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Abstract

Background—Cerebrovascular risk is increased in people living with HIV infection compared
with age-matched uninfected individuals. Cerebrovascular endothelial dysfunction related to
antiretroviral therapy and inflammation may contribute to higher stroke risk in HIV infection.

Methods—We compared cerebral vasoreactivity—a measure of cerebrovascular endothelial
function assessed by the breath holding index (BHI) using transcranial Doppler ultrasound—
between virologically suppressed Chinese HIV-infected individuals followed in an HIV clinic in
Beijing, China and uninfected controls. We constructed mixed effects models to evaluate the
association of HIV, antiretroviral therapy and inflammatory markers with cerebral vasoreactivity.

Results—In an unadjusted model, HIV infection was associated with a trend toward lower
cerebral vasoreactivity (BHI 1.08 versus 1.26, p=0.079). In multivariable analyses, cholesterol
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modified the association between HIV infection and cerebral vasoreactivity (p=0.015 for
interaction). At a lower total cholesterol of 4.15 mmol/L, HIV was associated with lower cerebral
vasoreactivity (BHI —0.28, p=0.019), whereas at a cholesterol of 5.15 mmol/L, the reduction in
cerebral vasoreactivity associated with HIV was no longer statistically significant (BHI —0.05,
p=0.64). Among HIV-infected individuals, use of lopinavir/ritonavir compared with efavirenz was
associated with lower cerebral vasoreactivity (BHI —0.24, p=0.040). We did not find a significant
association between inflammatory markers and cerebral vasoreactivity.

Conclusion—Cerebrovascular endothelial dysfunction associated with HIV infection may be
most relevant for individuals with less traditional vascular risk, such as those with lower
cholesterol. Further study of the impact of ART on cerebrovascular endothelial function is
warranted to aid with ART selection in individuals at high cerebrovascular risk.

Keywords

HIV and stroke; cerebral vasoreactivity; cerebrovascular endothelial function; transcranial Doppler
ultrasound; China

Introduction

An estimated 800,000 individuals are living with HIV in China[1] with the number of newly
diagnosed cases, including in older individuals, on the rise[2]. In response to the HIV/AIDS
epidemic, China has made major strides in access to treatment, implementing the National
Free Antiretroviral Therapy (ART) program which covers 28 provinces across China[3,4].
As accessibility to ART improves and life expectancy of HIV-infected individuals increases,
new challenges, many of which are more typical of an aging population, have emerged[5,6]
including in low- and middle-income countries (LMIC) where the burden of chronic disease
is growing[7]. Of these, the association between HIV and cerebrovascular disease[8-10] is
of particular concern in China, where stroke occurs at younger ages[11] and is the leading
cause of vascular mortality and third leading cause of death overall[12].

Cerebral vasoreactivity, a measure of cerebrovascular endothelial function[13] that can be
evaluated non-invasively using transcranial Doppler (TCD) ultrasound, is associated with
cerebral small vessel disease and severe large artery atherosclerosis[14—16]—two common
stroke mechanisms in HIV infection[17]. A vasodilatory response to the rise in carbon
dioxide (CO») that occurs with breath holding, indicated by an increase in mean blood flow
velocity of the cerebral arteries, is one method of assessing cerebral vasoreactivity and
associated cerebrovascular risk that can be readily implemented in diverse settings. We
recently demonstrated in our UNderstanding Cerebral VasoReactivity in HIV infection
(UNCoVeR) study that treated, virologically suppressed HIV infection is an independent
risk factor for lower cerebral vasoreactivity[18]. In that study of a predominantly white male
cohort in the U.S., we were unable to compare the impact of specific ART medications on
cerebral vasoreactivity. In addition, we did not have access to inflammatory markers for the
cohort, which can remain elevated in treated HIV infection[19] and predict incident
cardiovascular events and mortality[20,21], to examine their association with
cerebrovascular endothelial function. Ongoing inflammation despite virologic suppression
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on ART may explain, in part, the observed association between treated HIV infection and
lower cerebrovascular endothelial function.

