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1 | INTRODUCTION

Abstract

Data on the burden of hypertension among people living with HIV (PLWH) in Africa
are limited, especially after new expert consensus hypertension guidelines were
published in 2017. The authors sought to assess the prevalence and factors asso-
ciated with hypertension among PLWH. This is a cross-sectional study involving
PLWH on combination antiretroviral therapy (cART) (n = 250) compared with sex-
matched cART-naive PLWH (n = 201) in Ghana. Hypertension was defined as blood
pressure > 140/90 mm Hg or use of antihypertensive drugs. The authors also as-
sessed the prevalence and predictors associated with hypertension using the recent
guideline recommended cutoff BP = 130/80 mm Hg. Multivariate logistic regression
models were fitted to identify factors associated with hypertension among PLWH.
The mean age of PLWH on cART was 45.7 + 8.6 years, and 42.9 + 8.8 years among
PLWH cART-naive with 81% of study participants being women. The prevalence of
hypertension among PLWH on cART and PLWH cART-naive was 36.9% and 23.4%,
P =0.002 at BP > 140/90 mm Hg and 57.2% and 42.3%, respectively, P = 0.0009, at
BP > 130/80 mm Hg. Factors associated with hypertension at BP > 140/90 mm Hg
in the PLWH group with adjusted odds ratio (95% Cl) were increasing age, 2.08
(1.60-2.71) per 10 years, and body mass index, 1.53 (1.24-1.88) per 5 kg/m2 rise. At
BP > 130/80 mm Hg, cART exposure, aOR of 1.77 (95% Cl: 1.20-2.63), family his-
tory of hypertension, aOR of 1.43 (1.12-1.83), and hypertriglyceridemia, aOR of 0.54
(0.31-0.93), were associated with hypertension. Among PLWH, cART exposure was
associated with higher prevalence of hypertension per the new guideline definition, a

finding which warrants further investigation and possible mitigation.

induced by HIV infection, and combination antiretroviral therapy

(cART).>¢ Additional contributions from prevailing traditional risk

People living with HIV (PLWH) infection are at a heightened risk of
major adverse cardiovascular events (MACE) than uninfected per-
sons.>? The accentuated cardiovascular disease (CVD) risk in HIV
has been attributed to the persistent immune activation and inflam-

mation from HIV infection,>* pro-atherogenic lipid abnormalities

factors such as hypertension, diabetes mellitus, and dyslipidemia,
and lifestyle factors such as cigarette smoking, alcohol use, and
eating patterns may amplify the effect of HIV-associated elevation
of cardiovascular risk.” Addressing the increased CVD risk among

the HIV population is an urgent priority in low and middle income
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(LMICs) in sub-Saharan Africa (SSA) which bears a twin burden of
having the highest prevalence of HIV on the globe and an astronom-
ical rise in mortality, morbidity, and disability-adjusted years from
cardiovascular diseases in recent decades.

Hypertension is an important CVD risk factor affecting 1 billion
adults globally and is a leading modifiable risk factor for MACE.%’
Hypertension has been recognized as a growing problem in HIV-
infected adults.’®*® The prevalence of hypertension in PLWH
was 13% in a large US cohort'* and 25% among a Swiss cohort.*
In comparison, 27.9% of patients initiating cART in Uganda,16 38%
of Cameroonian PLWH on cART versus 19% of cART-naive,!” and
12.7% of Ethiopian PLWH on cART had hypertension.*® Overall,
a recent meta-analysis of worldwide data found 35% of PLWH on
cART had hypertension compared with 30% among PLWH who
were not on cART.Y Of note, PLWH with hypertension have a higher
risk of MACE and increased all-cause mortality relative to HIV-in-
fected adults with normal blood pressure or HIV-uninfected popula-
tion with hypertension.>?° There is a dearth of studies with a focus
on assessing the risk factors for hypertension among PLWH on cART
compared with PLWH who are cART-naive in SSA. Moreover, most
of the studies evaluating the burden of hypertension among PLWH
were performed before the recent American College of Cardiology/
American Heart Association revised definitions for hypertension
with lower blood pressure thresholds.?!

The Evaluation of Vascular Event Risk while on Long-term Anti-ret-
roviral Suppressive Therapy (EVERLAST) Study seeks to characterize
the burden of cardiovascular risk among patients with HIV on cART
in Ghana. We have shown in a recent report among Ghanaian PLWH
that hypertension was associated with subclinical atherosclerosis at
a carotid intimal media thickness (CIMT) cutoff value of 1.00 mm.?2
Carotid atherosclerosis is a harbinger of MACE in the HIV popula-
tion.2 Hence, characterizing the epidemiology of hypertension among
PLWH in SSAis essential to guide the development of evidence-based
interventions to mitigate this cardinal risk factor for CVDs. Our main
focus for this present analysis is to assess the factors associated with
hypertension among a cross-section of PLWH on cART compared
with those who are cART-naive at a tertiary medical facility in Ghana.
We sought to further assess the knowledge, attitudes, and practices
on hypertension among Ghanaian PLWH. Our attention on the PLWH
cohort is driven by the fact that they represent a population with
more frequent contact with health care facilities and personnel. Thus,
targeted control of CVD risk factors such as hypertension is an attain-

able goal for prevention of adverse cardiovascular outcomes.

