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Abstract

We sought to describe changes in blood pressure and estimate the effect of HIV
on blood pressure (BP) over 4 years of observation in a cohort of 155 HIV-infected
adults (240 years) on antiretroviral therapy (ART) and 154 sex- and age-quartile-
matched, population-based, HIV-uninfected controls for four years in rural Uganda,
we compared changes in blood pressure (BP) by HIV serostatus and tested whether
body mass index and inflammation (high-sensitivity C-reactive protein and interleu-
kin-6) and immune activation (sCD14 and sCD163) mediated the effects of HIV on BP
using hierarchical multivariate and two-stage parametric regression models. Overall
HIV-uninfected participants had higher mean BP than HIV-infected counterparts
(differences in trend P < 0.0001 for diastolic BP and P = 0.164 for systolic BP). After
initial declines in BP in both groups between years 1 and 2, BP moderately increased
in both groups through year 4, with greater change over time observed in the HIV-
uninfected group. Body mass index mediated 72% (95%Cl 57, 97) of the association
between HIV and systolic BP. We found a minimal mediating effect of sCD14 on the
relationship between HIV and SBP (9%, 95% Cl 5%, 21%), but found no association
between other HIV-related biomarkers. Over four years of observation, HIV-infected
people in rural Uganda have lower BP than HIV-uninfected counterparts despite hav-
ing higher levels of inflammation. BMI, rather than measures of HIV-associated in-

flammation, explained a majority of the difference in BP observed.

J Clin Hypertens. 2019;00:1-12.
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1 | INTRODUCTION

Cross-sectional studies report a wide range of effects of HIV and
antiretroviral therapy (ART) on blood pressure (BP), with litera-
ture comparing estimates between HIV-infected individuals to
HIV-uninfected individuals reporting higher BP,' similar BP,2®
and lower BP.%” The later studies were conducted in sub-Saharan
Africa (SSA), where concomitant comorbidities for people living
with HIV (PLWH) differ from those in high-income countries,®?
and where the disparity in access to care for people with HIV in
contrast to uninfected people may be different than in high-in-
come countries.!®

Thus, there is uncertainty regarding (a) whether HIV and its
treatment are positively or negatively associated with the differ-
ences in BP, and (b) what factors might be responsible for differences
in BP observed between those with and without HIV, for example,
epidemiology of traditional hypertension risk factors in SSA or HIV-
induced inflammatory states.!® It is plausible that HIV/ART lead to
increases in blood pressure via weight gain as a survival benefit of
ART and/or HIV-induced endothelial damage with subsequent accel-
erated atherosclerosis.'2*3

We assessed (a) blood pressure trajectories by HIV status over
4 years of follow-up and (b) estimated the differences in blood pres-
sure mediated by HIV-specific pathways in a mixed cohort of adults
aged 240 years (HIV-infected adults stable on ART and HIV-unin-

fected, gender- and age-similar controls) in rural Uganda.

2 | METHODS

2.1 | Study population

The Uganda Non-Communicable Diseases and Aging Cohort
(UGANDAC study ClinicalTrials.gov Identifier: NCT02445079) is
a longitudinal cohort of ambulatory HIV-infected adults stable on
antiretroviral therapy (ART) for at least 3 years and matched popula-
tion-based, HIV-uninfected controls in rural southwestern Uganda
as described in detail previously.**

Briefly, we first enrolled a convenience sample of HIV-infected
persons aged 40 or greater receiving care at the Mbarara Regional
Referral Hospital HIV clinic known as the Immune Suppression
Syndrome Clinic. This is a public facility that provides free antiret-
roviral therapy for a largely rural population. A minimum age of
40 years for this cohort was selected because the study focuses on
the non-communicable risk and comorbidity and because of the low
life expectancy at birth in Uganda.

We then used data from a complete population census of a cluster
of villages located approximately 20 km from the Mbarara Regional
Referral Hospital HIV clinic to identify and conduct home-based en-
rollment of HIV-uninfected controls who were gender- and age-similar
(by quartile of the HIV-infected subgroup). All HIV-uninfected partici-
pants were tested for HIV at all annual study visits. Viral load and CD4
data were abstracted from the HIV clinic electronic medical record

database.’”

The ethics committees at Mbarara University of Science
and Technology (Ref. 06/04-14) and Partners Healthcare (Ref.
2014P001928/MGH) approved study procedures. Consistent with
national guidelines, we received clearance from the Uganda National
Council for Science and Technology (Ref. HS1689). All participants
provided written informed consent in English or Runyankore/Rukiga,
the local language. Participants unable to read had a witness and

used an inked fingerprint as signature.

2.2 | Data collection

Between December 2013 and May 2018, trained study nurses con-
ducted interviews to capture household asset ownership, smoking
history, history of diagnosis, and/or management of cardiovascular
disease and its risk factors (hypertension, diabetes mellitus, and
dyslipidemia), current medications, and physical activity using a vali-
dated physical activity questionnaire for sub-Saharan Africa.'®

Study nurses then measured weight using standardized scales
(seca 762, Hanover, USA) and height using a roll-up measuring
stadiometers (seca 206, Hanover, USA). Height was measured to
the nearest 0.1 cm, and weight was measured to the nearest kilo-
gram. We used height and weights to calculate body mass (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/m?), overweight (25-29.9 kg/m?), or obese (>30 kg/
m?).

