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1 | BACKGROUND

The authors sought to describe the association between human immunodeficiency
virus (HIV) and blood pressure (BP) levels, and determined the extent to which this
relationship is mediated by body weight in a cross-sectional study of HIV-infected and
HIV-uninfected controls matched by age, sex, and neighborhood. Mixed-effects mod-
els were fit to determine the association between HIV and BP and amount of effect of
HIV on BP mediated through body mass index. Data were analyzed from 577 HIV-
infected and 538 matched HIV-uninfected participants. HIV infection was associated
with 3.3 mm Hg lower systolic BP (1.2-5.3 mm Hg), 1.5 mm Hg lower diastolic BP
(0.2-2.9 mm Hg), 0.3 m/s lower pulse wave velocity (0.1-0.4 mm Hg), and 30% lower
odds of hypertension (10%-50%). Body mass index mediated 25% of the association
between HIV and systolic BP. HIV infection was inversely associated with systolic BP,
diastolic BP, and pulse wave velocity. Comprehensive community-based programs to
routinely screen for cardiovascular risk factors irrespective of HIV status should be

operationalized in HIV-endemic countries.

reporting lower BP levels, 1113

8,14-16
,

a few reporting comparable BP lev-

els and others reporting higher BP levels in HIV-infected individ-

Survival of human immunodeficiency virus (HIV)-infected persons
over the years has increased as a result of the successful scale-up of
antiretroviral therapy (ART),! with the life expectancy of people living
with HIV approaching that of HIV-uninfected individuals.2 This has
created an aging HIV population with elevated risk of hypertension
and cardiovascular disease.®® In fact, several studies have shown that
risk of cardiovascular disease is higher in HIV-infected patients than
HIV-uninfected persons.c”’10

Epidemiological studies report conflicting associations between
HIV and hypertension/blood pressure (BP) levels, with some studies

uals.}”*8 A recent systematic review of studies in sub-Saharan Africa
reported a lower prevalence of hypertension in HIV-infected individ-
uals compared with general populations.12 Other investigators have
examined pulse wave velocity (PWV) as a novel measure of subclinical
atherosclerosis and a precursor to clinical hypertension.'’ Here again,
the reported associations between PWV and HIV are mixed.?%%!
However, these studies have had several major limitations. First,
most of the prior studies adjusted for traditional cardiovascular risk
factors only, such as age and sex, but had limited data on lifestyle
factors such as physical activity, smoking, alcohol use, socioeconomic
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status, and stress, raising the potential for unmeasured confound-
ing.2%2* Second, some of these studies included body weight as a po-
tential confounder, whereas it is more likely to be a mediator of the
effect of HIV on BP.!! Finally, most of these studies were conducted in
rural areas, and are therefore not representative of the rapidly growing
urban populations where cardiovascular disease risk tends to be much
higher.?®

Therefore, we conducted a cross-sectional study of HIV and car-
diovascular risk factors in an urban population in Uganda to better
understand the relationships between HIV and BP and PWV. We also
investigated the potential role of body weight in mediating the effect
of HIV on BP.

2 | METHODS

2.1 | Study population

We conducted a matched cross-sectional study in Mbarara mu-
nicipality, Uganda, between June and October 2015 to recruit
HIV-infected persons and age-, sex-, and neighborhood-matched
HIV-uninfected controls known as the ACHIEVA (Aging and
Cardiovascular Diseases in HIV Patients of East Africa) study. These
matching factors were chosen a priori as important determinants of
both HIV and BP.

We used the electronic databases of the Makerere University Joint
AIDS Program (MJAP)/Mbarara Municipal Council (MMC) Health
Center IV and the Mbarara University/Mbarara Regional Referral
Hospital Immune Suppression Syndrome (ISS) clinic to identify adults
aged 40 years or older who had visited the clinic within the past
6 months and lived in one of the three divisions of Mbarara munici-
pality (Kakoba, Kamukuzi, and Nyamitanga). We abstracted identifier
and contact information and expected dates for subsequent clinic vis-
its to maximize the chances of finding selected HIV-infected person.
Once contact was established, a visit in their households to perform
interviews and measurements was arranged based on their earliest
convenience.

To recruit matched HIV-uninfected controls, we randomly chose
a household in the same neighborhood as the index HIV patient and
selected an adult resident who was of the same sex and in the same
5-year age category as the HIV-infected participant. In Mbarara, the
distinction of household members from nonresidents is blurred. We
therefore considered a household member as anyone who had had at
least 3 meals in a household on at least three consecutive days in the
past 6 months. If there was more than one potential match in the same
household, we used the Kish method?® to select one of them. In the
event that a selected matched individual was not home at the time of
the visit, three attempts on separate days, including evenings on week
days and weekends were made before sampling another household
for a match.