The primary and secondary goals of the UNderstanding Cerebral VasoReactivity in HIV
infection in Beijing (UNCoVeR Beijing) were to 1) assess the effect of treated HIV infection
on cerebral vasoreactivity in Chinese HIV-infected and uninfected individuals, 2) compare
the impact of specific ART medications on cerebral vasoreactivity among HIV-infected
individuals and 3) evaluate the association between markers of inflammation and cerebral
vasoreactivity in HIV infection.

Study setting and population

We recruited a convenience sample of HIV-infected adults followed in the Peking Union
Medical College Hospital (PUMCH) HIV clinic in Beijing, China as part of the China AIDS
Clinical Trials Group (CACTG) study. The PUMCH clinic is one of multiple sites
participating in the national CACTG study, which was originally designed to evaluate
toxicities and adverse effects of ART in Chinese HIV-infected participants[22]. All HIV-
infected individuals on a stable ART regimen for a minimum of 6 months with an
undetectable plasma viral load were eligible to participate. Because the CACTG study does
not include an HIV-uninfected control group, we separately recruited uninfected individuals
through referrals of partners and friends of HIV-infected participants. Uninfected individuals
underwent HIV testing to confirm their negative status prior to enrollment in the study.

Exclusion criteria for both HIV-infected and uninfected participants included: history of
stroke, transient ischemic attack, central nervous system (CNS) infection or new
unexplained neurologic deficit in the past 3 months, serious illness requiring systemic
treatment (e.g., antibiotics) or hospitalization in the past month, or use of immune-
modulatory therapy (e.g., corticosteroids) in the past month. The PUMCH Ethics Committee
and University of California, San Francisco Committee on Human Research approved the
study.

Study measurements

HIV-infected participants and uninfected controls were seen for a one-time visit during
which all study measurements were obtained. We assessed cerebral vasoreactivity using the
breath holding challenge[15], measuring the change in mean flow velocities (MFV) of the
bilateral middle cerebral arteries (MCAS) in response to a 30-second period of breath
holding. Results from two trials were averaged. A single vascular technologist blinded to
HIV status with TCD expertise and training in the breath holding challenge performed all
studies to minimize interrater variability. A Pioneer TC8080 TCD machine (Nicolet Vascular
Inc., Viasys Healthcare, Madison, Wisconsin, USA) was used for all studies. The primary
cerebral vasoreactivity outcome was the breath holding index (BHI), defined as the
percentage change in MFV from baseline to the conclusion of breath holding per second of
breath holding. A lower BHI indicates worse cerebrovascular endothelial function.
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We administered a questionnaire to participants to obtain information that might affect
cerebral vasoreactivity and stroke risk, including history of vascular risk factors (defined by
self-report of prior diagnosis by a medical provider with or without current use of anti-
hypertensive, anti-diabetic or lipid-lowering therapy); anti-platelet, anticoagulant and statin
use; current smoking, alcohol and substance use; and a history of migraines, traumatic brain
injury and sleep apnea. HIV-specific characteristics, including duration of HIV infection,
current and prior ART use, most recent and nadir CD4 count, were obtained from the
CACTG database. Routine laboratory test results were available through the CACTG study
for HIV-infected participants, in addition to fasting lipids, interleukin-6 (IL-6) and high
sensitivity C-reactive protein (hsCRP) obtained expressly for our study for both the HIV-
infected and uninfected individuals.

Statistical analysis

Results

We compared baseline characteristics between HIV-infected and uninfected participants
using Student’s t, Wilcoxon rank-sum, Chi-square or Fisher’s exact test, as appropriate. We
used mixed effects linear regression models to determine the association of HIV with
cerebral vasoreactivity. We constructed a separate model restricted to HIV-infected
participants to assess the association of specific ART medications, 1L-6 and hsCRP with
cerebral vasoreactivity. Because cerebral vasoreactivity is measured for the left and right
MCA, we included a random person effect to account for within-person correlation. All
models were adjusted for age and the change in mean arterial pressure with breath holding.
We then considered clinically relevant covariates of a priori interest as candidate covariates,
with the ultimate multivariable model constructed using forward stepwise selection. We
evaluated whether any vascular risk factors modified the effect of HIV on cerebral
vasoreactivity by entering 2-way statistical interaction terms into the final multivariable
model. To assess the stability of our final multivariable model, we constructed more
parsimonious three-predictor models to compare coefficients for our main findings. Finally,
given the modest number of HIV-uninfected controls, we investigated the impact of
removing potential influential control points on the main effects of the model. Pvalues were
2-sided with <0.05 considered statistically significant. Statistical analyses were performed
using Stata (StataCorp 2012. Stata Statistical Software: Release 12; Stata Corporation,
College Station, TX).

