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Abstract

Background

Antiretroviral therapy (ART) success has led people to live longer with HIV/AIDS (PLWH)

and thus be exposed to increasing risk of cardiovascular diseases (CVD). Hypertension

(HTN), the biggest contributor to CVD burden, is a growing concern among PLWH. The

current report describes the prevalence and predictors of HTN among PLWH in care in

Cameroon.

Methods

This cross-sectional study included all PLWH aged 20 years and above who received care

between 2016 and 2019 at one of the three Central Africa International Epidemiology Data-

bases to Evaluate AIDS (CA-IeDEA) sites in Cameroon (Bamenda, Limbe, and Yaoundé).

HTN was defined as blood pressure (BP)�140/90 mm Hg or self-reported use of
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antihypertensive medication. Logistic regressions models examined the relationship

between HTN and clinical characteristics, and HIV-related factors.

Results

Among 9,839 eligible PLWH, 66.2% were women and 25.0% had prevalent HTN [age-stan-

dardized prevalence 23.9% (95% CI: 22.2–25.6)], among whom 28 (1.1%) were on BP low-

ering treatment, and 6 of those (21.4%) were at target BP levels. Median age (47.4 vs. 40.5

years), self-reported duration of HIV infection (5.1 vs 2.8 years years), duration of ART

exposure (4.7 vs 2.3 years), and CD4 count (408 vs 359 cell/mm3) were higher in hyperten-

sives than non-hypertensives (all p<0.001). Age and body mass index (BMI) were indepen-

dently associated with higher prevalent HTN risk. PLWH starting ART had a 30% lower risk

of prevalent HTN, but this advantage disappeared after a cumulative 2-year exposure to

ART. There was no significant association between other HIV predictive characteristics and

HTN.

Conclusion

About a quarter of these Cameroonian PLWH had HTN, driven among others by age and

adiposity. Appropriate integration of HIV and NCDs services is needed to improve early

detection, treatment and control of common comorbid NCD risk factors like hypertension

and safeguard cardiovascular health in PLWH.

Introduction

The advent and widespread use of antiretroviral therapy (ART) has successfully achieved viral

suppression in 76% of sub-Saharan Africans living with HIV/AIDS [1]. Since 2005, there has

also been a decline in AIDS-related deaths by 35% globally and by 39% in sub-Saharan Africa

(SSA). This decline is partly attributed to new recommendations which entail providing anti-

retroviral therapy (ART) for all people living with HIV (PLWH) at diagnosis irrespective of

CD4 counts, otherwise known as “Treat All” [2]. These improvements have narrowed the gap

in life expectancy between persons with and without HIV [3,4]. However, increases in life

expectancy among PLWH are accompanied by increased occurrence of non-communicable

diseases (NCDs), particularly cardiovascular disease (CVD) [5,6].

Hypertension (HTN) remains the leading risk factor for CVD globally, accounting for 10.4

million deaths annually [7,8]. In 2015, the World Health Organization (WHO) indicated that

the prevalence of HTN in the general population was highest in sub-Sahara Africa (SSA), at

about 46% of adults aged 25 years and older, compared to 35 to 40% elsewhere [8]. In PLWH,

previous studies in Africa and elsewhere showed a high prevalence of HTN [6,9] with some

studies estimating that one-quarter of PLWH have HTN [10].

In SSA, reported HTN prevalence in PLWH ranged from 12.5% to 28.5%, including in

Cameroon where two single center cross-sectional studies of small sample size estimated that

25% and 28% of PLWH were hypertensive in 2015 and 2016 [11–13]. In a systematic narrative

review, Nguyen et al estimated that HTN prevalence in PLWH from low- and middle-income

countries ranged from 8.7 to 45.9% [14], suggesting that HTN burden in PLWH populations

has not been well-established or otherwise may vary greatly. Accurate estimates of HTN
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burden in SSA PLWH is needed to guide policies that will facilitate optimization of both HIV

and HTN care in HIV clinics as recommended by the Pan African Society of cardiology [15].