If a selected household had no eligible individual, we visited the im-
mediate neighboring household until an eligible participant was found.
We excluded pregnant women because pregnancy causes physiolog-
ical derangement in metabolic parameters, mentally incapacitated

persons because of the inability to properly respond to survey ques-
tions, and limb or spinal physically incapacitated persons because of

the inability to stand for anthropometric measurements.

2.2 | Ethics statement

All participants provided informed consent before enrollment into the
study, and separate consent was obtained for release of HIV care data
from HIV-infected participants. The head of the MJAP/MMC clinic,
director of the ISS clinic, office of the town clerk, and respective ad-
ministrative heads of Mbarara municipality granted permission to per-
form this study.

The ethics review committees at Mbarara University of Science
and Technology, Harvard T. H. Chan School of Public Health, and the
Uganda National Council of Science and Technology approved the

study.

2.3 | Data collection

2.3.1 | Measurement of covariates

Trained research assistants conducted interviews using elec-
tronic devices to capture household asset ownership, stress in life
and work using the perceived stress tool,?” and physical activity
using a validated physical activity questionnaire for sub-Saharan
Africa.?® The questionnaire also captured information on smok-
ing history (age of starting, duration and intensity of smoking, and
efforts to quit), alcohol intake using the Alcohol Use Disorders
Identification Test (AUDIT-C) questionnaire,?’ history of diagnosis
and/or management of cardiovascular disease and its risk factors
(hypertension, diabetes mellitus, dyslipidemia), and a list of current
medications.

Waist and hip circumferences were measured by standard pro-
cedures® with the participant standing using a tape (seca 201),
weight was measured using standardized scales (seca 762), and
height was measured using a roll-up measuring stadiometer (seca
206). Height and waist and hip circumferences were measured to
the nearest 0.1 cm and weight was measured to the nearest kilo-
gram. The plausible ranges for the anthropometric measurements
were set as 0.5 to 1.5 for waist to hip ratio, 100 to 200 cm for
height, and 30 to 150 kg for weight. Values outside of these ranges
were set to missing. We used height and weight to calculate body
mass index (BMI) as weight (in kilograms) divided by the square of
height (in meters), and categorized BMI as underweight (<18.5 kg/
m?), normal weight (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2),
or obese (>30 kg/m?).

We collected spot urine specimens and measured urine sodium
and creatinine (Humastar200, Human Diagnostics Worldwide) and
estimated 24-hour urinary sodium excretion using the Kawasaki for-
mula.®! Laboratory tests were performed at Mbarara Regional Referral
Hospital laboratory, which has standardized internal quality-control
protocols and participates in external quality-control programs by the
National Health Laboratory Service.
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2.3.2 | BPand PWV measurements

BP was measured using a digital upper arm sphygmomanometer
(Omron BP710N 3 series, Omron Healthcare Inc.) with small (<21 cm),
normal (22-32 cm), and large cuffs (35-44 cm). The participant was
seated in a chair and allowed to rest for 5 minutes before three meas-
urements were performed with 3-minute intervals. We used the aver-
age of the second and third measurements to determine the BP of
each participant. We set a range of 70 to 270 mm Hg as plausible val-
ues for systolic BP (SBP) and 30 to 150 mm Hg for diastolic BP (DBP).

Body mass index
Waist-hip ratio

e

Diet

Blood pressure

Age
Sex
Marital status
Asset index
Smoking
Alcohol
Stress

FIGURE 1 Directed acyclic graph for the relationship between
human immunodeficiency virus (HIV) and blood pressure—ACHIEVA
(Aging and Cardiovascular Diseases in HIV Patients of East Africa)
study 2015

WILEY--

We defined hypertension as having an SBP 2140 mm Hg or DBP
>90 mm Hg or self-reported use of antihypertensive medications.*?
We performed two measurements of carotid-femoral PWV using
a handheld device (Arteriograph, TensioMed Arteriograph TL2) with
the participant in the supine position. The device estimates PWV by
measuring the time lag between the two peaks in the BP wave and
combining this information with the distance between jugular notch
and symphysis pubis that the operator measures with a tape. During
each measurement, PWV was estimated for each pulse wave during
8 seconds and if the standard deviation (SD) of the estimated PWVs
was larger than 1 m/s, the recording was discarded and a repeat mea-
surement was performed as recommended by the manufacturer.®® Up

to five attempts were made to obtain a valid measurement.

2.4 | Statistical analysis

We used principle component analysis (Table S1 and Table S2) to gen-
erate an assets index score based on household utilities and assets>*
and perceived stress questionnaire responses to derive composite
measures with highest discriminatory capabilities. Participants were
divided into quintiles of these scores.

