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Abstract

Background: Accurately defining obesity using anthropometric measures that best capture obesity-related risk is
important for identifying high risk groups for intervention. The purpose of this study is to compare the association
of different anthropometric measures of obesity with 10-year cardiovascular disease (CVD) risk in adults in the
Eastern Caribbean.

Methods: Data from the Eastern Caribbean Health Outcomes Research Network (ECHORN) Cohort Study (ECS) were
analyzed. The ECS is comprised of adults aged 40 and older residing in the US Virgin Islands, Puerto Rico, Barbados,
and Trinidad. 10-year CVD risk was calculated using the American Heart Association (ACC/AHA) ASCVD Risk Algorithm
and categorized in the following high-risk groups: > 7.5, > 10, and > 20%. Logistic regression was used to examine
associations between four anthropometric measures of obesity (BMI, waist circumference, waist-to-hip ratio, waist-to
height ratio) and 10-year CVD risk.

Results: Mean age (SD) of participants (n= 1617) was 56.6 years (±10.2), 64% were women, 74% were overweight/obese,
and 24% had an ASCVD risk score above 10%. Elevated body mass index (BMI, > 30 kg/m2) and waist circumference were
not associated with CVD risk. Elevated waist-to-hip ratio (WHR, > 0.9 men, > 0.85 women) and elevated waist-to-height ratio
(> 0.5) were associated with all three categories of CVD risk. Area under the receiver curve was highest for WHR for each
category of CVD risk. Elevated WHR demonstrated odds of 2.39, 2.58, and 3.32 (p< 0.0001) for CVD risk of > 7.5, > 10 and >
20% respectively.

Conclusion: Findings suggest that WHR is a better indicator than BMI of obesity-related CVD risk and should be used to
target adults in the Caribbean, and of Caribbean-descent, for interventions.
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Background
The prevalence of obesity has nearly tripled since the
1970s worldwide, with numbers reaching 650 million
people, threatening the health gains achieved over the
past several decades [1–3]. Excess weight accounted for
4-million deaths worldwide in 2015, with 70% of those
deaths due to cardiovascular disease (CVD) [2]. Obesity
is an independent risk factor for cardiovascular disease—
it is associated with higher rates of known cardiovascular
risk factors (diabetes, hypertension, hyperlipidemia, and
metabolic syndrome) and it leads to accelerated athero-
sclerosis and ventricular remodeling [4]. Given these as-
sociations, obesity prevention and management is of
paramount importance in reducing the morbidity and
mortality associated with it.
Appropriate targeting of obesity-related interventions

depends on the accurate measurement of obesity. Differ-
ent anthropometric measures have been used to define
obesity, but body mass index (BMI) is the most com-
mon. Several studies have outlined the limitations of
BMI, with these limitations being more prominent in
non-white racial and ethnic groups where measures of
central obesity are more strongly associated with hyper-
tension, diabetes, and cardiovascular disease [5–15]. It is
unclear which of these anthropometric measure(s) of
obesity (BMI, waist circumference, waist-to-hip ratio,
and waist-to-height ratio) best reflects obesity-related
risk in a Caribbean population.
We focus on the Caribbean as it is a region in tran-

sition that is experiencing an epidemic of non-
communicable disease, with greater than 50% of total
life years annually lost to cancer, cardiovascular dis-
ease, and hypertension [16, 17]. Furthermore, the
prevalence of obesity is almost 25% among the gen-
eral population, and 31% of deaths are attributed to
cardiovascular disease [18–20]. In order to effectively
and efficiently address the high burden of obesity, we
need to target adults of Caribbean-descent at the
highest risk of obesity-related disorders. The objective
of this study is to identify the anthropometric mea-
sures of obesity in adults in the Eastern Caribbean
that are associated with the highest risk of obesity-
related disorders, namely cardiovascular disease
(CVD). We hypothesize that relative central measures
of adiposity (waist-to-hip ratio, waist-to-height ratio)
will be more closely associated with 10-year cardio-
vascular disease risk than body mass index (BMI).

