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The shift of obesity burden by socioeconomic status
between 1998 and 2017 in Latin America and the Caribbean:
a cross-sectional series study

Safia S Jiwani, Rodrigo M Carrillo-Larco, Akram Herndndez-Vdsquez, Tonatiuh Barrientos-Gutiérrez, Ana Basto-Abreu, Laura Gutierrez,
Vilma Irazola, Ramfis Nieto-Martinez, Bruno P Nunes, Diana C Parra, | Jaime Miranda

Summary

Background The burden of obesity differs by socioeconomic status. We aimed to characterise the prevalence of obesity
among adult men and women in Latin America and the Caribbean by socioeconomic measures and the shifting
obesity burden over time.

Methods We did a cross-sectional series analysis of obesity prevalence by socioeconomic status by use of national
health surveys done between 1998 and 2017 in 13 countries in Latin America and the Caribbean. We generated
equiplots to display inequalities in, the primary outcome, obesity by wealth, education, and residence area. We
measured obesity gaps as the difference in percentage points between the highest and lowest obesity prevalence within
each socioeconomic measure, and described trends as well as changing patterns of the obesity burden over time.

Findings 479809 adult men and women were included in the analysis. Obesity prevalence across countries has
increased over time, with distinct patterns emerging by wealth and education indices. In the most recent available
surveys, obesity was most prevalent among women in Mexico in 2016, and the least prevalent among women in Haiti
in 2016. The largest gap between the highest and lowest obesity estimates by wealth was observed in Honduras
among women (21-6 percentage point gap), and in Peru among men (22-4 percentage point gap), compared with a
3.7 percentage point gap among women in Brazil and 3-3 percentage points among men in Argentina. Urban
residents consistently had a larger burden than their rural counterparts in most countries, with obesity gaps ranging
from 0-1 percentage points among women in Paraguay to 15-8 percentage points among men in Peru. The trend
analysis done in five countries suggests a shifting of the obesity burden across socioeconomic groups and different
patterns by gender. Obesity gaps by education in Mexico have reduced over time among women, but increased among
men, whereas the gap has increased among women but remains relatively constant among men in Argentina.

Interpretation The increase in obesity prevalence in the Latin American and Caribbean region has been paralleled
with an unequal distribution and a shifting burden across socioeconomic groups. Anticipation of the establishment
of obesity among low socioeconomic groups could provide opportunities for societal gains in primordial prevention.
Funding None.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.
Introduction

The characterisation of the association between obesity
and elevated risks of chronic conditions, such as

and its transition between socioeconomic status groups
has been proposed on the basis of national data from
30 countries between 1975 and 20157 From a societal

diabetes, heart disease, and some cancers, and all-cause
mortality has been well researched.! The prevalence of
obesity has dramatically increased globally in the past
two decades,’ owing to the nutrition transition and
changes in dietary patterns, lifestyle, physical activity,
and economic access.**

Although obesity has long been considered a condition
of the elite and a mark of wealth, published literature in
the past decade suggests that it can no longer be
attributed to higher socioeconomic status.** The burden
of obesity is not static over time and the magnitude of
such estimates are not necessarily the same across
socioeconomic groups or across countries.® A four-stage
framework to approximate the epidemiology of obesity
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perspective, once the burden of obesity shifts to the most
socioeconomically disadvantaged groups, it adds major
challenges to other coexisting health and societal
conditions and to the possibility of reverting to a non-
obesity status. Such anticipation, or precision public
health, requires an understanding of context and trends.

Latin America and the Caribbean has the largest
income inequalities globally® and has had an alarming
increase in the prevalence of obesity since the 1990s, in
parallel with rapidly growing urbanisation and economic
growth.*”® By use of data from Mexico, Brazil, and
Colombia, one review’ suggests that Latin American
countries are in stage 2 of the obesity transition, in which
obesity prevalence has increased among the lower
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Research in context

Evidence before this study

Obesity has long been believed to affect the elite; however,
research in the past decade suggests a rapid shift of the burden
of obesity towards lower socioeconomic groups. The prevalence
of obesity has been increasing in countries of the Latin America
and Caribbean region since the 1990s. We did a PubMed
literature search for articles on adult obesity prevalence and
trends in Latin America and the Caribbean published between
Jan 1,2010, and April 1, 2019, with “adult obesity” and “Latin
America” or “South America” or “Carribean” in the title. On the
basis of title review we identified few articles that matched our
search criteria: the majority of articles were clinical or
experimental in nature. Jaacks and colleagues explored the
epidemiology of obesity between 1975 and 2015 in

30 countries, representing more than 75% of the world’s
population, including Mexico, Colombia, and Brazil. A four-
stage obesity transition model was proposed, in which the
obesity burden concentrated among women and higher
socioeconomic status groups (particularly for women; stage 1)
shifts towards the more disadvantaged, narrowing the gap
between sexes and between socioeconomic status groups
among women (stage 2), until a reversal of the burden occurs
where obesity prevalence among lower socioeconomic status
surpasses that of the higher socioeconomic status groups
(stage 3), after which declines in obesity would be expected

socioeconomic groups, and the gap by socioeconomic
status groups has narrowed. The published literature on
this issue needs to be updated, with the majority of
studies covering a period in the early 2000s, and lacks
information about obesity inequalities, particularly in the
Latin American and Caribbean region.