We described population characteristics, exposures, and outcomes
by HIV status and compared the distributions between HIV-infected
and matched HIV-uninfected participants in univariate analyses using
t test for continuous variables, chi-square test for categorical variables,
and trend test using median values of categories for ordinal variables.
We categorized participants with hypertension into undiagnosed; di-
agnosed and untreated; diagnosed and treated but not controlled; di-
agnosed, treated, and controlled, with the latter defined as having an
SBP <140 mm Hg and a DBP <90 mm Hg.

Excluded

HIV Infected patients screened

697 clients

26 Not located

3 Pregnant

2 Dead before screening
59 Moved out of study area ||
21 Declined to consent

Enrolled HIV Infected persons

HIV Uninfected persons screened
586 participants }—)| 591 participants

Excluded

14 Not home

19 Declined to consent
2 Pregnant
3 Mentally incapacitated
3 Physically incapacitated

ESJG Matching E@

9 missing at least one covariate |<—

—>| 12 missing at least one covariate

FIGURE 2 Participant selection
process—ACHIEVA (Aging and
Cardiovascular Diseases in HIV Patients of
East Africa) study 2015

| 577 participants ‘ | 538 participants |
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TABLE 1 Study characteristics by HIV status—ACHIEVA study 2015 (N = 1115)

HIV-infected Matched HIV-uninfected
Characteristic persons, No. (%) persons, No. (%) P value
Women 326 (57) 305 (56) 0.958
Age, median (IQR) 45 (42-49) 46 (43-50) 0.0821
Age groups, y 0.020°
40-44 246 (42.6) 178 (33.1)
45-49 190 (32.9) 211(39.2)
50-54 72 (12.5) 80 (14.9)
55-60 5(7.8) 36(6.7)
>60 25(4.2) 33(6.1)
Employment status <0.001
Self-employed 337 (58.4) 348 (64.7)
Government or nonprofessional 73 (12.6) 62 (11.5)
Private employer 84 (14.6) 37 (6.9)
Unemployed 83 (14.4) 91 (16.9)
Marital status <0.001
Married or cohabiting 303 (52.5) 415 (77.1)
Separated or divorced 144 (25.0) 71(13.2)
Widowed or widower 119 (20.6) 48 (8.9)
Single 11(1.9) 4(0.7)
Religion 0.009
Catholic 178 (30.8) 152 (28.2)
Anglican 276 (47.8) 232 (43.1)
Muslim 73(12.6) 107 (19.9)
Pentecostal 6 (8.0) 42 (7.8)
Other 4(0.7) 5(0.9)
Smoking status 0.069%
Never smoker 423 (73.3 415 (77.1)
Current smoker 61 (10.6) 58 (10.8)
Former smoker 93 (16.1) 65 (12.1)
Alcohol consumption, g/wk 0.855?
0 371 (64.3) 367 (68.2)
<20 (women) and <40 (men) 90 (15.6) 7 (10.6)
20-39 (women) and 40-59 (men) 20 (3.5) 6(3.0)
>40 (women) and 260 (men) 96 (16.6) 8(18.2)
Perceived stress score (quintiles) 0.0672
First 6(16.6) 127 (23.6)
Second 112 (19.4) 111 (20.6)
Third 136 (23.6) 88 (16.4)
Fourth 121 (21.0) 104 (19.3)
Fifth 112 (19.4) 108 (20.1)
Asset index <0.001*
Poorest 131 (22.7) 0(16.7)
Poorer 118 (20.4) 106 (19.7)
Average 126 (21.8) 7 (18.0)
Richer 113 (19.6) 110 (20.5)
Richest 89 (15.4) 135(24.1)

(Continues)
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TABLE 1 (Continued)

HIV-infected
Characteristic persons, No. (%)
METS, h/wk
0 237 (41.1)
1-3 102 (17.7)
3-10 127 (22.0)
10-20 61 (10.6)
>20 50(8.7)
Clinical
Body mass index category
Underweight (<18.5) 56(9.7)
Normal (18.5 to <25) 301 (52.2)
Overweight (25 to <30) 131 (22.7)
Obese (>30) 89 (15.4)
Waist circumference (both sexes) 87 (12.6)
Waist circumference, men (2102 cm)® 11 (4.4)
Waist circumference, women (=88 cm)® 190 (58.3)
Waist-hip ratio (both sexes) 0.88 (0.1)
Waist-hip ratio, men (20.90)° 97 (38.6)
Waist-hip ratio, women (20.85)° 218 (66.9)
Systolic BP, mean (SD)* 123 (18.3)
Diastolic BP, mean (SD)° 76 (11.5)
Antihypertensive medication 49 (8.5)
Prevalent hypertension® 124 (21.5)
Pulse wave velocity, m/s 7.8 (1.4)
Arterial stiffness® (age stratified) 10 (1.9)
Laboratory
Serum glycated hemoglobin, mean (SD), % 5.8 (4.3)
Serum glycated hemoglobin (>6.5%), No. (%) 200 (36.4)
Serum HDL cholesterol (all), mean (SD), mg/dL 58.5(19.9)
Serum LDL cholesterol (all), mean (SD), mg/dL 103 (34.5)
Serum triglycerides (all), mean (SD), mg/dL 175(99.9)
Serum total cholesterol (all), mean (SD), mg/dL 188 (73.9)
Urine sodium excretion, mean (SD), g/24 h 8.40 (3.3)

