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Abstract
Objective: Sugar-sweetened beverages (SSB) are implicated in the increasing risk
of diabetes in the Caribbean. Few studies have examined associations between
SSB consumption and diabetes in the Caribbean.
Design: SSB was measured as teaspoon/d using questions from the National
Cancer Institute Dietary Screener Questionnaire about intake of soda, juice and
coffee/tea during the past month. Diabetes was measured using self-report,
HbA1C and use of medication. Logistic regression was used to examine
associations.
Setting: Baseline data from the Eastern Caribbean Health Outcomes Research
Network Cohort Study (ECS), collected in Barbados, Puerto Rico, Trinidad and
Tobago and US Virgin Islands, were used for analysis.
Participants: Participants (n 1701) enrolled in the ECS.
Results: Thirty-six percentage of participants were unaware of their diabetes, 33%
aware and 31% normoglycaemic. Total mean intake of added sugar from SSB was
higher among persons 40–49 (9·4 tsp/d), men (9·2 tsp/d) and persons with low
education (7·0 tsp/d). Participants who were unaware (7·4 tsp/d) or did not have
diabetes (7·6 tsp/d) had higher mean SSB intake compared to those with known
diabetes (5·6 tsp/d). In multivariate analysis, total added sugar from beverages was
not significantly associated with diabetes status. Results by beverage type showed
consumption of added sugar from sodawas associatedwith greater odds of known
(OR= 1·37, 95 % CI (1·03, 1·82)) and unknown diabetes (OR = 1·54, 95 % CI (1·12,
2·13)).
Conclusions: Findings indicate the need for continued implementation and evalu-
ation of policies and interventions to reduce SSB consumption in the Caribbean.
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Caribbean populations have the highest burden from car-
diometabolic risk factors including obesity and diabetes
in the Americas and worldwide(1). Prevalence estimates
show thatmore than 60%of adults are overweight or obese,
with prevalence exceeding 80% in some Caribbean

countries(2). Within the region, obesity prevalence is high-
est among women, who experience obesity at rates three
times greater than men(3). Diabetes, strongly associated
with obesity, poses a serious burden to population health
and healthcare systems in the region. With a range of rates
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between 9 and 15%(3,4), the Caribbean has some of the
highest rates of diabetes in the Americas, and the second
highest rate among the seven regions of the International
Diabetes Federation(1).

The increasing secular trend in prevalence of obesity
and diabetes is attributed to the nutrition transition under-
way in the region. The nutrition transition is likely related to
a heavy reliance on globalised food production systems
and imported food, as at least 80% of available food in sev-
eral Caribbean countries is imported(5). Estimates from the
Food and Agricultural Organization of the United Nations
show that food items that are ultra-processed – industrial
formulations manufactured from substances derived from
foods or other organic sources that typically contain added
flavours, colours and other cosmetic additives(6) – contrib-
ute significantly to food imports in the region(5). The nutri-
tion transition in this region is characterised by a shift in the
dietary patterns to include more ultra-processed foods –

typically high in added sugars, fats andNa. Not surprisingly,
these diets have been associated with the prevalence of
cardiometabolic conditions in the Caribbean(7).

Among ultra-processed food products, sugar-sweet-
ened beverages (SSB) have been identified by international
and regional organisations like the WHO, the Healthy
Caribbean Coalition and the Caribbean Public Health
Association as amajor contributor to obesity and cardiome-
tabolic conditions(8). SSB are beverages with sugar added,
including soft drinks/soda, flavoured juice drinks, sports
drinks, sweetened tea or coffee, energy and electrolyte
drinks(9). SSB are extremely energy dense and have almost
no nutrient value. Intakes of SSB are highest in the
Caribbean (1·9, 95 % CI (1·2, 3·0) servings/d) compared
to other regions in the world(10). Data on sales of SSB in
the region show a range from 180 to 215 ml/capita
weekly(11). Evidence of the negative effect of SSB on health
is well established; SSB intake is associated with weight
gain, diabetes, hypertension and metabolic syndrome(12).

Though evidence demonstrating the link between SSB
and health exists, it is largely limited to populations in
high-income countries(13). A World Health Federation
Report focused on globalised food systems and health
highlighted the paucity of evidence for low- and middle-
income countries, including the Caribbean region(13).
One main reason has been the absence of systematic
regional data collection efforts to generate data that can
support ongoing surveillance chronic disease risk factors
and outcomes. Establishing an evidence base is critical to
regional efforts to reduce SSB intake and associated health
conditions. In addition, research on SSB and SSB types is
limited in region(10). Further research is essential to support
targeted interventions and policies to reduce SSB intake
and diet-related disease morbidity.

