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ORIGINAL RESEARCH

Effect of HIV- 1 Infection on Angiopoietin 
1 and 2 Levels and Measures of 
Microvascular and Macrovascular 
Endothelial Dysfunction
Anjali B. Thakkar , MD, MBA; Yifei Ma, MS; Mark Dela Cruz, MD; Yuaner Wu, PhD; Victor Arechiga , BS; 
Shreya Swaminathan, BS; Peter Ganz , MD; Alan H. B. Wu, PhD; Rebecca Scherzer, PhD; Steven Deeks , MD; 
Priscilla Y. Hsue , MD

BACKGROUND: Individuals infected with HIV have an increased risk of developing cardiovascular disease; yet, the underlying 
mechanisms remain unknown. Recent evidence has implicated the Tie- 2 tyrosine kinase receptor system and its associated 
ligands ANG1 (angiopoietin 1) and ANG2 (angiopoietin 2) in maintaining vascular homeostasis. In the general population, lower 
ANG1 levels and higher ANG2 levels are strongly correlated with the development of cardiovascular disease. In this study, we 
aim to investigate the associations of HIV infection with angiopoietin levels and endothelial dysfunction.

METHODS AND RESULTS: In this cross- sectional study, we compared measures of ANG1, ANG2, and endothelial dysfunction 
using flow- mediated vasodilation of the brachial artery in 39 untreated subjects infected with HIV, 47 treated subjects infected 
with HIV, and 46 uninfected subjects from the SCOPE (Observational Study of the Consequences of the Protease Inhibitor Era) 
cohort. Compared with uninfected controls, treated individuals infected with HIV had 53.1% lower mean ANG1 levels (P<0.01) 
and similar ANG2 levels. On the other hand, untreated individuals infected with HIV had similar ANG1 levels, and 29.2% had 
higher ANG2 levels (P<0.01) compared with uninfected controls. When compared with individuals with untreated HIV infection, 
those with treated HIV infection had 56% lower ANG1 levels (P<0.01) and 22% lower ANG2 levels (P<0.01).Both treated and 
untreated HIV infection were associated with significant impairment in hyperemic velocity, a key measure of microvascular 
dysfunction (median 61 versus 72 cm/s, P<0.01), compared with uninfected controls (median 73 cm/s). This difference per-
sisted after adjustment for ANG1 and ANG2 levels. Interestingly, when compared with untreated individuals infected with HIV, 
treated individuals infected with HIV had worse hyperemic velocity (−12.35 cm/s, P=0.05). In contrast, HIV status, ANG1 levels, 
and ANG2 levels were not associated with macrovascular dysfunction as measured by flow- mediated dilatation and brachial 
artery diameter, 2 other measures of vascular homeostasis.

CONCLUSIONS: HIV infection affects the balance between levels of ANG1 and ANG2 and may disturb endothelial homeostasis 
through disruption of vascular homeostasis. Individuals with treated HIV had decreased ANG1 levels and similar ANG2 levels, 
whereas individuals with untreated HIV had similar ANG1 levels and increased ANG2 levels, suggesting that treatment status 
may alter the balance between ANG1 and ANG2. HIV also promotes endothelial dysfunction via impairment of microvascular 
dysfunction, independent of the Tie- 2 receptor system; the finding of worse microvascular dysfunction in the setting of treated 
HIV infection may reflect the impact of viral persistence on the microvasculature or toxicities of specific antiretroviral regimens. 
Further research to clarify the mechanism of HIV- mediated endothelial dysfunction is necessary to advance treatment of car-
diovascular complications of HIV infection.
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Despite the advent of antiretroviral therapy, indi-
viduals infected with HIV remain at higher risk for 
multiple forms of cardiovascular disease (CVD) in-

cluding heart failure,1 myocardial infarction,2,3 arrhyth-
mias,4 and sudden cardiac death.5 Moreover, CVD has 
become a leading cause of morbidity and mortality 
among persons living with HIV. Although the exact 
mechanisms underlying this excess cardiovascular risk 
are unclear, mounting evidence suggests that chronic 
activation of inflammatory pathways as a result of HIV 
infection may lead to endothelial dysfunction, athero-
sclerosis, and subsequent clinical events. HIV infection 
has been associated with increased levels of macro-
vascular and microvascular endothelial dysfunction.6,7 
In the general population, impairments in flow- mediated 

dilation (FMD) of the brachial artery (BA)8,9 and micro-
vascular endothelial function indices10 are predictive of 
cardiovascular events. Inflammation and immune ac-
tivation are key mediators in endothelial dysfunction11 
and as such, they likely play a role in HIV- associated 
endothelial dysfunction. Namely, chronic upregulation 
of inflammation and immune activation in the setting 
of HIV infection are driven by several factors including 
low- level viral replication and inability to restore levels 
of circulating CD4+ T cells.12 Inflammatory biomarkers 
including interleukin- 6 (IL- 6) and CRP (c- reactive pro-
tein), which rise correlating with viremia and remain 
elevated in chronic infection, are strongly predictive of 
CVD and mortality.13– 15 However, the mechanisms by 
which HIV leads to endothelial dysfunction, and sub-
sequently progressive atherosclerosis and cardiovas-
cular events, remain unclear.

The Tyrosine Kinase Receptor System 
and Endothelial Dysfunction
The Tie- 2 tyrosine kinase receptor system and its li-
gands, ANG1 (angiopoietin 1) and ANG2 (angiopoietin 
2), maintain vascular homeostasis. In this study, we in-
vestigated the effects of HIV infection on ANG1 and 
ANG2 levels. Furthermore, we correlated these levels 
to macrovascular endothelial function, as measured 
by BA diameter and FMD, as well as microvascular 
function, as assessed by hyperemic velocity (HV), to 
investigate the relationship between ANG1, ANG2, and 
endothelial dysfunction.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Population
We compared measures of ANG1, ANG2, and en-
dothelial function in subjects infected and subjects 
uninfected with HIV from the SCOPE (Observational 
Study of the Consequences of the Protease Inhibitor 
Era) cohort based in San Francisco, California. SCOPE 
is an observational, prospective cohort of volunteers 
infected with HIV- 1 who receive treatment at HIV/AIDS 
clinics in the San Francisco area. Participants undergo 
a baseline evaluation and sample collection and are 
subsequently followed approximately every 4 months. 
We studied (1) antiretrovirally treated and suppressed 
individuals who were on a stable HIV regimen and had 
an undetectable HIV RNA level for at least 6 months 
before study entry, and (2) untreated, unsuppressed 
individuals infected with HIV. Individuals with previous 
CVD as well as traditional risk factors were allowed 
to participate in the study as long as they had stable 

CLINICAL PERSPECTIVE

What Is New?
• Individuals infected with HIV have an increased 

risk of developing cardiovascular disease; yet, 
the underlying mechanisms remain unknown.

• In this study, we demonstrate that HIV infection 
affects the balance between levels of ANG1 (an-
giopoietin 1) and ANG2 (angiopoietin 2) and may 
disturb endothelial homeostasis through dis-
ruption of vascular homeostasis. Furthermore, 
individuals with treated HIV had decreased 
ANG1 levels and similar ANG2 levels, whereas 
individuals with untreated HIV had similar ANG1 
levels and increased ANG2 levels, suggesting 
that treatment status may alter the balance be-
tween ANG1 and ANG2.

• We also demonstrate that HIV promotes en-
dothelial dysfunction via impairment of micro-
vascular dysfunction; this finding in the setting 
of treated HIV infection may reflect the impact 
of viral persistence on the microvasculature and 
toxicities of specific antiretroviral regimens.

What Are the Clinical Implications?
• Further research to clarify the mechanism of 

HIV- mediated endothelial dysfunction is nec-
essary to advance treatment of cardiovascular 
complications of HIV infection.

Nonstandard Abbreviations and Acronyms

BA brachial artery
FMD flow- mediated dilation
HV hyperemic velocity
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medications for the previous 6  months. Control par-
ticipants were individuals who answered study adver-
tisements, received medical care in San Francisco, or 
were acquaintances of study participants; all under-
went HIV antibody testing before study entry and were 
documented to be HIV negative. Individuals perform-
ing the laboratory testing as well as endothelial func-
tion tests were blinded with regard to HIV status. This 
study was approved by the University of California, San 
Francisco Institutional Review Board, and all individu-
als signed written witnessed informed consent.

Measurement of Angiopoietin and 
Inflammatory Biomarker Levels
Serum samples were processed into ethylenediamine-
tetraacetic acid and frozen to −38 °C. Concentrations 
of all samples were measured by solid phase sandwich 
enzyme- linked immunosorbent assays using com-
mercially available kits (R&D Systems, Minneapolis, 
MN). The coefficients of variation were below 10% for 
both intra- assay and interassay precision. For the in-
flammatory biomarkers, CRP and IL- 6, 1% and 22% 
of the cohort were missing values for each biomarker, 
respectively.

