213 —0.120
(0.538) (0.432) (0.248) (0.265)
LS: Med-Low —0.062 —0.051 0.600** 0.509*
(0.501) (0.383) 0.222) (0.239)
LS: Med-High —0.680 —0.313 0.251 0.006
(0.509) (0.377) (0.198) (0.210)
State deprivation
Dep: V.High 0.590 1.831+ 0.148 0.935*
(1.118) (0.963) (0.421) (0.447)
Dep: High —0.070 0.484 —0.728** —0.148
(0.566) (0.431) (0.251) (0.261)
Dep: Med —0.196 0.089 —0.539* -0.175
(0.498) (0.387) (0.219) (0.229)
Dep: Low 0.123 0.392 —0.080 0.458+
(0.534) (0.384) (0.227) (0.239)
Geographical region
Northwest —0.933 —0.180 —0.690 —-0.178
(0.932) (0.676) (0.463) (0.480)
Northeast =IL.37AF —0.520 —1.095** —0.521
(0.803) (0.591) (0.407) (0.422)
West —1.209 —0.695 —0.871* —0.474
(0.845) (0.628) (0.421) (0.437)
Centre -1.157 —0.757 —0.410 —0.136
(0.773) (0.568) (0.392) (0.406)
South —1.572 —1.794+ —0.900* —0.746
(1.096) (0.958) (0.458) (0.480)
Constant —0.895 —1.625+ 1.084+ 0.886
(1.258) (0.888) (0.554) (0.580)
N 498 1049 1122 1051
rz_p 0.109 0.0831 0.0285 0.0668

Note: Clinical cut-off points. Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

Abbreviations: BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia Sex and South
omitted because of collinearity; HB, 1 if anaemia; rz_p, pseudo R squared; WC, 1 if excess adiposity.
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TABLE B5 Logit regression results

DEM HB BMI we from the Ex-Ante analysis, 2018.
Individual characteristics
Men —1.837%** —1.635%** 0.171+ —0.870%**
(0.166) 0.127) (0.102) (0.114)
Non-indigenous —0.303 —0.278 0.229 0.165
0.312) (0.221) (0.200) (0.197)
Household living standards
Running water HH —0.301 —0.194 —0.152 —0.343*
(0.220) (0.160) (0.146) (0.153)
LS: Low 0.211 —-0.294 0.568** 0.887#**
(0.311) (0.228) (0.195) (0.213)
LS: Med-Low 0.445+ 0.181 0.567** 0.674%**
(0.269) (0.196) (0.180) (0.192)
LS: Med-High 0.306 —0.083 0.525%* 0.429**
(0.235) (0.170) (0.156) (0.163)
State deprivation
Dep: V.High —0.304 —0.334 0.535 —0.278
(0.594) (0.439) (0.407) (0.419)
Dep: High 0.308 0.396 0.084 —0.164
(0.358) (0.269) (0.225) (0.247)
Dep: Med 0.336 0.292 0.145 0.297
(0.330) (0.249) (0.208) (0.236)
Dep: Low 0.744* 0.695** —0.096 0.106
(0.347) (0.259) (0.217) (0.243)
Geographical region
Northwest —0.500 0.002 —0.996* —0.385
(0.547) (0.382) (0.442) (0.391)
Northeast —0.525 —0.178 —1.026* —0.302
(0.496) (0.340) (0.408) (0.340)
West —1.069* —0.565 —1.106** —0.416
(0.520) (0.362) (0.418) (0.354)
Centre —0.581 -0.171 —1.085%* —0.222
(0.471) (0.324) (0.397) (0.324)
South —0.022 0.096 —0.805+ 0.042
(0.602) (0.429) (0.485) (0.432)
Constant 0.931 —0.410 1.462%* 1.606***
(0.622) (0.446) (0.476) (0.432)
N 827 2078 2112 2019
rz_p 0.14 0.104 0.0186 0.0461

Note: Clinical cut-off points. Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, **p < 0.001.

Abbreviations: BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia Sex and South
omitted because of collinearity; HB, 1 if anaemia; rz_p, pseudo R squared; WC, 1 if excess adiposity.
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APPENDIX C: REGRESSION MODELS

Ex-post approach

TABLE C1 First stage. Linear regression results from the Ex-post approach, 2006.

