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Understanding the public health implication of fiscal policies is crucial to combat recently increasing
overweight and obesity rates in many low-and-middle income countries (LMICs). This study
examines the implication of food policies, mainly tariff rates on “unhealthy” foods, including sugar
and confectionery products as well as fats and oils, and governments’ subsidies on individuals’
body weight outcomes. We compile several macro- and micro-level datasets that provide for
several LMICs macro-level information on food policies and micro-level anthropometric data. We
exploit temporal dynamics in tariff rates on “unhealthy” foods and governments’ spending on
subsidies to estimate fixed effects models characterizing the evolution of body weight outcomes.
We find that temporal dynamics in tariff rates on unhealthy and energy-dense foods are
significantly and negatively associated with body weight. Conditional on several observable and
time-invariant unobservable factors, a decrease in tariff rates on sugar and confectionary foods or
fats and oils is associated with an increase in overweight and obesity rates. On the other hand, an
increase in subsidy rates, as a share of government expenditure, is significantly associated with
higher overweight and obesity rates. Interestingly, we find that the implications of these food
policies are more pronounced among poorer individuals. This is intuitive because relatively poorer
households are more likely to spend a larger share of their income on food consumption or
unhealthy foods, and these types of households are beneficiaries of government subsidies in many
LMICs. These findings have important implications for informing public health policies in LMICs,
which are experiencing an unprecedented rise in overweight and obesity rates.

Keywords: Food policies, fiscal policies, trade policies, subsidies, body mass index,
nutrition transition, overweight, obesity.

JEL classification: Q18, Q17, F13, H24, 112.



Global overweight and obesity rates have almost tripled since 1975 and annually account for
about 4 million deaths (Shekar and Popkin 2020). Predictions suggest that these rates are
expected to further increase in the next few decades (Ng et al. 2014; Kilpi et al. 2014; NCD-
RisC 2017). These increases in overweight and obesity rates are relatively higher in low-
and-middle income countries (LMIC), while these trends have been slowing down in high-
income countries (Ng et al. 2014; Shekar and Popkin 2020). For instance, about 70 percent
of the globally overweight or obese people — nearly 2 billion people — live in LMICs (Shekar
and Popkin 2020). High overweight and obesity rates are strongly linked to a high
prevalence of non-communicable diseases (NCDs), which are now among the leading
causes of death in many regions of the world (Shekar and Popkin 2020). The prevalence of
NCDs has increased sharply in many LMICs in the last few decades, while declining
somewhat in high-income countries (Miranda et al. 2019). The overall annual cost of
overweight and obesity in LMICs is projected to reach about USD 7 trillion in the next 15
years (Shekar and Popkin 2020).

Several explanations account for the increasing overweight and obesity rates in many
LMICs, including the nutrition transition seen in many parts of the world, which led to a shift
to more processed and energy-dense foods (Popkin 1999; Popkin 2003; Harpham et al.
2003; Monda et al. 2007). Furthermore, many LMICs are going through some form of
demographic transition, including significant levels of urbanization. These processes involve
a transition in lifestyle as people shift to more sedentary livelihoods with limited physical
activity (Popkin, Adair, and Ng 2012; Popkin and Du 2003; Popkin 2003; Traill et al. 2014;
Popkin 1999; Harpham et al. 2003; Monda et al. 2007; Abay and Amare 2018). Such
nutrition and demographic transitions are commonly associated with unhealthy weight gains.

Despite a lack of rigorous empirical evidence, domestic food policies and trade policies
may also contribute to nutritional transitions and associated body weight outcomes.
International trade can instrumentally shape food systems and influence dietary patterns in
ways that can increase overweight and obesity rates. Globalization and associated food
trade can affect the demand and supply of food in local food markets (Costa-Font and Mas
2016). Various trade policies, including trade liberalization, in Central America and the
Pacific region are shown to have increased food imports and food availability (Thow and
Hawkes 2009; Thow et al. 2011). Trade policies, including tariff rates and taxes, can also
influence food systems and, hence, serve as instruments to address public health concerns.
For instance, governments can use tariff rates to discourage “unhealthy” foods or to promote
heathy foods (Hawkes et al. 2012; WHO 2015; Thow et al. 2018; Donaldson 2015; Baker et
al. 2018; Allcot et al. 2019; Alsukait et al. 2020).

Similarly, the domestic food policies of governments, including direct food subsidies and
agricultural input subsidies, can influence local diets and consumption patterns. Many LMICs
have food subsidy or agricultural input subsidy programs which may affect the production,
processing, and retailing of specific foods. Most food subsidy programs in LMICs target
basic food items, including wheat, rice, maize, sugar, and cooking oil, while agricultural input
subsidy programs usually support the production of specific strategic crops, mainly cereals.
Theoretically, these policies can reduce the relative price of such food items, encouraging
people to overconsume subsidized energy-dense food items while discouraging
consumption of relatively more expensive nutrient-rich healthy foods. However, empirical



evidence on the implication of these fiscal policies and trade regimes on nutritional outcomes
remains scarce. This paper aims to fill this gap by combining individual-level anthropometric
data with macroeconomic indicators of fiscal policies.

This paper examines the implication of alternative trade and fiscal policies, mainly tariff
rates on foods and government subsidies, on overweight and obesity rates in LMICs. Due to
the strong linkage between consumption of energy-dense foods and body weight, we focus
on tariff rates on unhealthy foods: sugars and confectionary items and fats and oils.
Similarly, to capture the subsidy dimension of a government’s domestic food policies, we
employ the share of government expenditure on subsidies, including food and agricultural
inputs subsidies as well as subsidies to other sectors.

In addition to quantifying the overall implication of these fiscal policies, we also examine
potentially heterogenous responses across wealth quintiles. We hypothesize that poor and
rich households may have varying degrees of exposure to these policies. For instance,
poorer households are usually more price-sensitive to changes in food prices. Furthermore,
healthy foods are relatively more expensive than unhealthy foods (Headey and Alderman
2019; Hirvonen et al. 2020), suggesting poorer households are more likely to consume
cheaper and unhealthy foods. In many LMICs, food subsidies target poorer households,
implying that any change in government spending on food and agricultural subsidies can
disproportionally affect poorer households.

We merge macro-and micro-level data for several LMICs across several years. We
employ two sources of macro data. We use the World Trade Organization (WTO) database
to extract tariff rates for several food products and the World Development Indicators (WDI)
database from the World Bank for extracting the share of governments’ expenditure on
subsidies. The micro-level data we employ come from the Demographic and Health Survey
(DHS) program, which provides anthropometric information covering many LMICs.
Compiling these various macro- and micro-level datasets helps to address this under-
researched agenda — the implication and potential of fiscal policies to explain and address
rising overweight and obesity rates. We exploit temporal dynamics in fiscal policies to
estimate alternative fixed effects models to examine potential dynamics of tariff rates for
unhealthy foods on body weight outcomes. We, thus, examine whether the general decline
in tariff rates for unhealthy foods, commonly attributable to countries’ accession to global and
regional trade agreement, is associated with changes in overweight and obesity rates.

