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Abstract

Background

Accurate assessment of cardiovascular disease (CVD) risk is crucial for effective prevention

and resource allocation. However, few CVD risk estimation tools consider social determi-

nants of health (SDoH), despite their known impact on CVD risk. We aimed to estimate 10-

year CVD risk in the Eastern Caribbean Health Outcomes Research Network Cohort Study

(ECS) across multiple risk estimation instruments and assess the association between

SDoH and CVD risk.

Methods

Five widely used CVD risk estimation tools (Framingham and WHO laboratory, both labora-

tory and non-laboratory-based, and ASCVD) were applied using data from ECS participants

aged 40–74 without a history of CVD. SDoH variables included educational attainment,

occupational status, household food security, and perceived social status. Multivariable

logistic regression models were used to compare differences in the association between

selected SDoH and high CVD risk according to the five instruments.
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Findings

Among 1,777 adult participants, estimated 10-year CVD risk varied substantially across

tools. Framingham non-lab and ASCVD demonstrated strong agreement in categorizing

participants as high risk. Framingham non-lab categorized the greatest percentage as high

risk, followed by Framingham lab, ASCVD, WHO lab, and WHO non-lab. Fifteen times more

people were classified as high risk by Framingham non-lab compared with WHO non-lab

(31% vs 2%). Mean estimated 10-year risk in the sample was over 2.5 times higher using

Framingham non-lab vs WHO non-lab (17.3% vs 6.6%). We found associations between

food insecurity, those with the lowest level compared to the highest level of education, and

non-professional occupation and increased estimated CVD risk.

Interpretation

Our findings highlight significant discrepancies in CVD risk estimation across tools and

underscore the potential impact of incorporating SDoH into risk assessment. Further

research is needed to validate and refine existing risk tools, particularly in ethnically diverse

populations and resource-constrained settings, and to develop race- and ethnicity-free risk

estimation models that consider SDoH.

Introduction

Cardiovascular disease (CVD) is the leading cause of mortality worldwide and is responsible

for 28% of global deaths [1]. In the islands of the Caribbean, the prevalence of CVD risk fac-

tors, such as diabetes and hypertension, is substantial and growing and confers a high societal

economic cost [2–4]. A widely adopted approach to individualized and population-based

CVD prevention is the assessment of 10-year CVD risk [1]. It has been suggested that treat-

ment of patients based on their individualized CVD risk is more prudent than basing treat-

ment decisions on specific risk factors, such as hypertension and hyperlipidemia, alone [5].

Estimating the risk of cardiovascular events has, thus, become a cornerstone of clinical practice

as it influences clinician recommendations for lifestyle and pharmacologic primary preven-

tion. That said, controversy still exists as to whether this approach actually improves clinical

outcomes [6]. Additionally, from the perspective of population health, these estimations allow

for targeted approaches to prevention messaging, health sector planning, and resource alloca-

tion [7].

Numerous multivariable risk estimate tools have been developed to estimate the 10-year

risk of developing a cardiovascular event [8]. The accuracy and applicability of these tools

are linked to the populations with and for whom they were developed and validated. Studies

have shown that these tools can underestimate or overestimate [9] actual CVD risk and can

have limited accuracy in certain populations [10]. Many of the tools were developed in and

validated among, ethnically and sociodemographically homogeneous populations, typically

in high-income country settings, limiting their applicability to individuals of different socio-

economic statuses and multi-ethnic populations [11]. That said, efforts have been made to

broaden their applicability, through validation in multi-ethnic cohorts and adaptations to

omit required laboratory parameters, which may be difficult to obtain in some settings [10,

11]. In 2007, the World Health Organization (WHO) and the International Society of Hyper-

tension published the first series of CVD risk charts developed specifically for LMIC, with a

different chart for each of the 14 WHO sub-regions [9]. These charts were updated in 2019,
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with a different chart corresponding to each of the 21 Global Burden of Disease regions,

including one for the Caribbean that was validated using data from Trinidad and Barbados

[1].

Though these newer tools incorporate data from more diverse populations, few have incor-

porated social determinants of health (SDoH), despite the well-documented associations

between certain SDoH and CVD. Numerous studies have shown positive associations between

SDoH and CVD risk, including household food security, educational attainment, and other

markers of socioeconomic status [12–14]. For example, in some settings, food insecurity has

been linked to higher prevalence and poor management of CVD risk factors like obesity, dia-

betes, and hypertension [15]. Lower educational attainment and non-professional occupations

have also been associated with higher CVD incidence and mortality across studies [12]. Given

these associations, incorporating social determinants of health into CVD risk estimate tools

could improve their accuracy across, and generalizability to, diverse populations and settings

[16]. However, this landscape and its evidence base continue to evolve. A recent study demon-

strated that the removal of race and the addition of SDoH neither improved nor worsened per-

formance of the ASCVD instrument [17]. Concurrently, the American Heart Association

released an updated version of ASCVD, called PREVENT, that both removed race and added a

measure of SDoH [18].

This study aims to determine the estimated 10-year CVD risk range in the Eastern Carib-

bean Health Outcomes Research Network (ECHORN) Cohort Study (ECS) using multiple

widely used risk estimate tools, including the 2019 Caribbean WHO risk chart. Furthermore,

we seek to determine how the association of selected SDoH—educational attainment, occupa-

tional status, household food security, and perceived social status—with CVD risk varies by

instrument.

Methods

Overview of study design and data collection

The study design and data collection process have been documented in detail elsewhere [19].

As previously described, ECS utilized a multistage probability sampling design in three of the

four sites (Barbados, Puerto Rico, and Trinidad) and simple random sampling in the fourth

site, US Virgin Islands (St. Thomas and St. Croix). Island-wide samples were obtained from

the US Virgin Islands and Barbados, while the larger islands of Puerto Rico and Trinidad

selected two communities with similar demographics (similar distributions of age, race/ethnic-

ity, sex, and educational levels) representative of the the general island population. Participants

were considered eligible if they were non-institutionalized, aged over 40 years, English or

Spanish speaking, had reliable contact information, and were semi-permanent or permanent

residents of the site for the past 10 years, with no plans to relocate in the next 5 years. Pregnant

women were excluded.

Baseline data collection occurred between the following dates at each site: US Virgin Islands

(June 5, 2013-October 28, 2015), Barbados (November 5, 2013-May 12, 2016), Trinidad (May

6, 2014-June 12, 2018), and Puerto Rico (May 29, 2014-June 12, 2018). Participants completed

questionnaires that captured sociodemographic information, health status, and health behav-

ior information. The survey was conducted using computer-guided and audio-assisted soft-

ware. Physical measurements were taken, including height, weight, waist, hip, and neck

circumference, and blood pressure. A fasting venous blood sample was collected for glucose,

HDL, LDL and total cholesterol. A full dictionary of collected variables is publicly available on

the Explore ECHORN online platform [20].

