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a b s t r a c t

Purpose: This study assessed the longitudinal relationship between trade openness and obesity rate
across 175 countries during 1975e2016.
Methods: Two-way (country and year) fixed-effects regressions were performed to examine the open-
ness index (i.e., sum of export and import over gross domestic product) in relation to country obesity
rate, using data from World Health Organization and World Bank.
Results: The openness index was found to be positively associated with country obesity prevalenceda
10% increase in the openness index was associated with an increase in obesity rate by 0.80% (95%
confidence interval, 0.67%e0.94%). Across continents, the positive relationship between the openness
index and obesity prevalence was strongest among Asian countries, followed by countries in North
America and Africa. Across income levels, the positive relationship between the openness index and
obesity prevalence was strongest among lower middle-income countries, followed by upper middle-
income countries and low-income countries. In contrast, no relationship between the two was identi-
fied among high-income countries.
Conclusions: Trade openness was positively associated with country obesity prevalence, and its influence
concentrated among developing nations. Policy makers should closely monitor the evolution in obesity
rate during trade liberalization and nutrition transition to minimize its negative impact on weight-
related population health.

© 2019 Elsevier Inc. All rights reserved.
Introduction

In only three decades, obesity evolved from aminor issue, which
concerned only a few endocrinologists, to a leading cause of
morbidity and premature mortality worldwide [1e3]. Obesity is
associated with an elevated risk of various chronic diseases, such as
type II diabetes, hypertension, dyslipidemia, coronary heart dis-
ease, and certain types of cancer, and consumes substantial social
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resources [4e9]. Global obesity rate among men and women had
increased from 3.2% to 6.4% in 1975 to 10.8% to 14.9% in 2014,
respectively [10]. It was projected that by 2025, global obesity
prevalence would reach 18% in men and exceed 21% inwomen, and
severe obesity would exceed 6% in men and 9% in women [10].

Economic globalization, partially characterized by trade liber-
alization and openness, is associated with reduced poverty and
improved population health outcomes [11e15]. On the other hand,
economic theory and empirical evidence also indicate the possi-
bility of the introduction of negative health externalities to a local
economy via trade openness [16e18]. Previous research on the
health impact of globalization reveals several pathways that may
link trade openness to an elevated obesity rate in a traditionally
closed economy, independent of economic growth. First, a “super-
market revolution,” characterized by the rapid rise of supermarkets
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in the developing regions, started in the early 1990s among Latin
American countries and further spread to Asian countries in 2000s.
This revolution pertaining to food retailers has profoundly trans-
formed the agri-food markets in those regions by replacing small
farms and processing or distribution firms, increasing food avail-
ability, and reducing price [19e21]. Second, the integration of the
domestic and international market bridges modern food industries
and foodservice distributors (e.g., fast food restaurants and con-
venience stores) to local residents [22]. Third, globalization through
free trade and investment agreements (e.g., World Trade Organi-
zation or General Agreement on Tariffs and Trade) has resulted in a
substantial rise in calorie availability, especially fromhigh-sugar/fat
energy-dense foods [23]. Fourth, trade openness has been closely
associated with advances in technology and motorized trans-
portation, which discourages household-, work-, and travel-related
physical activities while increasing sedentary time [24,25]. Finally,
from a socialization perspective, economic openness may enhance
local residents’ familiarity with and acceptance of a Western diet
[26e28], which consequently influences their own weight man-
agement and obesogenic behaviors [29e31].

