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ABSTRACT

Introduction: Cardiovascular disease (CVD) is a leading cause of global mortality
with >80% of the burden in low-income countries. We investigate population-based
estimates of CVD risk factors among young people ages 18-30 in Haiti and provide
insights for CVD prevention.

Methods: This is a cross-sectional study within the Haiti Cardiovascular Cohort Study.
CVD risk factors include: high blood pressure (BP), dyslipidemia, kidney disease,
overweight and obese, and health behaviors. Multivariate logistic regression assessed
associated independent factors.

Results: Among 957 participants ages 18-30 years, 23.5% had high BP (95%CI: 20.9%-
26.3%), 34.9% had dyslipidemia (95%CI: 31.8%-38.1%), 6.4% had kidney disease
(95%CI: 4.8%-8.4%), 16.5% were overweight (95%Cl: 14.2%-19.0%), and 6.8% were
obese (95%ClL: 5.3%-8.6%). More males had high BP (33.6% vs. 14.0%; p < 0.001) and
more females had dyslipidemia (45.1% vs. 23.9% p < 0.001). Overweight and obese
participants had higher odds of high BP (aOR: 2.05, 95%CI: [1.31-3.19]; aOR 2.15,
95%CI [1.11-4.04]) and dyslipidemia (aOR: 1.70, 95%CI [1.15-2.50]); aOR 2.82, 95%CI
[1.63-4.98]) compared to those with normal BMI. Participants ages 25-30 had higher
odds of high BP (aOR: 1.58, 95%CI: [1.14-2.18]) and dyslipidemia (aOR: 1.81, 95%CI:
[1.35-2.43]) compared to participants ages 18-24.

Discussion: Prevalence of high BP and dyslipidemia are alarmingly high in Haitian
young adults, with higher rates of dyslipidemia in women and elevated BP in men.
These data provide evidence for routine CVD screening in young people as early as 18
years and underscore the need to identify modifiable drivers of early-onset CVD.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of mortality globally, with over 80% of the
global CVD burden falling on low-income countries, including Haiti (1). CVD risk factors such as
hypertension, dyslipidemia, kidney disease, obesity, tobacco use, and sedentary lifestyle are
underlying factors that are correlated with later life cardiovascular events including cardiac
dysfunction, heart failure, and mortality (2-4). Preceding CVD risk factors is the preclinical
phase of CVD, defined as asymptomatic cardiometabolic abnormalities, are associated with
the development of premature CVD events and mortality (5-10). Our knowledge of the
epidemiology of the preclinical phase of CVD among young people in low-income settings
is limited. Understanding which preclinical CVD risk factors are most prevalent, the age of
onset, and associated independent factors can inform targeted primordial and primary
prevention strategies which are essential to prevent the development of disease and
ultimately premature CVD. Early intervention—during adolescence and young adulthood—
is essential, as studies show later life interventions cannot fully reverse previously acquired
CVD risk (7).

Preliminary data from Haiti indicate CVD risk factors emerge earlier in the life-course. For
example, hypertension occurs nearly two decades earlier in Haitians than similarly aged Black
Americans (11, 12). Young people living in Haiti are exposed to a host of structural challenges
associated with a low-income setting, including chronic and extreme poverty, food insecurity,
and a fragile health infrastructure. These factors may directly influence the development
of preclinical CVD risk factors and may intensify exposures that are known to be associated
with CVD risk factors such as stress, depression, or poor diet (13, 14). Before disentangling
multiple, potentially synergistic, risk factors which may contribute to preclinical CVD, we need
to establish the epidemiology of CVD among young people in low-income country settings. This
includes determining which preclinical CVD risk factors are most prevalent, the age at which
these factors emerge, and identifying the independent, modifiable risk factors associated with
these conditions. This data will inform screening for young people at the highest risk to help
identify and implement prevention interventions.

Adolescence and young adulthood are critical developmental periods when future lifestyle
habits and behaviors become engrained and when interventions for primordial CVD prevention
can be most effective. Targeted prevention interventions during these periods are supported
by the WHO-affiliated World Heart Federation and American Heart Association (AHA) as cost-
effective and cost saving (15). Diagnosis of preclinical CVD early in the life-course can trigger
interventions that can halt progression, and even reverse course (16). For example, reducing salt
intake or increasing physical activity can reduce blood pressure (BP) and prevent hypertension
(17, 18).

In this study, we report the population-based estimates of CVD risk factors among young
people ages 18-30 years in Haiti. This data can provide critical guidance for developing and
implementing primordial and primary CVD prevention interventions for young people in low-
income countries.

METHODS
STUDY DESIGN

This is a cross-sectional analysis within the Haiti CVD Cohort Study, a population-based
longitudinal study of 3,005 adults 018 years living in Port au Prince, Haiti, who were enrolled
between March 2019 and April 2021. Participants in the Haiti CVD Cohort were selected using
multistage random sampling using Global Positioning System (GPS) waypoints within census
blocks, with the number of waypoints per block proportional to the estimated size of the
population. Study procedures have been previously published (https://www.clinicaltrials.gov/
study/NCT03892265). The analytic population for this study included all participants ages 18-
30 years in this cohort (19).

STUDY SETTING AND POPULATION

This study was conducted at the Groupe Haitian d’etude du Sarcome de Kaposi et des
Infections Opportunistes (GHESKIO), which is the largest public health clinic in Haiti, established
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in 1982 in downtown Port-au-Prince. GHESKIO’s founding mission was the provision of clinical
care, research, and training for HIV, and has expanded to include other infectious and chronic
diseases including CVD (20).