We find that temporal dynamics in such fiscally-oriented food policies are significantly
associated with changes in body weight outcomes. A reduction in tariff rates on unhealthy
foods is significantly associated with higher body weights and higher overweight and obesity
rates. Countries experiencing a reduction in tariff rates on unhealthy foods are more likely to
witness an increase in overweight and obesity rates. We also find that an increase in
government expenditure on subsidies as a share of total government expenditure also is
significantly associated with an increase in overweight and obesity rates. Interestingly, we
find that the implications of these food policies are more pronounced among poorer
individuals. This is intuitive because relatively poorer households are more likely to respond
to changes in food prices than are richer households and poorer households are more likely
than wealthier households to be beneficiaries of government subsidies in many LMICs.

Our findings have important implications for informing global and domestic public health
policies to address the increasing obesity rates and their associated NCDs burden in many
LMICs. The strong linkage between trade policies and body weight suggests that these



policies can be powerful instruments to combat obesity and associated NCDs. Recognition
of this association has lately been getting some traction among policy makers. For example,
the World Health Organization (WHO) recently highlighted that fiscal policies, such as taxes
and subsidies, can be effective instruments to prevent NCDs (WHO 2015). Our findings
contribute to this evolving debate on the role that fiscal policies and similar macro-level
instruments might play in combatting obesity and associated NCDs (WHO 2015; Thow et al.
2018). Similarly, policy makers and economists are arguing for inclusion of health costs into
the cost-benefit analysis for new trade agreements (UNDP 2013). The heterogenous
implication of fiscal policies that we document in this study sheds new light on how fiscal
policies, such as increases in taxes and subsidies, may have differential impact on various
groups within societies.

Fiscal policies, including trade and domestic government policies, have the potential to
shape global food systems and influence the domestic food environment through their
effects on food production, processing, and distribution.

2.1 Trade policies

The last few decades have seen major trade policy changes in many LMICs, including trade
liberalization with accession to WTO and participation in other major trade agreements.
Trade policies can affect domestic food environments and global food systems through
several direct and indirect channels. First, trade policies, including easing trade barriers and
reducing tariff rates, can increase food imports, which in turn can affect the domestic food
environment by increasing the availability and affordability of various foods. Trade
liberalization is shown to increase local food production and exports, while also being
associated with increased consumption of unhealthy foods and sugary drinks (Friel et al.
2013; Snowdon and Thow 2013; Schram et al. 2015; Baker et al. 2016; Hawkes et al.
2012).1

Second, efforts to ease trade barriers may encourage flows of foreign direct investment
(FDI), including investment in food processing industries and supermarket chains, which can
increase domestic production of processed food. As trade and foreign investment barriers
are reduced; emerging economies become more import-dependent and increasingly
attractive to FDI in their food processing sector and in food marketing, particularly
supermarkets (Hawkes 2005; Shankar 2017). Trade liberalization policies are commonly
associated with flourishing of food processing industries (Hawkes 2006). Trade liberalization
in many LMICs is also transforming local food retail sectors by introducing large supermarket
chains, which may result in the substitution of components of traditional diets with cheaper
imported foods (Blouin et al. 2009).

Third, trade policies can influence the relative prices of foods, which can affect
consumers’ food choices, dietary preferences, and consumption patterns (Shankar 2017).
Trade openness encourages transnational food corporations to enter local food-processing
chains, leading to increased supply and reduced retail prices of processed foods and soft
drinks (Friel et al. 2013). Similarly, a reduction in tariff rates on unhealthy foods reduces the

1 Other recent studies show that trade liberalization and associated trade openness increases dietary diversity (Krivonos and
Kuhn 2019).



relative prices of these foods relative to healthy foods traditionally consumed and
encourages the consumption of the cheaper unhealthy foods. The implication and size of
such substitution effects depend on the availability of other substitutes in local markets as
well as the marginal differences in prices across these products.

Fourth, trade policies can directly or indirectly influence consumers’ income and
purchasing power as well as their distribution across households. For instance, a country’s
Increasing trade may trigger economic growth in a country that can increase individuals’
demand for food (Shankar 2017). A reduction in tariff rates on specific foods imply improved
purchasing power, an income effect that can affect consumption of both healthy and
unhealthy foods.

The effect of fiscal policies, such as tariff rates and subsidies, are likely to vary across
groups in societies. For instance, tariffs and taxes on unhealthy foods are more likely to have
a greater effect on those who consume these foods — more likely poorer households, since
healthier foods are more expensive (Headey and Alderman 2019). Furthermore, poorer
households devote a larger share of their income on food than richer households. Thus, an
increase in tariff rates on unhealthy foods may have differential impact between poor and
rich households. Changes in tariff rates for such foods are more likely to affect nutritional
outcomes in poorer households than in richer households.

2.2 Domestic food policies

Governments’ agricultural input and food subsidies can also influence domestic food
systems. Many LMICs provide agricultural input subsidies and market-related support for
farmers. Such policies involve provisions of modern inputs, such as fertilizers, irrigation
technologies, and extension services, as well as price guarantees. Most input subsidy
programs target specific staple food items and are largely driven by farmer support programs
(Barrett 2002). These agricultural policies can affect food environments in two important
ways. First, agricultural input subsidies in LMICs encourage the production of a few staple
cereals, which can increase the productivity of these specific crops and their availability in
local food markets. These subsidies could induce overproduction of specific types of cereals
with potential implications on the composition of domestic diets. Second, apart from
increasing the production and availability of subsidized food items, agricultural input
subsidies and market-related support can make specific foods cheaper for consumers and
food-processing industries, further affecting consumers’ preferences as well as the quality of
foods in the market (Hawkes et al. 2012). Research on the political economy of agricultural
input subsidies and food assistance programs shows that such programs generally are
ineffective due to inefficiencies and targeting problems (Barrett 2002).