We aimed to describe the obesity distribution and
obesity gap by socioeconomic measures among adult
men and women in 13 countries in Latin America and
the Caribbean and evaluate the changing trend of obesity
distribution and gap by socioeconomic measures over
time in five countries with available data.

Methods

Study design and participants

We did a cross-sectional series analysis of obesity
prevalence by socioeconomic status by use of national
health surveys done in 13 countries in Latin America
and the Caribbean. We used nationally representative
health surveys done between 1998 and 2017 that
included obesity and socioeconomic variables. Publicly
available Demographic and Health Survey datasets were
retrieved for Bolivia, Dominican Republic, Guatemala,
Haiti, Honduras, Nicaragua, and Peru. Demographic
and Health Surveys are nationally representative
household surveys implemented in more than 90 low-
income and middle-income countries that provide
information on standard global health and population

(stage 4). Nevertheless, given that only three countries of the
Latin American and Caribbean region were represented in this
study, the evidence on the differential burden of obesity
between high and low socioeconomic groups in this region
remains unclear.

Added value of this study

The published literature on this issue remains outdated with
the majority of studies covering a period in the early 2000s.
In this analysis, we provide an update on the current
distribution of the obesity burden across socioeconomic status
in Latin America and the Caribbean and the changing burden
over time. In particular, our findings point to the shifting
patterns of the obesity burden across gender and
socioeconomic status in the Latin American and Caribbean
region. Our findings serve as a call to action for tailored,
equity-focused programmes and policies.

Implications of all the available evidence

Latin America and the Caribbean is the region with the largest
income inequalities globally. These inequalities, coupled with
rapid urbanisation and economic growth, increase the risk of
growing obesity rates. Therefore, up-to-date information on
the magnitude of the problem by various socioeconomic
measures can help guide and target prevention efforts.

indicators. When Demographic and Health Surveys
were not available, we used data from other nationally-
representative health surveys: Argentina’s National
Survey for Risk Factors, Brazil's National Health Survey,
Colombia’s National Survey on Nutritional Status,
Mexico’'s National Health and Nutrition Survey,
Paraguay’s Non-communicable Disease Risk Factor
survey, and the Venezuelan Cardiometabolic Health
Study. Each survey had a distinct sampling design as
outlined in the appendix (pp 2-3).

The study population included individuals aged at least
18 years with available data on obesity. We excluded
pregnant women from the analysis in all countries,
except in Argentina where pregnancy status was not
recorded in the dataset. Obesity data from Demographic
and Health Surveys covered women aged 18—49 years,
whereas data from other surveys covered women and
men (if available) aged 18 years or older.

All surveys used for analysis included de-identified
data. Ethical approval was not sought for this analysis of
secondary data. All surveys except Brazil's National
Health Survey, Paraguay’s Non-communicable Disease
Risk Factor survey, and the Venezuelan Cardiometabolic
Health Study were publicly accessible.

Procedures

For the analysis on obesity patterns and gaps by
socioeconomic status, we did a cross-sectional analysis

www.thelancet.com/lancetgh Vol 7 December 2019



Articles

using the latest national health surveys in 13 countries:
Argentina, Bolivia, Brazil, Colombia, Dominican Republic,
Guatemala, Haiti, Honduras, Mexico, Nicaragua, Paraguay,
Peru, and Venezuela. For the trend analysis on obesity
gaps, we did a cross-sectional series analysis and included
five countries (Argentina, Bolivia, Haiti, Mexico, and
Peru) that had three consecutive surveys at least 4 years
apart, with the most recent published after 2000.

The primary outcome, obesity, was defined as having
a body-mass index (BMI) of 30 kg/m2 or more. Measured
or reported weight and height variables were used to
compute BMI. The three socioeconomic status
measures of interest were wealth index (Q1-Q5, where
Q1 is the poorest quintile and Q5 is the richest),
education index (E1-ES5, where E1 is the least educated
quintile and ES is the most educated), and area of
residence (rural or urban). For countries with available
Demographic and Health Surveys, we used the
wealth quintiles existing in the datasets, generated by
principal component analysis, which includes house-
hold ownership of assets, materials used for household
construction, and access to water and sanitation
facilities. Wealth index in Mexico was previously
constructed using household characteristics (eg, number
of rooms, exclusive kitchen, bathroom, and type of fuel)
and household assets (eg, television, microwave, and
computer), through principal component analysis;
similarly, a wealth index based on a sum of asset
ownership was developed in Brazil. For other national
health surveys without existing wealth quintiles by
principal component analysis, we computed wealth
quintiles using alternative measures of wealth—eg, we
used average monthly household income in Argentina
and Paraguay. In all surveys, the wealth index was
computed at the household level; therefore individuals
residing in the same household belonged to the same
wealth index category. The Venezuelan Cardiometabolic
Health Study 2014-17 did not include any wealth
variables; therefore we did not estimate obesity
prevalence by wealth for this survey. The education
index was generated into quintiles using the total
number of formal years of education, as reported in
Demographic and Health Surveys. When a continuous
education variable was not available, we used an existing
ascending categorical measure of education specified in
the survey, such as in Argentina, Mexico, and Venezuela
(no education and primary, secondary, and higher
education). Area of residence was defined as rural or
urban in all countries, except for Argentina’s National
Survey for Risk Factors, which only sampled urban
populations given that 91% of the Argentinian
population reside in urban areas according to the 2010
census." In the case of Argentina, the obesity estimates
computed therefore reflect the prevalence among urban
populations. The data sources and socioeconomic status
measure definitions used in each survey are summarised
in the appendix (pp 2-3).
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Statistical analysis