2 | METHODS

2.1 | Study design and population

The Evaluation of Vascular Event Risk while on Long-term Anti-retrovi-
ral Suppressive Therapy (EVERLAST) Study is designed as a case-con-
trol study to compare CVD risk by assessing for the presence of the
major traditional vascular risk factors among Ghanaian PLWH on cART
compared with age- and sex-matched PLWH who are cART-naive.

WILEY--%

Ethical approval for the study was obtained from the Kwame Nkrumah
University of Science and Technology Committee of Human Research
Publications and Ethics. Cases were PLWH aged > 30 years receiv-
ing cART for at least 1 year at the HIV clinic of the Komfo Anokye
Teaching Hospital, a tertiary medical facility in Kumasi, Ghana. We
consecutively enrolled 201 PLWH aged = 30 years who were cART-

naive at the HIV clinic matched by sex and age band of +5 years.

2.2 | Study evaluations

A standardized data collection form was developed to collect in-
formation on socio-demographic characteristics, including age, sex,
educational status, monthly income, and marital status. Among the
PLWH, we collected data through interview and review of medi-
cal record chart extraction on HIV disease characteristics, such as
current CD4 cell count, HIV-1 viral load, past and current history of
cART, and duration on cART. We assessed the traditional vascular
risk factors using history-taking, physical examination, and by col-
lecting blood samples for measurement of HBA,_and fasting lipid
profile (total cholesterol, LDL cholesterol, HDL cholesterol, and tri-
glycerides). The following definitions were used for traditional vas-

cular risk factors.

= Blood pressure (BP) (mean of three measurements) was taken on
each study participant following a standard protocol. A cutoff of
at least 140/90 mm Hg according to WHO definitions® or use of
antihypertensive drugs was regarded as indicators of hyperten-
sion as a primary outcome measure. Hypertension was also de-
fined using the recent American College of Cardiology/American
Heart Association guideline of systolic BP > 130 mm Hg and dia-
stolic BP = 80 mm Hg.?*
Hypertension subtypes including isolated systolic hypertension
(ISH) defined as a systolic BP > 140 and diastolic BP < 90 mm Hg;
isolated diastolic hypertension (IDH) defined as systolic
BP < 140 mm Hg and diastolic BP 2 90 mm Hg; and systolic-di-
astolic hypertension (SDH) defined as systolic BP > 140 and dia-
stolic BP = 90 mm Hg according to Franklin criteria.?*

= Dyslipidemia was defined as a fasting total cholesterol con-
centration = 5.2 mmol/L, HDL cholesterol = 1.03 mmol/L, LDL
cholesterol =2 3.4 mmol/L, or serum triglyceride = 1.7 mmol/L,
according to National Cholesterol Education Program
guidelines.?®

= Obesity was defined using the WHO guidelines with a waist-to-
hip ratio (WHR) cutoff of 0.90 (men) and 0.85 (women) or body
mass index (BMI) of 30 kg/m? for obesity.2 WHR was used to as-
sess burden of central adiposity, and BMI was used to further cat-
egorize participants into underweight, ideal weight, overweight,
and obese.

= Physical activity was defined as regular involvement in moderate
exercise (walking, cycling, or gardening) or strenuous exercise for
4 hours or more per week and was assessed via self-report.

= Dietary history included frequency of intake of green leafy vege-

tables, fruits, and addition of salt at the table.
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= Alcohol users were categorized into two groups (current users versus
former user or never used). Similarly, smoking status was also catego-
rized into three groups (those who have never smoked, former smok-

ers, and individuals who smoked any tobacco in the past 12 months).

Educational status was assessed by asking participants the highest
level of educational attainment with categorization into none, pri-
mary, secondary, and tertiary level. Household monthly income was
categorized into five categories: >1000 Ghana cedis, 500-1000 GHs,
100-499 GHs, <100 GHs, and don't know.

Furthermore, we assessed the knowledge, attitudes, and prac-
tices of study participants on hypertension using a questionnaire
with seven questions covering topics such as the WHO definitions
for hypertension, the health risks of uncontrolled hypertension, and

treatments available for controlling hypertension.

2.3 | Statistical analysis

Comparisons of demographic, lifestyle, vascular risk factors, and
hypertension among the two groups (PLWH on cART and PLWH
not on cART) were performed using Student's t-test for continu-
ous parametric variables and chi-square tests for discrete variables.
Descriptive analyses were performed for subtypes of hypertension.
Systemic arterial hypertension defined as a BP =2 140/90 mm Hg
as a primary outcome measure and predictors of this outcome in
the entire PLWH cohort, PLWH on cART, and PLWH not on cART
were assessed using bivariate and multivariate logistic regression.
Point prevalence for hypertension was defined as proportion with
BP > 140/90 mm Hg or use of antihypertensive medications divided
by sample size of group analyzed. Putative factors in models in-
cluded demographic variables such as age, sex, location of residence,
anthropometric measures, such as BMI, traditional vascular risk fac-
tors such as lipid subfractions (ie, total cholesterol, LDL cholesterol,
HDL cholesterol, and triglycerides), dietary factors; HIV-related fac-
tors such as WHO clinical status, and CD4 counts. Factors with a
P-value of <0.05 at the bivariate level of analysis were included in a
multivariable model. In secondary analysis, factors associated with a
BP > 130/80 mm Hg?! were also assessed using the same set of pu-
tative variables. Correlations between serum triglyceride concentra-
tions and age, blood pressure, and body mass index were assessed
in an exploratory, post hoc fashion using Pearson's correlation tests
to gain insights into the protective associations observed between
hypertriglyceridemia and hypertension. In all analyses, a P-value of
<0.05 was considered statistically significant. Statistical analysis was

performed using GraphPad Prism version 7 and SPSS version 21.