Methods
Study sample and baseline data collection
This study used baseline data from the Eastern Caribbean
Health Outcomes Research Network Cohort Study (ECS).
The ECS methodology has been described previously [21–

24]. The ECS is an ongoing longitudinal cohort study that
follows community-dwelling adults in islands of the U.S. Vir-
gin Islands, Puerto Rico, Trinidad, and Barbados. The ECS
study seeks to improve our understanding of risk and pro-
tective factors for cardiovascular disease, diabetes, and can-
cer, in the Eastern Caribbean region [21–24]. Baseline data
for the ECS was collected between 2013 and 2018. Partici-
pants (n= 2961) were recruited on each island using strati-
fied multi-stage random sampling in Barbados, Trinidad, and
Puerto Rico, and simple random sampling in the U.S. Virgin
Islands of St. Thomas and St. Croix. Eligibility criteria for
participation included: English or Spanish speaking,
community-dwelling, age 40-years and older. The baseline
assessment included a survey (assessing self-reported lifestyle
factors, health outcomes, medical history, and demographic
characteristics); a clinical assessment (blood pressure, and an-
thropometric measurements), and laboratory assessment.
The survey was developed specifically for the ECS [25]. Dur-
ing data cleaning, outlier values (extremes of values for clin-
ical assessment, laboratory, or survey data) were deemed
missing. For the current analysis, we included data for partic-
ipants with complete anthropometric, laboratory, and med-
ical history data. After removing participants with missing
data, our final cohort size was 1617 persons. Figure 1 illus-
trates how the final sample was derived after removal of
missing data.
The ECHORN Cohort Study was approved by the Yale

University Human Subjects Investigation Committee,
and the Institutional Review Boards of the University of
the West Indies, the Ministry of Health Trinidad and
Tobago, the University of Puerto Rico, Medical Sciences
Campus and the University of the US Virgin Islands. In-
formed consent was required for participation in the
study.

Measures
Main independent variable
Our main independent variable, obesity, was defined by
anthropometric measurements taken during the base-
line clinical assessment. Trained research nurses con-
ducted waist, hip, height, and weight measurements for
all participants. Weight measurements were obtained
using a standardized calibrated scale at all sites. Height
was determined using the same stadiometer at each
site. Waist circumference (WC) and hip circumference
were measured using standardized protocols and metric
tape measures; measurements were done twice until
there was less than a 1cm difference between measure-
ments. Body mass index (BMI) was calculated using the
formula: BMI = [weight(kg)/)height(m)2]; waist-to-hip
ratio (WHR) and waist-to-height ratio (WHtR) were
simple ratios of the waist circumference to the hip cir-
cumference and waist circumference to height
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respectively. We dichotomized measurements (elevated
vs. not elevated) based on World Health Organization
guidelines for inclusion in analyses: elevated BMI de-
fined as ≥30 kg/m2; elevated WHR defined as > 0.9
(men), > 0.85 (women); elevated WHtR defined as > 0.5;

and WC defined as >40in (men), >35in (women) [11].
In clinical practice, obesity is dichotomized as obese
versus non-obese, therefore, dichotomizing each an-
thropometric measure in our study increases its clinical
relevance.

Fig. 1 Construction of Study Cohort
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CVD Risk
The dependent variable was CVD risk. We estimated
CVD risk using the American College of Cardiology/
American Heart Association CVD (ASCVD) pooled risk
equations [26]. Variables incorporated in the ASCVD
calculation include: age, gender, race, smoking status,
total cholesterol, systolic blood pressure, diastolic blood
pressure, hypertension treatment, and diabetes. Age,
gender, race, and smoking status were obtained through
participant self-report. Race and ethnicity were deter-
mined by answers to the following question: “To which
racial or ethnic group or groups would you say you be-
long? (Check all that apply).” Response options included:
white, black or African, Caribbean, Asian (for example
Japanese, Chinese, Laotian, Thai, Pakistani or Cambo-
dian), East Indian, Hispanic or Latino, Mixed or multi-
racial, Puerto Rican or Boricua, or other. The CVD risk
score requires that one designates participants as “Afri-
can American” or “Other.” Individuals who self-
identified as “black or African” or “Caribbean” were clas-
sified as “African American” for the calculation. All
others were classified as “Other” for the calculation.
Smoking status was dichotomized based on self-report
to the following question: “Do you still smoke cigarettes,
cigars, or tobacco pipe regularly? By regularly we mean
at least 20 cigarettes or 1 cigar or half an ounce sachet
of loose tobacco per month.” Systolic and diastolic blood
pressure were estimated from the mean of two seated
blood pressure measurements taken 5 minutes apart
during the ECS clinical assessment. Treatment for
hypertension was assessed by participant self-reported
medication history. Diabetes status was measured using
hemoglobin A1C values obtained from laboratory testing
(hemoglobin A1c ≥ 6.5% or fasting plasma glucose ≥126
mg/dl) and self-report. We ascertained total cholesterol
and high-density lipoprotein (HDL) values from labora-
tory tests.
We created three categories of 10-year CVD risk (>

