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Abstract
Objective: To investigate the causal link between the North American Free Trade
Agreement (NAFTA) unrestricted sugar trade agreement signed in 2008 between
the USA and Mexico and the diabetes prevalence across all fifty US states.
Design: A quasi-experimental research design to investigate the causal effect of the
NAFTA unrestricted sugar trade agreement on diabetes prevalence. Our study
utilises a comprehensive panel dataset spanning from 2000 to 2016, comprising
1054 observations. To conduct our analysis, we applied both the difference-in-
differences and event-study methodologies.
Setting: All the states in the USA.
Participants: The fifty states in the USA.
Results: After the enactment of the NAFTA sugar trade agreement between the USA
and Mexico in 2008, most states witnessed an increase in diabetes prevalence. The
annual impacts displayed significant variation among states, with percentage
increases spanning from 0·50 to 2·28 %.
Conclusions: States with a higher percentage of their population living below the
poverty line, a larger Black resident population and a lower proportion of high
school graduates had more significant increases in diabetes prevalence attributed
to the NAFTA sugar trade agreement.
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A bilateral sugar trade agreement was established between
Mexico and the USA in 2008 under the North American Free
Trade Agreement (NAFTA). This agreement removed
restrictions on the flow of sugar between these countries(1).
By 2013, Mexico became responsible for 66 % (equivalent
to two million short tonnes in raw value) (see Fig. 1) of the
total sugar imports to the USA, which led to a sharp decline
in domestic sugar prices and an increase in the average
annual consumer surplus to nearly $1·67 billion(2). Diabetes
prevalence in the USA went up instantaneously after
2008(3). Between 2008 and 2012, crude diabetes prevalence
increased from 7·3 to 10·1 % (see the Health Care Cost
Institute, 2013). In this paper, we study the impact of the
NAFTA sugar provision on diabetes prevalence and
evaluate which states in the USA were most affected by
the policy.

Governments around the world have had increased
interest in global public health in recent years. Many health
experts and economists have turned their attention to the
link between sugar consumption and diseases like obesity
and type 2 diabetes. For instance, type 2 diabetes, dental

caries and obesity are all associated with the intake of
sugar-sweetened beverages (SSB)(4). Furthermore, the
increase in the consumption of foods with high sugar
content has been shown to increase age-standardised BMI
by 0·033 kg/m2(5). As a result, the WHO(6) put out an
initiative to reduce added-sugar intake with the goal of
improving global public health. Governments throughout
theworld have responded by establishing programmes like
sugar taxes to lower the amount of sugar in food and
drinks(7). Policymakers in the UK, for example, introduced
a two-tier soft drink industry levy to reduce sugar intake,
successfully reducing childhood obesity(8,9). Studies have
found SSB taxes to reduce purchases of taxed sugar
beverages in Mexico(10), Berkeley, California(11) and the
Netherlands(12), a finding that has been supported by
several meta-analyses(13). Sugar taxes have also been
shown to reduce diseases associated with SSB intake, such
as obesity and type 2 diabetes(14–16).

Despite the widely recognised advantages of free trade
agreements, which include economic development, lower
government spending, technology transfer, enforcing
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competition among firms, enhancing productivity and
reducing prices and markups(17,18), their possible unin-
tended effects on public health are often ignored. The
removal or reduction of sugar trade barriers between
partner countries increases imports while decreasing
commodity prices, essentially having the opposite effect
of a sugar tax. Four pathways were identified by(19) through
which trade openness affects health: higher imports and
immigration, agricultural commodities trade, labour mar-
kets and structural adjustment measures. Prior work has
shown that the unhindered trade in commodities like
cigarettes, alcohol and ultra-processed foods poses risks to
public health(20–22). For example, a 10 % rise in trade
openness generates a 0·8 % increase in obesity rates(20).
Since sugar trade liberalisation behaves as a subsidy,
making more sugar available for consumption in the
recipient country, this poses a risk to public health(21,22). As
a result, considerable evaluation and steps are required to
offset any adverse health effects from trade agreements.

Our primary objective in this study is to analyse the
potential causal effects of NAFTA’s unrestricted sugar
trade agreement on diabetes prevalence across the fifty US
states. While free trade agreements provide enormous
benefits, it is critical to recognise their unintended
implications on public health. To our knowledge, only
two studies(22,23) have examined the direct health
implications associated with trade agreements. In(23)

‘selected countries’, free trade agreements with the USA
and their impact on obesity in the USA are studied.
Whereas(23) investigates free trade agreements more
broadly, our study is distinct by focusing specifically on

the potential causal impact of NAFTA’s sugar agreement.
Our study is similar to(22) which investigates the causal
impact of the NAFTA sugar trade agreement on diabetes
prevalence using the synthetic control method. However,
whereas(22) focused on the USA as a whole, we employ
the difference-in-difference (DD) and event-study
approaches to examine the causal impact of the NAFTA
sugar trade agreement on diabetes prevalence in each of
the fifty US states. In doing so, we explore which
populations were the most adversely affected by the
policy since sugar consumption patterns and economic
and sociodemographic characteristics vary from state
to state.