STUDY PROCEDURES AND DATA COLLECTION

Study procedures have been previously published and described below in brief (19). All data
were collected at study enrollment. Sociodemographic data (age, sex, education, and income)
were collected using standardized questionnaires. Age was analyzed as a continuous variable
and a categorical variable (18-24 years and 25-30 years) to align with the World Health
Organization definition of young adult, which is ages 18-24 years. Education was classified
as none, primary, or secondary, or higher. Poverty level was defined by income, measured in
Haitian Gourdes and categorized as <1 US dollar (USD) or >1 USD. Health behaviors including
smoking, alcohol intake, and physical activity were collected using standardized World Health
Organization STEPwise Approach to NCD Risk Factor Surveillance surveys (21, 22). Smoking was
categorized as current smoking (yes/no) and lifetime history of smoking (any/none). Alcohol
use was categorized as low (<1 drink per day) or moderate (>1 drink per day). Physical activity
was determined using questions about vigorous physical activity and categorized as low
(<150 minutes per week) or moderate/high (>150 minutes per week). Participants completed
a physical exam including height and weight (measured using a medical grade mechanical-
beam scale with height rod) to calculate BMI (kg/m?) and categorized as obese, overweight,
normal, or underweight.

BP was measured using the automated Omron HEM-907 machine with an appropriate cuff
size (bladder encircling at least 80% of arm), the participant was seated in a quiet space for 5
minutes with both feet on the ground and their arm supported at heart level (23, 24). Three
unobserved BP measurements were taken on the left arm separated by one-minute intervals
with the second and third measurement averaged for analysis.

Laboratory data, including blood and urine, were collected after fasting. Blood specimens
were assessed for serum creatinine using a VITROS 250/350 Chemistry System (Ortho Clinical
Diagnostics, Raritan, NJ). Urine specimens were assessed for albumin and creatinine using a
UniCel DxC 800 Chemistry Analyzer (Beckman Coulter, Brea, CA), with creatinine determined
using the Jaffe method (25).

STUDY MEASURES

Preclinical CVD risk factors included high BP, dyslipidemia, and kidney disease. High BP
was defined as systolic blood pressure (SBP) >120 mmHg or diastolic blood pressure (DBP)
>80 mmHg or a self-report of antihypertensive medication use in the past 2 weeks, per
AHA guidelines (22). We further categorized high BP according to AHA guidelines including
elevated BP (SBP/DBP >120-129/<80), stage 1 hypertension (SBP/DBP >130-139/80-89),
or stage 2 hypertension (SBP/DBP >140/90). Dyslipidemia was defined as low-density
lipoprotein cholesterol (LDL-C) >100 mg/dL (15).Kidney disease was defined using estimated
glomerular filtration rate (eGFR) and urine albumin creatinine ratio (UACR) cutoff valued
according to the Kidney Disease Improving Global Outcomes (KDIGO) CKD risk categories.
Specifically, kidney disease was defined as a reduced eGFR <60 mL/min/1.73 and/or a UACR
>30 mg/g, which corresponds to a KDIGO risk of medium of greater (26, 27). We report
participants with multimorbidity, defined as more than one CVD risk factor including high
BP, BMI greater than 25, dyslipidemia, kidney disease, any lifetime tobacco use, moderate
or high alcohol use, and physical inactivity.

STATISTICAL ANALYSES

Descriptive analyses, including summary statistics, means, medians, interquartile ranges
(IQR), and percentages were calculated for sociodemographic variables, health behaviors,
and CVD risk factors, and stratified by sex. We conducted univariate and multivariable
logistic regression to assess the association between independent factors (age, sex, BMI)
and CVD risk factors including high BP and dyslipidemia. All analyses were conducted in R
version 4.0.3.
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ETHICS

The study protocol and informed consent forms were approved by the Weill Cornell Medicine
and GHESKIO institutional review boards (#1803019037). All participants provided written
informed consent prior to enrollment in the study.

RESULTS
PARTICIPANT CHARACTERISTICS

Among 3,005 participants in the Haiti CVD Cohort study, a total of 957 participants were ages
18-30 years and eligible for inclusion in this analysis. Participant median age was 24 years (IQR
21-27), 52% were female, and all participants reported Black race. Most participants (94%)
had an education level of secondary school or higher, and 79% reported income of <1 USD per
day. Socio-demographic characteristics did not significantly differ between male and female
participants (Table 1).

TOTALN (%) FEMALEN (%) MALEN (%) P-VALUE

(N =957% (N = 493) (N = 464)

Age
Median (IQR) 24 (21-27) 25(21-27) 24 (21-27) 0.60
18-24 494 (51.6) 245 (49.7) 249 (53.7) 0.25
25-30 463 (48.4) 248 (50.3) 215 (46.3)

Income
<1 USD/day 757 (79.5) 381 (77.9) 376 (81.2) 0.24
>1 USD/day 195 (20.5) 108 (22.1) 87 (18.8)

Education
None 10(1.1) 8(1.6) 2 (0.4) 0.02
Primary 38 (4.0) 26 (5.3) 12 (2.6)
Secondary or Higher 904 (94.9) 455 (93.1) 449 (97.0)

CVD RISK FACTORS

The prevalence of high BP was 23.5% (95% CI: 20.9%-26.3%) including 12.1% with elevated
BP (95% CI: 10.1%-14.4%), 7.9% with stage 1 hypertension (95% CI: 6.3%-9.8%) and 3.5%
with stage 2 hypertension (95% CI: 2.4%-4.8%). Dyslipidemia prevalence was 34.9% (95% CI:
31.8%-38.1%), kidney disease prevalence, defined by medium, high, or very high KDIGO risk
category, was 6.4% (95% CI: 5.3%-8.6%) with 6.2% with ACR 230 mg/g and 0.21% with eGFR <
60 mL/min/1.73. A total of 16.5% of participants were overweight (95%CI: 14.2%-19.0%) and
6.8% were obese (95%Cl: 5.3%-8.6%). Among participants with dyslipidemia (LDL-C > 100 mg/
dL), 9.8% of participants were categorized as borderline high or high with an LDL-C > 130 mg/
dL (95%CI: 7.9%-11.8%). Other CVD risk factors included 6.3% who reported any lifetime use
of tobacco (95%CI: 4.8%-8.0%), 25.6% reported one or more alcoholic drinks per day (95%CI:
22.4%-29.0%), and 46.9% reported low physical activity (95%CI: 43.7%-50.1%). A total of
48.7% of participants had two or more CVD risk factors (Table 2).