We sought to address these evidence gaps using data
from the Eastern Caribbean Health Outcomes Research
Network Cohort Study (ECS). The ECS is a longitudinal
cohort established in 2011 to develop a research

infrastructure focused on chronic diseases and generate
action-oriented research to support policy translation for
prevention of chronic diseases(14). Our study objectives
were to: (1) describe patterns of SSB consumption by
amount and type, (2) examine cross-sectional associations
between added sugar from SSB and type 2 diabetes and
(3) explore the mediating effect of obesity in the relation-
ship between added sugar from beverages (SSB) and type
2 diabetes.

Methods

Data source and sample
We conducted a cross-sectional analysis of ECS baseline
data collected during 2013–2018. The ECS is a popula-
tion-based cohort of 2961 community-dwelling individuals
40 years or older residing in Barbados, Puerto Rico,
Trinidad and Tobago or US Virgin Islands. The overarching
aim of the ECS is to identify novel risk and protective factors
for chronic diseases. Stratified multi-stage random house-
hold sampling was used to empanel the ECS in
Barbados, Trinidad and Puerto Rico, and random digit sam-
plingwas used in theUSVirgin Islands of St. Thomas and St.
Croix. Eligible participants were English or Spanish-speak-
ing community-dwelling adults 40 years of age and older,
who were residents of the island for at least 10 years, and
who intended to live on island for the next 5 years. The
sampling frame for each site was identified to ensure the
representativeness of underlying populations with regard
to race, ethnicity, sex and socio-economic status. Smaller
sites sampled across the entire island while larger sites
sampled from communities that were representative of
the larger population. Exclusion criteria included cognitive
impairment and residential instability. The response rate for
the ECS baseline assessment was 70 %. At baseline, partici-
pants completed a self-administered survey including
validated measures of lifestyle factors, health outcomes,
medical history, dietary intake and demographic character-
istics. Participants also underwent clinical examination
duringwhich blood pressure and anthropometric measure-
ments, blood and urine samples and medication informa-
tion were collected. Additional methodological details for
the ECS have been previously reported(14–16).

Sugar-sweetened beverage intake
We assessed SSB intake using the National Cancer Institute
Dietary Screener Questionnaire (DSQ)(17). The screener
was adapted in an iterative fashion in consultation with
local dietitians, nutritionists and research key-informants
on each island site to ensure that questions were under-
stood, and that relevant local examples were included
for each of the dietary risk factors in each island. Local dieti-
tians and nutritionists were asked to review the original
screener, determine local examples and ensure a variety
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of foods were available in examples. The screener was
translated into Spanish in Puerto Rico by native-Spanish
speaker and nutrition investigator familiar with Puerto
Rican diet (UCR). This was done in consultation with the
nutritionist and the PI (CMN) for Puerto Rico and cogni-
tively tested. The instrument was then back-translated into
English for English speakers in that island nation. The
adapted questionnaire is included in the Appendix.

ECS participants completed the adapted DSQ (available
in supplementary materials) which included questions that
assessed added sugars from beverages. The following
questions were used to measure added sugar from bever-
ages for participants: (1) ‘During the past month, how often
did you drink regular soda that contains sugar?’ (2) During
the past month, how often did you have coffee or tea that
had sugar or honey added to it? (3) During the past month,
how often did you drink sweetened fruit drinks, sports, or
energy drinks? (Include fruit juices you made at home and
added sugar to or bought at a shop.) Participants were
asked to select the response option that best reflected their
frequency of consumption from never to six or more times
daily. Established DSQ scoring algorithms were used to cal-
culate daily teaspoons of added sugar. Briefly, screener
item responses were converted to daily servings. Portion
sizes were assigned to daily frequencies based on median
portion sizes estimated by sex and age from NHANES 24-h
recall data. Teaspoon equivalents for added sugars were
then estimated by multiplying daily intake frequencies by
the corresponding sex- and age-specific median portion
size(17). Total added sugar from beverages and from bever-
age types was operationalised as quartiles and terciles
based on the distribution of consumption.

Main outcomes
Ourmain outcomewas diabetes status. Diabetes status was
assessed by self-report and laboratory assessment during
the ECS baseline examination. Participants were asked
the question, ‘Has a doctor, nurse, or other health profes-
sional ever told you that you have diabetes?’ Fasting plasma
glucose and HbA1C were determined by laboratory assess-
ment and DCA Vantage Analyzer point of care machines
during the baseline clinical exam.We created three catego-
ries for diabetes status (no diabetes, unaware pre-diabetes
or diabetes, and known pre-diabetes or diabetes) to cap-
ture potential differences in added sugar intake according
to the stage of disease.

