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The economic gradient of obesity in Mexico:

independent predictiveroles of absolute and relative wealth by gender

Abstract

Despite the vast literature on the economic gradienbesity, no study investigates the
independent predictive roles of absolute and redagtandards of living using a large nationally
representative adult sample. This gap limits oulitglo discern ‘material’ and ‘psychosocial’
pathways to obesity as well as our understandirigeofole played by economic inequality in the
growing obesity epidemic. Using a large and naligmapresentative Mexican dataset, we find
that absolute wealth and relative deprivation adependently related to obesity, and that such
relationships are patterned by sex. Absolute weatktkicts body mass index as well as abdominal
obesity according to an inverted-U shape for bettes, and more markedly so for females.
Relative deprivation predicts higher body mass xrfde females and higher waist circumference
for both sexes, with highly relatively deprived fales being 24.29% (95% CI [24.26, 24.31])
more likely to be obese and 34.46% (95% CI [34.433]) more likely to be abdominal obese,
and highly relatively deprived males being 14.98%% CI [14.88,14.93] more likely to be
abdominal obese. Our results offer a new perspeciivthe economic gradient of obesity and
highlight the potential impact of economic ineqtiglespecially for women. Greater awareness of
the independent and sex-specific roles of the absaind relative facets of economic status is

needed to better understand and address the obpgigmic.

Keywords: Obesity, Inequality, Gender, Wealth, Relative iegiion, Body Mass index, Waist
Circumference, Mexico

1.Introduction

Obesity is a prominent feature of the rapid epiddagic transition currently taking place in a large
part of the world, resulting from new dietary halanhd sedentary lifestyles (NCD, 2016; Ford et al.,
2017). Obesity decreases health-related qualilifeofde Hollander et al., 2013) and is a major
health risk factor with associations to a numbessiies including high blood pressure, type 2

diabetes, cardiovascular diseases, cancer, sleeqdrs, pain, osteoarthritis and premature moytali
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(Kopelman, 2007; Lementowski and Zelicof, 2008; puno et al., 2010). The problem of obesity is
growing for a number of middle-income countries &ndften neglected in major international

development initiatives such as the United Nati®uastainable Development Goals (Murray, 2015).

Obesity figures in Mexico are particularly alarmimngth prevalence reaching around one third of the
population and being projected to rise to 54% arfh for males and females, respectively, by 2050
(Rtveladze et al., 2014). The direct and indiregarcussions of excessive weight on the economy
are considerable (Dee, 2014). A joint study byEkeenomic Commission for Latin America and the
World Food Program estimated that Mexico will incosts for USD 13 billion a year over the next
six decades to deal with the negative consequafasessive weight (Fernandez et al., 2017).
Mexico has implemented policies to counter the emid such as the one-peso-per-litre tax on sodas;
while simulations studies predicted health bengifitthis tax (Sanchez-Romero et al., 2016;
Barrientos-Gutierrez et al., 2017), the mechaniantswider effects of such taxes are yet to be fully

understood (Popkin, 2017; Cornelsen and Smith, 2Qu@mbach et al., 2018).

A large body of literature studied the economiaggat of obesity. The seminal work by Sobal and
Stunkard (1989) indicated a consistent positiveligra in developing countries. This view was
subsequently challenged by the evidence that ghiesiteveloping countries was no longer restricted
to the elites, but it gradually shifted to less ltlgagroups in the process of economic development
(Monteiro et al., 2004). More recent literatureiesys found that the positive relationship between
higher socioeconomic status and obesity tendegrtointo a negative one for countries with higher
Human Development Index (McLaren, 2007), and thatsitive socioeconomic gradient of obesity
existed in low-income countries but not in middieame countries (Dinsa et al., 2012). However, a
major shortcoming of nearly all existing researatttus topic is the failure to disentangle the
absoluteand theelative aspects of the economic gradient of obesity. Dneér pertains to the
standard of living a person enjoys and relatesdtenal pathways to health (e.g. the effects of

scarcity or abundance of resources), while therdancerns her relative position in the economic
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hierarchy and relates to psychosocial pathway®é#ith (e.g. physiological effects of chronic stress

and behavioral risks triggered by psychosociaksdre see Wilkinson (1997) and Marmot (2006).