7.5, > 10, > 20%) to examine the discriminatory ability of
anthropometric measurements to capture various levels
of CVD risk. These risk categories indicate that an indi-
vidual has a greater than 7.5, 10, or 20% chance of ath-
erosclerotic cardiovascular disease (heart attack or
stroke) in the next 10 years. Risk categories were deter-
mined based on clinical importance and thresholds for
therapeutic interventions to reduce CVD risk [27, 28].
Specifically, 7.5% risk is the cut off to determine if indi-
viduals with hyperlipidemia warrant statin therapy [29].
A cut off of 10% determines the blood pressure goal for
individuals with hypertension and consideration of the
use of aspirin for primary prevention of cardiovascular
disease [30]. Individuals with greater than 20% risk are
deemed high risk and need statin therapy with the goal
of reducing their cholesterol by 50% or more [29].

Clinically, the ASCVD risk score is used as a cut off
(greater than 7.5, 10, or 20%) and not a range; therefore,
the analysis was done using these cut off values as op-
posed to mutually exclusive ranges.

Covariates
Covariates included education level, physical activity,
added sugar intake, and fruit and salad/vegetable (FV)
intake. Education was measured by self-report and
grouped into high school (or secondary school) graduate
or less, some college, and college and higher. Physical
activity was measured using the WHO Global Physical
Activity Questionnaire and was categorized as low, mod-
erate, and high. Added sugar and FV intake were mea-
sured by the National Cancer Institute Dietary Screener
Questionnaire (DSQ). ECS participants completed the
DSQ which included questions that assessed added
sugars from beverages and fruit and vegetable intake.
Established DSQ scoring algorithms were used to calcu-
late daily teaspoons of added sugar and servings of fresh
fruits (e.g, one serving =1 medium mango, 1 large or-
ange, ½ papaya) and vegetables (e.g., one serving = 2
medium carrots, 1 cup leafy greens) [31, 32]. Common
demographic risk adjustment variables (e.g., age, race,
sex) were included in the CVD risk calculation and were
therefore not adjusted for in multivariate models.

Analytic methods
We first examined the distribution of variables included
in the CVD risk score in our study sample. We then
conducted bivariate analyses using chi-squared tests to
examine associations between anthropometric measures
and levels of CVD risk. We used logistic regression
modeling to compare differences in the association be-
tween anthropometric measurements (BMI, WHR, and
WHtR) and varied levels of CVD risk (> 7.5, > 10, >
20%). WC showed no significant association (p > 0.1)
with 10-year CVD risk score and therefore was not in-
cluded in the logistic regression analyses. We ran separ-
ate models for each anthropometric measure examined,
stratified by gender. Analyses were adjusted for educa-
tional level, physical activity, fruit and vegetable intake,
and added sugar intake. We secondarily conducted lin-
ear regression models for each anthropometric measure
to determine if a similar association was observed for a
continuous increase in 10-year CVD risk score. To de-
termine and compare the discriminatory ability of an-
thropometric measures for 10-year CVD risk, we
evaluated models using three different indices: Area
under the Curve (AROC), Integrated Discrimination Im-
provement (IDI), and Net Reclassification Index (NRI)
[33]. For all results shown, an alpha of 0.05 was used to
determine association, where an alpha> 0.05 signifies no
association.
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Results
ECS sample characteristics are presented in Table 1. The
largest proportion of participants were between the ages
of 50–69 years (51%), women (64.3%), and had less than
a high school education (30.4%). With regards to the ra-
cial and ethnic background of participants, 51.2% self-
reported as Black/Caribbean, 7.7% East Indian, 20.7%
Hispanic, 12.1% Mixed, and 8.2% White. Thirty-eight
percent of the sample had elevated BMI (> 30 kg/m2),
81% had elevated blood pressure (> 120 mmHg systolic),
and 26% had a history of diabetes. Eight percent of par-
ticipants reported smoking regularly, 40% had total chol-
esterol greater than 200 mg/dl, and 71% had an HDL ≤
60mg/dl. Thirty-eight percent of participants had BMI >
30 kg/m2, 50% elevated WHR, 48% elevated WC, and
79% elevated WHtR.
We compared the characteristics of individuals from

