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Abstract
Objective: Previous studies found that developed and developing countries
present opposite education–overweight gradients but have not considered the
dynamics at different levels of national development. An inverted U-shaped curve
is hypothesized to best describe the education–overweight association. It is also
hypothesized that as the nutrition transition unfolds within nations the shape of
education–overweight curve changes.
Design: Multilevel logistic regression was used to estimate the moderating effect of
the nutrition transition at the population level on the education–overweight
gradient. At the individual level, a non-linear estimate of the education association
was used to assess the optimal functional form of the association across the
nutrition transition.
Setting: Twenty-two administrations of the Demographic and Health Survey,
collected at different time points across the nutrition transition in nine Latin
American/Caribbean countries.
Subjects: Mothers of reproductive age (15–49 years) in each administration
(n 143 258).
Results: In the pooled sample, a non-linear education gradient on mothers’
overweight was found; each additional year of schooling increases the probability
of being overweight up to the end of primary schooling, after which each
additional year of schooling decreases the probability of overweight. Also, as
access to diets high in animal fats and sweeteners increases over time, the curve’s
critical point moves to lower education levels, the detrimental positive effect of
education diminishes, and both occur as the overall risk of overweight increases
with greater access to harmful diets.
Conclusions: Both hypotheseswere supported. As the nutrition transition progresses,
the education–overweight curve shifts steadily to a negative linear association with a
higher average risk of overweight; and education, at increasingly lower levels, acts as
a ‘social vaccine’ against increasing risk of overweight. These empirical patterns fit the
general ‘population education transition’ curve hypothesis about how education’s
influences on health risks are contextualized across population transitions.
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Obesity has become a global epidemic beyond high-income
countries to include many less developed and middle-
income countries(1). In Latin America and the Caribbean the
prevalence of obesity and overweight can be as high as, or
even higher than, that in developednations(2–8). For example,
by 2008 theDominican Republic andMexico reached rates of
overweight among the adult female population that sur-
passed 70%, and in no country of the region, with the
exception of Haiti, was the rate lower than 50%(6).

The emerging overweight and obesity epidemic in
developing regions is partly the result of rapid changes in

food environment and diet styles associated with the
nutrition transition (NT), made up of several stages in the
shift from traditional to contemporary nutritional patterns.
Introduced by Popkin in 1993, NT indicates the shift of
dietary consumption and the subsequent nutritional change
in total energy intake among a population(9–14). Due to the
low development of food supply technologies (i.e. hunting
and gathering food, low-technology agriculture), at the
earliest stage of the NT, people have access to foods low in
fats and cereal-predominant with still some risk of nutritional
deficiency. At the intermediate stage, the diet begins to
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consist of more fat (especially from animals), sugar and
processed foods, with increased rates of overweight and
obesity and associated diseases among the population. At
themost advanced stage of the NT, extreme access to animal
fats, sugar and processed foods results in highoverall rates of
obesity, but with a growing proportion of the population
attempting to control body weight by consuming less fat and
processed foods and consuming more fruits and vegetables.
Significant shifts towards the intermediate and advanced
stages occurred over the last several decades of the 20th
century as most regions experienced the ‘Western diet’ –
high in saturated animal fats, sugar/sweeteners but low in
fibre – effecting changes in average stature, body composi-
tion and morbidity(13). While an advancing NT can alleviate
the risk of undernutrition, the great influx of cheap, energy-
dense and nutritionally poor foods requires individuals and
communities to self-regulate their diet and lifestyle to pre-
vent unnecessary increases in body weight(9). In the present
study, the NT stage is operationalized as the percentage of
energy derived from animal fats and sugars/sweeteners over
the total energy intake.

In order to lessen the health challenges of growing over-
weight in the region, education, with its influence on
increased health literacy and accurate decision making, is a
potentially important factor: past research frequently finds its
role as a social vaccine that assists individuals and commu-
nities in improving health and life expectancy(15–17). The
term ‘social vaccine’, as a metaphor to highlight the social
determinants of health, has been generally used to describe
the preventive role of mass education in public health
problems associated with higher morbidity and mortal-
ity(18–20). Analogous to immunization by a medical vaccine,
education is described as a social vaccine to illustrate its
potential of raising a person’s capacity to select healthier
lifestyles using better knowledge and cognitive skills(18,21).
Consistently, research in high-income countries reports,
ceteris paribus, significant effects of formal education on
reducing individual risk of being overweight and obese,
particularly among women(8,22–27). A reverse gradient,
however, has been found in some developing countries and
in Latin America in particular, where the more educated are
often more likely to be overweight(5,7,28–31); also there are
reports that education has no effect on overweight in sam-
ples from middle-income countries(26,28,29,32). This leads to
speculation that the relationship between educational
attainment and risk of overweight may vary by population
context, a prominent one being the NT stage. Since, along
with aworsening obesity epidemic, the rate of importation of
energy-dense foods from the Western food market system
varies across Latin American/Caribbean countries, the
situation in the region is suitable to examine the dimensions
of the influence of education on mother’s overweight across
the NT(7,14).

