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Abstract

Background—Sugar-sweetened beverages (SSBs) are consumed globally and contribute to
adiposity. However, the worldwide impact of SSBs on burdens of adiposity-related cardiovascular
diseases (CVD), cancers, and diabetes has not been assessed by nation, age, and sex.

Methods and Results—We modeled global, regional, and national burdens of disease
associated with SSB consumption by age/sex in 2010. Data on SSB consumption levels were
pooled from national dietary surveys worldwide. The effects of SSB intake on BMI and diabetes,
and of elevated BMI on CVD, diabetes, and cancers were derived from large prospective cohort
pooling studies. Disease-specific mortality/morbidity data were obtained from Global Burden of
Diseases, Injuries, and Risk Factors 2010 Study. We computed cause-specific population-
attributable fractions for SSB consumption, which were multiplied by cause-specific mortality/
morbidity to compute estimates of SSB-attributable death/disability. Analyses were done by
country/age/sex; uncertainties of all input data were propagated into final estimates. Worldwide,
the model estimated 184,000(95%U1=161,000-208,000) deaths/year attributable to SSB
consumption: 133,000(126,000-139,000) from diabetes, 45,000(26,000-61,000) from CVD, and
6,450(4,300-8,600) from cancers. 5.0% of SSB-related deaths occurred in low-income, 70.9% in
middle-income, and 24.1% in high-income countries. Proportional mortality due to SSBs ranged
from <1% in Japanese >65y to 30% in Mexicans <45y. Among the 20 most populous countries,
Mexico had largest absolute (405 deaths/million adults) and proportional (12.1%) deaths from
SSBs. A total of 8.5(2.8, 19.2) million disability-adjusted life years (DALYSs) were related to SSB
intake (4.5% of diabetes-related DALYS).
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Conclusions—SSBs, are a single, modifiable component of diet, that can impact preventable
death/disability in adults in high, middle, and low-income countries, indicating an urgent need for
strong global prevention programs.
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INTRODUCTION

Adiposity-related chronic diseases, including type 2 diabetes, cardiovascular diseases
(CVD), and cancers, cause more than 17 million global deaths each year.! Consumption of
sugar-sweetened beverages (SSB) increases adiposity and long-term weight gain.2= In
addition, SSB intake appears to increase risk of diabetes independently of adiposity,> likely
related to adverse metabolic and glucose-insulin effects. Yet, despite dramatic increases in
both global sales of SSBs® and the global pandemic of obesity,”- 8 comprehensive
quantitative estimates of the impact of SSB intake on obesity-related diseases in nations
worldwide by age and sex have not been available. Few published reports of country-level
SSB consumption exist,®~18 and these prior national reports have used disparate data sources
and methods that are not easily compared. In addition, previous studies have not
systematically assessed how SSB intake impacts major chronic diseases worldwide by
region, country, age, and sex. Comprehensive, accurate estimates of the burdens of chronic
obesity-related diseases due to SSB consumption, including the uncertainty in such
estimates, are essential for informed national, regional, and global policies.

As part of our work in the 2010 Global Burden of Diseases Nutrition and Chronic Diseases
Expert Group (NutriCoDE), we systematically reviewed, compiled, and extracted national
data on SSB consumption worldwide and addressed issues of consistency, comparability,
bias, and missingess in the collated data. We also derived and incorporated into our analysis
the best available estimates of the effects of SSB intake on obesity and diabetes, and of
obesity on diabetes, CVD, and cancers, including heterogeneity in these effects by age and
sex. Our analysis further included data on age-, sex-, and cause-specific mortality in all
nations worldwide. We used a comparative risk assessment analytical framework to quantify
global, regional, and national disease burdens related to to SSB consumption, assessing both
the direct and obesity-mediated effects of SSBs on chronic disease.

METHODS

To quantify the number of adult deaths worldwide related to to SSB intake, we used a
comparative risk assessment framework9-21 that captures geographical, gender, and age
variation in SSB consumption, in the effects of SSB consumption on diabetes and BMI, in
the effects of BMI on disease outcomes, and in cause-specific mortality (Table 1, Figure 1).
We estimated both the direct effects of SSB consumption on diabetes burdens and the BMI-
mediated effects of SSB consumption on CVD, diabetes, and cancer burdens.
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Global SSB consumption data by country, age, and sex