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 3 / 16

https://doi.org/10.1371/journal.pone.0316577


Measures used in analyses

In our analyses, we included participants aged 40–74 years, based on the common age range

across the five selected CVD risk instruments (see below) and without a known history of

CVD at baseline. Data were analyzed using the Stata software package (version 16, StataCorp,

College Station, Texas).

Variables included in the calculation of CVD risk varied across tools. In this section, all the

variables used across all five risk calculation tools are described. Age was obtained by ECS par-

ticipant self-report and operationalized as means and 10-year categories in analyses. Sex, race,

educational attainment, and occupation were obtained by participant self-report.

Clinical and lifestyle variables examined included current smoking and use of antihyperten-

sive medications (obtained by self-report), body mass index (obtained by measurement of

height and weight), HDL and total cholesterol (obtained by laboratory testing), and hyperten-

sion and diabetes (described below). Smoking was defined as current smoking of at least 20

cigarettes or 1 cigar or half an ounce sachet of loose tobacco per month. Participants were con-

sidered to have diabetes if they met either of the following criteria: a fasting plasma glucose

measurement of 126 mg/dL or higher or a self-reported prior diagnosis [2]. Hypertension was

defined as either a systolic blood pressure�140 mmHg or a diastolic blood pressure�90

mmHg or self-reported current use of antihypertensive medication. These definitions are con-

sistent with those used in population-based surveys in the US (NHANES) and globally (WHO

STEPS) [21–23].

In terms of SDoH, household food security was assessed by the Latin American and Carib-

bean Food Security (ELCSA) scale [24]. Responses were categorized as follows: ‘household

food secure’ (score = 0), ‘mild household food insecurity’ (score = 1–3), ‘moderate household

food insecurity’ (score = 4–6), ‘severe household food insecurity’ (score = 7–9). Social status

was scored 1–10 based on the following question: “Look at this figure with steps numbered 1

at the bottom to 10 at the top. If the ladder represents the richest people of this island and the

bottom represents the poorest people of this island, on what number step would you place

yourself?” [25]. Data were categorized according to tertile. Educational attainment was catego-

rized as less than high school, high school graduate, some college, and college and beyond.

Self-reported occupation was collapsed into three categories: professional, semi-professional,

and non-professional. Analyses looking at associations of SDoH and CVD risk were adjusted

for age and gender.

Ten-year risk of cardiovascular events for each individual was calculated using five widely

used CVD risk estimate tools: Framingham Risk Score laboratory-based (Framingham lab)

[26], Framingham Risk Score non-laboratory-based (Framingham non-lab) [26], American

College of Cardiology/American Heart Association Pooled Cohort Risk equations (ASCVD)

[27], World Health Organization 2019 laboratory-based risk charts (WHO lab) [1] and World

Health Organization 2019 non-laboratory-based risk charts (WHO non-lab) [1]. The salient

features of each risk calculator are summarized in Table 1. Framingham lab, ASCVD, and

WHO lab include age, sex, systolic blood pressure, treatment of hypertension, total cholesterol

levels, current smoking, and history of diabetes mellitus. Framingham lab and ASCVD also

include high density lipoprotein (HDL) and ASCVD includes race (“African American” or

“Other”; Though the online tools allow for selection of “White”, the underlying algorithm

groups “White” and “Other” together.) For Framingham non-lab and WHO non-lab, lipid

measurements are replaced with body mass index (BMI). We used the Caribbean-specific risk

charts for the WHO risk estimates (Table 1). The ASCVD tool requires that race be designated

as either “African American” or “Other”. Our questionnaire allowed the following responses

to the question “To which racial or ethnic group or groups would you say you belong? (Check
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all that apply)”: white, black or African, Caribbean, Asian (for example Japanese, Chinese, Lao-

tian, Thai, Pakistani or Cambodian), East Indian, Hispanic or Latino, Mixed or multi-racial,

Puerto Rican or Boricua, or other. Participants who either selected “Black or African” or

“Caribbean” were classified as “African American”. All others were classified as “Other”.

There is some heterogeneity in clinical endpoints between these tools that is worth noting.

The clinical endpoints for the ASCVD and WHO tools are fatal and non-fatal myocardial

infarction and stroke, whereas the Framingham tools endpoints also include angina, heart fail-

ure, transient ischemic attack, and peripheral artery disease.

To achieve consistency across the five risk estimate tools, we categorized 10-year risk as

low, intermediate, and high. For the Framingham tools, we used the recommended risk cate-

gorizations: low risk (<10%); intermediate risk (10% to<20%); high risk (�20%). For

ASCVD, we combined the low risk (<5%) and borderline risk (5% to<7.5%) categories into a

single low risk category and retained the intermediate risk (�7.5% to<20%) and high risk

(�20%) categories. For the WHO tools, we combined the very low risk (<5%) and low risk

(5% to<10%) categories into a single low risk category, retained the intermediate risk (10% to

<20%) category, and combined the high risk (20% to<30%) and very high risk (� 30%) cate-

gories into a single high risk category.

We excluded participants with missing data for any of the variables required by the five tools

to ensure that the same participants were used to compute all scores (Fig 1). We provide sensi-

tivity analyses to compare demographics among included and excluded participants (S1 Table).

Ethics approvals

The ECS 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 Uni-

versity of the US Virgin Islands. Written informed was obtained from study participants. The

approvals also included the use and analysis of deidentified data.

Table 1. Salient features of each of the five CVD risk estimate instruments used in this study.

Framingham (lab/non-lab) ASCVD WHO (lab/non-lab)

Population Derived from the Framingham cohort study,

with 8491 individuals

Derived from several cohort studies, including

Framingham, with 21 985 individuals

Derived from 85 prospective cohorts with 376

177 individuals

Age range: 30–74 yrs Age range: 40–79 years Age range: 40–80 yrs

Location: North America Location: North America Location: Europe, North America, Japan,

Australia

Risk factors Lab: age, sex, smoking, systolic blood

pressure, blood pressure treatment, total

cholesterol, HDL cholesterol, diabetes

Age, sex, smoking, systolic blood pressure,

blood pressure treatment, total cholesterol,

HDL cholesterol, diabetes, race

Lab: age, sex, smoking, systolic blood pressure,

total cholesterol, diabetes

Non-lab: Age, sex, smoking, systolic blood

pressure, blood pressure treatment, diabetes,

BMI

Non-lab: Age, sex, smoking, systolic blood

pressure, BMI

Timeframe &

outcomes

10-yr risk of fatal and nonfatal CVD

(coronary heart disease, stroke, peripheral

artery disease, or heart failure)

10-yr risk of fatal and nonfatal CVD

(coronary heart disease or stroke)

10-yr risk of fatal and nonfatal CVD (coronary

heart disease or stroke)

Statistical model Cox survival models Cox survival models Cox survival models

Are country-specific

versions available?

No No Yes—different charts for 21 regions worldwide.