Measurement of Endothelial Dysfunction
Endothelial dysfunction was estimated by measuring 
the baseline BA diameter, BA FMD, and HV as pre-
viously described by our group.16– 18 All indices were 
measured on the same day as serum collection, and 
participants were requested to avoid food, alcohol, 
caffeine, illicit drugs, exercise, and nicotine products 
for 12 hours before testing. A 10 MHz linear array probe 
and the GE VividSeven Imaging System were used to 
make all measurements.

BA diameter was measured under basal conditions 
after a 10- minute rest period. B- mode ultrasound was 
used to identify the BA during its superficial course 5 to 
9 cm proximal to the antecubital fossa. Arterial location 
was confirmed using Doppler. Images were acquired 
for 5 cardiac cycles, and BA diameter was determined 
to be the average end- diastolic diameter.

To assess FMD, an endothelial- dependent process, 
basal BA diameter was compared with BA diameter 
following an ischemic stimulus, which has been shown 
to significantly predict cardiovascular events.19 With 
participants lying supine in a dark room, a blood pres-
sure cuff was placed on the forearm and inflated to su-
prasystolic pressures for 5 minutes to induce forearm 
ischemia. The cuff was then deflated, and between 
30 and 120 seconds following cuff deflation, B- mode 
ultrasound was used to measure the BA diameter at 
15  second intervals. FMD was characterized as the 
percent change between the maximum BA diameter 
post cuff deflation and the resting BA diameter.

To assess HV within the BA, the forearm cuff was 
inflated to either 200 mm Hg or 50 mm Hg above base-
line systolic blood pressure, whichever was higher. 
After 4 minutes and 30 seconds, pulse wave Doppler 
recording was initiated. At 5 minutes, the forearm cuff 
was deflated. Between 30 and 120 seconds following 
cuff deflation, 5 beat loop B- mode images were ob-
tained every 15 seconds. Maximal HV was character-
ized as the Doppler mean velocity- time integral of the 
first 3 complete beats after cuff release.

Acquisition and analysis of the digitized images 
were performed using dedicated software (Medical 
Imaging Applications, LLC, Coralville, IA). Images 
were analyzed by a technician who was blinded to the 
subjects’ HIV disease and treatment status. The pro-
tocols in our laboratory for these endothelial dysfunc-
tion measures are highly reproducible, as described 
previously.16

Covariates
Covariates included demographic characteristics (age, 
sex, and race), traditional risk factors for CVD, and HIV- 
related risk factors. Traditional risk factors included 
coronary artery disease, hypertension, hyperlipidemia, 
diabetes, chronic kidney disease, tobacco depend-
ence, cardiovascular medication use (aspirin, antihy-
pertensive medications, and statins), body mass index, 
Framingham Risk Score, and low- density lipoprotein 
levels. HIV- related risk factors included median viral 
load, duration of infection, nadir CD4 cell count, cur-
rent CD4 and CD8 counts, CD4/CD8 ratio, and hepa-
titis C virus coinfection.

Statistical Analysis
We compared demographic and clinical characteris-
tics by disease category (HIV- uninfected versus un-
treated HIV versus treated HIV) with chi- square test 
for categorical variables; and ANOVA (all 3- group 
comparisons), t test (untreated HIV versus treated 
HIV), or Kruskal- Wallis tests for continuous variables, 
respectively. We used Spearman coefficients to sum-
marize correlations between markers of inflammation 
and angiopoietin levels due to right- skewed distribu-
tions of these variables. We estimated cross- sectional 
associations of disease category with measures of 
angiopoietin and endothelial dysfunction using linear 
regression models that were sequentially adjusted for 
the following: (1) demographic characteristics only; 
and (2) demographics and traditional CVD risk fac-
tors. Models of endothelial dysfunction were further 
adjusted for ANG1, ANG2, and the ANG2/ANG1 ratio. 
We used natural logarithm to transform angiopoietin, 
FMD, and BA to approximate normal distribution be-
fore fitting the regression models. Regression coeffi-
cients were back- transformed to produce relative (%) 
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differences. HV was used in its original form as it is 
normally distributed and the regression coefficients 
were presented as absolute differences. All analyses 
were performed using SAS 9.4 (SAS Institute, Cary, 
NC).

RESULTS
Demographic and Clinical Characteristics
Table  1 summarizes the demographic and clinical 
characteristics of the 132 participants (46 controls 
who were uninfected; 39 individuals who were HIV in-
fected and untreated; and 47 individuals who were HIV 
infected and treated) in our cohort. Participants who 
were HIV uninfected were on average older and more 
often male compared with HIV- infected participants. 
There was no significant difference in racial distribution 
between the groups.

The most prevalent comorbid conditions were hy-
pertension (32%), hyperlipidemia (50%), and tobacco 
dependence (36%). There were no significant differ-
ences in the prevalence of comorbid medical con-
ditions between the groups, with the exception of 
tobacco dependence, which was lower in the treated 
group infected with HIV compared with the untreated 
groups who were HIV uninfected and HIV infected (21% 
versus 46% versus 41%, P=0.04). Body mass index, 
Framingham risk score, and use of aspirin and antihy-
pertensives were similar between the groups. Use of 
statins was lower in the untreated cohorts uninfected 
with HIV and infected with HIV compared with the 
treated cohort infected with HIV (13% versus 5% versus 
26%, P=0.03).

There were 86 participants who were HIV infected 
including 39 who were untreated with detectable viral 
loads and 47 who were virally suppressed (defined 
as having a viral load <75 copies/mL) on antiretroviral 
therapy. The rate of hepatitis C virus coinfection was 
similar between the 2 groups.

Association Between Levels of 
Inflammatory Markers and ANG1 and 
ANG2
As summarized in Table 1, levels of CRP and IL- 6 were 
similar across all groups, regardless of HIV status. We 
studied the association between levels of these inflam-
matory biomarkers and ANG1 and ANG2. In general, 
CRP and IL- 6 showed only weak correlations with lev-
els of ANG1 and ANG2, regardless of HIV status. The 
strongest correlations were seen in treated individu-
als infected with HIV, where ANG2 showed modest, 
positive correlations for CRP (r=0.41, P=0.004) and IL- 6 
(r=0.51, P<0.001). There was a modest but significant 
correlation in individuals uninfected with HIV between 
ANG2 and IL- 6 (r=0.48, P=0.004).

Association Between HIV Infection Status 
and ANG1 and ANG2 Levels
Table  2 summarizes levels of ANG1 and ANG2 
stratified by HIV status, and Table  3 summarizes 
differences in ANG1 and ANG2 levels between 
study groups. After adjusting for demographic and 
traditional CVD risk factors, individuals with treated 
HIV had 53% lower ANG1 levels compared with 
uninfected controls (P=0.007). ANG2 levels were 
similar between groups. In contrast, untreated in-
dividuals infected with HIV had similar ANG1 levels 
and 29% higher ANG2 levels compared with unin-
fected controls (P=0.01). Compared with untreated 
individuals infected with HIV, those with treated HIV 
infection had 56% lower ANG1 levels (P=0.007) and 
22% lower ANG2 levels (P=0.02). The associations 
between HIV treatment status and ANG1 and ANG2 
levels remained after adjustment for duration on 
antiretroviral therapy.

After adjustment for demographic factors, 
ANG2/ANG1 ratio was significantly higher in treated   
individuals infected with HIV compared with un-
infected controls (mean demographic adjusted 
difference of 162%, P<0.01); this difference   
was attenuated to 85% after further adjustment for 
traditional CVD risk factors (P=0.08). ANG2/ANG1 
ratio was similar between the untreated groups in-
fected with HIV and uninfected with HIV, as well as 
between treated and untreated groups infected with 
HIV.

Associations of Demographic and Clinical 
Factors With ANG1 and ANG2 Levels
Associations between demographic and clinical risk 
factors and ANG1 and ANG2 levels among our cohort 
are summarized in Tables S1 through S3. These risk 
factors were modeled individually (not jointly). After 
multivariable adjustment for demographic factors and 
HIV treatment status, several significant associations 
emerged.

Among uninfected controls, hypertension was 
associated with 56% lower ANG1 levels (P=0.03) 
and 176% higher ANG2/ANG1 ratio (P=0.01). 
Antihypertensive use was associated with 50% higher 
ANG2 levels (P=0.03); for each 10 mg/dL rise in low- 
density lipoprotein cholesterol, ANG2 levels were 7% 
lower (P=0.001).

Among treated individuals infected with HIV, dou-
bling of CD4/CD8 ratio was associated with 39% 
decrease in ANG1 levels (P=0.002); increase by 
100 cells/mm3 of nadir CD4 count and current CD8 
count were associated with 17% decrease (P=0.05) 
and 11% increase (P=0.003) in ANG1 levels, respec-
tively. Concurrent hepatitis C virus infection was as-
sociated with 39% increase in ANG2 levels (P=0.04).
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Among untreated individuals infected with  
HIV, concurrent chronic kidney disease was as-
sociated with 82% lower ANG1 levels (P=0.02) 
and 625% higher ANG2/ANG1 ratio (P=0.02).  
For each 10  mg/dL rise in low- density lipoprotein 
cholesterol, ANG2/ANG1 ratio decreased by 14% 
(P=0.04). Finally, doubling of CD4/CD8 ratio was 

associated with 23% decrease in ANG2 levels 
(P<0.001).