As part of the Global Burden of Diseases, Risk Factors, and Injuries 2010 study, we
identified national surveys or, if unavailable, subnational surveys on SSB intake in adults
through systematic searches of multiple literature databases and direct contact with experts
worldwide, as described elsewhere.2? SSBs were defined as any sugar-sweetened sodas,
fruit drinks, sports/energy drinks, sweetened iced tea, or homemade SSBs such as frescas,
which contained at least 50 kcal per 8oz serving; 100% fruit juice was excluded. In total, we
compiled data on SSBs from 62 dietary surveys including 611,971 individuals conducted
between 1980 and 2010 across 51 countries(Supplemental Table 1).22 Eighty-eight percent
of the surveys were nationally-representative, and all but one had data on both men and
women. Forty-five surveys (72%) were from low and middle-income countries, and 18
(28%) were from high-income countries. Together, these surveys provided data on SSB
intake in countries representing 63% of the world’s adult population (Table 1).22 We also
identified annual country-level data relevant to SSB intake between 1980 and 2010 for 187
countries in our analysis using food balance sheet data on per-capita sugar availability from
the United Nations Food and Agriculture Organization (FAO).23

From each survey, we extracted data on survey location, time period, representativeness,
sampling design, dietary assessment method, and the age and sex-specific distributions
(mean, SD) of SSB intake and corresponding strata-specific sample size, using a
standardized electronic spreadsheet. We evaluated the quality of population sampling and
diet assessment methods and checked data for plausibility. SSB consumption data were
adjusted for total energy using the residual method to reduce measurement error and account
for differences in physical activity and metabolic rate.24

To combine individual-level intake data with country-level food availability data, to address
issues of data incomparability, and to capture the uncertainty in estimates of beverage intake
due to measurement error, sampling uncertainty, and modeling uncertainty, we used
established age-integrating Bayesian hierarchical modeling methods. The primary model
inputs were survey-level quantitative data, including country-, time-, age-, and sex- specific
consumption levels (mean and standard deviation); data on the numbers of subjects in each
strata; survey-level indicator covariates for sampling representativeness, dietary assessment
method, and type of dietary metric; country-level year-specific data relevant to sugar
availability from the FAQ; and country, region (21 regions), and super-region (7 groupings
of regions) random effects (Table 1).1%: 22 Model outputs were country-, age-, sex-, and
year-specific estimates of mean SSB consumption and its uncertainty. In our present
analysis, we used data on SSB consumption produced by this model for the year 2010.

Direct and BMI-mediated effects of SSB intake on CVD, diabetes, and cancers

We incorporated into our analysis the best available estimates for etiologic effects of SSBs
on BMI and type 2 diabetes and of BMI on CVD (ischemic heart disease, stroke), type 2
diabetes, and cancers (oesophageal, colon, pancreatic, breast, uterine, kidney, gall bladder)
(Table 1, Table 2).25 26
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Effects of SSB intake on BMI—Long-term effects of SSB intake on BMI in adults were
derived from meta-analysis of 3 large prospective U.S. cohort studies that have evaluated the
effects of changes in SSB intake on changes in weight gain, namely, the Nurses’ Health
Study, the Nurses’ Health Study |1, and the Health Professionals Follow-up Study, with a
combined sample size of 120,877 participants (Table 1). Each serving per day increase in
SSB intake was associated with a 0.10 (95% CI: 0.05, 0.15) kg/m? increase in BMI in
individuals with BMI < 25 and a 0.23 (95% CI: 0.14, 0.32) kg/m? increase in BMI in
individuals with BMI > 25 (Table 2).26 These estimates are consistent with a recent meta-
analysis of 7 prospective cohorts (174,252 individuals) which reported an 0.12-0.22 kg
increase in weight per serving/day of SSBs over a 1 year period, and a meta-analysis of 5
trials (292 participants) which found a 0.85 kg (95%CI: 0.50, 1.2 kg) increase in body
weight when SSBs were added to the diet.2” These estimates are also broadly supported by
results from two recent large randomized trials of the effects of SSB intake on weight gain
in children, one of which reported BMI reductions of about 0.57 kg/m? for a 1.7 serving/day
reduction in SSB intake over a 1 year period, and the other of which reported significant
reductions in weight gain, body fat change and BMI z-score for each 104 kcal reduction in
sugary beverage intake per day over an 18 month period.% 3

Effects of SSB intake on diabetes—Effects of SSB consumption on diabetes were
based on a meta-analysis of 8 prospective cohorts with a total of 310,819 participants and
15,043 cases of type 2 diabetes (Table 1, Table 2).28 In this meta-analysis, individuals in the
highest category of SSB intake (1-2 servings/day) had a 26% greater risk of developing type
2 diabetes when compared with those in the lowest category of SSB intake (none or <1
serving per month) (risk ratio 1.26, 95% CI: 1.12-1.41). The association between SSB
intake and risk of type 2 diabetes in this meta-analysis was consistent across gender and
ethnic groups, which included African Americans, Caucasians, and Asians. Although there
was heterogeneity among studies (12 = 66%), all but one showed positive associations
between SSB intake and risk of type 2 diabetes, with the strength of the association
increasing with study size and duration. Three cohorts included adjustment for BMI, most
appropriate for our modeling of direct (non-obesity mediated) effects; but these also
adjusted for total energy intake, which could result in underestimation of true effects.
Results from this meta-analysis are supported by other large studies, including a sub-cohort
of the European Prospective Investigation into Cancer and Nutrition (EPIC), which included
15,374 participants and 11,684 cases of type 2 diabetes, and reported a hazard ratio of 1.18
(95%Cl: 1.06, 1.32) for the association of SSBs with type 2 diabetes.2930