Individual characteristics

Men

Non-indigenous

Household living standards

Running water HH

LS: Low

LS: Med-Low

LS: Med-High

State deprivation

Dep: V.High

Dep: High

Dep: Med

Dep: Low

Geographical region

Northwest

Northeast

‘West

Centre

South

Constant

DP1

2.292%%%
(0.298)
2,937
(0.646)

-0.323
(0.374)
—3.882
(0.493)
—3.151%
(0.462)
—2.049%

(0.475)

—1.403
(1.058)
—2.128%*
(0.560)
—1.789%
(0.542)
-0.270
(0.510)

—2.572*
(1.066)
—2.146*
(0.941)
—2.834%*
(0.970)
—3.237%
(0.896)
—3.821%*
(1.163)
26.445%%%
(1.180)

DP2

—1.323%8
(0.266)
—0.082

0.577)

—0.263
(0.334)
—1.050*
(0.441)
—1.265%*
(0.412)
—0.406
(0.424)

2.108*

(0.945)
0.900-+
(0.500)
1.555%*
(0.484)
0.941%

(0.456)

1.049
(0.952)
0.036
(0.841)
0.054
(0.866)
1.950%
(0.800)
~1.043
(1.038)
21.138%*
(1.054)

DP3

2.592%%
(0.314)
0.786
(0.682)

0.991*
(0.394)
4,188+
(0.520)
3.808%**
(0.487)
1.573%*
(0.501)

2.460*
(1.116)
1.683%*
(0.591)
1.818**
(0.571)
0.494
(0.538)

-0.925
(1.124)
1.038
(0.993)
0.139
(1.024)
—0.911
(0.945)
—0.203
(1.226)
25.937%%*
(1.245)

FS

0.006
(0.012)
0.029

(0.025)

0.008
(0.015)
—0.030
(0.019)
0.006

(0.018)
0.001

(0.018)

0.047
(0.041)
—0.006
(0.022)
0.010

(0.021)
0.019

(0.020)

-0.027
(0.041)
0.023
(0.037)
0.013
(0.038)
0.018
(0.035)
—0.022
(0.045)
0.027
(0.046)

Eglgr?tlltrplics ~WILEY— L %
PA Alc. Tob.
0.720%%* 0.223%%* 0.255%*
(0.150) (0.013) (0.012)
—0.011 0.101%* —0.002
(0.418) (0.036) (0.033)
0.095 —0.047%* —0.009
(0.209) (0.018) (0.017)
1.137%%* —0.109%** —0.119%**
(0.251) (0.021) (0.020)
0.688** —0.113%** —0.004
(0.214) (0.018) (0.017)
0.502* —0.048** 0.009
(0.209) (0.018) (0.017)
0.850 —0.039 0.005
(0.547) (0.047) (0.044)
0.556* 0.001 0.003
(0.273) (0.023) (0.022)
—0.269 —0.052* —0.069%**
(0.260) (0.022) (0.021)
—0.224 0.012 0.027
(0.239) (0.020) (0.019)
0.681 0.072 0.056
(0.530) (0.045) (0.042)
0.413 0.016 0.088*
(0.476) (0.041) (0.038)
0.449 0.047 0.083*
(0.490) (0.042) (0.039)
0.004 —0.013 0.110%*
(0.456) (0.039) (0.036)
—0.856 —0.008 0.006
(0.591) (0.050) (0.047)
4.190%%* 0.206%** 0.103*
(0.648) (0.055) (0.052)

(Continues)
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TABLE C1 (Continued)
DP1 DP2 DP3 FS PA Alc. Tob.
N 2034 2034 2034 2034 5116 5116 5116
r* 0.152 0.0437 0.112 0.0102 0.0134 0.088 0.115

Note: Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

Abbreviations: Alc, Alcohol consumption; Dietary pattern 1 (DP1), low-nutritious and high-energy food; Dietary pattern 2 (DP2), high-nutritious food; Dietary
pattern 3 (DP3), legumes and maize-based products; FS, food supplements; PA, physical activity; Tob., Smoking. Stage I means that effort variables are
regressed against circumstances.