For our analytic outcome, we measured bilateral, resting blood
pressure using automated digital upper arm sphygmomanometers
(Omron Healthcare Inc, Bannockburn, USA) with small (<21 cm), nor-
mal (22-32 cm), and large cuffs (35-44 cm). Participants were seated
in a chair and allowed to rest for 5 minutes before six measurements,
3 per arm, were performed with 3-minute intervals. We used the
average of the second and third measurements from both arms to
determine the blood pressure of each participant. We set a range of
70-270 mm Hg as plausible values for systolic blood pressure (SBP)
and 30-150 mm Hg for diastolic blood pressure (DBP). For this anal-
ysis, blood pressure was the outcome of interest, specified as a con-
tinuous variable.

A trained laboratory technician collected approximately 40 mL
of venous blood into acid citrate dextrose (ACD) and serum sepa-
rators tubes. Specimens were brought to the Mbarara Clinical and
Research Laboratory within one hour of collection for centrifuga-
tion and separation into serum and plasma components, respec-
tively. Blood samples were centrifuged, and derivative plasma
aliquots were stored at -80°C until shipment to the United States
for testing at the Laboratory for Clinical Biochemistry Research
at the University of Vermont. For this analysis, we used results of
thawed cryopreserved specimens for serum albumin and four bio-
markers, that is, serum high-sensitivity C-reactive protein (hs-CRP)
assayed using latex immunoturbidimetry (LabCorp); plasma levels of
IL-6 (MesoScale Discovery); plasma levels of soluble CD14 (sCD14,
R&D Systems); and plasma levels of soluble CD163 (sCD163, R&D
Systems).
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2.3 | Statistical analysis

We described the cohort characteristics at enrollment and compared
the distributions between HIV-infected and matched HIV-uninfected
participants in bivariate analyses using t tests for continuous variables,
chi-square tests for categorical variables, and trend test using median
values of categories for ordinal variables (Table 1).

For all of our models, HIV serostatus was the primary exposure
of interest, blood pressure was the outcome of interest, and BMI
and biomarkers of HIV inflammation were mediators. We used a pri-
ori knowledge to select potential confounders that are postulated
to affect the association between HIV and BP (Figure 1) including

age, gender, smoking, and physical activity. There is evidence that

WILEY-

untreated and early treated HIV is associated with weight loss and
reduced BMI**8 and also that BMI is directly correlated with BP.Y
Therefore, BMI was treated as a mediator of the effect of HIV on
BP and not a confounder as is in most analysesw'20 to avoid collider
stratification bias.?!

Observations were left-truncated at the dates of enrollment into
the UGANDAC study (baseline date) and right-censored at the earli-
est of the participant's date of death, or date of emigration, or May
31, 2018 (the latest date of study observation). Time was expressed
as the years from the date of first BP measurement.

We fitted hierarchical multivariable regression models using re-
stricted maximume-likelihood estimation to obtain participant-spe-

cific, averaged coefficients to test for an association between HIV

TABLE 1 Baseline (at enrollment) characteristics, UGANDAC study 2019

Characteristic

Demographics

Age (y), mean (SD) 51.5(7.7)
Women, n (%) 77 (50)
Risk factors
Smoking, n (%)
Never 72 (46.7)
Current 32(20.8)
Former 50 (32.5)
Physical activity (METS h/wk), n (%)
Low-intensity activity (<3 METS h/wk) 3(2.0)
Moderate activity (3 to <6 METS h/wk) 1(0.7)
Vigorous activity (26 METS h/wk) 147 (95.5)
Diabetes mellitus (HbA1lc >7% or treatment, n (%) 9 (5.8)
Measurements
Body mass index category, n (%)
Underweight (<18.5 kg/m?) 27 (17.5)
Normal (18.5 to < 25 kg/mz) 90 (58.4)
Overweight/obese (>25 kg/m?) 37(23.0)
Systolic blood pressure (mm Hg), mean (SD)® 120 (17.9)
Diastolic blood pressure (mm Hg), mean (SD)° 76 (11.5)
eGFR, mL/min/1.73m?, mean (SD)° 113 (13)

Current CD4 (cells/mL), median (IQR)
Nadir CD4 (cells/mL), median (IQR)
Duration of ART (y), median (IQR)
HIV viral load, mean (SD)

ART regimen, n (%)

20 (20, 550)
10 (9, 10)

19 (12.3)
136 (87.7)

Protease inhibitor based

Non-protease inhibitor based

HIV-uninfected, n = 154

433 (336, 559)

HIV-infected, n = 155 P-value
51.2 (6.6) 0.695
74 (47.7) 0.733
91 (58.7) <0.001
9 (5.8)

55 (35.5)

13 (8.4) 0.001
9 (5.8)

126 (81.3)

9 (5.8) 0.590°
13 (8.4) 0.001%
99 (63.9)

43(27.7)

114 (19.4) 0.015
72 (11.8) 0.0004
112 (15) 0.801

189,988 (296,848) - R

Note: Low-intensity activity (activity with <3 metabolic equivalents [MET] h/wk; moderate activity (activity with 3 to <6 MET h/wk); vigorous activity
(activity with 26 METS h/wk). A total 10 (3 HIV-uninfected and 7 HIV-infected) were missing physical activity assessment.