Sensitivity analyses—To determine whether relative risks for individual dietary
components derived from prospective cohorts might overestimate the impact on chronic
disease due to residual confounding by other dietary factors, we performed three sensitivity
analyses based on studies of overall dietary patterns.26 Briefly, we compared the predicted
risk of CHD calculated from the effects of individual dietary components on CHD from
cohort data with the observed risk of CHD in dietary pattern studies, including 1)
prospective cohort studies on the association of overall dietary patterns with incident CHD,
2) randomized controlled feeding trials quantifying the effects of overall dietary patterns on
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SBP and LDL-C, and 3) a large randomized clinical trial evaluating the impact of an overall
dietary pattern on incident CVD events.

Effects of BMI on CVD, diabetes, and cancers—Evidence for effects of BMI on
CVD, diabetes, and site-specific cancers was obtained from published analyses of large
international pooling studies?® 31 (Table 1, Table 2). The effects of BMI on CVD and
diabetes were obtained from pooled analysis of 163 international cohorts with 2.43 million
participants and 70,000 cases. At the reference median age of 60, the relative risk (RR) of
BMI on cardiovascular diseases, such as ischemic heart disease, stroke, and hypertensive
heart disease ranged from 1.44 (95%CI 1.40, 1.48) to 1.90 (95%Cl: 1.17-3.07) per 5 kg/m?
increase in BMI, and the corresponding pooled effect for diabetes was 2.32 (95%Cl: 2.04,
2.63). The effects of BMI on seven site-specific cancers (breast, uterine, esophageal,
pancreatic, colon, kidney, and gall bladder) were based on pooled analysis of 221
international cohorts with 282,137 cases.3! Effects of SSB on CVD and cancers were
assumed to be mediated only through changes in BMI, while effects of SSB on diabetes
were assumed to be mediated through both BMI and non-BMI related pathways.28: 32-34

A J-shaped relationship between BMI and all-cause mortality has been observed in some
population-based studies, and such non-linearities are primarily due to effect modification
by smoking or reverse-causation due to underlying chronic disease (such as chronic
respiratory disease or cancer) in which weight loss may precede death by a decade or more.
Among the international pooling projects used in estimating the etiologic effects of BMI on
CVD and diabetes for the present analysis, 21 kg/m? was the lowest empirically observed
minimum beyond which no additional benefits of lowering BMI were found.2® In our
analyses, we therefore restricted benefits of SSB reduction up to a BMI of 21 kg/m?, beyond
which we did not include additional benefits of further weight reduction.

We used the same risk estimates in men and women and across different races based on
evidence that proportional effects of BMI are generally similar by sex and race, 25 3° except
for specific cancers for which we used separate risk estimates in men vs. women based on
evidence for differing effects of BMI by sex3! (Table 2). In our analysis, we included age-
specific relative risks for the effects of BMI on CVD and diabetes, based on prior work
demonstrating decreasing proportional effects at older ages.2

Cause-specific mortality by country, age, and sex

Data on mortality from 235 causes were compiled as part of the 2010 GBD study (Table 1).1
Briefly, data were obtained on causes of death for 187 countries from 1980 to 2010 based on
vital registration, verbal autopsy, mortality surveillance, censuses, surveys, hospitals, police
records, and mortuaries; and assessed for completeness, diagnostic accuracy, missing data,
stochastic variations, and probable causes of death. As described elsewhere, statistical
modeling strategies estimated cause-specific mortality, including different permutations of
covariates and assessment of model performance with specific models selected based on
data quality and out-of-sample testing of prediction error and the validity of 95% Uls.1
Cause-specific mortality fractions within each age-sex group were constrained to sum to
total mortality based on draws from the uncertainty distributions. The final mortality dataset
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included cause-, age-, and sex-specific mortality for 187 countries between 1990 and 2010.
In this analysis we used age-, sex-, and country-specific data for 2010 on deaths due to
diabetes (E10-E14), ischemic heart disease (ICD-10 codes 120-125), ischemic stroke (163,
165-167, 169.3), hypertensive heart disease (111), and breast (C50), uterine (C54-C55),
esophageal (C15), pancreatic (C25), colon (C18-C21), kidney (C64), and gall bladder (C23)
cancer.