Association Between HIV Infection and 
Markers Endothelial Dysfunction
The relationships between HIV status and mark-
ers of macrovascular dysfunction (FMD, BA diameter) 

Table 1. Demographic and Clinical Characteristics, Stratified by HIV- Infection Status

All (n=132)
HIV uninfected 
(n=46)

HIV infected, untreated 
(n=39)

HIV infected, 
treated (n=47) P value

Age, y 49 (41– 55) 53 (45– 55) 43 (32– 54) 48 (43– 57) 0.01

Sex (male) 87.9% 97.8% 74.4% 89.4% 0.01

Race and ethnicity 0.31

White 56.8% 43.5% 59.0% 68.1%

Black 29.6% 41.3% 25.6% 21.3%

Hispanic 9.1% 8.7% 10.3% 8.5%

Other races/ethnicities* 4.6% 6.5% 5.1% 2.1%

Comorbidities

Coronary artery disease 2.3% 2.2% 0.0% 4.3% 0.42

Hypertension 31.8% 28.3% 38.5% 29.8% 0.56

Hyperlipidemia 50.0% 52.2% 41.0% 55.3% 0.39

Diabetes type 2 4.6% 2.2% 5.1% 6.4% 0.61

Chronic kidney disease 9.9% 2.2% 15.4% 12.8% 0.09

Tobacco dependence 35.6% 45.7% 41.0% 21.3% 0.04*

Hepatitis C virus 9.9% 2.2% 15.4% 12.8% 0.09*

Medication use

Aspirin 15.9% 10.9% 10.3% 25.5% 0.08*

Antihypertensive 26.5% 21.7% 25.6% 31.9% 0.53

Statin 15.2% 13.0% 5.2% 25.5% 0.03

Body mass index, kg/m2 24.9 (22.8– 28.7) 26.4 (23.1– 28.3) 24.1 (22.1– 29.7) 24.6 (22.6– 29.1) 0.91

Framingham Risk Score 5 (2– 9) 9 (6– 11) 4 (2– 6) 4 (2– 6) 0.11

Framingham Risk Score (using 
lipids)

0.08 (0.04– 0.14) 0.10 (0.05– 0.16) 0.06 (0.03– 0.13) 0.08 (0.04– 0.11) 0.10

Low- density lipoprotein, mg/dL 108 (88– 128) 114.5 (96– 132) 97.5 (71– 129) 102 (88– 125) 0.31

HIV- related factors

Viral load, copies/mL 40 (40– 3380) … 5233 (573– 28 400) 40 (40– 40) <0.0001

Duration of infection, y 9 (4– 19) … 6 (2– 20) 10 (6– 19) 0.10

CD4 nadir, cells/mm3 305.5 (164– 28) … 350 (248– 458) 253 (100– 390) 0.02

Current CD4, cells/mm3 597 (380– 707) … 517 (357– 691) 632 (476– 786) 0.14

Current CD8, cells/mm3 869 (602– 1234) … 1128 (779– 1431) 1028 (728– 1028) 0.00

CD4/CD8 ratio 67.6 (39.4– 96.4) … 0.45 (0.32– 0.73) 0.88 (0.57– 1.38) <0.0001

HCV coinfection 14.0% … 15.4% 12.8% 0.76

Protease inhibitor, y … … … 2.7 (0– 8.9) …

Nucleoside/nucleotide reverse 
transcriptase inhibitor, y

… … … 6.8 (3.1– 10.7) …

Nonnucleoside reverse 
transcriptase inhibitor, y

… … … 1.9 (0– 4.7) …

Antiretroviral duration, y … … … 6.6 (2.8– 10.1) …

C- reactive protein, µg/mL 1.6 (0.7– 3.3) 1.4 (0.7– 3.3) 1.6 (0.8–  3.5) 1.4 (0.7– 3.3) 0.94

Interleukin- 6, pg/mL 2.2 (1.2– 3.9) 1.9 (1.1– 3.1) 2.4 (1.3– 4.6) 2.6 (1.2– 3.9) 0.44

Data are presented as median (IQR) or numbers (percent).
* Other races refers to individuals from all races/ethnicities that are not White, Black, or Hispanic.
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and microvascular dysfunction (HV) are summarized 
in Table  4. A comparison of differences in endothelial 
dysfunction measures by HIV status is summarized in 
Table 5. Measures of macrovascular dysfunction showed 
little difference between treated and untreated individuals 
infected with HIV and uninfected controls. These differ-
ences remained small after multivariable adjustment for 
traditional risk factors and levels of ANG1 and ANG2.

In contrast, measures of microvascular dysfunc-
tion were significantly different between the groups. 
When compared with uninfected controls, treated 
individuals infected with HIV had significantly im-
paired HV (demographic adjusted mean difference 
of −0.26 cm/s, P=0.006) despite adjustment for de-
mographic and cardiovascular risk factors as well as 
levels of ANG1 and ANG2. This association was am-
plified in untreated individuals infected with HIV when 
compared with uninfected controls (−10.72  cm/s, 
P=0.05); however, after adjustment for ANG2, this 
difference was attenuated (−9.25  cm/s, P=0.10). 
Interestingly, when compared with untreated indi-
viduals infected with HIV, treated individuals infected 
with HIV had worse HV (−12.35  cm/s, P=0.05), but 
this significant difference was attenuated after ad-
justment for ANG1 (−10.42 cm/s, P=0.114). This as-
sociation remained after adjustment for duration on 
antiretroviral treatment. We also performed an anal-
ysis examining the impact of duration of treatment 
with the following antiretroviral and antiretroviral 
classes: protease inhibitor, nonnucleoside reverse 
transcriptase inhibitor, nucleoside/nucleotide re-
verse transcriptase inhibitor, abacavir, tenofovir, and 
didanosine. Overall, we found modest positive cor-
relation between duration on each antiretroviral and 
HV, with the exception of nonnucleoside reverse 
transcriptase inhibitors, which had a weakly nega-
tive correlation with HV. This suggests that longer 
duration of treatment with common antiretroviral reg-
imens is associated with improved HV.

Associations Between ANG1 and ANG2 
Levels With Markers of Endothelial 
Dysfunction
Finally, we studied the association of angiopoietin lev-
els with macrovascular and microvascular endothelial 
dysfunction. In general, correlations were weak and 
patterns were inconsistent. For example, the correla-
tion of ANG1 with BA was −0.13 (P=0.38) in treated 
HIV, −0.20 (P=0.23) in untreated HIV, and 0.15 (P=0.31) 
in the group uninfected with HIV. An exception was 
seen for ANG2 where higher levels were correlated 
with lower (worsened) HV regardless of HIV status 
(HIV uninfected: r=−0.20, P=0.18; treated HIV infected: 
r=−0.16, P=0.32; untreated HIV infected: r=−0.32, 
P=0.04), shown in Figure 1.

DISCUSSION
In this cross- sectional study of individuals who were 
HIV - infected and uninfected, we examined the asso-
ciation between HIV infection, angiopoietin levels, and 
measures of endothelial dysfunction.

Two key findings emerged from our study: first, in-
dividuals with treated HIV had significantly lower levels 
of ANG1 and similar levels of ANG2 compared with un-
infected controls, whereas individuals with untreated 
HIV had similar levels of ANG1 and significantly higher 
levels of ANG2 compared with uninfected controls. 
The untreated group infected with HIV had significantly 
higher levels of both ANG1 and ANG2 compared with 
the treated group infected with HIV.

Second, although HIV status did not have any signif-
icant association with macrovascular endothelial dys-
function (measured by BA and FMD), both groups of 
individuals infected with HIV had significantly impaired 
microvascular endothelial function (measured by HV) 
compared with uninfected controls, with a more pro-
nounced effect seen in the untreated group infected 

Table 2. Association Between HIV Infection Status and Levels of ANG1 and ANG2

HIV negative HIV infected, treated HIV infected, untreated

n=46 n=47 n=39

ANG1, pg/mL

Median (IQR) 3755.9 (1566.7– 9740.7) 1668.2 (799.3– 3392.1) 2812.6 (1181.2–  8254.1)

Mean (SD) 6565.8 (6662.2) 3095.6 (3974.4) 5405.7 (6715.6)

ANG2, pg/mL

Median (IQR) 1838.8 (1452.2– 2349.7) 1853.5 (1318.3– 2895.3) 2502.2 (2001.3– 3200.2)

Mean (SD) 2433.2 (2410.1) 2692.8 (2757.4) 2955.2 (1802.8)

ANG2/ANG1

Median (IQR) 0.52 (0.20– 1.09) 0.97 (0.40– 4.20) 0.99 (0.31– 2.61)

Mean (SD) 1.50 (3.71) 2.89 (4.23) 1.89 (2.24)

ANG1 indicates angiopoietin 1; ANG2, angiopoietin 2; and IQR, interquartile range.
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with HIV. Compared with treated individuals infected 
with HIV, untreated individuals infected with HIV had 
improved microvascular endothelial dysfunction even 
after adjustment for demographic factors and duration 
on antiretroviral treatment, suggesting that additional 
factors in the setting of treated HIV may contribute to 
cardiovascular risk including chronic inflammation/
immune activation, viral persistence, or side effects 
from specific antiretroviral therapy. Taken together, our 
findings point to a link between HIV infection and the 
development of endothelial dysfunction specifically 
through microvascular dysfunction, independent of 
the link between HIV infection and the Tie- 2 tyrosine 
kinase system, as demonstrated by the schematic in 
Figure 2.