To achieve our main objective, we use a DD research
design – a quasi-experimental method commonly
employed to evaluate the effects of policies or programmes
following(24,25) and others. The DD estimate allows us to
compare the differences in outcomes before and after the
treatment (difference one) between a group exposed
to the treatment and a control group (difference two).
Additionally, we conducted a panel event study, where the
‘event’was the date of implementation of the NAFTA sugar
agreement following(25). Our findings provide compelling
evidence supporting concerns that the unrestricted sugar
trade agreement under NAFTAposes a risk to public health.
We observed an increase in diabetes prevalence ranging
from 0·54 to 2·3 % across various states within the USA
following the implementation of the trade agreement. We
find that states with a higher percentage of their population
below the poverty level, a greater percentage of the Black
population and a lower percentage of high school

Fig. 1 Trend of US sugar import from Mexico
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graduates were associated with greater increases in
diabetes prevalence as a result of the NAFTA sugar trade
agreement.

Pathways of trade liberalisation and public health

Trade policies have a substantial impact on power
dynamics, wealth distribution and resource allocation,
which influence working conditions, health choices and
overall well-being(26). When trade liberalisation is well-
executed, it can boost economic growth by expanding
export and investment options. In theory, this can help
alleviate poverty and promote human health by improving
the economic stability, labour standards, access to
affordable healthcare and nutrition(27). Poorly imple-
mented trade policies and agreements, on the other hand,
have been proven to heighten power, money and resource
distribution inequality between and within nations, having
a negative impact on health and health equality(28).

Increased trade and investment in health-harming
goods like tobacco, alcohol, sugar, SSB and highly
processed foods have occurred concurrently with the rise
of free trade agreements, which demand changes in
domestic policies and regulatory frameworks(29). This has
resulted in the spread of unhealthy lifestyles throughout the
world. The prevalence of diabetes, obesity and diet-related
noncommunicable diseases has significantly increased
over the past couple of decades, particularly in low- and
middle-income countries. Rates of obesity and noncom-
municable diseases in low- and middle-income countries
are now equal to or higher than those in high-income
countries(30).

The transformation of global food systems can be linked
to the opening of domestic markets for international food
trade, the increased involvement of transnational food
corporations, the rise in foreign direct investment in the
food industry and the extensive global marketing and
promotion of food products(31). Food trade patterns have
shifted, increasing trade volumes for hazardous foods
while lowering trade volumes for conventional cereals and
starchy root crops(32). Following NAFTA, countries such as
Mexico experienced significant US agribusiness invest-
ment, reshaping domestic agriculture into export-oriented
cash crop production, and that affected the availability of
food, quality of nutrition, price and desirability(32).
Similarly, in Central America and Asia, decreased invest-
ment barriers contributed to the rise of highly processed
food markets and lower regulatory standards in the food
business(33). Furthermore, attempts to create a health-based
labelling system for snack products in Thailand faced
criticisms from the USA and other countries, impacting the
final decision on policy(34). Transnational corporations
owned by Americans brought the majority of these food
products to Thailand(35).

Methods

To identify the causal effect of the NAFTA sugar agreement
on diabetes prevalence, we employ a DDmodel with fixed
effects and an event study. The primary limitation to using
DD analysis and randomised control trials in macroeco-
nomic research is the challenge of meeting key assump-
tions, such as the ‘parallel trend assumption’. This
assumption, which requires that the trends in the treatment
and control groups would have been similar in the absence
of the treatment, is difficult to establish at the macroeco-
nomic level. To address these concerns, we rigorously
tested the parallel trend assumption to ensure the validity of
our estimates following(36). The panel event-study method
establishes causal relationships by comparing outcomes
before and after an event. It effectively controls time-
invariant heterogeneity and time trends, allowing for a
flexible time specification. However, it relies on the
assumption of common trends and can be sensitive to
the choice of time periods. Additionally, its findings may
have limited generalisability and require substantial data.
Despite these limitations, it provides valuable insights into
the dynamic effects of events on outcomes(37). In our
research design, a treated state adopted the NAFTA sugar
agreement in the USA, while a control region (i.e. the
control country includes six Organisation for Economic Co-
operation and Development countries, including Australia,
China, Norway, Japan, Switzerland and theUK) adopted no
such trade policy. Intuitively, the idea is to compare the
difference in average diabetes prevalence between treated
and control regions before and after the treatment. The data
analysis was performed using Stata 18 software and
packages such as ‘did’, ‘hdid’ and ‘eventdd’, as well as
Stata’s built-in regression functionality for linear regression.

