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Abstract

Introduction: antiretroviral therapy (ART) has
improved survival of People Living with HIV
(PLWH); however, this has resulted in an
increasingly high prevalence of non-communicable
diseases (NCD) like hypertension. Hypertension is a
major risk factor for cardiovascular and cerebral
vascular disease, which are both associated with
high morbidity and mortality rates. We studied the
prevalence and  factors  associated  with
hypertension among PLWH on ART. Methods: we
conducted a retrospective data analysis of PLWH
on ART enrolled between 2011 and 2014 into a
randomized double-blinded placebo-controlled
trial investigating the safety of discontinuing
cotrimoxazole prophylaxis (COSTOP) among PLWH
in Central Uganda. We used the mean blood
pressure (BP) measurements of the first four
monthly clinic visits to define hypertension.
Patients were categorised as: having normal BP
(<120/80mmHg), elevated BP (systolic >120-129,
and diastolic <80), Stage 1 hypertension (systolic
130-139, or diastolic >80-89) and Stage 2
hypertension (systolic 2140 or diastolic >90).
Multiple logistic regression was used to evaluate
factors associated with hypertension. Results: data
from 2026 COSTOP trial study participants were
analysed, 74.1% were women and 77.2% were
aged 35 years and above. The overall prevalence
of hypertension was 29%, of whom 19.5% had
Stage 1 hypertension and 9.5% had Stage 2
hypertension. About 21.4% were overweight or
obese. Factors independently associated with
hypertension among PLWH on ART included
increasing age (p<0.001) and high body mass
index (p<0.001). Efavirenz (p<0.001) and
lopinavir/ritonavir (p=0.036) based regimen had
lower odds of hypertension than Nevirapine based
regimens. Conclusion: PLWH on ART have a high
prevalence of hypertension, which rises with
increasing age and body mass index (BMI) and
among those on nevirapine-based  ART.
Implementation of hypertension prevention
measures among PLWH on ART and integration of

NCD and HIV care to improve patients’
management outcomes are required.

Introduction

Sub-Saharan Africa (SSA) endures the highest
burden of infectious diseases worldwide, including
70% of the global HIV burden [1]. Antiretroviral
therapy (ART) has led to the reduction in new HIV
infections, a decrease in HIV/AIDS-related deaths,
and dramatic improvement in the survival and
quality of life among people living with HIV
(PLWH) [2]. However, PLWH are more at
risk of non-communicable diseases (NCDs),
particularly cardiovascular disease (CVD) including
hypertension [2, 3]. In 2018, it was estimated that
1.4 million people were living with HIV in Uganda,
and of these 73% were on ART [4]. Both HIV
infection and ART play a role in the increased
prevalence of CVD among PLWH [5].

HIV infection itself causes chronic inflammation
even among those who are virally suppressed, and
leads to early atherosclerosis [5, 6]. C-reactive
protein, a marker of inflammation, has been
shown to be high among PLWH [6]. Treatment
with ART can cause lipodystrophy and metabolic
syndrome, which also contributes to CVD [5, 6]. It
has been proposed that dyslipidaemia may partly
explain the higher prevalence of hypertension
among PLWH on ART compared to those who are
untreated. Specifically, use of protease inhibitors
(Pl) as part of an ART regimen have been
associated with hyperlipidaemia [6, 7]. Many
countries in SSA are experiencing an
epidemiological transition, in which NCDs rather
than infectious diseases are contributing more to
the overall burden of disease [8]. CVDs are of
particular concern because of the large number of
people with HIV. We studied the prevalence of
hypertension, and the association of ART and
hypertension among PLWH on treatment in
Uganda, who were enrolled in a trial to evaluate
the effect of discontinuing of cotrimoxazole
prophylaxis.
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Methods

Study design: we evaluated data collected as part
of a randomized double-blind placebo-controlled
non-inferiority trial evaluating the effects and
safety of discontinuing cotrimoxazole prophylaxis
among HIV-infected adults stabilized on ART
(COSTOP). The trial investigated the difference in
incidence of haematological and cotrimoxazole
preventable events between those continuing on
cotrimoxazole compared to those switched to a
placebo. Enrolment and follow-up occurred from
2011 through 2014, and procedures have been
described in detail elsewhere [9, 10].