Region-specific calibrations were based on

regional incidence of risk factors.

https://doi.org/10.1371/journal.pone.0316577.t001
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Statistical analyses

We investigated the agreement between the risk scores by cross-tabulating the low/intermedi-

ate and high-risk categories based on the different scores. We then calculated kappa statistics

for each combination of risk score, taking a value of 0 to<0.01 to indicate no agreement; and

0.01 to 0.20 as none to slight; 0.21 to 0.40 as fair; 0.41 to 0.60 as moderate, 0.61 to 0.80 as sub-

stantial; and 0.81 to 1.00 as almost perfect agreement [28].

We explored whether using different risk scores affected the relationship between high

CVD risk and the aforementioned SDoH. We used multivariable logistic regression models to

compare differences in the association between selected social determinant variables (educa-

tional level, occupational grade, household food security, and perceived social status) and high

CVD risk according to the five instruments. We examined each SDoH determinant separately

in models controlled for age and gender. We did not examine them together in one model as

we wanted to identify their direct relationships with the outcome variable without the influ-

ence of other predictors, in order to clarify the strength and direction of each SDoH variable’s

effect.

Fig 1. Flowchart of sample composition.

https://doi.org/10.1371/journal.pone.0316577.g001
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Results

Out of 2,961 participants, 386 were excluded due to their age or a previous diagnosis of CVD

and a further 798 due to missing data points (Fig 1). The characteristics of the remaining 1,777

participants are shown in Table 2. The mean age of the sample was 55 years. Mean blood pres-

sure was slightly lower in women compared with men (2 mm Hg difference for systolic and 5

for diastolic); however, more women were taking antihypertensive medication (35% vs 25%).

Mean BMI, total cholesterol, and HDL cholesterol were all higher in women, whereas the prev-

alence of smoking and diabetes were higher in men. Around half the sample reported their

racial or ethnic background to be Black or Afro-Caribbean. Sensitivity analysis comparing

baseline characteristics of included and excluded participants demonstrates slight differences

in age and level of education. Mean age (95% CI) of the sample used in this analysis was 55.4

(55.0, 55.8) years, compared with 57.3 (56.9, 57.7) years in the full sample. Our analysis sample

had higher educational attainment, with 30.6% (95% CI: 28.4, 32.8) not finishing high school

and 22.5 (20.6, 24.5) completing a college degree, compared with 36.1 (95% CI: 34.4, 37.9) and

18.3 (16.9, 19.7), respectively (S1 Table) in the full sample.

Table 3 shows mean 10-year estimated CVD risk scores for each of the five instruments,

stratified by gender and age group. For all but one of the sub-groups, Framingham non-lab

yielded the largest estimate of 10-year risk across the sample, followed by Framingham lab,

ASCVD, WHO lab, and WHO non-lab. For the 40–49 year-old age group, the WHO non-lab

estimate was higher than the WHO lab estimate. Mean estimated 10-year risk in the sample

was over 2.5 times higher using Framingham non-lab vs WHO non-lab (17.3% vs 6.6%).

Across all instruments, estimated 10-year CVD risk was higher in men vs women and

increased with age. The sex difference was the greatest using Framingham non-lab (difference

of 9.2 percentage points) and the least using the WHO non-lab (1.6 percentage points).

Framingham non-lab categorized the greatest percentage as high risk, followed by Framing-

ham lab, ASCVD, WHO lab, and WHO non-lab. Framingham non-lab was 15 times more

Table 2. Baseline CVD risk factors (demographic, physical, and laboratory characteristics) of the ECHORN

cohort.

Characteristics Men Women

(N = 635) (N = 1142)

Age, mean (SD) 55.4 (8.8) 55.4 (8.9)

Blood pressure, mean (SD), mm Hg

Systolic 137.0 (18.3) 135.0 (21.7)

Diastolic 83.6 (10.8) 78.7 (11.2)

Antihypertensive treatment, No. (%) 162 (25.3) 398 (34.5)

Body mass index, mean (SD) 27.8 (5.3) 30.1 (6.4)

Total cholesterol, mean (SD), mg/dL[mmol/L] 187.7 (37.2) 196.6 (40.0)

HDL cholesterol, mean (SD), mg/dL[mmol/L] 48.0 (13.7) 55.4 (14.5)

Current smoking, No. (%) 78 (12.2) 75 (6.5)

Diabetes mellitus, No. (%) 145 (22.7) 232 (20.1)

Race or ethnicity, No. (%)

White 48 (7.5) 73 (6.3)

Black/Afro-Caribbean 323 (50.5) 585 (50.7)

East Indian 49 (7.7) 85 (7.4)

Hispanic/Latino 41 (6.4) 99 (8.6)

Puerto Rican/Boricua 52 (8.1) 93 (8.1)

Mixed 123 (19.2) 211 (18.3)

Other 4 (0.6) 7 (0.6)

https://doi.org/10.1371/journal.pone.0316577.t002
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likely to classify participants as high risk compared with WHO non-lab (31% vs 2%). The tools

produced more similar estimates for the intermediate categories: the highest estimate (Fra-

mingham non-lab: 30%) was nine percentage points higher than the lowest (WHO non-lab:

21%) (Fig 2 and S2 Table).

Table 3. Baseline 10-year CVD risk in the ECHORN cohort according to five different risk estimator tools.

Framingham Simplified Framingham General ASCVD WHO general WHO simplified

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

Overall 17.5 (16.9,18.1) 14.0 (13.5,14.6) 9.4 (9,9.9) 7.1 (6.9,7.4) 6.7 (6.5,6.9)

Men 23.8 (22.6,24.9) 19.3 (18.2,20.4) 12.3 (11.5,13.1) 8.1 (7.7,8.6) 7.8 (7.4,8.1)

Women 14.4 (13.7,15) 11.2 (10.6,11.7) 7.9 (7.3,8.4) 6.5 (6.2,6.8) 6.1 (5.9,6.3)

Age (40–49) 7.3 (6.9,7.7) 5.9 (5.5,6.3) 2.9 (2.6,3.3) 2.8 (2.6,2.9) 2.9 (2.7,3)

Age (50–59) 15.1 (14.4,15.8) 12.4 (11.7,13.2) 7.4 (6.8,8) 5.8 (5.5,6) 5.4 (5.2,5.5)

Age (60–69) 26.8 (25.5,28) 21.0 (19.8,22.2) 15.1 (14.2,16) 10.8 (10.4,11.2) 10.0 (9.7,10.3)

Age (70+) 36.0 (33.2,38.7) 27.2 (24.5,29.9) 25.7 (23.4,28) 17.1 (16.2,18) 15.9 (15.3,16.5)

Note: CVD risk estimator (variables included in the estimation)

• Framingham non-lab (sex, age, smoking, diabetes, systolic BP, BP treatment, BMI)

• Framingham lab (sex, age, smoking, diabetes, systolic BP, BP treatment, total cholesterol, HDL cholesterol)

• ASCVD (sex, age, race, smoking, diabetes, systolic BP, BP treatment, total cholesterol, HDL cholesterol)

• WHO lab (sex, age, smoking, diabetes, systolic BP, Total cholesterol)

• WHO non-lab (sex, age, smoking, systolic BP, BMI)

https://doi.org/10.1371/journal.pone.0316577.t003

Fig 2. Bar chart showing 10-year CVD risk categorization in the ECHORN cohort according to five different risk estimator tools.

https://doi.org/10.1371/journal.pone.0316577.g002
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In terms of agreement between high-risk categories for each of the five instruments, Fra-

mingham lab had substantial agreement with Framingham non-lab and ASCVD, with Kappa

statistics (95% CI) of 0.72 (0.68, 0.75) and 0.63 (0.58, 0.67), respectively. WHO non-lab showed

no agreement or only slight agreement with all other algorithms, except for the WHO lab with

which it showed fair agreement (Kappa: 0.34; 95%CI: 0.22, 0.45). All other algorithm combina-

tions showed fair to moderate agreement (Fig 3 and S3 Table).