Direct food subsidies are also common policy instruments in many LMICs. Such
consumer subsidy programs target staple food items, including wheat, sugar, and cooking
oil. These programs are meant to ensure food security and stabilize the price of frequently
purchased food items. In some LMICs, food subsidy programs cost governments a
substantial share of their budgets. For instance, the cost of Egypt’s food subsidy program
amounts to about 2 percent of national GDP and between 5 and 6 percent of annual
government expenditure (Abdalla and Al-Shawarby 2018). Food subsidy programs affect
consumers’ diets through income and substitution effects (Timmer et al. 1983). First,
subsidizing certain food items increases consumers’ real income and purchasing power,
which can increase demand for both subsidized and nonsubsidized food. Second,
subsidized food items increase the relative price of nonsubsidized foods, encouraging the



substitution of the latter with the former. If food subsidy programs are not nutrition-sensitive,
this substitution may have important adverse implications on the composition of diets and
the health outcomes of individuals. The overall effect of food subsidies in addressing their
objectives remains questionable (Asfaw 2007; Jensen and Miller 2011; Ecker et al. 2016).
Furthermore, most of these programs are criticized for their inefficiencies and targeting
problems (Lofgren and El-Said 2001; Kochar 2005; Alderman, Gentilini, and Yemtsov 2018).

Despite these theoretically intuitive linkages between alternative food policies and
nutritional outcomes, direct evidence on the implication of trade policies and overweight and
obesity rates remains scarce. Furthermore, some of these trade policies have
multidimensional objectives and effects, which may ambiguously affect nutritional outcomes
(Hawkes, Chopra, and Friel 2009; Krivonos and Kuhn 2019). Empirical identification of the
overall effect of trade and food policies can inform and help governments design adequate
nutrition-sensitive fiscal policies. Uncovering potential heterogenous impacts of such fiscal
policies can also inform the targeting and effectiveness of these policies.

Datasets providing detailed information on both trade policies, particularly trade in food, and
health outcomes of individuals are scant. To address this limitation, we combine macro-level
and micro-level data sources. We employ two sources of macro data: the WTO database for
tariff rates for several products and countries, and the WDI database from the World Bank
for the share of governments’ expenditure on subsidies. The WTO database provides
information on applied tariff rates by commaodity for the period between 2005 and 2017. The
WDI database also provides information on macroeconomic indicators, including GDP per
capita. The tariff rates we employ in this study represent simple-average applied ad valorem
(or ad valorem equivalents of non-ad valorem) duty rates to “most favored nations” for about
22 product groups. As unhealthy foods are strongly linked with obesity rates, we are
interested in examining the implication of tariff rates on the domestic consumption of
unhealthy foods. We thus employ tariff rates on sugars and confectionary products and on
fats and oils. We also generate an aggregate food tariff rate variable that is a simple average
of tariffs applied across several food categories: animal foods, cereals, dairy products, fish,
fruits and vegetables, fats and oils, and sugars and confectionary products.

The micro-level data we employ come from the Demographic and Health Survey (DHS)
program, which provides anthropometric information covering many LMICs. The DHS data
are collected using relatively comparable methods across countries and time, providing
detailed anthropometric information for children and adults. However, the DHS program
mainly focuses on women and children, for which reason we focus our analysis on women.

Merging these three sources of data allows us to examine the implication and potential of
fiscal policies to address rising overweight and obesity rates in LMICs. However, neither the
WTO database nor the DHS program covers all LMICs in the world. Out of the LMICs
countries covered by the DHS program, 31 countries have complete information on tariff
rates for several food products and on government share of expenditure on subsidies This
gives us a sample from the DHS of about 600,000 women surveyed in the years 2005 to
2016.2

2 We exclude pregnant women to preclude the effect of pregnancy on body weight.



Table 1 provides summary statistics and the sources of data used in our analysis. These
data are pooled across countries and years. We follow WHO guidelines to classify and
define overweight and obesity levels — a woman is classified as obese if her BMI is 30 kg/m?
or above, while women with a BMI of 25 kg/m? or more, which includes individuals with BMI
greater than 30 kg/m?, are overweight. Appendix Table Al provides a list of the countries
examined with their average BMI for women and their tariff rates for unhealthy foods.

Table 1: Summary statistics for the analytical sample, by data source

Standard
Mean deviation
Demographic and Health Surveys
BMI, kg/m2 24.39 5.21
Overweight, 0/1 0.37 0.48
Obese, 0/1 0.14 0.34
Education: llliterate, 0/1 0.22 0.42
Primary education, 0/1 0.26 0.44
Secondary education, 0/1 0.23 0.42
Tertiary education, 0/1 0.28 0.45
Woman has a child, 0/1 0.74 0.44
Wealth: Poorest wealth quintile 0.19 0.39
Poorer wealth quintile 0.20 0.40
Middle wealth quintile 0.20 0.40
Richer wealth quintile 0.20 0.40
Richest wealth quintile 0.20 0.40
Rural household, 0/1 0.54 0.50
World Trade Organization
Tariff rate on sugar and confectionary foods, average, % 13.2 6.71
Tariff rate on fats and oils, average, % 9.8 4.66
Tariff rate on food items, average, % 14.8 5.91
World Development Indicators
Expenditure on subsidies, as share of total government expenditure, % 32.1 13.01
GDP per capita, constant 2010 US$ 2,690 1,983.0
Number of countries 31
Number of women 598,209
Time period 2005 to 2016 (12 years)

Source: Compiled by authors.

In terms of trade policies, tariff rates on sugars and confectionery products across
countries and years amount to over 13 percent on average, while the corresponding rate for
fats and oils averages 10 percent. The overall average tariff rate on all food items is
15 percent. Figure 1 shows the evolution of tariff rates across time. Tariff rates have been
generally declining for all products, partly due to trade liberalization measures and countries
accession to international trade agreements, including accession to WTO (e.g., Krivonos and
Kuhn 2019). Most LMICs have recently joined international trade agreements, inducing
reduction in average tariff rates for all foods, including tariff rates on unhealthy foods.



Figure 1: Average tariff rates for selected food items in low and middle income
countries, 2005 to 2018
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Source: World Trade Organization (WTO) and authors’ own calculation

We extract data on governments’ spending on subsidies as a share of overall
government expenditure as well as other macro-level indicators, including per capita GDP (in
constant 2010 USD), from the WDI database. One limitation of our information on
governments’ spending on subsidies is that it not only covers food subsidies, but, rather,
subsidies in all sectors of the economy. The subsidy expenditure variable from the WDI
includes government spending on:

e subsidies on specific foods (staple food items) and nonfood commodities (e.g., fuel);
e subsidies on agricultural inputs (e.g., fertilizer subsidies);

e subsidies and grants for social services and social benefits; and

e subsidies and grants for developing marginalized regions (World Bank 2019).

Given this data limitation, the fact that we lack specific information on food subsidies can
affect our understanding of the relationship between food subsidies and body weight
outcomes. However, agricultural input and food subsidies remain major components of the
overall subsidy spending in many countries.

Figure 2 shows the evolution of government subsidies as share of government
expenditure for low-income (LIC) and middle income (MIC) countries separately. On
average, government’s expenditure on subsidies have been increasing in the last two
decades, despite significant variation in these trends across countries.