No study provides evidence on the independent adlebjective indicators of absolute and relative
standards of living as predictors of obesity usiagjonally representative adult data covering both
males and females and different ages. The twoiegistudies are based on limited samples and
provide contrasting results — relative deprivatiaas identified as a risk factor for obesity on the
basis of US male adults (Eibner and Evans, 200Biewhe opposite result was found using data on
older adults (aged 50+) from China (Ling, 2009)eTikerature using subjective social status as a
measure of relative standards of living is sligtisger; yet, a review of studies on the relatigmsh
between subjective social status and a range dthhaatcomes using adult samples finds no robust
association in the case of obesity (Tang et all620T he literature on adolescents seems instead
more unisonous in indicating relative social stagds a significant factor. For Canadian
adolescents, relative deprivation compared to domates was found to be associated with
obesogenic behaviours independently of absolutéthv@iEEgar et al., 2016), echoing the findings for
US adolescents on the association between sulgeszinial status and obesity (Goodman et al.,

2003)and adiposity (Lemeshow et al., 2008).

In this paper, we study the economic gradient @sitlg in Mexico by jointly employing measures of
absolute wealth and relative deprivation as cotesian multivariate regression analysis — for the
first time using large nationally representativeladata and disentangling their independent rates
risk or protective factors by gender. We take examination two obesity domains, Body Mass
Index (BMI) and Waist Circumference (WC), which &rewn to exert independent impacts on
health outcomes — BMI is more related to nonabdahand subcutaneous abdominal fat and ignores
fat distribution while WC is a better indicatorafdominal visceral fat (Janssen et al., 2004; Van
Gaal et al., 2006; Seo et al., 2017). Mexico iséresting context for studying the economic
gradient of obesity not only given the extent & &pidemic, but also because of the major economic

disparities existing in the country. Mexico is gpar middle-income country and OECD member,
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and yet around 44% of the population lives in aligopoverty according to official national statsti
(CONEVAL, 2018). Economic inequality is also pauiarly high, placing Mexico at the very top of

OECD countries for a range of national and subenatiindicators (OECD, 2016).

2.Methods
2.1.Data source and outcome variables

We use the 2012 wave of the Mexican National Heatidh Nutrition Survey (ENSANUT, 2012).
This is a household survey compiled by the Mexidational Institute of Public Health, with one
randomly chosen individual per household beingruideved, based on a stratified, multistage
probability sample design and employing the 2010ddal Census as a sampling frame. We retrieve
data from the household, the anthropometry andduét modules of the survey (individuals aged
20+). These provide a rich array of informatiorglimling data on BMI (standard kg?nmeasured

with 100gr-tolerance digital scales and 1mm-toleéastadiometer) and WC (centimetres [cm],
measured at the midpoint between the bottom ofitiseand the top of the iliac crest), collected by
trained personnel. We follow the restrictions crédgreviously applied to the analysis of ENSANUT
2012 (Barquera et al., 2013): we exclude obsematehere BMI>58 (46 observations) and BMI<13
(2 observations), and observations where WC>18Qcabgervations) and WC<50cm (18
observations). Regression analyses are carriefbo88,434 and 32,148 individuals for BMI and

WC, respectively.

In addition to continuous BMI, we derive a dichotmums variable indicating the status of obesity
(BMI>30), as well as an ordinal variable where oedecategories match the statuses of underweight,
normal weight, overweight, obese and severely obdsesed on customary BMI cut-off points of
18.5, 25, 30 and 40, respectively (Strum and Ha@0rl.3). We use a continuous variable as well as
two dichotomised measures for WC used to define@mital obesity. The first is based on the

widely used abdominal obesity thresholds propogelddan et al. (1995) — i.e. W&88cm for

women and WCG102cm for men, indicated as LHM cut-offs hereafférese cut-off points are
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employed by the American Heart Associations ancpeved useful in predicting diabetes and
hypertension (Seo et al., 2017). Research has shawrever, that abdominal obesity thresholds able
to predict illnesses such as metabolic syndronadhedes and hypertension differ highly across
regions and ethnic groups (Misra et al., 2005; Qiad Nyamdorj, 2010). With this in mind, we

create a second dichotomous variable for abdominesity by averaging the thresholds identified by
three papers using data from Mexican populatioas¢BezCastillo et al., 2003; Alonso et al., 2008;
Aschner et al., 2011) — in this way we derive thodds of 91.5cm for women and 95.4cm for men,

indicated as Mx cut-offs hereafter. Results fobdéfinitions of abdominal obesity are presented.