Table 4 shows the odds of having high estimated 10-year CVD risk according to selected

sociodemographic variables, while controlling for age and sex, using each of the five instru-

ments. Using Framingham non-lab and Framingham lab, living in a household with moder-

ate/severe food insecurity was associated with increased odds of high estimated CVD risk

(OR = 1.65 and 1.89, respectively), compared with those who live in a food-secure household.

Less than high school education was associated with higher estimated CVD risk compared

with college graduates (OR range 0.18–0.51) using all instruments except WHO non-lab. Non-

professional occupation was associated with higher estimated CVD risk (OR range 1.45–2.09)

compared with professional occupation using all instruments except Framingham lab and

WHO non-lab. Using WHO non-lab, the odds of high estimated CVD risk did not vary

between categories for any of the sociodemographic variables examined.

Discussion

In this study, we sought to determine the range of estimated 10-year CVD risk across five

widely used risk estimate instruments in an ethnically diverse, multi-island Caribbean cohort

with a high prevalence of CVD risk factors. Additionally, we sought to determine associations

with selected SDoH that have strong evidence-based associations with CVD risk. We found

that 10-year CVD risk was nearly three times higher for Framingham non-lab than WHO

non-lab. Framingham non-lab categorized the greatest percentage of participants as high risk

compared to all the other tools. It categorized 15 times more individuals as high risk than

WHO non-lab. The WHO tools had the lowest level of agreement with the other tools we stud-

ied while ASCVD had the highest. We also found that moderate food insecurity, lower educa-

tional attainment, and non-professional occupation were associated with CVD risk score.

Fig 3. Agreement between high-risk categories of five cardiovascular risk estimator tools in the ECHORN cohort.

https://doi.org/10.1371/journal.pone.0316577.g003
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Ours is among the first published studies to use the 2019 WHO CVD risk estimate instru-

ments [29–32]. It is the first to compare the WHO instrument performance against other

instruments and the first to use the tool in a Caribbean population. The 2019 WHO lab and

non-lab instruments used one Caribbean cohort, from Puerto Rico, for model derivation.

There were no Caribbean studies used for external validation, which included the Asia Pacific

Cohort Studies Collaboration (APCSC), the New Zealand primary care-based PREDICT car-

diovascular disease cohort (PREDICT-CVD), the Chinese Multi-Provincial Cohort Study, the

Health Checks Ubon Ratchathani Study in Thailand, the Tehran Lipids and Glucose Study,

and UK Biobank. Following external validation, models were recalibrated using risk factor

prevalence data from cross-sectional national surveys (WHO STEPwise approach to non-com-

municable disease risk factor surveillance) and this included multiple Caribbean nations- Bar-

bados, Dominica, Grenada, St Lucia, and Trinidad and Tobago. The fact that few cohorts were

used for model derivation reflects the paucity of Caribbean-specific cohort data, a gap which

ECS helps to fill [33, 34].

Our results showed that performance of the Framingham and WHO tools were the most

divergent, in that Framingham non-lab predicted a much larger percentage of high-risk partic-

ipants compared to the WHO non-lab tool. There was strong agreement between WHO non-

lab and WHO lab, which was consistent with previous studies that compared WHO risk calcu-

lators [29]. It is important to note that the Framingham risk tool has been shown to overesti-

mate CVD risk in different populations, including Chinese and Korean populations [35–38].

This suggests the potential need to recalibrate Framingham for Caribbean-specific contexts.

While few studies have been conducted in Caribbean populations, there is some evidence that

suggests Framingham may underestimate CVD risk in Caribbean populations [10]. It is

important to note the implications of including or excluding specific variables from these

instruments, in regard to regional differences in CVD risk factors. For example, the rate of dia-

betes is high in the Caribbean [2], diabetes is an independent risk factor for CVD, and WHO

Table 4. Odds of high estimated 10-year cardiovascular disease risk using 5 different risk estimator tools, by selected social determinants of health.

Prevalence Framingham non-

lab

Framingham lab ASCVD WHO lab WHO non-lab

N (%) OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Household food security

Food secure 1,351 76 Reference Reference Reference Reference Reference

Mild food insecurity 277 16 1.40 (0.94, 2.00) 1.29 (0.95, 2.03) 1.02 (0.62, 1.73) 0.94 (0.38, 2.33) 0.78 (0.22, 2.78)

Moderate/severe food insecurity 149 8 1.65 (1.01, 2.71) 1.89 (1.12, 3.18) 1.15 (0.53, 2.36) 0.94 (0.21, 4.18) 1.03 (0.13, 8.39)

Perceived social status

Low social status (tertile 1: score 1–4) 749 44 Reference Reference Reference Reference Reference

Moderate social status (tertile 2: score 5) 531 31 0.84 (0.62, 1.06) 0.82 (0.56, 1.06) 0.94 (0.64, 1.43) 1.11 (0.58, 2.14) 1.04 (0.33, 3.25)

High social status (tertile 3: 6–10) 439 26 1.00 (0.73, 1.28) 0.82 (0.55, 1.05) 0.93 (0.60, 1.38) 0.89 (0.46, 1.56) 0.63 (0.17, 1.21)

Education

Less than high school 531 31 Reference Reference Reference Reference Reference

High school graduate 402 23 0.64 (0.46, 0.84) 0.74 (0.49, 1.03) 0.73 (0.45, 1.14) 0.55 (0.24, 1.01) 0.20 (0.02, 1.70)

Associate degree/ Some college 413 24 0.90 (0.58, 1.06) 1.13 (0.78, 1.55) 0.74 (0.50, 1.22) 0.86 (0.56, 1.76) 1.55 (0.50, 4.81)

College degree 391 23 0.51 (0.33, 0.65) 0.50 (0.34, 0.74) 0.48 (0.29, 0.78) 0.18 (0.06, 0.54) 0.38 (0.10, 1.95)

Occupational group

Professional 430 34 Reference Reference Reference Reference Reference

Semi-professional 621 49 1.16 (0.79, 1.44) 1.34 (0.97, 1.97) 1.47 (0.95, 2.34) 1.12 (0.52, 2.40) 0.28 (0.05, 1.59)