SEX STRATIFICATION

The prevalence of CVD risk factors varied significantly by sex. Males had a higher prevalence
of high BP, with 33.6% compared to 14.0% of females (p < 0.001). Additionally, 9.3% of males
reported any lifetime use of tobacco, whereas only 3.5% of females did (p < 0.001). In contrast,
females had a higher prevalence of obesity, with 11.4% compared to just 1.9% of males (p <
0.001), as well as a greater prevalence of dyslipidemia, at 45.1% versus 23.9% of males (p <
0.001). Males had significantly higher SBP and females had higher DBP, though this difference
was less pronounced. Average SBP and DBP increased with age in both sexes, but at a greater
rate among males (Figure 1). A higher proportion of females with dyslipidemia were also
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Table 1 Socio-demographic
Characteristics of Young Adult
Participants Ages 18-30 Years.

*Number of missing data
points due to participant non-
response include: 5 income; 5
education.



TOTAL N (%) FEMALEN (%) MALEN (%) p-VALUE
(N =957%) (N = 493) (N = 464)
Blood Pressure
Mean Systolic blood pressure (SD) 110.6 (12.6) 106.4 (11.4) 115.2 (12.3) <0.001
Mean Diastolic blood pressure (SD) 65.0 (10.2) 65.65 (10.2) 64.25(10.1) 0.05
Normal (SBP < 120 or DBP < 80) 731 (76.5) 423 (85.9) 308 (66.4)
Elevated BP (SBP 120-129 and DBP < 80) 116 (12.1) 26 (5.3) 90 (19.4) <0.001
Stage 1 Hypertension (SBP 130-139 or 76 (7.9) 27 (5.5) 49 (10.5) 0.005
DBP 80-89)
Stage 2 Hypertension (SBP > 140 or 33(3.5) 16 (3.3) 17 (3.7) 0.86
DBP > 90)
High BP, Stage 1 or 2 Hypertension 225 (23.5) 69 (14.0) 156 (33.6) <0.001
BMI
Median (IQR) 21.8 23.2 20.8 <0.001
(19.8-24.7) (20.4-27.0) (19.4-23.6)
Underweight (BMI < 18.5) 97 (10.2) 38(7.7) 59 (12.7) <0.001
Normal (BMI 18.5 - <25) 635 (66.6) 280 (57.0) 355 (76.7)
Overweight (BMI 25-30) 157 (16.4) 117 (23.8) 40 (8.6)
Obese (BMI > 30) 65 (6.8) 56 (11.4) 9(1.9)
Dyslipidemia
Median (IQR) 88 (71-108) 94 (78-116) 82 (66-99) <0.001
(LDL-C) > 100 mg/dL 322 (34.9) 216 (45.1) 106 (23.9) <0.001
(LDL-C) < 100 mg/dL 601 (65.1) 263 (54.9) 338(76.1)
Kidney Disease
Microalbuminuria
Urine ACR > 30 mg/g 48 (6.2) 29 (7.6) 19 (4.8) 0.14
Urine ACR <30 mg/g 727 (93.8) 352 (92.4) 375(95.2)
Creatine clearance
eGFR < 60 mL/min/1.73 2(0.2) 2 (0.4) 0 0.52
eGFR 2 60 mL/min/1.73 923 (99.7) 479 (99.6) 444 (100.0)
KDIGO** risk category (combined eGFR
and ACR)
Low Risk 716 (93.6) 346 (91.2) 369 (95.1) 0.09
Medium Risk/High Risk/Very High Risk 49 (6.4) 31(8.2) 19 (4.9)
Diabetes Mellitus 6(0.01) 3(0.01) 3(0.01) 1.0
Current Smoking Status
Current, No 916 (96.3) 475 (97.1) 441 (95.2) 0.23
Current, Yes 35(3.7) 14 (2.9) 21 (4.5)
Lifetime Smoking History
Any lifetime smoking 60 (6.3) 17 (3.5) 43 (9.3) 0.001
No lifetime smoking 889 (93.4) 470 (96.5) 419 (90.7)
Alcohol Use
Low (<1 drink a day) 521 (74.4) 244 (76.5) 277 (72.7) 0.29
Moderate-high (more than 1 drinkaday) 179 (25.6) 75 (23.5) 104 (27.3)
Physical Inactivity
<150 min/week 446 (46.9) 214 (43.6) 232 (50.1) 0.06
>150 min/week 505 (53.1) 274 (55.8) 231 (49.9)
Multiple Risk Factors
0 risk factors 160 (16.7) 78 (15.8) 82 (17.7) 0.19
1 risk factor 331 (34.6) 166 (33.7) 165 (35.6) 0.49
2+ risk factors 466 (48.7) 249 (50.5) 217 (46.8)

Table 2 Prevalent CVD Risk
Factors among Young Adult
Participants Ages 18-30 Years.

*Number of missing data
points due to participant
non-response or unavailable
laboratory results include:

1 BP measurement, 3

BMI, 34 dyslipidemia, 182
microalbuminuria, 32 creatine
clearance, 6 current smoking
status, 8 lifetime smoking
history, 257 alcohol use, 6
physical inactivity, 5 diabetes
mellitus.**KDGIO = Kidney
Disease Improving Global
Outcomes are criteria for
diagnosing chronic kidney
disease.



categorized as borderline high/high LDL-C-12.9% vs. 6.3% of males (p < 0.001). The proportion
of participants with more than one CVD risk factor was high and did not differ by sex. Among all
participants, 34.6% had 1 CVD risk factor and 48.7% had 2 or more CVD risk factors, with only
16.7% with no prevalent CVD risk factor (Table 2).