Cameroon bears the largest burden of HIV/AIDS in Central Africa with an estimated num-

ber of PLWH around 540,000 in 2018 [16]. According to the Cameroon Population-Based

HIV Impact Assessment study, 52% of this HIV-infected population was receiving ART and

had access to healthcare services in 2017 [17]. However, HIV care is generally provided in ded-

icated HIV clinics while patients with NCDs receive care in general medical services, with little

or no overlap in management of HIV and NCDs, particularly HTN, limiting the assessment of

the true burden of NCDs in PLWH. Similarly, because of the lack of integration of NCDs and

HIV care services, data are limited on access to HTN treatment and outcomes among PLWH

in SSA in general and in Cameroon in particular. Such information would help in allocation of

resources, and development of cost-effective therapeutic strategies and programs for integrat-

ing HIV and HTN management. We therefore sought to examine the prevalence and predic-

tors of HTN among PLWH attending three large clinics in Cameroon.

Materials and methods

Study design and setting

In Cameroon, the National Ethical Committee requires a written consent from participants

before their data are extracted from medical records into the IeDEA database. Ethical approval

was obtained from the Comite National Pour La Recherche en Sante Humaine (CNRSH). This

cross-sectional study used data from the International Epidemiology Databases to Evaluate

AIDS (IeDEA) in Cameroon. Cameroon, Burundi, the Democratic Republic of Congo, the

Republic of Congo and Rwanda, comprise central Africa-IeDEA (CA-IeDEA) contributing

secondary data from medical records to the regional data center, one of the seven that compose

the global IeDEA consortium [18]. Each regional data center collaborates with clinical sites to

identify and define key variables, harmonize and effectively analyze the data, and generate

large datasets. In Cameroon, three clinical sites participate in the CA-IeDEA: the Limbe

Regional Hospital (LRH), the Bamenda Regional Hospital (BRH), and the Yaoundé Jamot

Hospital (YJH). At these public health sites, ART and care delivery is supported by the Camer-

oon National AIDS Control Committee.

Population, enrolment into IeDEA

All PLWH in care at the HIV clinic in each of the three sites were approached during a routine

clinic visit and invited to participate in IeDEA and consented. During the consenting visit

(enrolment into IeDEA), additional demographic and clinical variables were collected to sup-

plement routine data.

For this study, we included all non-pregnant (at enrolment) HIV-positive participants

aged 20 years or older enrolled into IeDEA from January 2016 through December 2019. We

excluded patients with missing systolic and diastolic BP measurements within the first six

months of enrolment into IeDEA.

Patient data are routinely collected by research assistants on case report forms and captured

from paper forms into REDCap [19,20], a free, secure and flexible web-based clinical research

data capture platform. These data included demographic characteristics, clinical conditions

including weight, height, and systolic and diastolic blood pressure (BP), HIV diagnosis, dura-

tion and disease control, laboratory test results, medication use (antiretroviral (ARV) and

non-ARV). During the study period, the standard first-line regimen for PLWH in Cameroon

was a combination of three drugs including two nucleoside or nucleotide reverse transcriptase

inhibitors (NRTI) like zidovudine (AZT) or lamivudine (3TC) or Tenofovir (TDF) and a non-
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nucleoside reverse transcriptase inhibitor (NNRTI) like efavirenz (EFV) or nevirapine (NVP)

as either AZT/3TC/EFV, AZT/3TC/NVP, TDF/3TC/EFV or TDF/3TC/NVP. Second-line

regimens during this period included protease inhibitor- (PI) and Integrase Strand Transfer

Inhibitor (INSTI) based therapy.

Blood pressure measurement

Blood pressure measurements were obtained during the enrolment visit by trained healthcare

professionals, using validated automated BP monitors and following a standardized protocol

for office BP measurement. Briefly, patients were seated comfortably in a quiet office for 5

min. BP measurements were done on the right arm using an OMRON M3 HEM-7131-E

device (Omron Healthcare Co Ltd, Kyoto, Japan) and appropriate cuff size. Three BP measure-

ments were recorded 1–2 min apart, and an average of the two last readings was entered in our

database and used in the analysis.