TABLE C2 Second stage. Logit regression results from the Ex-post approach, 2006.

DBM HB BMI wC
Individual characteristics
Men —1.004*** —0.785%** 0.035 —0.779***
(0.136) (0.092) (0.058) 0.074)
Non-indigenous 0.311 0.407* 0.588*** 0.442%*
(0.263) (0.205) (0.136) (0.157)
Household living standards
Running water HH 0.050 0.092 0.004 —-0.079
(0.144) (0.101) 0.072) (0.087)
LS: Low 0.394* 0.333* —0.217* —0.069
(0.198) (0.145) (0.095) (0.121)
LS: Med-Low 0.353+ 0.334* —0.122 —0.072
(0.190) (0.137) (0.089) (0.113)
LS: Med-High 0.055 0.182 —0.343%** —0.252*
(0.200) (0.145) (0.092) (0.120)
State deprivation
Dep: V.High —1.403%** —0.532+ —0.504* —0.821%*
(0.386) (0.275) (0.203) (0.252)
Dep: High —0.442* -0.239 —0.264* -0.152
(0.217) (0.161) (0.108) (0.138)
Dep: Med —0.264 —0.192 —0.189+ -0.154
(0.197) (0.149) (0.104) (0.131)
Dep: Low -0.112 0.006 0.013 0.014
(0.195) (0.143) (0.098) (0.126)
Geographical region
Northwest —0.079 —0.041 —0.553** 0.143
(0.406) (0.295) (0.207) (0.254)
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TABLE C2 (Continued)

Northeast

West

Centre

South

Dietary patterns and physical activity
Res.DP1

Res.DP2

Res.DP3

Res.FS

Res.PA

Risky health behaviors
Res.Alc

Res.Tob

Constant

N
r_p

DBM

—0.038
(0.368)
—0.137
(0.378)
—0.354
(0.356)
0.414

(0.417)

—0.005
(0.010)
—0.011
(0.010)
0.022%*
(0.007)
0.198

(0.194)
0.027%*
(0.010)

0.104
(0.143)
—0.053
(0.169)
—1.149*
(0.454)
1202

0.165

HB
0.064
(0.259)
—0.070
(0.266)
—0.277
(0.250)
0.209
(0.303)

—0.004
(0.007)
—0.016*
(0.007)
0.016**
(0.006)
0.171
(0.153)
0.012
(0.008)

-0.088
(0.106)
—0.048
(0.115)
—1.429%%*
(0.339)
1942

0.0989

Note: Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

Health
Economics

BMI
—0.316+
(0.182)
—0.267
(0.187)
—0.154
(0.173)
0.085
(0.223)

—0.004
(0.004)
0.015**
(0.005)
—0.002
(0.004)
—0.263*
(0.114)
0.013*
(0.005)

0.053
(0.068)
0.196**
(0.071)
-0.231
(0.233)
2024

0.0376

_WILEY___*

WC
—0.073
(0.227)
0.002
(0.233)
—0.099
(0.217)
0.518-+
(0.279)

0.007
(0.005)
0.012*
(0.006)
0.008
(0.005)
—0.088
(0.142)
—0.002
(0.007)

—0.139
(0.088)
0.467%*
(0.094)
0.158
(0.283)
1400

0.0908

Abbreviations: Alc, Alcohol consumption; BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia; DP1, low-nutritious and high-energy
food; DP2, high-nutritious food; DP3, legumes and maize-based products; FS, food supplements; HB, 1 if anaemia; PA, physical activity; r*_p, pseudo R
squared; Res, means residuals; Tob., Smoking. In the second stage, outcomes are regressed against circumstances and purged levels of effort; WC, 1 if excess

adiposity.
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TABLE C3 First stage. Linear regression results from the Ex-post approach, 2018.