ECS who were included and excluded from the ana-
lytic study sample (due to incomplete data) (see

Table 1 Study Sample Characteristics and Distribution of
Measures Used in the ASCVD Risk Calculator

Characteristic Total (n =
1617)

n (%)

Age (years)

40–49 442 (27.3)

50–59 588 (36.4)

60–69 397 (24.6)

70+ 190 (11.8)

Gender

Male 577 (35.7)

Female 1040 (64.3)

Race

Black/Caribbean 828 (51.2)

East Indian 124 (7.7)

Hispanic/PR 335 (20.7)

Mixed 195 (12.1)

Other 3 (0.2)

White 132 (8.2)

Education level

less than high school 491 (30.4)

high school 374 (23.1)

some college 387 (23.9)

college+ 365 (22.6)

Systolic BP (mmHg)

< 120 314 (19.4)

120–129 378 (23.4)

130–139 339 (21.0)

140–149 271 (16.8)

150–159 105 (6.5)

160+ 210 (13.0)

Smoking

No 1489 (92.1)

Yes 128 (7.9)

Total cholesterol (mg/dl)

< 200 970 (60.0)

200–239 468 (28.9)

240+ 179 (11.1)

HDL (mg/dl)

< 40 268 (16.6)

40–60 881 (54.5)

> 60 468 (28.9)

History of diabetes

No 1204 (74.5)

Yes 413 (25.5)

BMI (kg/m2)

Table 1 Study Sample Characteristics and Distribution of
Measures Used in the ASCVD Risk Calculator (Continued)

Characteristic Total (n =
1617)

n (%)

< 25 417 (25.8)

overweight 25–29.9 587 (36.3)

0bese > =30 613 (37.9)

Waist-to-hip Ratio

not elevated 803 (49.7)

elevated 814 (50.3)

Waist Circumference

not elevated 842 (52.1)

elevated 775 (47.9)

Waist to height ratio

not elevated 338 (20.9)

elevated 1279 (79.1)

Education level

less than high school 491 (30.4)

high school 374 (23.1)

some college 387 (23.9)

college+ 365 (22.6)

Physical Activity

low 734 (45.4)

moderate 309 (19.1)

high 574 (35.5)

Serving of fruit and vegetables per week - mean (sd) 9.8 (6.5)

Daily added sugar intake (tsp) without cereal - mean
(sd)

13.9 (9.9)
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Appendix A). We found no difference in gender, pro-
portion with elevated BMI, WHR, or WHtR. There
was a difference in the distribution of participants by
island site, which also led to a difference in distribu-
tion of participants by race (Black/Caribbean in the
included sample was 51.2%; in the excluded sample,
66.0%; p < 0.002). Lastly, there was a difference in
mean age between participants in the sample and
those excluded (56.6 vs 58.1, respectively; p < 0.0001).
Table 2 shows the distribution of clinical and lifestyle

characteristics for each 10-year CVD risk category.
Thirty-two percent of participants had a 10-year CVD
risk score greater than 7.5, 24% with CVD risk greater
than 10, and 10% with CVD risk greater than 20%. Re-
sults of chi-squared tests showed that elevated WHR
and WHtR ratio are associated with elevated 10-year
CVD risk of > 7.5% (p < 0.0001, p = 0.0115 respectively),
> 10% (p < 0.0001, p = 0.0034 respectively), and > 20%
(p < 0.0001, p = 0.0184, respectively). WC did not show
an association in bivariate analyses with any of the 10-
year CVD risk categories. BMI showed an association
only with CVD risk > 7.5% compared to < 7.5% (p =
0.0113), however, a larger proportion of individuals with-
out elevated BMI had elevated CVD risk (66.5%) com-
pared to those with elevated BMI (33.5%). Level of
physical activity and added sugar intake were associated
with 10-year CVD risk score of > 20% (p = 0.0052, p =
0.0018 respectively) but not the other CVD risk categor-
ies. Fruit and vegetable intake were not associated with
CVD risk score. Education level was associated with 10-
year CVD risk of > 7.5, > 10, and > 20% with p < 0.0001.
Multivariate logistic regression model results are pre-