Three categories of diabetes were created for analyses.
The AmericanDiabetes Association diagnostic criteria were
used to define categories for pre-diabetes and diabetes(18).
Known pre-diabetes or diabetes was defined as self-report
of pre-diabetes/diabetes or taking blood sugar-lowering
medications. Unknown/unaware pre-diabetes or diabetes
was defined as having HbA1C value≥ 5·7 with no self-
report of diabetes or report of blood sugar-lowering medi-
cation. Participants with no self-report of diabetes, blood

sugar-lowering medications and HbA1C≤ 5·7 were classi-
fied as not having diabetes.

From here on, we will refer to known pre-diabetes or
diabetes as pre-diabetes/diabetes. Similarly, unknown
pre-diabetes or diabetes will be described as unknown
pre-diabetes/diabetes.

Covariates
Covariates included established risk factors for SSB intake
and diabetes. Demographic variables included age, sex
and educational attainment that were obtained through
self-report. Educational attainment was measured by ask-
ing participants to report their highest year of school com-
pleted. Responses were collapsed into four categories: (1)
less than high school, (2) high school, (3) some college and
(4) college and beyond. Perceived economic status was
measured using the following question, whichwas adapted
from the World Gallup Poll® Questionnaire: ‘Please look at
this figure, with steps numbered from 1 at the bottom to 10
at the top. Suppose the top of the ladder represents the rich-
est people of this island and the bottom represents the
poorest people of this island. Taking into consideration
your current personal situation, what is the number of
the step on which you would place yourself?’

Nutrition and lifestyle variables included self-reported
physical activity, food insecurity and smoking. Physical
activity was measured using the WHO Global Physical
Activity Questionnaire and categorised as low v.
medium/high activity(19). Household food insecurity within
the past 90 d was measured using the 9-item sub-scale for
adults from the validated Latin American and Caribbean
Food Security Scale (ELCSA)(20). Response options were
binary (yes/no), and one point was given for each question
with a ‘yes’ response. Responses to the first eight questions
on the scale were summed for each participant and ranged
from 0 to 8. Those who scored 0 were classified as having
no food insecurity, 1–6 as having mild/moderate food inse-
curity and 7–8 as having severe food insecurity. Smoking
wasmeasured as current v. never and past smokers as done
in prior research(21). Clinical covariates included obesity
whichwasmeasured by BMI calculated from anthropomet-
ric measurements taken during the baseline clinical exami-
nation. BMI was calculated by dividing participants weight
in kilograms by their weight in metres squared.

Statistical analysis
We performed descriptive analyses to examine distribu-
tions and frequencies of study variables. Chi-square tests,
t-tests and ANOVA were used to assess associations
between independent and dependent variables and assess
the potential for confounding. Variables found to be signifi-
cantly (P < 0·05) associated with SSB intake and outcomes
in the bivariate and ANOVA were included in multivariate
analyses. Logistic regression was used to estimate OR and
95 % CI for diabetes. Models were adjusted for age, sex,
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educational attainment, economic status, physical activity,
smoking and food insecurity. We fitted four separate mod-
els to examine the association between total added sugar
from beverages and diabetes (i.e. known, unknown,
none). First, we determined the odds of diabetes according
to total added sugar from beverages. Then, we created an
overfitted model including BMI to examine the impact of
this variable that is on the causal pathway between added
sugar and diabetes. Two additional models were fitted to
determine the relationship between SSB beverage type
(i.e. soda, fruit/energy drink, coffee/tea) and diabetes out-
come categories, including an overfitted model with BMI
added. All statistical analyses were performed using the
Statistical Analysis System statistical software package,
version 9.4, SAS Institute Inc. Data for 2388 participants
with complete data were included in analyses.

Role of funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

The final analytic sample included 1705 who had com-
pleted data on main study variables. Sixty-four percentage
of participants in the baseline of ECSwerewomen, 32%had
less than a high school education and 46% perceived their
economic status as ‘average.’Over 70%of participantswere
overweight or obese, 46% engaged in low physical activity
and 26% experienced food insecurity (see Table 1). Among
participants included in the pre-diabetes/diabetes outcome
category, 54 % had pre-diabetes. Thirty-six percentage
were unaware of their diabetes, 33% were aware of their
diabetes and 31% did not have diabetes. The distribution
of teaspoons of added sugar by diabetes status is shown
in Fig. 1. Results show that overall, 8% of participants
reported zero consumption of added sugar from bever-
ages. Participants who were aware of their diabetes were
more likely not to consume beverages with added sugar
(10 %) compared to those without (7 %) or were unaware
(6 %) of their diabetes (P= 0·005). Consumption of twelve
or more teaspoons was 9 % among those aware, 16 %
among thosewithout and 15 % among thosewith unknown
diabetes. Figure 1 shows that median teaspoon consump-
tion of added sugar from beverages was higher among par-
ticipantswhowere unaware andwho did not have diabetes
(five teaspoons) compared to those with diabetes (three
teaspoons). Mean values for consumption were higher at
eight and seven teaspoons among those without diabetes
and those who were unaware, respectively, compared to
six teaspoons for those with diabetes.