DP1
Individual characteristics
Men 2.543%%*
(0.256)
Non-indigenous 2.363%**
(0.460)
Household living standards
Running water HH 0.813*
(0.372)
LS: Low 2.876***
(0.497)
LS: Med-Low 1.928%**
(0.455)
LS: Med-High 1.005*
(0.391)
Geographical region
Northwest —1.784%**
(0.526)
Northeast —0.844+
(0.459)
West —1.310**
(0.432)
Centre —1.336%*
(0.456)
South —-0.243
(0.471)
Constant 13.861%**
(0.534)
N 1651
s 0.136

Note: Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

DP2

—1.185%*
(0.305)
0.267
(0.548)

0.206
(0.443)
2.024%%*
(0.593)
0.773
(0.543)
0.308
(0.467)

1.363*
(0.628)
0.160
(0.548)
1.600%*
(0.515)
0.976+
(0.543)
1.811%*
(0.562)
16.040%+*
(0.637)
1651

0.0348

DP3

2.895%%*
(0.322)
0.214
(0.580)

—1.037*
(0.468)
—4.640%
(0.626)
—1.628%*
(0.574)
—0.499
(0.493)

~1.616*
(0.663)
0.547
(0.579)
1.164*
(0.544)
0.748
(0.574)
4.135%%*
(0.593)
38,223
(0.674)
1651

0.187

FS

—0.066%**
(0.015)
0.009
(0.026)

0.021
(0.021)
0.024
(0.029)
0.024
(0.026)
0.017
(0.023)

0.009
(0.030)
0.025
(0.026)
0.052*
(0.025)
0.025
(0.026)
0.020
(0.027)
0.063*
(0.031)
1651

0.0213

PA

1.577%
(0.128)
-0.178
(0.237)

—0.019
(0.186)
—1.068%**
(0.244)
—0.635%*
(0.227)
—0.259
(0.196)

0.669*
(0.261)
—0.180
(0.221)
0.517*
(0.212)
0.550*
(0.224)
0.296
(0.236)
2.391 %%
(0.268)
2197
0.0901

Alc.

0.266***
(0.016)
0.001
(0.029)

0.031
(0.023)
0.047
(0.030)
0.017
(0.028)
0.034
(0.024)

—0.008
(0.032)
—0.036
(0.027)
—0.025
(0.026)
—0.080**
(0.028)
—0.083**
(0.029)
0.073*
(0.033)
2150
0.131

Tob.

0.232%
(0.016)
0.073*
(0.030)

0.049*
(0.024)
0.021
(0.031)
—0.007
(0.029)
0.006
(0.025)

0.086™*
(0.033)
0.048-+
(0.028)
0.022
(0.027)
0.047-+
(0.028)
0.017
(0.030)
—0.042
(0.034)
2192
0.101

Abbreviations: Alc, Alcohol consumption; Dietary pattern 1 (DP1), low-nutritious and high-energy food; Dietary pattern 2 (DP2), high-nutritious food; Dietary
pattern 3 (DP3), legumes and maize-based products; FS, food supplements; PA, physical activity; Tob., Smoking. Stage I means that effort variables are

regressed against circumstances.
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TABLE C4 Second stage. Logit regression results from the Ex-post approach, 2018.

DBM HB BMI WwWC
Individual characteristics
Men —1.041%** —0.880*** 0.123+ —0.403%**
(0.115) (0.078) (0.070) (0.074)
Non-indigenous —0.145 -0.172 0.161 0.126
(0.208) (0.135) (0.125) (0.126)
Household living standards
Running water HH —0.069 —0.070 —0.029 —0.103
(0.158) (0.107) (0.099) (0.102)
LS: Low 0.252 —0.132 0.376** 0.577***
(0.223) (0.150) (0.135) (0.144)
LS: Med-Low 0.444* 0.181 0.392%* 0.380**
(0.193) (0.132) (0.123) (0.127)
LS: Med-High 0.330+ 0.010 0.406*** 0.320%**
(0.170) (0.114) (0.108) (0.111)
Geographical region
Northwest —0.003 0.161 —0.614* —0.163
(0.383) (0.251) (0.273) (0.255)
Northeast —0.304 —0.031 —0.685** -0.159
(0.357) (0.232) (0.254) (0.230)
West —0.442 -0.177 —0.716** —0.251
(0.369) (0.240) (0.259) (0.236)
Centre —0.261 —0.042 —0.610* —0.181
(0.348) (0.224) (0.248) (0.221)
South —0.071 —0.120 —0.203 -0.117
(0.363) (0.236) (0.259) (0.232)
Dietary patterns and physical activity
Res.DP1 —0.018 —0.023** 0.007 0.003
(0.013) (0.009) (0.007) (0.007)
Res.DP2 —0.005 —0.006 0.001 —0.005
(0.009) (0.007) (0.006) (0.006)
Res.DP3 —0.050%** —0.030%** —0.019*** —0.015**
(0.010) (0.007) (0.005) (0.005)
Res.FS —0.728*** 0.065 —0.511%** —0.538***
(0.196) (0.127) (0.121) (0.129)
Res.PA —0.022 —0.002 —0.008 —0.026*
(0.019) (0.013) (0.011) (0.011)