ASSOCIATED FACTORS

Participants ages 25-30 years, compared to 18-24 years, had higher odds of high BP (aOR =
1.58,95% CI: 1.14-2.18; p=0.005), and dyslipidemia (aOR=1.81, 95% CI: 1.35-2.43; p<0.001),
adjusting for sex and BMI. Females had lower odds of high BP (aOR = 0.25, 95% CI: 0.17-0.35; p
< 0.001) but higher odds of dyslipidemia (aOR = 2.12, 95% CI: 1.57-2.87; p < 0.001). Compared
to normal BMI, being both overweight and obese was associated with higher odds of high
BP (aOR = 2.05, 95%CI: 1.31-3.19, p = 0.002 and aOR = 2.21, 95% CI: 1.14-4.04; p = 0.02,
respectively) and higher odds of dyslipidemia (aOR 1.70, 95%CI: 1.15-2.50, p = 0.007; aOR =
2.82, 95%CI: 1.63-4.98; p < 0.001, respectively) (Table 3).

ELEVATED BP p-VALUE DYSLIPIDEMIA  p-VALUE
aOR* (95%CI) aOR* (95%CI)

Age

Per 1-year increase 1.10 (1.06-1.15) <0.001 1.13 (1.08-1.17) <0.001

18-24 years 1 (ref) 1 (ref)

25-30 years 1.52 (1.09, 2.11) 0.005 1.81 (1.34-2.44)  <0.001
Sex

Male 1 (ref) 1 (ref)

Female 0.23(0.16,0.33)  <0.001 2.13(1.57-2.89)  <0.001
BMI

Normal (BMI 18.5 - < 25) 1 (ref) 1 (ref)

Underweight (BMI < 18.5) 0.85 (0.48, 1.45) 0.572 0.57(0.32-0.98)  0.05

Overweight (BMI 25-30) 2.21(1.41, 3.47) 0.002 1.73(1.17-2.55)  0.007

Obese (BMI > 30) 2.44 (1.25, 4.64) 0.020 2.80(1.61-4.96) <0.001
Income

<1 USD/day 1 (ref) 1 (ref)

>1 USD/day 0.90 (0.60-1.32) 0.59 0.99 (0.69-1.41)  0.96
Education

None 3.85(0.91-14.77)  0.05 1.46 (0.39-5.52)  0.56

Primary 1.41 (0.62-3.00) 0.38 0.68(0.31-1.41) 0.31

Secondary or Higher 1 (ref) 1 (ref)
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Figure 1 Average Systolic and
Diastolic BP by Age, Stratified
by Sex.

Table 3 Factors Associated
with Elevated Blood Pressure
(BP) and Dyslipidemia.

*Model adjusted for age, sex,
BMI, income, and education.



DISCUSSION

These data provide previously unknown estimates of early-onset CVD risk factors among young
adults in a setting of extreme poverty and adversity. Rates of high BP and dyslipidemia are
alarmingly high for this group of young adults so early in their life course. Over one third of
young men and 1 in 10 young women had prevalent high BP. Young women had a particularly
high prevalence of dyslipidemia at almost 1 in 2 compared to 1 in 5 young men. These early
onset CVD risk factors are likely predictive of CVD events later in adulthood, given high BP is
predictive of incident hypertension (28) and dyslipidemia is predictive of atherosclerotic disease
(29-31). In turn, these risk factors are correlated with grave CVD outcomes including heart
failure, ischemic heart disease, stroke, and mortality (2, 3, 32). These data provide evidence to
support routine screening for high BP and dyslipidemia of young people as early as age 18 years
and underscore the need for additional research to identify the onset of preclinical markers
even before young adulthood, and their associated poverty-related social determinants.

Hypertension is a well-established risk factor for the development of heart disease including
heart failure and stroke (28). The prevalence of hypertension in the US National Health and
Nutrition Examination Surveys (NHANES) 2017-2020 data, among participants ages 20-
44 years, was similar to our findings. Given our younger age range of 18-30 years, this is
concerning and indicates potentially an earlier onset of elevated BP and hypertension among
Haitians. In the US National Longitudinal Study of Adolescent to Adult Health study, which
followed young people ages 11-18 years through young adulthood ages 24-32 years, male
sex and Black race/ethnicity were both associated with higher odds of hypertension compared
to females and White race/ethnicity, respectively (33). Potential drivers of earlier onset of high
BP in our population may include poverty-specific social and environmental determinants in
a younger population. For example, another analysis from the Haiti CVD Cohort Study found
that neighborhoods with the most extreme social vulnerabilities (e.g., poverty, food insecurity,
neighborhood violence, etc.) as compared to neighborhoods with lesser vulnerabilities had
higher association of hypertension, with the association greatest among young people <45
years (34). Studies on BP trajectories across the life-course indicate that persistent, sustained
high BP from young adulthood through middle adulthood results in adverse cardiovascular
outcomes in middle age (35). Further research is needed to understand the acceleration of
high BP to hypertension in this population but regardless, this data underscores the need for
early screening and primary prevention in young adulthood in Haiti. A quarter of our study
population had high BP and would be a candidate for early intervention.

Dyslipidemia rates in our study were similar to those found in US populations in NHANES 2003 to
2020 (36). Approximately one third of Haitian young adults ages 18-30 years in our study had
dyslipidemia compared to over half of US young adults ages 20-39 years. However, among the
US population in NHANES, a significantly greater proportion of men had dyslipidemia compared
to women. In our study, young adult females were twice as likely to have dyslipidemia and
more likely to be overweight or obese. Dyslipidemia was defined as LDL-C level of >100 mg/
dL, consistent with definitions from U.S.-based longitudinal cohort studies indicating that even
moderately elevated LDL-C levels in young adulthood are associated with increased CVD risk
later in life (37, 38). This lower threshold prioritizes early identification of risk and may capture
individuals who would not be classified with dyslipidemia under European guidelines, which
define elevated LDL-C as >116 mg/dL (39). As a result, our dyslipidemia prevalence estimates
may be higher, reflecting a more preventive approach to cardiovascular risk stratification in
young adults. Data on dyslipidemia among young people in low-income countries is scarce,
and additional drivers behind the risk for early dyslipidemia among young Haitian women
needs to be explored.