Study setting and participants: COSTOP study
participants were HIV-infected adults aged 18-59
years who were recruited from HIV care clinics in
Masaka and Entebbe municipalities in Central
Uganda, and evaluated at two research sites, one
in each town. Eligibility into COSTOP study
included having been on ART and cotrimoxazole
prophylaxis for at least six months, being clinically
asymptomatic, and having two prior CD4 cell
counts of >250cells/mm?3, including one within
four weeks prior to enrolment. Those who had an
acute illness, grade three or four anaemia,
neutropenia or thrombocytopenia, known
hypersensitivity to cotrimoxazole, and/or women
who were in their first trimester of pregnancy
were excluded. Eligible participants gave signed or
thumb printed (for those who were illiterate)
informed consent, prior to enrolment into the
study.

Information on medical history and ART regimen
were obtained by reviewing medical records; a
physical examination was performed, and women
of reproductive age underwent a urine pregnancy
test. Participants provided information on
sociodemographic characteristics by responding to
an interviewer-administered questionnaire.
Participants were asked to discontinue their
regular cotrimoxazole and were then randomized
to receive study-provided cotrimoxazole (960 mg)
or a matching placebo. Participants were asked to
return to the research clinic every month for the

first three months following enrolment, and then
every three months thereafter until the end of the
study. Participants were followed for 12 to 36
months, depending on the date of enrolment.

Measurements: participants’ height  was
measured only at the enrolment visit. Weight and
blood pressure (BP) were measured at each
clinic visit. A digital calibrated electronic
sphygmomanometer was used by a health worker
to measure BP on the left arm with the participant
seated upright in a chair, with legs uncrossed,
after relaxing for a minimum of five minutes in the
waiting area. Only one measurement was taken at
each visit. For our analysis, the BP taken at the
first 4 visits, including enrolment visit, were
considered.

Statistical analysis: data analyses were performed
using Stata 14 (Stata Corp, College Station, Texas
77845 USA) [11]. Participants with less than four
blood pressure measurements during the first 4
clinic visits were excluded from the analysis. The
WHO classification was used to categorise
participants” body mass index (BMI) in kg/m? as
being: underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?) or
obese (>30 kg/m?) [12]. We classified ART
regimens as: lopinavir/ritonavir (LPV/r), efavirenz
(EFV) or nevirapine (NVP) based regimen.

The mean of the BP readings from the first four
clinic visits (each one month apart) was calculated
for our definition of hypertension. Using the 2017
American College of Cardiology (ACC) and
American Heart Association (AHA) guidelines, we
categorized participants as having: normal BP
(£120/80mmHg), elevated BP (systolic >120-129,
and diastolic <80), Stage 1 hypertension (systolic
130-139, or diastolic >80-89), Stage 2 hypertension
(systolic 2140 or diastolic 290) [13]. We present
frequency distributions of sociodemographic and
medical characteristics, and show the proportion
in each category who had Stage 1 and Stage 2
hypertension.
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Our primary outcome variable was Stage 2
hypertension based on the above definition, or
report of being on anti-hypertensive medications
(regardless of measured BP). We used univariable
and multivariable logistic regression to evaluate
the association of participants characteristics with
Stage 2 hypertension and present odds ratios (OR)
and 95% confidence intervals (Cl). All variables
associated with hypertension at p-value<0.25 in
bivariable analyses were included in an initial
multivariable model and retained if they were still
significantly associated at p<0.05; age, sex and
years on ART were retained to adjust for co-
founding. We also performed a sensitivity analysis
to evaluate the association of factors with having
either Stage 1 or Stage 2 hypertension.

Ethical considerations: the parent COSTOP study
was approved by the Uganda Virus Research
Institute Research and Ethics Committee (UVRI
REC), Uganda National Drug Authority, and
Uganda National Council for Science and
Technology. Additional approval for the secondary
data analysis of hypertension described here was
obtained from the UVRI REC and the London
School of Hygiene and Tropical Medicine Ethics
Committee. Participants were compensated for
their time and received reimbursement for the
cost of travel at each study visit.

