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BACKGROUND: Although sub-Saharan Africa has a high prevalence of cardiovascular diseases (CVDs), there remains a lack of
systematic and comprehensive assessment of risk factors and early CVD outcomes in adults in sub-Saharan Africa.

METHODS AND RESULTS: Using a stratified multistage random sampling method, we recruited 1106 men and women, aged
>18 years, from the general population in Ghana to participate in a national health survey from 2016 to 2017. In Ghanaian
adults, the age-standardized prevalence of known CVD risk factors was 15.1% (95% ClI, 12.9%-17.3%) for obesity, 6.8% (95%
Cl, 5.1%-8.5%) for diabetes mellitus, 26.1% (95% ClI, 22.9%-29.4%) for hypertension, and 9.3% (95% Cl, 7.1%-11.5%) for hy-
peruricemia. In addition, 10.1% (95% Cl, 7.0%—-13.2%) of adults had peripheral artery disease, 8.3% (95% Cl, 6.7%-10.0%) had
carotid thickening, 4.1% (95% ClI, 2.9%-5.2%) had left ventricular hypertrophy, and 2.5% (95% ClI, 1.5%-3.4%) had chronic
kidney disease. Three CVD risk factors appeared to play prominent roles in the development of target organ damage, includ-
ing obesity for peripheral artery disease (odds ratio [OR], 2.22; 95% CI, 1.35-3.63), hypertension for carotid thickening (OR,
1.92; 95% Cl, 1.22-3.08), and left ventricular hypertrophy (OR, 5.28; 95% Cl, 2.55-12.11) and hyperuricemia for chronic kidney
disease (OR, 5.49; 95% Cl, 2.84-10.65).

CONCLUSIONS: This comprehensive health survey characterized the baseline conditions of a national cohort of adults while
confirming the prevalence of CVD risk factors, and early CVD outcomes have reached epidemic proportions in Ghana. The
distinct patterns of risk factors in the development of target organ damage present important challenges and opportunities for
interventions to improve cardiometabolic health among adults in Ghana.
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the leading cause of death. However, the CVD Over the past decades, CVD mortality has dramat-

Globally, cardiovascular diseases (CVDs) remain regions of different socioeconomic characteristics.
burden has not changed uniformly across world ically declined in high-income countries, whereas it
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CLINICAL PERSPECTIVE

What Is New?

e Cardiometabolic risk factors previously identi-
fied in populations of the developed countries
are now common among adults in Ghana.

e However, there are regional- and sex-specific
patterns of risk factors in Ghana that are differ-
ent from populations in the West.

e QObesity, hypertension, and hyperuricemia ap-
pear to play the most prominent roles in the
early stage of cardiovascular disease develop-
ment among Ghanaian adults.

What Are the Clinical Implications?

e Prevention strategies targeting the risk factors
with the strongest association with early car-
diovascular disease outcomes may reduce the
cardiovascular disease burden in Ghana.

e As globalization is accelerating the epidemio-
logic transition in different countries and shifting
much of the cardiovascular disease burden to
low- and middle-income countries, disparities in
health outcomes are expected to affect popula-
tions in low- and middle-income countries, par-
ticularly in sub-Saharan Africa.

¢ Findings from this national survey will establish a
national cohort with continued follow-up to as-
certain clinical outcomes and guide the devel-
opment of specific prevention and intervention
strategies to improve cardiometabolic health
outcomes among populations in sub-Saharan
Africa.

Nonstandard Abbreviations and Acronyms

DBP diastolic blood pressure
GBD Global Burden Disease
GHS Ghana Heart Study

LVM left ventricular mass
SSA sub-Saharan Africa
TC total cholesterol
TOD target organ damage

has increased in low- and middle-income countries.
According to the GBD (Global Burden Disease) study
in 2015, the age-standardized CVD prevalence is 6304
per 100 000 globally, with the highest rate in western
sub-Saharan Africa (SSA) (9475 per 100 000).? There
is a paucity of data on CVD epidemiological features,
prevention, and treatment in many low- and middle-in-
come countries, especially in SSA.2 Thus, our under-
standing of CVD is disproportionately informed by
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studies conducted in high-income countries, findings
of which may not be directly applicable to people in
low- and middle-income countries. Given that the ge-
netic characteristics and CVD risk factors differ across
ethnicities and regions, systemic and comprehensive
studies on CVD and the relevant risk factors in SSA are
urgently needed to guide proper allocation of health-
care resource and public health policy for the region.

CVD is a multistage pathogenetic disorder span-
ning over a lifetime, often affected by a cluster of risk
factors, including obesity, dyslipidemia, diabetes
mellitus, and hypertension. Preclinical pathological
changes in blood vessels, the heart, and kidneys,
termed target organ damage (TOD), are common
and typically lead to end-stage organ failure in the
absence of intervention.* Although often asymptom-
atic, preclinical TOD can be considered an interme-
diate end point for CVD events in the pathogenesis of
CVD. There is now a body of accumulating evidence
that indicates CVD progression can be modified by
earlier interventions.® In Ghana, the prevalence of
some of the typical CVD risk factors has reached
the levels in the developed countries.®” Without ad-
equate prevention and control measures, these risk
factors are likely to transition into severe CVD burden
in Ghanaian society.

To provide a comprehensive assessment of CVD
risk factors and TOD prevalence, we conducted a
population-based study in Ghana to guide the future
development of intervention strategies to improve
cardiometabolic health. Specifically, we investigated
whether and to what extent the known CVD risk fac-
tors are associated with preclinical vascular, cardiac,
and renal TOD among adults in Ghana.