Studies among young adults in the US have shown that exposure to elevated LDL-C between
ages 18-40 years is significantly associated with risk of incident CVD events. Furthermore, higher
LDL-C between the ages of 18-30 increased later life CVD risk more than low LDL-C during that
same age range and high LDL-C between the ages 30-40. This indicates that early exposure to
higher LDL-C, before the age of 30, cannot be reversed, making early life primordial and primary
prevention essential to prevent increased risk for CVD events after the age of 40 (7).

These data highlight the need for optimizing CVD screening and prevention interventions
for young people in urban Haiti, which may reflect similar needs in other low-income global
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settings. Traditional CVD risk assessment typically does not start until age 40, and risk scores
for young adults are lacking. Uptake of CVD prevention interventions among young people can
be challenging due to a combination of factors: lack of symptoms and low levels of perceived
personal risk mean it may be hard to engage young people who feel healthy or do not present
for routine clinical care (40). Interventions must be tailored to address these potential barriers
to meet young people’s preferences for health services. This could include offering services
in a community- or school-based environment, adapting counseling messages so that they
are appropriate for young people’s developmental and health literacy levels, and targeting
maoadifiable risk behaviors (e.g., high salt diet) with feasible strategies for behavior change (e.qg.,
how to influence household meals). Providers need to be trained in youth-friendly approaches
to CVD screening and prevention to ensure optimal, high-quality provision of services and
increase retention of young people.

Strengths of this study include that it is the only population-based study design focused on CVD
risk factors in the region. Further, our methods include the use of WHO and AHA blood pressure
measurement procedures and inclusion of disaggregated data for young adults under the age
of 30. Limitations include potential lack of generalizability to cohorts in rural settings and the
lack of home-based or 24-hour ambulatory blood pressure measurements to confirm high
BP. Other limitations include the cross-sectional study design precluding the ability to assess
temporal relationships between time-varying independent variables and CVD risk factors, a
sample size limited by age, given our focus on young adults within the larger population-based
cohort which may limit generalizability to the general population in Haiti and other settings.

CONCLUSION

Young adults in Haiti have high rates of early-onset high BP and dyslipidemia underscoring the
need for targeted lifestyle and developmentally appropriate behavioral interventions for CVD
prevention and treatment.

FUNDING INFORMATION
NIH KOTHL167654; NIH K24 HL175228; NIH D43TW011972; NIH RO1HL143788

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR CONTRIBUTIONS

Lindsey K. Reif contributed to the conceptualization and design of the study, data analysis, and
manuscript drafting. She has reviewed and approved the final manuscript. Vanessa Rouzier
contributed to the conceptualization and design of the study and data collection. She has
reviewed and approved the final manuscript. Lily Yan contributed to the conceptualization and
design of the study, data collection, data analysis and manuscript editing. She has reviewed
and approved the final manuscript. Shalom Sabwa contributed to the conceptualization and
design of the study, data collection, data analysis, data visualization, and manuscript drafting
and editing. She has reviewed and approved the final manuscript. Genevieve Hilaire contributed
to data collection and quality assurance and interpretation of results. She has reviewed and
approved the final manuscript. Marie Jean Pierre contributed to data collection and quality
assurance. She has reviewed and approved the final manuscript. Rose Cardelle Riche contributed
to data collection and quality assurance. She has reviewed and approved the final manuscript.
Robert Peck contributed to the conceptualization and design of the study, interpretation of
results, and manuscript editing. He has reviewed and approved the final manuscript. Anju Ogyu
contributed to data analysis, data visualization, and manuscript editing. She has reviewed and
approved the final manuscript. Rodney Sufra contributed to data collection and interpretation
of results. He has reviewed and approved the final manuscript. Jean W. Pape contributed to
conceptualization and design of the study. He supervised the project and provided critical
revisions to the manuscript. He has reviewed and approved the final manuscript. Daniel W.

Reif et al.
Global Heart
DOI: 10.5334/gh.1435



Fitzgerald contributed to conceptualization and design of the study. He supervised the project
and provided critical revisions to the manuscript. He has reviewed and approved the final
manuscript. Margaret L. McNairy contributed to conceptualization and design of the study. She
supervised the project and contributed significantly to writing and drafting of the manuscript.
She has reviewed and approved the final manuscript.

AUTHOR AFFILIATIONS

Lindsey K. Reif, DrPH, MPH, MS " orcid.org/0000-0003-3427-4475

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States
Vanessa Rouzier, MD " orcid.org/0000-0002-9672-9474

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States; GHESKIO
Centers, Port-au-Prince, Haiti

Lily D. Yan, MD " orcid.org/0000-0001-6363-7920

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States
Shalom Sabwa, MS “* orcid.org/0000-0001-7121-1807

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States
Genevieve Hilaire, MD, MS "/ orcid.org/0000-0001-7296-427X

GHESKIO Centers, Port-au-Prince, Haiti

Marie Jean Pierre, MD

GHESKIO Centers, Port-au-Prince, Haiti

Rose Cardelle Riche

GHESKIO Centers, Port-au-Prince, Haiti

Robert Peck, MD, PhD "/ orcid.org/0000-0002-4526-2480

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States
Anju Ogyu, MS © orcid.org/0000-0002-7055-5509

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States
Rodney Sufra, MD "/ orcid.org/0000-0002-2613-6462

GHESKIO Centers, Port-au-Prince, Haiti

Jean W. Pape, MD " orcid.org/0000-0002-2948-2774

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States; GHESKIO
Centers, Port-au-Prince, Haiti

Daniel W. Fitzgerald, MD

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States

Margaret L. McNairy, MD, MSc "/ orcid.org/0000-0001-7853-633X

Center for Global Health, Department of Medicine, Weill Cornell Medicine, NY, United States; Division of
General Internal Medicine, Department of Medicine, Weill Cornell Medicine, NY, United States

