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Background-—People living with HIV (PLWH) are at increased risk of cardiovascular disease, including hypertension, which persists
despite effective plasma viral suppression on antiretroviral therapy. HIV infection is characterized by long-term alterations in
immune function, but the contribution of immune factors to hypertension in PLWH is not fully understood. Prior studies have found
that both innate and adaptive immune cell activation contributes to hypertension.

Methods and Results-—We hypothesized that chronic inflammation may contribute to hypertension in PLWH. To test this
hypothesis, we enrolled a cohort of 70 PLWH (44% hypertensive) on a long-term single antiretroviral therapy regimen for broad
phenotyping of inflammation biomarkers. We found that hypertensive PLWH had higher levels of inflammatory cytokines, including
tumor necrosis factor-a receptor 1, interleukin-6, interleukin-17, interleukin-5, intercellular adhesion molecule 1 and macrophage
inflammatory protein-1a. After adjustment for age, sex, and fat mass index, the circulating eosinophils remained significantly
associated with hypertension. On the basis of these results, we assessed the relationship of eosinophils and hypertension in 2
cohorts of 50 and 81 039 similar HIV-negative people; although eosinophil count was associated with prevalent hypertension, this
relationship was abrogated by body mass index.

Conclusions-—These findings may represent a unique linkage between immune status and cardiovascular physiological
characteristics in HIV infection, which should be evaluated further. ( J Am Heart Assoc. 2020;9:e011450. DOI: 10.1161/JAHA.
118.011450.)
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W ith the introduction of effective antiretroviral therapy
(ART), people living with HIV (PLWH) can now survive

decades, but this success is tempered by an increasing
burden of cardiovascular disease in this population.1–4 One
contributor to the excess cardiovascular mortality in PLWH
may be the increased prevalence of hypertension compared
with the general population, which persists despite suppres-
sion of plasma viremia with ART.5 Recent evidence suggests
that HIV may contribute to hypertension through direct viral
effects on the lining of vessels, and indirectly through eliciting

an inflammatory cascade that contributes to the genesis and
propagation of hypertension and atherosclerosis.6

Over the past 50 years, research in several laboratories,
including our own, has demonstrated that both the innate and
adaptive immune systems contribute to hypertension. T cells
infiltrate the kidneys and perivascular space in response to
hypertensive stimuli and release inflammatory cytokines that
promote renal and vascular dysfunction, leading to elevated
blood pressure and end organ damage.7 However, the
mechanisms of inflammation contributing to hypertension
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are not well explored in PLWH. In this study, we used a well-
characterized cohort of PLWH on long-term ART to investigate
the relationship between immune cell subtypes, soluble
biomarkers of inflammation, and prevalent hypertension. We
also compared our findings in hypertension in HIV-negative
participants with or without hypertension.

Methods

Availability of Data and Material
The data sets used and/or analyzed during the current study
will be made available on request from the corresponding
author.

Human Study Population
We used the Adiposity and Immune Activation Cohort of 70
PLWH recruited at the Vanderbilt Comprehensive Care Clinic
from 2013 to 2014, who have been previously described.8–
12 All subjects were on efavirenz, tenofovir, and emtric-
itabine (ie, the combination pill Atripla) for at least the
6 months before enrollment, and had been on ART with
persistent HIV-1 RNA measurements <50 copies/mL for at
least the previous 2 years. All participants were nondiabetic,
with no history of acute coronary events, stroke, known
rheumatologic or inflammatory conditions (aside from HIV),
or concomitant comorbidities that might modify eosinophil
counts (allergic rhinitis, asthma, dermatoses, and parasitic

disease). Use of antihypertensive medication at the time of
the study visit and/or >2 sequential outpatient systolic
blood pressure measurements >140 mm Hg preceding the
visit were used to classify hypertension status. A cohort of
50 HIV-negative people, also from Vanderbilt University
Medical Center, served as controls. Data on this cohort were
obtained by review of medical records of volunteers who
provided consent for participation in research conducted at
the Division of Clinical Pharmacology. Data in normotensive
and hypertensive HIV-negative subjects with available differ-
ential counts of white blood cells were collected, eliminating
participants with comorbidities known to modify eosinophil
counts, such as allergic rhinitis, asthma, dermatoses, and
parasitic disease. Each subject could have ≥1 eosinophil
count over time (mean, 3.9�0.4; median, 3). If counts were
>1, values were averaged. As an additional HIV-negative
control cohort, individuals of interest were sought in the
Synthetic Derivative, a Vanderbilt University Medical Center
database of ~2.59106 deidentified electronic medical
records. The search strategy consisted of identifying
subjects without HIV/AIDS and dividing them by the
presence versus absence of essential hypertension diagnos-
tic codes. Only subjects containing ≥1 data point on
eosinophil counts and body mass indexes (BMIs) were used.
Exclusion criteria were all diseases known to produce
eosinophilia, including but not limited to respiratory and
cutaneous allergic disorders, hematologic malignancies,
some infections, collagen vascular disorders, and ages <30
years and >60 years. For subjects with >1 measurement of
eosinophils or BMI, all values were averaged. All participants
provided written informed consent, and the study was
approved by the Vanderbilt Institutional Review Board.

Inflammatory Biomarker Assessment
Venous blood was drawn in the morning between 8 and 11 AM

and after a minimum 8-hour fast. Samples were collected in an
EDTA-containing vacutainer and centrifuged for 10 minutes at
4°C, and the plasma was removed and immediately frozen at
�80°C. Plasma levels of soluble cluster of differentiation (sCD)
14 and sCD163, 2 surface markers released into circulation by
activated macrophages, were measured using ELISA (R&D
Systems, Minneapolis, MN). Other plasma cytokines and
immune biomarkers, including interleukins, MCP1 (monocyte
chemoattractant protein-1), MIP-1a/b (macrophage inflamma-
tory protein-1 a and b), tumor necrosis factor-a (TNF-a), and
soluble TNF-a receptors 1 and 2 (sTNFR1 and sTNFR2,
respectively), as well as vascular cell adhesion molecule-1
and intercellular adhesionmolecule-1 (ICAM-1), weremeasured
in duplicate using a standard multiple immunoassay panel
(MesoScale, Rockville, MD).

Clinical Perspective

What Is New?

• Hypertensive people living with HIV (PLWH) on antiretroviral
therapy with long-term viral suppression exhibit higher
levels of circulating eosinophils and the eosinophil matura-
tion marker interleukin-5 compared with normotensive
PLWH.

• There may be a novel pathway linking eosinophils and
hypertension in PLWH, and further studies are warranted to
validate and explore this finding.

What Are the Clinical Implications?

• PLWH are at increased risk of cardiovascular disease
compared with HIV-negative people, and the management
of hypertension is essential to reducing disease burden in
this population.