METHODS

Data Sharing

Original raw data cannot be shared because of con-
fidentiality agreement. Analytical codes and data set
can be shared via standard data transfer agreement
approved by Ghanaian institutions and Guangdong
Provincial People’s Hospital.

Study Participants

In this GHS (Ghana Heart Study), we used a 3-stage,
stratified random sampling strategy to recruit a na-
tionally representative sample of Ghanaian adults,
aged >18 years. We first identified geographic regions
(southern, middle, and northern) within Ghana where
participants were selected to represent the southern
(Greater Accra and Central regions), middle (Ashanti
regions), and northern (Northern regions) populations
in the country. Each of the 4 regions was further di-
vided into urban areas and rural areas, according to
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the most updated census data, from which one urban
and one rural community were selected by simple
random sampling method. This first stage leads to
the selection of Dansoman (urban) and Damfa (rural)
in the Greater Accra region, Kwadaso Estate (urban)
and Dominase (rural) in the Ashanti region, Cape Coast
(urban) and Awutu-Okwampa (rural) in the Central re-
gion, and Zogbeli (urban) and Sanzirugu (rural) in the
Northern region. The second stage of sample selec-
tion consisted of households. In a given community, a
listing of all households was prepared, and a subsam-
ple of these was selected by a systematic sampling
method. The third stage of sample selection consisted
of people within the selected households. All mem-
bers aged >18 years within a household were listed,
and a subsample of individuals was selected by simple
random sampling method based on sex, age, ethnic-
ity, and income. The exclusion criteria were excluding
participants who were pregnant, had type 1 diabetes
mellitus, or refused to give consent.

The sample size was calculated using the primary
clinical target of hypertension with an estimated prev-
alence of 25.4% and a second target of smoking with
an estimated prevalence of 4.3% (PASS 14.0 software).
The population of Ghana was estimated at 24 658 823
on the basis of 2010 Population and Housing Census
in Ghana.? We determined sample size for the various
regions according to the population of the specific re-
gions (the sample size was estimated to be 939+a 10%
attrition rate, leading to 1032 participants). In addition,
we also included 74 more participants who met the in-
clusion criteria in this study. All these 1106 participants
gave written consent and completed the study. All pro-
cedures were performed according to the study proto-
col approved by the Committee on Human Research
Publication and Ethics of School of Medicine and
Dentistry, the Kwame Nkrumah University of Science
and Technology, Kumasi, Ghana, and Research
Ethics Committee of Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Sciences,
Guangzhou, China. Informed consent was obtained
from all the participants. The objectives and nature
of the study were explained to all participants. This
study was registered at http:/www.chictr.org.cn as
ChiCTR1800017374.

Cardiometabolic Risk Factor
Measurements

A standard questionnaire was used to obtain informa-
tion on demographics, personal and family medical
history, and lifestyle risk factors, including smoking,
drinking, and physical activity. Anyone who smoked
any tobacco products, such as cigarettes, cigars, and
pipes, either daily or occasionally, was described as
a smoker. Drinking was defined as consumption of
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alcoholic drink, such as beer, wine, or spirit, either daily
or occasionally. Adequate physical activity was defined
as at least 150 minutes per week of moderate or vigor-
ous activities, such as brisk walking.

Body weight, height, and waist circumference were
measured with light clothes and bare feet. Body mass
index was calculated as weight in kilogram divided by
the square of the height in meters. Blood pressure was
measured using the OMRON M6 devices with appro-
priate cuff sizes. Three blood pressure readings were
taken from the left arm, with participants in the sitting
position after 10 minutes of inactivity. The mean of the
recorded readings was taken as the participant’s blood
pressure. Fasting plasma samples were collected to
measure glucose, hemoglobin Alc, total triglyceride,
total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol, lipo-
protein (a), hs-CRP (high-sensitivity C-reactive protein),
creatinine, and uric acid. The criteria used for diagnos-
ing obesity, diabetes mellitus, hypertension, dyslipid-
emia, high hs-CRP, and hyperuricemia were provided
in Table S1.

Preclinical TOD Measurements

The measurements for preclinical vascular, cardiac,
and renal TOD were conducted by well-trained car-
diologists using calibrated machines according to the
relevant guidelines. For vascular TOD, ankle-brachial
index was measured for each participant using the
Boso (Bosch & Sohn, Germany) ankle-brachial index
device. Carotid ultrasound was performed for both ca-
rotid arteries using the GE VIVID Q ultrasound system
equipped with a 9L-RS 3.1- to 10.0-MHz linear probe
to determine carotid intima-media thickness. For car-
diac TOD, each participant had a transthoracic echo-
cardiography examination by a cardiologist using the
GE VIVID Q ultrasound system equipped with M4S-RS
1.5- to 3.5-MHz sector and linear probe. The left ven-
tricular internal dimensions were measured using
2-dimensional guided M-mode imaging and used to
estimate left ventricular mass (LVM). LVM index was
calculated by dividing LVM by body surface area (see
Data S1 for details). Renal TOD was evaluated using
the estimated glomerular filtration rate, an important
chronic kidney disease (CKD) marker. The criteria used
for diagnosing peripheral artery disease (PAD), carotid
intimal thickening, left ventricular hypertrophy (LVH),
and CKD are provided in Table S1.