Statistical analysis

Estimation of deaths attributable to SSB consumption—We quantified disease
burdens due to SSB consumption in 2010 in 187 countries by age and sex by incorporating
the data described above into a comparative risk assessment analytical framework (Figure
1). We included in our analysis the direct effects of SSB on diabetes and BMI, as well as the
BMI-mediated effects of SSBs on diabetes, CVD (CHD, stroke) and cancers (breast, uterine,
esophageal, colon, pancreatic, kidney, gall bladder). All analyses evaluated SSB
consumption, effects of SSBs on diabetes and BMI, effects of BMI on diseases, and cause-
specific mortality across 16 age- and sex-specific strata within each country (men and
women ages 20-24, 25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85+ y). We also
accounted for stronger effects of SSB intake on BMI in overweight vs. normal adults?® by
partitioning effects in each age, sex, and country-specific strata according to the proportion
of the population who were normal weight or overweight.”- 8 Our analyses did not involve
ecologic correlations, i.e. simple comparisons of SSB intakes and disease rates, as these
would be limited by substantial confounding. We have instead quantitatively assessed and
incorporated into our analysis age- and sex-specific data on SSB consumption, external
evidence on causal effects of SSBs on disease risk, and validated data on country, age, sex,
and cause-specific mortality.

For diabetes and each BMI-related disease endpoint, we calculated the disease-specific
population-attributable fraction (PAF) due to SSB consumption:

ZORR(r)P(z)dI - ZORR(m)P’(z)dI
ZORR(r)P(x)da:

0]

where x = SSB consumption level; P(x)= current distribution in the age and sex stratum; P’
(x)= alternative distribution (zero consumption); RR(x)= relative risk of mortality at SSB
consumption level x; and m = maximum exposure level. Mortality attributable to SSB
consumption was calculated by multiplying the calculated PAF by the observed number of
cause-specific deaths (Figure 1). Analyses were done separately for each country, age, and
sex group, and assessed as both absolute and proportional mortality.

Estimation of DALYs attributable to SSB consumption—Disability-adjusted life
years (DALYSs) are summary metrics of population health that measure how many years of
healthy life are lost due to death and disability.36 DALYs are the sum of two components:
the years of life lost due to premature mortality (YLL) and the years lived with disability
(YLD). YLLS are computed by multiplying the number of deaths at each age by a standard
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life expectancy at that age in the given population. YLDs are estimated as the prevalence of
different disease sequelae multiplied by the disability weight for each sequela.3 Disability
weights are selected on the basis of surveys of the general population about the loss of
health associated with the health state related to the disease sequelae.38 The estimation of
cause-specific DALY by country, age, and sex, has been described elsewhere.36-38 DALYs
attributable to SSB consumption were calculated by multiplying the total DALY due to
CVD, diabetes, and cancers by the country, age, and sex specific PAFs, which were
calculated as described above.36: 37

Estimation of uncertainty—We used Monte Carlo simulation to quantify the uncertainty
in the attributable deaths and DALY, propagating the uncertainty from SSB intake data
(which includes both measurement and sampling error and modeling uncertainty), and
uncertainty from the relative risks into our final estimates. We drew 1,000 times from the
distribution of SSB consumption for each country-age-sex group as characterized by its
mean and standard error. For each mean exposure, population-representative standard
deviations were predicted using coefficients from regressions performed on all available
dietary survey data in our collection, in which standard deviation was the dependent variable
and mean was the independent variable.3% 40 Independent of exposure, we generated 1,000
draws of the etiologic relative risks of SSB intake on diabetes and BMI, and of BMI on
adiposity-related diseases. These simultaneous draws were entered into the analysis to
generate 1,000 mortality estimates for each country- age- and sex-group, of which we report
the mean and 95% uncertainty intervals (Ul). All analyses were performed using R software,
version 2.15.0.

In 2010, the mean global consumption of SSBs among adults was 0.58 servings/day
(95%U1: 0.37, 0.89). The mean intake varied substantially in men and women across
different ages and world regions, highest in countries in Latin America and the Caribbean
and lowest in parts of East Asia. Detailed findings on SSB consumption patterns across the
world have been reported.2?