#Trend test: blood pressure.

PAverage of second and third same sitting left and right arm blood pressure measurements: SD; standard deviation.
‘eGFR; estimated glomerular filtration rate estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation for black

race stratified by gender (mL/min/1.73 m?).
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status and BP trajectories (SBP and DBP separately). All models in-
cluded HIV, follow-up time, a HIV x follow-up time product term, and
covariates as described above (Table 2). We repeated analyses strat-
ified by sex. We also examined whether hypertension treatment sta-
tus modified the effect of HIV on the slopes of BP trajectories with
inclusion of a hypertension x HIV x follow-up time product term. The
parameter estimates from the subgroup analyses limited to those
without hypertension were similar to the parameter estimates from
the analysis of the entire sample (data not shown), so we present the
results from the total sample.

To estimate the extent to which biomarkers of immune activation,
biomarkers of inflammation, and BMI mediate the association between
HIV and blood pressure, we fit parametric models for each putative
mediator (specified as log-transformed variables and on the continuous
scale), including product terms for HIV serostatus, follow-up time, and
each biomarker. We performed sensitivity analyses to (a) evaluate the
extent to which the direct and indirect effects are robust to violations
of interaction and no omitted variable bias assumptions and (b) quantify
the extent to which the unmeasured confounding variable would have
to be to invalidate inferences about the direct and indirect effects.?? We
used bootstrapping to compute bias-corrected confidence intervals.?®
Statistical significance for all analyses was set as P < 0.05 (2-sided). We
performed all analyses using Stata version 15 (Stata Corporation).

3 | RESULTS

A total of 309 individuals enrolled in UGANDAC study, had annual
blood pressure measurements, and provided blood for marker testing.
Baseline cohort characteristics of UGANDAC have been previously
described.?* Briefly, the cohort is evenly divided by HIV serostatus
(155 [50.2%] HIV-uninfected vs 154 [49.8] HIV-infected) and gender
(50% HIV-uninfected women vs 48% HIV-infected women). Mean
age at enrollment was 51.5 (SD 7.7) years in HIV-uninfected and 51.2
(6.6) in HIV-infected participants. The HIV-infected participants had
taken ART for a median 10 years (IQR 9, 10). (Table 1) HIV-infected
participants had higher median (IQR) levels of markers of inflamma-
tion and immune activation except IL-6 (Table 2).

Median follow-up time was 3.1 years (IQR 2.1, 3.2) for the HIV-
infected participants and 2.3 years (2.0, 3.1) for HIV-uninfected par-
ticipants (P = 0.06). Of note, 8 died and 18 were lost to follow-up
(LTFU) over the 4 years of follow-up. We found participants with
diagnosed hypertension constituted: 8.4% (26/309) at enroll-
ment, 9.7% (30/308) in year 2, 11.3% (31/274) in year 3, and 11.4%
(20/175) in year 4. Those with hypertension were more likely to be
older (mean age 51 vs 54 years, P = 0.025), overweight/obese (23%
vs 54%, P = 0.002), and had lower mean estimated glomerular filtra-
tion rate (eGFR; 112 vs 103, P = 0.001; Table 3).

3.1 | Predictors of absolute changes in mean
blood pressure

In multivariable models assessing predictors of absolute changes in
mean blood pressures (with HIV status and year product terms), we
found each year increase in age and each 1 g/dL increase in serum al-
bumin were associated with higher SBP whereas being a woman and
current smoking compared to never smoking predicted decreases in
mean systolic blood pressure (Table 4).

Aside from HIV serostatus, the following variables were also
predictive of higher SBP in multivariable models: age (each year)
(0.3 mm Hg, 95%Cl 0.1, 0.5) and serum albumin each 1 g/dL)
[5.3 mm Hg (95%Cl 2.3, 8.4)] (Table 5, Model 4). In similar models

TABLE 2 Comparison of inflammatory markers at baseline categorized by sex and HIV serostatus, UGANDAC study 2019

HIV-Uninfected HIV-Infected

Inflammatory Total Cohort men men

marker n =309 n=77 n=81

hs-CRP (ug/mL), 0.9(04,24) 0.3(0.2,0.8) 0.9(0.5,2.6)
median (IQR)

IL-6 (pg/mL), 0.4(0.3,0.6) 0.40(0.3,0.5) 0.39(0.3,0.6)
median (IQR)

sCD14 (pg/mL), 1320(1074,1640)  1140(976, 1356) 1361 (1112, 1649)
median (IQR)

sCD163 (pg/mL), 486(374,647) 493 (358, 665) 443 (328, 575)
median (IQR)

P-value*
HIV-Uninfected HIV-Infected Comparing
women women P- all
P-value n=77 n=74 value subgroups
<0.001 1.1(0.5,25) 1.7(0.9,39) 0.002 <0.001
0.740 0.5(0.3,0.7) 0.4(0.3,0.7) 0.620 0.320
0.005 1214 (1006, 1405)  1576(1335,1837) <0001  <0.001
0.05 487 (362, 621) 518 (374, 647) 0.940 0.110

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IQR, interquartile range; sCD14, soluble CD 14; sCD163, soluble CD 163.
*p-values in the final column reflect Kruskal-Wallis non-parametric testing to assess equivalence across the four sex and serostatus subgroups.
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stratified by gender, increased serum albumin remained a predictor
of increased SBP and DBP in both genders (Table 6).