There are a number of reasons why education effects on
overweight might differ by NT stage, but clear empirical
evidence remains unavailable. Cultural and economic

explanations suggest that overweight body size is regarded
as a symbol of wealth, intelligence or health in developing
countries, or that the economic benefits of more education
might be used primarily to afford access to more and less
healthy food(26). Others have argued that information on the
risks associated with obesity is unavailable or irrelevant in
poor countries when food is not sufficient for survival(12,33).
Despite these speculations, it has yet to be established if
counter education gradients across populations are part of a
larger consistent pattern, and if the NT plays a role in this.
A similar pattern has been found for education effects during
the epidemiological transition away from a disease load of
mostly communicable diseases to chronic diseases, and
during the course of the HIV/AID epidemic in sub-Saharan
Africa(34). And it is likely that these patterns of education
effects on disease across changing population contexts are
incidences of the same general process known as the
‘population education transition’ (PET) curve(35). These
ideas applied to the NT and to the risk of overweight among
women are analysed in two steps.

First, the problem of heterogeneous education effects
on overweight status is addressed through an analysis of
the optimal functional form of the association between
education and mother’s overweight in Latin American/
Caribbean populations. For the most part, previous
research on obesity and overweight in developing coun-
tries has used linear specifications of the education gra-
dient and binary definitions of national development
(developing/developed). As a result, existing research
pays insufficient attention to a potential non-linear
relationship between education and obesity and to the
specific dynamics at intermediate developmental stages
(e.g. low- to middle-income countries at various NT
stages). Across these kinds of transitional populations a
non-linear specification might better fit the data, as some
education and its impact on status and material resources
can lead to higher consumption of fat and sugar but higher
levels of education lead to better comprehension of and
effective reaction to the rapid changes in the food supply.
Indeed, a non-linear relationship between education and
health has been reported in different contexts for a num-
ber of other diseases and health risks(34–39). Thus, the first
hypothesis is that an inverted U-shaped curve will be the
optimal functional form to represent the overall relation-
ship between education and overweight across a pooled
sample from Latin American/Caribbean countries.

Second, while a non-linear education–overweight
association may optimally form across all stages of the NT,
the nature of the association may be linear with a positive
or negative slope in national populations depending on
the countries’ current stage in the transition – the nature of
the association likely changes dynamically as the NT
progresses(23,26). For example, prior research from other
population transitions and their related health challenges
finds that as risks (e.g. tobacco, multi-partner sex, high-
alcohol-content liquor) are introduced into a population,
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superior material and status benefits from education lead
to higher risk taking among the more educated, but as the
transition deepens the greater knowledge and better
decision-making skills about prevention accrued from
education lead to a reduction in risk taking and higher
prevention behaviours among the educated(17,36–40). And
as more information and experience with risks accrue
within the population, it takes less education to form
accurate knowledge and preventive action(17,36). Lastly,
these dynamics occur while greater access to the risk
factors (i.e. less expensive tobacco, high-fat food, etc.)
increases health risks in the overall population. Thus, as
the NT progresses and Western diets become more
accessible in a country, the second hypothesis is that two
components of the education–overweight curve will
change over cohorts of mothers: (i) as NT status develops,
the preventive role of education in reducing overweight
prevalence will diffuse to the less educated population;
and (ii) the increase of NT will cause a greater probability
of being overweight, especially for the less educated
population. Taken together, these hypotheses highlight a
long-term population transition in the role of education in
risk of obesity.

Methods

Data
Data from repeated administrations of the Demographic and
Health Surveys (DHS) in eight Latin American countries and
one bordering Caribbean country were mainly used to
examine the research hypotheses. The data sets have large
sample sizes ranging from 5000 to 30 000 households, col-
lecting variables about population and health(41). To capture
variation in NT stage, twenty-two ‘country-time’ units were
created from the DHS administrations: Bolivia (1994, 1999,
2003 and 2008), Brazil (1996), Colombia (1995, 2005 and
2010), Dominican Republic (1991 and 1996), Guatemala
(1995 and 1999), Haiti (1995, 2000 and 2006), Honduras
(2006), Nicaragua (1998 and 2001) and Peru (1992, 1996,
2002 and 2008; see Appendix).* The target population is
women of reproductive age (15–49 years) who have given
birth at least once at the administration of DHS. In addition to
understanding the association between education and
women’s weight, focusing on mothers is important given their
crucial role in the intergenerational transmission of health
inequalities(42). The pooled sample across all country-time
units includes 143 258 mothers.