Figure 2: Average expenditure on subsidies as share of total government
expenditures in low and middle income countries, 2000 to 2017
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Estimating the relationship linkage between trade (food) policies or subsidy programs and
body weight outcomes can be confounded by several observable and unobservable factors.
For instance, countries with varying income levels and economic growth rates may have
systematically different trade policies or subsidy programs and nutritional outcomes.
Similarly, countries have varying cultural contexts, farming systems, levels of urbanization,
natural resources, and dietary patterns, all of which may affect the relationship between the
policies or subsidies and body weight outcomes. Finally, such policies or subsidies may also
endogenously respond to body weight outcomes, particularly if trade policies, e.g., tariff rates
are introduced as policy responses to public health concerns.

We, thus, need an approach that accounts for potential temporal and spatial variations
across countries. We apply an empirical approach that can capture both observable
individual characteristics and unobservable time-invariant differences across countries. The
following fixed effects model controls for time (years) and country fixed effects, along with
several other time-varying individual and country-specific characteristics. This approach
allows us to exploit the implication of potential dynamics in trade (food) policies on temporal
variations in nutritional (body weight) outcomes. More specifically, we estimate the following
equation:

Yiet = ac + B1TFer + BoXice + BoZer + ar + €jct (1)

Where Y., stands for body weight measures for a woman i in country ¢ and survey year
t. a. represents a vector of country fixed effects, which can control for any unobservable
time-invariant differences across countries, including cultural, geographic, and climate-
related factors that remain broadly constant over time. TF,; stands for measures and
indicators of trade and food policies or subsidies for each country and time period. We also
keep higher-order effects of trade and food policies whenever they appear statistically
relevant. X;., captures additional observable demographic and socioeconomic



characteristics of women, including education and wealth status.® Z., captures additional
time-varying characteristics of countries, including GDP per capita. a, captures time trends,
controlling for aggregate trends in the evolution of food systems or aggregate nutritional
transitions or related macroeconomic trends.

The empirical model specified in equation (1) exploits temporal variations in trade (food)
policies or subsidies to uncover their nutritional and public health implications. These fixed
effects specifications are immune to time-invariant cross-country differences. However, there
might still be some endogeneity problems arising from reverse causality, if trade policies or
subsidies respond to public health concerns. Furthermore, some trade policies may need
some time to influence domestic food systems and food environments. Overweight and
obesity rates are also cumulative outcomes of underlying drivers and causes. Thus, in our
robustness exercise we lag the key trade policy indicators and estimate a slightly different
variant of equation (1).

We estimate the empirical specification in equation (1) for each type of trade (food)
policy or subsidy indicator. As discussed in Section 2, we particularly examine the
implication of the following: (i) tariff rates on sugars and confectionary products, (ii) tariff
rates on fats and oils, (iii) tariff rates on foods, and (iv) government spending on subsidies as
a share of government expenditure. We rely on individual-level data from the DHS program,
which covers hundreds of women in each sampling unit (cluster) in each round. We thus
cluster standard errors at each sampling unit (cluster) in each round of the DHS in a
country.*

In this section we report and discuss the main results associated with equation (1). Tariff
rates on different unhealthy foods are strongly correlated among each other, thus, we
separately estimate equation (1) for each item. However, we incorporate the spending by
governments on subsidies in all of the estimations. Table 2 provides estimation results on
the relationship between tariff rates on sugars and confectionary products. Columns (1) to
(3) characterizes women’s BMI, while columns (4) to (6) and (7) to (9) model overweight and
obesity rates, respectively. For each body weight outcome, the first column models the
outcome as a function of countries’ trade and food policies, namely tariff rates on unhealthy
foods and share of government spending on subsidies, along with year and country fixed
effects. The next column extends this specification and adds demographic and
socioeconomic characteristics of the women in our DHS datasets, while the last column
controls for per capita real GDP, a time-varying macroeconomic characteristic.

8 We also include indicators for women’s age and for whether a woman has had a child. Whether a woman has had a child was
found to matter most for women'’s body weight. We opted to use this indicator instead of using age of women, which also
suffers from missing values in our data.

4 In our robustness exercises we cluster standard errors at country level for each DHS round. The standard errors remain
comparable.



Table 2: Average tariff rates on sugar and confectionery food items and body weight outcomes

BMI Overweight Obesity
(1) (2) ©) 4) ©) (6) (7) (8) (9)

Average tariff rates on sugar and -0.455*** -0.344%** -0.258*** -0.040%** -0.033*** -0.026*** -0.023*** -0.017%** -0.016***
confectionery food items, % (0.078) (0.062) (0.076) (0.006) (0.005) (0.006) (0.004) (0.004) (0.005)

Subsidies, % 1.638*** 1.180*** 0.9171%** 0.128*** 0.094*** 0.075*** 0.070*** 0.048*** 0.045%**
(0.199) (0.170) (0.221) (0.016) (0.014) (0.018) (0.012) (0.011) (0.016)

Subsidies (%) squared -0.034*** -0.025*** -0.017*** -0.003*** -0.002*** -0.001*** -0.001*** -0.001*** -0.001**
(0.004) (0.004) (0.005) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Woman has primary education, 0/1 0.580*** 0.581*** 0.050*** 0.050*** 0.017*** 0.017***
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)

Woman has secondary education, 0/1 0.113*** 0.113*** 0.009*** 0.009*** -0.008*** -0.008***
(0.024) (0.024) (0.002) (0.002) (0.002) (0.002)

Woman has tertiary education, 0/1 0.171%** 0.171%** 0.023*** 0.023*** -0.017*** -0.017***
(0.027) (0.027) (0.002) (0.002) (0.002) (0.002)

Woman has given birth, 0/1 2.620*** 2.620*** 0.234*** 0.234*** 0.107*** 0.107***
(0.015) (0.015) (0.002) (0.002) (0.001) (0.001)

Poorer wealth quintile, 0/1 0.695*** 0.695*** 0.059*** 0.059*** 0.032%** 0.032%**
(0.020) (0.020) (0.002) (0.002) (0.001) (0.001)

Middle wealth quintile, 0/1 1.206*** 1.206*** 0.099*** 0.099*** 0.057*** 0.057***
(0.023) (0.023) (0.002) (0.002) (0.001) (0.001)

Richer wealth quintile, 0/1 1.81 1% 1.812%* 0.151%** 0.151%** 0.082%** 0.082%**
(0.026) (0.026) (0.002) (0.002) (0.002) (0.002)

Richest wealth quintile, 0/1 2.752%** 2.753*** 0.229*** 0.229*** 0.122%** 0.122%**
(0.030) (0.030) (0.003) (0.003) (0.002) (0.002)