Statistical Analysis

Basic characteristics, cardiometabolic risk factors, and
preclinical TOD measurements were described by sex
and ethnicity. In our study, ethnicity was categorized
into Akan and others, including Dagomba, Ewe, and
Ga. Continuous variables were presented as means
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and SDs for those with normal distribution or medians
and interquartile ranges for those with nonnormal dis-
tribution. Categorical variables were shown in percent-
ages. Age-standardized rates were calculated using
the population distribution from 2010 Population and
Housing Census in Ghana.®

The association between categorized risk factors
and preclinical TOD was analyzed with the logistic
regression model. The model for the association of
overall obesity and abdominal obesity with TOD was
adjusted for age, sex, ethnicity, living area, educa-
tion, smoking, and physical activity. For the analysis
of other risk factors, body mass index was further
controlled in the model. The associations of risk fac-
tors with TOD were presented as odds ratios (ORs)
and 95% Cls.

We also used restricted cubic spline regression
with 3 knots at 10th, 50th, and 90th centiles to de-
tect the possible nonlinear dependency of the relations
between cardiometabolic risk factors and TOD mea-
surements. The potential nonlinearity was examined by
using a likelihood ratio test comparing the model with
only a linear term against the model with linear and
cubic spline terms. For the analysis of body mass index
with TOD measurements, age, sex, ethnicity, living
area, education, smoking, and physical activity were
adjusted in the model. For the other risk factors, body
mass index was additionally controlled in the model.
Stratification analyses by sex were conducted to evalu-
ate sex differences for the risk factor-TOD association.

The proportion of missing data ranged from 0.4%
for systolic blood pressure and diastolic blood pres-
sure (DBP) to 21% for carotid intima-media thickness.
Missing values were imputed using random forest al-
gorithm with R package missForest.° We conducted
sensitivity analysis, excluding missing data to test if the
associations of risk factors with TOD were robust. Al
analyses were conducted with the use of R 3.5.2 soft-
ware (The R Foundation for Statistical Computing).

RESULTS

Basic Characteristics of Study
Participants in Ghana

As shown in Table 1, of the 1106 participants aged
46.9+17.2 years, 42% were men, and 58% were Akan.
Compared with women, more men were educated
higher than middle school (70% versus 47%), were
smokers (7.8% versus 1.2%), consumed alcohol (57%
versus 44%), and were physically active (22% versus
12%). Compared with the other ethnicities, Akans
were more likely to be educated higher than middle
school (60% versus 53%) and to consume alcohol
(62% versus 31%), and were less physically active (9%
versus 26%).



Lietal

Cardiometabolic Risk Factors of Study
Participants in Ghana

As shown in Table 2, in Ghanaian adults, 15.1% (95%
Cl, 12.9%-17.3%) were overall obese, 25.2% (95% Cl,
22.3%-28.0%) had abdominal obesity, 26.1% (95%
Cl, 22.9%-29.4%) were hypertensive, 6.8% (95% ClI,
5.1%-8.5%) had diabetes mellitus, 34.4% (95% ClI,
29.9%-39.0%) had dyslipidemia, 9.3% (95% Cl, 7.1%—
11.5%) had hyperuricemia, and 25.7% (95% Cl, 21.5%—
29.8%) had an hs-CRP >3 mg/L.

Compared with men, women were significantly
more obese (overall obesity: OR, 5.21 [95% ClI, 3.62—
7.70]; abdominal obesity: OR, 17.50 [95% CI, 12.05—-
26.09]) and had higher risks of high TC (OR, 2.10; 95%
Cl, 1.563-2.90), high LDL-C (OR, 1.60; 95% ClI, 1.17-
2.21), and high hs-CRP (OR, 1.61; 95% CI, 1.23-2.13)
after adjustment for age. Compared with the other eth-
nicities, Akan had higher risks of diabetes mellitus (OR,
1.71; 95% Cl, 113-2.63), hypertension (OR, 1.75; 95%
Cl, 1.33-2.30), high total triglyceride (OR, 1.63; 95% ClI,
1.06-2.55), high TC (OR, 2.19; 95% Cl, 1.60-3.04), and
high LDL-C (OR, 1.44; 95% ClI, 1.05-1.99) after adjust-
ment for age and sex. Urban participants have higher
risks of obesity (OR, 1.85; 95% CI, 1.23-2.84), high TC
(OR, 1.80; 95% ClI, 1.20-2.75), and high LDL-C (OR,
1.85; 95% Cl, 1.21-2.90) than those in rural areas, after

Cardiometabolic Risk Factors in Ghana

adjustment for age and sex. Higher education (middle
school or higher) was significantly associated with high
TC (OR, 1.67; 95% Cl, 1.22-2.30) after adjustment for
age and sex.

Preclinical TOD of Study Participants in
Ghana

As shown in Table 2, 10.1% (95% Cl, 7.0%-13.2%) had
PAD, 8.3% (95% ClI, 6.7%-10.0%) had carotid thick-
ening, 4.1% (95% Cl, 2.9%-5.2%) had LVH, and 2.5%
(95% ClI, 1.5%-3.4%) had CKD in Ghanaian adults.
Women had significantly higher risk of LVH than men
(OR, 1.81; 95% Cl, 1.06-3.22) after adjustment for age.
Akan had lower estimated glomerular filtration rate than
other ethnicities (90.2 versus 93.3 mL/min per 1.73 m?;
P=0.001). However, the association between ethnicity
and CKD did not reach significant level (OR, 1.80; 95%
Cl, 0.96-3.53) after adjustment for age and sex.