The difference-in-differences analysis
We estimate the following equation:

Yst ¼ α0 þ β0Treats þ β1Postt þ β2DDst þ β3ωst þ γs þ τt

þ εst

(1)

in which Yst is a continuous variable indicating crude
diabetes prevalence in state s at year t, Treat is a binary
variable indicating whether the state (or country) had
adopted NAFTA, Post is a binary variable taking a value of 1
in the post-NAFTA period (and 0 otherwise) and DD is the
interaction between Treat and Post. Our parameter of
interest is β2. Finally, γs and τt are, respectively, state and
year fixed effects. Including year and country fixed effects
is crucial for controlling time-specific and country-specific
factors affecting diabetes prevalence. Year fixed effects
account for time trends, while country fixed effects control
for country-specific characteristics. This reduces omitted
variable bias, improves comparability across countries and
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over time and provides more accurate estimates of variable
relationships. However, our analysis captures unaccounted
time-varying factors by using fixed effects at the country
and time level. For example, differences in diabetes
screening across countries or over time are captured
through the fixed effects. However, if unobserved factors
vary significantly across different states and these variations
have different temporal trends, our model may not fully
account for their impacts. This limitation suggests that the
fixed effects model could underestimate the influence of
these unobserved variables, which may vary not only by
state but also over time. Future research might use models
such as mixed-effects models or the inclusion of additional
observable covariates to better control these factors. The
variable ωst captures variables such as the population aged
above 65 years, the log of raw sugar import (metric tonnes)
and the percentage of the female population, which have
been found to affect diabetes prevalence in prior
studies(22). Studies such as those by(22,38,39) have shown
that an increase in sugar imports results in higher
consumption of sugar and SSB, leading to a rise in diabetes
and other diseases. Research also indicates that the
prevalence of diabetes varies by age group, with older
adults having the highest prevalence among all age
groups(40–42). Additionally, studies have shown that dia-
betes prevalence varies by gender, with a higher
prevalence among females than males(43). To overcome
possible serial correlation problems, we used a robust SE
following(44). The key identifying assumption of DD
analyses is that of common trends between treated states
and the control countries in the absence of the treatment.
We tested the parallel trend assumption following(25) and
removed states that did not meet the assumption from the
analysis. We employed a Wald test, comparing against a
null hypothesis of zero, to evaluate whether the linear
trends were parallel before the treatment(25).

Event-study analysis
In addition to the DD analysis described above, we
conducted a panel event study, with the ‘event’ being the
date of implementation of the NAFTA sugar trade agree-
ment in a particular state. We estimated the following
equation:

Yst ¼ α1 þ
X

J
j¼2

δj Lag jð Þst þ
X

K
k¼2

λj Lead kð Þst þ µt

þ ψs þ εst

(2)

where ψs and µt are binary variables for state and year and
εst is the unobserved error term. Further, Lagj and Leadk are

two binary variables indicating the number of years until
the implementation of the NAFTA sugar agreement in state
s. Formally, we defined Lagj and Leadk according to

equations (3)–(6):

Lag jð Þst ¼ 1 t � Events � J½ �; (3)

Lag jð Þst ¼ 1 t ¼ Events � j½ � for j 2 1; . . . ; J � 1f g; (4)

Lead kð Þst ¼ 1 t ¼ Events þ k½ � for k 2 1; . . . ;K � 1f g; (5)

Lead kð Þst ¼ 1 t � Events þ K½ �: (6)

where Events is a variable indicating the year t in which the
NAFTA sugar agreement was implemented in state s. The
first Lag was omitted to capture the baseline difference
between the treated and control state.

Effect heterogeneity over time
To assess how the effects of the NAFTA sugar agreement
vary with time, we follow(45) to estimate a dynamic model
where β can vary across years:

Yst ¼ α2 þ β0Treats

þ
X

17
t¼9

β1t yearst t¼2008ð Þ � year T ¼ 1ð Þs
� �

þ
X

17
t¼9

β2tTreats yearst t¼2008ð Þ � year T ¼ 1ð Þs
� �þ γs

þ τt þ εst

(7)

Treats is a binary variable equal to 1 if State s is ever treated
(i.e. part of the NAFTA sugar agreement). Then,
year � year T ¼ 1ð Þ½ �c is the difference between the obser-
vation year and the first year of implementation of the
NAFTA sugar trade agreement in State s. The parameters of
interest are the β2t , which represents themean difference in
the crude diabetes prevalence in a specific year t. We also
control for State γsð Þ and year τtð Þ fixed effects.