Mortality related to SSB consumption

Global mortality related to SSB consumption—In 2010, the model attributed a total
of 184,000 (95%U1I: 161,000, 208,000) deaths globally to SSB intake (Table 3), representing
5.3% (95%UlI: 5.0, 5.5%) of all diabetes deaths, 0.4% (95%Ul: 0.3, 0.6%) of BMI-related
CVD deaths, and 0.3% (95%UI: 0.2, 0.3%) of all BMI-related cancer deaths. Most of these
deaths (72.3% or 133,000; 95%UI: 126,000, 139,000) were due to diabetes, 24.2% (45,000;
95%Ul: 29,000, 61,000) were due to CVD, and 3.5% (6,450; 95%UI: 4,300, 8,600) were
due to BMI-related cancers. Half of all SSB-attributable deaths were in women. Three in 4
(75.9%) of all deaths attributable to SSB consumption occurred in low- and middle-income
countries. Globally, absolute mortality from SSBs was greatest in adults over age 65y, at
167 (95%Ul: 141, 195) deaths per million adults. Conversely, proportional mortality was
highest among adults aged 20-44 y, in whom 14.0% (95%UI: 12.9, 15.0%) of all diabetes
and adiposity-related deaths were attributable to SSB consumption.
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Regional mortality related to SSB consumption—Across 9 major world regions,
Latin America and the Caribbean had the highest absolute mortality related to SSB
consumption (48,000 per million adults; 95%Ul: 41,000, 54,000), while Australia and New
Zealand had the lowest (560; 95%UI: 440, 700) (Table 3). Among age and sex groups in
these regions, men over 65y in Latin America and the Caribbean had the highest SSB-
related absolute mortality (582 deaths per million men, 95%UI: 485, 681), with women over
65 in this region close behind (552 deaths per million women, 95%Ul: 460, 644). Adults
65+ y in the U.S. and Canada had the next highest SSB-attributable mortality: 379 (95%Ul:
285, 478) per million men and 300 (95%Ul: 227, 386) per million women. Women aged 20
to 44 y in Western Europe and Australia/New Zealand had the lowest mortality: 2 (95%Ul:
1, 3) deaths per million.

Although older adults had the highest absolute mortality attributable to SSBs, younger adults
had the highest proportional mortality (Table 3). Among adults aged 20-44 y in Latin
America/Caribbean, 1 in 7 (13.9%; 95%Ul: 11.7, 16.1%) of all diabetes and adiposity-
related deaths in men and 1 in 9 (10.9%; 95%UI: 9.3, 12.4%) of all such deaths in women
were attributable to SSBs. Considering only deaths due to diabetes, 1 in 3 such deaths in
men aged 20 to 44 y in both Latin America/Caribbean and U.S./Canada were due to SSBs.
Among all diabetes deaths, the percent related to SSB consumption exceeded 10% among
adults age 20-44 y in every world region except South Asia.

National mortality related to SSB consumption—Across all countries worldwide,
proportional mortality related to SSB intake varied substantially (Figure 2, Supplemental
Table 3). Proportional deaths were highest in Mexican men aged 20 to 44 y, in whom 1 in 3
(33.6; 95%UI: 26.4, 39.5%) diabetes and BMI-related deaths were linked to SSB
consumption. Proportional mortality also exceeded 20% in adults aged 20-44 in Kiribati,
Gabon, Marshall Islands, Belize, Barbados, and Tonga. Proportional mortality attributable to
SSBs was lowest in adults age 65+ y in several East Asian countries, approaching zero in
some cases.

Among larger nations (population >1 million), the SSB-related mortality rate was highest in
Mexico (405 deaths per million adults; 95% Ul: 345, 462) and lowest in Bangladesh (1;
95% Ul: 0,2 deaths per million adults) (Supplemental Table 3). In total, Mexico had an
estimated 24,000 (95%Ul: 21,000, 28,000) SSB-related deaths in 2010, while Bangladesh
had 72 (95%UI: 40, 104) such deaths. Among the 20 countries with highest SSB-related
deaths, at least 8 of these countries were in Latin America and the Caribbean across all age
and sex subgroups (Figure 3).

Out of the 20 most populous countries in the world, the death rate related to SSB intake was
highest in Mexico in all age-sex groups, followed by the US, Indonesia, and Brazil
(Supplemental Figure 1). In these 20 countries, most SSB-related deaths were due to
diabetes, except in Russia and Egypt in which most SSB-related deaths were due to CVD.
Overall, the US ranked 2nd in SSB-related deaths among the 20 most populous countries,
with an absolute death rate of 125 (95%Ul: 101, 149) per million adults, or 25,000 total
deaths (95%UI: 20,000, 30,000) related to SSB consumption in 2010 (Supplemental Table
3).