Non-professional 223 18 1.45 (1.13, 2.38) 1.37 (0.91, 2.24) 1.79 (1.01, 3.17) 2.09 (1.20, 5.04) 3.53 (0.88, 14.19)

https://doi.org/10.1371/journal.pone.0316577.t004
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non-lab excludes diabetes as a variable. We plan to use longitudinal follow-up data from ECS,

once available, to compare these estimations with actual CVD events from the cohort. Such

external validation of these existing CVD risk estimate instruments would be an important

contribution to the growing evidence base on contextualized approaches to population-level

CVD risk estimation [39]. One analytic approach to addressing low concordance between

instruments would be combination modeling, such as COVID-19 ensemble modeling. Evi-

dence suggests that such models can provide “reliable and comparatively accurate forecast[s]

that exceed the performance of. . .the models that contribute to it” [40]. Discordance between

risk instruments has real implications at the individual and population levels, especially in

resource constrained settings. Individuals identified as having high CVD risk will likely be pre-

scribed more medicines and have closer recommended follow up, for example. On the other

hand, those who experience a cardiovascular event will also require increased resources. At the

individual level, this translates into higher out of pocket expenditures, lost time at work, and

greater travel, while population-level implications include increased medicine demand and

greater primary care or specialist resources.

In addition to the aforementioned discussion of inclusion or exclusion of specific variables,

the role of race in these instruments is critical to address herein. Of our selected instruments,

only ASCVD includes a race variable and this is either “African American” or “other”. This

dichotomous variable is surely an oversimplifaction of a complex and controversial social con-

struct. In a recent systematic review of 363 CVD risk estimate instruments, most of which

were developed in North American and European contexts, approximately 10% included a

race variable [39]. The inclusion of race in medical risk estimate tools has been seriously ques-

tioned, given the threat of worsening already entrenched health disparities. One example is in

regard to estimation of kidney function and its impact on kidney transplantation [41, 42]. This

same debate has taken hold in the realm of CVD risk estimate instruments. The goal is the

development of race- and ethnicity-free CVD risk estimate instruments that “obviate race-

associated risk misestimation and racializing treatment practices, and instead incorporate

measures of SDoH that mediate race associated risk differences” [43]. Two recent prominent

publications deserve special attention within this context. In one, using contemporary data

from the US-based biracial REGARDS cohort study, investigators found that the removal of

race and the addition of SDoH neither improved nor worsened performance of the ASCVD

pooled cohort equation. The SDoH incorporated in this model included: SES, urban versus

rural residence, measures of social support and racial segregation, health insurance coverage,

and area-level variables incuding residing in an area of health professional shortage and a mea-

sure of poor public health infrastructure [17]. In the other, the American Heart Association

released an updated version of the ASCVD instrument. This new instrument, Predicting Risk

of CVD EVENTs (PREVENT) builds upon ASCVD in multiple important ways: it uses con-

temporary data from over 6 million racially diverse US adults, lowers the starting eligible age

to 30 years, provides both 10- and 30-year estimated risk for heart failure, stroke/myocardial

infarction (ASCVD), and composite CVD, removes the race variable, and acknowledges

SDoH by incorporating a social deprivation index (a measure of social disadvantage based on

ZIP code [18]. Given these important changes to ASCVD, future comparative analyses similar

to ours certainly will need to include PREVENT. That said, given PREVENT’s use of ZIP code,

it is not useable in non-US populations, in its current form. Finally, it is important to note the

potential for racial disparities in the real-world application of clinical tools, when biological

differences between groups is ignored. One such example is the large difference in occult hyp-

oxemia, undetected by pulse oximeters, among Black compared to White patients and the

implications of this in the COVID-19 pandemic.
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Our examination of SDoH and CVD risk highlighted food insecurity, those with the lowest

level compared to the highest level of education, and non-professional occupation. Our results

showed positive associations between these SDoH and CVD risk, though the associations were

inconsisent across risk instruments (e.g. food insecurity was associated with risk only using

Framingham lab and non-lab) and the risk score hierarchy is less strong once SDoH were

introduced. These findings add support to prior calls for the consideration of SDoH in CVD

risk calculators [12, 44]. Our findings are similar to other studies that also demonstrated that

food insecurity was associated with increased CVD risk and CVD mortality [45, 46]. Studies

have also suggested the consideration of educational attainment in CVD risk calculators. Evi-

dence has long shown an inverse relationship between educational attainment and CVD inci-

dence and mortality. However, like food insecurity, educational attainment is not considered

in CVD risk scores. A 2009 study examined the potential impact of incorporating educational

attainment in Framingham found that its inclusion improved risk prediction [47]. Our results

also indicated that non-professional occupations were associated with higher estimated CVD

risk. In a study of Japanese adults, professional occupations typically yielded fewer CVD events

than non-professional occupations [48]. An important consideration is also the effective work-

ing hours and income associated with non-professional or professional occupations, factors

that would adversely or positively impact CVD risk. Our findings add empirically to prior evi-

dence suggesting a potential benefit to acknowledging SDoH in CVD risk prediction instru-

ments, especially for ethnically diverse populations. An important practical problem would be

the need for a global movement towards standardization of SDoH variables. Efforts such as the

WHO Commission on the SDoH [49] and the Centers for Disease Control and Prevention

Healthy People 2020 framework [50] represent such progress.

In the context of our findings, this study has several limitations. First, we only used five

CVD risk tools in this study. We selected widely used tools with applicability in lower resource

settings and selected only five so to allow for simpler comparisons. Other tools may have per-

formed differently in our analyses. Second, our data did have a fair amount of missingness.

However, our sensitivity analyses demonstrated that these missing data did notchange the

demographic profile of our sample relative to the full cohort. That said, though the sensitivity

analysis suggests that full and partial samples had certain similarities, the missingness limits

the strength of our findings. Third, we selected few SDoH variables, those which are most

commonly cited in the literature as having CVD risk associations. However, other SDoH

could have generated further insights into possible associations with CVD risk.

Conclusion

Improved CVD risk tools, potentially incorporating key SDOH, stand to benefit both individ-

ual-level care and population-level preventive messaging and public health. Hard CVD out-

comes data from ECS and other multi-ethnic cohort studies will contribute to strengthening

the predictive power of CVD risk tools.

Supporting information

S1 Table. Sensitivity analysis showing demographic characteristics of full sample

(n = 2575) vs those with complete data (n = 1777). Values highlighted in bold signify a statis-

tically significant difference at the 5% level between the full sample and study sample.

(DOCX)

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 12 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316577.s001
https://doi.org/10.1371/journal.pone.0316577


S2 Table. Baseline 10-year CVD risk categorization in the ECHORN cohort according to

five different risk estimator tools.

(DOCX)

S3 Table. Agreement between high-risk categories of five cardiovascular risk estimator

tools in the ECHORN cohort.

(DOCX)

Acknowledgments

AI statement

During the preparation of this work, JIS used ChatGPT 3.5 in order to draft the Abstract and

Research in Context sections of this manuscript. After using this tool, all authors reviewed and

edited the content as needed and take full responsibility for the content of the publication.