3.2 | Longitudinal changes in blood pressure

During the first year of follow-up, HIV-uninfected experienced a
7 mm Hg decrease in SBP (from 121 to 114 mm Hg) compared to no
SBP change in HIV-infected persons (P < 0.0001), after controlling
for age, gender, smoking, and physical activity. Though not statisti-
cally significant, SBP rose in the period between year 2 and year 4 in
both HIV-infected and HIV-uninfected beyond the baseline (year 1)
levels of HIV-infected but not that of the HIV-uninfected. A similar
trend was observed for diastolic blood pressure (Figure 2).

Overall HIV-uninfected participants had higher BPs than HIV-
uninfected counterparts. On average, for each additional year of
follow-up, among HIV-uninfected both SBP and DBP decreased by
1.7 mm Hg/y (95%Cl 0.7, 2.7) and 0.6 mm Hg/y (95%Cl 0.1, 1.3),
respectively, whereas among HIV-infected SBP increased by 1.1
(95%Cl10.1,2.0) and 1.4 mm Hg (95%Cl 0.8, 2.0) for DBP. We found a
significant difference in the overall rate of change over time between
groups for DBP (P < 0.0001) but not SBP (P = 0.1638; Figure 2).

3.3 | Mediation analyses

In models exploring the potential mediating pathways, we found that
BMI mediated the largest proportion of the association between HIV
and BP (Figure 3). The mediated effect of BMI (per kg/m2) on the as-
sociation between HIV and blood pressure was 72% (95% Cl| 57%,
97%) for SBP and 69% (95% ClI 56%, 88%) for DBP (Figure 3, Table 7).
In contrast, we found little evidence of a mediating effect of biomark-
ers of inflammation and immune activation on differences in BP be-
tween people with and without HIV in rural Uganda (Figure 3). Of the
four biomarkers tested, only sCD14 was a significant mediator for SBP
(9%, 95% Cl 5%, 21%) and DBP (3%, 95%Cl 2%, 5%). In the sensitivity
analyses, only the putative mediation by BMI was robust.

4 | DISCUSSION

In this longitudinal cohort of HIV-infected and population-based con-
trols, we found evidence that people living with HIV taking ART in rural
Uganda consistently have lower blood pressures compared to HIV-un-
infected counterparts over 4 years of follow-up. Both groups experi-
enced a decline in BP in the first year of follow-up, presumably due
to referral into hypertension care, and then experiences increase over
time during the next 2-4 years of observation. The rise in BP among
people with HIV appeared to be largely mediated by increased BMI, but
we found little evidence that biomarkers of inflammation or immune
activation, despite remaining elevated among people with HIV on ART,
result in significant differences in BP by HIV serostatus in Uganda.
Contrary to results from high-income countries, reports from
sub-Saharan Africa tend to demonstrate higher BP in HIV-un-

infected compared with HIV-infected individuals.”*?2>2% This

TABLE 3 Comparison of baseline characteristics of
normotensive and hypertensive participants, UGANDAC study
2019

Normotensive Hypertensive

Characteristic n =283 n=26 P-value
Age, mean (SD) 51(6.9) 54 (9.1) 0.025
Women, n (%) 137 (48.4) 14 (53.9) 0.684
Smoking, n (%)
Never 147 (51.9) 16 (61.5) 0.078
Former 95 (14.5) 0(0)
Current 41 (33.6) 10 (38.5)
METS h/wk, n (%)?
Low-intensity 14 (4.9) 2(7.7) 0.770
activity (activ-
ity with MET
value of <3
Moderate activ- 10 (3.5) 0(0)
ity (activity
with MET
value of 3 to
<6)
Vigorous activ- 249 (88.0) 24 (92.3)
ity (activity
with MET
value of 26)
Body mass index category, n (%)
Underweight 40 (14.1) 0(0) 0.002
(<18.5)
Normal (18.5 to 177 (62.5) 12 (46.1)
<25)
Overweight/ 66(23.3) 14 (53.9)
Obese (25 to
<30)
Systolic blood 114.52 (16.2) 143.8 (24.4) <0.0001
pressure, mean
(sD)"
Diastolic blood 72.7 (10.8) 88.4 (13.9) <0.0001
pressure, mean
(SD)"
HIV-infected 141 (49.8) 14 (53.9) 0.838
Diabetes mellitus 16 (5.7) 2(7.7) 0.459
(HbA1c >7% or
on treatment)
Glomerular filtra- 112.57 (14.0) 103.1 (19.1) 0.001

tion rate (eGFR),
mean (SD)*

Abbreviation: METS, metabolic equivalent. *Average of second and
third same sitting left and right arm blood pressure measurements:
#eGFR; Estimated glomerular filtration rate estimated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation for
black race stratified by gender (mL/min/1.73 m?)