• Targeting inflammation, especially eosinophils and their
maturation, may provide therapeutic benefit in treating and/
or preventing hypertension in PLWH.
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Flow Cytometry
Peripheral blood mononuclear cells were obtained from
fasting whole blood samples, as previously described.10 Flow
cytometry was performed using the Fortessa (Becton Dickson
Biosciences) flow cytometer to measure activated, senescent,
exhausted, and memory T-cell subsets using previously
described fluorochrome panels.8

Eosinophil Counts
Eosinophil counts and percentages were obtained in nor-
motensive and hypertensive participants with and without HIV
from automated differential cell counts performed in the
Vanderbilt University Medical Center Clinical Laboratory.

Assessment of Body Composition
A full-body Dual-energy X-ray absorptiometry (GE Lunar
Prodigy; GE Healthcare, Little Chalfont, UK) measured total
body fat mass to calculate fat mass index (FMI; total fat in
kilograms divided by height in meters, squared). FMI is a variant
of BMI that accounts for individual variability in the ratio of fat/
lean mass.13 The assessment of FMI is shown in Table S1.

Statistical Analyses
We assessed the normality of data using kurtosis and skewness
values as well as graphing using Q-Q plots. Medians and
interquartile ranges were calculated for continuous variables,
and percentages were calculated for categorical variables.
Demographics, clinical characteristics, and the outcome vari-
ables were compared between hypertensive and normotensive
people usingMann-WhitneyU test orv2 test, as appropriate.We
conducted statistical analysis in R software (http://www.r-
project.com). Logistic regression was performed to analyze the
association between hypertension and inflammation markers,
with adjustment of age, sex, and FMI/BMI for the HIV-positive
participants and age, sex, and BMI for the HIV-negative
participants. Log2 transformation was performed on variables
with highly skewed data distribution. Multiple imputation was
performed to impute missing data with Hmisc package in R
(cran.r-project.org/package=Hmisc). No adjustments were
made for multiple comparisons for this exploratory study,
although results and the potential for false discovery were
interpreted in the context of known biological pathways.14

P=0.05 was used to infer statistical significance.

Results
Clinical characteristics of the HIV-positive study cohort are
shown in Table 1. In unadjusted comparisons, we observed no

significant differences among CD4+ and CD8+ na€ıve and
memory T-cell subtypes between hypertensive and normoten-
sive individuals. We also found no significant differences among
CD4+ and CD8+ T cells expressing CD57 and Programmed cell
death protein 1. However, we found that hypertension was
associated with lower CD4+ T cells expressing the CD38
activation marker, but not CD8+ CD38+ T cells, and there were
no significant differences in dual-expressing CD38+ and Human
Leukocyte Antigen – DR isotype+ cells (Figure S1). The gating
strategy to identify T-cell subpopulations is shown in Figure S2.

Increased Macrophage Activation in PLWH Is
Associated With Prevalent Hypertension
We have previously shown that cells of the innate immune
system, including monocyte-derived dendritic cells, are acti-
vated during experimental and human hypertension.15,16 We
observed no significant difference in sCD14 in normotensive
compared with hypertensive participants with HIV (Figure 1A).
However, we found that hypertension was associated with a
marked increase in macrophage activation markers and
chemokines, including sCD163 (Figure 1B) and MIP-1a (Fig-
ure 1C). In addition, we found that hypertensionwas associated
with a significant increase in MCP1 (Figure 1D) and both
vascular cell adhesion molecule-1 (Figure 1E) and ICAM-1
(Figure 1F). These results suggest that increased macrophage
activation and expression of vascular adhesion molecules are a
feature of inflammation and hypertension among PLWH on ART.

Cytokines Associated With Hypertension in PLWH
Previous studies have found that inflammatory cytokines,
including interleukin-17, contribute to the development of
hypertension.17–19 We sought to determine if hypertension in
PLWH is associated with increased cytokine production. We
found that hypertensive PLWHhave significantly higher levels of
interleukin-17 (Figure 2A).Wealso found that hypertensionwas
associated with increased circulating interleukin-6 (Figure 2B).
In addition, we observed lower levels of the anti-inflammatory
cytokine interleukin-10 in hypertensive participants, but this did
not reach statistical significance (Figure 2C). There was no
significant difference in plasma TNF-a or sTNFR2, but we found
a significant elevation of sTNFR1 (Figure 2D through 2F). Thus,
hypertension in PLWH is associated with higher circulating
levels of interleukin-17, interleukin-6, and sTNFR1.

Elevated Eosinophils Were Associated With
Increased Hypertension in Virally Suppressed
PLWH
Prior studies have indicated that eosinophils play a role in
several immune-mediated diseases.20 As shown in Figure 3A,
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we found that among PLWH, participants with hypertension
had a significantly higher percentage of eosinophils when
compared with the normotensive participants. The absolute
numbers of eosinophils were also similarly elevated in
hypertensive PLWH when compared with normotensive par-
ticipants (Figure 3B). The positive correlation between
eosinophils and hypertension in virally suppressed PLWH
remained significant after adjusting for age, sex, and FMI in a
multivariate analysis (Table 2). We repeated a similar analysis
using BMI instead of FMI, and eosinophils remained signifi-
cantly associated with hypertension in PLWH (Table S2).
Notably, we found that the eosinophil maturation and
differentiation factor interleukin-5 was also associated with
hypertension in virally suppressed HIV+ people in a univariate

analysis (Figure 3C). This association was robust but did not
reach statistical significance in the adjusted model (Table 2).
The finding of both elevated circulating eosinophils and
increased plasma levels of a key maturation factor strongly
suggests that expansion of the eosinophil population may be
a feature of hypertension in HIV. Given the small sample size,
we performed goodness-of-fit analysis using the P values and
the Nagelkerke R2 as well as the C-index analysis. Both these
tests indicated goodness of fit (Tables S3 and S4).

To determine whether hypertension is also associated with
elevated eosinophil counts in HIV-negative individuals, we
recruited an additional cohort of 50 HIV-negative participants,
including 25 normotensive and 25 hypertensive participants.
Characteristics of these participants are shown in Table S5.