2.2.Main explanatory variables of interest: absolute and relative wealth

Absolute standard of living is measured througlasset index. The use of wealth to explore
economic gradients in health outcomes is advodagdebllack et al. (2007), Laaksonen et al. (2009)
and Sweet (2011). Our asset index is computednnaipal component analysis (PCA) and using
information on 38 indicators of the residential dlimg (e.g. walls, floors, roof quality of materg|
access to basic services and utilities (e.g. safreater, rubbish disposal or electricity) and
ownership of durable goods (e.g. computers, ta@vjcars). Since customary PCA in the presence
of numerous binary and cardinal variables (as indatia) may produce incorrect results, we calculate
PCA using polychoric correlations (Kolenikov andg&tes 2009; Howe et al. 2012). More details on
our asset index, including the list of raw indigatased and PCA weights are available in Section A
of the supplementary online material. Given thedtlgpsis of an inverted-U relationship between
resources and obesity formulated by Fernald (288d)the results of Quezada and Lozada-

Tequeanes (2015) partially supporting it, wealtimisoduced in both linear and squared forms.

Relative standard of living is measured throughdesl of relative deprivation. These are calculated
as a function of own wealth and the wealth of othdividuals in the reference group (wealth being
guantified through the asset index discussed abdwe) visible character of assets makes wealth

particularly suitable for the construction of inelscof relative economic status (Heffetz, 2011; Hick
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and Hicks, 2014). We present results obtained usiegitzhaki (1979) index of relative
deprivation, which is based on the linear diffeeebetween individuals achievement and the
achievements of better-off individuals. We defiaéerence groups according to a criterion of
geographic proximity, in line with Deaton’s (2004¢w that “people almost certainly compare
themselves to their immediate geographical neighgidp. 21). We use municipality as the
geographical identifier and in this way we are dblereate 712 reference groups — with our data,
using a narrower identifier would create groupswiao few individuals to calculate meaningful
measures of relative deprivation. Denoting indialdis and individuaj’s levels of wealth withy;

andy;, respectively, for an increasingly ordered weatthtory = (y, ... yy) WhereN is the size of

N . — .
the reference group, we use the Yitzhaki ind&Xy (y;,y;) = Z 4 mtd

j=i+1

. For more empirical

and conceptual details on this index see a revidWweouse of this index see Adjaye-Gbewonyo and
Kawachi (2012) and Co6té-Lussier (2016). Robustohssks carried out with indices based on non-
linear (concave) functional forms (Esposito, 20A@1 8) and reference groups defined according to

additional demographic characteristics confirm m@sults and are available upon request.

2.3.Empirical analysis

We carry out regressions analyses for the diffevettome variables described above using the
software Stata 15.1. To study BMI, we estimatedimegressions using BMI as a continuous
variable, ordered logit regressions using the @erierdinal variable and logit regressions using the
dichotomous variable indicating obesity. In a sanfiashion, we estimate linear regressions using
continuous WC and logit regressions using the tiwbatomous variables indicating abdominal

obesity.

In all our models, we control for a range of sod@mnographic characteristics as well as for the
presence of other health problems or stressorswhay be related to excessive BMI or WC. These

are gender, education, age, civil status, housetinél drinking habits, being a smoker, limitation
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daily activities, presence of chronic illnessesjihg been victim of violence in the past year and
depressive symptoms — measured in the survey doasie of a 7-item CES-D scale (Radloff, 1977).
In all regressions we cluster standard errorseatrtbnicipal level (results from multilevel models

confirm our results and are made available in tippementary online material).

We are particularly interested in the interplaywestn gender and our standards of living indicators.
In order to detect gender-based heterogeneitigeipredictive role of absolute wealth and relative
deprivation, we both introduce interaction termsiaen these economic indicators and gender in the
pooled sample, and estimate our models using feamalanale subsamples separately. Analysis by
subsamples enables us to see whether a certagnrpaticurs within the subsamples or not; by
contrast, the adoption of an interaction term mploled sample enables us to see whether thare is
significant difference in the role of a certaindlictor (in our case absolute wealth and relative
deprivation) across the subsamples identified byiriteracted variable (in our case the gender

dummy).