The information regarding NT status of each administration
is not available in the DHS. Instead, the FAO provides infor-
mation on food balance by country and by time in its Food
Balance Sheets (FBS), including estimates of the total daily
energy availability per capita (kcal/d per capita), the energy
derived from each dietary source (kcal/d per capita) and the
consumed weight of each dietary source (g/d per capita) for
each population in a year. The FBS data were used to gen-
erate an indicator of the national NT status for each country-
time unit (i.e. year of each DHS administration in a country).

For the other population-level information including
gross domestic product (GDP) per capita and urbaniza-
tion, World Bank statistics were used.

Dependent variable
‘Mother’s overweight’ is an individual-level dichotomous
measure constructed from BMI calculated as [weight (kg)]/
[height (m)]2, with BMI≥ 25·0 kg/m2 coded as overweight,
and the non-overweight group is the reference
category(3,6,27).

Independent variables
‘Formal education’ is measured as years of schooling
completed by the mother. ‘NT status’ of each country-time
unit is measured by the standard index constructed for the
proportion of animal fats and sugar/sweeteners over the
total energy availability per day per capita (kcal/d per
capita) in a country in the year of the DHS administra-
tion(9,12). In the NT status, animal fats includes all types of
fat consumption from all kinds of animal sources and
sugar/sweeteners also consists of all types of sweetening
sources including non-centrifugal sugar, raw equivalent
sugar, honey and other sweeteners. As shown in Fig. 1,
falling between African countries at mostly modest levels of
NT and the USA at an advanced level, the sampled coun-
tries varied in their initial NT status in 1991 as well as in the
speed of progression across statuses over the next 20 years.

Control variables
To estimate the impact of education and NT status more
exactly, the analysis controlled for six variables related to the
probability of overweight. At the individual level, ‘household
wealth’ and ‘urbanicity’ influence obesity because of the
economic and geographic proximity to Western-style diets
and processed foods(10,26,30). In addition, ‘age’ and ‘preg-
nancy’ are known physiological factors affecting body
weight(6,27). At the population level, ‘GDP per capita’ and
‘urbanization’ were controlled to consider the relationship
between national development, marketization of the food
system and the proportion of overweight people(9,13).

‘Household wealth’ is measured through a composite
score with mean of 0 and SD of 1, generated through a
factor analysis that combined data on availability of
various home possessions (electricity, radio, television,

*Bolivia, Colombia and Peru make up 70 % of the country-time units.
To verify that these three countries show consistent results with other
countries in the analysis, all coefficients from the following three data sets
were compared with a Z-score test: (i) the pooled data set (twenty-two
country-time units); (ii) the three-country data set (eleven country-time
units); and (iii) others (eleven country-time units from Haiti, Brazil,
Dominican Republic, Nicaragua, Guatemala and Honduras). The differ-
ence in coefficients was not statistically significant, which means that all
units show the similar result about the overall non-linearity of education’s
effect and the effect of NT on individual countries.
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refrigerator, bike, motorcycle and car), as reported in the
DHS.*

‘Age’ indicates woman’s age ranging from 15 to
49 years.

‘Urbanicity’ is a dichotomous indicator of the area of
residence of the mother (urban= 1).

‘Pregnancy’ is measured as a dichotomous variable
(pregnant woman= 1); this is an important control
because pregnant women are more likely to weigh more
than non-pregnant women.

‘GDP per capita’ of each country-time unit is measured as a
natural log-transformed value in order to meet the assumption
of normal distribution in the year of DHS administration.

‘Urbanization’ of each country-time unit is measured as
the percentage of the population living in urban areas over
the total population in the year of DHS administration.

Analytical strategy
Multilevel modelling† is an adequate method because it
allows one to deal with a stratified data structure where
individual cases (mothers) nested in the groups
(country-time units) are affected by those groups’ con-
textual influence(42). A series of logistic regression models

was estimated to calculate the probability of being over-
weight relative to non-overweight groups based on the
following equations.‡

Individual level:

ln½Pi=ð1�PiÞ� ¼ β0 + β1ðEducationÞ + β2ðEducation2Þ
+ βkðControlsÞ ð1Þ

Population level:

β0 ¼ γ00 + γ01ðNT statusÞ + γ0wðLevel 2 controlsÞ +u0

β1 ¼ γ10 + γ11ðNT statusÞ + γ1wðLevel 2 controlsÞ +u1

β2 ¼ γ20

βk ¼ γk0 ð2Þ
In equation (1), the individual-level equation, Pi denotes
the individual probability of being overweight in the
pooled sample. The outcome is the log odds of the
probability of overweight (Pi) over the probability of non-
overweight (1 −Pi). β0 indicates the initial probability of
being overweight among women with no schooling after
controlling other variables in the pooled sample.§ β1 and
β2 represent the linear and quadratic effects of education
and βk are coefficients of individual-level covariates. In
equation (2), the population-level equation, γ00 is the
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Fig. 1 Nutrition transition (NT) status of the sampled country-time units in comparison with Africa* and the USA (from FAO(52))†.
*FAO provides the aggregated information on each continent. This NT status of Africa contains all countries in Northern, Southern,
Western and Eastern African regions. †The NT statuses of Africa and the USA indicate the average value during 1991–2009. Note
that FAO statistics provide the information related to NT until 2009. Therefore, the NT index of Colombia 2010 was assumed to be
the same as that of Colombia 2009. ‡NT status indicates the percentage of animal fats and sugar/sweeteners in the total food
supply in each country. For example, 30 in BR-1996 (the second column from the right) means that a Brazilian consumed 30% of
his or her energy intake as animal fats and sugar/sweeteners in 1996 (LAC, Latin American and Caribbean countries; BO, Bolivia;
BR, Brazil; CO, Colombia; DO, Dominican Republic; GT, Guatemala; HT, Haiti; HN, Honduras; NI, Nicaragua; PE, Peru)

* Only the most recent DHS provide a composite score of wealth
combining related indicators. Therefore, a wealth indicator using data on
home possessions available in older DHS was created and is highly
correlated (0·9) with the composite score provided by later DHS.
† The multilevel modelling in this analysis assumes random effects in
intercept (i.e. between-group difference in the initial probability of over-
weight) and in coefficient of education (i.e. between-group difference in
the education–overweight gradient). The significance of variance
components (τ00 and τ01) supports the assumption of random effects in
the model. Tables 2 and 3 report the significance of variance components.

‡ The equations describe model 3 as a final analysis.
§ Among the individual-level control variables, wealth and age were
grand-mean centred. As discrete variables, urbanity was centred at the
middle point (0·5) between urban (=1) and rural (=0) in order to estimate
the value of average probability of overweight regardless of urbanity.
Finally, pregnancy is assumed to be 0 if the mother is not pregnant at the
time surveyed.
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average log odds of overweight in all groups after con-
trolling for level 2 explanatory variables, γ01 describes the
effect of national NT on national average of overweight
and γ0w represents the effect of level 2 variables on the
average overweight rate. In the level 2 equation on
education–overweight slope (β1), γ11 indicates the mod-
erating effect of NT on determining the education gra-
dient and γ1w shows the effect of population-level
variables on the linear education–overweight slope.
Finally, level 2 residuals are assumed only in the intercept
(u0) and linear slope of education (u1), because the
variance component of the quadratic term of education
was estimated to be zero despite the statistical sig-
nificance. Other slopes of control variables (γk0) are fixed
at zero because the group differences among these cov-
ariates are not the focus here.

The initial estimated model on the pooled sample of
mothers across all country-time units without including
information on NT status evaluates the linear effect of
education on the risk of overweight; this initial model is
examined including individual covariates. A second model
adds the quadratic term of education (education2), testing
the first hypothesis postulating a curvilinear relationship
between education and overweight across all country-time
units. A third model examines the moderating impact of the
NT status of each country-time unit on the education–
overweight relationship by estimating the effect of NT at
level 2 on the education–overweight slope (β1), aswell as on
the probability of overweight (β0), conditioning on county-
time units’ level of urbanization and GDP per capita.

Design effects and multiple imputation of
missing data
In order to consider design effects of the data setwe included
individual-level and population-level weighting variables in
the analysis.* The ice option in the STATA 12·0 statistical
software package generated five imputed data sets used to
derive average corrected coefficients and standard errors of
variables in the main analysis(44). Multiple imputations were
conducted to estimate and replace missing data.

Results

Descriptive statistics
Table 1 shows the descriptive statistics for the pooled
sample; 41·5 % of Latin American mothers were overweight.
The average years of schooling among women in the
sample was about 6·4 years, their average age was about
29 years, 8 % were pregnant at the moment of the survey
and more than half of them resided in an urban area

(53·4%). At the country-time unit level, the average NT status
of the pooled sample was 21·823, indicating the proportion
of animal fats and sugar/sweeteners in the total dietary
intake. As social developmental confounders, GDP per
capita was 1911·312 constant 2000 US dollars and approxi-
mately 64% of the population resided in urban areas.