Trade liberalization and trade openness are closely related but
not identical. Trade liberalization includes policy measures to in-
crease trade openness (e.g., lower tariff rate and join free trade
agreements between countries), whereas increased trade openness
typically refers to an expansion in the size of an economy's tradable
sectors relative to total output. Increased trade openness can be but
is not necessarily the result of trade liberalization [32]. Literature
that explores trade liberalization/openness in relation to obesity has
accumulated over the past two decades. Food has been a much
traded commodity formillennia, but the current rapid growth of the
international food market is unparalleled and fueled by new mar-
keting techniques and modern supply chains [33]. This growth is
marked by profound changes in the type, quantity, cost, and desir-
ability of foods available for consumption, which is a result of the
globalized agri-food systems and drives nutrition transitions toward
a Western diet [34]. There is an established conceptual framework
linking trade liberalization/openness to health outcomes, which
points to a resultant increase in the availability of highly processed,
energy-dense, nutrient-poor foods among developing countries
[35]. An assessment of the impact of trade liberalization between the
United States and Mexico on obesity following the signing of the
North American Free Trade Agreement found that Mexico imports
more corn, soybeans, sugar, snack foods, andmeat products from the
United States [36]. As well, the Mexican food system increasingly
resembles the industrialized U.S. food system as a consequence of
the intensified U.S. agribusiness investment in Mexico's food supply
chain from production and processing to distribution and retail [36].
Neuman et al. [37] conducted a cross-sectional study that assessed
national income and trade openness in associationwith bodyweight
status among populations in 38 developing countries. A recently
developed theoretical trade model suggests international trade and
other globalization factors produce a negative health externality (i.e.,
obesity) in the importing country [38]. Research based on thismodel
evaluated the influence of trade openness and overweight/obesity
prevalence across the 26 Brazilian states plus the Federal District
during 1988e2008 [39].

Building on previous research, this study aimed to examine the
relationship between trade openness and the global obesity
epidemic. We hypothesized that trade openness would be posi-
tively correlated with country obesity rate. The study contributes to
the relevant literature from the following aspects. First, the study
period spans the past 42 years during which the obesity epidemic
rose and spread worldwide, providing a longitudinal design that
tracked the trajectory of trade openness and the obesity epidemic
over time. Second, the study covered 175 countries worldwide,
which enabled a large number of subgroup analyses to reveal the
potential heterogeneous influences of trade openness on obesity
across geographical regions, income levels, and stages of economic
growth. Finally, the study adopted a two-way fixed effects identi-
fication approach (i.e., country and year fixed effects), which
eliminates potential confounding bias from time-invariant country-
specific differences as well as the global trends in trade openness
and obesity prevalence.

Methods

Data

Data on annual country-specific age- and sex-standardized
adult obesity prevalence from 1975 to 2016 were retrieved from
the Global Health Observatory of the World Health Organization
(WHO) [40]. Data on annual country-specific openness index, gross
domestic product (GDP) per capita, total population, and percent-
age of rural over total population from 1975 to 2016 were retrieved
from the World Development Indicators of the World Bank (WB)
[41]. The openness index is defined as the sum of export and import
over GDP. GDP across years and countries was converted to con-
stant 2016 $US.

A total of 175 countries had relevant data and thus were
included in the statistical analyses, but the data are unbalanced as
missing variable values are present for certain countries and years.
Across a total of 7350 country years, 6366 or approximately 87% of
the observations with complete values for all variables of interest
(i.e., adult obesity prevalence, the openness index, GDP per capita,
total population, and percentage of rural over total population)
were included in the statistical analyses.

Statistical analyses

Country fixed effects regressions were performed to estimate
the longitudinal relationship between trade openness and adult
obesity during 1975e2016. Country fixed effects regressions
exclusively used within-country variations in the degree of trade
openness across the 42-year study period to examine its impact on
the evolution of the obesity epidemic and therefore eliminated
potential confounding bias resulted from time-invariant between-
country differences in characteristics, such as geographical location
or political regime. The dependent variable is log-transformed
adult obesity prevalence. The primary independent variable is
log-transformed openness index. Adjusted covariates include log-
transformed GDP per capita, total population, and percentage of
rural over total population, and year fixed effects (a total of 41
categorical variables for each year from 1976 to 2016, with the year
1975 as the reference group). The year fixed effects controlled for
the global temporal trends of the obesity epidemic that were
shared across countries.