Both ANG1 and ANG2 have been implicated in the 
development of atherosclerosis. ANG1 binds to the 
Tie2 receptor and signals through the protein kinase 
B- Akt pathway to inhibit cell apoptosis, thus promot-
ing endothelial survival.20 In turn, Akt inactivates fork-
head transcription factor FKHR- 1, a potent inducer of 
ANG2.20 ANG1- induced activation of Tie- 2 also results 
in inhibition of the nuclear factor- kB pathway, thus 
inhibiting inflammatory responses.20 Evidence from 
mouse models has shown that ANG1 induces arterio-
lar vasodilation by the release of nitric oxide, an import-
ant regulator of endothelial function.21

On the other hand, ANG2 antagonizes the effects 
of ANG1. ANG2 is released in response to cytokines 
including TNF- alpha (tumor necrosis factor- alpha) and 
VEGF (vascular endothelial growth factor), and envi-
ronmental stressors. ANG2 binds to the same site as 
ANG1 triggering endothelial activation and increased 
permeability.22 ANG2 antagonism at the Tie2 receptor 
also results in increased sensitization of the endothe-
lium to inflammatory cytokines and modulates expres-
sion of endothelial cell adhesion molecules.22 Overall, 
these studies suggest a proinflammatory and proath-
erosclerotic role for ANG2, although research in animal 
models has yielded conflicting results.

The strong association between HIV infection and 
angiopoietin disequilibrium is striking. Studies in other 
disease states with a predisposition for CVD display 
an imbalance between ANG1 and ANG2. For example, 
in subjects with chronic kidney disease, ANG1 levels 
were decreased and ANG2 increased when compared 
with controls, with ANG2 levels in particular correlating 
to CVD.23,24 ANG2 levels have been found to be ele-
vated in disease states such as hypertension,25 sys-
temic lupus erythematosus,26 diabetes,27 and sepsis.28 
Subjects with coronary artery disease, acute myocar-
dial infarction, and unstable angina pectoris have been 
found to have elevated ANG2 levels compared with 
subjects with stable angina or to healthy controls.29,30 
Increases in ANG2 have also been shown to correlate 
with increasing severity of congestive heart failure.31 
These data are consistent with our study findings 
showing significantly higher ANG2 levels in individuals 
with untreated HIV as compared with both uninfected 
controls and individuals with treated HIV. Furthermore, 
higher levels of ANG2 were correlated with worse mea-
sures of microvascular dysfunction as demonstrated by 
HV in Figure 1. It is notable that these studies showed 
no difference in ANG1 levels between their subjects 
unlike what we have shown between subjects infected 
and uninfected with HIV.

On the other hand, few small studies target-
ing specific patient populations have demonstrated 
changes in ANG1 levels in the presence of HIV infec-
tion. Previously, Graham et al reported that chronic 
HIV infection results in decreased levels of ANG1 in a 
prospective cohort study of 102 antiretroviral therapy- 
naïve Kenyan women who were subsequently initiated 
on antiretroviral therapy.32 However, this study was per-
formed in a specific demographic with advanced HIV 
and prior opportunistic infections, with no uninfected 
control group, limiting the generalizability of its find-
ings. Furthermore, the mechanism for this reduction 
in ANG1 expression was unclear. In a study of brain 
vasculature, direct measures of pericyte expression, 

Table 4. Association of HIV Status With Endothelial Dysfunction Measures (FMD, BA Diameter, HV)

HIV- negative HIV- infected, treated HIV- infected, untreated

n=46 n=47 n=39

FMD (%)

Median (IQR) 4.35 (2.71– 5.51) 3.6 (2.65– .09) 4.58 (2.53–  6.98)

Mean (SD) 4.34 (1.92) 4.28 (2.18) 4.77 (2.56)

BA diameter, unit

Median (IQR) 4.38 (3.89– 4.79) 4.34 (4.11– 4.69) 4.34 (3.89– 4.73)

Mean (SD) 4.36 (0.55) 4.44 (0.59) 4.30 (0.61)

HV, unit

Median (IQR) 73.4 (64.8– 87.8) 61.1 (48– 72) 71.9 (51.3– 83.9)

Mean (SD) 75.2 (23.7) 60.75 (23.27) 73.43 (64.75– 87.75)

BA indicates brachial artery; FMD, flow- mediated dilation; HV, hyperemic velocity; and IQR, interquartile range.
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including ANG1, were found to be lower in the setting 
of HIV infection. Most recently, a retrospective study of 
61 children on antiretroviral therapy showed that early 
and effective antiretroviral therapy was associated with 
higher levels of ANG1.33 The discrepant findings re-
garding ANG1 in these prior studies and the current 
study may be because of differences in the clinical 
populations studied (ie, sex, age, ethnicity, traditional 
risk factors, and duration of HIV/antiretroviral therapy).

We found that HIV infection was associated with 
significant microvascular endothelial dysfunction com-
pared with uninfected subjects; moreover, we found 
that individuals with treated HIV had significantly worse 
microvascular endothelial dysfunction compared with 
individuals with untreated HIV. Prior studies have 
found that both HIV infection and treatment with an-
tiretrovirals are associated with endothelial dysfunc-
tion. HIV infection has been shown to be associated 
with elevated levels of inflammatory and coagulation 
markers, which may be due to increased monocyte 
activation and foam cell formation which in turn pro-
mote endothelial dysfunction.34 A study by Leucker et 
al showed that PCSK9 (proprotein convertase subtil-
isin/kexin type 9) inhibition improved endothelial dys-
function in individuals with HIV, potentially by reversing 
nitric oxide- mediated effects.35 Similarly, antiretroviral 
regimens have been linked with dyslipidemia and in-
creased endothelial adhesion molecule expression, 
promoting accelerated development of atherosclero-
sis. A study by Khawaja et al demonstrated increased 

ICAM- 1 (intercellular adhesion molecule- 1) expression 
in individuals treated with abacavir was associated 
with increased cellular interaction and resulting endo-
thelial dysfunction.36

However, there is conflicting evidence around the 
association between HIV infection and measures 
of macrovascular and microvascular dysfunction. A 
study of 38 antiretroviral- naïve individuals infected 
with HIV by Oliviero et al found that worsened viral 
control was associated with impaired FMD, with a 
dose- response relationship between FMD and HIV 
RNA copies.37 On the other hand, a study by Stein 
et al with 331 antiretroviral- naïve individuals infected 
with HIV found that HIV infection did not have a sig-
nificant impact on FMD impairment. Rather, FMD 
was more closely associated with traditional car-
diovascular risk factors.38 A study by our research 
group showed that among individuals infected with 
HIV treated with antiretrovirals, nadir CD4 count 
<350  cells/µL, which is a marker of advanced im-
munodeficiency, was significantly associated with 
impaired FMD.39 Finally, a study by Dube et al found 
that HIV infection did not correlate significantly with 
FMD levels.40 A more recent study by Dysangco et 
al examined the association of HIV infection on both 
macrovascular and microvascular parameters in indi-
viduals infected with HIV on antiretrovirals and found 
no significant association between HIV status and 
FMD or HV.41

Although we observed that HIV- mediated endo-
thelial dysfunction is independent of the angiopoietin 
pathway, this disequilibrium may still play a signif-
icant role in atherogenesis, as measured by other 
markers of endothelial activity. Notably, an increase 
in CD4/CD8 ratio was associated with decreasing 
ANG1 levels; a prior study similarly showed that 
lower CD4/CD8 ratio is associated with increased 
CD8 T- cell activation and increased risk of non- AIDS 
morbidity and mortality in individuals infected with 
HIV, suggesting that this ratio may be an import-
ant predictor of outcomes in the HIV population.42 
Further studies should focus on elucidating the 
mechanism underlying angiopoietin disequilibrium 
and CVD. Understanding the mechanism underlying 
endothelial dysfunction in the setting of HIV infection 
can also guide novel therapeutic approaches to mit-
igate cardiovascular complications such as through 
anti- inflammatory agents and modulation of the Tie- 2 
tyrosine kinase receptor system.