Functional form
The first two models in Table 2 compare the linear and non-
linear functional forms of the effects of education on the risk
of mother’s overweight across all NT statuses. In model 1,
the coefficient of years of formal schooling is negative but
non-significant after conditioning on wealth, age, pregnancy
and urbanicity. In model 2, once a quadratic term of edu-
cation is introduced, both the linear (OR= 1·070; P<0·001)
and the non-linear (OR=0·995; P< 0·001) coefficients are
found to be statistically significant, confirming the first
hypothesis that an inverted U-shaped curvilinear relation-
ship fits the relationship between education and risk of
being overweight across mothers across all NT statuses.

Plotting these findings, Fig. 2 displays a positive slope of
increasing probability of being overweight with each
additional year of primary education (0–6 years of
schooling) up to the critical point at 6·8 years of schooling
and then a negative slope through higher education.† In
other words, across the pooled sample, among mothers

Table 1 Means or proportions and standard deviations for all
variables and sample size

Variables
Mean or
proportion SD

%
imputed

Individual level
Mother’s overweight

(BMI≥25·0 kg/m2=1)
0·415 0·493 8·91

Education (years of
schooling)

6·404 4·548 0·02

Wealth (factor score) 0·000 1·000 0·98
Age (years) 28·642 7·228 0·00
Pregnancy (yes=1) 0·080 0·271 0·00
Urbanicity (yes= 1) 0·534 0·499 0·00

Country-time level
NT status (% of animal

fats and sugar/
sweeteners)

21·823 4·885 0·00

GDP per capita (constant
2000 US dollars)

1911·312 924·298 0·00

Urbanization (% of urban
population)

63·981 12·254 0·00

Sample n 143 258

NT, nutrition transition; GDP, gross domestic product.

* Since we combined national data sets of DHS administration, each
national data set does not have a population-level weighting variable.
Thus, in order to avoid the estimation error by imbalanced distribution of
the pooled sample, we calculated population-level weighting variables for
each county-time unit(43).

† The probability of being overweight is calculated as odds ratio over odds
ratio plus 1 (OR/(OR + 1)) for individuals considering their
educational attainment, initial probability of being overweight. As men-
tioned above, the residential status is rearranged by the centring strategy
of the middle point between urban and rural area. For example, the
overweight probability of non-educated individuals represents 36·95 %
because their log odds is –0·5345 (= intercept + (urbanicity/2)
+ education + education2= –0·704 + (0·339/2) +0·068 – 0·005; exp(–0·5345)
= 0·5860; P=OR/(OR+ 1) = 0·3695).
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who have completed at least lower secondary schooling
(grade 7), the probability of being overweight decreases
with each additional year of schooling. Given this, the
critical point of the curve at which the gradient of edu-
cation changes from a risk factor to a social vaccine can be
referred to as the ‘social vaccine point’.

Associations of national nutrition transition
status on education–overweight gradients
As shown in Table 2, the variance component of the
education–overweight slope between groups (τ11) in
models 1 and 2 is statistically significant, indicating that the
education–overweight association varies across country-
time units. This motivates the analysis of the second

hypothesis about the national NT status as a significant
contextual factor that mediates the effects of education on
overweight across countries.

As displayed in Table 3, model 3 estimates an NT status
effect on the initial overweight rate (direct effects) and on
the education–overweight slope (cross-level interaction
terms) conditioning on urbancity and GDP at population
level. As predicted, the Westernization of the food supply
has a positive impact on increasing the initial probability of
mothers being overweight, indicating that a 1 unit increase
of NT status in a country increases by 5·9 % the odds of the
national average probability of being overweight (OR=
1·059; P< 0·01). At the same time, the cross-level interac-
tion term (education×NT) has a negative impact on being
overweight (OR= 0·995; P< 0·001), indicating that in the
countries at more advanced NT statuses, the education
effect on increasing mother’s overweight declines and
eventually shifts to a negative effect. These results suggest
that advanced NT status changes the role of education on
overweight from a risk factor to a social vaccine.

To further illustrate differences in the education–over-
weight gradient across different NT statuses, Fig. 3 com-
pares estimated education–overweight slopes for three
hypothetical groups with different NT levels as follows:
(i) low NT status includes the NT index at 2 SD below the
pooled sample mean; (ii) medium NT status includes the
index within 2 SD of the mean; and (iii) high NT status
includes the index at 2 SD above the mean. The curves, net
of the control variables, change in the three predicted
ways as countries progress across the NT. First, the critical
or social vaccine point shifts towards lower education
levels from 10 to 7 to just under 3 years of schooling.
Second, the positive gradient between education and
mothers’ overweight diminishes at the high NT status.
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Fig. 2 Curvilinear gradient of the education–mother’s overweight
association across all nutrition transition statuses (model 2,
Table 2) among mothers of reproductive age (15–49 years; n 143
258) across twenty-two administrations of the Demographic and
Health Survey in nine Latin American/Caribbean countries