210 participants were missing physical activity assessment.

difference could be because people with HIV in high-income coun-
tries tend to be older with prevalent cardiovascular comorbidi-
ties?” or because of a disparity in access to care that may provide
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TABLE 4 Adjusted mixed-effects regression models for absolute changes in mean systolic blood pressures, UGANDAC study 2019

Model 1 Model 2
Coeff (95% Cl) Coeff (95% Cl)
Model parameters
AIC (df) 7581.9 (16) 7572.2 (18)
BIC 7659.8 7659.8

B, coefficient

Characteristic

106.6 (96.1,117.1)"

108.3(97.8,118.8) "

Age (y) 0.2(0.1,0.4) 0.3(0.1,0.5)"
Men Ref Ref
Women -3.1(-6.1,-0.2) -4.4(-7.41,-1.3)"
HIV serostatus and year
HIV-uninfected year O Ref Ref
HIV-uninfected year 1 -5.7(-8.0,-3.5)" -5.8(-8.1,-3.6)""
HIV-uninfected year 2 -5.5(-8.0,-2.9)" -5.6(-8.1,-3.1)"
HIV-uninfected year 3 -4.1(-7.4,-0.8) -4.6(-79,-1.3)"
HIV-uninfected year 4 0.9 (-7.0, 8.7) -0.1(-8.0,7.8)

HIV-infected Year O
HIV-infected year 1
HIV-infected year 2

-6.7(-10.3,-3.1)"
-7.0(-10.6, -3.5)""
-6.7(-10.3,-3.1)"

-7.5(-11.1,-3.9)"
-7.9 (-11.4, -4.3)"
-7.5(-11.1,-3.8)"

HIV-infected year 3 -4.2 (-8.2,-0.3) -5.2(-9.2, -1.1)"

HIV-infected year 4 -1.6(-7.0, 3.8) -2.4(-7.8,3.0)
Smoking, n (%)

Never Ref

Current -5.5(-9.3,-1.7)"

Former -1.1(-3.6,1.4)

Physical activity
Low-intensity activity
Moderate activity
Vigorous activity

Serum albumin (per 1 g/
dL)

Model 3
Coeff (95% Cl)

7379.307 (20)
7476.2

108.4 (96.4,120.3)"

0.3(0.1,0.4)
Ref
-4.5(-7.5,-1.4)"

Ref
-6.0(-8.2,-3.7)"
-5.8(-8.4,-3.2)"
-4.6(-75,-1.3)"
-0.2(-8.1,7.7)
-8.0(-11.6,-4.3)"
-8.4(-12.0,-4.8) "
-7.6(-11.3,-4.0)"
-5.4(-9.4,-1.3)"
-2.5(-7.9,3.0)

Ref
-5.4(-9.2,-1.6)"
-1.0(-3.5, 1.6)

Ref
1.3(-5.7,8.3)
0.1(-5.2,5.4)

Model 4
Coeff (95% Cl)

4849.07 (17)
492418
85.13 (66.80, 103.46)

0.300 (0.09, 0.51)"
Ref
-3.79 (-7.13, -0.45)

Ref
-6.46(-9.17,-3.75)""
-5.56 (-8.94, -2.17)"

-7.82 (-11.47,-4.17)"
-7.88 (-11.50, -4.26)"
-8.68(-12.49,-4.88) "

Ref
-5.3(-9.7,-0.9)"
-1.2(-4.1, 1.6)

Ref
0.3(-7.6,8.3)
-2.2(-7.9,3.5)
5.3(2.3,84) "

Notes: Coefficient represents the difference in BP change (in mm Hg) between the category of interest and the reference category;
Low-intensity activity (activity with <3 metabolic equivalents (MET) h/wk; moderate activity (activity with 3 to <6 MET h/wk); vigorous activity

(activity with 26 METS h/wk).
Abbreviations: AIC: Akaike's information criterion; BIC: Bayesian information criterion.

*P < 0.05;
**P <0.01;
***P < 0.001.

people with HIV with better access to care than uninfected peo-
ple in SSA (whereas this disparity perhaps is not replicated, or is
even reversed, in high-income countries).z‘s'28 Alternatively, the
phenomenon of cardiovascular autonomic dysfunction in HIV in-
fection might result in lower blood pressure among HIV-infected
individuals.??3° Our study was age-matched by HIV serostatus, so
the differences we detected are unlikely to be due to increased
BP risk among older HIV-uninfected individuals. It is beyond the
scope of this study to determine whether the BP difference by
HIV serostatus detected in our study by HIV serostatus was due
to HIV-related pathophysiology or due to improved clinical care.

To test this hypothesis, we and other groups intend to assess the
impact of healthcare access for HIV-infected persons in larger
population-based cohorts.

Body mass index mediated 70% of the association between HIV
and SBP. This is similar to, though larger in magnitude, a previous
cross-sectional finding in Uganda in which BMI mediated over 25%
of the association between HIV and SBP.Y? BMI appears to be a
major contributor to the BP increase among people with HIV partly
due to better access to care and healthier lifestyles (more exercise,
cessation of smoking, and less salty/fatty diets).* Though HIV in-
fection is associated with weight loss via multifactorial mechanisms
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TABLE 5 Adjusted mixed-effects regression models for absolute changes in mean diastolic blood pressures, UGANDAC study 2019