Data

Our analysis is conducted using a panel dataset that
includes data at both the state and country levels from
2000 to 2016. The dataset contains 1054 observations,
covering the fifty US states and six countries from the
Organisation for Economic Co-operation and
Development each year between 2000 and 2016. Data
on crude diabetes prevalence that comprises type 1 and
type 2 diabetes both at the state and country levels were
obtained from the US Diabetes Surveillance website
maintained by the Centers for Disease Control and
Prevention and the NCD Risk Factor Collaboration
(NCD-RisC). Data on sugar imports were sourced from
the Food and Agriculture Organization of the United
Nations Statistics Office (FAOSTAT). We obtained data on
the percentage of poverty (all ages) from the 2009 US
Census Bureau, Small Area Estimates Branch. The
percentage of the Black population was obtained from
the 2009 Census Bureau. Gender-related data were
acquired from Kaiser Family Foundation (KFF) estimates,
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which relied on the 2008–2021 American Community
Survey’s 1-Year Estimates. Additionally, data on educational
attainment (high school diploma or more) were sourced
from the US Census Bureau’s 2009 American Community

Survey. Although a stronger strategy would concentrate
solely on type 2 diabetes, which is affected by dietary
modifications, we faced a lack of precise data regarding type
2 diabetes, particularly for the control countries. Considering

Fig. 2 Trends of diabetes prevalence by states
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the worldwide escalation in diabetes occurrence primarily
linked to type 2 diabetes(46), we hold the viewpoint that
incorporating the combined prevalence of type 1 and type 2

diabetes will not impact the fundamental argument of this
research. Figures 2 and 3 illustrate the diabetes trend for the
states and countries used in our analysis.

Fig. 2 (Continued)
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Results

In our study, we investigate the causal impact of NAFTA’s
sugar trade agreement on diabetes prevalence in the fifty
US states. Overall, we find that the NAFTA sugar trade
agreement has significant positive impacts on diabetes
prevalence in most of the fifty states (see Fig. 4 and
Table 1). Figure 4 displays the results of the event-study
analysis, while Table 1 shows the estimated average
treatment effects from the DD analysis. Across most states,
both the DD and event analysis methods revealed
significant effects of the NAFTA sugar trade agreement
on diabetes prevalence. Because the NAFTA sugar trade
agreement was a national policy, one would expect the
states to experience similar effects. However, the impact on
the fifty states varies. The estimated effect varies in
statistical significance and magnitude from 2·28 %
(P < 0·001) (95 % CI from 1·54 to 3·02) in Alabama to
0·50 % (P < 0·1) (95 % CI from −0·07 to 1·07) in Iowa
(Table 1).

We classified the fifty states by the magnitude and
significance of the estimated impact of the NAFTA sugar
agreement on diabetes prevalence. We assessed the
parallel trend assumption as per Shahid et al. (2022) and
excluded states that did not fulfil this assumption from the
analysis. Our estimates suggest that two states (Alabama

and Arkansas) saw crude diabetes prevalence increase by
greater than two percentage points as a result of the NAFTA
sugar agreement. Fifteen states had an impact greater than
1 % but less than 2 % (Alaska, Arizona, Florida, Georgia,
Indiana, Kansas, Mississippi, Nevada, New Mexico, North
Carolina, Ohio, Oregon, South Carolina, Texas and
Virginia). Eighteen states saw less than a 1 % impact
(California, Connecticut, Illinois, Iowa, Maine,
Massachusetts, Michigan, Minnesota, Missouri, Nebraska,
New Hampshire, New York, North Dakota, Pennsylvania,
Rhode Island, Washington, Wisconsin and Wyoming).
Nine states (Colorado, Delaware, Hawaii, Idaho, Maryland,
Montana, South Dakota, Utah and Vermont) had no effect
on diabetes prevalence from the NAFTA sugar trade
agreement. This illustrates that, while most states saw a rise
in diabetes prevalence because of the NAFTA sugar trade
agreement, some did not. Lastly, six states (Kentucky,
Louisiana, New Jersey, Oklahoma, Tennessee and West
Virginia) did not meet the parallel trend assumption.

To better understand the rationale behind the disparities
in trade policy impact across states, we explore the
relationship between selected covariates that have been
shown in the health literature to be major factors
influencing diabetes prevalence. We use 2008 values of
the covariates for the analyses, as this represents the
midpoint of our dataset. We concentrated on poverty,

Fig. 3 Trends of diabetes prevalence by control countries
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educational attainment, percentage of the population that
is Black and percentage of the population that is female. All
these variables have a statistically significant association (P

value< 0·001) with the estimated diabetes prevalence.
Higher poverty level, for example, is associatedwith higher
diabetes prevalence, having a greater Black population is

Fig. 4 Event-study results
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Fig. 4 (Continued)
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Fig. 4 (Continued)
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associated with diabetes prevalence, having a lower
percentage of the population with a high school degree
is associated with higher diabetes prevalence and having a
higher percent female population is associated with higher
diabetes prevalence.