REFERENCES

1. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu G, et al. Global, regional, and national
burden of cardiovascular diseases for 10 causes, 1990 to 2015. J Am Coll Cardiol. 2017;70(1):1-25.
DOLI: https://doi.org/10.1016/j.jacc.2017.04.052

2. Loria CM, Liu K, Lewis CE, Hulley SB, Sidney S, Schreiner PJ, et al. Early adult risk factor levels and
subsequent coronary artery calcification: the CARDIA Study. J Am Coll Cardiol. 2007;49(20):2013-
2020. DOL: https://doi.org/10.1016/j.jacc.2007.03.009

3. Bansal N, Lin F, Vittinghoff E, Peralta C, Lima J, Kramer H, et al. Estimated GFR and subsequent
higher left ventricular mass in young and middle-aged adults with normal kidney function: the
Coronary Artery Risk Development in Young Adults (CARDIA) Study. Am J Kidney Dis Off J Natl Kidney
Found. 2016;67(2):227-234. DOI: https://doi.org/10.1053/j.ajkd.2015.06.024

4. Chang A, Van Horn L, Jacobs DR, Liu K, Muntner P, Newsome B, et al. Lifestyle-related factors,
obesity, and incident microalbuminuria: the CARDIA (Coronary Artery Risk Development in Young
Adults) study. Am J Kidney Dis Off J Nat! Kidney Found. 2013;62(2):267-275. DOI: https://doi.
org/10.1053/j.ajkd.2013.02.363

5. Perak AM, Ning H, Khan SS, Bundy JD, Allen NB, Lewis CE, et al. Associations of late adolescent or
young adult cardiovascular health with premature cardiovascular disease and mortality. J Am Coll
Cardiol. 2020 8;76(23):2695-2707. DOI: https://doi.org/10.1016/j.jacc.2020.10.002

6. Allen NB, Siddique J, Wilkins JT, Shay C, Lewis CE, Goff DC, et al. Blood pressure trajectories in early
adulthood and subclinical atherosclerosis in middle age. JAMA. 2014;311(5):490-497. DOL: https://
doi.org/10.1001/jama.2013.285122

Reif et al.
Global Heart
DOI: 10.5334/gh.1435


https://orcid.org/0000-0003-3427-4475
https://orcid.org/0000-0003-3427-4475
https://orcid.org/0000-0002-9672-9474
https://orcid.org/0000-0002-9672-9474
https://orcid.org/0000-0001-6363-7920
https://orcid.org/0000-0001-6363-7920
https://orcid.org/0000-0001-7121-1807
https://orcid.org/0000-0001-7121-1807
https://orcid.org/0000-0001-7296-427X
https://orcid.org/0000-0001-7296-427X
https://orcid.org/0000-0002-4526-2480
https://orcid.org/0000-0002-4526-2480
https://orcid.org/0000-0002-7055-5509
https://orcid.org/0000-0002-7055-5509
https://orcid.org/0000-0002-2613-6462
https://orcid.org/0000-0002-2613-6462
https://orcid.org/0000-0002-2948-2774
https://orcid.org/0000-0001-7853-633X
https://orcid.org/0000-0001-7853-633X
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1016/j.jacc.2007.03.009
https://doi.org/10.1053/j.ajkd.2015.06.024
https://doi.org/10.1053/j.ajkd.2013.02.363
https://doi.org/10.1053/j.ajkd.2013.02.363
https://doi.org/10.1016/j.jacc.2020.10.002
https://doi.org/10.1001/jama.2013.285122
https://doi.org/10.1001/jama.2013.285122
https://orcid.org/0000-0002-2948-2774

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Domanski MJ, Tian X, Wu CO, Reis JP, Dey AK, Gu Y, et al. Time course of LDL cholesterol exposure Reif et al. 10
and cordiov0§§ulor disease event risk. J Am Coll Cardiol. 2020;76(13):1507-1516. DOI: https://doi. ggﬁafoﬁgggtmghqus
0rg/10.1016/j.,jacc.2020.07.059

Elfassy T, Zhang L, Raij L, Bibbins-Domingo K, Lewis CE, Allen NB, et al. Results of the CARDIA study
suggest that higher dietary potassium may be kidney protective. Kidney Int. 2020;98(1):187-194.
DOL: https://doi.org/10.1016/j.kint.2020.02.037

Lloyd-Jones DM, Lewis CE, Schreiner PJ, Shikany JM, Sidney S, Reis JP. The Coronary Artery

Risk Development In Young Adults (CARDIA) Study: JACC Focus Seminar 8/8. J Am Coll Cardiol.
2021;78(3):260-277. DOLI: https://doi.org/10.1016/j.jacc.2021.05.022

Devereux RB, Alderman MH. Role of preclinical cardiovascular disease in the evolution from risk
factor exposure to development of morbid events. Circulation. 1993;88(4 Pt 1):1444-1455. DOL:
https://doi.org/10.1161/01.CIR.88.4.1444

McNairy ML, Tymejczyk O, Rivera V, Seo G, Dorélien A, Peck M, et al. High burden of non-
communicable diseases among a young slum population in Haiti. J Urban Health Bull N'Y Acad Med.
2019;96(6):797-812. DOLI: https://doi.org/10.1007/s11524-019-00368-y

Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 ESC/ESH
Guidelines for the management of arterial hypertension. Eur Heart J. 2018;39(33):3021-3104. DOL:
https://doi.org/10.1093/eurheartj/ehy339

Lichtenstein AH, Appel LJ, Vadiveloo M, Hu FB, Kris-Etherton PM, Rebholz CM, et al. 2021

Dietary guidance to improve cardiovascular health: a scientific statement from the American

Heart Association. Circulation. 2021;144(23):e472-e487. DOI: https://doi.org/10.1161/
CIR.0000000000001031

Kwapong YA, Boakye E, Khan SS, Honigberg MC, Martin SS, Oyeka CP, et al. Association of
depression and poor mental health with cardiovascular disease and suboptimal cardiovascular
health among young adults in the United States. J Am Heart Assoc. 2023;12(3):e028332. DOL:
https://doi.org/10.1161/JAHA.122.028332

Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children
and Adolescents, National Heart, Lung, and Blood Institute. Expert panel on integrated guidelines
for cardiovascular health and risk reduction in children and adolescents: summary report. Pediatrics.
2011;128(Suppl 5):5213-S256. DOI: https://doi.org/10.1542/peds.2009-2107C

Kokkinos PF, Narayan P, Colleran JA, Pittaras A, Notargiacomo A, Reda D, et al. Effects of

regular exercise on blood pressure and left ventricular hypertrophy in African-American men

with severe hypertension. N Engl J Med. 1995;333(22):1462-1467. DOL: https://doi.org/10.1056/
NEJM199511303332204

Cavero-Redondo I, Saz-Lara A, Sequi-Dominguez I, Gdmez-Guijarro MD, Ruiz-Grao MC, Martinez-
Vizcaino V, et al. Comparative effect of eHealth interventions on hypertension management-related
outcomes: A network meta-analysis. Int J Nurs Stud. 2021;124:104085. DOI: https://doi.
0rg/10.1016/j.ijnurstu.2021.104085

Shamsi SA, Salehzadeh M, Ghavami H, Asl RG, Vatani KK. Impact of lifestyle interventions

on reducing dietary sodium intake and blood pressure in patients with hypertension: A

randomized controlled trial. Turk Kardiyol Dernegi Arsivi Turk Kardiyol Derneginin Yayin Organidir.
2021;49(2):143-150. DOTI: https://doi.org/10.5543/tkda.2021.81669

Lookens J, Tymejczyk O, Rouzier V, Smith C, Preval F, Joseph I, et al. The Haiti cardiovascular
disease cohort: study protocol for a population-based longitudinal cohort. BMC Public Health.
2020;20(1):1633. DOLI: https://doi.org/10.1186/s12889-020-09734-x

Pape JW, Severe PD, Fitzgerald DW, Deschamps MM, Joseph P, Riviere C, et al. The Haiti research-
based model of international public health collaboration: the GHESKIO Centers. J Acquir Immune
Defic Syndr 1999. 2014;65(1):S5-S9. DOL: https://doi.org/10.1097/QA1.000000000000003 1

CARDIA Coordinating Center. CARDIA Salt Use and Overall Diet Questionnaire. Available from: https://
www.cardia.dopm.uab.edu/images/more/pdf/dcfy20/Form%2079%20-%20Dietary%20Practices%20
2005-04-29.pdf Birmingham, AL: CARDIA Coordinating Center; 2017.

WHO STEPS Surveillance Manual: THE WHO STEPwise approach to noncummunicable disease risk
factor surveillance. Accessed from: http://www.who.int/chp/steps/manual/en/index3.html Geneva:
WHO. 2020.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL, et al. The Seventh Report

of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High

Blood Pressure: the JNC 7 report. JAMA. 2003;289(19):2560-2572. DOI: https://doi.org/10.1001/
jama.289.19.2560

Liz S. New AHA recommendations for blood pressure measurement: American Heart Association
Practice Guidelines. American Family Physician. 2005;72(7):1391-1398. DOI: https://doi.org/10.1111/
j.1524-6175.2005.04097.x

Moore JF, Sharer JD. Methods for quantitative creatinine determination. Curr Protoc Hum Genet.
2017;93:A.30.1-A.30.7. DOI: https://doi.org/10.1002/cphg.38


https://doi.org/10.1016/j.jacc.2020.07.059
https://doi.org/10.1016/j.jacc.2020.07.059
https://doi.org/10.1016/j.kint.2020.02.037
https://doi.org/10.1016/j.jacc.2021.05.022
https://doi.org/10.1161/01.CIR.88.4.1444
https://doi.org/10.1007/s11524-019-00368-y
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.1161/CIR.0000000000001031
https://doi.org/10.1161/JAHA.122.028332
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.1056/NEJM199511303332204
https://doi.org/10.1056/NEJM199511303332204
https://doi.org/10.1016/j.ijnurstu.2021.104085
https://doi.org/10.1016/j.ijnurstu.2021.104085
https://doi.org/10.5543/tkda.2021.81669
https://doi.org/10.1186/s12889-020-09734-x
https://doi.org/10.1097/QAI.0000000000000031
https://www.cardia.dopm.uab.edu/images/more/pdf/dcfy20/Form%2079%20-%20Dietary%20Practices%202005-04-29.pdf
https://www.cardia.dopm.uab.edu/images/more/pdf/dcfy20/Form%2079%20-%20Dietary%20Practices%202005-04-29.pdf
https://www.cardia.dopm.uab.edu/images/more/pdf/dcfy20/Form%2079%20-%20Dietary%20Practices%202005-04-29.pdf
http://www.who.int/chp/steps/manual/en/index3.html
https://doi.org/10.1001/jama.289.19.2560
https://doi.org/10.1001/jama.289.19.2560
https://doi.org/10.1111/j.1524-6175.2005.04097.x
https://doi.org/10.1111/j.1524-6175.2005.04097.x
https://doi.org/10.1002/cphg.38

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Jacobs DR, Murtaugh MA, Steffes M, Yu X, Roseman J, Goetz FC. Gender- and race-specific
determination of albumin excretion rate using albumin-to-creatinine ratio in single, untimed
urine specimens: the Coronary Artery Risk Development in Young Adults Study. Am J Epidemiol.
2002;155(12):1114-1119. DOI: https://doi.org/10.1093/aje/155.12.1114

Lee YH, Kweon SS, Choi JS, Rhee JA, Nam HS, Jeong SK, et al. Determining the optimal cut-off value

of the urinary albumin-to-creatinine ratio to detect atherosclerotic vascular diseases. Kidney Blood
Press Res. 2012;36(1):290-300. DOTI: https://doi.org/10.1159/000343418