Association of Cardiometabolic Risk
Factors With Preclinical TOD

Among these known risk factors, obesity had the
strongest association with PAD (OR, 2.22; 95%
Cl, 1.35-3.63), independent from age, sex, ethnic-
ity, region, living community, education, smoking,

Table 2. Age-Standardized Prevalence of Cardiometabolic Risk Factors and TOD Among Adults Participating in the GHS,

2016 to 2017

Variable Overall, % (95% Cl) Women, % (95% CI) Men, % (95% CI)
Smoking 2.90 (1.91-3.89) 0.93 (0.15-1.72) 5.60 (3.53-7.67)
Drinking 45.91 (40.64-51.18) 38.40 (32.68-44.12) 53.68 (45.06-62.31)
Physical activity 150 min/wk 15.47 (12.61-18.33) 9.75 (7.18-12.32) 21.85 (16.68-27.01)
Obesity 1512 (12.91-17.32) 22.60 (18.92-26.27) 4.91 (3.13-6.69)
Abdominal obesity 2515 (22.33-27.96) 40.05 (35.25-44.85) 4.60 (2.95-6.25)

Diabetes mellitus

6.77 (5.06-8.49)

7.92 (4.91-10.92)

5.34 (3.41-7.27)

Hypertension

40.69 (36.20-45.17)

38.81 (32.73-44.89)

42.87 (36.12-49.62)

Hypertension (UJNC7)

26.13 (22.86-29.39)

(
26.53 (22.22-30.83)

24.94 (20.13-29.75)

TG >1.70 mmol/L

6.75 (4.78-8.71)

751 (3.73-11.3)

6.79 (4.60-8.98)

TC >6.22 mmol/L

14.98 (12.46-17.5)

1716 (14.19-20.14)

11.58 (7.79-15.37)

LDL-C >4.14 mmol/L

13.93 (11.44-16.42)

14.84 (12.02-17.66)

12.26 (8.35-16.17)

HDL-C <1.04 mmol/L

16.17 (12.52-19.82)

13.53 (8.99-18.08)

18.81 (13.17-24.46)

Dyslipidemia

34.41 (29.85-38.96)

34.84 (28.73-40.95)

33.34 (26.60-40.07)

Lipoprotein (a) =60 mg/dL

19.07 (15.80-22.34)

18.23 (14.16-22.29)

19.53 (14.47-24.60)

hs-CRP >3 mg/L

25.66 (21.51-29.81)

29,52 (23.18-35.85)

20.53 (15.14-25.91)

Hyperuricemia 9.28 (7.11-11.45) 11.37 (7.26-15.49) 7.66 (5.43-9.89)
PAD 10.09 (6.96-13.23) 9.96 (5.23-14.69) 10.05 (5.75-14.35)
Carotid hypertrophy 8.33 (6.67-10.00) 8.63 (5.69-11.58) 8.04 (6.12-9.95)

LVH

4.08 (2.93-5.293)

5.39 (3.61-7.17)

CKD

2.45 (1.54-3.36)

2.36 (1.22-3.51)

(
2.22 (1.01-3.44)
2.38 (1.37-3.39)

CKD indicates chronic kidney disease; GHS, Ghana Heart Study; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein;
JNC7, Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; LDL-C, low-density
lipoprotein cholesterol; LVH, left ventricular hypertrophy; PAD, peripheral artery disease; TC, total cholesterol; and TG, total triglyceride; TOD, target organ
damage.
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Table 3. Association Between Cardiometabolic Risk Factors and Specific TOD Among Adults Participating in GHS, 2016 to

2017
Case, n (%) OR (95% ClI) Case, n (%) OR (95% ClI)

Variable No. PAD Carotid Intimal Thickening
Overall obesity

No 869 61 (7.0) Reference 139 (16.0) Reference

Yes 237 34 (14.3) 2.22 (1.35-3.63) 41 (17.3) 118 (0.75-1.84)
Abdominal obesity

No 701 52 (7.4) Reference 107 (15.3) Reference

Yes 405 43 (10.6) 1.62 (0.95-2.80) 73 (18.0) 1.08 (0.69-1.69)
Diabetes mellitus

No 986 83 (8.4) Reference 146 (14.8) Reference

Yes 120 12 (10.0) 1.1 (0.54-2.09) 34 (28.3) 1.22 (0.73-2.00)
Hypertension

No 493 41 (8.3 Reference 36 (7.9) Reference

Yes 613 54 (8.8) 0.95 (0.58-1.55) 144 (23.5) 1.92 (1.22-3.08)
High TG

No 1003 82 (8.2) Reference 157 (16.7) Reference

Yes 103 13 (12.6) 1.57 (0.79-2.92) 23 (22.3) 1.23 (0.69-2.14)
High TC

No 865 64 (7.4) Reference 127 (14.7) Reference

Yes 241 31 (12.9) 1.76 (1.06-2.87) 53 (22.0) 1.25 (0.81-1.93)
High LDL-C

No 892 65 (7.3) Reference 135 (16.1) Reference

Yes 214 30 (14.0) 1.90 (1.15-3.08) 45 (21.0) 1.28 (0.82-1.99)
Low HDL-C

No 945 82 (8.7) Reference 150 (15.9) Reference

Yes 161 13 (8.1) 0.94 (0.48-1.72) 30 (18.6) 1.09 (0.63-1.83)
Dyslipidemia

No 655 46 (7.0) Reference 96 (14.7) Reference

Yes 451 49 (10.9) 1.51(0.97-2.34) 84 (18.6) 0.98 (0.67-1.43)
High Lp(a)