3.Results

Table 1 describes the variables we used to estiouatsodels. Our sample is composed of adults
from 20 to 101 years old (mean age is 44) who vamnaaye, live in households of nearly 4 people.
Around 60% are female, 17.8% are smokers and 5tib%®t drink. 48.8% of our sample has not
studied beyond primary school, 28.4% studied wgetmndary school 22.8% achieved a higher
degree. More than half are married and 1.9% haga betim of physical violence. The correlation

between BMI and WC is 84.36.
[Table 1 about here]

Table 2 presents summary results for BMI-basedamécvariables — full regression output displayilig a
regressors can be found in Section B of the Supgiéany Electronic Material (Table B2). Columns (4);
(5)-(8) and (9)-(12) refer, respectively, to ordindeast squares models for continuous BMI, ordéogi

models for categorical BMI statuses and logit medet the dichotomous status of being obese. Fdr e
7
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the three dependent variables, we estimated méatetise full sample, by gender sub-samples andhier
full sample with the addition of interaction tertmstween gender and wealth as well as gender astivee!
deprivation. We observe a strong quadratic relahgnbetween wealth and BMI, irrespective of the
empirical operationalisation, which holds for bg#gmders but with stronger curvature for femaless Th
indication is also confirmed by the models emplgygiender-based interaction terms. Figure 1 (top row
shows predicted values of the outcome variablegalba wealth domain for models (4), (8) and (1Bft
centre and right figures, respectively. These gseghtow a clear inverted-U pattern for both gendserd,
more markedly so for females. Whilst there isditjender difference in predicted BMI or predicted
probability of being obese at low levels of wealihmedian wealth females are predicted to have on
average a 1.388 (95% CI [1.382, 1.393])-point higdd| and 8.50% (95% CI [8.46, 8.52]), and 11.18%
(95% CI[11.14, 11.21]) higher probability of beiabese for models (8) and (12), respectively. ghhi
levels of wealth, however, this pattern is reveraed females are predicted to have, on averagendr®
1.879 (95% CI [1.875,1.883])-point lower BMI andbaver probability of being obese — 12.36% (95% ClI

[12.33,12.40]) and 6.97% (95% CI [6.94,7.01]) lowecording to models (8) and (12), respectively.
[Table 2 about here]
[Figure 1 about here]

While models (1), (5) and (9) suggest that relatigprivation is a significant risk factor, modesdimated
on gender subsamples indicate that this signifieasin fact entirely driven by the female subsampl
relative deprivation is never significant for magl€d), (7) and (11) but is highly significant foodels (2),
(6) and (10) 1<0.001). A 0.1 increase in relative deprivatiomgsociated to a 0.283 (95% CI [0.148,
0.423])-points increase in BMI, and according todelq(10) relative deprivation is a risk factor fbe
probability of being obese (OR=3.20 (95% CI [1.B&]), p<0.001). The relevance of relative deprivation
for females but not for males is also evident iniateraction models (4), (8) and (12) and in the
corresponding graphs in Figure 1 (bottom row) d@micpredicted values over the relative deprivation
domain — curves are upward-sloped for females asdngially flat for males. For model (4), at lowdés of

relative deprivation the predicted difference in BMross genders is below 1 (95% CI [0.607, 0.996])
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point, but this increases to 3.602 (95% CI [2.31881]) BMI points at high relative deprivationn8iarly,
for models (8) and (12), the difference in the iaibty of being obese for males and females goa® f
less than 1% at the lower end of the relative depion spectrum to around 23.95% (95% CI[13.7023.

and 30.68% (95% CI [17.30, 44.07]) (higher prohabfbr females) at the higher end, respectively.

Table 3 presents summary results for WC-based diepewariables — full regression output can be
found in Section B of the Supplementary Electraviaterial (Table B3). Columns (13)-(16), (17)-
(20) and (21)-(24) estimate, respectively, OLSwaist circumference in cm, logits for Mx and for
LHM cut-offs As for Table 2, we estimate modelshwiihe full sample, by gender, and interacting
gender with wealth and relative deprivation. THatrenship between waist circumference and
wealth is always significant and quadratic. Thermp of Figure 2 plots predicted values over the
wealth domain, based on interaction models (1&) §xd (24). After increasing in the first part of
the graph, WC values level off for males and shadglcrease for females — with females having up
to 15.61 (95% CI [13.02, 18.20]) cm smaller waistumference for model (16) and up to 36.32%
(95% CI[27.18, 45.47]) lower probability of abdaral obesity for model (20). This pattern changes
for the graph derived using LHM cut-offs (top rigtds these cut-offs, compared to the Mx ones, are
not only further apart for the two genders but aiswe extreme (i.e. higher for males and lower for
females). As a result, curves have similar shapéeshaft along the vertical axis — for an illustoat

of how curves shift for different cut-offs, see Bac C of the Supplementary Electronic Material

(Figure C2W).
[Table 3 about here]
[Figure 2 about here]