Results

Baseline characteristics: out of the 2180 enrolled
COSTOP trial study participants, 2026 (93%) were
included in this analysis while 154 (7%)
participants with less than four BP measurements
were excluded. The majority of included
participants were women (74.1%) and most
(77.2%) were aged 35 years and above, while 431
(21.3%) were overweight or obese. More than a
half (58.3%) had been diagnosed with HIV for
more than 5 years, but only 33.9% had been on
ART for 5 years or more. The majority of
participants (79.7%) were on a nevirapine based
ART regimen, 16.7% on an efavirenz based
regimen and 3.6% were on a lopinavir/ritonavir
(LPV/r) based regimen (Table 1). There were 140

participants who were prescribed antihypertensive
medications.

Prevalence of hypertension: 395 (19.5%)
participants had Stage 1 hypertension and 192
(9.5%) had Stage 2 hypertension. There were
slightly more men (32.3%) with either Stage 1 or
Stage 2 hypertension than women (27.8%). The
proportion with either Stage 1 or Stage 2
hypertension increased with age. Nearly a third
(30.5%) of those aged >55 years or more had
Stage 2 hypertension, and about half of all
participants in that age group (55.1%) had either
Stage 1 or Stage 2 hypertension. The proportion
who met either definition of hypertension, also
increased with increasing BMI; with 57.8% of
those who were obese having either Stage 1 or
Stage 2 hypertension. Participants taking an NVP-
based regimen were more likely to have Stage 2
hypertension (10.8%), than those taking EFV
(5.2%) or LPV/r (2.8%). The proportion of
participants with Stage 1 hypertension was similar
among those taking an NVP-based regimen
(20.8%) and those taking an LPV/r-based regimen
(19.2%) (Table 1).

Factors associated with hypertension: we
evaluated the factors associated with Stage 2
hypertension and found that increasing age was
strongly associated with hypertension. Participants
who were aged over 55 years old had 17.6 (Cl 8.8-
35.1) greater odds of having hypertension
compared to those who were aged 35 years old or
less. The odds of having hypertension also
increased with increasing BMI. Participants on an
EFV-based regimen (aOR 0.41, Cl 024-0.70) or on
LPV/r-based regimen (0.21, Cl 0.05-0.90) were less
likely to have hypertension than those on an NVP-
based regimen. Gender, duration with an HIV
diagnosis, duration on ART, or CD4 cell count at
ART initiation were not found to be associated
with hypertension (Table 2).

Results of sensitivity analysis: we performed a
sensitivity analysis to evaluate factors associated
with a combined outcome of having either Stage 1
or Stage 2 hypertension. Findings were similar,
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except that men had greater odds of having either
stage of hypertension than women (aOR 1.5,
Cl 1.17-1.93), and those who were underweight
were less likely to have hypertension (aOR 0.67,
C1 0.47-0.96).

Discussion

In this study of adults on ART in central Uganda,
we found that nearly 30% of participants had
hypertension based on combining Stage 1 and
Stage 2 hypertension according to the new ACC
and AHA guidelines. We also found that
hypertension was associated with increasing age,
increasing body mass index (BMI) and being on a
nevirapine-based ART regimen.

The prevalence of hypertension has been reported
to vary widely, from 8% among HIV infected adults
in rural Uganda [14], to 70% among those who
were older [15-17]. A pooled estimate of elevated
BP among those greater than 50 years of age from
15 countries in SSA was found to be 57% [18], and
another meta-analysis among HIV uninfected
adults in the region found an overall prevalence of
hypertension of 16.2% [19]. We used the recent
ACC and AHA guidelines that use lower blood
pressure cut offs for hypertension definition
because those previously considered to have ‘pre-
hypertension” were also found to have a high risk
of cardiovascular disease [13, 20]. These guidelines
allow for earlier preventive interventions like
changes in lifestyle and increased exercise so as to
lower the BMI without necessarily starting
medication. Therefore, comparison with other
studies from SSA need to take into consideration
the cut-offs for hypertension and elevated BP that
have been used. A systematic review and meta-
analysis done by Nduka et al. reported a higher
prevalence of hypertension among participants on
ART compared to those who were ART naive [21].
While previous studies included participants
initiating ART, our study included PLWH who were
already stable on ART and this might explain the
high prevalence of hypertension. We found a
strong association between hypertension and
increasing age, with prevalence of hypertension

among those aged above 55 years being almost 18
times that among those aged 35 years and below.
Other studies have reported similar findings
among PLWH [22], as well as among HIV
uninfected adults [14, 23]. Aging is associated with
a permanent loss of elastin, deposition of collagen
and protein glycation that occurs in the vascular
cell walls. This leads to arteriosclerosis (stiffening
and ageing of the arteries), which increases both
systolic and pulse pressure in the elderly [24].