Demographics

We enrolled 78 HIV-infected individuals and 18 uninfected controls over a 6-month study
period. Three HIV-infected individuals, 2 of whom were women, were excluded due to
absent bilateral temporal windows. One control was excluded when the screening HIV test
returned positive. Another control participant was excluded due to the presence of a focal
intracranial stenosis of the MCA. Demographic and clinical characteristics of the remaining
91 participants (75 HIV-infected, 16 HIV-uninfected) are in Table 1. The mean age of the
HIV-infected group was 41 years and of the uninfected controls was 39 years. There were
more female uninfected controls than HIV-infected participants (44% versus 19%, p=0.031).
The majority of participants were Han Chinese.
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Prevalence of vascular risk factors

We did not observe any statistically significant differences in prevalence of vascular risk
factors by HIV status (Table 1). The most common vascular risk factor among HIV-infected
participants was dyslipidemia (23%), followed by hypertension (11%) and diabetes mellitus
(7%). Of the HIV-infected individuals with dyslipidemia, 41% were taking a statin (Table 1).

HIV-related characteristics

The mean CD4 count among HIV-infected participants was 454 cellss/mm3. Median duration
of HIV infection was 4.8 years. The majority of HIV-infected participants were on a
nucleoside reverse transcriptase inhibitor backbone of lamivudine plus tenofovir or
zidovudine in combination with efavirenz (49%), nevirapine (35%) and lopinavir/ritonavir
(11%). Only two individuals were on abacavir (Table 1).

Association of HIV with cerebral vasoreactivity

In an unadjusted model, HIV infection was associated with a trend toward lower cerebral
vasoreactivity (mean BHI 1.08 for HIV-infected versus 1.26 for uninfected group, p=0.079).
In a multivariable model adjusted for age, sex, statin use, total cholesterol, coronary heart
disease/myocardial infarction (CHD/MI), use of an antiplatelet or anticoagulant and
smoking, we observed an interaction between HIV infection and total cholesterol on the BHI
(p=0.015 for the interaction)(Figure 1). Among individuals with low total cholesterol, HIVV
infection was associated with lower cerebral vasoreactivity. However, in individuals with a
moderate cholesterol level, HIV had no statistically significant effect on cerebral
vasoreactivity. For example, at a total cholesterol of 4.15 mmol/L (160 mg/dL), HIV
infection was associated with a reduction in BHI of -0.28 (95% CI —0.52 to —0.05,
p=0.019). At a total cholesterol level of 4.50 mmol/L (174 mg/dL), the magnitude of the
effect of HIV infection on BHI lessened (-0.20, 95% CI —0.41 to —0.001, p=0.049), while at
a total cholesterol of 5.15 mmol/L (199 mg/dL), the lower BHI associated with HI\V
infection was no longer statistically significant (—-0.05, 95% CI -0.23 to +0.14, p=0.64)
(Figure 1, Table 2).

To investigate if the interaction between HIV infection and cholesterol on cerebral
vasoreactivity was driven by statin use, which has an established positive impact on cerebral
vasoreactivity,[23,24] we repeated the analysis after exclusion of statin users, all of whom
were HIV-infected. A statistically significant interaction (p=0.006) was still present between
HIV infection and total cholesterol on BHI, with a negative effect of HIV on cerebral
vasoreactivity among individuals with lower total cholesterol levels. In more parsimonious
models that included the interaction between HIV infection and total cholesterol and each of
the covariates from the multivariable model individually, we found that the main effects of
HIV, cholesterol and their interaction remained statistically significant in these models
without substantial impact on effect sizes. Finally, we removed potentially influential
controls from the analysis, including uninfected individuals with the highest and lowest BHI,
and found that the relationship between HIV and cholesterol on cerebral vasoreactivity was
still present.
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Impact of ART and other HIV-related factors on cerebral vasoreactivity