AIC (df)
BIC
B, coefficient
Characteristic
Age (y)
Men
Women
HIV serostatus and year
HIV-uninfected Year O
HIV-uninfected Year 1
HIV-uninfected Year 2
HIV-uninfected Year 3
HIV-uninfected Year 4
HIV-infected Year O
HIV-infected Year 1
HIV-infected Year 2
HIV-infected Year 3
HIV-infected Year 4
Smoking, n (%)
Never
Current
Former
Physical activity
Low-intensity activity
Moderate activity

Vigorous activity

Serum Albumin (per 1 g/dL)

Model 1
Coeff (95% Cl)

6855.1 (16)
6920.0
75.7 (68.7,82.7)

-0.1(-0.1,0.1)
Ref
0.5(-1.4,2.4)
Ref

-4.6(-6.2,-3.0"
-3.4(-5.2,-1.7)"
-0.8(-2.9, 1.4)
0.6 (-4.6, 5.8)
-5.6(-8.0,-3.1)"
-6.4(-8.8,-4.0)"
-4.0(-6.5,-1.6)"
-2.3(-5.0,0.3)
-0.1(-3.7,3.4)

Model 2 Model 3 Model 4
Coeff (95% Cl) Coeff (95% Cl) Coeff (95% Cl)
6841.78 (18) 6663.35 (20) 4354.0 (17)
6914.8 6744.5 4423.0

77.2(70.3,84.2)"

78.7(70.8,86.7) "

66.2(54.1,78.4)"

0.1(-0.1,0.1) 0.1(-0.1,0.1) 0.1(-0.1,0.1)

Ref Ref Ref
-0.7(-2.7,1.3) -0.6(-2.6,1.3) 0.5(-1.7,2.7)

Ref Ref Ref
-47(-6.3,-3.1)"" -47(-6.3,-3.1)"" -5.6(-7.4,-3.9)"

-3.6(-5.3,-1.8)"

-3.7(-5.4,-19)"

-49(-71,-2.7)"

-1.1(-3.2,1.1) -0.9(-3.1,1.3)
0.1(-5.2,5.3) 0.3(-5.0,5.7)
-6.2(-8.6,-3.8)" -6.6(-9.1,-4.2)" -6.4(-8.8,-39)"

-71(-9.5,-4.7)"
-47(-71,-2.2)"

-74(-9.8,-5.0"
-47(-71,-2.2)"

-6.9(-9.3,-4.5)"
-5.4(-7.9,-2.9)"

-3.1(-5.7,-0.4) -3.0(-5.7,-0.4)

-0.7 (-4.3,2.8) -0.8(-4.4,2.8)

Ref Ref Ref

-4.8(-7.3,-2.2)" -4.6(-7.2,-2.1)" -4.2(-7.1,-1.3)"

-1.9 (-3.6,-0.2)" -2.0(-3.7,-0.3)’ -2.0(-3.9,-0.1)"
Ref Ref
0.1(-4.8,4.8) -0.7 (-4.0, 4.6)
-1.5(-5.2,2.1) -2.7(-6.5,1.1)

2.9(0.9,4.9)"

Note: Coefficient represents the difference in BP change (in mm Hg) between the category of interest and the reference category; low-intensity ac-
tivity (activity with <3 metabolic equivalents (MET) h/wk; moderate activity (activity with 3 to <6 MET hours/week); vigorous activity (activity with

26 METS h/wk).
Legend:

Abbreviations: AIC: Akaike's information criterion; BIC: Bayesian information criterion.

*P < 0.05;
**P <0.01;
***p < 0.001.

as well as subclinical ath-

including socioeconomic status, access to care, cultural practices,
psychological factors, HIV virus, and ART,®! stabilization on ART3?
leads to weight gain termed “trend toward normal weight.” Though
beneficial to health recovery and return to pre-HIV workforce pro-
ductivity,33 this represents a trend toward overweight and obesity18
and later blood pressure increase.'?

In contrast, we found relatively little evidence that chronic inflam-
mation or immune activation is important contributor to BP increase.
Of the markers of immune activation, we found soluble CD (cluster
of differentiation) 14 mediated about a tenth of the effect of HIV
on blood pressure, while the others had negligible mediated effects.

These findings are similar to prior work that showed increased sCD14

levels predicted elevated blood pressure
erosclerosis in infected and uninfected individuals.®® In contrast, our
previous retrospective cohort of participants with advanced HIV dis-
ease at ART initiation lower sCD14 was associated with elevated blood
pressure.37 The relationship between sCD14 and blood pressure may
be important for two reasons. First, this macrophage activation path-
way may provide targets for interventions to prevent hypertension.
Second, elevated blood pressure may be a modifiable mediator in the
relationship between higher sCD14 levels and cardiovascular events.
Long-term data with outcomes remain a missing link in this field and
will be needed to corroborate the relationship between sCD14, hy-
pertension, and ultimate impacts on morbidity and mortality.