Definition of outcomes

Our primary outcome was HTN at enrolment in IeDEA. HTN was defined following the Euro-

pean Society of Cardiology(ESC)/European Society of HTN (ESH) guidelines for HTN [21] as

Systolic BP (SBP)�140mmHg and/or diastolic BP (DBP)�90mmHg and/or current use of

antihypertensive medication from medical records. HTN was further graded following the

ESC/ESH guidelines of HTN as optimal for SBP <120 mmHg and DBP <80 mmHg, normal

for SBP 120–129 mmHg and/or DBP 80–84 mmHg, high normal for SBP 130–139 mmHg

and/or DBP 85–89 mmHg, grade 1 HTN for SBP 140–159 mmHg and/or DBP 90–99 mmHg,

grade 2 for SBP 160–179 mmHg and/or DBP 100–109 mmHg, grade 3 for SBP�180 mmHg

and/or DBP�110 mmHg and isolated systemic hypertension for SBP�140 mmHg and DBP

<90 mmHg [21]. Secondary outcomes included the proportion of all hypertensive participants

receiving treatment for HTN at the time of enrolment into IeDEA and controlled HTN

defined as BP <140/90mmHg in those on antihypertensive treatment.

Potential predictors of hypertension

Values of all predictors investigated were collected at time of enrolment. Candidate predictors

included age (categorized into 18–29, 30–49,�50 years), sex (male vs female), marital status

(single, married, live with a partner, separated or divorced and widowed), education level

(none, primary, secondary up to high school, high school or more), employment status

(employed and unemployed), smoking status (never, current, former) and alcohol consump-

tion (never, monthly or less, 2–3 standard drinks per months,� one per standard drink

week). A standard alcoholic drink was considered as equivalent to 1 can (340mL) of beer, 1

glass (125mL) wine, or 1 shot (25mL) of spirits.

The following clinical parameters were also considered as candidate predictors: body mass

index (BMI, kg/m2, categorized as underweight�18, normal 18–24.9, mildly overweight 25–

29.9, overweight 30–34.9, or obese�35 kg/m2); blood glucose categorized based on fasting

plasma glucose (FPG) as normal (FPG<100 mg/dL), impaired fasting glucose (FPG between

100 and 125 mg/dL) and diabetes (FPG�126 mg/d or ongoing antidiabetic medications).

HIV disease categories were based on the WHO classification [22]. ART exposure was catego-

rized as having received ART prior to the date of enrollment in study. Estimated duration on

ART among users was the time from the first prescription of ART to the date of enrolment BP

measurement. Diagnosed duration of HIV infection was estimated time from first recorded or

self-reported HIV positive test to the date of enrollment into CA-IeDEA project.
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Statistical analysis

The crude prevalence of HTN was calculated among study participants with available BP mea-

surement, while the proportion receiving treatment was calculated among all hypertensive par-

ticipants and the proportion with controlled calculated among those receiving treatment. Age-

standardized sex-specific prevalence was calculated using the age distribution of PLWH in the

2018 distribution of the Cameroon HIV population [23]. Medians and quartiles (Q1 = 25th per-

centile, Q3 = 75th percentile) and proportions were used to summarize continuous and categor-

ical variables, respectively. Chi-square (χ2) tests and equivalents compared proportions, Student

t-test, Analysis of the variance (ANOVA) or rank tests as appropriate compared continuous var-

iables. Logistic regression models estimated the odds ratios (OR) and 95% confidence intervals

(95% CI) as measure of the association between candidate predictors and HTN. Only variables

found to be associated with the outcome in crude analysis (p<0.05) were included in the multi-

variable logistic models, but duration of HIV infection was excluded due to collinearity with age

and duration of ART use. The limited number of hypertensive participants on antihypertensive

treatment precluded similar investigations for the two secondary outcomes. Data were analysed

using SAS Version 9.4 (Cary, NC). A p-value<0.05 was considered statistically significant.

Results

Cohort description

Of 9,988 PLWH eligible for study inclusion, 9,839 were included in this analysis (Fig 1).

Table 1 depicts the distribution of participants’ characteristics overall and by HTN status. In

all, 6,502 (66.2%) were women, the median age was 42 years. Median time from HIV diagnosis

to enrollment into IeDEA was 3.4 years, 6,645 (67.5%) participants were on ART at enrollment

with 6,312 (95.4%) on NNRTI. Among those on ART, median duration of use was 2.9 years.

WHO clinical stage III and IV was noted in 1,249 (29.9%) and 419 (10.0%) respectively.

Median systolic and diastolic BP were 122 and 76 mmHg, respectively.

Prevalence of HTN

A quarter of our cohort (n = 2,450, 25.0%) had hypertension HTN at the time of study enroll-

ment (Fig 1). The sex-specific crude prevalence of HTN was 26.6% in men and 23.7% in

women (Fig 2) (P < 0.001); and 23.9% and 20.6% after age-standardization. Overall, 1,328

(13.5%) PLWH had high normal BP, 966 (9.8%) had mild HTN, and 511 (5.2%) grade 2 and

373 (3.8%) grade 3 (Fig 2).