Relative deprivation is always a risk factor, fothb males and females and more strongly so for the
latter. According to models (14) and (15), a O.Inponcrease in relative deprivation is associated
an increase in waist circumference by 1.20cm (999089, 1.51]) and 0.40cm (95% CI [0.11,
0.69]) for females and males, respectively. Ouitlowpdels display a similar gender pattern, with

odds ratios higher for females compared to mals6 (95% CI [3.52, 9.27]) vs 1.99 (95% CI
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[1.15, 3.45]) for models (18) and (19); 4.30 (95 Z56, 7.24]) vs 2.92 (95% CI [1.49, 5.69]) for
models (22) and (23). Our interaction models shuwat gender differences are statistically signiftcan
for waist circumference and Mx obesity but not Lilglesity — see models (16), (20) and (24),
respectively. We plot predicted values along ttstriiution of relative deprivation in the bottomaro
of Figure 2. At the lowest level of relative de@ion, model (16) predicts wider WC for males
(94.91cm (95% CI [94.49, 95.31])) than females48&m (95% CI [91.05, 91.92])). As we move
along the distribution, predicted WC for femaleseeds that of males and at the highest level of
relative deprivation females are predicted to havel2cm (95% CI [1.09,7.15]) wider waist than
males. Model (20) shows a similar pattern. Femahesmales show similar probabilities of being
obese at low levels of relative deprivation, bt tivo curves depart from each other to the poatt th
at the highest level of relative deprivation, tlelability of being obese is almost 20% (95% CI,[10
30]) greater for females than for males. In lindhwthe insignificance of the interaction term in
model (24), the LHM-obesity graph shows parallelves for females and males. The different
results for models (20) and (24) with regard todggrheterogeneity roots in the choice of gender-
specific cut-off points — for an illustration of Wacurves shift for different cut-offs, see Sect@mf

the Supplementary Electronic Material (Figure C2RD)

4.Discussion

This paper provides new insights into the econaymaclient of obesity in an important middle-
income country setting. For the first time, thedapdndent roles of objective indicators of absolute
and relative standards of living as predictorsasded BMI and WC are disentangled using large
nationally representative adult data. We find thdtlexico absolute wealth and relative deprivation
are independently associated with excessive BMMi@] and that for both facets of standards of
living distinct gender-based patterns emerge. Resué confirmed for different manipulations of the
outcome variable of interest and econometric sjpatibn: OLS for BMI or WC as continuous

variables, ordered logit for standard BMI-basedcoed categories (underweight, healthy weight,
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overweight, obese and severely obese) and log@ftirand abdominal obesity. Results are also
robust to a number of sensitivity checks, including use of relative deprivation measures based on
different functional forms and of different refecengroups. The observed gender-based patterns
emerge through both the introduction of a gend@raction term in the pooled sample and the study

of female and male subsamples separately.

With regard to absolute wealth, we find a significenverted-U relationship with raised BMI and
WC. The shape of this relationship is visible fottbfemales and males and is significantly more
pronounced for the former. This indicates thatgbpulation in the middle of the wealth distribution
bears the greatest risk of obesity. This evidealties with the conjecture made for Mexico by
Fernald (2007) of a within-country inverted-U rédaship between obesity and absolute standards of
living: obesity would be low among the poor duestarcity of resources and involvement in
physically demanding jobs, it would peak for peapléhe middle of the distribution due to sufficien
access to resources enabling them to maintainiayeosnergy balance, and would fall among the
better off due to healthier diet and greater healtareness. The review by Mayén et al. (2014) finds
indeed that in middle-income countries higher secoamomic status is associated with a healthier
diet. An inverted-U relationship in Mexico is alsgpported by the findings of Quezada and Lozada-

Tequeanes (2015), although they found this patieinfor females, and of Levasseur (2015).

With regard to relative deprivation, we find thigisi a risk factor for raised BMI (for females gt

for males) as well as for and raised WC (for betim&les and males, and significantly more so for
females in the case of continuous WC and for orteethosen cutoffs for abdominal obesity). This
evidence is in keeping with the idea that relatieprivation triggers chronic psychosocial stress
(Wilkinson, 1997; Marmot, 2006), and chronic psystal stress is argued to be a driver of obesity
(Siervo et al., 2009; Ford et al., 2017). Recepeexnental evidence seems to confirm this causal
link, showing that, independently of absolute staddf living, relative deprivation increases self-
selected portion sizes and food intake (Sim ef@ll8a). Similar results are obtained by other

experimental studies focusing on lower subject@emic status — which is a common direct

11
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implication of (objectively measured) relative deption, to the point of being often considerecas
gauge for it (Kondo et al., 2008). Cardel et ab1@) and Cheon and Hong (2017) show that
subjective experience of lower socioeconomic steglaive to others elicits obesogenic behaviors,
and Sim et al. (2018b) found that low subjectiveiacstatus not only decreases the sense of satiety
but also has a direct influence on physiologicapomses by increasing the appetite-related hormone
ghrelin. Taken together, these experimental finslilegd support to the view that lagging behind
others is a risk factor for obesity, by triggermigesogenic behaviours as well as more direct

physiological effects.