TABLE 6 Adjusted mixed-effects regression models for between-group difference in absolute changes in mean blood pressures between HIV-infected and HIV-uninfected participants
stratified by gender, UGANDAC study 2019

Characteristic

Age (y)
HIV-infected

HIV-uninfected
HIV serostatus and year
HIV-uninfected year O

HIV-uninfected
year 1

HIV-uninfected
year 2

HIV-uninfected
year 3

HIV-uninfected
year 4

HIV-infected year O
HIV-infected year 1
HIV-infected year 2
HIV-infected year 3
HIV-infected year 4

Smoking, n (%)

Never

Current

Former

Physical activity
Low-intensity activity
Moderate activity
Vigorous activity

Serum albumin (per 1 g/
dL)

Women

Men

Mean systolic blood pressure (mm Hg)

Mean diastolic blood pressure (mm Hg)

Mean systolic blood pressure (mm Hg)

Mean diastolic blood pressure (mm Hg)

Model 1
Coeff (95% Cl)

0.2(-0.1,0.5)

-8.8(-14.3,
-3.2)**

Ref

Ref

-7.1(-10.3,
_3_8)***

-9.1(-11.0,
_5'2)***

-7.3(-12.6,
-2.1)**

-1.5(-15.2,12.2)

Ref
-1.4(-4.5,1.7)
0.1(-3.6,3.8)
3.4(-1.4,8.2)
4.7 (-2.8,12.1)

Ref
-2.1(-9.7,5.4)

2.0(-1.4,5.4)

Ref
-3.0(-13.2,7.2)
-4.4(-11.9,3.1)

Model 2
Coeff (95% Cl)

0.4 (0.04,0.7)*
-8.4 (-14.0, -2.8)**

Ref

Ref

-6.7 (-10.7,
_2‘7)***

-8.5(-14.1, -2.9)**

Ref
-1.2(-4.4,1.9)
-2.2(-6.1,1.8)

Ref
3.3(-6.6,13.2)

0.9 (-3.2,4.9)

Ref
-2.0(-13.7,9.6)
-4.6(-12.3, 3.0)
4.4(0.1,8.8)*

Model 1
Coeff (95% Cl)

0.1(-0.2,0.2)
-7.0 (-10.5, -3.6)***

Ref

Ref
-6.1(-8.4,-3.8)***

-5.6(-8.2, -3.0)***

-2.0(-5.5,1.4)
2.0(-7.4,11.3)
Ref
-2.0(-4.2,0.2)
0.9 (-1.5, 3.4)
2.9(-0.2,6.1)
3.9 (-1.0, 8.8)
Ref
-6.0(-11.2, -0.8)*
-0.9(-3.2,1.4)
Ref
-2.3(-9.4,4.8)

-5.1(-10.3,0.1)*

Model 2
Coeff (95% Cl)

0.1(-0.2,0.3)

-6.6(-10.0, -3.1)***

Ref

Ref
-6.0(-8.7, -3.3)***

-5.8(-9.6, -2.1)**

Ref
-2.2(-4.3,0.1)
-0.2(-2.8,2.5)

Ref
-5.3(-11.7,1.2)

-1.5(-4.1,1.1)

Ref
-3.8(-11.6,4.0)
-4.7 (-9.9,0.4)
3.5(0.6, 6.4)*

Model 1
Coeff (95% Cl)

0.2(-0.1,0.5)
-7.4(-12.2, -2.6)**

Ref

Ref
-4.9 (-6.0, -1.7)**

-3.5(-7.0,0.1)*

-2.7 (-7.0, 1.6)

2.9(-6.5,12.3)

Ref
0.5(-2.7,3.8)
0.4(-3.0, 3.8)
2.0(-2.2,6.1)
7.9 (1.2, 14.5)*

Ref

-8.1(-12.7,
_3.5)***

-3.7(-7.5,-0.1)*

Ref
6.5(-2.4,15.5)
5.0(-1.9,11.9)

Model 2
Coeff (95% Cl)

0.2(-0.1,0.5)

-7.4(-12.2,
-2.6)**

Ref

Ref

-6.1(-9.8,
_2‘5)***

-3.6(-6.0,0.7)

Ref
1.1(-2.3,4.5)
0.1(-2.0,4.1)

Ref

-8.3(-13.3,
_3.3)***

-3.5(-7.5,0.5)

Ref

3.9 (-6.8, 14.6)
1.5(-6.7,9.7)
6.1(1.9,10.3)**

Model 1
Coeff (95% Cl)

-0.1(-0.2,0.2)

-6.1(-9.6,
_2.7)***

Ref

Ref
-3.7 (-5.9, -1.4)***

-2.2(-4.6,0.2)

0.2(-2.8, 3.1)

-0.1(-6.5, 6.4)

Ref
0.5(-1.8,2.8)
2.8(0.4,5.2)
4.1(1.3,7.0**
8.2(3.6,12.7)***

Ref

-5.02(-8.2,
_1.8)**

-3.37(-5.9,-0.8)

Ref
3.5(-2.9,9.9)
2.4(-2.6,7.3)

Model 2
Coeff (95% Cl)

-0.1(-0.2,0.2)

-5.9 (-9.4,
DA

-5.2(-7.7, -1.0)***

-4.2(-5.0, -1.4)**

1.0(-1.2,3.2)
2.1(-0.5,4.7)

Ref
-4.12 (-7.7,-0.5)*

-2.72(-5.5,0.1)

Ref
3.7(-3.5,10.9)
0.7 (-4.7,6.3)
2.7(-0.1,5.5)