Country fixed effects regressions were performed on the overall
sample of 175 countries, and subsamples stratified by continent
(i.e., Africa, Asia, Europe, Oceania, North America, and South
America), income level (i.e., low-income, lower middle-income,
upper middle-income, and high-income countries), and Organiza-
tion for Economic Co-operation and Development (OECD) mem-
bership status (i.e., OECD countries and nonOECD countries).
Countries’ income level and OECD membership status were based
on the 2016 WB classifications.

Regression coefficient interpretation

We took natural logarithm for both the dependent variable and
the independent variables in the country fixed effects regressions.
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Therefore, a regression coefficient can be interpreted as the per-
centage change of the dependent variable in response to a unit
percentage change of the independent variable. More specifically,
an estimated coefficient of b denotes that a 10% increase in the
independent variable (e.g., the openness index) is associated with a
change of the dependent variable (i.e., adult obesity prevalence) by
(1.10b�1) � 100%.
Fig. 2. Relationship between the openness index and obesity rate, 1975e2016. Notes:
The line was fitted using a nonparametric locally weighted regression.
Sensitivity analyses

A set of sensitivity analyses was conducted to assess the
robustness of findings across model and covariate specifications. In
particular, we added the natural logarithms of the following
county- and year-specific variables into the regressions: demeaned
GDP per capita squared (to prevent multicollinearity with GDP per
capita), life expectancy (retrieved from the WHO Global Health
Observatory) [40], under-five mortality rate (retrieved from the
United Nations Inter-agency Group for Child Mortality Estimation)
[42], and years of schooling (retrieved from the Barro-Lee Educa-
tional Attainment Dataset) [43]. Because of the substantial missing
values (22%) in life expectancy, mortality rate, and years of
schooling, merely 137 of the 175 countries were retained in the
analyses.
Results

Figure 1 shows the time trends of the openness index and global
obesity rate from 1975 to 2016. The global average adult obesity
prevalence steadily increased from 5% in 1975 to 19% in 2016, with a
42-year average of 12%. The openness index steadily increased from
63% in 1975 to 92% in 2008, underwent a moderate decline after-
ward but reached 93% in 2012, and then gradually decreased to 85%
in 2016, with a 42-year average of 80%.

Figure 2 shows the relationship between the openness index
and obesity rate during 1975e2016 in a scatterplot. To facilitate
visualization, a line was fitted using a nonparametric locally
weighted regression. A positive association between the openness
index and obesity rate was observed.

Table 1 reports modeling results from the country fixed effects
regression. The log-transformed openness index was found to be
positively associated with the log-transformed adult obesity prev-
alence. A 10% increase in the openness index was associated with
an increase in adult obesity prevalence by 0.80% (95% confidence
interval, 0.67%e0.94%). In addition, the log-transformed GDP per
capita, percentage of rural over total population, and total
Fig. 1. Time trends of the openness index and global obesity rate, 1975e2016.
population were found to be positively associated with log-
transformed adult obesity prevalence. A monotonically increasing
temporal trend of the global adult obesity prevalence was indicated
by the estimated coefficients of the year fixed effects.

Table 2 reports the modeling results from subgroup analyses.
Across continents, the positive relationship between the openness
index and adult obesity prevalence was strongest among countries
in Asiada 10% increase in the openness index was associated with
an increase in adult obesity prevalence by 1.44%. A similar but less
strong relationship was identified among countries in North
America and Africada 10% increase in the openness index was
associated with an increase in adult obesity prevalence by 0.41%
and 0.21%, respectively. In contrast, no relationship between the
openness index and adult obesity prevalence was identified among
countries in Europe and Oceania. Moreover, a negative relationship
between the openness index and adult obesity prevalence was
identified among countries in South Americada 10% increase in the
openness index was associated with a decrease in adult obesity
prevalence by 0.51%. Across income levels, the positive relationship
between the openness index and adult obesity prevalence was
strongest among lower middle-income countries, followed by up-
per middle-income countries and low-income countriesda 10%
increase in the openness index was associated with an increase in
adult obesity prevalence by 0.88%, 0.57%, and 0.42% among lower
middle-income, upper middle-income, and low-income countries,
respectively. In contrast, no relationship between the openness
index and adult obesity prevalence was identified among high-
income countries. Adult obesity prevalence in relation to the
openness index were identified among both OECD and non-OECD
countries, although the effect tended to be larger among the
latterda 10% increase in the openness indexwas associatedwith an
increase in adult obesity prevalence by 1.03% among non-OECD
countries and 0.44% among OECD countries.