Rural household, 0/1 -0.396*** -0.396*** -0.038*** -0.038*** -0.026%** -0.026***
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)
Log per capita real GDP, 2010 US$ 3.551* 0.257* 0.050
(1.786) (0.154) (0.130)
R-squared 0.202 0.280 0.280 0.166 0.235 0.235 0.106 0.139 0.139

Number of observations 599,291 598,209 598,209 599,291 598,209 598,209 599,291 598,209 598,209

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. The base education outcome is no
education, while the base wealth quintile is the poorest wealth quintile. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 3: Average tariff rates on fats and oils and body weight outcomes

BMI Overweight Obesity
(1) (2) (3) (4) ©) ©) (7) (8) ©)

Average tariff rates on fats and oils, %  -0.539*** -0.415*** -0.320*** -0.047*** -0.039*** -0.033*** -0.027*** -0.021*** -0.020***
(0.092) (0.073) (0.094) (0.007) (0.006) (0.008) (0.005) (0.004) (0.006)

Subsidies, % 1.743%* 1.274%* 1.010%*** 0.137*** 0.103*** 0.085*** 0.075*** 0.052%** 0.051***
(0.215) (0.182) (0.248) (0.018) (0.015) (0.021) (0.013) (0.012) (0.017)

Subsidies (%) squared -0.039*** -0.029*** -0.021*** -0.003*** -0.002*** -0.002*** -0.002*** -0.001*** -0.001**
(0.005) (0.004) (0.006) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000)

Woman has primary education, 0/1 0.580*** 0.581*** 0.050*** 0.050*** 0.017**=* 0.017**=*
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)

Woman has secondary education, 0/1 0.113*** 0.113*** 0.009*** 0.009*** -0.008*** -0.008***
(0.024) (0.024) (0.002) (0.002) (0.002) (0.002)

Woman has tertiary education, 0/1 0.171%** 0.171%** 0.023*** 0.023*** -0.017*** -0.017***
(0.027) (0.027) (0.002) (0.002) (0.002) (0.002)

Woman has given birth, 0/1 2.620%** 2.620%** 0.234*** 0.234*** 0.107*** 0.107***
(0.015) (0.015) (0.002) (0.002) (0.001) (0.001)

Poorer wealth quintile, 0/1 0.695*** 0.695*** 0.059*** 0.059*** 0.032*** 0.032***
(0.020) (0.020) (0.002) (0.002) (0.001) (0.001)

Middle wealth quintile, 0/1 1.206*** 1.206*** 0.099*** 0.099*** 0.057*** 0.057***
(0.023) (0.023) (0.002) (0.002) (0.001) (0.001)

Richer wealth quintile, 0/1 1.81 1% 1.812%* 0.151*** 0.151*** 0.082%** 0.082%**
(0.026) (0.026) (0.002) (0.002) (0.002) (0.002)

Richest wealth quintile, 0/1 2.752%** 2.753*** 0.229*** 0.229*** 0.122%** 0.122%**
(0.030) (0.030) (0.003) (0.003) (0.002) (0.002)

Rural household, 0/1 -0.396*** -0.396*** -0.038*** -0.038*** -0.026*** -0.026***
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)
Log per capita real GDP, 2010 US$ 3.062 0.207 0.019
(1.872) (0.162) (0.137)
R-squared 0.202 0.280 0.280 0.166 0.235 0.235 0.106 0.139 0.139

Number of observations 599,291 598,209 598,209 599,291 598,209 598,209 599,291 598,209 598,209

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. The base education outcome is no
education, while the base wealth quintile is the poorest wealth quintile. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 4: Average (aggregate) tariff rates on foods and body weight outcomes

BMI Overweight Obesity
(1) (2) (3) (4) ©) ©) ) (8) (9)

Average tariff rates on foods, % -0.167*** -0.147** -0.277** -0.014*** -0.013*** -0.028*** -0.008*** -0.006*** -0.017***
(0.032) (0.026) (0.081) (0.003) (0.002) (0.007) (0.002) (0.002) (0.005)

Subsidies, % 1.150%*** 0.891*** 1.507%** 0.084*** 0.065*** 0.136*** 0.043*** 0.030*** 0.082%**
(0.139) (0.119) (0.389) (0.012) (0.010) (0.033) (0.008) (0.008) (0.027)

Subsidies (%) squared -0.024*** -0.020*** -0.038*** -0.002*** -0.001*** -0.004*** -0.001*** -0.001*** -0.002***
(0.003) (0.003) (0.011) (0.000) (0.000) (0.001) (0.000) (0.000) (0.001)

Woman has primary education, 0/1 0.581*** 0.581*** 0.050*** 0.050*** 0.017*** 0.017***
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)

Woman has secondary education, 0/1 0.113*** 0.113*** 0.009*** 0.009*** -0.008*** -0.008***
(0.024) (0.024) (0.002) (0.002) (0.002) (0.002)

Woman has tertiary education, 0/1 0.172%** 0.171%** 0.023*** 0.023*** -0.017*** -0.017***
(0.027) (0.027) (0.002) (0.002) (0.002) (0.002)

Woman has given birth, 0/1 2.620%** 2.620%** 0.234%** 0.234*** 0.107*** 0.107***
(0.015) (0.015) (0.002) (0.002) (0.001) (0.001)

Poorer wealth quintile, 0/1 0.695*** 0.695*** 0.059*** 0.059*** 0.032*** 0.032***
(0.020) (0.020) (0.002) (0.002) (0.001) (0.001)

Middle wealth quintile, 0/1 1.207*** 1.206%** 0.099*** 0.099*** 0.057*** 0.057***
(0.023) (0.023) (0.002) (0.002) (0.001) (0.001)

Richer wealth quintile, 0/1 1.812%* 1.812%* 0.151*** 0.151*** 0.082*** 0.082%**
(0.026) (0.026) (0.002) (0.002) (0.002) (0.002)

Richest wealth quintile, 0/1 2.753%** 2.753%** 0.229*** 0.229*** 0.122%** 0.122%**
(0.030) (0.030) (0.003) (0.003) (0.002) (0.002)

Rural household, 0/1 -0.396%** -0.396%** -0.038*** -0.038*** -0.026*** -0.026***
(0.022) (0.022) (0.002) (0.002) (0.001) (0.001)

Log per capita real GDP, 2010 US$ -7.859* -0.906** -0.663**
(4.610) (0.395) (0.322)
R-squared 0.202 0.280 0.280 0.166 0.235 0.235 0.106 0.139 0.139
Number of observations 599,291 598,209 598,209 599,291 598,209 598,209 599,291 598,209 598,209

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. The base education outcome is no
education, while the base wealth quintile is the poorest wealth quintile. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.
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Although we are exploiting longitudinal variations in tariff rates on unhealthy diets so that
time-invariant unobserved heterogeneities are innocuous, our estimates might not
sufficiently inform causal inference due to endogeneity problems arising from omitted time-
varying heterogeneities in the evolution of these policies. Despite this limitation, the
associational evidence between fiscal policies and body weight can inform public health
policies on the implication of international and domestic food policies on nutritional
outcomes.