Results (Table 1) showed participants with known pre-
diabetes/diabetes status were older compared to those
who were unaware of their pre-diabetes/diabetes or did
not have pre-diabetes/diabetes (61 years v. 58 and 54,
respectively) (Table 1). Participants with known diabetes
were more likely to be obese (46 %) compared to partici-
pants who did not have diabetes or pre-diabetes (29 %)
and had unknown diabetes (38 %), respectively. Women
and persons with less than a high school education were
more likely to have diabetes compared to men and those
with greater educational attainment. Moderate food insecu-
rity was highest among persons without pre-diabetes/
diabetes compared to thosewith no diabetes andwhowere
unaware.

Mean total intake of added sugar from all beverages and
from specific beverage types varied across participant char-
acteristics (Table 2). Total added sugar intake was higher
among persons who did not have pre-diabetes/diabetes
(mean= 7·6, SD= 11·2) and were unaware (mean= 7·4,
SD= 9·8) and compared to those with known pre-diabe-
tes/diabetes (mean= 5·6, SD= 9·1) (P= 0·001) Younger
(40–49 years old) participants had the highest total intake
of added sugar and from each beverage type compared
to older persons. Participants who reported current smok-
ing had higher added sugar intake overall compared to
those who did not smoke (P=< 0·001). Younger partici-
pants and men had higher total mean added sugar intake
and added sugar from beverage types compared to older
persons and women, respectively. Participants who expe-
rienced food insecurity had higher total added sugar intake
from beverages compared to those who were food secure
(P< 0·001). Soda and juice drinks were main sources of
added sugar among those experiencing food insecurity.
Figure 2 illustrates diabetes status according to decile of
SSB drinks/d. Results showed that a higher proportion of
individuals who were unaware of their diabetes or pre-dia-
betes were in the highest decile of consumption.

Table 3 presents logistic regression model results for
diabetes outcomes. Models 1–4 were adjusted for age,
sex, educational attainment, economic status, physical
activity and food insecurity. Models 2 and 4 also included
BMI. Model 1 results showed that total added sugar from
beverages was not associated with diabetes status. The
inclusion of obesity (model 2) did not change the direction
of associations or result in statistically significant findings.

Models 3 results according to beverage type (excluding
BMI) showed statistically significant relationships across
diabetes outcomes. Participants in the highest consumption
quartiles of sugar from soda had 39 and 37% greater odds of
having diabetes compared to those in the lowest consump-
tion quartile (P< 0·05). Results were similar for unknown
diabetes and showed that participants in the third and
fourth quartiles of added sugar from soda (v. quartile 1)
had greater odds of unknown pre-diabetes/diabetes com-
pared to participants without diabetes (OR= 1·48, 95 %
CI (1·09, 2·00); OR = 1·54, 95 % CI (1·12, 2·13)). Added

1406 CR Oladele et al.

https://doi.org/10.1017/S1368980023000381 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980023000381


sugar from energy drinks/fruit drinks was inversely associ-
ated with known diabetes among those in the highest con-
sumption tercile (v. tercile 1) (OR= 0·72, 95 % CI (0·53,
0·97)). In contrast, results for unknown diabetes showed
that participants in the middle tercile of added sugar (v. ter-
cile 1) from juice/energy drinks had greater odds of
unknown pre-diabetes/diabetes compared to individuals
without diabetes (OR= 1·38, 95 % CI (1·03, 1·85)). Added
sugar from coffee/tea was only associated with the out-
come known diabetes. Results showed that persons in
quartiles 3 and 4 had 36 and 35% lower odds of known dia-
betes, respectively. The addition of BMI inmodel 4 showed

similar associations remained statistically significant though
OR were attenuated.

Discussion

In this cross-sectional study, we aimed to assess consump-
tion of added sugar from SSB and examine associations
with type II diabetes. We also examined the potential medi-
ating role of obesity and role of food insecurity in these
associations. Our results showed that soda was a main
source of added sugar from beverages, intake varied across

Table 1 Characteristics of ECS cohort participants by diabetes status

Characteristic*

Total (n 1705)
No DM or pre-
DM (n 536)

Known diabetes
or pre-diabetes

(n 558)
Unknown DM or
pre-DM (n 611)