Author Contributions

Conceptualization: Jeremy I. Schwartz, Carol Oladele.

Data curation: Christina Howitt.

Formal analysis: Christina Howitt.

Funding acquisition: Oswald P. Adams, Rohan G. Maharaj, Cruz M. Nazario, Maxine Nunez,

Marcella Nunez-Smith.

Investigation: Sanya Nair.

Methodology: Jeremy I. Schwartz, Carol Oladele.

Writing – original draft: Jeremy I. Schwartz, Christina Howitt.

Writing – review & editing: Jeremy I. Schwartz, Christina Howitt, Sumitha Raman, Sanya

Nair, Saria Hassan, Carol Oladele, Ian R. Hambleton, Daniel F. Sarpong, Oswald P. Adams,

Rohan G. Maharaj, Cruz M. Nazario, Maxine Nunez, Marcella Nunez-Smith.

References
1. WHO CVD Risk Chart Working Group. World Health Organization cardiovascular disease risk charts:

revised models to estimate risk in 21 global regions. The Lancet Global health 2019; 7(10): e1332–e45.

https://doi.org/10.1016/S2214-109X(19)30318-3 PMID: 31488387

2. Hassan S, Magny-Normilus C, Galusha D, et al. Glycemic control and management of cardiovascular

risk factors among adults with diabetes in the Eastern Caribbean Health Outcomes Research Network

(ECHORN) Cohort Study. Prim Care Diabetes 2021. https://doi.org/10.1016/j.pcd.2021.06.011 PMID:

34253484

3. Chadee D, Seemungal T, Pinto Pereira LM, Chadee M, Maharaj R, Teelucksingh S. Prevalence of self-

reported diabetes, hypertension and heart disease in individuals seeking State funding in Trinidad and

Tobago, West Indies. Journal of Epidemiology and Global Health 2013; 3(2): 95–103. https://doi.org/

10.1016/j.jegh.2013.02.002 PMID: 23856571

4. Abdulkadri AO, Cunningham-Myrie C, Forrester T. Economic burden of diabetes and hypertension in

CARICOM states. Social and Economic Studies 2009; 58(3/4): 175–97.

5. Jackson R, Lawes CMM, Bennett DA, Milne RJ, Rodgers A. Treatment with drugs to lower blood pres-

sure and blood cholesterol based on an individual’s absolute cardiovascular risk. The Lancet 2005; 365

(9457): 434–41.

6. Karmali KN, Persell SD, Perel P, Lloyd-Jones DM, Berendsen MA, Huffman MD. Risk scoring for the

primary prevention of cardiovascular disease. Cochrane Database Syst Rev 2017; 3: CD006887.

https://doi.org/10.1002/14651858.CD006887.pub4 PMID: 28290160

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316577.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316577.s003
https://doi.org/10.1016/S2214-109X%2819%2930318-3
http://www.ncbi.nlm.nih.gov/pubmed/31488387
https://doi.org/10.1016/j.pcd.2021.06.011
http://www.ncbi.nlm.nih.gov/pubmed/34253484
https://doi.org/10.1016/j.jegh.2013.02.002
https://doi.org/10.1016/j.jegh.2013.02.002
http://www.ncbi.nlm.nih.gov/pubmed/23856571
https://doi.org/10.1002/14651858.CD006887.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28290160
https://doi.org/10.1371/journal.pone.0316577


7. Lloyd-Jones DM. Cardiovascular Risk Prediction. Circulation 2010; 121(15): 1768–77.

8. Siontis GC, Tzoulaki I, Siontis KC, Ioannidis JP. Comparisons of established risk prediction models for

cardiovascular disease: systematic review. Bmj 2012; 344: e3318. https://doi.org/10.1136/bmj.e3318

PMID: 22628003

9. World Health Organization. Preventon of Cardiovascular Disease: Pocket guidelines with cardiovascu-

lar risk prediction charts for assessment and management of cardiovascular risk, 2007.

10. Hosein A, Stoute V, Chadee S, Singh NR. Evaluating Cardiovascular Disease (CVD) risk scores for par-

ticipants with known CVD and non-CVD in a multiracial/ethnic Caribbean sample. PeerJ 2020; 8:

e8232. https://doi.org/10.7717/peerj.8232 PMID: 32195041

11. DeFilippis AP, Young R, McEvoy JW, et al. Risk score overestimation: the impact of individual cardio-

vascular risk factors and preventive therapies on the performance of the American Heart Association-

American College of Cardiology-Atherosclerotic Cardiovascular Disease risk score in a modern multi-

ethnic cohort. European heart journal 2017; 38(8): 598–608. https://doi.org/10.1093/eurheartj/ehw301

PMID: 27436865

12. Havranek EP, Mujahid MS, Barr DA, et al. Social determinants of risk and outcomes for cardiovascular

disease: a scientific statement from the American Heart Association. Circulation 2015; 132(9): 873–98.

https://doi.org/10.1161/CIR.0000000000000228 PMID: 26240271

13. Winkleby MA, Jatulis DE, Frank E, Fortmann SP. Socioeconomic status and health: how education,

income, and occupation contribute to risk factors for cardiovascular disease. American journal of public

health 1992; 82(6): 816–20. https://doi.org/10.2105/ajph.82.6.816 PMID: 1585961

14. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: a review of the literature. Circu-

lation 1993; 88(4): 1973–98. https://doi.org/10.1161/01.cir.88.4.1973 PMID: 8403348

15. Wang MC, Kim S, Gonzalez AA, MacLeod KE, Winkleby MA. Socioeconomic and food-related physical

characteristics of the neighbourhood environment are associated with body mass index. Journal of Epi-

demiology & Community Health 2007; 61(6): 491–8.

16. Palacio A, Mansi R, Seo D, et al. Social determinants of health score: does it help identify those at

higher cardiovascular risk? The American journal of managed care 2020; 26(10): e312–e8. https://doi.

org/10.37765/ajmc.2020.88504 PMID: 33094943

17. Ghosh AK, Venkatraman S, Nanna MG, et al. Risk Prediction for Atherosclerotic Cardiovascular Dis-

ease With and Without Race Stratification. JAMA Cardiology 2024; 9(1): 55–62. https://doi.org/10.

1001/jamacardio.2023.4520 PMID: 38055247

18. Khan SS, Matsushita K, Sang Y, et al. Development and Validation of the American Heart Association’s

PREVENT Equations. Circulation 2024; 149(6): 430–49. https://doi.org/10.1161/CIRCULATIONAHA.