3 | RESULTS

3.1 | Characteristics of study participants

There were 250 PLWH on cART, and 201 PLWH who were cART-
naive recruited between April 2017 and August 2018. There was
a preponderance of females who constituted 81.4% of the entire

sample size with no differences between the two groups according
to sex but the PLWH on cART were significantly older than those
not on cART, mean age of 45.7 + 8.6 years versus 42.9 + 8.8 years,
P = 0.0006. Other socio-demographic characteristics are shown
in Table 1. Current or previous cigarette smoking was low overall
at 7.1% and alcohol use was 8.2% with no significant differences
were observed between the two groups. The PLWH on cART were
however more physically active compared with PLWH not on cART,
38.0% vs 22.4%, P = 0.0004. The nadir CD4 T-cell counts at diagnosis
were significantly lower among the PLWH on cART compared with
cART-naive group with a corresponding higher frequency of individ-
uals with advanced clinical stages of HIV disease as shown in Table 1.

3.2 | Burden and characteristics of participants with
hypertension

There were 139 (30.8%) participants with hypertension in the entire
PLWH cohort with a significantly higher prevalence in the PLWH
on cART group (36.9%) compared with PLWH cART-naive group
(23.4%), P =0.002. Among those with hypertension, 44.7% of PLWH
cART-naive, and 40.2% of PLWH on cART, were on antihypertensive
therapy.

The prevalence of hypertension increased with age of PLWH
being 20% for age 30-39 years, 27% for 40-49 years, 48% for
50-59 years, 57% for 60-69 years group, and 50% for 70+ years
(Figure S1A). Using the updated ACC/AHA definition?! for hyper-
tension, rates were 39%, 49%, 69%, 73%, and 50% for age groups
30-39, 40-49, 50-59, 60-69, and 70+ years, respectively (Figure
S1B). By subtypes of hypertension, 59.2% had combined systolic-
diastolic hypertension, 20.8% had isolated diastolic hypertension,
and 20.0% had isolated systolic hypertension, with age distribution
depicted in Figure S1C. PLWH on cART were more likely to have
BP > 160/100 mm Hg than PLWH cART-naive, 11.6% vs 4.0%,
P=0.003.

A comparison of characteristics between those with hyper-
tension and those without is shown in Table 2. In brief, those with
hypertension were significantly older, had a longer duration of HIV
diagnosis, and had higher indicators of obesity determined using ei-
ther BMI-defined or central obesity indicators such as waist-to-hip
ratio. On the contrary, those with hypertension were less likely to
have raised serum total cholesterol and triglyceride (Table 2).

3.3 | Risk factors for hypertension

Among the entire PLWH cohort, hypertension was associated with
increasing age, cART exposure, family history of hypertension, el-
evated body mass index, and raised total serum cholesterol and
triglyceride on bivariate analysis. In adjusted analyses, the factors
that remained significantly associated with hypertension and ad-
justed odds ratio (95% CI) were increasing age, 2.08 (1.60-2.71)
for each 10 years increase in age, and increasing body mass index,
1.53 (1.24-1.88) for each 5 kg/m? rise in BMI, as shown in Table 3.
Increasing age and BMI remained independently associated with
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TABLE 1 Characteristics of PLWH on cART versus those who are cART-naive

Characteristics
Age, mean = SD
Female, n (%)
Location of residence
Urban
Semi-urban
Rural
Educational level
None
Primary
Secondary
Tertiary
Marital status
Never married
Married
Divorced/separated
Widow
Monthly income
>1000 GHs
500-1000 GHs
100-499 GHs
<100 GHs

Don't know

Duration of HIV diagnosis (years),

mean * SD
Smoking
No smoking
Previous smoking
Current smoking
Current alcohol use
Fruit intake
0 serving/d
1-3 servings/d
4-7 servings/d
Vegetable intake
0-1 servings
2 servings
>3 servings
Salt at table
Never
Occasional
Sometimes
Always
Physical activity, n (%)
CD4 count, nadir

PLWH on cART
N =250

457 +8.6
203(81.2)

169 (67.6)
17 (6.8)
64 (25.6)

69 (27.6)
100 (40.0)
67 (26.8)
14 (5.6)

19 (7.6)
122 (48.8)
52(20.8)
57 (22.8)

42 (16.8)
88(35.2)
77 (30.8)
7(2.8)

36 (14.4)
8.6x44

3(1.2)

14 (5.6)
233(93.2)
20(8.0)

15 (6.0)
89 (35.9)
144 (58.1)

67 (27.0)
134 (54.0)
47 (19.0)

170 (68.5)

17 (6.9)

39 (15.7)
22(8.9)

95 (38.0)
237.3+210.8

PLWH cART-naive
N =201

429 +8.8

164 (81.6)

153 (76.5)
3(1.5)
44 (22.0)

54 (27.1)
58(29.1)
72 (36.2)
15 (7.6)

26(13.0)
105 (52.8)
39 (19.6)
29 (14.6)