Regression estimates from the sensitivity analyses based on the
137 countries were fairly comparable to those based on the main
analyses using the full sample of 175 countries. A 10% increase in
the openness indexwas associatedwith an increase in adult obesity
prevalence by 0.76% (95% confidence interval, 0.63%e0.90%). In
addition, a 10% increase in the openness index was associated with
an increase in adult obesity prevalence by 0.82% (P < .001), 0.75%
(P < .001), and 0.11% (P > .05) among lower middle-income, upper
middle-income, and low-income countries, respectively. Finally, a
10% increase in the openness index was associated with an increase
in adult obesity prevalence by 0.93% (P < .001) among non-OECD
countries and 0.10% (P > .05) among OECD countries.



Table 1
Results from country fixed effects regression

Independent variable Natural logarithm of adult obesity
prevalence, coefficient (95% CI)

Natural logarithm of openness index 0.084y (0.070, 0.098)
Natural logarithm of GDP per capita 0.046y (0.035, 0.057)
Natural logarithm of percentage

of rural over total population
0.110y (0.078, 0.142)

Natural logarithm of total population 0.651y (0.620, 0.682)
Year fixed effects
1975 Reference
1976 0.041* (0.002, 0.080)
1977 0.070y (0.031, 0.110)
1978 0.096y (0.057, 0.135)
1979 0.120y (0.081, 0.159)
1980 0.136y (0.098, 0.175)
1981 0.167y (0.128, 0.206)
1982 0.210y (0.171, 0.249)
1983 0.243y (0.204, 0.282)
1984 0.276y (0.237, 0.315)
1985 0.309y (0.270, 0.348)
1986 0.339y (0.300, 0.378)
1987 0.364y (0.324, 0.404)
1988 0.390y (0.350, 0.430)
1989 0.421y (0.381, 0.461)
1990 0.458y (0.418, 0.498)
1991 0.490y (0.450, 0.529)
1992 0.514y (0.474, 0.554)
1993 0.541y (0.501, 0.582)
1994 0.570y (0.530, 0.610)
1995 0.594y (0.553, 0.635)
1996 0.619y (0.578, 0.660)
1997 0.644y (0.603, 0.686)
1998 0.673y (0.631, 0.714)
1999 0.699y (0.657, 0.740)
2000 0.715y (0.673, 0.757)
2001 0.743y (0.701, 0.785)
2002 0.765y (0.722, 0.807)
2003 0.783y (0.740, 0.827)
2004 0.798y (0.754, 0.842)
2005 0.813y (0.768, 0.858)
2006 0.830y (0.784, 0.876)
2007 0.846y (0.799, 0.893)
2008 0.863y (0.815, 0.912)
2009 0.898y (0.850, 0.946)
2010 0.913y (0.865, 0.962)
2011 0.926y (0.876, 0.976)
2012 0.943y (0.893, 0.994)
2013 0.964y (0.913, 1.015)
2014 0.986y (0.934, 1.037)
2015 1.021y (0.970, 1.072)
2016 1.047y (0.995, 1.098)

* .01 � P < .05.
y P < .001.