The association between hypertension and
increasing body mass index (BMI) has previously
been reported [14, 22, 23]. The risk of
hypertension is reported to increase by 49% for
every five unit increase in BMI [25]. BMI is an
important modifiable risk factor, yet, improving
healthy lifestyle choices to reduce BMI has not
been given priority in reduction of hypertension in
developing countries [26]. Prevention programs
focusing on weight reduction and living healthy
lifestyle through exercise and eating healthy are
required to reduce overweight and obesity among
PLWH. We found that Nevirapine-based ART
regimens were associated with higher odds of
hypertension, a finding that is supported by
previous studies [7, 22]. Contrarily, Crane et al.
reported a higher risk with ritonavir boosted
lopinavir based regimen compared to other
regimens [27]. A systematic review and meta-
analysis of studies done among HIV infected
patients reported a significantly increased risk of
hypertension associated with ART exposure [21].
Some previous studies have reported increased
lipid levels most especially with Pl-based regimens
and this has been proposed as one of the
mechanisms through which ART leads to
hypertension [6, 28]. Similar to our study findings,
some other studies have also reported a lower risk
of hypertension with a Pl regimen [7, 28]. More
research is therefore required to elucidate the
mechanism through which ART leads to
hypertension.

In our sensitivity analysis, using the ACC and AHA
guidelines to define hypertension as Stage 1 and 2,
similar factors were found to be associated with
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hypertension except, the male gender that
became significantly associated with hypertension
and while the association between ritonavir
boosted lopinavir and hypertension was not
significant. Hypertension is a major risk factor for
cardiovascular and cerebrovascular diseases and
chronic kidney failure [15]. There is pressing need
for prevention and proper management of
hypertension among PLWH to prevent adverse
complications of hypertension and improve their
health. This could be improved through
integration of HIV and hypertension care services.

Strengths and limitations of the study: the
strengths of our study were that we studied PLWH
who were stable on long term ART attending an
ambulatory clinic and the use of the ACC and AHA
guidelines. However our study had limitations,
since it was a secondary data analysis, we could
not analyse for some important factors in the
relationship between HIV and hypertension that
were not collected in the main COSTOP trial like;
alcohol use, smoking and renal disease.

Conclusion

The high prevalence of hypertension found among
PLWH on ART in our study, and the identified
associated factors need interventions to mitigate
the consequences of hypertension like
cardiovascular and cerebral diseases. Whereas we
can’t do much about older age that was associated
with hypertension, something can be done about
the other associated modifiable factors. It is
relieving that the current ART policy recommends
using non nevirapine-based regimens as we found
that nevirapine-based ART regimens were
associated with hypertension. Body mass index is a
modifiable risk factor and prevention programs
targeting weight reduction and healthy eating in
addition to regular physical exercises should be
enhanced among all the patients. Integration of
hypertension and HIV management should be
promoted for optimal access and adherence to
both ART and antihypertension medications and
better management outcomes. More operational
research is required to establish the best models

of integrating hypertension and HIV care as well as
implementation of hypertension prevention
measures among PLWH on ART.

What is known about this topic

e People living with HIV have an increased
risk of hypertension;

e Hypertension is a major risk factor for
cardiovascular and cerebral vascular
disease, which are both associated with
high morbidity and mortality rates;

e Both HIV and ART may play a role in the
increased risk of hypertension among
PLWH.

What this study adds

e We found a high prevalence of HIV among
PLWH in Uganda;

e Modifiable risk factors found to be
associated with hypertension among PLWH
in Uganda were body mass index,
Nevirapine based regimen. Prevention of
these factors reduces hypertension among
PLWH,;

e Increased need for improved management
of hypertension among PLWH.
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Table 1: baseline sociodemographic and clinical characteristics of 2026 HIV-infected Ugandan adults on ART
who were evaluated for hypertension