Table 1 compares demographic and clinical characteristics between hypertensive and non-

hypertensive PLWH. HTN prevalence increased with increasing age, starting at 9.2% among

the<18-year-old rising to 40.5% among those aged�50 years (p< 0.001) (Table 1). Median

diagnosed duration of HIV infection [5.1(1.1, 9.6) vs 2.8(0.1, 7.4) years, p<0.001] and duration

on ART [4.7(0.0, 7.6) vs 2.3(0.0, 6.9), p<0.001] was longer in participants with HTN than

those without HTN. Hypertension was lower among those who did than did not initiate ART

(61.0 Vs. 69.7%, p< 0.001). Based on Loess plots and analyses using indicator variables among

ART users once duration reached 2 years, prevalent HTN did not increase further with dura-

tion on ART after adjusting for age; meanwhile participants with HTN exhibited higher CD4

counts than those without HTN [409 cells/mm3 (231 598) vs 359 (171, 558), p<0.001], Table 1.

Predictors of hypertension

Table 2 presents OR and 95%CI from crude and multivariable logistic regression models. In

multivariable models including age, sex, marital status, BMI, blood glucose level, ART use,
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ART duration up to 2 years and age, factors significantly associated with HTN were age, sex,

BMI, ART use and duration. A 5-year increase in age was independently associated with 28%

higher odds of prevalent HTN (adjusted odds ratio (aOR) = 1.28, 95%CI: 1.25–1.32). Higher

blood glucose was also independently associated with prevalent HTN with an aOR = 1.47

(95% CI:1.10–1.95) for those with diabetes compared to those with normal blood glucose.

Among participants using ART, ART use for up to 2 years was independently associated

with higher prevalent HTN (aOR = 1.15/year of ART use, 95% CI:1.07–1.24). Further duration

on ART beyond 2 years did not increase the risk of hypertension beyond the fact that those

Fig 1. Flow chart of the study participants. BP: Blood pressure, HTN: Hypertension.

https://doi.org/10.1371/journal.pone.0253742.g001
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Table 1. Demographic and clinical characteristics of people leaving with HIV/AIDS at enrolment with and without hypertension.

Characteristics Total n = 9839 Hypertension n = 2450 No hypertension n = 7389 p-value

Age (years)

Median (25th-75th percentiles) 42.0 (35.0,50.0) 47.4 (40.1,55.0) 40.5 (34.0–48.0) <0.001

(Min, Max) 18.1–105.8 19.0–87.1 18.1–105.8

Age category, n (%)

18–29 1146 (11.16) 106 (4.3) 1040 (14.1) <0.001

30–39 3053 (31.0) 505 (20.6) 2548 (34.5)

40–49 3220 (32.7) 860 (35.1) 2360 (31.9)

�50 2420 (24.6) 979 (40.0) 1441(19.5)

Gender (Female), n (%) 6502 (66.2) 1555 (63.5) 4947 (67.1) 0.001

Marital Status, n (%)

Single 3225 (32.9) 615 (25.2) 2610 (35.4) <0.001

Married 3287 (33.5) 916 (37.5) 2371(32.2)

Live with a partner 872 (8.9) 148 (6.1) 724 (9.8)

Separated/Divorced 695 (7.1) 193 (7.9) 502 (6.8)

Widowed 1734(17.7) 572(23.4) 1162(15.8)

Level of education, n (%)

Never went to school 959 (9.8) 271(11.1) 688 (9.3) 0.0021

Primary 4256 (43.4) 1059 (43.4) 3197(43.4)

Secondary 2875 (29.3) 655 (26.9) 2220 (30.1)

High school or more 1720 (17.5) 454 (18.6) 1266 (17.2)

Employment status, n (%)

Employed 3542 (35.2) 856 (35.2) 2686 (35.5) 0.228

Unemployed 6245(64.8) 1578(64.8) 4668(63.5)

Smoking status, n (%)

Never smoked 8237 (84.0) 2037 (83.5) 6200 (84.1) 0.003

Current smoker 325 (3.3) 60 (2.5) 265 (3.6)