No 855 65 (7.6) Reference 133 (15.6) Reference

Yes 251 30 (12.0) 1.44 (0.89-2.28) 47 (18.7) 0.92 (0.60-1.41)
High hs-CRP

No 785 55 (7.0) Reference 112 (14.3) Reference

Yes 321 40 (12.5) 1.58 (0.98-2.51) 68 (21.2) 1.04 (0.70-1.55)
Hyperuricemia

No 958 76 (7.9) Reference 149 (15.6) Reference

Yes 148 19 (12.8) 1.46 (0.81-2.53) 31 (20.9) 0.91 (0.55-1.48)

LVH CKD

Overall obesity

No 869 54 (6.2) Reference 39 (4.5) Reference

Yes 237 12 (5.1) 0.73 (0.35-1.41) 11 (4.6) 118 (0.53-2.46)
Abdominal obesity

No 701 38 (5.4) Reference 28 (4.0) Reference

Yes 405 28 (6.9) 0.94 (0.51-1.70) 22 (5.4) 1.36 (0.65-2.85)
Diabetes mellitus

No 986 58 (5.9) Reference 37 (3.8) Reference

(Continued)
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LVH CKD

Yes 120 8(6.7) 0.83(0.34-1.76) 13 (10.8) 1.50 (0.71-3.03)
Hypertension

No 493 9(1.8) Reference 5(1.0) Reference

Yes 613 57 (9.3) 5.28 (2.565-12.11) 45 (7.3) 3.38 (1.36-10.30)
High TG

No 1003 64 (6.4) Reference 42 (4.2) Reference

Yes 103 2 (1.9 0.22 (0.04-0.75) 8(7.8) 1.67 (0.67-3.75)
High TC

No 865 48 (5.5) Reference 25 (2.9) Reference

Yes 241 18 (7.5) 1.21 (0.64-2.22) 25 (10.4) 3.36 (1.72-6.66)
High LDL-C

No 892 53 (5.9) Reference 29 (3.3) Reference

Yes 214 13 (6.1) 0.92 (0.46-1.74) 21 (9.8) 317 (1.61-6.23)
Low HDL-C

No 945 57 (6.0) Reference 41 (4.3) Reference

Yes 161 9(5.6) 0.66 (0.29-1.38) 9 (5.6) 118 (0.48-2.68)
Dyslipidemia

No 655 42 (6.4) Reference 17 (2.6) Reference

Yes 451 24 (5.3) 0.62 (0.35-1.05) 33(7.3) 2.34 (1.24-4.54)
High Lp(a)

No 855 53 (6.2) Reference 38 (4.4) Reference

Yes 251 13 (5.2 0.74 (0.37-1.38) 12 (4.8) 0.80 (0.38-1.58)
High hs-CRP

No 785 46 (5.9) Reference 25(3.2) Reference

Yes 321 20 (6.2) 0.91 (0.50-1.61) 25 (7.8) 1.84 (0.98-3.47)
Hyperuricemia

No 958 59 (6.2) Reference 26 (2.7) Reference

Yes 148 7(4.7) 0.60 (0.24-1.31) 24 (16.2) 5.49 (2.84-10.65)

Logistic regression model was used for statistical analysis. For overall obesity and abdominal obesity, age, sex, ethnicity, living area, education, smoking,
and physical activity were adjusted in the model. For the other categorized risk factors, body mass index was additionally added into the model. CKD indicates
chronic kidney disease; GHS, Ghana Heart Study; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density
lipoprotein cholesterol; Lp(a), lipoprotein (a); LVH, left ventricular hypertrophy; OR, odds ratio; PAD, peripheral artery disease; TC, total cholesterol; TG, total

triglyceride; and TOD, target organ damage.

and physical activity (Table 3). Hypertension had the
strongest association with carotid intimal thickening
(OR, 1.92; 95% Cl, 1.22-3.08) and LVH (OR, 5.28; 95%
Cl, 2.55-12.11) after adjustment for potential confound-
ing factors (Table 3). Hyperuricemia had the strongest
association with CKD (OR, 5.49; 95% CI, 2.84-10.65)
after adjustment for potential confounding factors
(Table 3).

In Figures 1 through 4, we used restricted cubic
spline to visualize the shape of the relation between
the risk factors with strong association with TOD and
TOD measurements. The directions of these associa-
tions were consistent with results of logistic regression
analysis. DBP showed a J-shaped association with
LVM index (P for nonlinearity <0.0001) after adjustment
for age, sex, ethnicity, region, living community, edu-
cation, smoking, and physical activity. The inflection

J Am Heart Assoc. 2020;9:e017492. DOI: 10.1161/JAHA.120.017492

points of DBP were 73 mm Hg for men and 63 mm Hg
for women. The association of DBP with LVM index
was relatively flat below the inflection point and then
started to increase rapidly afterwards. Stratification
analysis by sex showed no significant sex difference
for these associations.

The sensitivity analysis, excluding missing data,
showed that the above-mentioned associations were
robust (Figure S1).