Pn % n % n % n %

Socio-demographic characteristics
Mean SD Mean SD Mean SD Mean SD

Age 57·4 n 10·5 % 53·7 n 9·8 % 60·6 n 10·1 % 57·8 n 10·5 % <0·0001
Age group <0·0001
40–49 431 25·3 209 39·0 88 15·8 134 21·9
50–59 591 34·7 191 35·6 165 29·6 235 38·5
60–69 448 26·3 99 18·5 195 35·0 154 25·2
70þ 235 13·8 37 6·9 110 19·7 88 14·4

Sex 0·0008
Female 1083 63·5 309 57·7 383 68·6 391 64·0
Male 622 36·5 227 42·4 175 31·4 220 36·0

Education <0·0001
Less than high school 541 31·7 131 24·4 211 37·8 199 32·6
High school 375 22·0 122 22·8 109 19·5 144 23·6
Some college 401 23·5 138 25·8 135 24·2 128 21·0
Collegeþ 388 22·8 145 27·1 103 18·5 140 22·9

Current economic status 0·0227
1–2 (poor) 200 11·7 80 14·9 64 11·5 56 9·2
3–4 550 32·3 177 33·0 182 32·6 191 31·3
5–6 775 45·5 216 40·3 254 45·5 305 49·9
7–8 155 9·1 57 10·6 47 8·4 51 8·4
9–10 (high) 25 1·5 6 1·1 11 2·0 8 1·3

Lifestyle and nutritional characteristics
Current smoker 0·025
No 1554 91·1 474 88·4 518 92·8 562 92·0
Yes 151 8·9 62 11·6 40 7·2 49 8·0

BMI <0·0001
Underweight/normal 440 25·8 183 34·1 119 21·3 138 22·6
Overweight 621 36·4 197 36·8 182 32·6 242 39·6
Obese 644 37·8 156 29·1 257 46·1 231 37·8

Physical activity 0·0002
Low physical activity 801 47·0 225 42·0 297 53·2 279 45·7
Moderate physical activity 317 18·6 100 18·7 110 19·7 107 17·5
High physical activity 587 34·4 211 39·4 151 27·1 225 36·8

Food security status 0·0162
None 1262 74·0 377 70·3 408 73·1 477 78·1
Low 274 16·1 89 16·6 99 17·7 86 14·1
Moderate 106 6·2 40 7·5 32 5·7 34 5·6
Severe 63 3·7 30 5·6 19 3·4 14 2·3

Location <0·0001
Barbados 410 24·1 61 11·4 155 27·8 194 31·8
Puerto Rico 670 39·3 277 51·7 192 34·4 201 32·9
Trinidad and Tobago 525 30·8 164 30·6 168 30·1 193 31·6
USVI 100 5·9 34 6·3 43 7·7 23 3·8

*Chi-square test and ANOVA used for comparisons across groups.
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socio-demographic characteristics and consumption of
added sugar from specific beverage types was independ-
ently associated with diabetes. Findings also showed this
association was not meaningfully influenced by obesity
or food insecurity. Other notable findings included the
increased consumption of added sugar from beverages
among participants who experienced food insecurity and
the positive association between food insecurity and
known diabetes.

Beverage patterns observed in our study were consis-
tent with prior studies of SSB intake, globally and in region,
that demonstrated higher than recommended overall
intakes, higher intakes among younger people(22) and soda
as a major SSB beverage source(23). Findings were also con-
sistent with prior literature that showed an independent
association between added sugar beverage consumption
and diabetes(24); however, the current study departs from
prior findings in the direction of the association. Most
existing studies of added sugar from beverages and diabe-
tes are prospective and consistently demonstrated a posi-
tive association between SSB consumption and diabetes,
even after adjustment for energy intake and BMI(13,24,25).
The cross-sectional nature of our study and contrary finding
of an inverse association between added sugar from bev-
erages (SSB) and known diabetes suggests reverse causal-
ity. This is likely a result of dietary changes that occurred in
response to being diagnosed with diabetes. Nutritional
counselling is an important component of post-diagnosis
counselling for diabetes, and evidence shows that people
make dietary changes following a diagnosis(26). Our cross-
sectional design precludes the ability to assess temporality

in the relationship between added sugar and diabetes
status.

A notable finding was that 36% of participants with
elevated HA1C suggestive of pre-diabetes or diabetes were
unaware of their status and had total mean intakes of added
sugar (mean 7·4, SD= 9·8) that were close to or exceeded
maximum recommended levels. Mean added sugar intakes
from beverages alone were above the American Heart
Association recommended daily limit of nine and six tea-
spoons for men andwomen, respectively(27). Our estimates
of added sugar from beverages alone also suggest that
overall added sugar intake in participant diets is higher than
the maximum recommended by the WHO of no more than
10 % of a 2000 calorie diet (12 tsp). One study conducted in
region showed that only 22 and 26% of men and women
met the USDA and WHO recommendation of less than
10% of energy from added sugar(22). Compared to other
food sources, SSB contributed the highest percentage to
total energy intake. Though findings are from a single
island, we believe the impact of SSB is similar on other
islands given their similar stage of epidemiologic transition.
Higher consumption of added sugar and greater odds of
diabetes among persons who experience food insecurity
is also notable. This is likely a result of changes to food sys-
tems in the region that influence increased availability of
foods containing added sugars whichwe know have health
implications. Our findings suggest a critical need for pri-
mary diabetes prevention, screening and attention to social
needs like food insecurity.