Bao W, Threefoot SA, Srinivasan SR, Berenson GS. Essential hypertension predicted by tracking of
elevated blood pressure from childhood to adulthood: the Bogalusa Heart Study. Am J Hypertens.
1995;8(7):657-665. DOI: https://doi.org/10.1016/0895-7061(95)00116-7

Friis-Mgller N, Thiébaut R, Reiss P, Weber R, Monforte AD, De Wit S, et al. Predicting the risk of
cardiovascular disease in HIV-infected patients: the data collection on adverse effects of anti-HIV
drugs study. Eur J Cardiovasc Prev Rehabil Off J Eur Soc Cardiol Work Groups Epidemiol Prev Card
Rehabil Exerc Physiol. 2010;17(5):491-501. DOI: https://doi.org/10.1097/HJR.0b013e328336a150
Mosca S, Araujo G, Costa V, Correia J, Bandeira A, Martins E, et al. Dyslipidemia diagnosis and
treatment: risk stratification in children and adolescents. J Nutr Metab. 2022;2022:4782344. DOTI:
https://doi.org/10.1155/2022/4782344

Webber LS, Osganian V, Luepker RV, Feldman HA, Stone EJ, Elder JP, et al. Cardiovascular risk
factors among third grade children in four regions of the United States. The CATCH Study. Child and
Adolescent Trial for Cardiovascular Health. Am J Epidemiol. 1995;141(5):428-439. DOI: https://doi.
org/10.1093/oxfordjournals.aje.a117445

Patel RB, Colangelo LA, Reis JP, Lima JAC, Shah SJ, Lloyd-Jones DM. Association of longitudinal
trajectory of albuminuria in young adulthood with myocardial structure and function in later life:

Coronary Artery Risk Development in Young Adults (CARDIA) Study. JAMA Cardiol. 2020;5(2):184-192.

DOI: https://doi.org/10.1001/jamacardio.2019.4867

Magid HSA, Milliren CE, Rice K, Molanphy N, Ruiz K, Gooding HC, et al. Adolescent individual, school,

and neighborhood influences on young adult hypertension risk. PLoS ONE. 2022;17(4):e0266729.
DOI: https://doi.org/10.1371/journal.pone.0266729

Roberts NLS, Sufra R, Yan LD, St Sauveur R, Inddy J, Macius Y, et al. Neighborhood social
vulnerability and premature cardiovascular disease in Haiti. JAMA Cardiol. 2024;9(8):692-701. DOI:
https://doi.org/10.1001/jamacardio.2024.1286

Zhou H, Zhang H, Zhan Q, Bai Y, Liu S, Yang X, et al. Blood pressure trajectories in early adulthood
and myocardial structure and function in later life. ESC Heart Fail. 2022;9(2):1258-1268. DOI: https://
doi.org/10.1002/ehf2.13803

Zhang Y, An J, Reynolds K, Safford MM, Muntner P, Moran AE. Trends of elevated low-density
lipoprotein cholesterol, awareness, and screening among young adults in the US, 2003-2020. JAMA
Cardiol. 2022;7(10):1079-1080. DOI: https://doi.org/10.1001/jamacardio.2022.2641

Zhang Y, An J, Reynolds K, Safford MM, Muntner P, Moran AE. Trends of elevated low-density
lipoprotein cholesterol, awareness, and screening among young adults in the US, 2003-2020. JAMA
Cardiol. 2022;7(10):1079-1080. DOI: https://doi.org/10.1001/jamacardio.2022.2641

Zhang Y, Vittinghoff E, Pletcher MJ, Allen NB, Zeki Al Hazzouri A, Yaffe K, et al. Associations of
blood pressure and cholesterol levels during young adulthood with later cardiovascular events. J Am
Coll Cardiol. 2019;74(3):330-341. DOI: https://doi.org/10.1016/j.jacc.2019.03.529

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European Guidelines
on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited experts) Developed with the special
contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur
Heart J. 2016;37(29):2315-2381. DOIL: https://doi.org/10.1093/eurheartj/ehw106

Fortuna RJ, Robbins BW, Halterman JS. Ambulatory care among young adults in the United
States. Ann Intern Med. 2009;151(6):379-385. DOI: https://doi.org/10.7326/0003-4819-151-6-
200909150-00002

Reif et al. 11
Global Heart
DOI: 10.5334/gh.1435

TO CITE THIS ARTICLE:
Reif LK, Rouzier V, Yan LD,
Sabwa S, Hilaire G, Pierre MJ,
Riche RC, Peck R, Ogyu A, Sufra
R, Pape JW, Fitzgerald DW,
McNairy ML. Cardiovascular
Risk Factors Among Young
People in Haiti: Implications
for Low-Income Counttries.
Global Heart. 2025; 20(1): 52.
DOLI: https://doi.org/10.5334/
gh.1435

Submitted: 20 January 2025
Accepted: 14 May 2025
Published: 10 June 2025

COPYRIGHT:

© 2025 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.01.

Global Heart is a peer-reviewed
open access journal published
by Ubiquity Press.


https://doi.org/10.5334/gh.1435
https://doi.org/10.5334/gh.1435
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/aje/155.12.1114
https://doi.org/10.1159/000343418
https://doi.org/10.1016/0895-7061(95)00116-7
https://doi.org/10.1097/HJR.0b013e328336a150
https://doi.org/10.1155/2022/4782344
https://doi.org/10.1093/oxfordjournals.aje.a117445
https://doi.org/10.1093/oxfordjournals.aje.a117445
https://doi.org/10.1001/jamacardio.2019.4867
https://doi.org/10.1371/journal.pone.0266729
https://doi.org/10.1001/jamacardio.2024.1286
https://doi.org/10.1002/ehf2.13803
https://doi.org/10.1002/ehf2.13803
https://doi.org/10.1001/jamacardio.2022.2641
https://doi.org/10.1001/jamacardio.2022.2641
https://doi.org/10.1016/j.jacc.2019.03.529
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.7326/0003-4819-151-6-200909150-00002
https://doi.org/10.7326/0003-4819-151-6-200909150-00002