123.067626 PMID: 37947085

19. Thompson TM, Desai MM, Martinez-Brockman JL, et al. The Eastern Caribbean Health Outcomes

Research Network (ECHORN) Cohort Study: Design, Methods, and Baseline Characteristics. Int J

Environ Res Public Health 2023; 21(1). https://doi.org/10.3390/ijerph21010017 PMID: 38276805

20. Explore ECHORN. https://www.echorn.org/explore-echorn (accessed April 26, 2024).

21. Zhang Y, Moran AE. Trends in the Prevalence, Awareness, Treatment, and Control of Hypertension

Among Young Adults in the United States, 1999 to 2014. Hypertension 2017; 70(4): 736–42. https://

doi.org/10.1161/HYPERTENSIONAHA.117.09801 PMID: 28847890

22. Cheng YJ, Kanaya AM, Araneta MRG, et al. Prevalence of Diabetes by Race and Ethnicity in the United

States, 2011–2016. JAMA 2019; 322(24): 2389–98. https://doi.org/10.1001/jama.2019.19365 PMID:

31860047

23. World Health Organization. STEPwise approach to NCD risk factor surveillance (STEPS). 2023. https://

www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps (accessed June 1,

2023).

24. Project IDDE. Latin American and Caribbean Food Security Scale (ELCSA). 2023. https://inddex.

nutrition.tufts.edu/data4diets/indicator/latin-american-and-caribbean-food-security-scale-elcsa#:~:

text=The%20Latin%20American%20and%20Caribbean,Insecurity%20Experience%20Scale%20

(accessed June 1, 2023).

25. Gallup. Global Research. 2024. https://www.gallup.com/analytics/318875/global-research.aspx

(accessed May 2, 2024).

26. D’Agostino RB Sr, Vasan RS, Pencina MJ, et al. General cardiovascular risk profile for use in primary

care: the Framingham Heart Study. Circulation 2008; 117(6): 743–53. https://doi.org/10.1161/

CIRCULATIONAHA.107.699579 PMID: 18212285

27. Muntner P, Colantonio LD, Cushman M, et al. Validation of the atherosclerotic cardiovascular disease

Pooled Cohort risk equations. Jama 2014; 311(14): 1406–15. https://doi.org/10.1001/jama.2014.2630

PMID: 24682252

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 14 / 16

https://doi.org/10.1136/bmj.e3318
http://www.ncbi.nlm.nih.gov/pubmed/22628003
https://doi.org/10.7717/peerj.8232
http://www.ncbi.nlm.nih.gov/pubmed/32195041
https://doi.org/10.1093/eurheartj/ehw301
http://www.ncbi.nlm.nih.gov/pubmed/27436865
https://doi.org/10.1161/CIR.0000000000000228
http://www.ncbi.nlm.nih.gov/pubmed/26240271
https://doi.org/10.2105/ajph.82.6.816
http://www.ncbi.nlm.nih.gov/pubmed/1585961
https://doi.org/10.1161/01.cir.88.4.1973
http://www.ncbi.nlm.nih.gov/pubmed/8403348
https://doi.org/10.37765/ajmc.2020.88504
https://doi.org/10.37765/ajmc.2020.88504
http://www.ncbi.nlm.nih.gov/pubmed/33094943
https://doi.org/10.1001/jamacardio.2023.4520
https://doi.org/10.1001/jamacardio.2023.4520
http://www.ncbi.nlm.nih.gov/pubmed/38055247
https://doi.org/10.1161/CIRCULATIONAHA.123.067626
https://doi.org/10.1161/CIRCULATIONAHA.123.067626
http://www.ncbi.nlm.nih.gov/pubmed/37947085
https://doi.org/10.3390/ijerph21010017
http://www.ncbi.nlm.nih.gov/pubmed/38276805
https://www.echorn.org/explore-echorn
https://doi.org/10.1161/HYPERTENSIONAHA.117.09801
https://doi.org/10.1161/HYPERTENSIONAHA.117.09801
http://www.ncbi.nlm.nih.gov/pubmed/28847890
https://doi.org/10.1001/jama.2019.19365
http://www.ncbi.nlm.nih.gov/pubmed/31860047
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/steps
https://inddex.nutrition.tufts.edu/data4diets/indicator/latin-american-and-caribbean-food-security-scale-elcsa#:~:text=The%20Latin%20American%20and%20Caribbean,Insecurity%20Experience%20Scale%20
https://inddex.nutrition.tufts.edu/data4diets/indicator/latin-american-and-caribbean-food-security-scale-elcsa#:~:text=The%20Latin%20American%20and%20Caribbean,Insecurity%20Experience%20Scale%20
https://inddex.nutrition.tufts.edu/data4diets/indicator/latin-american-and-caribbean-food-security-scale-elcsa#:~:text=The%20Latin%20American%20and%20Caribbean,Insecurity%20Experience%20Scale%20
https://www.gallup.com/analytics/318875/global-research.aspx
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
https://doi.org/10.1161/CIRCULATIONAHA.107.699579
http://www.ncbi.nlm.nih.gov/pubmed/18212285
https://doi.org/10.1001/jama.2014.2630
http://www.ncbi.nlm.nih.gov/pubmed/24682252
https://doi.org/10.1371/journal.pone.0316577


28. Cohen J. A coefficient of agreement for nominal scales. Educational and psychological measurement

1960; 20(1): 37–46.

29. Das PAS, Dubey M, Kaur R, Salve HR, Varghese C, Nongkynrih B. WHO Non-Lab-Based CVD Risk

Assessment: A Reliable Measure in a North Indian Population. Global Heart 2022; 17(1).

30. Sitaula D, Dhakal A, Mandal SK, et al. Estimation of 10-year cardiovascular risk among adult population

in western Nepal using nonlaboratory-based WHO/ISH chart, 2023: A cross-sectional study. Health Sci-

ence Reports 2023; 6(10): e1614. https://doi.org/10.1002/hsr2.1614 PMID: 37818312

31. Chhezom K, Gurung MS, Wangdi K. Comparison of Laboratory and Non-Laboratory-Based 2019

World Health Organization Cardiovascular Risk Charts in the Bhutanese Population. Asia Pacific

Journal of Public Health 2024; 36(1): 29–35. https://doi.org/10.1177/10105395231211997 PMID:

38116599

32. Bendera A, Nakamura K, Seino K, Alemi S. Performance of the non-laboratory based 2019 WHO

cardiovascular disease risk prediction chart in Eastern Sub-Saharan Africa. Nutrition, Metabolism

and Cardiovascular Diseases 2024. https://doi.org/10.1016/j.numecd.2024.01.026 PMID:

38499452

33. Carrillo-Larco RM, Altez-Fernandez C, Pacheco-Barrios N, et al. Cardiovascular Disease Prognostic

Models in Latin America and the Caribbean: A Systematic Review. Global heart 2019; 14(1): 81–93.

https://doi.org/10.1016/j.gheart.2019.03.001 PMID: 31036306

34. Carrillo-Larco RM, Stern D, Hambleton IR, et al. Impact of common cardio-metabolic risk factors on

fatal and non-fatal cardiovascular disease in Latin America and the Caribbean: an individual-level

pooled analysis of 31 cohort studies. The Lancet Regional Health–Americas 2021; 4.