All 13 countries were included in the analysis of obesity
gaps, whereas only five countries that had three
consecutive surveys, at least 4 years apart, were included
in the trend analysis of obesity gaps. We defined the
gap in obesity prevalence as the absolute difference
in percentage points between the highest and lowest
most extreme obesity prevalence estimates within
each socioeconomic status measure. For instance, if the
highest obesity prevalence by wealth was observed
among the third quintile, and the lowest among the fifth
quintile, the obesity gap by wealth was calculated as the
arithmetic difference between the obesity estimate in
the third quintile and that in the fifth quintile. For the
five countries with available data, we assessed the trends
in obesity gaps by socioeconomic status over three
timepoints. For the most recent surveys, we also
reported the regional mean obesity prevalence within
each socioeconomic status measure, computed as the
arithmetic average of all countries’ estimate within each
quintile.

We ran separate stratified analyses by gender for each
country and survey. We calculated and reported the age-
standardised obesity prevalence by each of the three
socioeconomic status measures (wealth, education, and
area of residence) using the WHO standard population
age distribution.”

All analyses and graphs were conducted on Stata
version 15. We used the svy command to account for
complex survey sampling designs and the sampling
weights for all countries’ surveys. We generated equiplots
to display inequalities in obesity by socioeconomic status
using the equiplot.ado file.

Role of the funding source
There was no funding source for this study.

Results

Data from 23 health surveys were used for this analysis,
of which 13 were Demographic and Health Surveys.
A total of 157741 adult men and 322068 adult women
aged at least 18 years were included in the analysis:
282247 men and women were included in analysis of
the most recent obesity prevalence in the region, and
275191 were included in the trend analysis of the change
in prevalence over time.

The most recent data available for Latin America and
the Caribbean corresponded to 2001-17, and the age-
standardised obesity prevalence among adults varied
greatly within the region (figure; tables 1, 2). Overall, the
highest obesity prevalence was found among the fourth
richest quintile (26 -1%), third education quintile (27-1%),
and urban (26-0%) women (table 1), whereas among
men, the highest burden was in the richest quintile
(24-5%), fourth education quintile (24-2%), and urban
residents (22-0%; table 2). Mexico had the highest
obesity prevalence by all three socioeconomic measures

For the equiplot.ado file see
https://www.equidade.org/

equiplot
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among men and women, whereas Haiti had the lowest
obesity prevalence by wealth index among women and
Colombia among men (table 1, 2).

The obesity prevalence varied by socioeconomic status
measure and by country. Among women in Argentina,
Brazil, Dominican Republic, Venezuela, and Paraguay,
the burden was concentrated among the poor and least
educated, particularly in Argentina in 2013, where 23-2%
(95% CI 21-0-25-5) of the first wealth quintile and
28-5% (24-3-32-6) of the first education quintile were
obese compared with 13-1% (10-4-15-7) of the fifth
wealth quintile and 13-0% (11-6-14-3) of the fifth
education quintile (table 1). Among men in Brazil,
Colombia, and Paraguay, the richest and most educated
quintiles had a higher obesity prevalence compared with
lower wealth and education quintiles (table 2). The
pattern was similar among women in Guatemala and
Haiti and reversed among women in Colombia, where

the obesity prevalence was lowest among the highest
wealth and education quintiles (table 1).

Among women in Bolivia, Peru, Mexico, and Colombia,
the prevalence was highest in the third or fourth wealth
and third education quintiles. For example, among
women in Mexico in 2016, the third wealth quintile had a
43-2% (95% CI 39-0-47-4) obesity prevalence compared
with 37-2% (33:2-41-2) in the highest wealth quintile
(table 1). Among men in Mexico, the prevalence was the
highest in the fourth wealth and education quintiles
(table 2).

In all countries except Venezuela, and Argentina where
the comparison was not possible, the most recent surveys
indicate that urban men had a higher obesity prevalence
compared with their rural counterparts (table 2). This
finding was consistent among women in Bolivia,
Guatemala, Haiti, Honduras, Nicaragua, and Peru, and
in the remaining countries albeit with overlapping CIs
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Figure: Most recent obesity prevalence by wealth, education, and residence
(A) Among women. (B) Among men. Q=wealth quintile. E=education quintile.
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(95% CI) (95% C1) (95%Cl)  percent-  (95%Cl) (95% C1) (95% C1) (95% CI) (95% Cl) percent-  (95%Cl) (95% C1)
age age

(95% Cl)

(95% CI)

points

points

points

(Continued from previous page)

19-2 17-0% 23:5% 251% 26-2% 19-6% 91 16-2% 25-0% 8.8
(14-6-17-9)