Former smoker 1244 (12.7) 341(14.0) 903 (12.3)

Alcohol consumption, n (%)

Never 3937 (40.2) 959 (39.3) 2978 (40.5) 0.708

Monthly or less 2988 (30.5) 760 (31.2) 2228 (30.3)

2–3 times per month 1170 (11.9) 299 (12.3) 871 (11.8)

Once a week or more 1706 (17.4) 421 (17.3) 1285 (17.5)

History of diabetes, n (%)

No 9704 (98.6) 2383 (97.3) 7321 (99.1) <0.001

Yes 135 (1.4) 67 (2.7) 68 (0.9)

Estimated duration of HIV infection (years)

Median (25th-75th percentiles) 3.4 (0.2, 8.1) 5.1(1.1, 9.6) 2.8 (0.1, 7.4) <0.001

(Min, Max) (0.0,25.8) (0.0, 25.4) (0.0, 25.8)

Any ART use, n (%)

No ART 3194 (32.5) 956 (39.0) 2238 (30.3) <0.001

Yes 6645 (67.5) 1494 (61.0) 5151 (69.7)

PI among ART users, n (%)

No 6203(93.9) 1392(93.7) 4817(93.9) 0.799

Yes 405(6.1) 93(6.3) 312(6.1)

NRTI among ART users, n (%)

Yes 6614(100.0) 1485(100.0) 5129(100.0)

NNRTI among ART users, n (%)

(Continued)
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using ART longer tended to be older based on Loess plots (Fig 3). There was a very slow rise in

HTN prevalence after 2 years (Fig 3).

Treatment and control of HTN

Among participants with HTN, 2422(98.9%) were not receiving any antihypertensive medica-

tion; and of the 28 (1.1%) receiving treatment, 6 (21.4%) had a controlled BP (Fig 1).

Table 1. (Continued)

Characteristics Total n = 9839 Hypertension n = 2450 No hypertension n = 7389 p-value

No 302(4.6) 60(4.0) 242(4.7) 0.271

Yes 6312(95.4) 1425(96.0) 4887(95.3)

INSTI among ART users, n (%)

No 6610(99.9) 1483(99.9) 5127(100.0) 0.186

Yes 4(0.1) 2(0.1) 2(0.0)

ART duration (years)

Median (25th-75th percentiles) 2.9(0.0, 7.6) 4.7(0.7, 9.2) 2.3(0.0, 6.9) <0.001

(Min, Max) (0.0, 18.5) (0.0, 17.6) (0.0, 18.5)

CD4 cell count

Median (IQR) 373 (184, 573) 409 (23, 598) 359 (171, 558) <0.001

(Min, Max) (0, 1825) (0, 1825) (0, 1753)

Bp lowering medication, n (%)

No 9811(99.7) 2422 (98.9) 7389 (100.0)

Yes 28 (0.3) 28 (1.1)

Systolic blood pressure (mmHg)

Median (25th-75th percentiles) 119.0 (107.0, 134.0) 147.0 (139.0, 160.0) 113.0 (103.0, 123.0) <0.001

(Min, Max) (47.0, 276) (93.0, 276) 47.0, 139.0)

Diastolic blood pressure (mmHg)

Median (25th-75th percentiles) 77.0(69.0, 86.0) 94.0(90.0, 101.0) 73.0(66.0, 80.0) <0.001

(Min, Max) (20.0, 190.0) (38.0, 190.0) (20.0, 89.0)

Body mass index (kg/m2)

Median (25th-75th percentiles) 24.1(21.4, 27.7) 25.9(22.8, 30.1) 23.5(21.0, 27.0) <0.001

(Min, Max) (10.4, 87.2) (10.9, 87.2) (10.4, 73.5)

Body mass index categories (kg/m2), n (%)

<18 431(4.6) 47(2.0) 384(5.5) <0.001

18–24.9 4943(53.2) 976(41.7) 3967(57.1)

25–29.9 2474(26.6) 720(30.8) 1754(25.2)

30–35 1038(11.2) 398(17.0) 640(9.2)

>35 401(4.3) 199(8.5) 202(2.9)

Fasting blood sugar (mg/dl)

Median (25th-75th percentiles) 88.0(79.0, 97.0) 90.0(80.0, 99.0) 87.0(78.0, 96.0) <0.001

(Min, Max) (41.0, 860.0) (47.6, 519.0) (41.0, 860.0)