Table 2
Results from subgroup regression analyses

Dependent variable: natural
logarithm of adult obesity
prevalence

Independent variable: natural
logarithm of openness index,
coefficient (95% CI)

All (country ¼ 175) 0.084* (0.070, 0.098)
Africa (country ¼ 48) 0.022y (0.003, 0.042)
Asia (country ¼ 41) 0.150* (0.124, 0.176)
Europe (country ¼ 41) �0.006 (�0.026, 0.015)
Oceania (country ¼ 10) �0.032 (�0.070, 0.006)
North America (country ¼ 23) 0.043* (0.021, 0.067)
South America (country ¼ 12) �0.054* (�0.084, �0.024)
Low-income economies (country ¼ 26) 0.044* (0.025, 0.062)
Lower middle-income economies (country ¼ 48) 0.092* (0.071, 0.113)
Upper middle-income economies (country ¼ 50) 0.060* (0.038, 0.081)
High-income economies (country ¼ 51) �0.026 (�0.054, 0.002)
Non-OECD countries (country ¼ 139) 0.107* (0.092, 0.122)
OECD countries (country ¼ 36) 0.046z (0.019, 0.071)

Country categorizations by income level and OECD membership status were based
on the World Bank 2016 classifications. Country fixed effects regressions were
performed, controlling for the natural logarithm of openness index, natural loga-
rithm of GDP per capita, natural logarithm of percentage of rural over total popu-
lation, natural logarithm of total population, and year fixed effects (1975e2016).

* P < .001.
y .01 � P < .05.
z .001 � P < .01.

R. An et al. / Annals of Epidemiology 37 (2019) 31e3634
Discussion

This study assessed the longitudinal relationship between trade
openness and obesity prevalence across 175 countries over the past
42 years from 1975 to 2016, usingWB andWHO country-level data.
The openness index, defined as the sum of export and import over
GDP, was found to be positively associated with country adult
obesity prevalence. In addition, the influence of trade openness on
obesity tended to concentrate among developing countries and
countries that traditionally adopted a non-Western diet. These
findings were in line with Miljkovic et al.'s theoretical trade model
in which international trade introduces a larger negative health
externality, namely obesity, to an importing country that is more
“predisposed to it by a given set of living and/or working
conditions.”[38]

This study confirmed some but not all findings documented in
previous research. Vogli et al. [44] found economic globalization to
be positively associated with mean body mass index (BMI) across
127 countries. Goryakin et al. [45] examined the impact of eco-
nomic globalization on overweight/obesity among 56 low- and
middle-income countries. A composite globalization index was
found to be associated with individuals' overweight/obesity risk
[45]. Neuman et al. [37] reported that foreign direct investment was
positively associated with BMI, whereas the tariff rate was nega-
tively associated with BMI among poor and rural residents in low-
and middle-income countries. Similarly, we found the strongest
positive association between trade openness and obesity preva-
lence was among lower-middle income countries, whereas no as-
sociation was identified in high-income countries. One study
indicated that trade liberalization in Central American countries
over the past two decades contributed to the rising obesity rate
through facilitating the nutrition transition toward a Western diet
[46]. In contrast, a more recent investigation examining different
types of globalization in relation to diet and obesity across 15e23
countries suggests that social globalization, instead of economic or
political globalization, is a robust predictor for elevated obesity rate
and increased energy/fat intake [47]. Perhaps surprisingly, this
study identified a negative relationship between trade openness
and adult obesity risk among countries in South America. This
finding appears to contradict Miljkovic et al. [39], which docu-
mented an increase in overweight/obesity rate in response to trade
liberalization across states in Brazil. It is possible that the rise in
obesity rate among countries in South America was primarily
fueled by its rapid urbanization instead of trade liberalization,
especially considering their deep-rooted protectionism and import
substitution industrialization [48]. Currently, approximately, 80% of
the region's population lives in cities, making Latin America the
world's most urbanized region [49].