247%
(22:0-27-4)

28:2%

24:3%
(22:0-265)

16-6%
(14-6-18.6)

9-0%
(7:5-10-5)

10186

Nicaragua,
2001

(23-4-26-5)
283%

(17-2-22:0)
18-2%

(23:1-29-3)
33-8%

(22:8-274)
283%

(21:3-256)
30:3%

(15-0-19-0)
30-8%

(26:0-30-4)
22:8%

283% 01
(24-9-317)

15-6

114

317%
(26:1-37-2)

25-1%
(20-1-30-2)

342%
(29-9-38-5)

24.0%
(197-28-4)

1509

Paraguay,
2011

(255-312)

(14:3-22:1)

(261-34:6) (24-2-32-4) (287-388)

(26-8-34-7)

(18-3-273)

Peru

8.4

17-0%
(151-18-8)

15:7% 17-0 113% 181% 18-4% 13-4% 12:3% 71 8-6%
(57-115)
19-9%

(131-18-4)

17-6%
(14-5-20-6)

19:1%
(15.7-22.5)

10:7%
(7-9-13-5)

21%
(1:0-3-2)

4911

2005

(101-14-5)
14-6%

(8-9-17:9)
15-0%

(144-217) (156-211)
20-6%

20-4%

(8:0-14-5)
16-5%

91

10-8%
(9-9-11-8)

6-0

134

17-9%
(161-19-8)

21.8%
(20-0-23-6)

152% 211%
(19:5-227)
32:4%

(13-8-16.7)

8:5%
(74-9-5)

18837

2010

(18:9-20-9)
301%

(13-0-16-2)

241%

(11-8-18-2)
26:2%

(186-22:1) (18-9-22:2)
313%

29-8%

(14-6-18-4)
25:1%

117

18-4%
(17-1-19-8)

72

16-0

273%
(24-7-30-0)

317
(29-5-33-9)

28-8%
(27-0-30-7)

16-4%
(15-0-17-8)

17210

2017

(28-8-31.5)
27:3%

(23-8-287) (21.5-267)
NA

232%

(274-3211)  (29-0-336)
29:3%

382%

(232-27-1)
20-1%

(301-34-8)

18

25:5%
(19:0-321)

181

2337

Venezuela,
2014-17

(232-314)
26-0%

(17:8-28:5)
247%

(235-351)

271%

(32:8-436)
26-8%

(18.9-21:3)
23-6%

43

21.7%

73

19-8%

85

22:8% 25-9% 26-1% 25-0%

17-6%

Regional

means

not applicable. *Unweighted. tGap defined as the difference between the highest and lowest obesity prevalence within the socioeconomic status measure. £Regional mean is the arithmetic average of country estimates for the most recent surveys.

NA=

Table 1: Age-standardised obesity prevalence among women by country and year

(table 1). The largest obesity prevalence was observed in
Mexico in 2016, with 38-5% (95% CI 36-0-41-0) among
urban women, 36-2% (33-4-39-0) among rural women,
28-6% (25-1-32-1) among urban men, and 21-8%
(18-8-24-8) among rural men (tables 1, 2).

Multiple obesity patterns emerge by socioeconomic
status (figure; table 1, 2): Bolivia, Guatemala, Haiti,
Honduras, Peru, and Nicaragua had large inequalities
in the distribution of obesity by wealth and education
index; the widest obesity gaps among women were
observed in Honduras, with a 21-6 percentage point
difference in obesity prevalence by wealth, and Haiti,
with a 20-4 percentage point difference, with the largest
prevalence concentrated in the fourth wealth quintile in
Honduras and the fifth in Haiti and the lowest prevalence
among the poorest; and among men in Peru there was a
22-4 percentage point gap by wealth index between the
highest prevalence among the fourth richest quintile and
the lowest prevalence among the poorest quintile. Bolivia
in 2008 had a bottom inequality pattern by wealth among
women, in which large inequalities existed between the
first and second poorest quintiles (9-0% [95% CI
7-5-10-4] vs 18-3% [16-4-20-2]), with smaller differences
between subsequent quintiles (table 1).

In Colombia, Brazil, Mexico, and the Dominican
Republic, the prevalence of obesity among women was
similar in all wealth and education quintiles (table 1); this
was also true for men in Argentina, where the gap in
obesity prevalence between the first and second wealth
quintiles was 3-3 percentage points (table 2). By area of
residence, the largest obesity gaps were observed in Peru,
with an 11-7 percentage point gap between urban and
rural women and a 15-8 percentage point gap between
urban and rural men (table 1, 2). The smallest obesity gap
by area of residence was in Paraguay, with a 0- 1 percentage
point gap between urban and rural women (table 1).

The differential effect of socioeconomic status on obesity
by gender was further confirmed in post-hoc analysis
(appendix p 4), in which gender modified the association
between wealth index and obesity (in Argentina, Colombia,
Paraguay, and Peru) and between education and obesity (in
Colombia, Mexico, Paraguay, and Peru).