WILEY-

Matched HIV-uninfected

persons, No. (%) P value
0.142%
220 (40.9)
75(13.9)
114 (21.2)
65(12.1)
64 (11.9)
26 (4.8) <0.001*
210(39.0)
169 (31.4)
133(24.7)
91(12.4) <0.001
29 (12.4) <0.004
202 (66.2) 0.040
0.89 (0.1) 0.059
120 (51.5) 0.004
205 (67.2) 0.927
127 (17.8) <0.001
78 (12.3) 0.027
45 (8.4) 0.685
155(28.8)
8.0(1.4) 0.013
5(1.0) 0.241
7(5.1) 0.005
164 (28) 0.002
55.3(15.0) 0.01
110(35.1) 0.004
181 (91.6) 0.341
182 (52.2) 0.207
7.96(3.1) 0.040

Trend test: waist circumference and waist-hip ratio. "World Health Organization thresholds for substantially increased cardiovascular disease risk. “Aver-
age of same sitting second and third blood pressure (BP) measurements. dEuropean47 cutoffs for arterial stiffness: pulse wave velocity >11 m/s for patients
aged 20 to 40 years; pulse wave velocity >12 m/s for patients aged 41 to 59 years. *Hypertension defined as systolic BP 2140 mm Hg, diastolic BP

290 mm Hg, and/or self-reported antihypertensive drug use.

Pulse wave velocity measurements (n = 1026; 530 human immunodeficiency virus [HIV]-infected and 496 uninfected), glycated hemoglobin (n = 865; 448
HIV-infected and 417 HIV-uninfected persons), serum low-density lipoprotein (LDL) cholesterol and triglycerides (n = 899; 464 HIV-infected and 435 HIV-
uninfected persons), serum cholesterol and high-density lipoprotein (HDL) cholesterol (n = 811; 420 HIV-infected and 391 HIV-uninfected persons), and
urine sodium excretion estimation (n = 890; 462 HIV-infected and 428 HIV-uninfected persons).

Abbreviations: ACHIEVA, the Aging and Cardiovascular Diseases in HIV Patients of East Africa study; IQR, interquartile range; METS, metabolic equivalents;

SD, standard deviation.

We used a priori knowledge to select potential confounders
(Figure 1): age, sex, asset index, marital status, smoking, alcohol con-
sumption, and perceived stress score that were postulated to affect
the association of HIV and BP. Hierarchical linear mixed effects regres-
sion models were used to determine the participant-level association

between HIV and BP (SBP and DBP separately) and PWYV, adjusted
for participant matching, and interviewer-related differences in mea-
surement of subjective risk factors.®® In addition, we fit a conditional
logistic regression model to determine the association between HIV
and hypertension status. We also performed a subgroup analysis to
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estimate the adjusted odds of prevalent hypertension by separating
the HIV-infected participants into those with shorter (<3 years) or lon-
ger (23 years) duration of ART.

We examined whether BMI (categorized as =25 kg/m? and <25 kg/
m? as a reference value) and waist-hip ratio (continuous scale) mediated
the effects of HIV on SBP and PWV. Direct and indirect effects were
estimated using parametric regression models.>¢%” We fit two models,
one for BMI as a mediator conditional on HIV and potential confound-
ers and one for SBP conditional on HIV, BMI, and potential confound-
ers with interaction between HIV and BMI. We used bootstrapping to
compute bias-corrected confidence intervals.>” The percentage of me-
diation was quantified as: (indirect effect/total effect) x 100.

All statistical analyses were conducted using Stata version 13.0
(StataCorp).

3 | RESULTS

At time of study, 1659 records of persons with HIV in the clinic data-
bases were eligible for inclusion. We randomly abstracted 909 records
and, among these, 184 patients had no telephone contacts, 54 had
moved out of the study area by the time of the survey, and 28 had
changed their telephone numbers.

A total of 1347 households were visited, 24 people declined to
participate, nine had mental incapacitation, two were physically inca-
pacitated, 10 were found to be younger than 40 years, four were preg-
nant, and 10 had time constraints.