(Continues)
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TABLE C4 (Continued)

DBM
Risky health behaviors
Res.Alc —0.043
(0.170)
Res.Tob —-0.179
(0.157)
Constant 0.454
(0.372)
N 630
”_p 0.185

HB

0.014
(0.115)
—0.212*
(0.107)
-0.199
(0.245)
1575

0.112

Note: Standard errors in parenthesis + p < 0.1, *p < 0.05, **p < 0.01, ***p < 0.001.

BMI

—0.213*
(0.096)
0.019
(0.091)
0.810%*
(0.265)
1611

0.0425

wC

—0.065
(0.096)
—0.144
(0.091)
0.836™**
(0.242)
1546

0.0607

Abbreviations: Alc, Alcohol consumption; BMI, 1 if excess weight; DBM, 1 if excess weight or adiposity and anaemia; DP1, low-nutritious and high-energy
food; DP2, high-nutritious food; DP3, legumes and maize-based products; FS, food supplements; HB, 1 if anaemia; PA, physical activity; r{p, pseudo R
squared; Res., means residuals; Tob., Smoking. In the second, stage outcomes are regressed against circumstances and purged levels of effort; WC, 1 if excess

adiposity.

APPENDIX D: ADDITIONAL ANALYSES

IOp in other nutrition-related outcomes

TABLE D1 Ex-Ante IOp in outcomes defined according to clinical thresholds.

Survey year 1988

Expected age of cohort 0-5

Stunting 0.284%*

N 5764

Wasting 0.18%**

N 5837

Under weight 0.264**

N 5981
Anaem.
N

Over weight (BMI) 0.156%** Excess weight (BMI)

N 5861 N

Excess adiposity (WC)
N

1999
11-16

0.173**
745
0.193%**
1925
0.292**

1853

2006
18-23

0.275%*
4959
0.052%**
5229
0.159**

3381

2012
24-29

0.27***
960
0.061**
1049
0.092**

1004

2016 2018
28-33 30-35

- 0.279**
2055

- 0.031%***
2140

- 0.049**
2093

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. Stunting, Height-for-Age below —2 Z-scores; OW(BMIZ), Body mass
index above 2 Z-scores. Wasting, Weight-for-Height below —2 Z-scores. DBM, defined as HAZ or WHZ below —2 Z-scores and BMI above +2 Z-scores.
Anaem., Anaemia = Haemoglobin <13 g/dL; Excess weight (BMI), Body mass index >25 kg/m.% Excess adiposity (WC), Waist circumference >80 cm.
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TABLE D2 Ex-post IOp in

outcomes defined according to clinical

thresholds.

Economics ~WILEY—L ¥

Survey year 2006 2012 2016 2018

Expected age cohort 18-23 24-29 28-33 30-35

Outcome DI % DI % DI % DI %

Anaem. Circum. 0.2693** 84 - - - - 0.2183** 78
Efforts 0.0524** 16 - - - - 0.0598** 22
N 1942 - - - - 1575

EW (BMI) Circum. 0.064** 64 = = = = 0.0264** 53
Efforts 0.0365** 36 - - - - 0.0231** 47
N 2024 - - - - 1611

EA (WC) Circum. 0.1589** 79 - - - - 0.0354** 62
Efforts 0.0420** 21 - - - - 0.022%* 38
N 1400 - - - - 1546

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. N, observations.
Unable to estimate IOp for 2012 and 2016 due to small sample size. Circum., Total contribution of

circumstances. Efforts, Direct contribution of efforts. Anaem., Anaemia (HB, Haemoglobin <13 g/dL);
EW, Excess weight (BMI, Body mass index >25 kg/m?). EA, Excess adiposity (WC, Waist circumference

>80 cm). DI means dissimilarity index.