sented in Table 3, stratified by gender. Overall, results
for each 10-year CVD risk category showed that elevated
WHR conferred the greatest odds of increased 10-year
CVD risk of > 7.5, > 10, and > 20%. For 10-year CVD risk
> 7.5%, the odds ratio for WHR was 2.39 (95% CI: 1.92–
2.98) compared to 0.72 (95% CI: 0.58–0.91) and 1.41
(95% CI: 1.07–1.86) for BMI and WHtR respectively. We
observed the same pattern for other CVD risk categories.
Elevated BMI conferred a lower risk of CVD risk > 7.5%,
0.17 (95% CI: 0.58–0.91). Elevated BMI did not confer a
statistically significant increased odds of 10-year CVD
risk of > 10% or > 20% using an alpha of significance of
0.05. Race-stratified models (African American versus
Other) also showed that WHR conferred the greatest
odds of increased 10-year CVD risk across categories
(Appendix B).
In gender-stratified results, both elevated WHR and

WHtR were associated with greater odds of 10-year
CVD risk among men compared to women at all CVD
risk levels. Elevated WHR conferred a higher odds of el-
evated CVD risk in men than the model in women: men
with elevated WHR had approximately three-times

greater odds of CVD risk > 7.5% (2.00–4.07) and > 10%
(2.17–4.58) than men with normal WHR. In women, ele-
vated WHR conferred approximately a two-fold in-
creased odds of CVD risk > 7.5% (1.52–2.87) and > 10%
(11.46–2.96) compared to women with normal WHR. In
gender-stratified results, elevated BMI showed no signifi-
cant change in odds of elevated CVD risk at > 7.5, > 10,
and > 20% levels. In the linear regression analysis, similar
associations were observed for each anthropometric
measure for a continuous increase in CVD risk score.
Here, beta for elevated BMI (vs. non-elevated BMI) was
− 0.778 (p = 0.1168); beta for elevated WHR (vs. non-
elevated WHR) was 4.29 (p < 0.0001); beta for elevated
WHtR (vs. non-elevated WHtR) was 2.07 (p = 0.0005).
This corroborates the logistic regression findings.
In Fig. 2, we show that model prediction performance

indicators consistently demonstrated WHR measure-
ment has better predictive ability for estimating 10-year
CVD compared to BMI and WHtR. The ROC curves
and the associated AROC, NRI, and IDI values are con-
sistent with multivariate model findings. Figure 2 shows
that the discriminatory ability of WHR for elevated 10-
year CVD risk score is better across all CVD risk cat-
egories. These results are consistent across all 3 per-
formance indicators of AUC, IDI, and NRI. We
compared the statistical significance of the difference in
AUC for WHR versus WHtR and BMI. For CVD risk >
7.5%, the AUC for WHR was 0.66, compared to WHtR
0.63 (p = 0.0005), BMI 0.63 (p = 0.0082); for CVD risk>
10%, the AUC for WHR was 0.67 compared to WHtR
0.63 (p = 0.0002) and BMI 0.62 (p = 0.0013); for CVD
risk> 20%, the AUC for WHR was 0.73 compared to
WHtR 0.68 (p = 0.0005) and BMI 0.068 (p = 0.0015).

Discussion
This study demonstrates that relative central measures
of obesity (WHR and WHtR) in adults in the Eastern
Caribbean are more strongly associated with cardiovas-
cular risk than BMI. WHR and WHtR confer greater
odds of 10-year CVD risk than BMI; importantly, ele-
vated BMI was not associated with increased odds of
CVD risk. This suggests that BMI alone should not be
used to target high risk individuals for obesity-related
screening and interventions among adults in the Eastern
Caribbean. Furthermore, WC alone was not associated
with increased CVD risk. This is a significant finding
given the frequent use of WC as a measure of central
adiposity in clinical settings. WHR had greater discrim-
inatory power for 10-year CVD events compared to
WHtR and may be a superior measure of high-risk adi-
posity in this population.
Our study is consistent with previous studies that have