The trend analysis indicated that the prevalence and
gap in obesity among women increased between
2005 and 2013 in Argentina (table 1; appendix p 5): the
obesity gap increased from 7-6 percentage points by
wealth and 11-9 percentage points by education in
2005 to 10-2 percentage points and 15-5 percentage
points in 2013. Although the obesity prevalence increased
across all socioeconomic status groups among men
between 2005 and 2013, the gap by socioeconomic status
has remained relatively constant over time (appendix p 6).

In 2016, Mexico had the highest obesity prevalence
among men and women in the Latin American and
Caribbean region, with women bearing a higher
prevalence compared with men across socioeconomic
status measures. Among women, the obesity prevalence
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has been increasing over time within each socioeconomic
status measure (appendix pp 7-8). The gap between the
quintiles with the highest and lowest prevalence has
increased slightly by wealth index among women
(5-1 percentage points in 2006 compared with 8-3
percentage points in 2012 and 8-1 percentage points in
2016), although the prevalence remains highest among
the third wealth quintile and lowest among the first
(table 1; appendix p 7). The gap has decreased by
education and area of residence (4-4 percentage points
in 2006 to 2-3 percentage points in 2016 by area of
residence), with the highest prevalence remaining
among the second and third education quintiles, and
among urban residents (table 1; appendix p 7). Among
men, however, the obesity prevalence is different
(appendix p 8): in the three poorest quintiles, obesity has
decreased between 2006 and 2016, and it has increased
across all education quintiles in the same period, with
the largest increase occurring in the first education
quintile (18-2% in 2006 vs 28-2% in 2016; table 2).
Similarly, obesity gaps have widened over time by wealth
(9-5 percentage points vs 14-5 percentage points) and by
education (8-2 percentage points vs 10-8 percentage
points) between 2006 and 2016 but narrowed by residence
(8-4 percentage points vs 6-8 percentage points; table 2;
appendix p 8).

In Peru, the prevalence of obesity among women
increased in each group across all three socioeconomic
status measures (appendix p 9). The obesity gap by
wealth reduced from 17-0 percentage points in 2005 to
13-4 percentage points in 2010, increasing to 16-0
percentage points in 2017, with substantial increases in
the obesity prevalence among the poorest women (2-1%
[95% CI 1-0-3-2] in 2005 to 16-4% [15-0-17-8] in 2017;
table 1; appendix p 9). However, the burden remains
concentrated among the third and fourth wealth index
quintiles. In terms of education, the gap in obesity
prevalence between extreme quintiles has not varied
substantially over time, but it has shifted; although the
third education quintile retained the highest obesity
prevalence between 2005 and 2017, the prevalence in the
first quintile increased from 11-3% (95% CI 8-0-14-5) in
2005 to 25-1% (23-2-27-1) in 2017 (table 1; appendix
p 9). Both urban and rural women had an increasing
obesity prevalence over time, with larger increases
among urban residents (17-0% [95% CI 15-1-18-8] in
2005 to 30-1% [28-8-31-5] in 2017; table 1; appendix p 9).

Patterns in obesity in Haiti differ greatly from the rest
of the region between 2006 and 2016 (appendix p 10): the
rich, more educated, and urban women had the highest
obesity prevalence. The prevalence among each wealth
quintile and education quintile increased most between
2012 and 2016 (appendix p 10). Although the overall
obesity gap by wealth increased in magnitude between
2006 and 2016, it narrowed by education index from
13-3 percentage points to 11-3 percentage points, with
the highest prevalence remaining among the richest
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Sample Wealth index

size, N*

Urban Gap, T

(95% Cl)
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E2 £3 E4 E5 Gap,t

E1

Q2 Q3 Q4 Q5 Gap,
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percent-
age

(95%Cl)  (95%Cl)  (95%Cl)  percent-  (95%Cl) (95%Cl)  (95%Cl)  (95%Cl) (95%Cl)  percent-  (95% Cl)
age age

(95% Cl)

(95% Cl)

points

points

points

Argentina

15-6%
(14-4-167)

19-8% 17-2% 17-8% 152% 12:3% 75

32

153% 17.7% 14-5%
(12:7-16-4)

16:5%

15-0%

16918

2005

(10-6-13:9)
15-6%

(13-1-17-5)
191%

(15-4-203)
22:3%

(15:0-19-5)
20:2%

(16:8-22.7)
19-1%

(152-20-2)
20-4%

(13:3-17:3)
21-2%

(13-9-19:0)

21-1%

(12:5-175)
17:3%

19:3%
(18-3-203)

67

54

15-8%
(13-4-181)

14353

2009

(14-3-17-0)
18-4%

(18-0-20-3)
23.9%

(19-2-25-4)
251%

(18-3-22-2)
25.6%

(16-5-21-6)
24-4%

(18-6-22:2)
23-9%

(18-1-24-3)
22-4%

(19-4-22:9)

25-0%

(14-8-19-8)
21.7%

232%
(21.7-247)

72

B3

22:6%
(20-0-25-1)

13626

2013

(15-9-209)
22:0%

(21.7-26:2)
18-9%

(22.0-28-2)

17-0%

(23-8-27-4)
14-0%

(20:3-28-6)
14-5%

(207-27-1)
211%

(20-1-247)
16:9%

(21:9-28.0)
12:3%

(19-6-23-8)
10-2%

17:5% 56

(16:5-18.4)