30 (14.9)
51(25.4)
74 (36.8)
27 (13.4)
19 (9.5)

1.3+£25

1(0.5)

10 (5.0)
190 (94.5)
17 (8.5)

8(4.0)
106 (53.3)
85 (42.7)

60 (30.2)
63(31.7)
76 (38.1)

139 (69.9)

11 (5.5)

29 (14.5)
20(10.1)
45(22.4)
320.7 +278.6

WILEY—-

P-value

0.0006
0.92

0.01

0.06

0.054

<0.0001

<0.0001

0.70

0.86

0.001

<0.0001

0.90

0.0004
0.0004

(Continues)
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TABLE 1 (Continued)
PLWH on cART PLWH cART-naive

Characteristics N =250 N =201 P-value
CD4 count, current 641.9 +331.5 320.7 £ 278.6 <0.0001
Clinical stage at diagnosis

1 73(30.3) 54 (27.3) 0.006

2 52 (21.6) 54 (27.3)

3 91 (37.8) 85 (42.9)

4 25(10.3) 5(2.5)
Systolic BP, mean + SD 127.4+23.6 115.2+22.8 <0.0001
Diastolic BP, mean = SD 79.1+13.5 76.2+14.3 0.02
Blood pressure categories
SBP < 120 mm Hg and/or DBP < 80 mm Hg 103 (41.4) 118 (58.7) 0.0003
SBP 120-139 and/or DBP 80-89 mm Hg 78(31.3) 56 (27.9)
SBP 140-159 and/or DBP 90-99 mm Hg 39 (15.7) 19 (9.4)
SBP 2 160 and/or DBP = 100 mm Hg 29 (11.6) 8(4.0)
Proportion with hypertension, n (%) 92 (36.9) 47 (23.4) 0.002
Proportion of HPT on Rx, n (%) 37(40.2) 21 (44.7) 0.61
Proportion controlled on HPT Rx, n (%) 11 (29.7) 9(42.9) 0.31
Total cholesterol, mean = SD 496 +1.32 5.39+1.42 0.0009
LDL cholesterol, mean + SD 3.04 £1.05 3.30+1.03 0.01
HDL cholesterol, mean = SD 1.28 + 0.49 1.40 £ 0.49 0.01
Triglyceride, mean = SD 1.43 +£0.95 149 +1.17 0.53
Dyslipidemia, n (%) 198 (79.2) 167 (83.1) 0.30
Raised total cholesterol, n (%) 108 (43.2) 112 (55.7) 0.008
Raised LDL cholesterol, n (%) 94 (37.6) 91 (45.3) 0.10
Low HDL cholesterol, n (%) 82(32.8) 45 (22.4) 0.01
Raised triglyceride, n (%) 62 (24.8) 57 (28.4) 0.39
Body mass index, mean + SD 271+5.5 24.5+5.1 <0.0001
BMI cutoff

<18.5 kg/m? 6(2.4) 17 (8.5) 0.0009

18.5-24.9 kg/m? 99 (40.1) 99 (49.3)

25.0-29.9 kg/m? 75 (30.4) 52(25.9)

>30.0 kg/m? 67 (27.1) 33(16.4)
Waist-to-hip ratio, mean + SD 0.88 +0.09 0.88 +0.07 0.55
Raised WHR 154 (61.6) 134 (66.7) 0.27
eGFR, mean £ SD 84.7 £10.6 847 £11.5 0.99

hypertension among PLWH on cART (Table 4). In addition to age and
BMI, family history of hypertension was significantly associated with
hypertension among PLWH cART-naive with an adjusted OR of 1.72
(95% Cl: 1.12-2.65).

3.4 | Sensitivity analysis

The prevalence of hypertension in the PLWH cohort overall was
51.1% using this updated ACC/AHA definition®! with a significant
difference between the PLWH on cART (57.2%) and the PLWH
cART-naive group (42.3%), P = 0.0009. In bivariate analyses, six

factors were associated with hypertension according to the up-
dated definition with the following unadjusted OR (95% Cl): increas-
ing age, 1.77 (1.41-2.22); exposure to cART relative to cART-naive,
1.90 (1.31-2.77); increasing BMI, 1.45 (1.21-1.74); raised total
serum cholesterol, 0.46 (0.32-0.67); raised serum triglyceride, 0.39
(0.25-0.60); and family history of hypertension, 1.47 (1.16-1.87).
Upon adjustment, the three factors associated with hypertension
were cART exposure, aOR of 1.77 (95% Cl: 1.20-2.63), family history
of hypertension, aOR of 1.43 (1.12-1.83), while hypertriglyceridemia
was protective against hypertension, aOR of 0.54 (0.31-0.93). In ex-

ploratory analysis to find plausible explanations for the protective
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TABLE 2 Characteristics of PLWH with hypertension compared with those without hypertension

PLWH with hypertension PLWH without hypertension

Characteristics N =139 N =312
Age, mean = SD 48.1£8.5 42.8+8.4
Female, n (%) 109 (78.4) 258 (82.7)
Location of residence

Urban 101 (72.7) 221(71.1)

Semi-urban 8(5.8) 12(3.9)

Rural 30(21.5) 78 (25.0)
Educational level

None 41 (29.5) 82 (26.5)

Primary 56 (40.3) 102 (32.9)

Secondary 37 (26.6) 102 (32.9)