We enrolled 697 HIV-infected persons and 591 matched HIV-
uninfected persons. All participants with HIV were taking ART except
24 who were not previously diagnosed. After excluding 21 participants
who had missing data on confounders (smoking [n = 1], BMI [n = 4],
waist circumference [n = 3], and physical activity [n = 13]; Figure 2),
the final study population consisted of 1115 participants (577 HIV-
infected and 538 matched HIV-uninfected). The prevalence of hy-
pertension was higher among the HIV-uninfected compared with the
HIV-infected participants (28.8% vs 21.5%). In addition, there was no
statistical difference in median age in both groups, with HIV-infected
participants having a median age of 45 years (interquartile range, 42-
49 years) and HIV-uninfected participants having a median age of
46 years (interquartile range, 43-50 years) (Table 1).

A total of 91% (524/577) of HIV-infected participants had been
taking ART for a median duration of 4.8 years (interquartile range, 2.6-
7.6) with a median nadir CD4 cell count of 206 cells/mL (interquartile
range, 104-307) at time of ART initiation. Although none of the HIV-
infected participants had been initiated on a protease inhibitor (Pl)-
based ART regimen, we found that 3% (n = 17) were taking a Pl-based
regimen at the time of the study (Table 2).

A total of 36% of HIV-uninfected controls and 28% of HIV-
infected participants had serum glycated hemoglobin >6.5%
(P =0.002), defined as diabetes mellitus. HIV-infected participants
had a mean serum low-density lipoprotein cholesterol level of
103 mg/dL (SD + 34.5) vs 110 mg/dL (SD + 35.1) for uninfected con-
trols (P = 0.004; Table 1). The mean SBP was 123 mm Hg (SD + 18.3)

TABLE 2 Characteristics of HIV-infected participants—ACHIEVA
study 2015

Characteristic N =577
Taking ART, No. (%) 528 (91.5)
HIV, not initiated ART 24 (4.2)
Previously undiagnosed, No. (%) 25 (4.3)
Follow-up duration before ART initiation, median 4 .3(1.4-24.9)
(IQR), mo
Follow-up duration after ART initiation, median 4.8 (2.6-7.6)
(IQR), y
Age at ART initiation, median (IQR), y 40 (37-45)
Systolic BP at ART initiation, mean (SD) 116 (18)
Diastolic BP at ART initiation, mean (SD) 73 (10)
Body mass index at ART initiation, mean (SD) 22.9(9.1)

CD4 cell counts at ART initiation, median (IQR), 163 (62-251)

cells/mL

CD4 cell counts at time of study, median (IQR), 479 (338-656)

cells/mL
Changed ART regimen during follow-up, No. (%) 149 (28)
Duration on baseline regimen, median (IQR), y* 2.4(0.5-3.3)
Participants initiated on protease inhibitors at 0(0)
ART initiation, No. (%)
Participants taking protease inhibitors at time of 17 (3)
study, No. (%)
Participants initiated on stavudine at ART 87 (16)
initiation, No. (%)
Participants taking stavudine at time of study, No. 9(2)

(%)

Abbreviations: ART, antiretroviral therapy; BP, blood pressure; IQR, inter-
quartile range; SD, standard deviation.

#Among patients who had at least one change in drug regimen.
Twenty-five participants were diagnosed with human immunodeficiency
virus (HIV) during the study and had no HIV data and 28 had been diag-
nosed with HIV but were not receiving care during the ACHIEVA (Aging
and Cardiovascular Diseases in HIV Patients of East Africa) study.

among HIV-infected participants and 127 mm Hg (SD + 17.8) among
HIV-uninfected controls. A total of 276 participants were found
to have hypertension (119 men [50 HIV-infected and 69 HIV-
uninfected controls] and 157 women [71 HIV-infected and 86 HIV-
uninfected controls]).

After adjusting for potential confounders, HIV infection was as-
sociated with a 3.3-mm Hg lower SBP (95% confidence interval [Cl],
1.2-5.3), 1.5-mm Hg lower DBP (95% Cl, 0.2-2.9), 0.3-m/s slower PWV
(95% Cl, 0.1-0.4), and 30% lower odds of hypertension (95% Cl, 10%-
50%). In addition, increasing alcohol consumption was associated with
higher SBP (P = 0.003) and DBP (P = 0.002) whereas increasing physical
activity was associated with lower SBP (P = 0.040) and PWV (P = 0.001)
(Table 3).