11.9%

11.5

217%
(19-8-235)

25920

Brazil, 2013

(10:5-13-4)
7-0%

(20-1-24-0)

(17-4-20-5)
143%

(151-18-8)
13-0%

(12-8-15-2)
11-1%

(12:5-16.4)
10-7%

(19-0-23-1)
14-6%

(15:3-18-5)
12.5%

(11.0-13:6)
10-9%

(8-8-11-6)

64

13-4%
(12-8-14-0)

9:6

203% (NA)

10-4

15:9%
(14-6-17-2)

5:5%
(4-8-6-2)

36544

Colombia,
2010

(63-7-8)

(13-3-15-2)

(10-2-12:0)  (11-4-14-5)

(9-8-11-6)

(13-4-15-8)

(11-5-13°5)

(9-9-11-8)

Mexico

29-2% 28:0% 25:6% 95 18:2% 23-8% 26-4% 257% 25:6% 82 171% 25-4% 84
(22:0-29:3) (241-26-8)

21-4%

19:7%

14394

2006

(15-0-19-1)
197%

(227-28-4)
29-8%

(227-28-6)
29-1%

(241-287)
277%

(21-8-257)
23-5%

(151-213)
19:3%

(252-30-9)
28-8%

(26-8-31-6)
26-5%

(18-9-23-2)
24-6%

(181-21-4)
17-4%

281% 84

(26:8-29.4)

10-6

13-0

30-4%
(281-327)

17514

2012

(18:3-21-1)
21-8%

(27:2-32:5)
26:9%

(26-5-31.6)
37-4%

(25:6-297)
26:5%

(21.9-252)
24:7%

(15:9-22.7)
282%

(26:4-312)
317%

(245-28.6)
27-2%

(22:6-26-6)
19-2%

(157-19-1)
172%

6-8

28-6%

10-8

145

30-0%
(24-9-350)

3076

2016

(251-32:1)

(18-8-24-8)

(20-8-285) (231-30:0) (331-416) (22:1-31.8)

(22:5-340)

(23:2-312)  (27:3-36:0)

(16:4-22-1)

(13-8-20-6)

(Table 2 continues on next page)
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Sample Wealth index

size, N*

Urban Gap,t
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E2 E3 E4 E5 Gap,
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Q2 Q3 Q4 Q5 Gap,

Q

(95% Cl) (95% Cl) (95% Cl) percent-  (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) percent-  (95% Cl) (95% Cl) percent-
age age age

(95% CI)

(95% Cl)

points

points

points

(Continued from previous page)

14-4% 253% 109

22:9% 261% 29.7% 169 15-8% 21:9% 207% 247% 26-8% 110
(24-6-34-8)

147%

12-8%

876

Paraguay,
2011

(21-8-28-8)
231%

(10-6-18-2)
72

(201-293)  (21.9-317)
240

23-9%

(16:0-25-4)
22-6%

(16-6-27-3)
16-2%

(11:6-19.9)
10-5%

(19-9-32:3)
27-7%

(18-4-27:3)
233%

(10-7-18-8)
14-6%

(9-4-162)

15-8

135

22.4

274
(24-6-30-1)

53%
(44-61)

13466

Peru 2017

(21:7-24-4)
23:2%

(6:2-82)
13-8%

(21:0-26.9)

(13-9-18-4) (20-5-24-6) (21-6-26-1)
22:7% 263% NA

16-2%

(8-2-12.7)

(20-9-257)  (247-306)

(13-1-16-2)

94

102

1054

Venezuela,
2014-17

(15-8-30-6)
22:0%

(9-2-18-4)
127%

(16-6-36.1)
242%

(16:1-29-4)
211%

(13-9-18-4)
18-5%

93

6-8

231%

17-4%

12:4

16-1% 20-9% 24-2% 24-5%

12:1%

Regional

meani

not applicable. *Unweighted. tGap defined as the difference between the highest and lowest obesity prevalence within the socioeconomic status measure. £Regional mean is the arithmetic average of country estimates for the most recent surveys.

NA=

Table 2: Age-standardised obesity prevalence among men by country and year

groups, shifting from the fourth to the fifth education
quintile, and the lowest prevalence remaining among
the poorest and least educated (table 1; appendix p 10).
Additionally, the prevalence increased among both urban
and rural women, shifting slightly towards rural
residents, narrowing the obesity gap from 8.7 percentage
points in 2006 to 7-9 percentage points in 2016 (table 1;
appendix p 10).

In Bolivia in 2008, the obesity prevalence was highest
among the fourth wealth quintile, the third education
quintile, and urban women, and it was lowest among the
poorest, the most educated, and the rural residents
(appendix p 11). Between 1998 and 2008, the obesity
gap widened by wealth (13-9 percentage points to
19-0 percentage points) and by education (7-9 percentage
points to 12-3 percentage points), but narrowed by area
of residence (9-4 percentage points to 7-5 percentage
points), with larger increases in obesity prevalence
among rural women (table 1; appendix p 11).