These findings are consistent with previous health
research. For example, research has demonstrated that
individuals with greater levels of education are more likely
to practise preventative healthcare behaviours, such as
eating healthier meals, exercising more and preventing
type 2 diabetes and obesity(47,48). Also, studies have
investigated the effect of race on type 2 diabetes
prevalence. The difference in type 2 diabetes prevalence
across race and ethnic groups includes the prevalence of
certain risk factors such as obesity and limited access to
healthy foods. For example(49), found that type 2 diabetes

prevalence is higher in the Black population (5·97 %)
compared with whites (0·77 %) in the USA from 2014 to
2015. It has also been shown that diabetes incidence has a
greater link with poverty level(50). Several studies have
found that diabetes prevalence varies between males and
females(50). These findings point to the fact that the state-
level differences in crude diabetes prevalence as shown in
the current study can be attributed to sociodemographic
characteristics such as poverty, race, gender and educa-
tional attainment.

Figures 5–7 as well as Table 2 present the results of
equation (7). Table 2 shows the effect of the NAFTA sugar
agreement for the fifty states across the posttreatment years.
We observe that although the average treatment effect on
the treated (ATET)was positive in 2008 (the treatment year)
with its 95 % CI ranging from –0·17 to 0·30, it lacks statistical

Fig. 4 (Continued)
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significance. This is not unexpected because just like any
trade policy, the year of the agreement does not present a
substantial impact. This is also reflected in Figs. 5–7,
showing a marginal effect for 2008. We obtained
statistically significant ATET (0·22 %) in 2009 with a 95 %
CI ranging from 0·01 to 0·43. The ATET for 2010 is 0·31 %
with 95 % CI ranging from 0·11 to 0·51. The ATET then
increased from 0·92 % in 2012 (95 % CI from 0·14 to 1·70) to
1·12 % in 2016 (95 % CI from 0·13 to 2·11).

As a robustness check, we used equation (1) to apply
the difference-in-difference approach at the aggregate level
(see Table 3). Our regression model specifications
revealed a statistically significant impact of the NAFTA
sugar trade agreement on diabetes prevalence. This result
is consistent with all our other findings.

Discussion

Our study investigated the causal impact of NAFTA’s sugar
trade agreement on diabetes prevalence in the US fifty
states. The findings reveal significant positive impacts of
the NAFTA sugar trade agreement on diabetes prevalence
in most states, as evidenced by both the DD and event
analysis methods. This aligns with our expectations,
considering the widespread nature of the policy.
However, the impact varied across states, indicating that
factors beyond the trade agreement itself may influence
diabetes prevalence. The disparities in the impact of the
NAFTA sugar agreement on diabetes prevalence across
states highlight the importance of considering individual
state characteristics. States with higher poverty levels,

Table 1 Difference-in-differences (DD) estimated results by state

State DD estimates 95% CI Parallel trend (P value)

Alabama 2·280** 1·542 3·019 0·35
Alaska 1·18** 0·25 2·111 0·909
Arizona 1·175*** 0·512 1·838 0·606
Arkansas 1·074* –0·007 2·154 0·92
California 0·768*** 0·28 1·256 0·236
Colorado 0·261 –0·272 0·795 0·141
Connecticut 0·68** 0·028 1·333 0·792
Delaware 0·799 0·099 1·5 0·262
Florida 1·246*** 0·757 1·735 0·723
Georgia 1·113*** 0·424 1·803 0·124
Hawaii 0·258 –0·437 0·954 0·812
Idaho 0·372 –0·242 0·986 0·1
Illinois 0·669** 0·062 1·277 0·132
Indiana 1·446* 0·952 1·94 0·183
Iowa 0·501* –0·068 1·071 0·606
Kansas 1·217*** 0·748 1·685 0·69
Maine 0·736*** 0·237 1·235 0·68
Maryland 1·049 0·622 1·475 0·769
Massachusetts 0·725*** 0·211 1·239 0·982
Michigan 0·733*** 0·289 1·178 0·473
Minnesota 0·503** 0·036 0·969 0·724
Mississippi 1·471*** 0·703 2·238 0·941
Missouri 0·963** 0·002 1·924 0·486
Montana 0·289 –0·177 0·755 0·934
Nebraska 0·572** 0·055 1·089 0·11
Nevada 1·089*** 0·439 1·738 0·626
New Hampshire 0·709** 0·001 1·416 0·169
New Mexico 1·297** 0·229 2·364 0·234
New York 0·808*** 0·304 1·313 0·473
North Carolina 1·012*** 0·439 1·585 0·1
North Dakota 0·739** –0·027 1·504 0·607
Ohio 1·437*** 0·706 2·169 0·746
Oregon 1·008*** 0·33 1·686 0·596
Pennsylvania 0·708*** 0·189 1·228 0·606
Rhode Island 0·500* –0·096 1·096 0·346
South Carolina 1·224*** 0·548 1·899 0·12
South Dakota 0·249 –0·433 0·931 0·262
Texas 1·175*** 0·513 1·837 0·826
Utah 0·097 –0·391 0·585 0·596
Vermont 0·232 –0·279 0·742 0·431
Virginia 1·165*** 0·557 1·773 0·5
Washington 0·550** 0·059 1·041 0·667
Wisconsin 0·869*** 0·296 1·442 0·303
Wyoming 0·712*** 0·185 1·24 0·135

Note: ***P< 0.01, **P< 0.05, *P< 0.1.
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greater Black populations, lower educational attainment
and higher proportions of females tended to experience
greater impacts.