The heavy reliance on imported food in the Caribbean
region threatens food security, defined as access to safe,
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Fig. 1 Distribution of added sugar from beverages by diabetes status
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Table 2 Socio-demographic and health-related characteristics of ECS participants by mean daily intake of added sugars from SSB

Characteristic n %

Total (tsp) added sugar from
SSB

Daily intake of added sugar
(tsp) from soda

Daily intake of added sugar
(tsp) from juice and sports

Daily intake of added sugar
(tsp) from tea/coffee

Mean SD P* Mean SD P* Mean SD P Mean SD P

Clinical outcome 0·0011 0·1228 0·0016 0·0912
No DM or pre-DM 536 31·4 7·6 11·2 2·7 6·0 2·8 5·8 2·1 2·6
Known diabetes or pre-diabetes 558 32·7 5·6 9·1 2·1 5·6 1·7 4·6 1·8 2·6
Unknown DM or pre-DM 611 35·8 7·4 9·8 2·7 5·7 2·6 6·0 2·1 2·7

Socio-demographic characteristics
Age group <0·0001 <0·0001 <0·0001 0·0012
40–49 431 25·3 9·4 13 3·3 6·5 3·8 7·9 2·4 3·2
50–59 591 34·7 7·4 11·1 3 7·0 2·5 5·6 1·9 2·7
60–69 448 26·3 4·9 5·9 1·8 3·8 1·5 3·1 1·6 2·1
70þ 235 13·8 4·6 5·4 1·4 3·3 1·1 2·6 2 2·1

Sex <0·0001 <0·0001 <0·0001 0·0042
Female 1083 63·5 5·5 8·0 2 5·0 1·7 3·7 1·8 2·4
Male 622 36·5 9·2 12·7 3·5 6·8 3·6 7·6 2·2 3·0

Education 0·5485 0·6096 0·0477 0·0132
Less than high school 541 31·7 7 10·6 2·8 6·1 2·6 6·3 1·7 2·5
High school 375 22·0 7·3 11·6 2·5 5·7 2·8 6·4 2 2·7
Some college 401 23·5 6·8 8·5 2·5 5·6 2·3 4·4 2·1 2·5
Collegeþ 388 22·8 6·3 9·4 2·2 5·6 1·7 4·5 2·3 2·9

Current economic status 0·1469 0·3337 0·2513 0·1211
1–2 (poor) 200 11·7 8·4 13·8 3·1 7 3 7·0 2·3 3·0
3–4 550 32·3 7·1 10·7 2·5 5·6 2·5 6·1 2·0 2·9
5–6 775 45·5 6·3 8·3 2·3 5·3 2·1 4·8 1·9 2·4
7–8 155 9·1 6·7 10·5 3·1 6·9 2·1 4·5 1·6 2·0
9–10 (high) 25 1·5 6·5 9·7 2·5 4·6 1·9 3·8 2·2 2·5

Lifestyle and nutritional characteristics
Current smoker <0·0001 0·409 0·6832 0·1911
No 1554 91·1 6·5 9·8 2·3 5·5 2·2 5·5 1·9 2·6
Yes 151 8·9 10·6 12·7 4·2 7·9 3·5 6·2 2·8 3·3

BMI 0·346 0·0001 0·0073 <0·0001
Underweight/normal 440 25·8 6·3 9·9 2·3 5·9 2·2 4·7 1·8 2·3
Overweight 621 36·4 6·9 10·0 2·4 5·5 2·4 5·3 2·1 2·8
Obese 644 37·8 7·2 10·4 2·8 5·9 2·5 6·3 2·0 2·7

Physical activity 0·002 0·0929 0·0003 0·1221
Low physical activity 801 47·0 6·4 8·4 2·5 5·5 1·9 4·4 2·0 2·6
Moderate physical activity 317 18·6 5·7 8·1 1·9 4·5 2·1 4·7 1·7 2·2
High physical activity 587 34·4 8·0 12·8 2·8 6·7 3·1 7·1 2·1 2·9