Glucose categories, n (%)

Normal fasting glucose 3228(32.8) 784(32.0) 2444(33.1) <0.001

Impaired fasting glucose 666(6.8) 200(8.2) 466(6.3)

Diabetes / provisional diabetes 264(2.7) 102(4.2) 162(2.2)

No glucose measure 5681(57.7) 1364(55.7) 4317(58.4)

ART: Antiretroviral therapy, BP: Blood pressure, INSTI: Integrase strand transfer inhibitor, NRTI: Nucleoside reverse-transcriptase inhibitor, NNRTI: Non-nucleoside

reverse-transcriptase inhibitor.

https://doi.org/10.1371/journal.pone.0253742.t001
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Discussion

To our knowledge, this study represents the largest study of HTN in PLWH in west and central

Africa, a region with around 6.1 million PLWH [1] We found a high crude prevalence of HTN

(25%) in PLWH receiving routine care at three HIV clinics across three major cities in the

Cameroon, coupled with unacceptably low treatment and control rates. This high prevalence

was largely driven by conventional risk factors such as age, sex, and excess weight, and to some

extent associated with HIV-related factors such as ART use and duration on ART.

Our findings extend to the population of PLWH in SSA at large, previous observations on

the high burden of HTN in the general population across Africa. For instance, we have previ-

ously demonstrated in several studies [24–26] that despite being the main cause of stroke,

heart and renal disease in Africa, HTN while largely prevalent is still poorly diagnosed, poorly

treated and controlled across the continent.

Prevalence of hypertension

Over the last decade, three systematic reviews have exclusively focused on the burden of HTN

in PLWH. In 2015, Nguyen et al reported prevalence rates ranging from 8% to 45.9% across 13

studies in Africa, of which none were from Cameroon [14]. In a systematic review and met-

analysis of 49 studies published during 2011–2016 (10 from Africa including two from Camer-

oon) with 63,554 participants, Xu et al. reported a global HTN prevalence of 25.2% (95% CI:

21.2% -29.6%) in PLWH [10]. The third and most recent review including 194 studies

(396,776 PLWH from 61 countries) reported a 23.6% (95% CI: 21.6–25.5) global prevalence of

Fig 2. Grade of blood pressure by 2018 ESC/ESH guidelines for the overall group (left), female (middle) and male (right).

https://doi.org/10.1371/journal.pone.0253742.g002
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Table 2. Predictors of prevalent hypertension.

Variable Unadjusted OR�� (95% CI) Adjusted OR (95% CI)

Socio-demographic factors

Age Group

18–29 Ref Ref

30–39 1.94 (1.56, 2.42) 1.60 (1.27, 2.02)

40–49 3.57 (2.88, 4.43) 2.65 (2.10, 3.34)

50+ 6.66 (5.37, 8.26) 4.80 (3.78, 6.10)

Gender

Women Ref Ref

Men 1.17 (1.06, 1.29) 1.38 (1.23, 1.54)

Marital status

Single Ref Ref

Married 1.64 (1.46, 1.84) 1.01 (0.89, 1.16)

Live with a partner 0.87 (0.71, 1.06) 0.87 (0.71, 1.07)

Separated/Divorced 1.63 (1.35, 1.97) 0.98 (0.79, 1.20)

Widowed 2.09 (1.83, 2.39) 1.12 (0.96, 1.32)

Education

Never went to school Ref

Primary 0.84 (0.72, 0.98)

Secondary 0.75 (0.63, 0.88)

High School or more 0.91 (0.76, 1.09)

Employment

Unemployed Ref

Employed 1.06 (0.96, 1.17)

Cardiovascular risk factors

Smoking status

Never smoked Ref

Current smoker 0.69 (0.52, 0.92)

Former smoker 1.15 (1.00, 1.31)

Alcohol consumption

Never Ref

Monthly or less 1.06 (0.95, 1.18)

2–3 times per month 1.07 (0.92, 1.24)

Once a week or more 1.02 (0.89, 1.16)

Systolic BP (mmHg) 6.85 (6.26, 7.49)

Diastolic BP (mmHg) 14.22 (12.61, 16.03)

BMI (kg/m2) 1.09 (1.08, 1.10)

BMI (kg/m2) categories

< 18 Ref Ref

18 to 24.9 2.01 (1.47, 2.74) 1.87 (1.36, 2.57)