Table 1. HIV-Positive Participant Characteristics

Variables Total Participants (n=70) Normotensive (n=39) Hypertensive (n=31) P Value

Age, median (IQR), y 42 (35–47) 43 (35–47) 49 (43–52) 0.002*

Women, n (%) 30 (43) 16 (41) 14 (45) 0.810

Duration on treatment, median (IQR), y 6.2 (4.3–10.1) 6.1 (4.3–11.1) 6.4 (4.3–8.2) 0.804

BMI, median (IQR), kg/m2 32.3 (26.3–37.1) 26.5 (22.8–32.8) 33.9 (28.2–40.0) 0.001*

FMI9103, median (IQR) 12.8 (8.8–16.3) 8.8 (5.7–13.2) 13.3 (9.9–17.5) 0.003*

CD4+ count, median (IQR), cells/lL 701 (540–953) 700 (523–924) 690 (581–969) 0.554

Nadir CD4+ count, median (IQR), cells/lL 257 (140–378) 276 (183–393) 240 (100–371) 0.301

CD8+ count, median (IQR), cells/lL 752 (600–1004) 774 (630–949) 675 (585–1062) 0.582

Smokers, n (%) 25 (36) 14 (36) 11 (35) 1.000

Cigarettes per day (N=69), median (IQR) 0.0 (0.0–4.0) 0.0 (0.0–4.0) 0.0 (0.0–4.0) 0.787

Nonwhite, n (%) 38 (54) 23 (59) 15 (48) 1.000

Hepatitis C infection, n (%) 8 (11) 2 (5) 6 (19) 0.127

Fasting total cholesterol, median (IQR), mg/dL 176 (154–202) 176 (160–203) 171 (142–200) 0.460

Fasting LDL, median (IQR), mg/dL 105 (88–123) 111 (89–123) 101 (85–124) 0.435

Fasting HDL, median (IQR), mg/dL 45 (36–52) 47 (35–55) 43 (36–50) 0.619

Fasting triglycerides, median (IQR), mg/dL 101 (73–139) 98 (80–147) 102 (73–138) 0.953

Obese, n (%) 35 (50) 14 (35.9) 21 (67.7) 0.008*

Average waist circumference, median (IQR), cm 104 (88–122) 96 (82–110) 114 (101–128) 0.001*

Average mid-upper arm circumference, median (IQR), cm 33 (30–36) 31 (28–35) 35 (31–38) 0.006*

Visceral adipose tissue, median (IQR), cm 1554 (630–2219) 906 (381–2061) 1950 (1316–3014) 0.002*

Taking NSAIDS, n (%) 10 (14.3) 5 (12.8) 5 (16.1) 0.694

Taking daily aspirin, n (%) 6 (8.6) 0 (0.0) 6 (19.4) 0.006

Highly sensitive CRP, median (IQR), mg/L 2.4 (1.1–6.2) 2.1 (0.8–3.4) 3.2 (1.5–6.6) 0.05

Amyloid A, median (IQR), pg/mL 9106 1.8 (0.9–5.0) 1.4 (0.7–2.2) 4.2 (1.8–9.7) <0.001*

Leptin, median (IQR), ng/mL 17.3 (8.5–32.1) 11.5 (5.9–30.2) 23.6 (12.4–37.2) 0.02*

Adiponectin, median (IQR), pg/mL 9106 9.9 (5.9–14.6) 10.6 (6.2–18.5) 9.5 (5.4–13.8) 0.200

For quantitative variables age, duration on treatment, BMI, FMI, and CD4 and CD8 counts, we used the Wilcoxon rank sum test; and we used the v2 test for the remaining binary categorical
variables. BMI indicates body mass index; CD, cluster of differentiation; CRP, C-reactive protein; FMI, fat mass index; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-
density lipoprotein.
*P<0.05.
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The eosinophil counts were obtained by retrospective review
of the medical records for differential counts of white blood
cells. We found that eosinophil counts were elevated in
hypertensive when compared with normotensive people
without HIV (Figure 3D). However, in a multivariate analysis
after adjusting for sex, age, and BMI, eosinophil counts were
not associated with hypertension, but they were significantly
associated with increased BMI (Table S6). In addition, we
performed a regression analysis on the combined cohort
comprising both the 70 HIV-positive and the 50 HIV-negative
individuals. The clinical characteristics for the combined
group are shown in Table S7. After multivariate analysis of this
combined cohort, controlling for age, sex, and BMI, the
association between eosinophils and hypertension was robust
but did not reach statistical significance (Table S8).

In additional studies, we used the Synthetic Derivative, a
Vanderbilt University Medical Center database of ~2.59106

deidentified electronic medical records, to identify additional
HIV-negative normotensive and hypertensive participants. We
excluded participants who did not have information on
eosinophil counts, those who were diabetic, and those with
a history of acute coronary events, stroke, known rheumato-
logic or inflammatory conditions, or concomitant comorbidi-
ties that might modify eosinophil counts (allergic rhinitis,

asthma, dermatoses, and parasitic disease). Pediatric sub-
jects, who constitute a large number of the Vanderbilt
Synthetic Derivative, were also excluded. The clinical charac-
teristics for this cohort are shown in Table S9. We found that
hypertensive HIV-negative subjects had a significantly higher
eosinophil count when compared with the normotensive
subjects (Figure 3D 165.81�1.29 [n=9725 hypertensive
subjects] versus 151.97�0.49 [n=71 314 normotensive
subjects]; P<0.0001). However, like our smaller cohort of
50 HIV-negative participants, higher eosinophil count was
significantly corelated with the higher BMI in the hypertensive
participants (P<0.000001). The eosinophil count remained
significantly associated with hypertension after a multivariate
analysis (Table S10).

We performed an additional analysis combining the HIV-
positive and HIV-negative cohorts to determine the interaction
between elevated eosinophils and HIV. This analysis confirmed
that elevated eosinophils were significantly associated with
hypertension (P=0.045) in the HIV-positive cohort, but not
significant in HIV-negative cohort (P=0.41) (Table S11 and
Figure S3). The prediction results with one unit increase of
eosinophilia inHIV-positive andHIV-negative cohorts are shown
in Table S12. These results suggest that unlike in HIV-negative
participants, in whom higher BMI explains the elevated
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Figure 1. Increased macrophage activation in virally suppressed HIV+ participants on antiretroviral
therapy is associated with blood pressure elevation. Analysis of monocyte/macrophage activation in
plasma using ELISA assay in people living with HIV showing soluble cluster of differentiation (sCD) 14 (A),
sCD163 (B), MIP (macrophage inflammatory protein) (C), MCP (monocyte chemoattractant protein) (D) and
adhesion molecules, including vascular cell adhesion molecule 1 (VCAM-1) (E) and intercellular adhesion
molecule 1 (ICAM-1) (F). HTN indicates hypertensive; NT, normotensive. *P<0.05 using the Mann-Whitney U
test.
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eosinophil counts, HIV infection is accompanied by adipose
tissue dysfunction that could mimic obesity, and this may
increase eosinophil counts in HIV even without increase in BMI.

Discussion
In the current studies, we found that virally suppressed
hypertensive PLWH and on ART exhibited higher levels of
circulating eosinophils and their maturation marker inter-
leukin-5. They also had higher levels of inflammatory cytoki-
nes, including TNF-a1, interleukin-6, and interleukin-17, when
compared with normotensive controls. In addition, ICAM-1
and MIP-1a were elevated in hypertensive PLWH. After
adjustment for multiple clinical and demographic factors,
the circulating eosinophil counts remained significantly asso-
ciated with hypertension in this population. However, elevated
eosinophil counts were not significantly associated with
hypertension in HIV-negative participants after adjusting for
multiple clinical and demographic factors.