The first three columns in Table 2 show that a reduction in tariff rates on sugars and
confectionery products is associated with an increase in body weight (BMI). The most
conservative specification shows that a one percent reduction in tariff rates on sugars and
confectionary foods is associated with an increase in BMI by 0.3 kg/m?. The remaining
results in Table 2 show similar relationships across alternative specifications and body
weight outcomes.

Moreover, temporal increases in government spending on subsidies are associated with
higher body weight outcomes. Those countries increasing their investment on subsidies,
including subsidies on food, agricultural, and non-food items, are more likely to witness an
increase in body weight. We note that our measure of government spending captures
aggregate spending on subsidies, rather than the specific share of government expenditure
on food subsidies. This is a potential limitation that could weaken the relationship between
food subsidies and body weight. However, agricultural input and food subsidies remain
major components of the overall subsidy spending in most countries.

Overall, the results in Table 2 suggest that government subsidies are strongly linked with
nutrition and health outcomes. These patterns are consistent with previous micro-level
pieces of evidence showing significant relationships between consumption of energy-dense
subsidized food items and obesity rates (Asfaw 2006; Ecker et al. 2016). Intuitively, this
implies that besides the common intention and objective of food and input subsidies — that is,
reducing undernutrition and ensuring price stability — governments need to consider the
adverse public health and nutritional implications of subsidies.

As discussed in Section 2, trade and government policies can affect nutritional outcomes
through different channels and mechanisms. Furthermore, these policies are strongly
correlated with other domestic policies and socioeconomic conditions of countries. For
instance, government food policies are more likely to be correlated or respond to
socioeconomic conditions of individuals and countries. Because of this, the strength of the
relationships between food policies and body weight outcomes diminishes as we control for
additional socioeconomic characteristics and macroeconomic conditions. For instance, the
size of the estimates in all regressions substantially shrinks when we control for women'’s
demographic and socioeconomic characteristics, suggesting that trade and food policies are
related to these characteristics and their effects could be mediated through these channels.

In Table 3 we consider slightly different unhealthy foods — fats and oils — and report on
the relationship between tariff rates on fats and oils and body weight. We follow similar
specifications as in Table 2 and consider both a continuous body weight (BMI) outcome and
binary indicators for overweight and obesity. This table shows that countries increasing tariff
rates on fats and oils are more likely to experience a modest reduction in BMI and
overweight and obesity rates. These relationships remain robust across all specifications
and body weight outcomes. The size and implication of tariff rates on fats and oils are
comparable to those based on tariff rates on sugars and confectionery food items.
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In Table 4 we generate an aggregate tariff rate on food items, which is averaged across
several food items. We follow similar specifications and our results show similar patterns to
Tables 2 and 3. Temporal dynamics in overall food tariff rates are associated with significant
variation in body weight outcomes. As expected, the strength of the effect and relationships
shrinks, compared to those in Tables 2 and 3, partly because we expect that tariff rates on
unhealthy foods are likely to be more relevant to public health outcomes than aggregate food
tariff rates. However, the fact that such a relationship exists across alternative tariff rates
suggest that our results are reasonably robust.

The implication of the other covariates in Tables 2, 3, and 4 are consistent with previous
evidence. For instance, household wealth is strongly and positively associated with body
weight: wealthier women have higher BMI and higher probability of overweight and obesity
(e.g. Siervo et al. 2006; Asfaw 2007; Ziraba, Fotso, and Ochako 2009; Abdulai 2010). Higher
GDP per capita is also associated with higher BMI, overweight and obesity rates — although
the coefficient on this variable is statistically insignificant in some of our specifications, which
may be attributed to limited temporal variation. The positive associations between body
weight outcomes and socioeconomic status is consistently observed in many macro and
micro-level studies involving LMICs. For instance, many studies document an inverted-U
relationship between economic growth and obesity (e.g., Kim, Symons, and Popkin 2004;
Egger, Swinburn, and Amirul Islam 2012; Tafreschi 2015; Ameye and Swinnen 2019). This
means that the relationship remains positive in most LMICs while turning to negative for
HICs or as countries grow economically. Our sample covers LMICs and, hence, we are
observing the first and positive part of the trend. Intuitively, such heterogenous relationships
imply that strategies and campaigns that are proven effective in reducing the pandemic of
overweight and obesity in developed countries may not necessarily curb unhealthy weight
gains in LMICs.

Overall, the results in Tables 2, 3, and 4 consistently show that trade policies (reduction
in tariff rates on unhealthy foods) and food policies (increase in government subsidies) may
explain part of the increasing trends and cross-country differences in the distribution of body
weight outcomes. This evidence is consistent with our hypothesis that a reduction in tariff
rates on unhealthy foods can reduce the price of unhealthy foods and, hence, increase body
weight. Similarly, food subsidies can increase consumer purchasing power, an effect that
can increase demand for food. The economic affordability of such foods is expected to
influence individuals’ diets and hence nutritional outcomes (undernutrition and
overnutrition).®

There are several important reasons why fiscal policies may have differential impacts for
poorer and richer households. First, according to Engel's law and the Engel curves, poorer
households allocate a larger share of their budget (income) to food consumption. This
implies that fiscal policies, including taxes and subsidies, that affect the price of foods are
likely to be more impactful on poorer households than on richer households. Second, recent
studies show that healthy diets are more expensive than unhealthy diets (Headey and

5 However, we lack access to these intermediate indicators and hence are unable to test these channels.
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Alderman 2019; Hirvonen et al. 2020), implying that poor households may not be able to
afford healthy foods and, hence, rely on unhealthy foods (e.g., Ecker et al. 2016).Third, most
subsidy programs, including those for food and for agricultural inputs, target poorer
households. This implies that the potential dynamics of and reforms in these subsidies are
likely to disproportionally affect poorer households.

To empirically test these hypotheses, we split our full sample across wealth quintiles and
estimate the empirical specification in equation (1) for each wealth quintile.® The results in
Tables 5, 6, and 7 clearly show the differential implications of tariff rates on unhealthy foods
for poor and for rich households. The relationship between tariff rates on unhealthy diets and
body weight appears to be strong for the poorest households, while such relationships
disappear for wealthier households. This pattern is consistent across alternative measures of
tariff rates and across different unhealthy foods. The same tables show that the association
between governments’ expenditure on subsidies and body weight is strong and significant
for poorer households, while such a relationship disappears for relatively richer households.
The potential dynamics in tariff rates and government spending on subsidies appear to be
unrelated to body weight outcomes of women in the wealthiest two quintiles.