25 to 29.9 3.35 (2.45, 4.59) 2.97 (2.15, 4.10)

30 to 35 5.08 (3.66, 7.05) 4.37 (3.11, 6.13)

> 35 8.05 (5.61, 11.54) 7.32 (5.04, 10.64)

Fasting blood sugar (mg/dl) 1.02 (1.00, 1.04)

Glucose categories

Normal fasting glucose Ref Ref

Impaired fasting glucose 1.34 (1.11, 1.61) 1.23 (1.00, 1.50)

Diabetes/provisional diabetes 1.96 (1.51, 2.55) 1.47 (1.10, 1.95)

(Continued)
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Table 2. (Continued)

Variable Unadjusted OR�� (95% CI) Adjusted OR (95% CI)

No glucose measure 0.98 (0.89, 1.09) 1.09 (0.97, 1.23)

HIV-related factors

Estimated duration of HIV infection (per year of use) 1.07 (1.06, 1.08) 1.15 (1.07–1.24)

Any ART use

No Ref Ref

Yes 0.68 (0.62, 0.75) 0.70 (0.62, 0.80)

PI among ART users

No Ref

Yes 1.03 (0.81, 1.31)

NNRTI among ART users

No Ref

Yes 1.18 (0.88, 1.57)

INSTI among ART users

No Ref

Yes 3.46 (0.49, 24.56)

ART Duration up to 2 years (capped at 2 years, non-ART use considered as 0 years) 1.10 (1.05, 1.16) 1.15 (1.07, 1.24)

CD4 count 1.06 (1.03, 1.09)

Log10-transformed Viral Load 0.87 (0.77, 0.99)

ART: Antiretroviral therapy, BMI: Body Mass Index, BP: Blood pressure, NRTI: Nucleoside reverse-transcriptase inhibitor, NNRTI: Non-nucleoside reverse-

transcriptase inhibitor.

https://doi.org/10.1371/journal.pone.0253742.t002

Fig 3. Loess for prevalent hypertension and duration of antiretroviral therapy (ART) use.

https://doi.org/10.1371/journal.pone.0253742.g003
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HTN with little regional variation, 28.1% (95% CI: 24.5–31.9) in Western and Central Europe

and North America, with 23.5% (16.6–31.0) in West and Central Africa [27].

Prevalence ranged from 19% to 44.4% across 3 previous Cameroon studies [13,28,29]. It

should be noted that these studies all had small samples size ranging from 108 [28] to 311 [29]

PLWH and were restricted to single HIV clinics. These shortcomings of Cameroon studies

also occurred in studies from other SSA countries and to a certain extent from other regions

around the world. For instance, the pooled sample size of PLWH of 17 studies conducted in

PLWH in West and Central Africa between 2011–2017 was around 9,010 non randomly

selected participants [27].

Apart from the high prevalence, other similarities of HTN burden between our sample of

PLWH and the general population lie in the very poor treatment and control rates, as previ-

ously described by Mutemwa et al [30] and confirmed by our findings. In 2018, 59.2% of the

8.9 (95% CI: 8.3–9.6) million PLWH with HTN globally were living in Sub-Saharan Africa

[27]. In the absence of an integrated HTN and HIV care and no universal health coverage in

many SSA countries including Cameroon, PLWH receive ART for free but do not get any BP

check and when eventually checked, they do not seek treatment for HTN because of the rela-

tively high cost and poor availability of the medications [31]. This exposes the growing PLWH

population to HTN-mediated organ damage and raises strong concerns about the integration

of HTN management in HIV clinics including identification of the main drivers of HTN that

might be controlled in PLWH.

Predictors of hypertension

Our findings are generally consistent with previous reports emphasizing the key role of con-

ventional factors in predicting HTN. We found that male sex, higher age and higher BMI

increased the odds of prevalent HTN. This is similar to what has been reported in several pre-

vious publications both in the general population [26] and in PLWH [32]. With regard to HIV

related factors, being on ART at enrolment was associated with 30% lower odds of having

HTN, but estimated ART duration up to 2 years was associated with an increased prevalent

HTN for both sexes. But this study did not show any significant association between ART regi-

men (NNRTI, NRTI or PI) and prevalent HTN. The role of HIV-specific risk factors contrib-

uting to the development of HTN in PLWH is poorly understood and potentially includes