These findings are consistent with existing literature on
the sociodemographic determinants of diabetes preva-
lence. The lack of statistical significance in the ATET for the
treatment year (2008) is not surprising, as the immediate
effects of trade agreements on health outcomes may take
time to manifest. The significant ATET observed in
subsequent years suggest a gradual increase in the impact
of the NAFTA sugar agreement on diabetes prevalence,
peaking in 2016. Our study has several implications for

policy and future research. First, it underscores the need for
tailored public health interventions at the state level to
address the disparate impacts of trade agreements on
health outcomes. Second, it highlights the importance of
considering sociodemographic factors in health policy
formulation and implementation. Lastly, our findings
contribute to the growing body of literature on the health
impacts of trade agreements, providing valuable insights
for policymakers and researchers alike. In conclusion, our
study provides robust evidence of the impact of the NAFTA
sugar trade agreement on diabetes prevalence in the US
fifty states. The findings underscore the complex interplay

Fig. 5 Average treatment effect on the treated in pretreatment and posttreatment years

Fig. 6 Average treatment effect on the treated in posttreatment years
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Fig. 7 Average treatment effects on the treated over different lengths of exposure to treatment

Table 2 Posttreatment – average treatment effect on the treated (ATET)

Year ATET Robust SD P value (95% CI)

2001 0·100 0·107 0·346 (–0·108, 0·309)
2002 0·069 0·100 0·491 (–0·127, 0·264)
2003 0·145 0·203 0·477 (–0·254, 0·543)
2004 –0·336 0·087 0 (–0·506, –0·165)
2005 0·224 0·291 0·442 (–0·346, 0·794)
2006 0·101 0·106 0·338 (–0·106, 0·308)
2007 0·190 0·125 0·129 (–0·055, 0·435)
2008 0·066 0·118 0·577 (–0·166, 0·297)
2009 0·221 0·106 0·037 (0·014, 0·428)
2010 0·310 0·104 0·003 (0·107, 0·513)
2011 0·900 0·349 0·01 (0·216, 1·584)
2012 0·920 0·398 0·021 (0·141, 1·700)
2013 0·964 0·452 0·033 (0·079, 1·849)
2014 1·089 0·508 0·032 (0·094, 2·084)
2015 0·935 0·516 0·07 (–0·076, 1·946)
2016 1·118 0·507 0·027 (0·125, 2·111)

Number of observations: 952.

Table 3 Results of difference-in-difference (DD) regression

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Post 3·364*** 3·474*** 3·554*** 2·843*** 3·806*** 2·948*** 2·805*** 3·031***
(0·259) (0·252) (0·408) (0·237) (0·406) (0·234) (0·330) (0·333)

Treat –4·062*** –4·464*** –4·204*** –4·430*** –4·732*** –4·748*** –4·404*** –4·810***
(0·277) (0·288) (0·318) (0·264) (0·344) (0·273) (0·290) (0·309)

Post�Treat 0·980*** 0·882*** 0·979*** 0·628*** 0·874*** 0·558*** 0·627*** 0·558***
(0·185) (0·179) (0·187) (0·209) (0·182) (0·207) (0·209) (0·208)

Female population (%) 0·491*** 0·524*** 0·402*** 0·411***
(0·103) (0·108) (0·093) (0·096)

Population aged above 65 years –0·048 –0·082 0·009 –0·020
(0·059) (0·059) (0·048) (0·047)

Log (raw sugar import) 0·961*** 0·932*** 0·963*** 0·926***
(0·169) (0·171) (0·169) (0·170)

Constant 12·88*** –12·20** 13·61*** 6·166*** –12·63** –14·18*** 6·011*** –14·27***
(0·194) (5·247) (0·877) (1·221) (5·321) (4·842) (1·413) (4·872)

Observations 952 952 952 952 952 952 952 952
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes
R-squared 0·971 0·972 0·971 0·975 0·972 0·975 0·975 0·975

Robust SE in parentheses: ***P< 0·01, **P< 0·05, *P< 0·1.
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between trade policies and health outcomes, emphasising
the need for nuanced policy responses to address the
health implications of trade agreements.