Table 2 Weighted multilevel logistic regression estimate of the functional form of the education gradient on mother’s overweight among
mothers of reproductive age (15–49 years; n 143 258) across twenty-two administrations of the Demographic and Health Survey in nine
Latin American/Caribbean countries

Model 1 Model 2

Log odds SE OR Log odds SE OR

Education −0·011 0·005 0·989 0·068*** 0·007 1·070
Education2 −0·005*** 0·0004 0·995
Wealth† 0·318*** 0·018 1·375 0·317*** 0·018 1·373
Age 0·055*** 0·002 1·056 0·059*** 0·001 1·061
Pregnancy (yes= 1) 0·684*** 0·041 1·981 0·696*** 0·039 2·005
Urbanicity (urban=1) 0·357*** 0·042 1·429 0·339*** 0·042 1·403
Intercept −0·521*** 0·095 0·593 −0·704*** 0·083 0·494
Sample size 143 258
Number of groups 22
Variance components‡
Intercept (τ00) 0·29192*** 0·25004***
Education (τ11) 0·00090*** 0·00065***
Covariance (τ10) −0·01368*** −0·00979***

***P< 0·001.
†Grand-mean centred variables are italicized.
‡The significance of variance components indicates whether the random effect can be assumed in intercept and coefficients.
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And lastly, as countries gain more access to foods high in
animal fats, foods high in sugar/sweeteners and processed
foods, the risk of overweight for the entire population of
mothers substantially increases. For example, mothers
with no formal education in countries earlier in the NT
have a 25 % probability of being overweight but deeper
into the NT this shifts upwards to 36 % and over 50 %.
Also, in populations at high NT status, while even a small
amount of education lowers the risk of mothers being
overweight, it takes advanced levels of education (13–14
years) to reach average risk levels of populations in low
NT status.

Discussion: overweight and the population
education transition curve

The fact that approximately 40 % of women of reproduc-
tive age were overweight in the present sample from Latin
American/Caribbean countries reveals a public health risk
of great magnitude for this region. Even though this pro-
portion is lower than the 76·7 %* recently reported in the
USA(6), there is evidence that the rate of overweight
continues to grow among Latin American and Caribbean
countries. Although education is usually assumed to be
negatively related to health risks, the results for our sample

of mothers showed a mixed association between educa-
tional attainment and overweight. The findings across
pooled country-time units indicate that a non-linear
inverted U-shaped curve is the best functional form to
represent the education effects on probability of mother’s
overweight. In the curvilinear relationship, education
acted as a risk factor to exacerbate overweight prevalence
among the population with less than primary education.
At the critical point, referred to as the social vaccine point,
education became preventive in reducing the probability
of overweight among those in the population with more
than primary education. In addition, the curve changed
dynamically towards a general social vaccine effect of
education, even among the less educated, as the NT status
advanced in populations. Therefore, earlier reports of
seemingly inconsistent positive and negative education
gradients are likely part of a larger PET pattern; a pre-
dictable systemic interaction among the multiple, and
sometimes contrasting, effects of individual educational
attainment on health-related variables caused by changes
in social and health environments of the population as a
whole(35). The PET curve reflects the fact that in earlier
stages of the NT the more educated are at higher risk of
overweight and as the NT progresses the education gra-
dient shifts to a negative slope. Past research on schooling
effects shows that education affects health through several
mediating channels(17,36,45). Salient among these channels
are material or economic benefits (e.g. occupation, income
or wealth) and improvements in cognitive functioning (e.g.
information processing, reasoning and decision-making
abilities leading to understanding risks and preventive
behaviour) along with attitudinal change (e.g. acquisition of
modern values, empowerment to make independent
decisions). And the PET curve process hypothesizes that
different levels of a population transition can suppress or
enhance mediating educational effects. While it is fre-
quently assumed that multiple effects of education work in
the same direction relative to health, it can be the case that
they have contrasting influences, such as during periods of
introduction of luxury items that are potential new health
risks, including when the food supply starts to include
significant levels of animal fats, sugar/sweeteners and
processed food products(39,46). The dynamic changes
shown in Fig. 3 are likely the classic case of PET and
although a test of this complex hypothesis is beyond the
scope here, it is useful to consider the potential implication
of the PET curve in light of the global NT and obesity
pandemic. In addition, recent globalization in the food
market, led predominantly by multinational food and bev-
erage companies, has made much faster the shift of NT to
Western-style diet and the subsequent PET in education–
overweight gradient among developing countries(9).