Discussion

Overall, our age-standardised obesity estimates suggest
different obesity patterns across countries in the Latin
American and Caribbean region, with the highest
prevalence of obesity by socioeconomic status observed
among women in Mexico in 2016 and the lowest among
women in Haiti in 2016. We identified three distinct
patterns for the distribution of obesity across socio-
economic status: concentration in the low wealth and
education groups (Argentina, women in Venezuela,
and women in Mexico by education), concentration
in middle wealth and education groups (women in
Bolivia, Peru, Mexico by wealth, and Colombia), and
concentration among the high-income and high-
education groups (women in Guatemala and Haiti and
men in Mexico, Brazil, Colombia, Paraguay, Peru, and
Venezuela). Moreover, the prevalence of obesity remains
consistently higher among urban compared with rural
men and women in most countries included in this
analysis. However, with the exception of Peru, we
found that increases in obesity have been larger among
rural populations, which is in line with a global
analysis” showing that obesity among rural populations
is increasing at a faster pace than that among urban
populations. These patterns also suggest that countries
in the Latin American and Caribbean region are in
different stages in the transition of obesity as described
by Jaacks and colleagues,” according to socioeconomic
groups and gender, thus tailoring of policies is required
to adequately tackle the obesity epidemic in Latin
America and the Caribbean.

In the early 2000s, obesity was believed to be a problem
of the elite”® However, evidence suggests a rapidly
shifting prevalence towards lower socioeconomic groups,
fueling inequalities in developing countries. This shift is
believed to be associated with countries’ economic
development,** although the evidence remains unclear.
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Some studies in middle-income and high-income
settings have suggested a reverse gradient, where the
wealthier are more likely to be obese** and where
education protects against the obesogenic wealth effect,”
whereas other studies predict that the poor will eventually
have a higher burden of chronic conditions, particularly
in lower-income countries, where the prevalence of
obesity seems to be shifting to the most disadvantaged
groups as the country develops** and the nutrition
transition unfolds.”® The CARMELA study,* a cross-
sectional population-based observational study done in
seven Latin American cities between April, 2004, and
August, 2005, found an inverse relationship between
socioeconomic status and obesity in adult women,
particularly in the higher-income countries. Our results
among women have now expanded this observation
by indicating that, in lower-income settings, such as
Haiti, Honduras, Nicaragua, and Guatemala, obesity is
concentrated among the richer groups for women.
However, in middle-income countries, such as Mexico,
Colombia, Peru, and Brazil, the prevalence is highest in
middle wealth groups among women and in wealthier,
more educated groups among men.

The first pattern we observed, in which obesity is
concentrated in the low education and wealth quintiles, is
in line with a review of articles published between
1989 and 2003 by Monteiro and colleagues,** which
suggests that the prevalence of obesity was shifting more
rapidly towards the lower socioeconomic status groups.
Argentina, a country with very high human development
index,” fits this pattern. This result also fits Jaacks and
colleagues’ obesity transition, with a reversal of the burden
towards lower socioeconomic status groups (stage 3).
However, the hypothetical stage 4 proposed by Jaacks and
colleagues,” in which obesity declines among all groups
and the gap in obesity burden across socioeconomic
groups narrows, was not observed in our study.

The second pattern was characterised by a high obesity
prevalence in the third or fourth quintile for wealth, and
in the third quintile for education, particularly in
women. This pattern was observed in countries with
high or medium human development index,” such as
Peru, Colombia, Mexico, and Bolivia. We hypothesise
that these countries have entered the third stage of
the obesity transition, whereby the prevalence of obesity
is in the process of shifting towards the lower socio-
economic status groups, possibly going through the
middle socioeconomic status groups first. The two most
recent surveys in Peru, Bolivia, and Mexico depict a
similar situation of lowest obesity prevalence among
the least socially advantaged women by wealth, as well
as among the most socially advantaged women by
education. This scenario confirms that the pathways by
which socioeconomic indicators are associated with
health outcomes differ depending on the indicator being
used;® therefore, wealth and education might be
operating differently in the obesity epidemic, with the
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poorest and most educated women being shielded while
those in the middle wealth and education groups have
the highest prevalence.

The third pattern, characterised by a high prevalence of
obesity among the high socioeconomic status groups, fits
with the first stage of the obesity transition among
women, whereby the burden is still concentrated among
the higher socioeconomic status groups and has not
yet shifted towards the lower socioeconomic status
groups.” This pattern was clearly observed among women
in Guatemala, classified as medium in the human
development index,” and Haiti, classified as low. It was
also found among men in Brazil, Colombia, Mexico, and
Peru, which is in line with the proposed second stage of
the obesity transition for men.

Beyond differences by wealth and education, urban
populations uniformly have a higher obesity prevalence
compared with their rural counterparts, regardless of
gender. However, the prevalence among rural residents
has increased more rapidly than among urban residents,
leading to narrower gaps in obesity prevalence between
the two groups.”** A cross-sectional analysis of obesity
prevalence among 147938 non-pregnant women of
reproductive age, using nationally representative data
from between 1987 and 2000 in 38 countries, including
nine in Latin America, indicated a scenario where
obesity was equally distributed among the population in
the Latin American countries.” In contrast, an earlier
analysis* using survey data from between 1982 and 1996
showed that a third of obese women in the region came
from poor rural areas, indicating a changing obesity
burden, which is more in line with our results. Moreover,
changes in policies in the past decade might also have
affected the shifting burden of obesity in this region.
Since 2006, 14 Latin American countries have adopted
policies to reduce the consumption of sugar-sweetened
beverages,” including taxation in Mexico and Brazil.”
However, although the obesity epidemic is multifactorial,
the effectiveness of such policies in reducing the obesity
burden has not been well established,* nor is a potential
heterogenic effect across socioeconomic status well
understood. Evidence suggests that such policies might
be most effective in settings with high obesity prevalence
and consumption of sugar-sweetened beverages.”