We also probe the robustness of our results to alternative hypothesis related to the
nature of the relationships and associated mechanisms. First, trade (food) policies or
subsidy programs may endogenously respond to public health outcomes, implying potential
reverse causality problems. Second, some trade policies or subsidy programs may need
some time to influence domestic food systems and, hence, effects of these trade policies
might not be immediate, partly because obesity rates are cumulative outcomes of the effects
of underlying drivers. We, thus, lag our trade policies by one year and allow them to affect
public health outcomes after one year, estimating a similar specification as in equation (1).
This helps to address potential reverse causality concerns while also allowing delayed
responses and impacts of trade policies.

The results in Tables A2, A3, and A4 in the Appendix show consistently similar
relationships between dynamics in lagged trade policies and body weight outcomes. As
expected, the strength of the associations between tariff rates on unhealthy foods and body
weight outcomes shrink but remain statistically significant. The evidence that such
relationships remain robust across alternative measures of trade and food policies as well as
across several body weight outcomes and alternative empirical specification suggest that
food policies are instrumentally relevant in food systems.

This study investigates the implications of important food policies, mainly trade and
government subsidies, on rising overweight and obesity rates in LMICs. We compiled
several macro- and micro-level datasets that provide macro-level information on food
policies as well as micro-level anthropometric measures.

5 The DHS data provide indicators of household wealth in terms of wealth quintiles (Rutstein and Johnson 2004)
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Table 5: Heterogeneous implications of tariff rates on sugars and confectionery products on body weight outcomes

Poorest quintile Poorer quintile Middle quintile Richer quintile Richest quintile
BMI Overweight BMI Overweight BMI Overweight BMI Overweight BMI Overweight
Average tariff rates on -0.617*** -0.050%** -0.531*** -0.045%** -0.265* -0.023* 0.059 -0.011 -0.142 -0.021
sugar & confectioneries (0.130) (0.012) (0.138) (0.012) (0.144) (0.013) (0.147) (0.012) (0.174) (0.014)
Subsidies (%) 2.499*** 0.152*** 1.616%** 0.099*** 0.832* 0.055 0.088 0.047 0.483 0.080**
(0.394) (0.037) (0.405) (0.037) (0.425) (0.037) (0.434) (0.036) (0.502) (0.040)
Subsidies (%) squared -0.056*** -0.003*** -0.034x+* -0.002** -0.013 -0.001 0.005 -0.001 -0.012 -0.002*
(0.010) (0.001) (0.010) (0.001) (0.010) (0.001) (0.011) (0.001) (0.012) (0.001)
R-squared 0.310 0.239 0.302 0.248 0.296 0.254 0.273 0.234 0.224 0.193
Number of observations 115,450 115,450 121,445 121,445 120,987 120,987 118,672 118,672 121,655 121,655

Notes: Demographic, socio-economic, and macroeconomic controls, country, and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are
given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.

Table 6: Heterogeneous implications of tariff rates on fats and oils on body weight outcomes

Poorest quintile Poorer quintile Middle quintile [ Richer quintile Richest quintile
BMI Overweight BMI Overweight BMI Overweight | BMI Overweight BMI Overweight
Average tariff rates on -0.764*+* -0.061*** -0.657** -0.055%*** -0.328* -0.029* 0.073 -0.014 -0.176 -0.026
fats and oils (0.161) (0.015) (0.171) (0.015) (0.178) (0.016) (0.183) (0.015) (0.215) (0.017)
Subsidies (%) 2.735%* 0.171%* 1.820%** 0.116*** 0.934* 0.064 0.065 0.051 0.537 0.088**
(0.441) (0.042) (0.455) (0.042) (0.478) (0.042) (0.488) (0.040) (0.565) (0.045)
Subsidies (%) squared -0.066*** -0.004** -0.042%** -0.003** -0.017 -0.001 0.006 -0.001 -0.014 -0.002*
(0.0112) (0.001) (0.012) (0.001) (0.013) (0.001) (0.013) (0.001) (0.015) (0.001)
R-squared 0.310 0.239 0.302 0.248 0.296 0.254 0.273 0.234 0.224 0.193
Number of observations 115,450 115,450 121,445 121,445 120,987 120,987 118,672 118,672 121,655 121,655

Notes: Demographic, socio-economic, and macroeconomic controls, country, and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are
given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table 7: Heterogenous implications of tariff rates on all foods on body weight outcomes

Poorest quintile Poorer quintile Middle quintile Richer quintile Richest quintile
BMI Overweight BMI Overweight BMI Overweight BMI Overweight BMI Overweight

Average tariff rates on -0.660*** -0.053*** -0.568*** -0.048*** -0.284* -0.025* 0.063 -0.012 -0.152 -0.022
foods (0.139) (0.013) (0.148) (0.013) (0.154) (0.014) (0.158) (0.013) (0.186) (0.015)
Subsidies, % 3.921 % 0.266*** 2.840*** 0.202*** 1.443* 0.108* -0.049 0.072 0.810 0.128*
(0.683) (0.064) (0.715) (0.065) (0.748) (0.065) (0.764) (0.064) (0.890) (0.071)

Subsidies (%) squared -0.104** -0.007*** -0.075*** -0.005*** -0.034 -0.003 0.009 -0.002 -0.023 -0.003*
(0.019) (0.002) (0.020) (0.002) (0.021) (0.002) (0.022) (0.002) (0.025) (0.002)

R-squared 0.310 0.239 0.302 0.248 0.296 0.254 0.273 0.234 0.224 0.193
Number of observations 115,450 115,450 121,445 121,445 120,987 120,987 118,672 118,672 121,655 121,655

Notes: Demographic, socio-economic, and macroeconomic controls, country, and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are

given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10, ** p < 0.05, *** p < 0.01.
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Our findings show significant relationships between trade (food) policies and women’s
body weight outcomes. More specifically, temporal dynamics in tariff rates on unhealthy and
energy-dense foods are significantly and negatively associated with body weight outcomes.
Conditional on other observable and time-invariant unobservable factors, an increase in tariff
rates on sugar and confectionary foods is associated with a reduction in overweight and
obesity rates. Similarly, countries experiencing an increase in tariff rates on fats and oils are
more likely to experience a reduction in average body weight. On the other hand, an
increase in government subsidy rates (as a share of annual government expenditure) are
significantly associated with higher overweight and obesity rates. We detect such robust
relationships across alternative specifications, both using contemporaneous as well as
lagged values of these policies. More importantly, we also find that the effects of these fiscal
policies appear to be more pronounced among poorer households. This is intuitive because
relatively poorer households are more likely to spend a larger share of their budget on food
consumption or are more likely to rely on cheaper, but less healthy foods. These findings
contribute to evolving debates on the role of fiscal policies and instruments to combat
obesity and associated NCDs (WHO 2015; Thow et al. 2018).