35. Liu J, Hong Y, D’Agostino RB Sr, et al. Predictive value for the Chinese population of the Framingham

CHD risk assessment tool compared with the Chinese Multi-Provincial Cohort Study. Jama 2004; 291

(21): 2591–9. https://doi.org/10.1001/jama.291.21.2591 PMID: 15173150

36. Ahn KA, Yun JE, Cho ER, Nam CM, Jang Y, Jee SH. Framingham Equation Model Overestimates Risk

of Ischemic Heart Disease in Korean Men and Women. Epidemiology and Health 2006; 28(2): 162–70.

37. Jee SH, Jang Y, Oh DJ, et al. A coronary heart disease prediction model: the Korean Heart Study. BMJ

open 2014; 4(5): e005025. https://doi.org/10.1136/bmjopen-2014-005025 PMID: 24848088

38. So JH, Lee JK, Shin JY, Park W. Risk of cardiovascular disease using Framingham risk score in Korean

cancer survivors. Korean journal of family medicine 2016; 37(4): 235. https://doi.org/10.4082/kjfm.

2016.37.4.235 PMID: 27468342

39. Damen JA, Hooft L, Schuit E, et al. Prediction models for cardiovascular disease risk in the general pop-

ulation: systematic review. Bmj 2016; 353. https://doi.org/10.1136/bmj.i2416 PMID: 27184143

40. Cramer EY, Ray EL, Lopez VK, et al. Evaluation of individual and ensemble probabilistic forecasts of

COVID-19 mortality in the United States. Proceedings of the National Academy of Sciences 2022; 119

(15): e2113561119. https://doi.org/10.1073/pnas.2113561119 PMID: 35394862

41. Eneanya ND, Yang W, Reese PP. Reconsidering the consequences of using race to estimate kidney

function. Jama 2019; 322(2): 113–4. https://doi.org/10.1001/jama.2019.5774 PMID: 31169890

42. Kuppachi S, Norman SP, Lentine KL, Axelrod DA. Using race to estimate glomerular filtration and its

impact in kidney transplantation. Clinical Transplantation 2021; 35(1): e14136. https://doi.org/10.1111/

ctr.14136 PMID: 33232529

43. Vasan RS, Rao S, van den Heuvel E. Race as a Component of Cardiovascular Disease Risk Prediction

Algorithms. Current Cardiology Reports 2023; 25(10): 1131–8. https://doi.org/10.1007/s11886-023-

01938-y PMID: 37581773

44. Jilani MH, Javed Z, Yahya T, et al. Social determinants of health and cardiovascular disease: current

state and future directions towards healthcare equity. Current atherosclerosis reports 2021; 23: 1–11.

https://doi.org/10.1007/s11883-021-00949-w PMID: 34308497

45. Chang R, Javed Z, Taha M, et al. Food insecurity and cardiovascular disease: Current trends and future

directions. American Journal of Preventive Cardiology 2022; 9: 100303. https://doi.org/10.1016/j.ajpc.

2021.100303 PMID: 34988538

46. Wang SY, Eberly LA, Roberto CA, Venkataramani AS, Groeneveld PW, Khatana SAM. Food Insecurity

and Cardiovascular Mortality for Nonelderly Adults in the United States From 2011 to 2017. Circulation:

Cardiovascular Quality and Outcomes 2021; 14(1): e007473.

47. Fiscella K, Tancredi D, Franks P. Adding socioeconomic status to Framingham scoring to reduce dis-

parities in coronary risk assessment. American heart journal 2009; 157(6): 988–94. https://doi.org/10.

1016/j.ahj.2009.03.019 PMID: 19464408

48. Fukai K, Furuya Y, Nakazawa S, et al. A case control study of occupation and cardiovascular disease

risk in Japanese men and women. Scientific Reports 2021; 11(1): 23983. https://doi.org/10.1038/

s41598-021-03410-9 PMID: 34907236

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 15 / 16

https://doi.org/10.1002/hsr2.1614
http://www.ncbi.nlm.nih.gov/pubmed/37818312
https://doi.org/10.1177/10105395231211997
http://www.ncbi.nlm.nih.gov/pubmed/38116599
https://doi.org/10.1016/j.numecd.2024.01.026
http://www.ncbi.nlm.nih.gov/pubmed/38499452
https://doi.org/10.1016/j.gheart.2019.03.001
http://www.ncbi.nlm.nih.gov/pubmed/31036306
https://doi.org/10.1001/jama.291.21.2591
http://www.ncbi.nlm.nih.gov/pubmed/15173150
https://doi.org/10.1136/bmjopen-2014-005025
http://www.ncbi.nlm.nih.gov/pubmed/24848088
https://doi.org/10.4082/kjfm.2016.37.4.235
https://doi.org/10.4082/kjfm.2016.37.4.235
http://www.ncbi.nlm.nih.gov/pubmed/27468342
https://doi.org/10.1136/bmj.i2416
http://www.ncbi.nlm.nih.gov/pubmed/27184143
https://doi.org/10.1073/pnas.2113561119
http://www.ncbi.nlm.nih.gov/pubmed/35394862
https://doi.org/10.1001/jama.2019.5774
http://www.ncbi.nlm.nih.gov/pubmed/31169890
https://doi.org/10.1111/ctr.14136
https://doi.org/10.1111/ctr.14136
http://www.ncbi.nlm.nih.gov/pubmed/33232529
https://doi.org/10.1007/s11886-023-01938-y
https://doi.org/10.1007/s11886-023-01938-y
http://www.ncbi.nlm.nih.gov/pubmed/37581773
https://doi.org/10.1007/s11883-021-00949-w
http://www.ncbi.nlm.nih.gov/pubmed/34308497
https://doi.org/10.1016/j.ajpc.2021.100303
https://doi.org/10.1016/j.ajpc.2021.100303
http://www.ncbi.nlm.nih.gov/pubmed/34988538
https://doi.org/10.1016/j.ahj.2009.03.019
https://doi.org/10.1016/j.ahj.2009.03.019
http://www.ncbi.nlm.nih.gov/pubmed/19464408
https://doi.org/10.1038/s41598-021-03410-9
https://doi.org/10.1038/s41598-021-03410-9
http://www.ncbi.nlm.nih.gov/pubmed/34907236
https://doi.org/10.1371/journal.pone.0316577


49. World Health Organization. A conceptual framework for action on the social determinants of health,

2010. https://www.afro.who.int/sites/default/files/2017-06/SDH_conceptual_framework_for_action.pdf.

(Accessed April 15, 2024).

50. US Centers for Disease Control and Prevention. Healthy People 2020 leading health indicators. https://

www.cdc.gov/nchs/healthy_people/hp2020/hp2020_indicators.htm. (Accessed April 15, 2024).

PLOS ONE Cardiovascular disease risk and social determinants of health in the Eastern Caribbean

PLOS ONE | https://doi.org/10.1371/journal.pone.0316577 January 24, 2025 16 / 16

https://www.afro.who.int/sites/default/files/2017-06/SDH_conceptual_framework_for_action.pdf
https://www.cdc.gov/nchs/healthy_people/hp2020/hp2020_indicators.htm
https://www.cdc.gov/nchs/healthy_people/hp2020/hp2020_indicators.htm
https://doi.org/10.1371/journal.pone.0316577