Circulation. Author manuscript; available in PMC 2016 August 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Singh et al. Page 9

Morbidity related to SSB consumption

Global DALYS related to SSB consumption—In 2010, a total of 8,526,456 (95%Ul:
2,769,953, 19,244,657) DALY were attributable to SSBs, of which 49.5% were due to
CVD, 41.4% were due to diabetes, 4.5% were due to BMI-related cancers, and 4.9% to
musculoskeletal disorders (Table 4). Globally, 0.7% (95%UI: 0.3, 1.5%) of total DALY
were related to SSB consumption; 1.6% (95%Ul: 0.5, 4.5%) of CVD DALYS, 4.5% (1.7,
8.9%) of diabetes DALY, 0.2% (95%UI: 0.1, 0.7%) of obesity-related cancer DALY, and
0.4% (95%UI: 0.1, 1.3%) of musculoskeletal DALY were attributable to intake of SSBs.
Lower-middle income countries had the largest absolute number of SSB-related DALYS, a
total of 4,243,602 (95%UI: 998,925, 9,058,923) DALYS, or 2,931 (95%Ul: 690, 6258) per
million adults. Upper middle income countries had the highest percent of diabetes-related
DALYS that were related to SSB consumption (6.1%, 95%Ul: 2.5, 11.7) (Table 4).

As with SSB-related mortality, the absolute number of DALY attributable to SSBs was
highest in men over age 65, at 6,230 (95%Ul: 2,300, 16,095) DALYSs per million. Men
under age 45 had the highest percent of CVD-related DALY's caused by SSBs (2.9%, 95%
Ul: 1.0, 6.9%), as well as the highest percent of diabetes-related DALY'S caused by SSBs
(6.1%, 95%UI: 2.3, 12.1%).

Regional DALYs related to SSB consumption—Among nine world regions, the
greatest absolute SSB-related burdens were in South Asia, with 3,528 (95%UI: 686, 7070)
DALYs per million adults and U.S./Canada (3,265, 95%: 1934, 4982), while Australia/New
Zealand had the least (609, 95%Ul: 364, 1028). In Latin America/Caribbean, almost 1 in 10
diabetes-related DALY's were related to SSB consumption (9.7%, 95%Ul: 4, 18.3%), which
also accounted for about 1 in 12 diabetes-related DALYS in U.S/Canada (8.5%, 95%UI: 3.9,
14.3%). The percent of all diabetes-related DALY's caused by SSB consumption was highest
in men under age 45 in U.S./Canada (12.9%, 95%UI: 5.8, 21.8%) and Latin America/
Caribbean (12.4%, 95%UlI: 5.0, 23.2%).

National DALYs related to SSB consumption—Of the world’s 20 most populous
countries, Mexico had the greatest number of SSB-attributable DALY's per million adults
(3,960, 95%UI: 1,516, 13,990), while China had the lowest (584, 95%Ul: 42, 2462). In
Mexico, almost 1 of every 6 diabetes-related DALY's was attributable to SSB intake (15.8%,
95%Ul: 7.0, 27.5%). In the United States, a total of 32,997 (95%UI: 2,279, 73,697) DALY
were related to SSBs consumption in 2010, or 2,087 (95%Ul: 2,050, 5,180) per million
adults, and 1.1% (95%UlI: 0.6, 1.6 %) of all DALYSs in the U.S. were attributable to SSBs.

DISCUSSION

These findings, based on a model that incorporated individual-level national surveys of SSB
consumption, country-level food availability data, the adiposity-mediated and direct effects
of SSBs on chronic diseases, and cause-specific deaths and disability by age, sex, and
country, provide current estimates of the worldwide annual mortality and morbidity related
to SSB consumption. In total, our model attributed more than 180,000 global deaths in 2010
to SSB consumption, with 72.3% from diabetes, 24.2% from CVD, and 3.5% from cancers.
In addition, more than 8.5 million DALY's were linked to SSB consumption globally. To our
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knowledge, this investigation represents the first comprehensive, systematic assessment of
the worldwide burdens of diabetes, CVD, and cancers attributable to SSBs.

Our findings demonstrate remarkable geographic heterogeneity in SSB-related mortality and
morbidity, with substantial absolute and proportional burdens in Latin America and the
Caribbean, and nearly none in East Asia. In Caribbean and Latin American countries, such
as Mexico, homemade sugary beverages (e.g., “frescas”) are often made and consumed in
addition to commercially produced SSBs; these high intakes are compounded by some of the
highest rates of both obesity and diabetes in the world.”: 8 41 The low cost of SSBs, lax
regulation of advertising, and poor access to clean drinking water in some Latin American
and Caribbean countries could contribute to the high SSB intakes in these regions and are
natural targets for policy-driven interventions.#2 43 While the global proportion of deaths
related to SSB consumption may seem low at first glance at about 1.2% of all diabetes,
CVD, and cancer deaths, we found great variability in national and regional burdens, with
SSB-attributable proportional mortality in Mexican men aged 20-44 as high as 33%.
Importantly, our findings demonstrate that 75% of deaths and 85% of DALY related to
sugary beverages occur in low and middle income countries, highlighting the need for
effective interventions to reduce SSB consumption in not only richer but also lower income
countries. Furthermore, our model estimates the effect of removing all SSBs independent of
any collateral effects that such a change might have. However, it is possible that reduction in
SSB intake could additionally influence other dietary behaviors, such as switching to
healthier beverages and otherwise improving diet quality. Therefore, the number of deaths
and DALYs that could be prevented by reducing SSB consumption globally may be greater
than what is estimated by our current model.