In the HIV only cohort, use of lopinavir/ritonavir in combination with a backbone of
lamivudine and either tenofovir or zidovudine was associated with lower BHI compared
with those on the same backbone with efavirenz (Figure 2, Table 3). Because individuals on
efavirenz tended to have more recently diagnosed HIV infection and shorter duration of
ART, we added time since HIV diagnosis (as a proxy for duration of infection) and duration
of ART use to the multivariable model. Addition of these two variables did not attenuate the
negative effect of lopinavir/ritonavir use on cerebral vasoreactivity. We did not observe a
significant association in unadjusted models between abacavir use, current CD4 count, nadir
CD4 count, or CD4 to CD8 ratio and the BHI, and none of these variables remained in the
final adjusted model.

Inflammation and cerebral vasoreactivity

Both IL-6 and hsCRP were higher among HIV-infected individuals compared with
uninfected controls (Table 1). However, we did not find a statistically significant association
between IL-6 or hsCRP and cerebral vasoreactivity. In exploratory analyses, HIV-infected
women had a higher median 1L-6 compared with HIV-infected men (2.25 vs 2.0 pg/mL,
p=0.016). In age-adjusted models, IL-6 >2 pg/mL was associated with a lower BHI among
all women (-0.08, 95% CI —0.15 to +0.0005, p=0.052) and among HIV-infected women
(-0.09, 95% CI -0.17 to —0.01, p=0.022) but not HIV-infected men (+0.005, 95% CI -0.07
to +0.08, p=0.90).

Discussion

Association between HIV and cerebral vasoreactivity varies by cholesterol level

In this study, ART-treated, virologically suppressed HIV-infected individuals with lower
total cholesterol had worse cerebral vasoreactivity compared with HIV-uninfected controls.
However, with higher total cholesterol levels, the negative effect of HIV infection on
cerebral vasoreactivity weakened and eventually disappeared. This pattern suggests that the
contribution of HIV to cerebrovascular endothelial dysfunction and stroke risk may be most
pronounced in individuals with lower traditional vascular risk.

A variable effect of HIV on vascular risk by age has been demonstrated in prior studies. In
the Boston Partners HIV cohort, HIV was associated with a greater risk of hemorrhagic
stroke, but its effect diminished with increasing age[9]. Similarly, in a study from Blantyre,
Malawi, the proportion of stroke risk in individuals older than 45 years attributable to HIV
was lower [population attributable fraction (PAF) 6%] than the risk attributable to
hypertension (PAF 68%)[25]. In comparison, the PAF of stroke risk for younger HIV-
infected individuals was 42% compared to 11% for hypertension. As expected, HIV-infected
individuals 45 years and older in our study cohort had higher mean total cholesterol
compared with younger individuals (Table 1). As traditional vascular risk factors such as
dyslipidemia become more prevalent with increasing age among HIV-infected individuals,
they may play a greater role in overall stroke risk and overshadow the impact of HIV
infection. The corollary, that HIV-infected individuals without traditional vascular risk
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factors such as elevated total cholesterol may still be at increased cerebrovascular risk
compared with uninfected controls, should be underscored.

Statin use associated with higher cerebral vasoreactivity

We observed a trend toward higher cerebral vasoreactivity among statin users, similar to our
findings in UNCoVeR in the U.S.[18] Despite the established cardiovascular benefits of
statins, including improvement in cerebrovascular endothelial function[23], more than half
of HIV-infected individuals with dyslipidemia in this Chinese cohort were not taking a
statin. Underutilization of statins for primary prevention of cardiovascular disease has been
reported in HIV infection[26]. Understanding and addressing the root causes of lower rates
of statin use in this high-risk population should be a focus of future work given the
tremendous opportunity to impact vascular outcomes.