We also found that obesity prevalence in Latin America
and the Caribbean appears to have distinct patterns by
gender. With the exception of Argentina, the prevalence
among men appears to be predominantly concentrated
among the wealthier and the more educated groups,
whereas this is not the case for women in the same
countries. Among Argentinian men, the prevalence is
concentrated among the third or fourth wealth quintiles,
and shifts between the first and second education quintiles
with the obesity gap remaining relatively constant between
2005 and 2013. Mexico is another example where women
bear a larger prevalence of obesity compared with men:
among women, we observed increasing trends and small,
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albeit increasing, obesity gaps by wealth, the prevalence
being concentrated among middle-income groups,
whereas men had a lower prevalence, concentrated among
the richer and more educated, with larger obesity gaps.
Our post-hoc statistical analyses confirmed that the
association between socioeconomic status and obesity
varies by gender. Beyond socioeconomic status, the
differential effect of gender on obesity can be further
explained by physiological and biological factors. Studies
done in the USA, India, and China”* have reported a
larger biological predisposition towards abdominal obesity
and a higher prevalence of metabolic syndrome among
women compared with men. In Peru and Brazil, studies
have found a positive association between parity and
BMI,** and additional factors, such as environmental,
genetic,” hormonal, and non-hormonal, have also
been suggested to differentially affect cardiovascular
ageing mechanisms* and metabolism® between men and
women.

Our study has several strengths, including the use of
nationally representative surveys spanning a 20-year
period, and could aid in informing more precise policy
responses. It also has some limitations that stem from its
cross-sectional design—ie, the trends we observed are
based on estimates computed at specific timepoints and
are not obtained from individual-level longitudinal data.
Moreover, we compared obesity prevalence using the
latest available health surveys, and the last survey for
each country might cover a different period and sample
size; this comparison is not ideal, and we ought to
keep in mind contextual country-specific factors, such
as differing periods of economic growth and develop-
ment. Changes in obesity might not change drastically
in the study periods, allowing a meaningful comparison
across countries. Rather than making inferences com-
paring estimates between socioeconomic groups across
countries, our analyses aim to descriptively show the
changing distribution of obesity across socioeconomic
status within countries. Similarly, we used different
measures of wealth and education across countries,
based on the variables collected, and we are not by any
means comparing estimates in specific socioeconomic
status groups between countries.®” In Argentina’s
National Survey for Risk Factors, height and weight were
self-reported by the respondent, whereas in all other
surveys they were measured; hence obesity prevalence
estimates for Argentina may bear recall-bias effects and
lower accuracy. We did not compute absolute inequalities,
instead we used equiplots to display the inequalities
observed in the distribution of obesity across socio-
economic status and their directionality. Our sample
included a much larger proportion of women than men,
because the Demographic and Health Surveys mostly
collect height and weight variables for women of
reproductive age and children.

In conclusion, our analyses suggest great variability in
the age-standardised obesity prevalence by wealth and

education socioeconomic measures in Latin America
and the Caribbean, whereas urban populations still
maintain a larger prevalence than rural populations
overall. Our findings also indicate that the prevalence of
obesity is increasing in the region, with larger increases
among rural residents and the most disadvantaged
groups. However, the prevalence of obesity has been
increasing not only among the poor, least educated, rural
populations but also among the rich, highly educated,
and urban populations. Among women, the obesity gap
by wealth, education, and area of residence has stayed
constant or widened in Argentina, Bolivia, Peru, and
Mexico but has narrowed in Haiti by education and area
of residence.

Ideally, a situation of low obesity prevalence within each
socioeconomic status group and minimal obesity gaps
would indicate that prevention and action should target
the entire population. However, our analyses indicate that
we are far from reaching this goal and that the obesity
epidemic in Latin America and the Caribbean is complex,
with distributions and trends varying across measures of
socioeconomic status. In other words, wealth, education,
or place of residence alone do not capture the full picture
of the burden of obesity. To contain this epidemic and its
heterogeneous spread, population-wide strategies are
needed alongside programmes and policies that focus
preventive interventions by socioeconomic status and by
gender, advocating a more effective precision public
health, rather than using a single approach. Adequate and
frequent monitoring of the obesity epidemic is also
needed in the region. Without updated data sources,
countries will not be able to prioritise programmes and
policies in the fight against obesity. Anticipation of the
establishment of obesity among the low socioeconomic
status groups offers opportunities for societal gains in
primordial prevention. These findings can support efforts
towards adequate monitoring of obesity by socioeconomic
status groups that would allow anticipation of the
transitions in obesity across societies and, thus, the
formulation of tailored, equity-focused policy responses
to the burden of obesity in the region.
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