indicated that central measures of adiposity are better
indicators of obesity-related risk than BMI [5–7, 34–44].
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Our study adds to the existing literature by focusing on
a Caribbean population, assessing cardiovascular risk
using a composite score rather than individual CVD risk
factors, and including all anthropometric measures of
obesity. Previous studies in the Caribbean have looked
only at island-specific populations and showed mixed re-
sults with respect to the preferred anthropometric meas-
ure [34, 38–41]. The ECS is a unique adult cohort that
includes participants from four island sites, allowing for
conclusions applicable to a larger group of Eastern
Caribbean adults. Furthermore, using the ASCVD risk
score increases the significance as a composite score ac-
counts for all significant CVD risk factors – hyperten-
sion, diabetes, cholesterol, smoking, and age. The
association of anthropometric measures with the com-
posite score provides a more accurate representation of
the true discriminatory accuracy of the measures to

identify individuals with obesity at highest risk. There
have only been a few studies that have looked at this as-
sociation, and none have been in Caribbean or
Caribbean-descent adults [42, 43].
Most prior studies comparing different anthropomet-

ric measures of obesity have not examined all three cen-
tral measures of obesity – WC, WHR, and WHtR [6, 7,
35–37, 44, 45].; this makes it difficult to conclude defini-
tively which measure is optimal. A recent study looking
at the population of African American adults in the
Jackson Heart Study compared WC, BMI, and WHtR
and found WHtR to be more strongly correlated with
CVD risk factors (HDL, triglycerides, diabetes, hyperten-
sion) compared to BMI [46]. Importantly, however,
WHR was not examined. A large meta-analysis by
Ashwell et al., corroborated these findings indicating the
superiority of WHtR to BMI [47]. However, these

Table 2 Distribution of clinical and lifestyle characteristics for each 10-year CVD risk category

Characteristic CVD 10-Year Risk

≤7.5%
(n = 1089)

> 7.5%
(n = 528)

p-
value*

≤10%
(n = 1222)

> 10%
(n = 395)

p-
value*

≤20%
(n = 1451)

> 20%
(n = 166)

p-
value*

Elevated BMI - n (%) 0.0113 0.0786 0.8752

not elevated 653 (60) 351 (66.5) 744 (60.9) 260 (65.8) 900 (62) 104 (62.7)

elevated 436 (40) 177 (33.5) 478 (39.1) 135 (34.2) 551 (38) 62 (37.4)

Waist-to-hip Ratio - n (%) <.0001 <.0001 <.0001

not elevated 616 (56.6) 187 (35.4) 675 (55.2) 128 (32.4) 762 (52.5) 41 (24.7)

elevated 473 (43.4) 341 (64.6) 547 (44.8) 267 (67.6) 689 (47.5) 125 (75.3)

Waist Circumference - n (%) 0.1099 0.2804 0.8134

not elevated 552 (50.7) 290 (54.9) 627 (51.3) 215 (54.4) 757 (52.2) 85 (51.2)

elevated 537 (49.3) 238 (45.1) 595 (48.7) 180 (45.6) 694 (47.8) 81 (48.8)

Waist to height ratio - n (%) 0.0115 0.0034 0.0184

not elevated 247 (22.7) 91 (17.2) 276 (22.6) 62 (15.7) 315 (21.7) 23 (13.9)

elevated 842 (77.3) 437 (82.8) 946 (77.4) 333 (84.3) 1136
(78.3)

143 (86.1)

Education level - n (%) <.0001 <.0001 <.0001

less than high school 272 (25) 219 (41.5) 324 (26.5) 167 (42.3) 408 (28.1) 83 (50)

high school 257 (23.6) 117 (22.2) 291 (23.8) 83 (21) 341 (23.5) 33 (19.9)

some college 271 (24.9) 116 (22) 299 (24.5) 88 (22.3) 355 (24.5) 32 (19.3)

college+ 289 (26.5) 76 (14.4) 308 (25.2) 57 (14.4) 347 (23.9) 18 (10.8)

Physical Activity - n (%) 0.4951 0.2489 0.0052

low 495 (45.5) 239 (45.3) 551 (45.1) 183 (46.3) 646 (44.5) 88 (53)

moderate 200 (18.4) 109 (20.6) 225 (18.4) 84 (21.3) 271 (18.7) 38 (22.9)

high 394 (36.2) 180 (34.1) 446 (36.5) 128 (32.4) 534 (36.8) 40 (24.1)

Serving of fruit and vegetables per
week - mean (sd)

9.8 (6.6) 9.7 (6.3) 0.9720 9.7 (6.6) 9.8 (6.3) 0.3734 9.7 (6.6) 10.1 (5.9) 0.2490

Daily added sugar intake (tsp) without
cereal - mean (sd)