Among HIV- infected subjects, initiation of antiretro-
virals has been shown to result in increased levels of 
ANG1 and decreased levels of ANG2. In our study, de-
spite effective viral suppression on antiretroviral, ANG1 
levels remained depressed compared with uninfected 
controls; duration of antiretroviral therapy did not have 
an effect on this association. This suggests that HIV 

Figure 1. Association between angiopoietin 2 levels with 
hyperemic velocity.
Scatter plot of data from which the line of best fit is created. 
Circles are HIV negative; diamonds are HIV positive, off ARV; 
squares are HIV positive, on ARV. antiretroviral indicates 
antiretroval.
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infection itself may result in an altered state of vascu-
lar homeostasis mediated by the Tie2 receptor system 
and may play a key role in mediating the increased ath-
erosclerosis observed among subjects infected with 
HIV regardless of treatment status.

Limitations
We acknowledge certain key limitations of our study. 
The first set of limitations relates to the study design. 
As a cross- sectional study, our study is limited in its 
ability to establish a temporal relationship between 
HIV infection, angiopoietin levels, and measures of 
endothelial dysfunction. As measurements were 
taken at a single time point, changes in levels over 
time as a result of HIV infection cannot be observed. 
Second, the observational nature of the study lim-
its its ability to directly show a causal relationship 
between HIV infection and measures of endothelial 
dysfunction. Third, the sample size of this study is 
relatively small, therefore limiting the generalizability 

of results. Additionally, FMD, BA diameter, and HV 
are surrogate measures of macrovascular and mi-
crovascular function, respectively, and therefore may 
be less informative than direct measures of vascular 
function; however, direct measurement of peripheral 
or coronary vascular function is likely not feasible 
given increased risk from unnecessary invasive pro-
cedures. Finally, this is a single- center study, which 
may limit its generalizability to other settings.

CONCLUSIONS
Our findings suggest that HIV infection alters the bal-
ance between ANG1 and ANG2, disturbing endothelial 
homeostasis through disruption of vascular homeo-
stasis; moreover, treatment of HIV appears to alter the 
balance between ANG1 and ANG2 levels, with indi-
viduals with treated HIV having decreased ANG1 and 
similar ANG2 levels, and individuals with untreated HIV 
having similar ANG1 levels and increased ANG2 levels. 

Figure 2. HIV infection affects production of angiopoietin 1 and 2, altering endothelial stability, 
and also directly impairs microvascular function independent of the Tie2 pathway.
A, Treated HIV infection decreases production of angiopoietin1, whereas untreated HIV infection 
increases production of angiopoietin2. Angiopoietin1 binds to and activates the Tie2 receptor, signaling 
to inhibit cell apoptosis via protein kinase B- AKT pathway. AKT inactivates forkhead transcription factor 
FKHR- 1, which induces angiopoietin 2. Angiopoietin 1 activation of Tie2 also inhibits the nuclear factor- 
kB pathway, thus inhibiting inflammation and endothelial permeability. Overall, angiopoietin1 stabilizes 
the endothelium. On the other hand, angiopoietin2 antagonizes the effects of angiopoietin1. It is released 
from the endothelial cell Weibel- Palade bodies in response to cytokines and environmental stressors. 
Overall, angiopoietin2 destabilizes the endothelium triggering endothelial activation and permeability. 
B, Our study results suggest that HIV infection— particularly treated HIV infection— also directly impairs 
microvascular function independent of the Tie2 pathway. ANG indicates angiopoietin; NF- kB, nuclear 
factor kappa B; TNF, tumor necrosis factor; and VEGF, vascular endothelial growth factor.
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HIV infection also promotes endothelial dysfunction 
specifically via impairing microvascular function, in-
dependent of the Tie- 2 receptor system. The finding 
of worse microvascular dysfunction in individuals with 
treated HIV infection as compared with untreated HIV 
infection may reflect prolonged viral persistence and 
accelerated pathogenesis of atherosclerosis from cer-
tain antiretroviral regimens.

Future studies should further investigate the down-
stream implications of HIV- mediated angiopoietin dis-
equilibrium. It is well known that individuals infected 
with HIV have higher risk of CVD— particularly, ath-
erosclerosis and myocardial infarction. The imbalance 
between ANG1 and ANG2 may result in derange-
ments in endothelial quiescence and stability, which 
are essential to the prevention of atherosclerosis. 
Gaining further understanding of the relationship be-
tween HIV infection, HIV treatment, and the mecha-
nisms behind endothelial stability and quiescence will 
be essential in mitigating CVD risk in the population 
infected with HIV.

ARTICLE INFORMATION
Received March 17, 2021; accepted August 6, 2021.

Affiliations
Division of Cardiology, Department of Medicine (A.B.T., Y.M., Y.W., V.A., 
S.S., P.G., P.Y.H.), Division of Clinical Chemistry, Department of Laboratory 
Medicine (A.H.B.W.) and Positive Health Program (S.D.), Zuckerberg San 
Francisco General Hospital, University of California San Francisco, San 
Francisco, CA Section of Cardiology, Department of Medicine, University 
of Chicago Medical Center, Chicago, IL (M.D.C.); San Francisco Veteran’s 
Affairs Medical Center, San Francisco, CA (R.S.); and Department of 
Medicine, University of California, San Francisco, CA (R.S.)

Sources of Funding
This study was funded by National Institutes of Health (K24AI112393 to 
Hsue).

Disclosures
Dr Hsue has received grant support from Novartis and honoraria from Gilead 
and Merck, but unrelated to this study. The remaining authors have no dis-
closures to report.

Supplementary Material
Tables S1– S3

REFERENCES
 1. Freiberg MS, Chang C- C, Skanderson M, Patterson OV, DuVall SL, 

Brandt CA, So- Armah KA, Vasan RS, Oursler KA, Gottdiener J, et al. 
Association between HIV infection and the risk of heart failure with re-
duced ejection fraction and preserved ejection fraction in the antiretro-
viral therapy era: results from the Veterans Aging Cohort Study. JAMA 
Cardiol. 2017;2:536– 546. doi: 10.1001/jamac ardio.2017.0264

 2. Freiberg MS, Chang C- C, Kuller LH, Skanderson M, Lowy E, Kraemer 
KL, Butt AA, Bidwell Goetz M, Leaf D, Oursler KA, et al. HIV infec-
tion and the risk of acute myocardial infarction. JAMA Intern Med. 
2013;173:614– 622. doi: 10.1001/jamai ntern med.2013.3728

 3. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myo-
cardial infarction rates and cardiovascular risk factors among patients 
with human immunodeficiency virus disease. J Clin Endocrinol Metab. 
2007;92:2506– 2512. doi: 10.1210/jc.2006- 2190

 4. Hsu JC, Li Y, Marcus GM, Hsue PY, Scherzer R, Grunfeld C, Shlipak 
MG. Atrial fibrillation and atrial flutter in human immunodeficiency virus- 
infected persons: incidence, risk factors, and association with markers 
of HIV disease severity. J Am Coll Cardiol. 2013;61:2288– 2295. doi: 
10.1016/j.jacc.2013.03.022

 5. Tseng ZH, Secemsky EA, Dowdy D, Vittinghoff E, Moyers B, Wong JK, 
Havlir DV, Hsue PY. Sudden cardiac death in patients with human im-
munodeficiency virus infection. J Am Coll Cardiol. 2012;59:1891– 1896. 
doi: 10.1016/j.jacc.2012.02.024

 6. Arildsen H, Sorensen KE, Ingerslev JM, Ostergaard LJ, Laursen 
AL. Endothelial dysfunction, increased inflammation, and acti-
vated coagulation in HIV- infected patients improve after initiation 
of highly active antiretroviral therapy. HIV Med. 2013;14:1– 9. doi: 
10.1111/j.1468- 1293.2012.01027.x

 7. Hsue PY, Hunt PW, Wu Y, Schnell A, Ho JE, Hatano H, Xie Y, Martin 
JN, Ganz P, Deeks SG. Association of abacavir and impaired endo-
thelial function in treated and suppressed HIV- infected patients. AIDS. 
2009;23:2021– 2027. doi: 10.1097/QAD.0b013 e3283 2e7140

 8. Yeboah J, Crouse JR, Hsu F- C, Burke GL, Herrington DM. Brachial 
flow- mediated dilation predicts incident cardiovascular events in older 
adults: the Cardiovascular Health Study. Circulation. 2007;115:2390– 
2397. doi: 10.1161/CIRCU LATIO NAHA.106.678276

 9. Philpott AC, Lonn E, Title LM, Verma S, Buithieu J, Charbonneau F, 
Anderson TJ. Comparison of new measures of vascular function to flow 
mediated dilatation as a measure of cardiovascular risk factors. Am J 
Cardiol. 2009;103:1610– 1615. doi: 10.1016/j.amjca rd.2009.01.376

 10. Anderson TJ, Charbonneau F, Title LM, Buithieu J, Rose MS, Conradson 
H, Hildebrand K, Fung M, Verma S, Lonn EM. Microvascular function 
predicts cardiovascular events in primary prevention: long- term results 
from the Firefighters and Their Endothelium (FATE) study. Circulation. 
2011;123:163– 169. doi: 10.1161/CIRCU LATIO NAHA.110.953653