Tertiary 5(3.6) 24 (7.7)
Marital status

Never married 11 (7.9) 34 (11.0)

Married 60 (43.2) 167 (53.9)

Divorced/separated 37 (26.6) 54 (17.4)

Widow 31(22.3) 55(17.7)
Monthly income

>1000 GHs 22 (16.3) 50(16.2)

500-1000 GHs 42 (31.1) 97 (31.4)

100-499 51 (37.8) 100 (32.4)

<100 7(5.2) 27 (8.7)

Don't know 13 (9.6) 35(11.3)
Smoking

No smoking 131 (94.2) 288(92.3)

Previous smoking 8(5.8) 20 (6.4)

Current smoking 0(0.0) 4(1.3)
Current alcohol use 11 (7.9) 26 (8.3)
Fruit intake

O serving/d 8(5.8) 15 (4.8)

1-3 servings/d 56 (40.9) 139 (44.8)

4-7 servings/d 73(53.3) 156 (50.3)
Vegetable intake

0-1 servings 41 (29.9) 86 (27.7)

2 servings 59 (43.1) 138 (44.5)

23 servings 37 (27.0) 86 (27.7)
Salt at table

Never 91 (66.4) 218(70.3)

Occasional 12(8.8) 16 (5.2)

Sometimes 23 (16.8) 45 (14.5)

Always 11 (8.0) 31 (10.0)
Physical activity, n (%) 44 (31.7) 96 (30.8)
CART use

Yes 92(66.2) 158 (50.6)

No 47 (33.8) 154 (49.4)

Total

N =451
44.5+8.8
367 (81.4)

322(71.6)
20 (4.4)
108 (24.0)

123 (27.4)
158 (35.2)
139 (31.0)
29 (6.5)

45 (10.0)
227 (50.6)
91(20.3)
86(19.2)

75 (16.8)
139 (31.1)
151 (33.8)
34 (7.6)
48(10.7)

419 (92.9)
28(6.2)
4(0.9)

37 (8.2)

23(5.1)
195 (43.6)
229 (51.2)

127 (28.4)
197 (44.1)
123 (27.5)

309 (69.1)
28(6.3)
68 (15.2)
42 (9.4)
140 (31.0)

250 (55.4)
201 (44.6)

WILEY—-°

P-value

<0.0001
0.28

0.13

0.04

0.62

0.39

0.88

0.71

0.89

0.41

0.85

0.002

(Continues)
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TABLE 2 (Continued)
PLWH with hypertension PLWH without hypertension Total
Characteristics N =139 N =312 N =451 P-value
Duration of HIV diagnosis, 6.4+5.6 47 +£49 52+5.2 0.002
mean + SD

CD4 count, nadir 302.7 £ 261.0 261.9 +239.1 274.4 + 246.5 0.11
CD4 count, current 534.8 + 336.6 484.5 + 350.2 499.8 + 346.5 0.16
Clinical stage at diagnosis

1 40 (29.6) 87 (28.6) 127 (28.9) 0.57

2 34(25.2) 72(23.7) 106 (24.1)

3 49 (36.3) 127 (41.8) 176 (40.1)

4 12(8.9) 18(5.9) 30(6.8)
Total cholesterol, mean + SD 48+1.3 53+14 51+14 0.0003
LDL cholesterol, mean + SD 3.05+1.07 3.20+1.04 3.16 +1.05 0.16
HDL cholesterol, mean + SD 1.32+0.48 1.34 £ 0.50 1.34 £0.49 0.59
Triglyceride, mean + SD 1.34 +1.07 1.51+£1.04 1.46 +1.05 0.10
Dyslipidemia, n (%) 113 (81.3) 252(80.8) 365 (80.9) 0.90
Raised total cholesterol, n (%) 55 (39.6) 165 (52.9) 220 (48.8) 0.009
Raised LDL cholesterol, n (%) 52 (37.4) 133 (42.6) 185 (41.0) 0.30
Low HDL cholesterol, n (%) 45 (32.4) 82 (26.3) 127 (28.2) 0.18
Raised triglyceride, n (%) 24 (17.3) 95 (30.5) 119 (26.4) 0.003
Body mass index, mean + SD 27.6 £5.3 252+54 259+55 <0.0001
BMI cutoff

<18.5 kg/m? 2(1.4) 21(6.8) 23(5.1) 0.0002

18.5-24.9 kg/m? 48 (34.8) 150 (48.4) 198 (44.2)

25.0-29.9 kg/m? 43 (31.2) 84 (27.1) 127 (28.3)

>30.0 kg/m? 45 (32.6) 55(17.7) 100 (22.3)
Waist-to-hip ratio, mean + SD 0.90 +0.07 0.87 +0.08 0.88 £0.08 0.0009
Raised WHR 98 (70.5) 190 (60.9) 288 (63.9) 0.05
eGFR, mean £ SD 85.7+9.0 84.2+11.7 84.7+11.0 0.18

associations between hypertriglyceridemia and hypertension, we
found inverse correlations between serum triglyceride and sys-
tolic BP (Pearson's r = -0.16, P = 0.0006), diastolic BP (r = -0.12,
P =0.006), and age (r = -0.10, P = 0.03) but no correlations with body
mass index (r = -0.05, P = 0.26).