ART exposure and related changes in body composition, immunodeficiency, immune activa-

tion and inflammation, as well as effects from antiretroviral therapy itself. Some studies, mostly

cross-sectional in design, described higher prevalence rates of HTN in PLWH on ART com-

pared to those not on treatment [29] while others did not find any significant association

between ART use and HTN [30,33]. In their metaanalysis and opposite of what we observed,

Xu et al [10] described that HTN was 2.7 times more prevalent among ART-exposed PLWH

compared with ART naïve. But falling somewhat between, the Strategic Timing of Antiretrovi-

ral Treatment clinical trial recently demonstrated that over a follow-up period of 48 months,

there were no significant differences in incident HTN between PLWH in the immediate ART

group versus deferred treatment group, nor when comparing treated versus untreated HIV

infection [34].

We postulate that the protective association of any ART use in our study (aOR = 0.70) may

be due to the fact that people initiating ART had more advanced HIV disease i.e. prior to the

“treat all” era, had an indication for ART. As proven elsewhere, more advanced HIV disease

(WHO stage III/IV, low CD4, and low Hb) is protective against prevalent HTN while low BMI

(<18 kg/m2) is protective against incident hypertension [32]. Indeed, before starting ART,

PLWH in SSA usually suffer poor nutrition with severe weight loss, which is associated with a
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reduction in the BP and may be protective against or otherwise mask diagnosis of HTN [31].

Excess weight stands as one of the main risk factors for development of HTN and weight

reduction is key in HTN prevention and control strategies [35]. After starting ART, the initial

weight gain and immune reconstitution leading to improved overall health status are likely to

explain the increased HTN risk among PLWH, especially after sustained exposure to ART

exposure.

Our findings have important implications for policy, practice and research. In the face of

this double burden of HIV infection and HTN, integrating HTN’s detection, treatment and

control into successful vertical programs for diseases such as HIV/AIDS and tuberculosis as

recommended by the Pan African Society of Cardiology [15] is urgently needed to curb the

burden.

Implications for integrated care of hypertension and HIV in Africa

Experiences from South Africa and Uganda where the government initiated an integrated

chronic disease management model in health facilities confirmed that the model may have a

significant effect on BP control [36,37]. Findings from these studies suggest that HIV pro-

grammes shall be more extensively leveraged for hypertension treatment to achieve an optimal

BP control in Sub Saharan Africa. Secondly, healthcare providers should pay more attention to

NCD and particularly HTN to prevent the occurrence of cardiovascular events in PLWH. And

last but not least, further studies are needed to evaluate innovative and efficient strategies to

support prevention and treatment of HTN and HTN-mediated organ damage in PLWH.

Potential limitations and strengths of our study

Our results should be interpreted considering some limitations. First, there were high levels of

missing data for some parameters that could impact on HTN status like WHO stage, creati-

nine, and hemoglobin. As proven elsewhere, more advanced disease (WHO stage III/IV, low

CD4, and low Hemoglobin) is protective against prevalent HTN [32]. Second, we did not have

access to HIV-negative populations for comparison. Adding this to the cross-sectional nature

of the study, we are unable to draw any causal inference between the diagnosis of HTN and

HIV. Considering our recruitment at three large HIV clinics, and targeting nearly 2% of the

entire HIV population in the country, these are major strengths and vehicles for accuracy and

generalizability. Indeed, in several previous published studies of the burden of HTN in Camer-

oon, we and others have demonstrated that HTN occurs around the fifth decade in the general

population and affects 30% of Cameroonians older than 21 years of age [24,26,38], roughly

only 5% higher than the estimated 25% we reported in younger population of PLWH and con-

sistent with reports from other robust studies [32] and a contemporary systematic review met-

analysis [27]. Finally, we may have underestimated the proportion of participants with HTN

receiving treatment, if that treatment was occurring in another location.

Conclusions

In conclusion, our study found that about one of every four PLWH in Cameroon treated at

three major clinics has HTN, which is largely under-recognized and under-treated, exposing

this specific population group to HTN-mediated organ damages. Drivers of HTN in PLWH

include both conventional risk factors like older age, male sex and excess weight as well as spe-

cific HIV-related factors including ART exposure and estimated duration of ART exposure.

These findings should motivate the integration of HTN services at HIV clinics to stop the

growing burden of NCDs among PLWH.
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