Several limitations of this study should be noted. Trade open-
ness could serve as a measure of the presumed consequences of
trade liberalization but may not fully capture trade policy. Trade
openness can also vary as a consequence of other economic and
sociopolitical factors, such as technology and a country's political
regime. Therefore, a test of the impact of trade openness cannot be
taken as a test of the impact of trade liberalization on the obesity
epidemic. Arguably, the openness index is a rather crude measure
of trade openness, pertaining to diet and other weight-related
health behaviors/outcomes. A more detailed product-level
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analysis (e.g., import and export of calorie-dense foods and bev-
erages) could be a more sensible choice, but relevant data are
limited. TheWHO data on annual country obesity rate were subject
to measurement error, and its validity/accuracy could vary by
country and region. Because of the exclusive use of country-level
aggregate data, study findings are subject to ecological fallacy
[50]. There is a possibility of discrepancy in the relationship be-
tween economic globalization and obesity at the individual level
versus the country level. Country fixed effects regression elimi-
nated confounding bias from factors that remained constant
within-country across the study period (e.g., geographical location)
but could not control for time-variant unobservable factors (e.g.,
popular culture and fashion). This study adopted an observational
study design. Several important variables that might be correlated
with economic globalization and obesity were not included in the
regression analyses because of data unavailability and/or substan-
tial incompleteness, such as malnutrition and food security, phys-
ical activity and sedentary behavior, social/cultural conservatism,
and social norms concerning physical fitness and body shape/size.
In the sensitivity analyses, we added a few variables including GDP
per capita squared, life expectancy, under-five mortality rate, and
years of schooling. These inclusions reduced the effective sample
size by over one-fifth because of variable missing values. We also
considered the possibility of adding an indicator for country de-
mocracy (retrieved from the Center for Systemic Peace) [51], but
eventually we had to exclude that variable because of its very large
missing proportion (62%).

Findings of this study suggest that policy makers and stake-
holders in developing countries may need to pay attention to the
negative health externalities such as obesity introduced by eco-
nomic globalization and find ways to effectively alleviate the
problem. In recent years, various policy interventions that aim to
combat the obesity epidemic have been tested and/or launched at
local or national scale in the United States and other developed
countries, such as junk food and soda tax [52], subsidy for healthy
food purchase [53], and menu labeling [54]. Some of these policies
have also been adopted by developing countries. Evidence on the
effectiveness of these policies starts to accumulate, although it re-
mains preliminary to date. A recent evaluation of the impact of
excise tax on sugar-sweetened beverage consumption in Berkeley,
California, which became the first U.S. jurisdiction to implement
soda tax ($0.01/oz) in March 2015, provides encouraging data [55].
For example, consumption rates of sugar-sweetened beverages
under the newly imposed soda tax decreased by 21% in Berkeley
but increased by 4% in comparison cities without a similar tax [56].
The Mexican government made similar policy changes by imple-
menting an 8% tax on nonessential foods with energy density of
275 kcal or greater per 100 g in January 2014 [56]. Household
purchases of taxed foods declined by 5.1% in the first year after
implementation [56]. Although menu labeling has not been found
to noticeably modify people's diet behavior or reduce energy
intake, it holds the potential to motivate the restaurant industry to
reformulate products so that they contain less calories and offer
more nutritious options [54]. In sum, policy makers in developing
countries should closely monitor the changing obesity prevalence
in the population during the era of trade liberalization and nutri-
tion transition and consider designing and implementing custom-
ized policies to help people maintain a healthy weight.

Conclusion

This study assessed the longitudinal relationship between trade
openness and obesity prevalence across 175 countries during
1975e2016. Trade openness was found to be positively associated
with country obesity prevalence, and its influence tended to
concentrate among developing nations. Policy makers in those
countries should closely monitor the evolution in obesity rate
during trade liberalization and nutrition transition to minimize its
negative impact on weight-related population health. Future
studies combining country- and individual-level data with
comprehensive measures on the potential correlates of trade
openness and weight outcomes are warranted to advance research
in this field.
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