Our results are summarized in Figure 4, in which we
propose that HIV infection and/or ART is/are associated with
increased endothelial dysfunction, with increased expres-
sion of vascular cell adhesion molecule-1 and ICAM-1. This

increases the propensity of activated monocytes, with
increased production of sCD163, to diapedese into tissues
where they encounter dysfunctional adipose tissue and
convert into activated macrophages and dendritic cells. The
activated antigen-presenting cells, including macrophages and
dendritic cells, produce MCP1, which further increases
migration and infiltration of monocyte/macrophages into
tissues. They also produce chemotactic cytokine MIP-1a,
which activates eosinophils and induces release of inter-
leukin-6 and TNF-a from macrophages and dendritic cells.
These antigen-presenting cells activate T cells to produce
interleukin-17, which contributes to hypertension. They also
produce interleukin-5, which induces differentiation of
eosinophils. Thus, these findings suggest an association
between higher eosinophil levels, potentially driven by
elevated plasma interleukin-5, and hypertension in HIV-
positive but not HIV-negative people. The causal relationship
between increased interleukin-5 and eosinophils in inducing
hypertension is not known.

Although ART has significantly increased life expectancy
among PLWH, there is now increased risk for hypertension and
cardiovascular disease.5,21 In humans, observational studies
have reported a higher prevalence of hypertension in HIV-
positive people compared with the general population.5,22
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Figure 2. Increased cytokine production in virally suppressed HIV+ participants on antiretroviral therapy
is associated with hypertension. Cytokine production was analyzed in plasma using ELISA, including
interleukin (IL)-17 (A), IL-6 (B), IL-10 (C), tumor necrosis factor (TNF)-a (D), TNF-a receptor 2 (TNF-aR2) (E),
and TNF-a receptor 1 (TNF-aR1) (F). HTN indicates hypertensive; NT, normotensive. *P<0.05, **P<0.01
using the Mann-Whitney U test.
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Recent studies suggest that HIV infection and its treatment
with ART may play a role in the development of hypertension.22

One contributor may be the accumulation of central adiposity
because of effects of both primary infection and antiretroviral
agents on fat distribution. Notably, hypertensive people had
similar quantities of fat mass in the lower extremities
compared with normotensive people, but significantly higher
quantities of android and truncal fat. Together, these findings
likely represent a lipodystrophy phenotype characterized by
central lipohypertrophy without a pronounced limb lipoatro-
phy, potentially reflecting the limitation of enrollment to people
on efavirenz/tenofovir disoproxil fumarate/emtricitabin as
opposed to older thymidine analogue medications (eg,
zidovudine or stavudine). Although the accumulation of central
adiposity may contribute to inflammation, the HIV-specific
inflammatory factors predisposing to hypertension are poorly
understood. Herein, we found some similarity as well as unique
immune components associated with hypertension in PLWH
when compared with the general population.

An interesting finding of the present study is that elevated
blood pressure in PLWH was associated with low levels of

CD38 expression on CD4+ T cells, which is a transmembrane
glycoprotein indicating T-cell activation. Prior studies have
found that lower percentages and absolute numbers of
CD4+CD38+ T cells were associated with severe HIV disease
pathogenesis and immunologic deterioration in children
perinatally infected with HIV and surviving for >5 years.23

We found no significant difference in expression of CD38 on
CD8+ T cells in hypertensive versus normotensive subjects,
which has been found to be a marker of residual virus
replication in chronically HIV-infected patients receiving
Combination Antiretroviral Therapy.24 Indeed, all participant
in the current studies had been virally suppressed (viral
load<50 copies/mL limit of detection) for a minimum
12 months before the study. Further research is needed to
determine the role of CD4+ T cells expressing CD38 and how
they may interact with other immune cells in the setting of
hypertension in HIV-positive individuals.

We found that monocyte/macrophage activation was
associated with hypertension in PLWH. This was indicated
by a marked increase in the shedding of the hemoglobin-
haptoglobin scavenger receptor CD163 into the circulation as
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Figure 3. Elevated eosinophils in blood are associated with increased hypertension. Analysis of
eosinophils was performed using automated differential count of white blood cells and expressed as
percentage (A) and absolute counts (B) in people living with HIV. Interleukin (IL)-5 was analyzed using
ELISA in plasma of people living with HIV (C). Eosinophil counts in HIV-negative normotensive (NT) and
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sCD163 by the activated macrophages and monocytes. In
addition, we found increased MIP-1a and MCP in hypertensive
when compared with normotensive PLWH. Our current
findings are in keeping with increasing evidence indicating
that cells of the innate immune system, including monocytes
and macrophages, play a role in the pathogenesis of
hypertension. Previous studies have found that activated
macrophages contribute to hypertension and deletion of
monocytes markedly reduces experimental hypertension.25–27

Macrophages accumulate in the kidney and the vasculature in
experimental models of hypertension and promote hyperten-
sion.28,29 Moreover, we found that hypertension in PLWH was
associated with increased expression of adhesion molecules,
including vascular cell adhesion molecule-1 and ICAM-1,
which govern migration and infiltration of immune cells into
tissues and have been implicated in the pathogenesis of
hypertension in experimental animal models.30

A notable finding of our current study is that hypertension
in PLWH was associated with increased cytokine production
and signaling, including interleukin-6, TNF-a, and interleukin-
17. Previous studies have found that T cells and their
cytokines contribute to hypertension.31,32 Mice lacking T
cells (recombination-activating gene-1�/� mice) and mice
lacking the T-cell cytokine interleukin-17A develop blunted
hypertension.17,33 We previously found that hypertension
augments the capacity of dendritic cells to produce inter-
leukin-6 and these polarized T cells to produce interleukin-17
and TNF-a.16,34 Thus, hypertension in PLWH is associated
with some inflammatory components similar to those that

have been implicated in hypertension in the general popu-
lation.

In this cohort of virally suppressed PLWH, eosinophils were
significantly associated with hypertension, independent of
age, sex, and adiposity. Interleukin-5 and eosinophils have
been implicated in several inflammatory conditions, including
asthma, drug hypersensitivity, neoplastic disorders, and
helminths infections.35 Interleukin-5 is produced by T helper
2 cells, mast cells, cdT cells, natural killer, and natural killer T
cells and other nonhematopoietic cells.36–40 It was originally
identified as a T-cell–derived cytokine involved in antibody
production from B cells.38 Recently, interleukin-5 has been
implicated in mediating maturation and differentiation of
eosinophils in mice and humans.38 In addition, eosinophils
play a controversial role in obesity-mediated inflamma-
tion.41,42 In the LifeLines Cohort Study of >13 000 members
of the general population in Europe, higher eosinophil counts
were associated with higher triglycerides, total cholesterol,
and hemoglobin A1c, but lower high-density lipoprotein, in
addition to a higher odds of obesity and metabolic syn-
drome.43 Despite this association between eosinophils and
cardiometabolic disease, no prior studies have found any
association between eosinophils and hypertension.