Lower cerebral vasoreactivity among HIV-infected individuals on lopinavir/ritonavir

A secondary goal of UNCoVeR Beijing was to assess the association between specific ART
medications and cerebral vasoreactivity. Our current understanding of the effect of ART on
cerebrovascular risk is limited and may be complicated by the heterogeneity of stroke types
and mechanisms. Special attention has been paid to abacavir, which has been implicated as a
risk factor for systemic endothelial dysfunction[27] and cardiovascular events including
stroke[28,29] in HIV-infected individuals. We did not observe a significant association
between abacavir use and cerebral vasoreactivity, although this finding should be interpreted
with caution given the minimal use of abacavir among study participants. However, among
individuals on lamivudine plus either tenofovir or zidovudine (95% of participants), use of
lopinavir/ritonavir—the only protease inhibitors (PI) to which this cohort has been exposed
—was associated with lower cerebral vasoreactivity when compared with efavirenz use. This
effect persisted after adjusting for duration of HIV infection and of ART use.

Increased cardiovascular risk has been observed in patients with both recent and cumulative
exposure to Pls, and specifically to lopinavir[30,31]. PI use is associated with various
metabolic abnormalities, including dyslipidemia and insulin resistance, that promote
endothelial dysfunction and cardiovascular disease[32]. A more atherogenic lipid profile and
impaired systemic endothelial function have been observed in HIV-infected individuals
treated with a Pl-containing regimen compared with those on a Pl-sparing regimen[33]. Our
study provides evidence that endothelial dysfunction related to Pl use may extend beyond
the systemic vasculature to the brain and offers a potential mechanism to explain the
observed higher risk of nonhemorrhagic stroke events[34] and cerebral small vessel disease
pathology[35] associated with Pl exposure in HIV-infected individuals.

The observed association between PI use and lower cerebral vasoreactivity in this study can
only be generalized to lopinavir-containing ART regimens which, while rarely used in
routine practice in high-income countries, remain first-line therapy in many LMIC
worldwide with high prevalence of HIV. An important question is whether newer Pls, which
have a less atherogenic profile and may not be associated with an increase in vascular
events[36], have the same negative impact on cerebrovascular function as lopinavir. In one
small clinical trial, HIV-infected patients treated with older Pl-containing regimens, the
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majority of which included nelfinavir or lopinavir, randomized to switch to unboosted
atazanavir (versus continuing on their current regimen) had improved lipid profiles but no
corresponding improvement in systemic endothelial function[37]. Conversely, a larger
predefined substudy of a prospective randomized trial of three modern ART regimens [AIDS
Clinical Trials Group study A5257] found that individuals randomized to boosted atazanavir
had slower progression of carotid intima-media thickness compared with boosted darunavir,
with intermediate changes in those on raltegravir[38]. No significant effect of starting an
ART regimen on systemic endothelial function was observed. Studies focused specifically
on the effect of newer Pls on cerebrovascular endothelial function are needed.

Impact of IL-6 on cerebral vasoreactivity among HIV-infected women

The final aim of the study was to assess the association between inflammatory markers—
IL-6 and hsCRP—and cerebral vasoreactivity. To our knowledge, this is the first study to
explore the relationship between inflammation and cerebrovascular endothelial function in
HIV infection. Prior studies have demonstrated a link between markers of inflammation,
including I1L-6 and hsCRP, and subclinical cardiovascular disease and incident
cardiovascular events in HIV-infected individuals[20,39]. These data have bolstered the
prevailing hypothesis that chronic inflammation and immune activation drive increased
cardiovascular risk in HIV infection. Although HIV-infected individuals had higher markers
of inflammation compared with uninfected controls, we did not observe a significant
association between IL-6 or hsCRP and cerebral vasoreactivity in the overall cohort or in the
HIV only group. In exploratory analyses adjusted for age and stratified by sex, higher IL-6
was associated with worse cerebral vasoreactivity in women, including HIV-infected
women, but not in HIV-infected men. While these exploratory analyses were limited by the
modest number of women and must be verified, the differential impact of greater
inflammation on cerebrovascular function in women versus men in this cohort merits further
study, especially in light of existing evidence indicating that the risk of stroke associated
with HIV infection may differ by sex[8,9,40,41].