In subgroup analyses, we found that HIV-infected participants
taking ART 23 years had a slightly lower prevalence of hyperten-
sion (18.4% [81/440]) compared with those taking ART for <3 years
(21% [26/124]). We also estimated the adjusted odds of prevalent
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TABLE 3 Adjusted mean difference for systolic and diastolic BP and pulse wave velocity and adjusted odds ratios (95% confidence interval)
for hypertension prevalence—ACHIEVA study 2015 (N = 1115)

Characteristic

HIV-uninfected

HIV-infected

Marital status
Married

Separated/
divorced

Widowed

Single
Employment

Self-employed

Government/
nongovernmen-
tal organization

Private employer
Unemployed
Religion
Catholic
Anglican
Muslim
Pentecostal
Other
Smoking status
Never smoker
Current smoker
Former smoker

Alcohol

consumption, g/wk®

0

<20(women) and
<40(men)

>20(women) and
>40(men)

Perceived stress
(quintiles)

First
Second
Third
Fourth
Fifth
Asset index
Average
Poorest
Poorer
Richer
Richest

2Systolic BP,
mm Hg

1.0 (Reference)
-3.3(-5.3t0o-1.2) 0.002
0.337
1.0 (Reference)

-3.1(-5.9t00.2)

-0.9 (-4.0t0 2.2)
-1.7(-10.4 to 7.1)
0.113
1.0 (Reference)
1.6 (-1.7 to 5.0)

1.9(-1.5t0 5.4)
1.6 (-1.4to 4.7)
0.528
0 (Reference)
6(-0.9 to 4.0)
1(-0.3,6.5)
-0.7 (-4.9, 3.5)
1(-10.7,12.9)
0.098¢
1.0 (Reference)
-2.7 (-6.3t0 0.9)
7 (-0.4 to 5.8)
0.003¢

1.0 (Reference)
-0.6 (-3.9 to 2.6)

5.3(2.4-8.2)
0.842¢

0 (Reference)
-0.9 (-4.2 to 2.3)
4 (-2.9 to 3.7)
2 (-3.1to0 3.5)
-1.0(-4.3t0 2.2)
0.275¢
1.0 (Reference)
0.5(-2.9t0 3.8)
0.6 (-2.6 to 3.8)
0.1(-3.1to3.4)

1.6 (-1.7 to 4.9)

?Diastolic BP,

‘Pvalue mm Hg

1.0 (Reference)

-1.5(-2.9to -0.2)

1.0 (Reference)
-0.8(-2.7to 1.0)

-1.0(-3.1to 1.1)
0.7 (-5.1t0 6.6)

1.0 (Reference)
-0.03(-2.3t02.2)

1.7 (-0.5 to 4.0)
0.8(-1.2t0 2.8)

1.0 (Reference)

0.4 (-1.2t0 2.0)

0.7 (-1.6,2.9)
-2.5(-5.3,0.3)
-1.4(-9.2, 6.5)

1.0 (Reference)
-2.8(-52t0 0.4)
-0.3(-2.3t0 1.8)

1.0 (Reference)
-0.4(-2.5t0 1.8)

3.6 (1.7-5.6)

1.0 (Reference)
0.5(-1.7 to 2.6)
0.2 (-1.9 to 2.4)
1.2(-1.9 to 2.4)
1.8(-0.4 to 3.9)
1.0 (Reference)
0.5(-1.8t0 2.8
02(-19to 24
-0.2(-2.3t0 2.0

)
)
)
2.0(-0.2t04.2)

P value

0.027
0.511

0.138

0.353

0.686¢

<0.002¢

0.083¢

0.173¢

Pulse wave
velocity, m/s

1.0 (Reference)
-0.3 (-0.4 to -0.1)

1.0 (Reference)
0.1(-0.1t0 0.4)

0.2(-0.1to0 0.5)
0.2(-0.5t0 0.9)

1.0 (Reference)
0.1(-0.1to 0.4)

0.0(-0.2to 0.3)
0.3(0.1-0.6)

0 (Reference)
1(-0.1t0 0.3)
2(0.1,0.5)
-0.2 (-
-0.3 (-

-0.5,0.2)
1.3,0.6)

1.0 (Reference)
-0.1(-0.4t00.2)
-0.1(-0.4 to0 0.1)

1.0 (Reference)
-0.2(-0.5t0 0.1)

-0.0(-0.2t0 0.2)

1.0 (Reference)
-0.0(-0.3t0 0.2)
-0.0 (-0.3t0 0.2)

0.1(-0.2to 0.4)
-0.0 (-0.3t0 0.2)

0 (Reference)
-0.1(-0.4t0 0.2
-0.0(-0.3t0 0.2

1(-0.2t0 0.3

2(-

)
)
)
-0.1to0 0.4)

P value

0.002
0.060

0.046

0.856

0.355¢

0.549¢

0.802¢

0.0144

PHypertension  °P value

1.0 (Reference)
0.7 (0.5-0.9) 0.022
0.744
1.0 (Reference)

0.6 (0.3-1.3)

0.9 (0.4-1.8)
2.0(0.3-14.4)

0.047
1.0 (Reference)
1.3(0.6-3.1)

1.4 (0.6-3.4)
1.7 (0.8-3.5)
0.904
0 (Reference)
5(0.8-2.8)
1.1(0.5-2.5)
2 (0.4-3.6)
8(0.1-7.0)
0.580¢
1.0 (Reference)
0.3(0.1-0.9)
0.9 (0.4-2.1)
0.610°