Our results indicate that although eosinophil counts are
elevated in hypertensive PLWH independent of BMI, they are
dependent on BMI in HIV-negative people. Previously,
eosinophils were thought to be only associated with Th2
inflammatory disorders, including parasitic infections and
allergic reactions.44 However, recent studies have found that

Table 2. Association Between Hypertension and Inflammatory Cell Subset/Biomarkers in HIV Using Logistic Regression Adjusted
for FMI, Age, and Sex

Variable 25% Quantile 75% Quantile
Value Difference
(75%–25%) P Value

Adjusted OR (75%–25%) Adjusted OR (75%–25%, 95% CI)

P Value
OR (Difference:
75%–25%)

OR (Difference,
Lower 95%)

OR (Difference,
Upper 95%)

Interleukin-17 36.25 87 50.75 0.056 1.4 0.708 2.766 0.333

Interleukin-6 2.282 5.743 3.46 0.09 1.064 0.492 2.301 0.874

TNFaR1 9927.125 13 650.625 3723.5 0.005 1.616 0.817 3.196 0.168

MIP-1a 121.75 199.75 78 0.025 1.905 0.961 3.775 0.065

MCP1 421.75 574.5 152.75 0.094 1.458 0.7 3.036 0.313

ICAM-1 445 708 646 911.125 201 203.125 0.033 1.814 0.821 4.008 0.141

VCAM1 471 585.5 729.025 312.05 0.04 1.733 0.787 3.815 0.172

sCD163 416.975 5.743 3.46 0.09 1.064 0.492 2.301 0.874

CD4+CD3+ T cells 5.3 10.3 5.6 0.006 0.394 0.158 0.985 0.063

Interleukin-5 4.645 9.448 4.803 0.013 1.988 0.975 4.055 0.059

Eosinophils 1.1 2.7 1.6 0.007 2.797 1.106 7.078 0.03

Eosinophil % 1.787 2.659 0.872 0.009 1.735 0.804 3.746 0.043

CD indicates cluster of differentiation; FMI, fat mass index; ICAM-1, intercellular adhesion molecule 1; MCP1, monocyte chemoattractant protein 1; MIP-1a, macrophage inflammatory
protein-1a; OR, odds ratio; sCD, soluble CD; TNFaR1, tumor necrosis factor-a receptor 1; VCAM1, vascular cell adhesion molecule-1.
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eosinophils can infiltrate adipose tissue and regulate its
function.41 Wither et al found that eosinophils play a role in
obesity-related hypertension, where they regulate perivascular
adipose tissue and vascular function.45 Mice lacking eosino-
phils do not elicit an anticontractile effect resulting from
adiponectin and adipocyte-derived NO.46 This effect mimics
the obese phenotype and is restored by reconstitution of
eosinophils. The role of eosinophils in hypertension in the
setting of HIV infection is not known. Acquired lipodystrophy
occurs in 60% to 80% of patients with HIV on cART,47 and is
associated with endothelial dysfunction leading to cardiovas-
cular disease.48–51 Thus, it is likely that although elevated
eosinophil counts were independent of increased BMI in the
hypertensive PLWH, they may be associated with acquired

lipodystrophy, which creates a metabolic milieu similar to
increased BMI. Understanding how eosinophils impact car-
diovascular function and hypertension may have important
implications for the treatment of metabolic disorders associ-
ated with obesity and HIV.

Eosinophils have been found to regulate macrophage
activation in adipose tissue. Wu et al41 found that in mice,
eosinophils are major producers of interleukin-4 in white
adipose tissues and increase infiltration of alternatively
activated macrophages. Mice fed a high-fat diet develop
increased body fat, impaired glucose tolerance, and insulin
resistance in the absence of eosinophils. These studies
suggest that eosinophils play a role in metabolic homeostasis
through maintenance of adipose alternatively activated
macrophages. Indeed, we found that macrophage activation
factors, including MIP-1a, were elevated in hypertensive
PLWH. However, unlike in the HIV-negative participants, we
found that eosinophil counts are increased in HIV independent
of BMI. It is not clear what role these cells play in
hypertension associated with HIV and whether they contribute
to macrophage activation. Moreover, peripheral blood eosi-
nophilia is often observed in patients with chronic kidney
disease, those with acute kidney injury, or patients on renal
replacement therapy, and this may be associated with
bioincompatibility of the dialysis material, acute allograft
rejection, or Strongyloides hyperinfection. Further scientific
effort is required to determine if eosinophilia is associated
with kidney disease in hypertensive PLWH.52

Our results suggest an association between higher
eosinophil levels, potentially driven by elevated plasma
interleukin-5, and hypertension in PLWH. This association is
present but abrogated by BMI in HIV-negative hypertensive
people. The findings that eosinophils and their maturation
cytokine interleukin-5 are elevated in hypertensive PLWH are
interesting but only hypothesis generating and do not confirm
any new pathogenesis of hypertension. However, these 2
related findings provide a pragmatic and strong rationale to
study this pathway further in either hypertension or hyper-
tension in HIV.

There is evidence that CD8+ T cells activated in presence
of interleukin-4 can exhibit a Th2-like phenotype and produce
cytokines interleukin-4, interleukin-5, interleukin-6, and inter-
leukin-10. The role of CD8+ T cells in the context of the HIV-1
infection is not fully understood; however, it is possible that
they are responsible for production of high levels of
interleukin-5,53,54 which may drive the eosinophilia. Although
we did not observe any significant differences in CD8+ T cells
between normotensive and hypertensive PLWH, previous
studies have found that adipose tissue from PLWH is enriched
for CD8+ T cells compared with HIV-negative controls; and
similar changes seen have been observed in obesity.55,56 This
role for CD8+ T cells in interleukin-5 production does raise the

Hypertension
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IL-6Macrophages

Monocyte
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MCP1
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TNFαR1

Adipose 
dysfunc�on

Dendri�c Cell

T Cell

?

HIV and/or ART

Figure 4. Hypothesized model summarizing all the inflamma-
tory components associated with hypertension in people living
with HIV. HIV infection and/or antiretroviral therapy (ART) is/are
associated with increased endothelial dysfunction with increased
expression of vascular cell adhesion molecule-1 (VCAM-1) and
intracellular adhesion molecule 1 (ICAM-1). This increases the
propensity of activated monocytes, with increased production of
soluble cluster of differentiation (sCD) 163, to diapedese into
tissues where they encounter dysfunctional adipose tissue and
convert into activated macrophages and dendritic cells. The
activated antigen-presenting cells, including macrophages and
dendritic cells, produce MCP1 (monocyte chemoattractant pro-
tein 1), which further increases migration and infiltration of
monocyte/macrophages into tissues. They also produce chemo-
tactic cytokine MIP-1a (macrophage inflammatory protein-1a),
which activates eosinophils and induces release of interleukin (IL)-
6 and tumor necrosis factor (TNF)-a from macrophages and
dendritic cells. These antigen-presenting cells activate T cells to
produce IL-17, which contributes to hypertension. They also
produce IL-5, which induces differentiation of eosinophils. TNF-
aR1 indicates TNF-a receptor 1.