Strengths and limitations

Results from UNCoVeR Beijing should be interpreted cautiously alongside the study’s
limitations. First, due to the modest sample size, particularly in terms of uninfected controls,
our findings are preliminary and need to be verified in a larger, independent study. As with
our U.S.-based UNCoVeR study, UNCoVeR Beijing was not designed to assess the impact
of HIV on changes in cerebrovascular function over time. Unmatched uninfected controls
were recruited separately from HIV-infected participants, which may have introduced
selection bias. While demographic and clinical characteristics of the two groups were largely
similar, some differences were present that did not reach statistical significance. In addition,
we lacked information on immune activation markers, which have been a primary focus of
studies aimed at understanding the pathophysiology of increased cardiovascular risk in HIV,
although we were able to investigate the relationship between non-specific inflammatory
markers and cerebral vasoreactivity. We also did not have data on menopause status or
exogenous hormone use, which may have been relevant in our exploratory analyses of HIV-
infected individuals stratified by sex. Strengths of our study included successful enroliment
of nearly 20% HIV-infected women, in contrast to UNCoVeR, which was 95% men. While
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still a modest proportion of women, we were able to perform preliminary analyses to explore
differences in the association between inflammation and cerebral vasoreactivity by sex,
which should be replicated in a larger study. Furthermore, the lack of substance use in the
cohort removed a major potential confounder in the association between HIV and
cerebrovascular endothelial function. Lastly, because few ART regimens are available
through the Chinese National ART program, we had a relatively clean sample in which to
investigate the impact of specific ART medications on cerebrovascular risk.

Conclusion

In summary, we found that ART-treated HIV infection is associated with worse
cerebrovascular endothelial function among individuals with lower total cholesterol, while
the negative effect of HIV diminished as total cholesterol increased. We propose that the
additional contribution of HIV infection to cerebrovascular risk may be most relevant for
individuals at lower traditional vascular risk. We also demonstrated an association between
lopinavir use and lower cerebrovascular endothelial function, which, if confirmed, suggests
that lopinavir/ritonavir should be avoided in high cerebrovascular risk patients from LMIC
where this PI combination is still widely used. These findings expand our understanding of
the potential impact of treated, virologically suppressed HIV infection on cerebrovascular
risk. Furthermore, we demonstrated the feasibility of applying an economical and accessible
technology to evaluate cereobrovascular endothelial function in a LMIC. Future studies
should focus on the pathogenetic mechanisms underlying cerebrovascular disease in HIV
infection, including specifically in HIV-infected individuals from LMIC, in order to identify
and evaluate strategies to prevent and treat stroke in this at-risk population.
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P value for interaction = 0.015
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Figure 1. Total cholesterol modifies effect of HIV infection on cerebral vasoreactivity
At lower cholesterol levels, HIV infection was associated with worse cerebral vasoreactivity

(measured with breath holding index), while at higher cholesterol levels, this association was
not observed.
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Figure 2. Adjusted cerebral vasoreactivity by type of antiretroviral therapy (ART)2
Use of lopinavir/ritonavir was associated with lower mean cerebral vasoreactivity (measured

with breath holding index) compared with use of efavirenz, independent of the duration of
HIV infection or use of antiretroviral therapy.

aAdjusted for age, statin use, coronary heart disease/myocardial infarction, duration of HIV
infection and duration of antiretroviral therapy use.
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Demographic and clinical characteristics of HIV-infected individuals and uninfected controls