1.0 (Reference)
1.0(0.5-2.1)

1.7 (0.8-3.4)
0.545¢

0 (Reference)
5(0.3-1.2)
7(0.3-1.6)
8(0.3-1.8)
0(-0.3to 2.4)

0.055¢
1.0 (Reference)
0.6 (0.3-1.7)
0.7 (0.3-1.6)
0.9 (0.4-2.1)
1.4(0.6-3.2)

(Continues)
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TABLE 3 (Continued)
2Systolic BP, ?Diastolic BP,

Characteristic mm Hg °Pvalue mm Hg

METS h/wk 0.040¢
0 1.0 (Reference) 1.0 (Reference)
=8 -1.5(-4.5to0 1.6) -0.1(-2.9 to 2.0)
3-10 -1.1(-3.9 to 1.6) -1.3(-3.2t0 0.5)
10-20 -5.1(-8.7 to -1.6) -2.7(-5.1to0 -0.4)
>20 -1.9 (-5.6 t0 1.8) 0.7 (-1.8t0 3.1)

Pulse wave
‘Pvalue velocity, m/s °Pvalue P°Hypertension P value
0.321¢ 0.001¢ 0.507¢

1.0 (Reference) 1.0 (Reference)
0.1(-0.2t0 0.3) 1.0 (0.5-2.0)

-0.2 (-0.4 to 0.1) 1.0 (0.5-1.9)

-0.6 (-0.9 to -0.4) 1.0 (0.4-2.6)

-0.2 (0.5 to 0.1) 0.5 (0.2-1.5)

Abbreviations: ACHIEVA, Aging and Cardiovascular Diseases in HIV Patients of East Africa study; HIV, human immunodeficiency virus; METS, metabolic

equivalents.

2Average of same sitting second and third blood pressure (BP) measurements.

PHypertension defined as systolic BP 2140 mm Hg, diastolic BP 290 mm Hg, and/or self-reported antihypertensive drug use.

‘Chi-square test unless otherwise specified.
Test of trend based on median value within each category.

¢Definition based on number of days consumed alcohol over the past 30 days and the average number of drinks per drinking session.

hypertension by separating the HIV-infected participants into those
with shorter (<3 years) or longer (23 years) duration of ART. We found
that both groups had lower odds of hypertension compared with HIV-
uninfected participants and the difference between the two groups
were not statistically significant as indicated by a point estimate for
one group falling within the 95% ClI for the other.

The indirect effect of HIV infection through BMI led to a 0.8-
mm Hg lower SBP (95% Cl, 0.3-1.5), equivalent to 25% of the total as-
sociation between HIV and SBP (Figure 3, panel A). The corresponding
proportion mediated by waist-hip ratio was only 6% (Figure 3, panel B).

The relationship between HIV infection and hypertension care
was complex and varied by sex. HIV-infected participants with hy-
pertension had a higher rate of being previously diagnosed (44%
vs 28% in men, 56% vs 48% in women). Among men, HIV-infected
participants who were diagnosed with hypertension had a higher
rate of being treated (77% vs 47%) and among those treated,
HIV-infected participants had a higher chance of being controlled
(29% vs 11%) compared with HIV-uninfected counterparts. Among
women, HIV-infected participants with hypertension were less likely
to be treated (80% vs 88%) and among those treated, HIV-infected

Panel A
0
0.3 -0.3
-0.9 -0.8
L
2 L5
- ? 25
-2 -
3
Q -32
2
13 4
w -4.5
-5.3
-6 Total Effects Direct Effects Indirect Effects
Panel B
i 0.6 4
09 - -0.6
L
é 22
[=™
3 633 o-3.0 FIGURE 3 Total, direct, and indirect
f 4 effects of human immunodeficiency virus
Lé (HIV) on systolic blood pressure with
c%\ 51 respect to body mass index (panel A)
-5.3 - and waist-hip ratio (panel B)—ACHIEVA
-6 S R - (Aging and Cardiovascular Diseases in HIV
° i ¢ o frec e Patients of East Africa) study 2015
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FIGURE 4 Hypertension awareness, treatment, and control
by human immunodeficiency virus (HIV) status and sex—ACHIEVA
(Aging and Cardiovascular Diseases in HIV Patients of East Africa)
study 2015. ART indicates antiretroviral therapy

participants were less likely to have controlled BP (34% vs 61%;
Figure 4).