 11. Pober JS, Sessa WC. Evolving functions of endothelial cells in inflam-
mation. Nat Rev Immunol. 2007;7:803– 815. doi: 10.1038/nri2171

 12. Lederman MM, Funderburg NT, Sekaly RP, Klatt NR, Hunt PW. Residual 
immune dysregulation syndrome in treated HIV infection. Adv Immunol. 
2013;119:51– 83. doi: 10.1016/B978- 0- 12- 40770 7- 2.00002 - 3

 13. Sandler NG, Sereti I. Can early therapy reduce inflammation? Curr Opin 
HIV AIDS. 2014;9:72– 79. doi: 10.1097/COH.00000 00000 000020

 14. Rönsholt FF, Ullum H, Katzenstein TL, Gerstoft J, Ostrowski SR. 
Persistent inflammation and endothelial activation in HIV- 1 infected pa-
tients after 12 years of antiretroviral therapy. PLoS One. 2013;8:e65182. 
doi: 10.1371/journ al.pone.0065182

 15. Vinikoor MJ, Cope A, Gay CL, Ferrari G, McGee KS, Kuruc JD, Lennox 
JL, Margolis DM, Hicks CB, Eron JJ. Antiretroviral therapy initiated 
during acute HIV infection fails to prevent persistent T cell activation. J 
Acquir Immune Defic Syndr. 2013;62:505– 508. doi: 10.1097/QAI.0b013 
e3182 85cd33

 16. Hsue PY, Scherzer R, Grunfeld C, Imboden J, Wu Y, Del Puerto G, Nitta 
E, Shigenaga J, Schnell Heringer A, Ganz P, et al. Depletion of B- cells 
with rituximab improves endothelial function and reduces inflamma-
tion among individuals with rheumatoid arthritis. J Am Heart Assoc. 
2014;3:e001267. doi: 10.1161/JAHA.114.001267

 17. Sinha A, Ma Y, Scherzer R, Hur S, Li D, Ganz P, Deeks SG, Hsue PY. 
Role of T- cell dysfunction, inflammation, and coagulation in microvas-
cular disease in HIV. J Am Heart Assoc. 2016;5:e004243. doi: 10.1161/
JAHA.116.004243

 18. Hsue PY, Ribaudo HJ, Deeks SG, Bell T, Ridker PM, Fichtenbaum C, 
Daar ES, Havlir D, Yeh E, Tawakol A, et al. Safety and impact of low- 
dose methotrexate on endothelial function and inflammation in individ-
uals with treated human immunodeficiency virus: AIDS Clinical Trials 
Group Study A5314. Clin Infect Dis. 2019;68:1877– 1886. doi: 10.1093/
cid/ciy781

 19. Shechter M, Issachar A, Marai I, Koren- Morag N, Freinark D, Shahar 
Y, Shechter A, Feinberg MS. Long- term association of brachial artery 
flow- mediated vasodilation and cardiovascular events in middle- aged 
subjects with no apparent heart disease. Int J Cardiol. 2009;134:52– 58. 
doi: 10.1016/j.ijcard.2008.01.021

 20. Kim I, Kim HG, So JN, Kim JH, Kwak HJ, Koh GY. Angiopoietin- 1 
regulates endothelial cell survival through the phosphatidylinositol 
3’- Kinase/Akt signal transduction pathway. Circ Res. 2000;86:24– 29. 
doi: 10.1161/01.RES.86.1.24

 21. Alfieri A, Ong ACM, Kammerer RA, Solanky T, Bate S, Tasab M, Brown 
NJ, Brookes ZL. Angiopoietin- 1 regulates microvascular reactivity and 
protects the microcirculation during acute endothelial dysfunction: 

https://doi.org/10.1001/jamacardio.2017.0264
https://doi.org/10.1001/jamainternmed.2013.3728
https://doi.org/10.1210/jc.2006-2190
https://doi.org/10.1016/j.jacc.2013.03.022
https://doi.org/10.1016/j.jacc.2012.02.024
https://doi.org/10.1111/j.1468-1293.2012.01027.x
https://doi.org/10.1097/QAD.0b013e32832e7140
https://doi.org/10.1161/CIRCULATIONAHA.106.678276
https://doi.org/10.1016/j.amjcard.2009.01.376
https://doi.org/10.1161/CIRCULATIONAHA.110.953653
https://doi.org/10.1038/nri2171
https://doi.org/10.1016/B978-0-12-407707-2.00002-3
https://doi.org/10.1097/COH.0000000000000020
https://doi.org/10.1371/journal.pone.0065182
https://doi.org/10.1097/QAI.0b013e318285cd33
https://doi.org/10.1097/QAI.0b013e318285cd33
https://doi.org/10.1161/JAHA.114.001267
https://doi.org/10.1161/JAHA.116.004243
https://doi.org/10.1161/JAHA.116.004243
https://doi.org/10.1093/cid/ciy781
https://doi.org/10.1093/cid/ciy781
https://doi.org/10.1016/j.ijcard.2008.01.021
https://doi.org/10.1161/01.RES.86.1.24


J Am Heart Assoc. 2021;10:e021397. DOI: 10.1161/JAHA.121.021397 13

Thakkar et al HIV- 1 Infection and Endothelial Dysfunction

role of eNOS and VE- cadherin. Pharmacol Res. 2014;80:43– 51. doi: 
10.1016/j.phrs.2013.12.008

 22. Thurston G, Daly C. The complex role of angiopoietin- 2 in the 
angiopoietin- tie signaling pathway. Cold Spring Harb Perspect Med. 
2012;2:a006550. doi: 10.1101/cshpe rspect.a006650

 23. Tsai Y- C, Lee C- S, Chiu Y- W, Kuo H- T, Lee S- C, Hwang S- J, Kuo M- C, 
Chen H- C. Angiopoietin- 2, angiopoietin- 1 and subclinical cardiovas-
cular disease in chronic kidney disease. Sci Rep. 2016;6:39400. doi: 
10.1038/srep3 9400

 24. David S, Kumpers P, Lukasz A, Fliser D, Martens- Lobenhoffer J, Bode- 
Boger SM, Kliem V, Haller H, Kielstein JT. Circulating angiopoietin- 2 
levels increase with progress of chronic kidney disease. Nephrol Dial 
Transplant. 2010;25:2571– 2576. doi: 10.1093/ndt/gfq060

 25. Nadar SK, Blann A, Beevers DG, Lip GYH. Abnormal angiopoietins 1&2, 
angiopoietin receptor Tie- 2 and vascular endothelial growth factor lev-
els in hypertension: relationship to target organ damage [a sub- study 
of the Anglo- Scandinavian Cardiac Outcomes Trial (ASCOT)]. J Intern 
Med. 2005;258:336– 343. doi: 10.1111/j.1365- 2796.2005.01550.x

 26. Salama MK, Taha FM, Safwat M, Darweesh HEA, Basel MEl. The Tie2 
receptor antagonist angiopoietin- 2 in systemic lupus erythematosus: 
its correlation with various disease activity parameters. Immunol Invest. 
2012;41:864– 875. doi: 10.3109/08820 139.2012.711407

 27. Lim HS, Blann AD, Chong AY, Freestone B, Lip GYH. Plasma vascu-
lar endothelial growth factor, angiopoietin- 1, and angiopoietin- 2 in di-
abetes: implications for cardiovascular risk and effects of multifactorial 
intervention. Diabetes Care. 2004;27:2918– 2924. doi: 10.2337/diaca 
re.27.12.2918

 28. Orfanos SE, Kotanidou A, Glynos C, Athanasiou C, Tsigkos S, 
Dimopoulou I, Sotiropoulou C, Zakynthinos S, Armaganidis A, 
Papapetropoulos A, et al. Angiopoietin- 2 is increased in severe sepsis: 
correlation with inflammatory mediators. Crit Care Med. 2007;35:199– 
206. doi: 10.1097/01.CCM.00002 51640.77679.D7

 29. Poss J, Fuernau G, Denks D, Desch S, Eitel I, de Waha S, Link A, 
Schuler G, Adams V, Bohm M, et al. Angiopoietin- 2 in acute myocar-
dial infarction complicated by cardiogenic shock– a biomarker substudy 
of the IABP- SHOCK II- Trial. Eur J Heart Fail. 2015;17:1152– 1160. doi: 
10.1002/ejhf.342

 30. Lee KW, Lip GYH, Blann AD. Plasma angiopoietin- 1, angiopoietin- 2, an-
giopoietin receptor tie- 2, and vascular endothelial growth factor levels 
in acute coronary syndromes. Circulation. 2004;110:2355– 2360. doi: 
10.1161/01.CIR.00001 38112.90641.7F

 31. Chong AY, Caine GJ, Freestone B, Blann AD, Lip GYH. Plasma an-
giopoietin- 1, angiopoietin- 2, and angiopoietin receptor tie- 2 levels 
in congestive heart failure. J Am Coll Cardiol. 2004;43:423– 428. doi: 
10.1016/j.jacc.2003.08.042