DOI: 10.1161/JAHA.118.011450 Journal of the American Heart Association 9

Inflammation and Hypertension in HIV Masenga et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



possibility that the elevated eosinophils we observed in
hypertensive PLWH may not represent a causal mechanism,
but rather be a reflection of a link between the CD8+ T-cell
antiviral immune response and cardiovascular function. In
keeping with this concept, absence of eosinophils has been
associated with worsening of cardiometabolic health and
restoration of eosinophils leads to increased vascular relax-
ation and improved glucose homeostasis.41 However, other
studies have failed to demonstrate an effect of these cells in
rescuing metabolic impairment,42 and Amini et al found that
higher eosinophil counts were associated with risk factors of
metabolic syndrome, including higher triglycerides, total
cholesterol, and hemoglobin A1c.43 Studies have found
increased levels of other cells known to be anti-inflammatory,
such as T-regulatory cells in disease. For example, T-
regulatory cells are increased in the circulation of patients
with idiopathic pulmonary arterial hypertension.57,58 Thus,
anti-inflammatory cells may become dysfunctional during
disease pathogenesis. Further research is needed to deter-
mine how the function of eosinophils may be affected during
hypertension in HIV.

In summary, we discovered a significant association
between elevated eosinophils and hypertension that might
represent a novel pathway leading to hypertension in HIV-
infected adults. Further research is needed to determine the
specific contribution of the HIV-positive status versus ART on
inflammation and how they may contribute to hypertension
and cardiovascular disease. We acknowledge that this is a
cross-sectional study in a limited cohort of 70 HIV-positive
participants and therefore cannot address causality. Although
our findings obviously warrant further validation, we believe
there is clinical utility for treatment of hypertension in or
outside the context of HIV.
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Figure S1. Increased CD4 T cell activation in people living with HIV is negatively associated with hypertension. Flow cytometry 

analysis of T cell subsets in people living with HIV showing(A)naïve and (B) memory CD4+ and CD8+T cell subtypes, (C) T cells 

expressing CD57, (D) PD1, (E) CD38and (F) the CD38 receptor in normotensives compared to hypertensives. ***p<0.001. 



Figure S2. Gating strategy to identify T cell subtypes. 



Figure S3. Analysis combining the HIV positive and negative cohorts to determine the Interaction between elevated eosinophils 

and HIV. Log odds of elevated eosinophils in HIV positive and negative cohort (p=0.045 in the HIV positive cohort and p=0.41 in 

the HIV negative cohort). 



Table S1. Fat Mass measurements between hypertensives and normotensive. 

Wilcoxon rank sum test used. FM, fat mass, FMI, fat mass index. P values less than 0.05 are shown in bold. 

HIV Positive n=69 

p value 
Normotensive n=39 

median (IQR) 
Hypertensive n=30 

median (IQR) 

Left Arm FM, kg 1.18 (0.80, 1.53) 1.56 (1.21, 2.15) 0.003 

Left Leg FM, kg 4.82 (2.90, 6.10) 4.71 (3.26, 7.05) 0.321 
Left trunk FM, kg 7.18 (3.60, 10.83) 11.62 (8.88, 15.64) <0.001 

Left total FM, kg 13.23 (7.29, 19.33) 17.85 (13.86, 25.58) 0.003 

Right arm FM, kg 1.25 (0.81, 1.60) 1.59 (1.32, 2.15) 0.002 

Right leg FM, kg 4.88 (2.96, 6.07) 5.59 (3.55, 7.64) 0.160 

Right trunk FM, kg 7.40 (3.49, 11.07) 11.76 (8.73, 15.91) 0.001 

Right total FM, kg 13.80 (7.89, 19.32) 18.31 (14.24, 25.40) 0.003 

Arms FM, kg 2.43 (1.60, 3.19) 3.13 (2.53, 4.31) 0.003 

Legs FM, kg 9.77 (5.85, 12.17) 9.88 (6.82, 14.40) 0.204 

Trunk FM, kg 14.09 (7.09, 21.84) 22.81 (17.51, 31.61) <0.001 

Android FM, kg 2.58 (1.03, 3.90) 4.14 (3.11, 6.18) 0.001 

Gynoid FM, kg 4.31 (3.10, 6.49) 5.72 (3.92,7.46) 0.056 

Total FM, kg 27.03 (15.04, 38.47) 36.04 (28.10, 51.22) 0.003 

FMI, kg/m2 8.8 (5.7, 13.2) 13.3 (9.9, 17.5) 0.003 



Table S2. Association between hypertension and inflammatory cell subset/biomarkers in HIV using logistic regression adjusted for 
body mass Index, age, and sex.  

Adjusted 
OR (75% 
to 25%) 

Adjusted OR (75% to 
25%, 95% CI) 

Variable 

25% 
Quantile 

75% Quantile Value Diff 
(75%-25%) 

Odds 
Ratio (Diff: 
75%-25%) 

OR (Diff, 
Lower 
95%) 

OR (Diff, 
Upper 
95%) 

p-value

IL-17 36.25 87 50.75 1.451 0.722 2.917 0.296 
IL-6 2.282 5.743 3.46 1.031 0.466 2.285 0.939 

TNFR1 9927.125 13650.625 3723.5 1.665 0.842 3.291 0.143 
MIP1- 121.75 199.75 78 1.99 0.991 3.998 0.053 
MCP1 421.75 574.5 152.75 1.432 0.68 3.017 0.345 

sCD163 416.975 5.743 3.46 1.78 0.777 4.076 0.173 
CD4+CD38+ T ells 5.3 10.3 5.6 0.394 0.513 1.168 0.112 

IL-5 4.645 9.448 4.803 1.975 0.955 4.082 0.066 
Eosinophils 1.1 2.7 1.6 2.623 1.024 6.716 0.044 



Table S3. Analysis of p values of Model Likelihood Ratio chi-square Test and Nagelkerke R^2 index. Most of the interesting 
variables have p<0.01 and R^2>0.3, which indicated the goodness of fit for the HIV-positive cohort. 

Logistic Regression Model 

 lrm(formula = formulaForModel, data = mergedData) 

Model Likelihood Discrimination Rank Discrim.

Ratio Test Indexes Indexes

 Obs 119 LR chi2      41.81 R2 0.395 C 0.816

  0 63 d.f.             5 g 1.784 Dxy 0.632

  1 56 Pr(> chi2) <0.0001 gr 5.956 gamma   0.633

 max |deriv| 3e-10 gp 0.323 tau-a   0.318

Brier 0.175

Coef S.E.   Wald Z Pr(>|Z|) 

 Intercept -8.2948 1.7554 -4.73  <0.0001 

 Eos 0.4176 0.2150  1.94  0.0521  

 Sex=Male 0.6987 0.4926  1.42  0.1561  

 age   0.0614 0.0236  2.59  0.0095  

 BMI  0.1628 0.0373  4.36  <0.0001 

Cohort=HIV -0.9177 0.4918 -1.87  0.0621  



Table S4. Analysis of C-index to measure goodness of fit. All variables of interest have C-index >0.75 indicating goodness of 
fit. See last column (C) of each Table. 