3.5 | Knowledge, attitudes, and practices on
hypertension

Overall, 55.4% of PLWH had knowledge on what hypertension
meant, but 73.8% and 75.8%, respectively, did not know the cut-
offs for systolic and diastolic blood pressure readings for diagnosing
hypertension, respectively. A majority (92.5%) expressed that hy-
pertension was a serious health concern and expressed that taking
medicines were very important in controlling blood pressure (92.5%).
However, awareness of the role of lifestyle factors such as exercis-
ing (20.2%), less stress (26.2%), quitting smoking (5.8%), and weight
loss (0.9%) in controlling hypertension was low (Table 5). Among

the possible complications of hypertension, in decreasing order of
frequency, participants were aware of stroke (39.7%), heart attack
(4.2%), and renal impairment (1.1%), but 54.1% were not aware of
possible effects of hypertension. There were no significant differ-
ences between PLWH on cART and those not on cART regarding
their knowledge and practices on hypertension.

4 | DISCUSSION

The prevalence of hypertension was higher among Ghanaian PLWH on
cART at 37% compared with 23% among PLWH who were cART-naive.
This is in accord with a Norwegian study of similar sample size where
rates of hypertension declined from 23% in PLWH on cART to 13%
among PLWH cART-naive.?’ Again, a recent case-control study from
Denmark® found PLWH had a lower risk of hypertension compared
with age- and sex-matched controls. Hypertension was significantly

more common among PLWH on cART than cART-naive participants
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TABLE 3 Factors associated with
hypertension among Ghanaians living with

HIV Predictors

Age, each 10 y older

Male sex

CD4 T-cell count, each
100 cells/mm® higher

WHO clinical stages,
each stage higher

cART-exposed vs naive

Family history of
hypertension

Body mass index, each

5kg/m? rise
Total serum choles-
terol > 5.2 mmol/L

Total serum triglycer-
ide > 1.70 mmol/L

Estimated glomerular
filtration rate, each
15 mL/min higher

Cigarette use
Physical activity
Table added salt
Vegetable servings
Fruit servings

Alcohol use

in the present study. This finding should however be interpreted cau-
tiously in the light of imperfect age-matching between cART-exposed
and cART-naive PLWH. Hence, in our multivariate logistic regression
models, cART exposure was not significantly associated with hyperten-
sion with adjusted odds ratio of 1.34 (95% Cl: 0.85-2.12). A worldwide
meta-analysis reported a 35% prevalence rate of hypertension among
PLWH on cARTY comparing favorably with the 37% found in our
study. However, the investigators found a slightly higher rate of 30%
among PLWH not on cARTY compared with a lower rate of 23% from
our results. It is worth highlighting that among the 63 000+ study par-
ticipants in the worldwide meta-analysis from a total of 49 studies,'’ 38
studies were from HIC (US and Europe) with only 10 from SSA.
Increasing age was a key socio-demographic factor associated
with occurrence of hypertension. It is also notable that 22% of
PLWH in our cohort had obesity using BMI as an indicator and nearly
64% had evidence of central obesity based on having an elevated
waist-to-hip ratio. This marks a significant departure from reports

29-32

in the early phases of the ART era where PLWH in Ghana were

WILEY--%

Unadjusted Adjusted OR (95%

OR (95% ClI) P-value Cl) P-value

2.02 <0.0001 2.08 (1.60-2.71) <0.0001
(1.58-2.57)

1.33 0.27 - -
(0.81-2.19)

1.07 0.11 - -
(0.99-1.16)

0.86 0.18
(0.68-1.07)

1.95 0.002 1.34(0.85-2.12) 0.21
(1.28-2.96)

1.47 0.002 1.24 (0.95-1.62) 0.11
(1.15-1.87)

1.49 <0.0001 1.53(1.24-1.88) 0.0001
(1.24-1.80)

0.58 0.009 0.87(0.51-1.48) 0.61
(0.39-0.87)

0.48 0.004 0.61(0.32-1.15) 0.13
(0.29-0.78)

1.24 0.19 - -
(0.90-1.71)

0.90 0.81 - -
(0.39-2.10)

1.05 0.81 - -
(0.68-1.62)

1.20 0.41 - -
(0.78-1.84)

0.95 0.60 - -
(0.77-1.17)

1.01 0.90 - -
(0.90-1.13)

0.94 0.88 - -
(0.45-1.97)

profoundly emaciated from relentless wasting from HIV infection
due to late presentation, diagnosis, and delayed initiation of cART.
Indeed, elevated BMI was the only modifiable risk factor associated
with hypertension among Ghanaian PLWH with each 5 kg/m?rise in
BMl associated with 53% increased risk of hypertension in the entire
HIV cohort. The association between an elevated BMI and hyperten-
sion persisted in models specifically looking at PLWH on cART, ad-
justed odds ratio of 1.46 (95% Cl: 1.13-1.87), and also among PLWH
not on cART with aOR of 1.47 (95% Cl: 1.00-2.16) in agreement with
other studies.?”® Pathophysiologically, it has been posited that both
HIV itself and ART can cause lipodystrophy leading to accumulation
of central adiposity with deep and intricate causal links with hyper-
tension via adipocytokines called adiponectin and Ieptin.34 Plasma
concentrations of adiponectin, a potent vasodilator through elabo-
ration of endothelial nitric oxide, has been shown to be significantly
lower among PLWH with metabolic syndrome.>*3° Furthermore, it
has been shown that PLWH on cART have higher circulating levels
of leptin, which acting via leptin receptors simultaneously trigger
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TABLE 4 Factors associated with