Characteristic Total Normal/elevated Stage 1 Stage 2
BP Hypertension Hypertension
N=2026 N=1439(71%) N=395(19.5%) N=192(9.5%)
n (%) n (%) n (%) n (%)
Gender
Female 1502 (74.1) 1084 (72.2) 271 (18.0) 147 (9.8)
Male 524 (25.9) 355 (67.8) 124 (23.7) 45 (8.6)
Age, years
<35 462 (22.8) 392 (84.9) 56 (12.1) 14 (3.0)
35-<45 880 (43.4) 629 (71.5) 184 (20.9) 67 (7.6)
45-55 566 (27.9) 365 (64.5) 126 (22.3) 75 (13.3)
>55 118 (5.8) 53 (44.9) 29 (24.6) 36 (30.5)
Body Mass Index (kg/m?)
Underweight (<18.5) 273 (13.5) 215 (78.8) 41 (15.0) 17 (6.2)
Normal (18.5-24.9) 1,318 (65.2) 982 (74.5) 232 (17.6) 104 (7.9)
Overweight (25.0-29.9) | 341 (16.9) 202 (59.2) 88 (25.8) 51 (15.0)
Obese (230) 90 (4.5) 38 (42.2) 32 (35.6) 20 (22.2)
CD4 count prior to ART
initiation, cells/mm?3
<250 1,698 (89.9) 1220 (71.9) 313 (18.4) 165 (9.7)
250-350 156 (8.3) 105 (67.3) 38 (24.4) 13 (8.3)
>350 34 (1.8) 21 (61.8) 10 (29.4) 3 (8.8)
Duration of HIV infection,
years
<5 837 (41.7) 613 (73.2) 154 (18.4) 70 (8.4)
>5 1,171 (58.3) 810 (69.2) 240 (20.5) 121 (10.3)
Duration on ART, years
<5 1,334 (66.1) 960 (72.0) 254 (19.0) 120 (9.0)
>5 684 (33.9) 471 (68.9) 141 (20.6) 72 (10.5)
Current ART regimen
NVP-based 1571 (79.7) 1075 (68.4) 327 (20.8) 169 (10.8)
EFV-based 329 (16.7) 264 (80.2) 48 (14.6) 17 (5.2)
LPV/r-based 71 (3.6) 55 (77.5) 14 (19.2) 2 (2.8)

ART = antiretroviral therapy; EFV = Efavirenz; LPV/r = lopinavir/ritonavir; NVP = nevirapine; BP = Blood
Pressure
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Table 2: association of sociodemographic and clinical characteristics with Stage 2 hypertension among 2026
HIV-infected Ugandan adults

Characteristic Unadjusted Adjusted
OR (95% Cl) p-value | AOR 95% (ClI) p-value

Gender

Female 1 1

Male 0.87 (0.61-1.23) | 0.42 0.93 (0.63-1.38) | 0.735
Age, years

<35 1 1

35-<45 2.64 (1.46-4.76) | 0.008 2.67 (1.47-4.85) | 0.001

45-55 4.89 (2.70-8.86) | <0.001 5.31 (2.91-9.69) | <0.001

>55 14.05 | (6.84-28.85) | <0.001 17.61 (8.84-35.08) | <0.001
Body Mass Index, kg/m?

Underweight (<18.5) 0.78 (0.46-1.32) | 0.345 0.68 (0.38-1.22) |0.194

Normal (18.5-24.9) 1 1

Overweight (25.0-29.9) | 2.05 (1.43-2.94) | 0.001 2.1 (1.43-3.11) | <0.001

Obese ( 230) 3.34 (1.94-5.72) | <0.001 3.73 (2.10-6.62) | <0.001
CD4 count prior to ART initiation, cells/mm?3

<250 1

250-350 0.84 (0.47-1.52) | 0.574

>350 0.9 (0.27-2.97) | 0.862
Duration of HIV infection, years

<5 1

25 1.26 (0.93-1.72) | 0.138
Duration of ART therapy, years

<5 1 1

25 1.19 (0.87-1.62) | 0.267 1.1 (0.79-1.54) | 0.562
Current ART

NVP-based 1 1

EFV-based 0.45 (0.27-0.76) | 0.002 0.41 (0.24-0.70) | 0.001

LPV/r-based 0.24 (0.06-0.99) | 0.032 0.21 (0.05-0.90) | 0.036
ART = antiretroviral therapy; EFV = Efavirenz; LPV/r = lopinavir/ritonavir; NVP = nevirapine
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