 32. Graham SM, Rajwans N, Jaoko W, Estambale BBA, McClelland RS, 
Overbaugh J, Liles WC. Endothelial activation biomarkers increase 
after HIV- 1 acquisition: plasma vascular cell adhesion molecule- 1 

predicts disease progression. AIDS. 2013;27:1803– 1813. doi: 10.1097/
QAD.0b013 e3283 60e9fb

 33. Gulhati V, Soo J, Ransy DG, Brophy J, Kakkar F, Bitnun A, Samson L, 
Read S, Soudeyns H, Hawkes MT. Brief report: higher levels of angio-
poietin- 1 are associated with early and sustained viral suppression in 
children living with vertically acquired HIV. J Acquir Immune Defic Syndr. 
2019;80:590– 595. doi: 10.1097/QAI.00000 00000 001955

 34. Bush KNV, Teel JL, Watts JA, Gore RS, Alvarado G, Harper NL, Okulicz 
JF. Association of endothelial dysfunction and antiretroviral therapy in 
early HIV infection. JAMA Netw Open. 2019;2:e1913615. doi: 10.1001/
jaman etwor kopen.2019.13615

 35. Leucker TM, Gerstenblith G, Schär M, Brown TT, Jones SR, Afework Y, 
Weiss RG, Hays AG. Evolocumab, a PCSK9- monoclonal antibody, rap-
idly reverses coronary artery endothelial dysfunction in people living with 
HIV and people with dyslipidemia. J Am Heart Assoc. 2020;9:e016263. 
doi: 10.1161/JAHA.120.016263

 36. Khawaja AA, Taylor KA, Lovell AO, Nelson M, Gazzard B, Boffito M, 
Emerson M. HIV antivirals affect endothelial activation and endothelial- 
platelet crosstalk. Circ Res. 2020;127:1365– 1380. doi: 10.1161/CIRCR 
ESAHA.119.316477

 37. Oliviero U, Bonadies G, Apuzzi V, Foggia M, Bosso G, Nappa S, Valvano 
A, Leonardi E, Borgia G, Castello G, et al. Human immunodeficiency 
virus per se exerts atherogenic effects. Atherosclerosis. 2009;204:586– 
589. doi: 10.1016/j.ather oscle rosis.2008.10.012

 38. Stein JH, Brown TT, Ribaudo HJ, Chen Y, Yan M, Lauer- Brodell E, 
McComsey GA, Dubé MP, Murphy RL, Hodis HN, et al. Ultrasonographic 
measures of cardiovascular disease risk in antiretroviral treatment- naive 
individuals with HIV infection. AIDS. 2013;27:929– 937. doi: 10.1097/
QAD.0b013 e3283 5ce27e

 39. Ho JE, Scherzer R, Hecht FM, Maka K, Selby V, Martin JN, Ganz P, 
Deeks SG, Hsue PY. The association of CD4+ T- cell counts and car-
diovascular risk in treated HIV disease. AIDS. 2012;26:1115– 1120. doi: 
10.1097/QAD.0b013 e3283 52ce54

 40. Dube MP, Shen C, Mather KJ, Waltz J, Greenwald M, Gupta SK. 
Relationship of body composition, metabolic status, antiretroviral use, 
and HIV disease factors to endothelial dysfunction in HIV- infected sub-
jects. AIDS Res Hum Retroviruses. 2010;26:847– 854. doi: 10.1089/
aid.2010.0007

 41. Dysangco A, Liu Z, Stein JH, Dube MP, Gupta SK. HIV infection, an-
tiretroviral therapy, and measures of endothelial function, inflammation, 
metabolism, and oxidative stress. PLoS One. 2017;12:e0183511. doi: 
10.1371/journ al.pone.0183511

 42. Serrano- Villar S, Sainz T, Lee SA, Hunt PW, Sinclair E, Shacklett BL, 
Ferre AL, Hayes TL, Somsouk MA, Hsue PY, et al. HIV- infected indi-
viduals with low CD4/CD8 ratio despite effective antiretroviral therapy 
exhibit altered T cell subsets, heightened CD8+ T cell activation, and 
increased risk of non- AIDS morbidity and mortality. PLoS Pathog. 
2014;10:e1004078. doi: 10.1371/journ al.ppat.1004078

https://doi.org/10.1016/j.phrs.2013.12.008
https://doi.org/10.1101/cshperspect.a006650
https://doi.org/10.1038/srep39400
https://doi.org/10.1093/ndt/gfq060
https://doi.org/10.1111/j.1365-2796.2005.01550.x
https://doi.org/10.3109/08820139.2012.711407
https://doi.org/10.2337/diacare.27.12.2918
https://doi.org/10.2337/diacare.27.12.2918
https://doi.org/10.1097/01.CCM.0000251640.77679.D7
https://doi.org/10.1002/ejhf.342
https://doi.org/10.1161/01.CIR.0000138112.90641.7F
https://doi.org/10.1016/j.jacc.2003.08.042
https://doi.org/10.1097/QAD.0b013e328360e9fb
https://doi.org/10.1097/QAD.0b013e328360e9fb
https://doi.org/10.1097/QAI.0000000000001955
https://doi.org/10.1001/jamanetworkopen.2019.13615
https://doi.org/10.1001/jamanetworkopen.2019.13615
https://doi.org/10.1161/JAHA.120.016263
https://doi.org/10.1161/CIRCRESAHA.119.316477
https://doi.org/10.1161/CIRCRESAHA.119.316477
https://doi.org/10.1016/j.atherosclerosis.2008.10.012
https://doi.org/10.1097/QAD.0b013e32835ce27e
https://doi.org/10.1097/QAD.0b013e32835ce27e
https://doi.org/10.1097/QAD.0b013e328352ce54
https://doi.org/10.1089/aid.2010.0007
https://doi.org/10.1089/aid.2010.0007
https://doi.org/10.1371/journal.pone.0183511
https://doi.org/10.1371/journal.ppat.1004078


 

 

 

 

SUPPLEMENTAL MATERIAL 

 

 



Table S1. Estimated Association between clinical risk factors and levels of ANG1 and ANG2 among HIV-negative individuals in the cohort 

(coefficient: percentage difference) 

  
  HIV-negative (n=46) 

  Ang1 Ang2 Ang2/Ang1 

BMI -0.2% ( -8.4%, 8.9%), p= 0.971 0.5% ( -3.1%, 4.2%), p= 0.79 1.6% ( -6.9%, 10.9%), p= 0.718 

Current smoker 87.8% ( -7%, 279%), p= 0.079 25.6% ( -1.7%, 60.5%), p= 0.069 -35% ( -70.5%, 43.1%), p= 0.285 

Coronary Artery Disease -0.7% ( -89.1%, 808.1%), p= 0.995 95.9% ( -22.7%, 396.6%), p= 0.157 70.9% ( -84.9%, 1838.8%), p= 0.665 

Hypertension -55.8% ( -79.3%, -5.9%), p= 0.034 28% ( -7.1%, 76.2%), p= 0.131 176.2% (23.6%, 516.9%), p= 0.013 

SBP 1.7% ( -1.5%, 5.1%), p= 0.302 0.4% ( -1%, 1.9%), p= 0.539 -1.1% ( -4.4%, 2.3%), p= 0.512 

DBP -0.9% ( -6%, 4.4%), p= 0.725 -1.1% ( -3.4%, 1.2%), p= 0.358 -0.5% ( -5.8%, 5.2%), p= 0.866 

Hyperlipidemia -4% ( -52.1%, 92.3%), p= 0.909 -21.3% ( -40.1%, 3.4%), p= 0.085 -7.2% ( -56.4%, 97.4%), p= 0.846 

Aspirin Use 26.9% ( -57.6%, 279.7%), p= 0.67 53.8% ( -2.3%, 142.2%), p= 0.063 34.8% ( -59.7%, 350.7%), p= 0.628 

Anti-hypertensive Use -34% ( -71.2%, 51.1%), p= 0.325 49.6% (3.1%, 117.2%), p= 0.034 106.4% ( -17.6%, 416.7%), p= 0.122 

Statin 53.4% ( -53%, 400.7%), p= 0.479 -5.8% ( -40.9%, 50.1%), p= 0.8 -37.3% ( -79.4%, 91%), p= 0.411 

HCV infection status -0.7% ( -89.1%, 808.1%), p= 0.995 95.9% ( -22.7%, 396.6%), p= 0.157 70.9% ( -84.9%, 1838.8%), p= 0.665 

CKD -1.8% ( -93%, 1280.8%), p= 0.989 -30.9% ( -78.5%, 122.1%), p= 0.535 -29.6% ( -96.2%, 1202.3%), p= 0.814 

DM 27.1% ( -86.3%, 1074.9%), p= 0.833 12.3% ( -58.6%, 204.4%), p= 0.82 -10.4% ( -92.3%, 945.6%), p= 0.93 

LDL (per 10) 1% ( -10.1%, 13.4%), p= 0.87 -6.9% ( -10.8%, -2.8%), p= 0.001 -6.4% ( -17.5%, 6.1%), p= 0.302 