Conclusion
The surge in sugar consumption has been linked to
numerous long-term illnesses that comprise of obesity and
diabetes. In response to this worrisome trend, institutions
like the WHO advocate for sugar taxes as a means to
combat the issue. They urge politicians and governments to
implement pricing structures aimed at discouraging the
excessive consumption of sugary beverages. Hungary has
embraced this approach and has already started taxing
SSBs. On the other hand, the NAFTA sugar trade agreement
had the opposite effect, resulting in reduced sugar prices in
the USA. To better understand its effects, we use the
difference-in-differences and event-study approaches to
estimate the causal impact of the NAFTA sugar trade
agreement on diabetes prevalence in the individual fifty
states. The results revealed that the NAFTA sugar trade
agreement has led to an increase in diabetes prevalence in
most states, with rates ranging from 0·50 % in Iowa to
2·28 % in Alabama. Additionally, we examine the impact of
the NAFTA sugar trade agreement across all fifty states over
time. Notably, the policy’s significant impact began in 2009.
With a 95 % CI, the ATET ranged from 0·22 % in 2009 to
1·12 % in 2016. These findings underscore the potential
consequences of trade agreements on public health
outcomes and emphasise the need for careful consider-
ation of such policies in the future.

Acknowledgements

The authors extend a sincere thank you to the Alabama
Agricultural Experiment Station and the Hatch programme
of the National Institute of Food and Agriculture, US
Department of Agriculture for their support.

Financial support

This research was supported by the Alabama Agricultural
Experiment Station and the Hatch programme of the
National Institute of Food and Agriculture, US Department
of Agriculture.

Conflict of interest

None.

Authorship

D.T.A., W.S. and W.L. designed the study. D.T.A. analysed
the data, interpreted the results and drafted the manuscript.
W.S. and W.L. provided edits and feedback to several
versions of the manuscript.

Data availability

Data will be made available on request.

References

1. Zahniser S & Link J (2002) Effects of North American Free
Trade Agreement on Agriculture and the Rural Economy.
Washington, DC: Economic Research Service, USDA.

2. Sinclair W & Countryman AM (2019) Not so sweet: economic
implications of restricting US sugar imports from Mexico.
J Agric Appl Econ 51, 368–384.

3. Uppal TS, Chehal PK, Fernandes G et al. (2022) Trends and
variations in emergency department use associated with
diabetes in the US by sociodemographic factors, 2008–2017.
JAMA Netw Open 5, e2213867.

4. Hu FB & Malik VS (2010) Sugar-sweetened beverages and
risk of obesity and type 2 diabetes: epidemiologic evidence.
Physiol Behav 100, 47–54.

5. De Vogli R, KouvonenA&GimenoD (2014) The influence of
market deregulation on fast food consumption and body
mass index: a cross-national time series analysis. Bull World
Health Organ 92, 99–107A.

6. WHO (WorldHealthOrganization) (2013)Global action plan
for the prevention and control of noncommunicable
diseases, 2013–2020. Available at: https://apps.who.int/
iris/bitstream/handle/10665/94384/9789241506236_eng.
pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?
sequence=1 (accessed 31 May 2022).

7. Stanner SA & Spiro A (2020) Public health rationale for
reducing sugar: strategies and challenges. Nutr Bull 45,
253–270.

8. HMGovernment (2016) ChildhoodObesity. A Plan for Action.
Available at: https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/
546588/Childhood_obesity_2016__2__acc.pdf (accessed 31
May 2022).

9. Rogers NT, Cummins S, Forde H, et al. (2023) Associations
between trajectories of obesity prevalence in English primary
school children and the UK soft drinks industry levy: an
interrupted time series analysis of surveillance data. PLoS
Med 26, e1004160.

10. Colchero MA, Popkin BM & Rivera JA (2016) Beverage
purchases from stores in Mexico under the excise tax on
sugar sweetened beverages: observational study. BMJ 6, 352.

11. Silver LD, Ng SW, Ryan-Ibarra S et al. (2017) Changes in
prices, sales, consumer spending, and beverage consump-
tion one year after a tax on sugar-sweetened beverages in
Berkeley, California, US: a before-and-after study. PLoS Med
14, e1002283.

12. Kyriakos CN, Driezen P, Fong GT et al. (2023) Illicit
purchasing and use of flavor accessories after the
European Union menthol cigarette ban: findings from the
2020–21 ITC Netherlands Surveys. Eur J Public Health 33,
619–626.

US trade policy and public health 15

https://doi.org/10.1017/S1368980024001472 Published online by Cambridge University Press

https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/94384/9789241506236_eng.pdf;jsessionid=5474623DD7B1A261C00EFA097B92A0BD?sequence=1
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/546588/Childhood_obesity_2016__2__acc.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/546588/Childhood_obesity_2016__2__acc.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/546588/Childhood_obesity_2016__2__acc.pdf
https://doi.org/10.1017/S1368980024001472


13. Andreyeva T, Marple K, Marinello S et al. (2022) Outcomes
following taxation of sugar-sweetened beverages: a system-
atic review andmeta-analysis. JAMANetw Open 5, e2215276.

14. Miljkovic D, Nganje W & de Chastenet H (2008) Economic
factors affecting the increase in obesity in the United States:
differential response to price. Food Policy 33, 48–60.