Our finding of relative deprivation as a strongsk ffactor for females compared to males can be
seen in the light of the literature showing thamhétes tend to have a more relativist attitude to
wellbeing (Corazzini et al., 2012; Guven and Sggan2012) and stronger inequality aversion
(Croson and Gneezy, 2009). Females are also maaed by stress during their lives compared to
males (Bale and Epperson, 2015; Maeng and MilatR@vhich as we argued above is intensified
by lower socioeconomic standing and is a risk fafioobesity — while we control for depressive
symptoms, these may only partially account forsstréim et al. (2018) found that for females
increased perceived stress predicted larger fodibpe and lowered expected satiety. Compared to
males, females are also more intensely affectatidpehaviour inhibition system and by negative
emotions (Jorm et al., 1998; Becker et al., 200B)ch can increase food intake (Canetti et al.,2200
and in particular sugar intake (Tapper et al., 20EGrthermore, it is worth noting that Callan et a
(2011) show that relative deprivation increasesyldiscounting, which is known to be associated
with obesity in women (Weller et al., 2008; Davisak, 2010). Interestingly, the ecological stugy b
Pickett et al. (2005) finds stronger and more cgirst positive associations between income

inequality and obesity for women.

The existence of a significant relationship betwesative deprivation and obesity, and that this is
particular strong for females, is interesting s1otvn right because it draws attention on the able

economic disparities and the fact that this role loa patterned by gender. In addition, it addsva ne
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perspective on our current understanding of thesaonomic gradient of obesity in women. A
number of studies showed evidence of a negativdiggrain females, in particular in middle- and
high-income countries (Monteiro et al., 2004; Reskand Kunst, 2008; Dinsa et al., 2012; Hirko et
al., 2017; Newton et al., 2017). The negative gnatiior females is consistent with the observation
that wealthier women have a healthier diet, greadaith awareness and more marked preferences
for slenderness (Swami, 2015). However, beyoncetpésusible explanations, it is likely that the
negative gradient for females observed in thedttee is partly driven by theelative rather than the
absolutefacet of standards of living. In other words, thidure to explicitly control for relative
standards of living in the existent literature leawnclear the extent to which the observed negativ
gradient for females is due to being wealthierodoeing wealthiethan othersDinsa et al. (2012)

ask the question “Why does the witkdauntry shift of obesity from the rich to the pamcur faster
and at earlier levels of development for women tleamen?” (p. 1076). Our results highlight an
additional perspective on this question, emphagifie importance to consider the distributional
changes occurring in the process of economic dpusat because females may be more vulnerable

to the adverse effects of an increase in econamaiguality.

Addressing the rapid growth of obesity is an im@ottipriority in middle-income countries. This
study based in Mexico provides potentially impottasights into the complex socio-economic
patterning of obesity in these settings. It highiggpotentially important differences in socio-
economic patterning between men and women, whichldibe considered in planning and
evaluating interventions. For example, recent woddelling the reformulation of sugar-sweetened
beverages in Mexico found larger associated reolngtin obesity among males, young adults, and
the middle socioeconomic status group (Basto-Aletal., 2018), which suggest that food policy
interventions may not be sufficient to addresssibi@al patterning of obesity found here. Rather,
addressing the economic gradient is key to not medyice inequalities in health but overall health
burden (Marmot et al., 2008) and may be especaaiyantageous for women. This is particularly
important given the additional obesity-associatedltin problems suffered by women, such as

increased likelihood of metabolic syndrome, polyicysvary syndrome and specific cancers such as
13
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postmenopausal breast cancer and endometrial c@heeP003). The gap between the haves and the
have-nots should be seen as an important eleméné dight to the obesity epidemic and of the quest

towards better women’s health.