The absolute burdens of deaths attributable to SSB consumption are lower than for some
risk factors for chronic diseases, including metabolic risk factors, such as BMI,3° and other
dietary factors, such as excess dietary sodium*C and insufficient consumption of fruits and
vegetables**. Roughly 2.4 million chronic disease deaths in 2010 were due to elevated
BMI39, with the BMI-mediated chronic disease mortality due to SSB consumption
accounting for about 1 in 12 of those deaths. However, SSBs are but one contributor to the
obesity epidemic, which is also related to multiple additional factors such as consumption of
refined carbohydrates, other dietary sugars, inadequate physical activity, genetics/
epigenetics, and psychosocial/environmental factors. In light of this, the number of SSB-
related deaths is considerable given that it is only a single component of diet. In 2010 about
2.7 million deaths were attributable to elevated intake of dietary sodium*C and 4.7 million
due to inadequate fruit and vegetable consumption*4; yet, compared with sodium which is
nearly ubiquitous across the food supply, or fruits and vegetables which represent large and
diverse classes of foods, SSBs represent only a single class of beverage. While substantial
increases in global consumption of fruits and vegetables would require major long-term
changes to agricultural systems, policies, transport and storage infrastructures, food
manufacturing, and sociocultural priorities and norms, SSBs could be decreased without any
new investments or technological advances in agriculture, transport, storage, manufacturing,
or marketing.
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The burdens due to SSB are also relatively unique due to their predominant proportional
impact on the young. Throughout much of the world, intakes at younger ages are far higher
than later in life. Consequently, the proportional mortality due to SSBs is remarkably high
among younger adults, exceeding 1 in 10 of all diabetes and obesity-related deaths in nearly
every region of the world. Younger adults also comprise the largest proportion of the
workforce in most countries, producing tremendous economic losses related to SSB intakes
in these age groups.#® Our findings suggest that ~ 1 in 20 diabetes-related DALYS in adults
under age 44 are attributable to SSB intake, highlighting the considerable social and
financial impacts of SSB consumption from not only health care costs of managing diabetes
but also losses of wages and productivity.

While we demonstrated an inverse age effect in proportional disease burdens due to SSBs, it
remains to be seen whether this pattern represent an effect of aging (i.e., due to people
decreasing their intakes as they get older) or a birth cohort or generational effect (i.e., due to
more recent generations consuming higher intakes than older generations). If the latter is
even partly contributing, then global mortality and morbidity due to SSBs may steeply rise
as current generations age into higher risk of chronic diseases while continuing their higher
intakes of SSBs.

This investigation had several strengths. We utilized global dietary data based on individual-
level, largely nationally representative surveys, and assessed and adjusted for comparability,
consistency, bias, and missing data across surveys. We evaluated and incorporated the best
available evidence for effects of SSBs on BMI and diabetes and of BMI on adiposity-related
diseases. We performed sensitivity analyses to assess the potential for overestimation of
effects of individual diet components on chronic disease through comparison with dietary
pattern studies based on both observational data and randomized trials. These sensitivity
analyses indicated that the effects of dietary patterns on CHD predicted from the effects of
individual dietary components on CHD were very similar to those observed both in
prospective cohort studies evaluating associations of overall dietary patterns on CHD and
randomized controlled studies of the impact of dietary patterns on CVD risk factors and
CHD. Therefore, in combination, these sensitivity analyses confirm that the effects of single
dietary factors on chronic diseases, such as those used in this study, are unlikely to
overestimate the effects of diet on NCDs due to residual confounding from other dietary
components. Our analytical framework incorporated variation by age, sex, and country in
SSB intakes, etiologic effects of SSBs on disease, and cause-specific mortality and
morbidity, and also propagated uncertainty from each of these inputs into the final mortality
estimates. Notably, our analyses did not simply involve comparisons of SSB intakes and
disease rates, which would be limited by substantial confounding and ecologic fallacy, but
quantitatively assessed and incorporated age- and sex-specific data on SSB consumption,
external evidence on causal effects of SSBs on disease risk, and validated data on country,
age, sex, and cause-specific mortality.