DISCUSSION

In this national study of adults in Ghana, we charac-
terized the distribution of cardiometabolic risk factors
and preclinical TOD among adults. Ghana is located in
western SSA,; our findings indicate that cardiometabolic
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Figure 1. Association between body mass index (BMI) and ankle-brachial index (ABI) among adults who participated in

GHS (Ghana Heart Study), 2016 to 2017.

A, Association of BMI with ABI in all population. B, Association of BMI with ABI in men. C, Association of BMI with ABI in women.
Restricted cubic splines with 3 knots were used for association analysis with adjustment for age, sex, ethnicity, living area, education,
smoking, and physical activity. Histogram represents the distribution of BMI in the study population.

risk factors previously identified in populations of the
developed countries are now common among adults
in Ghana SSA. In particular, obesity, hypertension, and
hyperuricemia appear to be the risk factors having the
strongest association with specific preclinical TOD.

With rapid rural-to-urban transitions in SSA, the
cardiometabolic risk factors, such as obesity, hyper-
tension, and diabetes mellitus, identified in the de-
veloped countries have not been rare in SSA.810.1
Consistent with these previous reports from rela-
tively small sample size, our study also indicated
that the obesity rate in Ghanaian adults was as high
as 15%, and that there were clear differences be-
tween women (23%) and men (5%). The age-stan-
dardized prevalence of hypertension in our study is
~26%, based on Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure, or ~41%, based
on 2017 American Heart Association guideline. Our
study shows that type 2 diabetes mellitus prevalence
is now 7% among adults in Ghana, compared with
studies conducted from 1960s to 1980s showing
type 2 diabetes mellitus prevalence of <1% in many
regions of SSA."" In addition, dyslipidemia appears
to be a most common risk factor in Ghanaian adults,
consistent with findings from a recent meta-analysis
in Africa.’?

In comparison, according to the latest national esti-
mates from National Health and Nutrition Examination
Survey 2011 to 2014, the prevalence of obesity was
58% among Black women, 38% in Black men, 34% in
White men, and 33% in White women.'® The prevalence
of hypertension among Black individuals was 42.4%
for adult men and 44% for adult women in 2016."* The
prevalence of type 2 diabetes mellitus was 21.8% in

J Am Heart Assoc. 2020;9:e017492. DOI: 10.1161/JAHA.120.017492

Black individuals and 11.3% in non-Hispanic White in-
dividuals in National Health and Nutrition Examination
Survey 2011 to 2012."° The prevalence of high TC was
32.6% in Black men, 37.0% in White men, 36.1% in
Black women, and 43.4% in White women. Thus, the
prevalence of obesity, diabetes mellitus, hyperten-
sion, and dyslipidemia in the population in Ghana is
still lower than that in Black individuals. The prevalence
of cardiometabolic risk factors and preclinical TOD re-
ported herein was adjusted age standardized using the
national population distribution. However, Ghana and
the United States have different age distribution within
the population, with a younger population in Ghana,'®"”
which may partly explain the observed lower preva-
lence in Ghana than in the United States.

Uric acid is the end product of purine metabolism in
human body. Although the causal relationship between
uric acid and CVD remains unclear, many epidemio-
logical studies suggest the existence of a significant
association between high uric acid and increased risk
of CVD'® as well as CKD.' In our study, hyperuricemia
was defined according to the criteria adopted by the
National Health and Nutrition Examination Survey. Our
data indicate that 9% of adults are hyperuricemic in
Ghana. As a comparison, hyperuricemia prevalence
rates were 20% among adults in the United States in
2015 to 2016.2°

Inflammation has been implicated in CVD patho-
genesis, and plasma hs-CRP has been implicated as
a marker of inflammation linked to CVD prospectively
in several large cohorts of men and women in the
United States,?"?? although the optimal clinical utility
of plasma hs-CRP remains controversial.?® Previous
studies in African populations have investigated the
relationship between inflammation and infectious
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Figure 2. Association of systolic blood pressure (SBP) and diastolic blood pressure (DBP) with carotid intima-media
thickness (CIMT) among adults who participated in GHS (Ghana Heart Study), 2016 to 2017.

A, Association of SBP with CIMT in all population. B, Association of SBP with CIMT in men. C, Association of SBP with CIMT in women.
D, Association of DBP with CIMT in all population. E, Association of DBP with CIMT in men. F, Association of DBP with CIMT in women.
Restricted cubic splines with 3 knots were used for association analysis with adjustment for age, sex, ethnicity, living area, education,

smoking, physical activity, and body mass index. Histogram represents the distribution of SBP/DBP in the study population.

diseases?®*; however, the association between hs-CRP
and CVD has not been well studied in SSA. Our study
finds that the prevalence of high hs-CRP in Ghanaian
adults is lower than that in Burkina Faso,?® a geograph-
ical neighbor.

We also found clear sex and ethnicity disparities in
CVD risk factors in Ghana. Women had higher rates of
obesity, high TC, high LDL-C, and high hs-CRP than
men, which also was reported in another study con-
ducted in Ghana.® Akan had significant higher rates
of diabetes mellitus, hypertension, high TC, high total
triglyceride, and high LDL-C than other ethnicities in
this study. The ethnicity disparities in hypertension
and dyslipidemia were also reported in other Ghana
studies.?®?” These observed sex and ethnicity dispar-
ittes may be partly explained by pathophysiological
and sociocultural factors and their interactions. In our
study, women had lower level of education and phys-
ical activity than men; more Akan drunk alcohol (62%
versus 31%) and were physically inactive (91% versus

J Am Heart Assoc. 2020;9:e017492. DOI: 10.1161/JAHA.120.017492

74%) than other ethnicities. Further investigations are
needed to clarify the reasons causing such dispari-
ties and their effects on CVD development in Ghana.
Despite the sex disparities in prevalence of CVD risk
factors, we did not find significant sex difference for the
association of CVD risk factors with TOD.