15. Jou J & Techakehakij W (2012) International application of
sugar-sweetened beverage (SSB) taxation in obesity reduc-
tion: factors that may influence policy effectiveness in
country-specific contexts. Health Policy 107, 83–90.

16. FernandezMA&RaineKD (2019) Insights on the influence of
sugar taxes on obesity prevention efforts. Curr Nutr Rep 8,
333–339.

17. Chen N, Imbs J & Scott A (2009) The dynamics of trade and
competition. J Int Econ 77, 50–62.

18. Gonzalez-Garcia J & Yang Y (2022) The effect of trade on
market power—evidence from developing economies. J Int
Trade Econ Dev 31, 811–834.

19. McNamara C (2017) Trade liberalization and social determi-
nants of health: a state of the literature review. Soc Sci Med
176, 1–3.

20. An R, Guan C, Liu J et al. (2019) Trade openness and the
obesity epidemic: a cross-national study of 175 countries
during 1975–2016. Ann Epidemiol 37, 31–36.

21. Cernat L, Gerard D, Guinea O & Isella L (2018) Consumer
benefits from EU trade liberalization: how much did we save
since the Uruguay round? SSRN Electron J. Published online:
2 February 2018. doi: 10.2139/ssrn.3777680.

22. Adu DT, Li W & Sawadgo WP (2023) Estimating the
unintended impact of North American Free Trade
Agreement on theUS public health. Soc Sci Med 333, 116140.

23. BaggioM&ChongA (2020) Free trade agreements andworld
obesity. South Econ J 87, 30–49.

24. Wooldridge JM (2021) Two-way fixed effects, the two-way
mundlak regression, and difference-in-differences estima-
tors. Available SSRN 3906345. Published online: 17 August
2021. doi: 10.2139/ssrn.3906345.

25. Shahid R, Li S, Gao J et al. (2022) The carbon emission
trading policy of China: does it really boost the environ-
mental upgrading? Energies 15, 6065.

26. Labonté R & Schrecker T (2009) Introduction: globalization’s
challenges to people’s health. Globalization and Health.
Abingdon: Routledge.

27. Stevens P, Urbach J & Wills G (2013) Healthy trade: the
relationship between open trade and health. Foreign Trade
Rev 48, 125–135.

28. Friel S, Gleeson D, Thow AM et al. (2013) A new generation
of trade policy: potential risks to diet-related health from the
transpacific partnership agreement. Glob Health 9, 1–7.

29. Labonte R (2014) The global health agenda and shrinking
policy spaces in the post-crisis landscape. See Ref 27,
216–235.

30. Baker P & Friel S (2014) Processed foods and the nutrition
transition: evidence from Asia. Obes Rev 15, 564–577.

31. Labonté R, Mohindra KS & Lencucha R (2011) Framing
international trade and chronic disease. Glob Health 7, 1–5.

32. Khoury CK, Bjorkman AD, Dempewolf H et al. (2014)
Increasing homogeneity in global food supplies and the
implications for food security. PNAS 111, 4001–4006.

33. Hawkes C & Thow AM (2008) Implications of the Central
America-Dominican Republic-Free Trade Agreement for the
nutrition transition in Central America. Rev Panam Salud
Publica 24, 345–360.

34. Hawkes C (2005) The role of foreign direct investment in the
nutrition transition. Public Health Nutr 8, 357–365.

35. Friel S, Hattersley L & Townsend R (2015) Trade policy and
public health. Annu Rev Public Health 36, 325–344.

36. Ryan AM, Kontopantelis E, Linden A et al. (2019) Now
trending: coping with non-parallel trends in difference-in-
differences analysis. Stat Med Res 28, 3697–3711.

37. Freyaldenhoven S, Hansen C & Shapiro JM (2019) Pre-event
trends in the panel event-study design. Am Econ Rev 109,
3307–3338.

38. Blouin C, Chopra M & Van der Hoeven R (2009) Trade and
social determinants of health. Lancet 373, 502–507.

39. Legge D, Sanders D & McCoy D (2009) Trade and health: the
need for a political economic analysis. Lancet 373, 527–529.

40. Selvin E, Coresh J & Brancati FL (2006) The burden and
treatment of diabetes in elderly individuals in the US.
Diabetes Care 29, 2415–2419.

41. Kalyani RR, Golden SH & Cefalu WT (2017) Diabetes and
aging: unique considerations and goals of care. Diabetes
Care 40, 440.

42. Lin J, Thompson TJ, Cheng YJ et al. (2018) Projection of the
future diabetes burden in the United States through 2060.
Popul Health Metr 16, 1–9.

43. Boyle JP, Honeycutt AA, Narayan KV et al. (2001) Projection
of diabetes burden through 2050: impact of changing
demography and disease prevalence in the US. Diabetes
Care 24, 1936–1940.
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