Food security status <0·0001 <0·0001 <0·0001 0·0674
None 1262 74·0 6·0 8·1 2·1 4·9 1·9 4·7 1·9 2·4
Low 274 16·1 9·2 14·8 3·8 8·1 3·3 7·0 2·1 3·1
Moderate 106 6·2 10·2 13·5 3·2 7·0 4·4 8·7 2·6 3·5
Severe 63 3·7 8·9 12·2 4·0 7·0 2·9 4·9 2·0 2·8

*Chi-square test and ANOVA used for comparisons across groups.
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Fig. 2 Diabetes status by decile of SSB drinks consumed/d

Table 3 Logistic regression model results for the relationship between added sugar from beverages and diabetes

Models

DM or pre-DM (known or
unknown) v. no DM or

pre-DM
Known DM or pre-DM v.

no DM or pre-DM
Unknown DM or pre-DM
v. no DM or pre-DM

OR 95% CI P OR 95% CI P OR 95% CI P

Model 1
SSB – Quartile 2 (1·55–4·12 TSP) v. Quartile 1
(0–1·54 TSP)

0·88 0·65 1·19 0·4072 0·89 0·63 1·27 0·5141 0·90 0·64 1·29 0·5736

SSB – Quartile 3 (4·13–8·50 TSP) v. Quartile 1
(0–1·54 TSP)

1·05 0·77 1·43 0·7791 0·85 0·58 1·22 0·3739 1·27 0·89 1·81 0·1826

SSB – Quartile 4 (> 8·50 TSP) v. Quartile 1
(0–1·54 TSP)

1·04 0·75 1·43 0·8225 0·78 0·53 1·16 0·2166 1·31 0·91 1·88 0·1440

Model 2*
SSB – Quartile 2 (1·55–4·12 TSP) v. Quartile 1
(0–1·54 TSP)

0·85 0·62 1·16 0·3020 0·85 0·59 1·22 0·3808 0·88 0·62 1·26 0·4824

SSB – Quartile 3 (4·13–8·50 TSP) v. Quartile 1
(0–1·54 TSP)

1·01 0·73 1·39 0·9576 0·78 0·53 1·13 0·1881 1·25 0·88 1·79 0·2162

SSB – Quartile 4 (> 8·50 TSP) v. Quartile 1
(0–1·54 TSP)

0·95 0·69 1·32 0·7611 0·72 0·49 1·07 0·1051 1·22 0·85 1·76 0·2799

Model 3
Sugar-sweetened soda – Quartile 2
(>0–0·66 TSP) v. Quartile 1 (0 TSP)

1·26 0·92 1·71 0·1461 1·12 0·78 1·61 0·5328 1·36 0·96 1·92 0·0852

Sugar-sweetened soda – Quartile 3
(0·67–2·57 TSP) v. Quartile 1 (0 TSP)

1·39 1·06 1·81 0·0179 1·29 0·93 1·79 0·1213 1·48 1·09 2·00 0·0123

Sugar-sweetened soda – Quartile 4
(> 2·57 TSP) v. Quartile 1 (0 TSP)

1·37 1·03 1·82 0·0331 1·18 0·83 1·68 0·3613 1·54 1·12 2·13 0·0080

Sugar-sweetened fruit drink, energy drink –
middle third (>0–1·78 TSP) v. bottom third
(0 TSP)

1·21 0·93 1·57 0·1485 1·05 0·77 1·43 0·7680 1·38 1·03 1·85 0·0309

Sugar-sweetened fruit drink, energy drink –
Top third (> 1·78 TSP) v. bottom third (0 TSP)

0·97 0·76 1·25 0·8189 0·72 0·53 0·97 0·0315 1·22 0·92 1·61 0·1699

Sugar in coffee – Quartile 2
(>0–1·41 TSP) v. Quartile 1 (0 TSP)

1·01 0·76 1·34 0·9684 0·86 0·61 1·20 0·3733 1·18 0·86 1·63 0·3136

Sugar in coffee – Quartile 3
(1·42–2·15 TSP) v. Quartile 1 (0 TSP)

0·77 0·58 1·02 0·0654 0·64 0·46 0·89 0·0077 0·92 0·67 1·28 0·6297

Sugar in coffee – Quartile 4
(> 2·15 TSP) v. Quartile 1 (0 TSP)

0·80 0·60 1·06 0·1144 0·65 0·46 0·91 0·0130 0·93 0·68 1·28 0·6475

Model 4*
Sugar-sweetened soda – Quartile 2
(>0–0·66 TSP) v. Quartile 1 (0 TSP)

1·17 0·86 1·60 0·3234 1·04 0·72 1·51 0·8268 1·29 0·90 1·83 0·1609
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sufficient and nutritious foods that meet food preferences
and dietary needs(28). High costs of imported food have
led to decreased affordability of healthy foods especially
among individuals experiencing food security(29) and are
implicated in dietary intakes that are consequential for
chronic disease. Changes in the food system and parallel
increases in cardiometabolic conditions, like diabetes,
are implicated in premature mortality, decreased economic
productivity and decreased quality of life in the region(7).
This cascade effect of unhealthy dietary changes, including
increased SSB consumption, prompted the creation of ini-
tiatives and policies to increase healthy food environments
and improve diets(30).