We further investigated the roles of CVD risk factors
in the development of preclinical conditions of vascu-
lar, cardiac, and renal TOD. PAD and carotid thickening
were chosen as the proxy measurements for vascular
TOD. A recent systematic review shows that the prev-
alence of PAD in low- and middle-income countries is
3% at the age of 45 to 49 years and 15% at the age
of 85 to 89 years, which is lower than in high-income
countries, with smoking, diabetes mellitus, hyperten-
sion, and high TC being identified as the risk factors for
PAD.?® Qur study showed that the age-standardized
prevalence of PAD was ~10% in the Ghanaian adult
population. We identified obesity as the most import-
ant risk factor for PAD in Ghana. Also, we found that
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Figure 3. Association of systolic blood pressure (SBP) and diastolic blood pressure (DBP) with left ventricular mass index
(LVMI) among adults who participated in GHS (Ghana Heart Study), 2016 to 2017.

A, Association of SBP with LVMI in all population. B, Association of SBP with LVMI in men. C, Association of SBP with LVMI in women.
D, Association of DBP with LVMI in all population. E, Association of DBP with LVMI in men. F, Association of DBP with LVMI in women.
Restricted cubic splines with 3 knots were used for association analysis with adjustment for age, sex, ethnicity, living area, education,

smoking, physical activity, and body mass index. Histogram represents the distribution of SBP/DBP in the study population.

the age-standardized prevalence of carotid thickening
was ~8% in this population, and hypertension was
considered to be the key risk factor, consistent with
the previous report.??

It has been reported that Black people are more
likely to develop LVH than White people in the United
States.®® The studies on Black populations living in
Africa show that the overall prevalence of LVH, as-
certained by echocardiogram, was 41% in Gambia,®’
62% in Cameroon,®? and 41% in Angola.®® Our study
indicated that the age-standardized prevalence of
LVH in Ghana (=4%) is significantly lower than that in
other African countries. The hypertension prevalence
reported previously in studies conducted in Gambia,
Cameroon, and Angola was higher than that in our
study, although these 3 studies had small sample size
and selected participants from one single site. All of
these differences in characteristics of participants in
our study and others may lead to the different observed
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prevalence of LVH. Further studies with comprehen-
sive comparison of sociodemographic and cultural
factors in Ghana versus the other African countries
are warranted. Consistent with the other studies,3* we
found that hypertension has the strongest associa-
tion with LVH in Ghanaian population. Moreover, our
spline regression analysis found a J-shaped associa-
tion between DBP and LVM index, which needs to be
researched in depth in the future studies.

Although the age-standardized prevalence of CKD
was low in our population, hyperuricemia, high TC, and
high LDL-C were significantly associated with CKD. The
prevalence of CKD was 13% in the United States, ac-
cording to the National Health and Nutrition Examination
Survey 1999 to 2004 data,®® and 11% in China in 2012,
shown in a national survey.*® The China national survey
reported significant association of hypertension, dia-
betes mellitus, and hyperuricemia with CKD. Although
hyperuricemia has a strong association with the risk of
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Figure 4. Association of uric acid with estimated glomerular filtration rate (¢GFR) among adults who participated in GHS
(Ghana Heart Study), 2016 to 2017.

A, Association of uric acid with eGFR in all population. B, Association of uric acid with eGFR in men. C, Association of uric acid with
eGFR in women. Restricted cubic splines with 3 knots were used for association analysis with adjustment for age, sex, ethnicity, living
area, education, smoking, physical activity, and body mass index. Histogram represents the distribution of plasma uric acid levels in

the study population.

CKD (OR, 5.5 in our study; OR, 9.3 in the China survey),
a recent mendelian randomization study concluded no
causal effects of serum urate level on the risk of CKD.*"
Thus, the strong association of hyperuricemia with risk
of CKD observed in multiple populations needs to be
further investigated in future work.

Some limitations should be kept in mind when in-
terpreting our findings. First, this study is a cross-sec-
tional in design, precluding from direct causal inference
of risk factors and outcome relations. Nevertheless,
all CVD risk factors identified in the current study are
consistent with those reported in large prospective co-
horts of men and women in the developed countries.
Second, the clinical outcomes were not ascertained
by a repeated physical examination, which may result
in measurement errors and potential underestimation
of prevalence estimates of CVD risk factors. Similarly,
CKD was assessed only by a single serum creatinine
measurement in our study; we did not assess for pro-
teinuria, which also indicates the presence of CKD,
which may lead to underestimated prevalence of CKD.