Formula 
Variable of 

interest 
Effect 

(One Unit) 
P 

OR 
(One 
Unit) 

OR 
(Lower 
95%) 

OR 
(Upper 
95%) 

Value 
(25% 

Quantile) 

Value (75% 
Quantile) 

Value Diff 
(75%-25%) 

Odds 
Ratio 
(Diff: 
75%-
25%) 

OR 
(Diff, 

Lower 
95%) 

OR 
(Diff, 

Upper 
95%) 

P R2 C 

lrm (HTN01~ IL5pgml 
+Sex+age+FMI)

IL5pgml 0.143 0.0588 1.154 0.995 1.338 4.645 9.448 4.803 1.988 0.975 4.055 0 0.356 0.795 

lrm (HTN01~ IL6pgml 
+Sex+age+FMI)

IL6pgml 0.018 0.8741 1.018 0.815 1.272 2.282 5.743 3.46 1.064 0.492 2.301 0.002 0.298 0.779 

lrm (HTN01 ~ TNFR1pgml 
+Sex+age+FMI)

TNFR1pgml 0 0.1681 1 1 1 9927.125 13650.625 3723.5 1.616 0.817 3.196 0.001 0.329 0.781 

lrm (HTN01 ~ 

MIP1pgml+Sex+age+FMI) 
MIP1pgml 0.008 0.0648 1.008 0.999 1.017 121.75 199.75 78 1.905 0.961 3.775 0 0.378 0.809 

lrm (HTN01 ~ MCP1pgml 
+Sex+age+FMI)

MCP1pgml 0.002 0.3134 1.002 0.998 1.007 421.75 574.5 152.75 1.458 0.7 3.036 0.001 0.314 0.768 

lrm (HTN01 ~ ICAM1pgml 
+Sex+age+FMI)

ICAM1pgml 0 0.1406 1 1 1 445708 646911.125 201203.125 1.814 0.821 4.008 0.001 0.333 0.794 

lrm (HTN01~ sCD163ngml 
+Sex+age+FMI)

sCD163ngml 0.002 0.1719 1.002 0.999 1.004 416.975 729.025 312.05 1.733 0.787 3.815 0.001 0.327 0.774 

lrm (HTN01 ~ CD4CD38 
+Sex+age+FMI)

CD4CD38 -0.134 0.0718 0.875 0.757 1.012 5.3 10.9 5.6 0.473 0.21 1.069 0.001 0.354 0.81 

lrm (HTN01 ~ Eos+Sex 
+age+FMI)

Eos_percent 0.643 0.0299 1.902 1.065 3.398 1.1 2.7 1.6 2.797 1.106 7.078 0 0.373 0.808 

lrm (HTN01 ~ IL17pgml 
+Sex + age+FMI)

IL17pgml 0.007 0.3334 1.007 0.993 1.02 36.25 87 50.75 1.4 0.708 2.766 0.001 0.313 0.773 

lrm (HTN01 ~ VCAM1pgml 
+Sex+age+FMI)

VCAM1pgml 0 0.2444 1 1 1 471585.5 650258.5 178673 1.466 0.77 2.794 0.001 0.32 0.774 

Formula 
Variable of 
interest 

Effect 
(One 
Unit) 

P 

Odds 
Ratio 
(One 
Unit) 

OR 
(Lower 
95%) 

OR 
(Upper 
95%) 

Value 
(25% 
Quantile) 

Value (75% 
Quantile) 

Value Diff 
(75%-25%) 

Odds 
Ratio 
(Diff: 
75%-
25%) 

OR 
(Diff, 
Lower 
95%) 

OR 
(Diff, 
Upper 
95%) 

P R2 C 

lrm (HTN01 ~ 
IL5pgml) 

IL5pgml 0.167 0.0128 1.182 1.036 1.348 4.645 9.448 4.803 2.23 1.186 4.194 0.007 0.131 0.638 

lrm (HTN01 ~ 
IL6pgml) 

IL6pgml 0.152 0.0904 1.164 0.976 1.388 2.282 5.743 3.46 1.692 0.92 3.11 0.074 0.06 0.656 



Formula 
Variable of 
interest 

Effect 
(One 
Unit) 

P 

Odds 
Ratio 
(One 
Unit) 

OR 
(Lower 
95%) 

OR 
(Upper 
95%) 

Value 
(25% 
Quantile) 

Value (75% 
Quantile) 

Value Diff 
(75%-25%) 

Odds 
Ratio 
(Diff: 
75%-
25%) 

OR 
(Diff, 
Lower 
95%) 

OR 
(Diff, 
Upper 
95%) 

P R2 C 

lrm (HTN01 ~ 

TNFR1pgml) 
TNFR1pgml 0 0.0051 1 1 1 9927.125 13650.625 3723.5 2.447 1.308 4.577 0.001 0.187 0.715 

lrm (HTN01 ~ 

MIP1pgml) 
MIP1pgml 0.01 0.0255 1.01 1.001 1.018 121.75 199.75 78 2.123 1.097 4.111 0.002 0.167 0.658 

lrm (HTN01 ~ 
MCP1pgml) 

MCP1pgml 0.004 0.0935 1.004 0.999 1.008 421.75 574.5 152.75 1.767 0.908 3.436 0.083 0.056 0.64 

lrm (HTN01 ~ 
ICAM1pgml) 

ICAM1pgml 0 0.0334 1 1 1 445708 646911.125 201203.125 2.077 1.059 4.073 0.024 0.094 0.674 

lrm (HTN01 ~ 
sCD163ngml) 

sCD163ngml 0.002 0.0399 1.002 1 1.004 416.975 729.025 312.05 1.995 1.032 3.856 0.031 0.086 0.629 

lrm (HTN01 ~ 
CD4CD38) 

CD4CD38 -0.194 0.006 0.823 0.717 0.946 5.3 10.9 5.6 0.337 0.155 0.732 0.002 0.181 0.726 

lrm (HTN01 ~ 
Eos) 

Eos 0.706 0.0074 2.025 1.209 3.394 1.1 2.7 1.6 3.093 1.355 7.064 0.005 0.145 0.689 

lrm (HTN01 ~ 
IL17pgml) 

IL17pgml 0.01 0.0556 1.01 1 1.021 36.25 87 50.75 1.695 0.988 2.911 0.041 0.077 0.589 

lrm (HTN01 ~ 
VCAM1pgml) 

VCAM1pgml 0 0.0473 1 1 1 471585.5 650258.5 178673 1.735 1.007 2.99 0.028 0.089 0.61 



Table S5. Demographics and Clinical Data For HIV-negative Subjects. 