PLWH on cART PLWH not on cART . . - .
hypertension among Ghanaians living with
Unadjusted  Adjusted OR Unadjusted  Adjusted OR HIV on cART and those cART-naive
Predictors OR (95% ClI) (95% Cl) OR (95% Cl) (95% Cl)
Age, each 10 y older 1.99 2.17 (1.55-3.03) 1.92 1.92(1.26-2.92)
(1.44-2.74) (1.31-2.82)
Male sex 1.35 - 1.27 -
(0.71-2.57) (0.56-2.87)
CD4 T-cell count, 1.05 - 1.15 1.09 (0.96-1.23)
each 100 cells/mm? (0.93-1.19) (1.01-1.27)
higher
WHO clinical stages, 1.03 - 1.78 -
each stage higher (0.80-1.34) (0.90-3.53)
Duration of cART 1.00 - N/A N/A
exposure in years (0.93-1.08)
Viral 1.47 - 0.83 -
load < 40 copies/mL (0.84-2.59) (0.59-1.16)2
Efavirenz-based 1.42 - N/A N/A
cART vs nevirap- (0.83-2.43)
ine-based cART
(referent)
Family history of 1.24 - 1.89 1.72 (1.12-2.65)
hypertension (0.90-1.70) (1.28-2.78)
Body mass index, 1.31 1.46(1.13-1.87) 1.67 1.47 (1.00-2.16)
each 5 kg/m? rise (1.03-1.66) (1.20-2.32)
Total serum choles- 0.61 - 0.63 -
terol > 5.2 mmol/L (0.36-1.04) (0.32-1.21)
Total serum triglycer-  0.56 - 0.36 (0.15 0.46(0.18-1.16)
ide > 1.70 mmol/L (0.30-1.06) -0.87)
Estimated glomerular  1.10 - 1.18 -
filtration rate, each (0.75-1.62) (0.94-1.48)
15 mL/min higher
Cigarette use 0.72 - 1.20 -
(0.24-2.11) (0.31-4.73)
Physical activity 1.04 - 1.11 -
(0.61-1.77) (0.50-2.45)
Table added salt 1.24 - 0.99 -
(0.71-2.16) (0.72-1.35)
Vegetable servings 1.02 - 0.95 -
(0.75-1.39) (0.72-1.35)
Fruit servings 0.93 - 1.10 -
(0.80-1.08) (0.90-1.35)
Alcohol use 0.56 - 1.84 -
(0.20-1.60) (0.64-5.27)

#Viral load, each log higher. Odds ratio that were significant with P < 0.05 in bold

activation of both the renin-angiotensin-aldosterone pathway and
the sympathetic nervous system.3¢%”

BP thresh-
old = 130/80 mm Hg according to recent guidelines,?® 58% of
PLWH on cART had hypertension compared with 42% of PLWH

cART-naive. Given that HIV is considered a cardiometabolic risk

In a sensitivity analysis using a lower

factor, the proportion of PLWH that may require therapeutic life-
style interventions and possibly medications to control elevated
BP per the updated hypertension definition is expected to be
substantial. We identified exposure to cART and family history

of hypertension as factors associated with hypertension among
PLWH while hypertriglyceridemia was protective at the lower
BP cutoff > 130/80 mm Hg. Exposure to cART may mediate hy-
pertension by immune reconstitution inflammatory syndrome, in
addition to increasing other cardiometabolic risk factors such as
adiposity. Previous studies have demonstrated a higher incidence
of hypertension after initiating cART in PLWH with low nadir
CD4 counts.®®%” We however did not observe significant differ-
ences in nadir CD4 counts between PLWH with hypertension

and those without in our study. While a positive family history
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TABLE 5 Knowledge and practices related to hypertension among Ghanaians living with HIV

PLWH on cART
Question N =250
1. What does the term hypertension mean?
Raised blood pressure 135 (54.0)

2. What should be the upper/systolic blood pressure reading be to a hypertensive?

>140 mm Hg 4 (1.6)
<140 mm Hg 62 (24.8)
| don't know 184 (73.6)

3. What should be the lower/diastolic blood pressure reading be to a hypertensive?

>90 mm Hg 4 (1.6)
<90 mm Hg 54 (21.6)
I don't know 192 (76.8)

4. How serious of a health concern has high blood pressure been to you?

Not at all serious 7(2.8)
Somewhat serious concern 11 (4.4)
Very serious concern 226 (90.4)
No response 6(2.4)

5. How important do you think taking medicine is to keeping blood pressure under control?

Not at all important 1(0.4)
Somewhat important 14 (5.6)
Very important 229 (91.6)
No response 6(2.4)