In summary, in this first national survey of cardiomet-
abolic health status among adults in Ghana, known
CVD risk factors were highly prevalent. Specifically,
obesity, hypertension, and hyperuricemia were import-
ant CVD risk factors associated with preclinical TODs
among adults in Ghana, which should be the focus for
interventions to improve both individual-cardiometa-
bolic and population-cardiometabolic health in Ghana.
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Supplemental Methods

Cardiometabolic risk factors definition

The cardiometabolic risk factors measured in this study include adiposity, blood pressure,
diabetes mellitus, lipids, uric acid, and inflammation. Overall obesity was defined as BMI > 30
kg/m2. Abdominal obesity was defined as waist circumference > 88 cm for women and 102 cm
for men. Diabetes mellitus was defined as fasting blood glucose level of 7.0 mmol/L or greater,
HbAlc > 6.5%, and/or use of insulin or an oral hypoglycaemic agent®®. Hypertension was
defined as systolic blood pressure (SBP) > 130 mmHg and/or diastolic blood pressure (DBP) >
80 mmHg or use of anti-hypertensive drugs according to the 2017 American College of
Cardiology/American Heart Association Guideline for High Blood Pressure in Adults®. To
facilitate comparison with previous studies, we also defined hypertension using the cutoff of 140
mmHg for SBP and/or 90 mmHg for DBP “°. Dyslipidemia was defined as TG > 1.70 mmol/L
(150 mg/dL), TC > 6.22 mmol/L (240 mg/dL), LDL > 4.14 mmol/L (160 mg/dL), HDL <1.04
mmol/L (40 mg/dL), use of lipid-lowering medications*!, and/or Lipoprotein (a) [Lp(a)] > 60
mg/dL*2. A hsCRP > 3 mg/L* was considered as abnormal high. Hyperuricemia was defined as
uric acid > 0.42 mmol/L (7.0 mg/dl) in men and > 0.34 mmol/L (5.7 mg/dl) in women, per the

Third National Health and Nutrition Examination Survey laboratory definition®.

Preclinical TOD definition



Each participant underwent physical examinations to evaluate for preclinical vascular (PAD and
carotid), cardiac, and renal TOD. For vascular TOD, ankle brachial pressure index (ABI) was
measured for each participant using the Boso (Bosch & Sohn, Germany) ABI device. Peripheral
artery disease (PAD) was determined as either a left or right ABI < 0.9 *°. Carotid ultrasound was
performed for both carotid arteries using the GE VIVID Q ultrasound system equipped with a 9L-
RS 3.1-10.0 MHz linear probe to determine carotid intima media thickness (CIMT). Carotid

intimal thickening was defined as CIMT > 0.9 mm “°.

For cardiac TOD, Left ventricular hypertrophy (LVH) was defined as left ventricular mass index
(LVMI) > 95 g/m? for women and > 115 g/m? for men according to the American Society of
Echocardiography (ASE) recommendation 4’. LVMI was calculated by dividing Left ventricular
mass (LVmass) by body surface area (BSA). Left ventricular mass (LVVmass) was calculated using
the following formula:

LVmass = 0.8x(1.04x([LVIDD+PWTD+IVSTD]3-[LVIDD]3))+0.6 g.
Where: LVIDD = Left Ventricular Internal Diameter in Diastole

PWTD = Posterior Wall Thickness in Diastole

IVSTD = Interventricular Septum Thickness in Diastole

Renal TOD was evaluated using the estimated glomerular filtration rate (eGFR), an important
chronic kidney disease (CKD) marker. The CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) equation was used to evaluate the eGFR*3: eGFR = 141 x min (SCr/x, 1) ¢ x max
(SCr/k, 1) 129 x 0.993 A% x 1.018 [in women], where SCr is serum creatinine, « is 0.7 for women

and 0.9 for men, o is —0.329 for women and —0.411 for men, min indicates the minimum of SCr/k



or 1, and max indicates the maximum of SCr/k or 1. CKD was defined as eGFR of less than 60

mL/min/1.73 m2.



Table S1. Definitions of cardiometabolic risk factors and preclinical target organ damage.

Definitions

Overall obesity BMI > 30 kg/m?

Abdominal obesity Women: waist circumference > 88 cm
Men: waist circumference > 102 cm

Diabetes mellitus Fasting blood glucose>7.0 mmol/L
HbAlc >6.5%

and/or use of insulin or an oral hypoglycaemic agent

Hypertension SBP > 140 mmHg
and/or DBP > 80 mmHg
or use of anti-hypertensive drugs
Dyslipidemia TG > 1.70 mmol/L (150 mg/dL)
TC > 6.22 mmol/L (240 mg/dL)
LDL > 4.14 mmol/L (160 mg/dL)
HDL <1.04 mmol/L (40 mg/dL)

use of lipid-lowering medications

and/or Lp(a)> 60 mg/dL
Abnormal high level of hsCRP >3 mg/L
Hyperuricemia Women: uric acid > 0.34 mmol/L (5.7 mg/dl)

Men: uric acid > 0.42 mmol/L (7.0 mg/dl)

Peripheral artery disease (PAD) either a left or right ABI < 0.9

Carotid intimal thickening Carotid intima media thickness (CIMT) > 0.9 mm

Left ventricular hypertrophy (LVH)  Women: left ventricular mass index (LVMI) > 95 g/m?
Men: ventricular mass index (LVMI) >115 g/m?

Chronic kidney disease (CKD) eGFR<60 mL/min/1.73 m?




Figure S1. Sensitivity analysis excluding missing data for the association of cardiometabolic
risk factors with preclinical target organ diseases measurements among all adults

participated in Ghana heart study, 2016-2017.
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Restricted cubic splines with three knots were used for association analysis with adjustment for
age, sex, ethnicity, living area, education, smoking, physical activity, and BMI. Histograms
represent the distribution of SBP/DBP in the study population. ABI, ankle-brachial index; CIMT,
carotid intima—media thickness; LVMI, left ventricular mass index; eGFR, estimated glomerular
filtration rate; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure.