Note: The coefficient represents the difference in BP change per year between the category of interest and the reference category. Physical activity: low-intensity activity (activity with <3 metabolic
equivalents [MET] h/wk; moderate activity (activity with 3 to <6 MET h/wk); vigorous activity (activity with 26 METS h/wk).
*P < 0.05; **P < 0.01; ***P < 0.001
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FIGURE 2 Adjusted changes in mean
blood pressures (panel A-trends of mean
systolic blood pressure by HIV serostatus,
panel B—trends of mean diastolic blood
pressure by HIV serostatus, UGANDAC
study 2019)
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FIGURE 3 Mediated effects by
markers on association of HIV with blood
pressure, UGANDAC study 2019
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Total effect Natural direct effect

Mediators Coeff (95% Cl) Coeff (95% CI)
Systolic blood pressure
Body mass index (BMI)  -20.2 (-25.5, -5.7(-8.8,-2.7)
(per kg/mz) -14.9)
Chronic inflammation
hs C-reactive protein -6.2 (-9.7,-2.6) -6.1(-9.6,-2.2)
(per pg/mL)
Interleukin-6 (per pg/ -5.7(-9.2,-2.3) -5.7(-9.2,-2.3)
mL)
Immune activation
sCD14 (per pg/mL) -5.6(-9.3,2.3) -5.1(-8.9, -1.5)
sCD163 (per pg/mL) -5.7(-9.3,-2.3) -5.8(-9.5,-2.3)
Multipulative effects
hs C-reactive protein, -4.9(-8.4,-1.3) -5.6(-9.1,-2.0)
interleukin-6
sCD14,sCD163 0.2(-11.3,124) -5.4(-9.1,-2.0)
Diastolic blood pressure
Body mass index (BMI) -15.2 (-18.6, -4.8(-6.8,-2.8)
(per kg/m?) -11.9)
Chronic inflammation
hs C-reactive protein -5.6(-7.9,-3.1) -5.9(-8.1,-3.3)
(per pg/mL)
Interleukin-6 (per pg/ -5.4(-7.7,-3.1) -5.4(-7.7,-3.1)
mL)
Immune activation
sCD14 (per pg/mL) -5.3(-7.8,-3.0) -5.2(-7.7,-2.7)
sCD163 (per pg/mL) -5.4(-7.9,-3.1) -5.4(-7.9,-3.1)
Multipulative effects
hs C-reactive protein, -49 (-7.3,-2.4) -5.4(-7.7,-2.9)
interleukin-6
sCD14,sCD163 -5.6(-13.3, 2.5) -5.4(-7.9,-3.1)

TABLE 7 Total, direct, and mediated
effects of BMI, biomarkers on the
association between HIV and BP,
UGANDAC study 2019

Total effect medi-
ated
Coeff (95% Cl)

0.7 (0.6, 1.0)

0.1(0.1,0.1)

0.1(0.1,0.1)

0.1(0.1,0.2)
-0.1(-0.1,-0.1)

-0.1(-0.5,-00.1)

0.4 (-18.5,21.8)

0.7 (0.6,0.9)

-0.1(-0.1,-0.1)

-0.1(-0.2,-0.1)

0.1(0.1,0.1)
0.1(0.1,0.1)

-0.1(-0.19,-0.1)

0.1(-0.3,0.4)

Note: Chronic inflammation (high-sensitivity C-reactive protein and interleukin-6) (sCD14 and

sCD163).

Notably, we found that higher serum albumin predicts increases
in BP among both HIV-infected and HIV-uninfected adults. It is
known that albumin triggers the tubular rennin-angiotensin system
(RAAS) and thus can theoretically lead to elevation of blood pressure.
The mechanism of action is believed to be through production of in-
tracellular reactive oxygen species by a protein kinase C-induced ac-
tivation of nicotinamide adenine dinucleotide phosphate (NADPH),
which in turn activates nuclear factor-[kappa]B (NF-[kappa]B) and
protein-1 (AP-1).%8 Moreover, heightened angiotensin Il may further
activate NF-[kappa]B and, thus, induce a spiral of renal injury and
higher BP.®’ Future work should explore the predictive value of al-
bumin to detect hypertension risk and/or whether these pathways
might over therapeutic targets for elevated BP.

We cannot explain the inverse relationship we found between
diastolic blood pressure and smoking observed in our study.

Although smoking data were collected and analyzed as a categorical

explanatory covariate (never/former/current smoker), the nicotine/
cotinine concentrations might be more sensitive measures for life-
time smoking, to be explored in future studies.

Our study has some distinct strengths: We used data from a longi-
tudinal cohort study including rich clinical and biomarker data, which
enabled us to take advantage of the longitudinal design to evaluate the
relationship between HIV and blood pressure changes over 4 years.
On the other hand, some limitations must be acknowledged, the un-
measured confounding and measurement error of our proposed me-
diators could potentially offer biased estimates for direct and indirect
mediated effects. We minimized it by using instruments capable of
more precise measurements and obtaining repeated measurements
from an individual to better estimate the true values.

In conclusion, older people living with HIV on ART have lower
blood pressure then age- and sex-matched HIV-uninfected coun-

terparts over four years of follow-up. Despite the higher levels
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of inflammation in HIV-infected people, we found little mediated
effects of inflammatory markers on the association between HIV
and BP. In contrast, BMI significantly mediated the effects of HIV
on blood pressure. Thus, interventions focused on body weight
may be strategic targets for blood pressure control in Uganda and
in the clinical prediction of hypertension in HIV-infected patients
on ART.
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