There are several ramifications, the first of which is that
epidemiological conclusions about the role of education
in the global obesity epidemic must be sensitive to the
NT stages of populations from which research samples

Table 3 Weighted multilevel logistic regression estimate of
education and mother’s overweight by national nutrition transition
(NT) status among mothers of reproductive age (15–49 years; n
143 258) across twenty-two administrations of the Demographic
and Health Survey in nine Latin American/Caribbean countries

Model 3

Log odds SE OR

Education 0·063*** 0·007 1·065
Education×NT status† −0·004*** 0·001 0·995
Education×Urbanization −0·002** 0·000 0·998
Education×Logged GDP 0·011 0·009 1·011
Education2 −0·005*** 0·000 0·995
Wealth 0·317*** 0·018 1·373
Age 0·059*** 0·001 1·061
Pregnancy (yes= 1) 0·696*** 0·039 2·005
Urbanicity (urban=1) 0·339*** 0·042 1·403
NT status 0·057** 0·014 1·059
Urbanization 0·029** 0·007 1·030
Logged GDP 0·032 0·165 1·033
Intercept −0·654*** 0·067 0·519
Sample size 143 258
Number of groups 22
Variance components‡
Intercept (τ00) 0·10184***
Education (τ11) 0·00012***
Covariance (τ10) −0·00080***

GDP, gross domestic product.
**P< 0·01 ***P< 0·001.
†Grand-mean centred variables are italicized.
‡The significance of variance components indicates whether the random
effect can be assumed in intercept and coefficients.

* The percentage denotes overweight among women aged 15–100 years
in 2010.
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are drawn or else misleading conclusions that education
is always a risk or social vaccine are likely to muddy
the literature. A similar confusion has occurred in
epidemiological assessments of education and the HIV/
AIDS pandemic in sub-Saharan Africa, where education
initially led to more risk, but by the mid-point in the
pandemic became the most robust of social factors
lowering risk(38).

The PET curve for obesity also has implications for the
timing and focus of public health interventions as popu-
lations traverse through the NT. Earlier in the NT pre-
vention should be aimed at wealthier and more educated
segments of the population, not only because they are
initially at highest risk of overweight, but also because this
could work to lower the social vaccine point more rapidly.
Later in the NT the public health target should include
groups with less education, and the intervention itself
probably must be richer in its information to match the
lower cognitive and literacy skills of these individuals(47).
From our analysis, as the NT progresses the overweight
rate is predicted to grow to 50 % particularly for the less
educated population, while the prevalence of overweight
among those who have completed more than a tertiary
education (i.e. master’s degree and doctoral degree) is less
than 30 %. This finding underlines the fact of increasing
vulnerability to the risk of obesity among less educated
groups, and should be regarded as a main cause of
increasing health inequalities in high NT countries. Lastly,
as food security and diet style become global issues, while
obesity and its impact on chronic diseases and mortality
become more prominent for nations’ health systems, the
fact that continued investment in academic education is an
essential public health tool must be advanced within
governments and world health agencies.

Despite the implications for public health from the PET
curve for obesity, there are some caveats about the find-
ings. First, even though the proxy indicator of NT status
from the FBS provided the population context of dietary
consumption across administrations, the diffusion of the
Westernized diet style can vary by sub-populations in a
country. Specifically, the dietary Westernization first takes
place among younger, more educated and wealthier
populations and then the new trend spreads to other
population segments(48). While the aggregate measure of
dietary Westernization by FBS provides information on the
overall level of NT in a country, it cannot capture these
kinds of within-nation differences or the diets of indivi-
duals. Second, some potential confounding factors not
available in the DHS, such as nutritional knowledge(16),
health-service utilization(49) and physical activity(13,50,51),
might distort the estimation. In particular, future research
on education and overweight across NT status should
consider physical activity, as high levels of sedentary
behaviour and low levels of physical activity are well-
known factors in increasing the probability of obesity(50,51).
Indeed, modernization and urbanization during national
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Fig. 3 Curvilinear gradient of the education–mother’s
overweight association by nutrition transition (NT) status* (a,
low NT status; b, medium NT status; c, high NT status; model
3, Table 3) among mothers of reproductive age (15–49 years;
n 143 258) across twenty-two administrations of the
Demographic and Health Survey in nine Latin American/
Caribbean countries. *The division into different NT statuses
is based on the average percentage of NT status in the
sampled countries. Low NT status indicates the group with 2 SD

below the average NT, medium NT status represents the
average group of NT, and high NT status denotes the group
with 2 SD above the average NT
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development can lead to changes in lifestyles characterized
by low levels of physical activity in leisure, transportation
and work, due to the development of technologies and the
shift from high-energy-expenditure activities (e.g. farming)
to the service sector(13).