TABLE D3 Ex-Ante I0p in outcomes defined according to clinical thresholds for women.

Survey year 1988
Expected age cohort 0-5yo
Outcomes DI
Stunting 0.300%**
Wasting 0.226™**
Under weight 0.257%**
Over weight 0.196***
DBMc 0.355%*

3026

3086

3152

3098

2209

1999 2006 2012 2016 2018

11-16 yo 18-23 yo 24-29 yo 28-33yo  30-35yo
Outcomes DI N DI N DI N DI N DI N
Anaem. 0.204** 792 0.092*** 2524 0.170** 648 - - 0.082** 1117
EW (BMI) 0.223** 2038 0.064** 2599 0.070** 649 - - 0.023** 1111
EA (WC) 0.315%* 1992 0.065** 2157 0.048** 588 - = 0.015** 1029
DBMa 0.374** 603  0.129*** 1569 0.214** 294 - - 0.054** 499

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. Stunting, Height-for-Age below —2 Z-scores; Wasting,

Weight-for-Height below —2 Z-scores. Over weight, Body mass index above 2 Z-scores. Anaem., Anaemia (HB, Haemoglobin <13 g/dL); EW, Excess weight
(BMIL,Body mass index >25 kg/m?®). EA, Excess adiposity (WC, Waist circumference >80 cm.) DBMc is defined as HAZ or WHZ below —2 Z-scores and BMI
above 42 Z-scores. DBMa in adults (BMI >25 kg/m? or WC > 80 cm and HB < 13 g/dL).

Abbreviations: DI, Dissimilarity Index; N, observations; yo, years old.
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TABLE D4 Ex-Ante I0p in outcomes defined according to clinical thresholds for men.
Survey year 1988 1999 2006 2012 2016 2018
Expected age cohort 0-5 yo 11-16 yo 18-23 yo 24-29 yo 28-33 yo 30-35 yo
Outcomes DI N Outcomes DI N DI N DI N DI N DI N
Stunting 0.272%* 2737
Wasting 0.165*** 2753
Under weight 0.274** 2830
Anaem. - - 0.185%** 2320 - - - - 0.246 936
Over weight 0.128** 2765 EW (BMI) - = 0.065** 2492  0.101** 446 - = 0.059*** 965
EA (WC) - - 0.134** 1357 0.133%* 434 - - 0.069** 1041
DBMc 0.248** 2566 DBMa - - 0.250%** 1481 - - - - 0.263* 351

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. Stunting, Height-for-Age below —2 Z-scores; Wasting,
Weight-for-Height below —2 Z-scores. Over weight, Body mass index above 2 Z-scores. Anaem., Anaemia (HB=Haemoglobin <13 g/dL); EW, Excess weight
(BMI, Body mass index >25 kg/m?). EA, Excess adiposity (WC, Waist circumference >80 cm.) DBMc is defined as HAZ or WHZ below —2 Z-scores and BMI
above +2 Z-scores. DBMa in adults (BMI >25 kg/m?* or WC > 80 cm and HB < 13 g/dL). (—) Unable to estimate IOp for 2012 and 2016 due to small sample
size.

Abbreviations: DI, Dissimilarity Index; N, observations; yo, years old.

TABLE D5 Ex-post IOp in

Survey year 2006 2012 2016 2018 outcomes defined according to clinical
Expected age cohort 18-23 24-29 28-33 30-35 thresholds for Women.
Outcome DI % DI % DI % DI %
Anaem. Circum. 0.1038** 66 0.0509** 37
Efforts 0.054** 34 0.0854** 63
N 1158 943
EW (BMI) Circum. 0.0815** 72 0.0175** 30
Efforts 0.0312** 28 0.0416** 70
N 1200 938
EA (WC) Circum. 0.0638** 61 0.0116** 29
Efforts 0.0405** 39 0.0286** 71
N 999 870
DBM Circum. 0.1575%* 61 0.0399** 30
Efforts 0.1031** 39 0.0934** 70
N 705 416