Limitations should be considered. We did not identify national surveys on SSB consumption
in some countries, especially those in South Asia and Sub-Saharan Africa, which limits the
statistical certainty of estimates in these regions. Yet, no prior global data on individual-
level SSB intakes have been compiled!?, and the dietary survey data we collected covered
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62% of the world’s population. We implemented hierarchical modeling methods with
multiple informative time-varying covariates to account for missing data and to quantify its
effects on uncertainty. Given our focus on chronic disease mortality, we did not collect SSB
intakes in children and adolescents, among whom SSB consumption is likely higher than in
young adults. Conversely, although current morbidity and future mortality due to SSBs may
be appreciable even in youth, current mortality levels would be very low, producing little
impact on our estimated burdens of deaths. Whereas effects of SSB intake on weight gain
have been confirmed by randomized controlled trials and gene-diet interactions,2* the
impact of BMI on chronic diseases was based on prospective observational studies, which
might be overestimated due to residual confounding or underestimated due to measurement
error. Yet, these data represent the best available evidence for effects of adiposity on chronic
diseases, and the magnitude and causality of these effects are supported by extensive
experimental and shorter-term clinical interventions.2® In this analysis, we included only the
BMI-mediated effects of SSB intake on CVD and cancers as these effects have been well-
established.25 27 However, SSB intake has been associated, independent of weight gain,
with increases in inflammatory biomarkers and triglycerides as well as development of
hypertension and hyperuricemia, which may indicate direct effects on outcomes related to
these pathways, such as CVD and cancers.32: 46-49 Therefore, the death and DALY burdens
presented here could be an underestimate of the true burden of SSB-related disease.. Our
analyses included diabetes mortality, but since diabetes is not often listed as the proximal
cause of death, the total number of diabetes deaths reported here could be an underestimate.
However, as many who have diabetes in life ultimately die of CVD causes, we include CVD
mortality in our analyses thereby mitigating possible underestimation of total SSB-related
mortality.

Using a comparative risk assessment model, we found that in 2010, 184,000 deaths and 8.5
million DALY's worldwide were attributable to consumption of sugary beverages, with
three-quarters of these burdens occurring in low and middle income countries and highest
proportional burdens among adults aged 20 to 44 years of age. These results indicate the
need for population-based efforts to reduce SSB consumption throughout the world through
effective health policies and targeted interventions directed at stemming obesity-related
disease.
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Figure 1.
Schematic diagram of the relationships between data sources used in the comparative risk

assessment modeling framework on which this analysis is based.

1duosnuepy Joyiny

1duosnuep Joyiny

Circulation. Author manuscript; available in PMC 2016 August 25.



1duosnuely Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Singh et al. Page 22

Proportion of combined mortality from diabetes, CVD, and cancers attributable to SSBs in 2010, by age and sex
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Figure 2.

Proportion™ of combined mortality from diabetes, CVD, and cancers that is attributable to
SSBs in 2010 in three age strata for A) women, and B) men. The color scale of each map
indicates the proportional mortality for the given age-sex stratum in each country of the
world, highlighting the inverse age gradient.*Proportional mortality was determined by
summing SSB-attributable mortality across the outcomes of interest (diabetes, CVD, and
cancers), and then dividing by the total number of deaths caused by these outcome within
the population of interest.

Circulation. Author manuscript; available in PMC 2016 August 25.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Singh et al.

10 20 30 40 50 60 70 80 90 100

0

SSB-attributable deaths per million adults
10 20 30 40 50 60 70 80 90 100

0

Page 23

20 countries with highest absolute mortality due to SSB consumption in 2010
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The twenty countries™ with highest absolute SSB-attributable mortality in 2010. Mortality is
standardized per million adults™. The 20 countries selected in each age-sex group are those
with highest SSB-attributable mortality AND with populations of at least one million. Note
that y-axis scales differ in each panel."The 47 smaller countries that were excluded because
their populations were less than 1 million were: Andorra, Antigua and Barbuda, Bahamas,
Bahrain, Barbados, Belize, Bhutan, Brunei Darussalam, Cape Verde, China (Macao SAR),
Comoros, Cyprus, Djibouti, Dominica, Equatorial Guinea, Fiji, French Polynesia, Gabon,
Gambia, Grenada, Guadeloupe, Guinea-Bissau, Guyana, Iceland, Kiribati, Luxembourg,
Maldives, Malta, Marshall Islands, Martinique, Mauritius, Micronesia, Montenegro,
Netherlands Antilles, Réunion, Saint Lucia, Saint Vincent and the Grenadines, Samoa, Sdo
Tomé and Principe, Seychelles, Solomon Islands, Suriname, Swaziland, Timor-Leste,
Tonga, Trinidad and Tobago, Vanuatu.™ Population-standardized absolute mortality was
calculated by dividing attributable deaths by the adult population of the entity of interest (i.e.
country, region, or age-sex groups within a country or region) and then multiplying by one

million.
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