Conclusions

The present research investigated the dynamics of the
changing role of education on reducing the probability of
being overweight among mothers of reproductive age in
Latin American/Caribbean regions. As NT progresses to
the level of Western countries, the association between
education and overweight changes from an inverted
U-shaped curve to a negative and linear gradient.
The dynamics support the PET curve hypothesis on the
moderating effect of the population NT on the educa-
tion–overweight gradient, and these dynamics hold
implications for public health interventions in reducing
health inequalities caused by increased vulnerability
among less educated populations in high NT countries.
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Means or proportions and standard deviations of variables and sample size by country-time unit

Country-time unit

BO-1994 BO-1999 BO-2003 BO-2008 BR-1996 CO-1995 CO-2005 CO-2010 DO-1991 DO-1996 GT-1995

Variable
Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mother’s overweight
(BMI≥ 25·0 kg/m2= 1)

0·356 0·479 0·462 0·499 0·488 0·500 0·527 0·499 0·339 0·473 0·414 0·493 0·402 0·490 0·458 0·498 0·276 0·447 0·363 0·481 0·318 0·466

Education (years of schooling) 5·488 4·491 6·010 4·537 6·876 4·609 7·888 4·786 5·768 3·755 6·707 3·904 7·913 4·064 8·410 4·034 6·974 4·534 7·045 4·537 2·489 3·403
Wealth (factor score) 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000
Age (years) 28·587 7·067 29·842 7·327 29·233 7·365 29·033 7·361 27·822 6·720 28·073 6·681 27·785 6·875 27·686 7·021 26·951 6·297 26·848 6·425 28·854 7·522
Pregnancy (yes= 1) 0·112 0·315 0·088 0·284 0·077 0·267 0·075 0·263 0·076 0·265 0·083 0·275 0·058 0·234 0·054 0·226 0·118 0·322 0·107 0·309 0·135 0·342
Urbanicity (yes= 1) 0·535 0·499 0·555 0·497 0·579 0·494 0·546 0·498 0·764 0·425 0·679 0·467 0·718 0·450 0·661 0·474 0·600 0·490 0·555 0·497 0·252 0·434
NT status (% of animal fats and
sugar/sweeteners)

24·770 24·030 24·670 25·577 30·201 28·050 27·408 26·389 23·370 25·873 21·092

GDP per capita (constant 2000 US
dollars)

927·000 1007·000 1020·000 1182·000 3628·000 2593·000 2785·000 3233·000 1831·000 2286·000 1587·000

Urbanization (% of urban population) 59·000 61·000 63·000 66·000 78·000 71·000 74·000 75·000 56·000 58·000 43·000
Sample size 3075 4788 7325 6429 3761 3824 11 634 14 492 2726 3154 6065

GT-1999 HT-1995 HT-2000 HT-2006 HN-2006 NI-1998 NI-2001 PE-1992 PE-1996 PE-2000 PE-2008

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mean or
proportion SD

Mother’s overweight
(BMI≥ 25·0 kg/m2= 1)

0·410 0·492 0·122 0·327 0·230 0·421 0·224 0·417 0·434 0·496 0·391 0·488 0·445 0·497 0·398 0·489 0·429 0·495 0·458 0·498 0·505 0·500

Education (years of schooling) 2·811 3·453 2·578 3·488 2·915 3·607 3·789 3·937 5·422 4·255 4·895 3·964 5·047 4·208 6·450 4·155 6·284 4·262 7·445 4·444 8·296 4·387
Wealth (factor score) 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000 0·000 1·000
Age (years) 28·529 7·541 29·819 7·282 30·225 7·736 29·817 7·633 29·947 7·152 27·501 7·192 27·300 7·189 29·349 7·086 29·296 7·208 29·283 7·261 29·454 7·265
Pregnancy (yes= 1) 0·123 0·329 0·150 0·357 0·125 0·331 0·096 0·294 0·074 0·261 0·080 0·272 0·068 0·252 0·100 0·300 0·076 0·265 0·062 0·240 0·058 0·234
Urbanicity (yes= 1) 0·263 0·441 0·399 0·490 0·322 0·467 0·388 0·487 0·334 0·472 0·481 0·500 0·470 0·499 0·623 0·485 0·558 0·497 0·491 0·500 0·539 0·499
NT status (% of animal fats and
sugar/sweeteners)

22·063 15·060 15·303 16·129 25·690 22·809 22·954 21·014 15·513 15·431 14·528

GDP per capita (constant 2000 US
dollars)

1697·000 411·000 424·000 385·000 1354·000 719·000 787·000 1628·000 1993·000 2061·000 2962·000

Urbanization (% of urban population) 45·000 33·000 36·000 46·000 49·000 54·000 55·000 70·000 71·000 73·000 76·000
Sample size 3030 2273 4348 4237 8082 5824 5088 6335 12 403 10 499 13 866

NT, nutrition transition; GDP, gross domestic product; BO, Bolivia; BR, Brazil; CO, Colombia; DO, Dominican Republic; GT, Guatemala; HT, Haiti; HN, Honduras; NI, Nicaragua; PE, Peru.
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