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. N, observations.
Unable to estimate IOp for 2012 and 2016 due to small sample size. Circum., Total contribution of
circumstances. Efforts, Direct contribution of efforts. Anaem., Anaemia (HB=Haemoglobin <13 g/dL);
EW, Excess weight (BMI, Body mass index >25 kg/m?). EA, Excess adiposity (WC, Waist circumference
>80 cm). DBM in adults (BMI >25 kg/m? or WC > 80 cm and HB < 13 g/dL).
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TABLE D6 Ex-post IOp in
outcomes defined according to clinical Survey year 2006 2012 2016 2018
thresholds for men. Expected age cohort 18-23 24-29 28-33 30-35
Outcome DI % DI % DI % DI %
Anaem. Circum. 0.3516** 72 0.0502** 27
Efforts 0.135%* 28 0.1338** 73
N 800 635
EW (BMI) Circum. 0.0835%* 62 0.0541** 76
Efforts 0.051** 38 0.0166** 24
N 839 666
EA (WC) Circum. 0.1813* 58 0.0573** 72
Efforts 0.1284* 42 0.0218** 28
N 456 659
DBM Circum. 0.1875** 49 0.1527 60
Efforts 0.1929** 51 0.1008 40
N 300 229

Note: Significantly different than zero at 99 (***), 95 (**), and 90 (*) percent confidence. N, observations.
Unable to estimate IOp for 2012 and 2016 due to small sample size. Circum., Total contribution of
circumstances. Efforts, Direct contribution of efforts. Anaem., Anaemia (HB, Haemoglobin <13 g/dL);
EW, Excess weight (BMI, Body mass index >25 kg/m?). EA, Excess adiposity (WC, Waist circumference
>80 cm). DBM in adults (BMI >25 kg/m? or WC > 80 cm and HB < 13 g/dL). DI means dissimilarity
index.

APPENDIX E: SURVEY DESIGNS OF THE NATIONAL NUTRITION SURVEYS 1988-2018

The 1988 survey was the first-ever national nutrition survey conducted in Mexico. This survey collected data from more
than 13,000 households. The study population were children under five years and women between 12 and 49 years of
age. The resulting sample was representative at the national level (Consejo Nacional de Evaluacién de la Politica So-
cial, 2010; Resano-Pérez et al., 2003). The second survey, the 1999 NNS, collected data between October 1998 and March
1999. The sample consists of almost 18,000 households, that nationally represented areas with less than 2500 in-
habitants, with 2500 to 14,999 inhabitants and areas with more than 15,000 inhabitants. The study populations were
children under 5 years of age, school-age individuals between 5 and 19 years of age and women'? aged 12 to 49 (Resano-
Pérez et al., 2003).

ENSANUT 2006 collected data from around 44,500 households. It is representative at the national level, as well as
urban (>2500 people) and rural areas (<2500 people). The survey respondents were children under five years of age;
children of school age 5-11; adolescents (12-19 years of age) and adults, men, and women over 20 years of age (Gustavo
et al., 2006). ENSANUT 2012 is also a nationally representative survey. The sampling design was probabilistic, multi-
stage and stratified. Data collected held information from 50,528 Mexican households. The survey respondents were
children less than 5 years old, school children (5 and 9 years old), adolescents (ages between 10 and 19 years old) and
adults older than 20 years old (Romero-Martinez et al., 2013). ENSANUT 2016 is a mid-way survey'® with a smaller
sample size, compared with the ENSANUT 2012 (9479 households (Romero-Martinez et al., 2017)). Some of the
questions asked in the 2012 survey were not included in the 2016 survey. ENSANUT 2016 had a different sampling
design. Data from Colima and Oaxaca States were not collected (Romero-Martinez et al., 2017). Additionally, data on
food consumption were not as detailed as in the 2012 wave. Finally, ENSANUT 2018 is a nationally representative
survey. The sampling design was probabilistic, multi-stage and stratified by rural and urban areas. Data from 50,654
households were collected and survey respondents as well as children less than five years old, school children from 5 to
9 years old, adolescents aged 10-19 years and adults older than 20 years old (Romero-Martinez et al., 2019).
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