Results for our control variables, available in imine supplementary material, are in line with
previous findings. We observe a significant assmreof obesity with age (positive for linear age
and negative for quadratic age); this reflectsrierted-U relationship between age and obesity
commonly found in the literature (Cornelisse-Vertretaal., 2006; Chung et al., 2016). Education is
found to be a protective factor (Béckerman et28)17), and our results suggest that this is
particularly the case for females, in line withertistudies from Latin America including Mexico
(Monteiro et al., 2001; Pérez-Ferrer et al., 2018hitation in physical activity and presence of
chronic ilinesses are significant risk factorsdbesity as is typically found in the literatureg(el.iou

et al., 2005). Our negative and significant coefits for civil status categories relative to the
baseline ‘married’ are also is in keeping with poerg results — entry into a romantic partnershig wa
found to be associated with obesity (Averett et20)08; The and Gordoriarsen, 2009), and
transition into marriage was associated with wegghh whereas transition out of marriage is
associated with weight loss (Dinour et al., 2012is@h, 2012). Our result that obesity is more
prevalent in urban rather than rural areas isn@ With the studies of Carrillo-Larco et al. (20563
Sobngwi et al. (2016), which ascribe the phenoma@a@more sedentary lifestyle and unhealthier
diet in urban areas. Finally, our result regardiegression is consistent with the evidence that
depression may increase the likelihood of obesitgifie, 2008), and that in Mexico such

relationship is more robust for women (Zavala et2018).

Limitations of this study include that the data aosv seven years old — although it has to be noted
the one used here is the latest large ENSANUT datasilable, given that the 2016 ‘interim
ENSANUT is considerably smaller and less comprehen The data are cross-sectional, thus
limiting causal inference, and restricted to onerntoy, which limits the generalisability of our

findings to other settings. Further research shbaldarried out with nationally representative
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datasets to explore the associations found inpgier, and understand in greater depth the role
socioeconomic status plays in BMI and WC obesianéd how this is patterned by gender. Strengths
of the study include the joint use absolute andtingd wealth measures with a large nationally
representative sample, objectively measured outspmeltiple estimation techniques and robustness

checks, and the rich array of outcomes and exmanaariables employed.
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Table 1. Descriptive statistics

Variable Obs Mean SD Min Max
BMI 33,434 28,50 541 13.06 57.93
Waist Circumference 32,148 93.92 13.00 53 175.20
Wealth 33,434 6.74 2.5 0 13.99
RD 33,434 012 0.13 0 0.98
Depressive Symptoms 33,434 382 4.79 0 21
People in HH 33,434 392 1.86 1 19
Age 33,434 43.80 15.83 20 101
Chronic Illness 33,434 0.159 0.450 0 3
Daily Limitations 33,434 0.165 0.489 0 7
Variable Obs %

Female 20,087 60.08

Male 13,347 39.92

Does not drink 17,208 51.5

Drinks few times a year 8,188 24.5

Drinks few times a month 5,061 15.1

Drinks weekly-daily 2,977 8.9

Does not smoke 27,477 82.2

Currently smokes 5,957 17.8

Not victim of violence 32,788 98.1

Victim of Violence 646 1.9

No Edu/Primary 16,316  48.8

Secondary 9,493 28.4

Post-Sec 7,625 22.8

Single 4,792 143

Free Union 6,055 18.1

Married 17,441 52.2

Divorced 2,615 7.8

Widow 2,531 7.6

Urban 21,541 644

Rural 11,893 35.6




Table 2. Results for

BM out cones

BMI BMI CATEGORIES BMI OBESITY
(odds ratios)
1 (2) (3) 4 ) (6) ™) ®) (9) (10) an 12)

OLS OLS OLS OLS OLOGIT OLOGIT OLOGIT OLOGIT LOGIT LOGIT LOGIT LOGIT
FEM MALE INTERACTION FEM MALE INTERACTION FEM MALE INTERACTION
Wealth 1.30%+* 1.56%** 0.90%** 0.90%** 0.47%** 0.51%** 0.41%** 0.39%** 1.66*** 1.76%** 1.51%* 1.56%**
0.11) 0.13) 0.13) 0.13) 0.04) (0.05) (0.05) 0.05)  (0.08)  (0.10)  (0.11) 0.11)
Wealth? -0.08*** -0.09%** -0.05%** -0.04%** -0.03%** -0.03%** -0.02%** -0.02%** 0.97*** 0.97** 0.98%** 0.98***
0.01) 0.01) 0.01) 0.01) (0.00) (0.00) (0.00) 0.00)  (0.00)  (0.00)  (0.00) (0.00)
Relative Dep 1.42% 2.80%+* -0.37 -0.17 0.41* 0.83*** -0.14 -0.06 1.97* 3.20%%* 0.85 1.01
0.57) 0.72) (0.65) 0.64) 0.21) 0.24) 0.27) 0.25)  (0.46)  (0.89)  (0.29) 0.34)
Female 1.11%+* -0.75 0.32%+* 0.04 1.54%** 1.24
0.07) 0.56) (0.03) 0.21)  (0.05) (0.40)
Wealth*Female 0.68*** 0.14** 112
0.14) (0.05) 0.09)
Wealth?* Female -0.06*** -0.02%*%* 0.99*
0.01) (0.00) 0.01)
RD*Female 2.79%+* 0.87** 2.83%
0.72) 0.27) (1.03)
N 33,434 20,087 13,347 33,434 33,434 20,087 13,347 33,434 33,434 20,087 13,347 33,434