4 | DISCUSSION

We found an inverse relationship between HIV and BP, PWV, and
odds of hypertension in this population of adults from an urban site
in Uganda. Our results are similar to those reported in a meta-analysis
of studies in sub-Saharan Africa, which found that HIV infection was
associated with lower SBP and DBP.'? We postulate that this result
could be explained by a phenomenon of cardiovascular autonomic
dysfunction that leads to low BP levels in HIV-infected persons ir-
respective of level of immunosuppression.®%’ Furthermore, HIV-
infected patients in our study population tended to have advanced
HIV disease at entry into HIV care and might have had comorbid
opportunistic infections that could lower their BP levels directly or
through weight loss.*® Conversely, other studies have found that HIV
infection with ART is associated with higher BP levels compared with
HIV-uninfected persons with a similar sex and age distribution.”*’
The discrepancy between these results and our observation could be
caused by the rare (<2%) use of Pls in our study population. These

741 and induce metabolic

agents are known to increase BP levels
complications.’

We found that HIV infection was associated with lower PWV (ar-
terial stiffness) compared with age-, sex-, and neighborhood-matched
HIV-uninfected controls.*? This finding is in contrast to a few pre-
vious reports that found that HIV-infected patients taking ART had
higher PWV values compared with HIV-infected persons not tak-
ing ART or HIV-uninfected matched controls.**** Most of our HIV-

infected participants were not taking Pls that have been shown to be

WILEY-

proatherogenic and had suppressed viral replication at the time of the
study. The combined effect of low use of Pls and suppressed viral rep-
lication may have resulted in lower systemic inflammation and endo-
thelial dysfunction leading to reduced arterial stiffness in HIV-infected
participants.?’ Furthermore, in our study, cardiovascular risk factors
such as obesity, physical inactivity, and dyslipidemia were more preva-
lent in the HIV-uninfected controls than the HIV-infected participants.
This suggests that traditional cardiovascular risk factors other than
HIV-related characteristics are responsible for atherosclerosis and hy-
pertension in HIV.104

We found that BMI mediated a quarter of the association between
HIV and SBP. This confirms our expectation that lower body weight in
HIV-infected patients is associated with lower BP and is also consistent
with previous reports of increase in BP and body weight after initiation
of ART.*%4346 \We did not find any prior studies that investigated the
role of BMI in mediating the effects of HIV on BP to compare with ours.

As expected, we found that in both sexes, HIV-infected partici-
pants with hypertension were more aware of their hypertension sta-
tus and were more likely to be taking treatment as compared with
HIV-uninfected participants. However, among women, control rates
were lower for HIV-infected participants. Although these differences
are not statistically significant, they point to better rates of diagno-
sis and treatment for hypertension among HIV-infected participants
but the overall rates are still suboptimal. The differences in prevalence
rates of awareness, treatment, and control between HIV-infected and
-uninfected participants might be partly attributable to the differences
in health-seeking behaviors of HIV-infected and HIV-uninfected per-
sons*” as well as differences in resources (medical staff, facilities, and
supplies) available in general health facilities compared with HIV care
facilities.*® Strategies to integrate HIV care with other health programs
have focused primarily on tuberculosis, sexually transmitted infec-

tions, malaria, and reproductive health,**>°

and there is only limited
experience on integrating cardiovascular disease prevention into HIV
care. A recent report from South Africa found that integrating non-
communicable diseases care into HIV care is cost-effective and leads
to improved functional ability and health status in patients infected

with HIV.>!

5 | STUDY STRENGTHS AND LIMITATIONS

Our study has several strengths. HIV-infected participants were
sampled from comprehensive databases of all patients receiving
treatment in two of the three HIV clinics in Mbarara, covering most
of the diagnosed patients in the area. HIV-uninfected participants
were selected from the same neighborhood, which greatly reduces
the potential for confounding by location of residence and socio-
economic status. In addition to BP, we measured PWV as an indica-
tor of early atherosclerosis, which has not been investigated with
respect to HIV status in sub-Saharan Africa. We used a rigorous and
standard BP measurement protocol and collected information on
many lifestyle and socioeconomic factors using standard and vali-
dated questionnaires. However, our results should be interpreted
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with some limitations in mind. Although we collected data on many
potential confounders, there is always a potential for unmeasured
confounding and residual confounding caused by measurement
error in the selected confounders. As most of the participants were
taking ART, we were not able to examine the impact of ART on BP
and hypertension as a mediator of the effect of HIV infection. In
addition, there was little variability in ART regimens in our study
population, precluding analysis of the impact of different ART regi-
mens on BP.

6 | CONCLUSIONS

HIV infection was associated with lower SBP, PWV, and odds of hy-
pertension. Although HIV infection was associated with a higher rate
of diagnosis and treatment of hypertension, and better control rates
among men, it was associated with worse control rates among women.
To improve cardiovascular disease care among patients with HIV,
health-centered services should be combined with community-level
approaches to improve the reach and cost-effectiveness of preven-
tive interventions. Such healthcare models remain largely untapped in

HIV-endemic countries such as Uganda.
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