14.2 (10.2) 13.6 (9.3) 0.1048 14.2 (10) 13.3 (9.5) 0.0258 14.2 (10) 11.9 (8.3) 0.0018

Values are n | (col %) for categorical variables. *P-value connotes significance of chi-squared test of association between high and low risk CVD risk category (i.e.
>7.5% vs. < =7.5%, >10% vs. < =10%, and >20% vs. < =20%)) for each anthropometric measure or sociodemographic or lifestyle characteristics. Significant values
p < 0.05 denoted with bold. Elevated BMI defined as ≥30 kg/m2; elevated WHR defined as > 0.9 (men), > 0.85 (women); elevated WHtR defined as > 0.5
CVD Cardiovascular disease, BMI Body Mass Index, WHR Waist-to-hip ratio, WHtR waist-to-height ratio
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studies did not consider WHR. The Hispanic Commu-
nity Health Study/Study of Latinos (HCHS/SOL) did
compare six measures of obesity with cardiometabolic
outcomes, including WHR and WHtR. They showed
WHR to be associated with increased cardiometabolic
condition prevalence compared to other measures [36].
However, this study only looked at independent cardio-
metabolic outcomes, not a composite CVD risk score.
By including both WHtR and WHR in our study, we
add to this literature by showing that WHR is superior
to WHtR, and demonstrate this more definitively using a
composite score of 10-year CVD risk. Importantly, we
confirm the decreased utility of WC alone – showing no
association of WC with elevated CVD risk. Furthermore,
it is noteworthy that similar to prior studies, we show
that elevated anthropometric measures of central obesity
confer a higher odds of CVD risk and risk factors in
men than in women [36, 42]. Nevertheless, our study
provides the ability to confirm that the superiority of
WHR versus other measures remains consistent across
genders in these studies.
The gender stratified results present an opportunity to

explore the potential significance of the choice of meas-
ure on risk assessment for men versus women. Interest-
ingly, elevated WHR conferred a significantly higher
odds of CVD risk at > 7.5, > 10, and > 20% level for both
men and women. However, waist-to-height ratio con-
ferred a lower odds of CVD risk for women than in
men. Therefore, while WHR can be used as a marker of
CVD risk in both men and women, WHtR is likely more
useful in men than women. Interestingly, without gender
stratification, BMI conferred a lower odds of CVD risk
across categories; this does not hold in the gender

stratified results and is not significant in the linear re-
gression model.
Our study underscores the high prevalence of obesity

in this population (39%) comparable to prevalence esti-
mates in the HCHS/SOL study and the general US
population [48, 49]. Furthermore, we provide more evi-
dence for the association of obesity and cardiovascular
risk. In this study, individuals with elevated WHR had
2.45 increased odds of having a greater than 10% risk of
a major cardiac event in next 10 years than those with a
normal WHR. This indicates the urgent need for
obesity-related and CVD-risk reduction interventions in
this population, starting with accurately identifying those
at risk. We make the argument here that BMI alone can-
not be used to target Eastern Caribbean adults with
obesity for interventions.
There are a few limitations of the study that should be

noted. The first is that we use the AHA/ACC pooled
ASCVD risk score to determine the risk of a CVD event
in 10 years. The pooled risk equations of the ASCVD
risk score were not derived from a multi-ethnic or
Caribbean population and therefore carries limitations
to accuracy in our Eastern Caribbean adult cohort [26].
Prior studies using this risk score have indicated that it
may overestimate 10-year CVD risk [50–52]. However,
other studies have shown that in black populations it
performs adequately and equally as well as the Framing-
ham risk score [53]. While the ASCVD risk calculator
may not be an accurate predictor of CVD risk in this
population, it is the one most widely available and used.
Data from follow up waves of ECS will allow us to assess
the accuracy of ASCVD risk score in predicting CVD
outcomes in this population. For the current study, the

Table 3 Odds of elevated cardiovascular risk by elevated BMI, waist-to-hip ratio and waist-to-height ratio

Anthropometric Measure Odds of CVD Risk > 7.5% Odds of CVD Risk > 10% Odds of CVD Risk > 20%

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

TOTAL

Elevated BMI 0.72 (0.58,0.91) 0.0049 0.78 (0.61,0.99) 0.0433 0.89 (0.63,1.26) 0.5183

Elevated Waist to Hip Ratio 2.39 (1.92,2.98) <.0001 2.58 (2.02,3.29) <.0001 3.32 (2.28,4.83) <.0001