*p<0.05, ** p<0.01, *** p<0.001. All models include the control variables described in Table 1. Standard errors clustered at the municipal level in parentheses.

Table 3. Results for WC outcones

Waist Circumference

Abdominal Obesity - Mx cut-offs

Abdominal Obesity - LHM cut-offs

(odds ratios) (odds ratios)
(13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24)
OLS OLS OLS OLS LOGIT LOGIT LOGIT LOGIT LOGIT LOGIT LOGIT LOGIT
FEM MALE INTERACTION FEM MALE INTERACTION FEM MALE INTERACTION
Wealth 4.23%%* 4.68*** 3.45%%* 3.39%k* 1.86%** 1.93%** 1.75%*+* 1.73%+* 1.82%+* 1.91%+* 1.90%*+* 1.88%**
0.26)  (0.32) 031)  (0.30) 0.08)  (0.11)  (0.11)  (0.10) 0.08)  (0.11)  (0.13)  (0.13)
Wealth2 -0.23%** -0.27%** - -0.13%*+* 0.97** 0.96%** 0.97*** 0.98*** 0.97** 0.96%** 0.97*** 0.97***
0.16%*
0.02)  (0.02) 0.02)  (0.02) 0.00)  (0.00)  (0.00)  (0.00) 0.00)  (0.00)  (0.00)  (0.00)
Relative Dep 8.44%** 12.01%** 3.99% 4.43%* 3.55% 5.70%** 1.99* 1.99* 344 4.30%** 2.92% 3.27%*
(122)  (1.59) (149)  (1.45) 0.71)  (1.41)  (056)  (0.54) 0.72)  (1.14)  (1.00)  (1.08)
Female -2.59%** -4.80%** 1.15%+* 1.13 4.75%%* 8.36%**
0.18) (1.45) 0.04) 0.31) 0.16) (2.72)
Wealth*Female 1.39%** 113 1.01
0.37) (0.08) (0.08)
Wealth2* -0.16%*+* 0.98**+* 0.99*
Female
(0.03) (0.00) 0.01)
RD*Female 7.55%+* 2.93%+* 1.26
(1.72) 0.92) 0.48)
N 32,148 18,822 13,326 32,148 32,148 18,822 13,326 32,148 32,148 18,822 13,326 32,148

*p<0.05, ** p<0.01, *** p<0.001. All models include the control variables described in Table 1. Standard errors clustered at the municipal level in parentheses.



Predicted BMI

Predicted BMI

Figure.l.Predicted BMI outcomes over the absolute wealth and relative deprivation domains
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Predicted Waist Circumference (cm)

Predicted Waist Circumference(cm)

Figure.2.Predicted WC outcomes over the absolute wealth and relative deprivation

Waist Circumference

— |fale === Female

domains

Abdominal Obesity - Mx cut-offs

— fale === Female

1004

93

90

891

80

75

Probability Obese

Wealth Index

— e === Female

Wealth Index

m— e === Female

105

1004

o
o

904

Frobability Obese

T T T T T T
0 2 4 6 8 1
Relative Deprivation

i
D o=l w2 33 sk s B W A9
Relative Deprivation

Probability Obese

Probability Obese

Abdominal Obesity - LHM cut-offs

- lale

=== Female

Relative Deprivation

0 5 10 15
Wealth Index
— ffale === Female
1_
v
84 -----"-'
d"--
d'.-’
6 -
41
24
g 4 2 3 4 5 6 7 88 91
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The economic gradient of obesity in Mexico: independent predictive roles of absolute and
relative wealth by gender

We provide novel results on the economic gradient of obesity in Mexico

We study the absolute and relative facets of economic status in relation to obesity
Wealth and relative deprivation are independently related to BMI and central obesity
BMI and central obesity exhibit an inverted-U pattern over the absolute wealth domain

Relative deprivation is a risk factor for both genders, in particular for women