6. What are the most important factors in controlling your blood pressure?

Taking medications 146 (58.4)
Exercising 5(22.0)
Less stress 71(28.4)
Quitting smoking if you are smoking 4(5.6)
Reducing salt intake in your diet 77 (30.8)
Reducing alcohol intake 6 (6.4)
Losing weight 3(1.2)
All of the above 0(0.0)
| don't know 59 (23.6)
7. High blood pressure can worsen or increase
The risk of a heart attack 2(4.8)
The risk of stroke 115 (46.0)
The risk of kidney problems 1(0.4)
All the above 3(1.2)
| don't know 116 (46.4)

of hypertension would be expected to increase predisposition
to hypertension via genetic pathways, the reasons for the para-
doxical protective association between hypertriglyceridemia and
hypertension are not immediately apparent to us. We consider
this finding unexpected given that hypertriglyceridemia was sig-
nificantly associated with hypertension in a Polish HIV cohort*°
and in the general population.* In the Polish HIV cohort,*® the
authors noted though that hypertriglyceridemia was highly asso-
ciated with protease inhibitor (Pl)-based cART, but in this study,

PLWH cART-naive Total
N =201 N =451 P-values
115 (57.1) 250 (55.4) 0.49
4(2.0) 8(1.8) 0.93
48(23.9) 110 (24.4)
149 (74.1) 333(73.8)
2(1.0) 6(1.3) 0.69
49 (24.4) 103 (22.8)
150 (74.6) 342 (75.8)
2(1.0) 9(2.0) 0.30
5(2.5) 16 (3.5)
191 (95.0) 417 (92.5)
3(1.5) 9(2.0)
2(1.0) 3(0.7) 0.64
8 (4.0) 22(4.9)
188 (93.5) 417 (92.5)
3(1.5) 9(2.0)
126 (62.7) 272 (60.3) 0.36
6(17.9) 91(20.2) 0.28
47 (23.4) 118 (26.2) 0.23
2(6.0) 26(5.8) 0.87
0(29.9) 136 (30.2) 0.83
8(2.0) 34(7.5) 0.31
1(0.5) 4(09) 0.43
0(0.0) 0(0.0) n/a
42 (20.9) 101 (22.4) 0.49
7(3.5) 19 (4.2) 0.49
4(31.8) 179 (39.7) 0.002
4(2.0) 5(1.1) 0.11
0(0.0) 3(0.7) 0.12
128 (63.7) 244 (54.1) 0.0003

>98% of cART-exposed PLWH were on non-nucleoside reverse
transcriptase inhibitor (NNRTI)-based cART.

Among study participants, only 40% on cART and about 45% who
were cART-naive with hypertension were receiving antihypertensive
medications with BP control rates slightly but non-significantly bet-
ter in the cART-naive cohort. This observation highlights an unmet
need for comprehensive cardiovascular risk management programs
among PLWH attending HIV clinics in Ghana and perhaps in other
countries of Africa. Indeed, a particularly worrying finding among
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our study was that participants with PLWH on cART had low level of
knowledge, attitudes, and practices on hypertension compared with
those PLWH not on cART. On average, PLWH on cART had had their
HIV diagnosis for about 8 years and have had frequent contacts with
the health care delivery system. The frequent visits by PLWH to hos-
pital for care represent an important opportunity for education on
CVD risk prevention and management. Low levels of awareness of
hypertension fester poor control, leading to its devastating outcomes
in LMICs. Given the high frequency of adiposity and lipid abnormal-
ities observed in the cohort, evidence-based treatment guidelines
together with strengthening health care systems are urgent priori-
ties. An essential ingredient to achieving this goal is identifying the
individual, health care-level and systemic-level barriers to CVD risk
management within the specific context of the HIV population. A key
barrier to surmount would be sustained financing for the purchase
of medications for CVD prevention among patients with HIV given
that cART is highly subsidized but CVD preventive medicines are not.
Furthermore, enhancing adherence to CVD medicines through mo-
bile health technology as has been shown in the context of stroke in
Ghana***® would all require systematic testing through clinical trials
to assess their efficacy and potential implementation in our setting.
On a much broader scale, our previous report shows a highly preva-
lent but poorly controlled hypertension rate in the general population
based on evidence gleaned from our HIV-negative sample.?? This may
explain why we found that HIV per se was not to be independently
associated with stroke occurrence in a low endemic country such as
Ghana,** although the burden of stroke and poor outcomes continue
to rise in the subregion*>*® due to a myriad of factors hampering the
control of key CVD risk factors.*’

4.1 | Strengths and limitations

No causal inferences can be drawn from our study given its cross-
sectional design. Our inclusion criterion was an age cutoff of
30 years and above to improve our yield of adults at higher risk of
CVD, and we believe this might have contributed to the higher rates
of hypertension overall in our study population due to exclusion
of lower age groups. However, our primary focus for the present
analysis was to compare the relative risk of hypertension in PLWH
on cART compared with PLWH cART-naive. Matching for sex was
achieved, but the age among PLWH on cART was significantly
higher than those of PLWH who are cART-naive. We addressed this
limitation by performing unconditional logistic regression analysis,
but there may still be unmeasured confounders. Further prospec-
tive studies are needed to evaluate the determinants and outcomes
of hypertension in the HIV population in Ghana. Importantly, the
development and implementation of CVD guidelines for screening,
detection, prevention, and treatment of the key cardiovascular risk
factors among HIV population in SSA is urgent, given the potential
pharmacokinetic and pharmacogenetic interactions between cART
and classes of CVD medications such as lipid-modifying agents and
antihypertensive agents.

In conclusion, 30% Ghanaians living with HIV have hypertension
which is associated with increasing age and obesity. A comprehensive
strategy based on implementation of high quality, culturally tailored,
evidence-based interventions to address the rising cardiovascular risk

among PWH in Ghana and indeed across SSA is an urgent priority.
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