Elevated Waist to Height Ratio 1.41 (1.07,1.86) 0.0143 1.56 (1.14,2.12) 0.0053 1.60 (1.00,2.57) 0.0496

MEN

Elevated BMI 1.00 (0.69,1.46) 0.9911 0.96 (0.65,1.40) 0.8178 1.25 (0.77,2.03) 0.3655

Elevated Waist to Hip Ratio 2.85 (2.00,4.07) <.0001 3.16 (2.17,4.58) <.0001 3.45 (2.07,5.76) <.0001

Elevated Waist to Height Ratio 1.94 (1.31,2.87) 0.001 2.22 (1.46,3.39) 0.0002 2.86 (1.55,5.27) 0.0008

WOMEN

Elevated BMI 0.79 (0.58,1.09) 0.1544 0.92 (0.65,1.31) 0.6449 1.10 (0.63,1.92) 0.7263

Elevated Waist to Hip Ratio 2.09 (1.52,2.87) <.0001 2.08 (1.46,2.96) <.0001 2.90 (1.58,5.32) 0.0006

Elevated Waist to Height Ratio 1.83 (1.15,2.92) 0.0107 1.73 (1.03,2.89) 0.0385 1.22 (0.55,2.71) 0.6199

Adjusted multivariate regression analysis showing odds ratio for designated 10-year cardiovascular risk score category by anthropometric measure. Adjusted for
educational level, added sugar intake, fruit/salad intake and physical activity level. Elevated BMI defined as ≥30 kg/m2; elevated WHR defined as > 0.9 (men), >
0.85 (women); elevated WHtR defined as > 0.5
CVD Cardiovascular disease, OR odds ratio, BMI Body Mass Index, WHR Waist-to-hip ratio, WHtR waist-to-height ratio
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same risk calculator was used across anthropometric
measures, therefore, the limitations of the ASCVD algo-
rithm do not affect the association of BMI, WHR, and
WHtR with CVD risk that is the purpose of this study.
Additionally, in applying the pooled ASCVD equations,
we grouped individuals who self-identified as black/
Caribbean as “African American,” and everyone else as
“Other.” This classification may not be accurate if all in-
dividuals of Caribbean-descent indeed have higher risk
of CVD comparable to that of African Americans. We
conducted a sensitivity analysis to understand the effect
of changing how we group ECS participants. If we place
all participants except those who self-identify as “white”
under “African American” for purposes of the calcula-
tion, the strong association of WHR with CVD risk and
the lack of such association for BMI and WC remains.
These results can be viewed in Appendix C. Another
limitation is that our exclusion of participants with miss-
ing values may have introduced selection bias. This pos-
sibility was raised by there being a difference between
the excluded and included groups by island site, race/
ethnicity, and age group as indicated in Appendix A.
This was likely due to lack of laboratory availability for a
limited period in some island sites versus others (affect-
ing the site and race/ethnicity distribution), and the ex-
clusion of individuals with history of heart disease meant
the excluded group would likely be older. Another limi-
tation is that of recall bias, given dietary and physical ac-
tivity were only assessed using questionnaires. Another
limitation is that we did not have percentage body fat
measurement available for ECS participants. Prior stud-
ies have shown that percentage of body fat is the best
measure of true adiposity and most closely correlates
with mortality and CVD-related risk [54]. However,
measuring percentage body fat is not currently routine
clinical practice and not feasible in most sites. With re-
sults from future waves of ECS, we will be able to deter-
mine which anthropometric measures are associated
with incident CVD, which would prove more accurate
than the CVD risk calculator. We will also be able to
compare the accuracy of the various CVD risk calcula-
tors and determine which is a more precise reflection of
CVD risk in this population.

Conclusion
Study findings demonstrate the superiority of WHR for
identifying adults in the Eastern Caribbean with elevated

10-year CVD risk. These findings, combined with the to-
tality of epidemiological evidence on WHR, WC, and
BMI, indicate that WHR should be used in addition to
BMI and WC to target individuals for screening, nutri-
tion counseling, and lifestyle and weight-loss interven-
tions. Consideration should be given to include WHR in
the routine clinical assessment of Caribbean and
Caribbean-descent individuals to ensure that adults with
high risk obesity are identified for intervention, enabling
health systems to curb the rising burden of obesity-
related disorders in the region.
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