Viral Load (per doubling) NA NA NA 

Duration of infection NA NA NA 

CD4 Nadir (per 100) NA NA NA 

Current CD4 (per 100) NA NA NA 

Current CD8 (per 100) NA NA NA 

CD4/CD8 Ratio (per 

doubling) 
NA NA NA 

 

  



Table S2. Estimated Association between clinical risk factors and levels of ANG1 and ANG2 among treated HIV-infected individuals 

(coefficient: percentage difference) 

  
  HIV-infected, treated (n=47) 

  Ang1 Ang2 Ang2/Ang1 

BMI -2.9% ( -10%, 4.6%), p= 0.437 -0.6% ( -3.2%, 2.1%), p= 0.661 1.4% ( -7%, 10.7%), p= 0.746 

Current smoker -37.4% ( -72.2%, 41.1%), p= 0.259 13.6% ( -15.8%, 53.3%), p= 0.403 100.9% ( -22%, 417.3%), p= 0.148 

Coronary Artery Disease 147.4% ( -46.2%, 1036.8%), p= 0.244 63.4% ( -6.5%, 185.6%), p= 0.085 -38.2% ( -90.4%, 298.2%), p= 0.613 

Hypertension -13.1% ( -58.9%, 83.6%), p= 0.713 8.1% ( -18.8%, 43.8%), p= 0.595 35.4% ( -45.3%, 235.2%), p= 0.512 

SBP -1.9% ( -4.9%, 1.2%), p= 0.22 -0.9% ( -2%, 0.3%), p= 0.133 0.2% ( -3.5%, 4.1%), p= 0.903 

DBP 2.5% ( -1.7%, 6.8%), p= 0.252 1% ( -0.5%, 2.6%), p= 0.183 -0.3% ( -5.2%, 4.8%), p= 0.904 

Hyperlipidemia 26.9% ( -38.2%, 160.3%), p= 0.516 -13.8% ( -32.5%, 10.1%), p= 0.234 -32.4% ( -70.8%, 56.1%), p= 0.359 

Aspirin Use -47.8% ( -77.4%, 20.6%), p= 0.128 -2.9% ( -27.4%, 29.9%), p= 0.845 78.3% ( -33.2%, 375.9%), p= 0.248 

Anti-hypertensive Use -9.6% ( -56.5%, 87.9%), p= 0.786 18.5% ( -11.1%, 57.9%), p= 0.247 73.1% ( -27.6%, 313.9%), p= 0.217 

Statin 98% ( -1.9%, 299.8%), p= 0.057 -5.2% ( -28.8%, 26.1%), p= 0.713 -56.8% ( -81.4%, 0.2%), p= 0.051 

HCV infection status 16.8% ( -55.1%, 203.8%), p= 0.749 38.5% (1.2%, 89.7%), p= 0.042 38.5% ( -53.4%, 311.9%), p= 0.558 

CKD 33.8% ( -54.8%, 296.3%), p= 0.599 7.7% ( -26.6%, 57.9%), p= 0.706 6.1% ( -69.1%, 264.3%), p= 0.926 

DM -40.6% ( -84%, 120.3%), p= 0.436 -25.2% ( -52.7%, 18.4%), p= 0.216 12.2% ( -75.7%, 417.7%), p= 0.882 

LDL (per 10) 1.9% ( -8%, 12.9%), p= 0.72 -2.5% ( -5.9%, 1.1%), p= 0.172 -4.5% ( -16%, 8.5%), p= 0.477 

Viral Load (per doubling) 33.1% ( -75.7%, 628.8%), p= 0.742 22.1% ( -34.2%, 126.6%), p= 0.527 -17.5% ( -89.4%, 544.6%), p= 0.854 

Duration of infection 4.6% ( -0.2%, 9.7%), p= 0.059 1.2% ( -0.6%, 3%), p= 0.179 -2.3% ( -7.9%, 3.6%), p= 0.438 

CD4 Nadir (per 100) -16.7% ( -30.9%, 0.3%), p= 0.053 1.8% ( -5%, 9%), p= 0.621 24.6% (0.4%, 54.6%), p= 0.046 

Current CD4 (per 100) -6.5% ( -19.2%, 8.3%), p= 0.372 -0.2% ( -5.4%, 5.2%), p= 0.936 10.1% ( -7.9%, 31.6%), p= 0.292 

Current CD8 (per 100) 11.1% (3.7%, 19%), p= 0.003 2.5% ( -0.2%, 5.3%), p= 0.065 -6.9% ( -14.4%, 1.2%), p= 0.094 

CD4/CD8 Ratio (per 

doubling) 
-39.1% ( -55.8%, -16%), p= 0.002 -7.5% ( -18.8%, 5.5%), p= 0.248 48.1% ( -6.5%, 134.6%), p= 0.094 

 

  



Table S3. Estimated Association between clinical risk factors and levels of ANG1 and ANG2 among untreated HIV-infected individuals. 

(coefficient: percentage difference) 

  
  HIV-infected, untreated (n=39) 

  Ang1 Ang2 Ang2/Ang1 

BMI 5% ( -3.4%, 14.2%), p= 0.253 -0.4% ( -3.2%, 2.5%), p= 0.785 -5.8% ( -14.5%, 3.7%), p= 0.224 

Current smoker 43.9% ( -37.2%, 230.1%), p= 0.39 20.1% ( -8.3%, 57.3%), p= 0.183 -20% ( -68.5%, 103.4%), p= 0.64 

Coronary Artery Disease N/A N/A N/A 

Hypertension -34.2% ( -75.1%, 73.5%), p= 0.397 0.8% ( -26.7%, 38.5%), p= 0.962 60.7% ( -45.9%, 377.1%), p= 0.393 

SBP -1.2% ( -4%, 1.7%), p= 0.413 0% ( -1%, 1.1%), p= 0.952 1.3% ( -2%, 4.7%), p= 0.434 

DBP 0.6% ( -4.4%, 5.8%), p= 0.83 0.3% ( -1.6%, 2.2%), p= 0.768 -0.6% ( -6.2%, 5.4%), p= 0.845 

Hyperlipidemia 119% ( -3.3%, 395.9%), p= 0.06 -7.2% ( -30.4%, 23.9%), p= 0.614 -62.8% ( -85.7%, -3.3%), p= 0.042 

Aspirin Use -40.6% ( -84.6%, 129.8%), p= 0.451 -33.8% ( -58.5%, 5.5%), p= 0.083 5.6% ( -77.3%, 392.3%), p= 0.945 

Anti-hypertensive Use -9.9% ( -70.1%, 171.5%), p= 0.854 -3.6% ( -32.5%, 37.7%), p= 0.84 -14.2% ( -74.6%, 190%), p= 0.805 

Statin 318.1% ( -37.9%, 2715.3%), p= 0.141 -34% ( -65.9%, 27.7%), p= 0.217 -84.7% ( -98.2%, 27.3%), p= 0.082 

HCV infection status 83.1% ( -36.8%, 429.9%), p= 0.265 19.6% ( -18.6%, 75.6%), p= 0.363 -29.6% ( -79.3%, 140.1%), p= 0.575 

CKD -81.6% ( -95.5%, -23.9%), p= 0.019 4% ( -37.7%, 73.6%), p= 0.88 625.1% (37.3%, 3729.5%), p= 0.02 

DM 254% ( -48.3%, 2326.4%), p= 0.198 3.8% ( -47.3%, 104.2%), p= 0.915 -70.9% ( -96.8%, 167.7%), p= 0.276 

LDL (per 10) 11.1% ( -1.2%, 24.8%), p= 0.078 -3.9% ( -7.9%, 0.3%), p= 0.069 -13.7% ( -24.8%, -0.9%), p= 0.036 

Viral Load (per doubling) -0.3% ( -13.7%, 15.3%), p= 0.972 4.3% ( -1.1%, 10%), p= 0.121 9.9% ( -5.8%, 28.1%), p= 0.229 

Duration of infection 1.4% ( -5.8%, 9.1%), p= 0.715 1.4% ( -0.7%, 3.6%), p= 0.192 -0.5% ( -7.8%, 7.4%), p= 0.902 

CD4 Nadir (per 100) 5.9% ( -18.6%, 37.9%), p= 0.668 -7% ( -14.7%, 1.3%), p= 0.096 -14% ( -35%, 13.8%), p= 0.291 

Current CD4 (per 100) -2.2% ( -17.7%, 16.2%), p= 0.800 -5.3% ( -10.7%, 0.4%), p= 0.067 -3.7% ( -19.4%, 15.1%), p= 0.68 

Current CD8 (per 100) -2.5% ( -9%, 4.4%), p= 0.469 1.1% ( -1.2%, 3.6%), p= 0.349 3.8% ( -3.9%, 12.1%), p= 0.347 

CD4/CD8 Ratio (per 

doubling) 
8.8% ( -35.7%, 84.2%), p= 0.754 -22.7% ( -32.1%, -12%), p<.001 -29.3% ( -59.5%, 23.5%), p= 0.223 

 

 

 