Taken together, current evidence and international rec-
ommendations strongly support the critical importance of
reducing SSB intake in the Caribbean region. Regional
efforts to reduce SSB intake have included banning SSB
sales in schools and instituting taxation of SSB(2). The latter
is just one of several WHO endorsed fiscal policy solutions
aimed to reduce obesity and other metabolic diseases
including diabetes(31). Assessment of the impact of the
SSB tax on beverage sales showed that SSB tax was effec-
tive at reducing sales of SSB by 4·3% after the first year of
implementation(32). However, the health impact of SSB
consumption has not yet been established in the region.

Though regional public health organisations and gov-
ernments have prioritised SSB reduction, there is an urgent
need for a more widespread and robust response to
achieve population-wide shifts in SSB intake. Action is
needed to address key contributing factors such as the
influx of imported foods high in sugar, salt and fat and
the lack of incentives for consumption of healthier foods.
There is also a need for the promotion of alternatives to
SSB consumption, especially water, to move beyond

education on SSB for individuals and communities that
are most often already knowledgeable about the perils of
unhealthy dietary intakes. Policies to support increased
screening for diabetes are important to lessen CVD burden
associated with high prevalence of diabetes in the region.
Future research is needed to examine the longitudinal rela-
tionship between SSB and diabetes in the Caribbean and
identify effective food environment interventions that pro-
mote healthier food choices.

Our study has potential limitations. The use of DSQ
algorithms, which are based on consumption patterns in
the USA, has not been validated in Caribbean populations
and therefore may not accurately reflect SSB intake fre-
quency in the Caribbean. Based on the results of global
and regional studies of SSB consumption, SSB consump-
tion in the Caribbean is similar or greater than consumption
in the USA(10). Therefore, it is possible that our results are an
underestimate of true SSB consumption in the region. The
ECS cohort includes participants 40 years and older which
precluded the ability to examine consumption among
younger persons who are high consumers of SSB(10,22).
Despite these limitations, this study provides needed con-
textually relevant evidence on SSB intake in a multisite
Caribbean cohort. This evidence is essential to support
existing and future initiatives to reduce SSB intake in the
region.
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Table 3 Continued

Models

DM or pre-DM (known or
unknown) v. no DM or

pre-DM
Known DM or pre-DM v.

no DM or pre-DM
Unknown DM or pre-DM
v. no DM or pre-DM

OR 95% CI P OR 95% CI P OR 95% CI P

Sugar-sweetened soda – Quartile 3
(0·67–2·57 TSP) v. Quartile 1 (0 TSP)

1·29 0·98 1·70 0·0737 1·20 0·86 1·68 0·2862 1·36 1·00 1·85 0·0520

Sugar-sweetened soda – Quartile 4
(> 2·57 TSP) v. Quartile 1 (0 TSP)

1·23 0·92 1·65 0·1715 1·05 0·73 1·52 0·7779 1·42 1·03 1·97 0·0340

Sugar-sweetened fruit drink, energy drink –
middle third (>0–1·78 TSP) v. bottom third (0 TSP)

1·24 0·95 1·61 0·1167 1·04 0·76 1·43 0·8003 1·44 1·07 1·94 0·0160

Sugar-sweetened fruit drink, energy drink –
top third (> 1·78 TSP) v. bottom third (0 TSP)

0·98 0·76 1·27 0·9003 0·72 0·53 0·98 0·0356 1·23 0·92 1·63 0·1630

Sugar in coffee – Quartile 2
(>0–1·41 TSP) v. Quartile 1 (0 TSP)

0·97 0·72 1·29 0·8252 0·79 0·56 1·12 0·1926 1·15 0·83 1·60 0·3949

Sugar in coffee – Quartile 3
(1·42–2·15 TSP) v. Quartile 1 (0 TSP)

0·73 0·55 0·97 0·0298 0·58 0·41 0·81 0·0014 0·89 0·64 1·24 0·4999

Sugar in coffee – Quartile 4
(> 2·15 TSP) v. Quartile 1 (0 TSP)

0·78 0·58 1·03 0·0838 0·61 0·43 0·87 0·0065 0·92 0·67 1·28 0·6271

*Models 2 and 4 also adjusted for BMI.
All models adjusted for age, sex, education, current economic status, smoking status, physical activity, and food security.
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