Normotensive Hypertensive 

controls (n=25) patients (n=25) 

Age median years (IQR) 40.4 (27.5, 51.2) 45.5 (38.3, 54.9) <0.06 

Female n (%) 20(80%) 18(72%) ns 

Race, Whites n (%) 19(76%) 17(68%) 

Systolic BP (mmHg, median (IQR) 112.0 (105.7, 121.0) 137.0 (121.0, 147.0) <0.0002 

Diastolic BP (mmHg, median (IQR) 68.00 (62.67, 74.00) 80.00 (74.00, 87.00) <0.0001 

MAP (mmHg, median (IQR) 82.67 (76.11, 88.78) 97.00 (90.44, 106.00) <0.0001 

BMI median (IQR) kg/m2 23.80 (21.12, 27.05) 32.20 (28.10, 36.00) <0.0001 

_____________________________________________________________________ 

n = number of subjects in each group; x±SEM = mean ± standard error of the mean; F = female; M= male; W= white; B=black; A=Asian; N=native 

American; BP = blood pressure; MAP = mean arterial pressure; BMI = body mass index. P values for the unpaired t-test and chi-square 

comparisons between groups are in the rightmost column. ns indicates lack of statistical significance. 



Table S6. Association between hypertension and demographic and clinical characteristics in the HIV-negative cohort using logistic 
regression adjusted for body mass Index, age, and sex. 

OR (75% 
to 25%) 

OR (75% to 25%, 
95% CI) 

Adjusted 
OR (75% to 

25%) 

Adjusted OR (75% to 
25%, 95% CI) 

Variable 

25% 
Quantile 

75% 
Quantile 

Value 
Diff 

(75%-
25%) 

OR (Diff: 
75%-
25%) 

OR (Diff, 
Lower 
95%) 

OR 
(Diff, 

Upper 
95%) 

p-value Odds Ratio 
(Diff: 75%-

25%) 

OR (Diff, 
Lower 
95%) 

OR (Diff, 
Upper 
95%) 

p-value

Eosinophil 68.95 153.7 84.75 2.543 1.11 5.826 0.027 2.646 0.8318 8.416 0.0993 

Eosinophil % 0.012 0.022 0.010 1.334 0.811 2.195 0.03 1.365 0.749 2.489 0.31 

Age 36.39 54.23 17.84 1.978 0.848 4.616 0.115 1.955 0.6237 6.13 0.25 

BMI 23.8 32.7 8.9 11.577 2.799 47.877 <0.001 12.43 2.684 57.58 0.0013 

Sex, M:F 1.556 0.419 5.779 0.509 1.58 0.2535 9.845 0.6243 



Table S7. Demographics and clinical data for both the 50 HIV-negative and 70 HIV-positive cohorts combined.

HIV- 
n=50 

HIV+ 
n=70 

Combined 
n=120 

p-value

Eos median (IQR) 1.68 (1.22, 2.20) 1.70 (1.10, 2.70) 1.70 (1.10, 2.43) 0.793 

Age median years (IQR) 44.34 (36.39, 54.23) 45.00 (39.00, 50.00) 45.00 (37.24, 51.00) 0.868 

Female n (%) 38(76) 30(43) 68(57) <0.001 

BMI median (IQR) kg/m2 27.60 (23.80, 32.70) 30.29 (23.98, 35.61) 28.30 (23.84, 34.60) 0.192 

Hypertensive 25(50) 31(44) 56(47) 0.536 

HIV 0(0) 70(100) 70(58) <0.001 

n is the number of subjects in each group. 



Table S8. Association between hypertension and demographic/clinical characteristics in the both the 50 HIV-negative and 70 HIV-
positive cohorts logistic regression. 

Variable 

OR OR (Lower 95%) OR (Upper 95%) p-value

1.518 8.004706e-06  0.007796146 0.0521 

1.063 1.015124e+00 1.113708391 0.0095 

1.177 1.093814e+00 1.266014678 <0.0001 

Eosinophil 

Age 

BMI Sex, 

M:F HIV 2.011 

0.399 

9.961915e-01 

1.523392e-01 

2.314035505 

1.047409729 

0.1561 

0.0621 



Table S9. Demographics and clinical data for the confirmatory HIV-negative cohort from the synthetic derivative. 

Normotensive Hypertensive  p value 

controls (n= 71314) patients (n= 9725) 

Age median years (IQR) 43.77 (36.02, 53.37)  51.75 (43.34, 56.95)   <0.001 

Female n (%) 39912 (56)  3911 (40) <0.001 

Whites n (%)  63538 (89)     8010 (82) <0.001 

Eos median (IQR)  0.120 (0.065, 0.200)   0.135 (0.080, 0.220) <0.001 

BMI median (IQR) kg/m2 27.02 (23.43, 31.73)  30.98 (26.58, 36.38)   <0.0001 

n = number of subjects in each group, F = female; BMI = body mass index. P values for the unpaired t-test and chi-square comparisons between 

groups are in the rightmost column.  



Table S10. Association between hypertension and demographic and clinical characteristics in the HIV-negative cohort from 
the synthetic derivative using logistic regression. 

Variable 

25% 
Quantile 

75% 
Quantile 

Value Diff 
(75%-
25%) 

OR (Diff: 
75%-
25%) 

OR (Diff, 
Lower 
95%) 

OR 
(Diff, 

Upper 
95%) 

p-value

Eosinophils 0.069 0.2 0.131 1.034 1.012 1.056 0.0021 

Age 36.435 54.204 17.769 1.981 1.902 2.064 <0.0001 

BMI 23.687 32.365 8.678 1.738 1.697 1.779 <0.0001 

Sex, M:F 1.893 1.810 1.979 <0.0001 



Table S11. Model Result analysis combining the HIV positive and negative cohorts to determine the interaction between 
elevated eosinophils and HIV. 

Coef S.E. Wald Z Pr(>|Z|) 

Intercept -9.5387 1.935 -4.93 <0.0001 

Sex=Male 0.6912 0.4981 1.39 0.1652 

age at visit 0.0615 0.0237 2.6 0.0094 

CalculatedBMI 0.1621 0.0373 4.34 <0.0001 

Cohort=HIV Negative 1.6131 0.9352 1.72 0.0845 

Eos_percent 0.5929 0.2961 2 0.0452 

Cohort=HIV 
Negative*Eos_percent 

-0.3612 0.4067 -0.89 0.3744 

Table S12. Prediction results with one unit increase of eosinophilia in HIV positive and negative cohorts. 
Sex age BMI Cohort Contrast S.E. Lower Upper Z Pr(>|z|) 

Female 45 28.3 Control 0.231701 0.284 -0.324 0.788 0.820 0.414 

Female 45 28.3 HIV 0.592943 0.296 0.013 1.173 2.000 0.045 