These findings have important implications for informing public health policies in LMICs,
which are experiencing an unprecedented rise in overweight and obesity rates. As most
LMICs are experiencing a significant increase in population, trade and food policies remain
important instruments that can shape food systems. The robust relationship between tariff
rates on unhealthy foods and body weight suggests that these policies can be powerful
instruments to combat obesity and associated NCDs. Furthermore, this implies that
governments should consider making these types of fiscal policies nutrition-sensitive.

Recently, economists and policymakers began considering health costs in the cost-
benefit analysis of new trade agreements (UNDP 2013). However, trade policies are
complex and involve transnational agreements and initiatives. To lessen the adverse effects
of trade policies, most countries have focused on domestic policies to influence the
consumption and prices of unhealthy foods. For instance, many governments have enacted
alternative forms of taxes on energy-dense foods (e.g., Thow et al. 2011; Zhen et al. 2014;
Cawley and Frisvold 2015; Nakhimovsky et al. 2016: Roache and Gostin 2017; Alsukait et
al. 2020). Many LMICs have government sponsored government food and agricultural
subsidies and some of these programs are not nutrition-sensitive. Our findings reinforce that
government subsidies may have adverse public health implications. The design of subsidy
programs should be modified in their targeting or modalities to address their adverse public
health implications. Some countries have already started reforming their subsidy programs,
particularly through a gradual shift from direct subsidization of goods towards smart, targeted
cash transfers (Sdralevich et al. 2014).
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APPENDIX

Table Al: Body-mass Index and tariff rates for food imports for study countries, average

Tariffs
BMI, Sugars and
non-pregnant confectionery Fats
women, average products and oils Foods Observations
Armenia 25.4 8.15 6.60 9.17 5,898
Bangladesh 213 20.07 10.46 19.09 27,839
Benin 23.0 11.25 10.60 14.56 31,738
Burkina Faso 21.4 11.25 10.72 14.62 7,624
Burundi 21.3 32.19 11.59 25.50 4,104
Cambodia 221 7.00 8.12 15.66 11,480
Colombia 25.0 16.75 15.90 22.27 49,637
Congo, Demaocratic Republic 215 13.13 12.07 13.40 3,988
Cote d'lvoire 22.9 11.25 10.72 14.60 4,309
Dominican Republic 25.9 13.10 5.15 14.53 9,180
Egypt 29.4 11.69 4.49 11.28 55,890
Ethiopia 20.3 8.75 17.01 20.93 14,721
Guatemala 26.0 11.67 5.562 10.66 24,193
Honduras 25.8 13.14 5.63 12.81 21,090
Jordan 29.2 8.23 9.41 12.74 10,596
Kenya 23.3 33.68 11.64 27.19 14,422
Lesotho 25.2 4.49 7.66 8.45 7,175
Malawi 22.6 17.74 12.31 17.52 14,960
Maldives 24.8 13.13 14.17 15.16 5,602
Mali 22.4 11.25 10.55 14.55 18,228
Mozambique 22.7 9.06 9.50 14.62 12,197
Namibia 23.4 3.81 7.78 9.77 13,608
Nepal 21.5 14.38 9.66 12.28 5,847
Nigeria 22.8 14.23 16.28 16.06 70,639
Peru 25.6 5.84 3.52 5.84 91,291
Rwanda 23.0 34.12 11.64 27.16 6,690
South Africa 28.0 10.41 7.58 8.46 3,378
Togo 23.5 11.25 10.72 14.60 4,825
Uganda 22.8 34.12 11.64 27.24 6,049
Zambia 22.7 22.00 14.09 20.14 23,269
Zimbabwe 24.2 14.47 10.32 22.37 17,742
Total 24.4 13.18 9.76 14.76 598,209

Source: Demographic Health Surveys and the World Trade Organization (DHS 2018; WTO 2019).
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Table A2: Lagged tariff rates on sugars and confectionery products and body weight outcomes

BMI Overweight Obesity
(1) (2) ©) (4) ©) ©) (7) (8) (9)

Lagged tariff rates on sugars -0.186*** -0.148*** -0.148*** -0.014*** -0.011%** -0.011%** -0.010*** -0.008*** -0.008***

and confectionery products (0.026) (0.021) (0.021) (0.002) (0.002) (0.002) (0.002) (0.001) (0.001)
Demographic characteristics No Yes Yes No Yes Yes No Yes Yes
Socioeconomic characteristics No Yes Yes No Yes Yes No Yes Yes
Macroeconomic variables No No Yes No No Yes No No Yes
R-squared 0.142 0.236 0.236 0.112 0.193 0.193 0.058 0.098 0.098
Number of observations 413,221 412,269 412,269 413,221 412,269 412,269 413,221 412,269 412,269

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10,
**p <0.05, ** p <0.01.

Table A3: Lagged tariff rates on fats and oils and body weight outcomes

BMI Overweight Obesity
€] (2) ©) (4) ©) ©) (7) (©)) (9)
Lagged tariff rates on fats and oils ~ -0.087*** -0.144%* -0.144%* -0.009*** -0.013%** -0.013*** -0.005*** -0.008*** -0.008***
(0.012) (0.010) (0.010) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Demographic characteristics No Yes Yes No Yes Yes No Yes Yes
Socioeconomic characteristics No Yes Yes No Yes Yes No Yes Yes
Macroeconomic variables No No Yes No No Yes No No Yes
R-squared 0.142 0.236 0.236 0.112 0.193 0.193 0.058 0.098 0.098
Number of observations 413,221 412,269 412,269 413,221 412,269 412,269 413,221 412,269 412,269

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10,
** *k%k
p <0.05, *** p < 0.01.



Table A4: Lagged (aggregate) tariff rates on food and body weight outcomes

BMI Overweight [ Obesity
(1) (2) (©) (4) ©) (6) | (7) (8) (9)

Lagged tariff rates on food -0.159%** -0.137*** -0.137*** -0.013** -0.012%** -0.012%* -0.007*** -0.006*** -0.006***

(0.014) (0.012) (0.012) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Demographic characteristics No Yes Yes No Yes Yes No Yes Yes
Socioeconomic characteristics No Yes Yes No Yes Yes No Yes Yes
Macroeconomic variables No No Yes No No Yes No No Yes
R-squared 0.142 0.236 0.236 0.112 0.193 0.193 0.058 0.098 0.098
Number of observations 413,221 412,269 412,269 413,221 412,269 412,269 413,221 412,269 412,269

Notes: Country and year fixed effects are used in all models. Standard errors, clustered at each DHS cluster for each survey round, are given in parentheses. BMI = Body mass index (kg/m?). * p < 0.10
**p <0.05, ** p <0.01.
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