Table 1

IL-6 (pg/mL), median (Q1, Q3)2

HIV-infected individuals ~ Uninfected controls P value
(n=75) (n=16)
Demographics, n (% of total) unless indicated
Age (years), mean (SD) 41 (11) 39 (10) 0.62
Female sex 14 (19) 7 (44) 0.031
Non-Han ethnicity 1(1) 0 (0) 1.00
Vascular risk factors and other medical conditions, n (% of total) unless indicated
Hypertension 8 (11) 2 (13) 1.00
Anti-hypertensive medication use 9(12) 2 (13) 1.00
Dyslipidemia 17 (23) 2 (13) 0.51
Statin use overall 7(9) 0 (0) 0.35
Statin use among individuals with dyslipidemia 7(41) 0(0) 0.25
Coronary heart disease/MI 3(4) 1(6) 0.55
Antiplatelet or anticoagulation use 2(3) 2(13) 0.14
Diabetes mellitus 5(7) 1(6) 1.00
Stroke or cerebral vessel abnormality 2(3) 1(6) 0.44
Positive hepatitis C antibody 4 (5) NA —
Current substance use, n (% of total) unless indicated
Alcohol use 20 (27) 1(6) 0.11
Tobacco use 21(28) 4 (25) 1.00
Substance use 1(1) 0 (0) 1.00
Laboratories (mmol/L), mean (SD) unless indicated
Total cholesterol? 4.78 (1.02) 4.86 (1.02) 0.75
Low-density lipoprotein 2.64 (0.74) 2.83(0.90) 0.18
High-density lipoprotein 1.18 (0.33) 1.23(0.17) 0.61
Triglycerides 1.74 (1.66) 1.45 (1.36) 0.51
hsCRP (mg/L), median (Q1, Q3) 1.06 (0.54, 2.13) 0.48 (0.20, 0.89) 0.003
2.0(2.0,2.2) 2.0 (2.0, 2.0) 0.023
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HIV-infected individuals

(n=75)

Uninfected controls
(n=16)

P value

HIV-specific factors (cell/mm3), mean (SD) unless indicated

CD4 count 454 (229) — —
Nadir CD4 count 193 (145) — —
CD8 count 738 (377) — —
CD4 to CD8 ratio 0.70 (0.36) — —
Duration of HIV infection (years), median (Q1, Q3) 4.8 (2.3,6.3) — —
Duration of ART use (years), median (Q1, Q3) 4.0 (2.0,6.0) — —
Current ART regimen, n (% of total):

3TC + TDF or AZT + EFZ 37 (49) — —
3TC + TDF or AZT + NVP 26 (35) — —
3TC + TDF or AZT + LPV/r 8(11) — —
3TC + TDF + LPV/r + RAL 2(3) — —
3TC + ABC + NVP or LPV/r 2(3) — —

Page 15

Abbreviations: SD, standard deviation; NA, not available; 3TC, lamivudine; TDF, tenofovir; EFZ, efavirenz; AZT, zidovudine; NVP, nevirapine;
LPVIr, lopinavir/ritonavir; RAL, raltegravir; ABC, abacavir

aTotaI cholesterol among HIV-infected individuals 45 years of age and older was higher compared with younger HIV-infected individuals (5.07
versus 4.60 mmol/L, p=0.05). See discussion for additional context.

b,

26% of HIV-infected individuals had an IL-6 >2 pg/mL (lowest limit of reliable detection) compared with 0% for uninfected controls, p=0.021.
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Adjusted difference in cerebral vasoreactivity (measured with breath holding index) by HIV infection and
other risk factors among all participants (total observations, left + right sides, N=168)¢

Differencein breath holding index

(% change in mean flow velocity per second) (95% CI) Pvalue
At total cholesterol of 5.15 mmol/L?: 0.64
-0.05 (-0.23 to +0.14) '
HIV infection
At total cholesterol of 4.15 mmol/L2: 0.019
-0.28 (-0.52 to —0.05) '
Demographics
Age (per 10 years) -0.07 (-0.15 to +0.001) 0.055
Female sex -0.04 (-0.24 to +0.16) 0.70
Vascular and other risk factors
Statin use +0.23 (-0.04 to +0.51) 0.096
Coronary heart disease/myocardial infarction -0.33 (-0.69 to +0.04) 0.080
Antiplatelet or anticoagulation use +0.26 (-0.11 to +0.63) 0.11
Tobacco use +0.15 (-0.02 to +0.32) 0.078
Laboratories
Total cholesterol (per 1 mmol/L) -0.22 (-0.40 to -0.05) 0.011

a, . . . . . . . . .
Adjusted for factors listed in the column in addition to the change in mean arterial pressure between baseline and breath holding

bP value for interaction term between HIV and cholesterol level, p=0.015
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Adjusted difference in cerebral vasoreactivity (measured with breath holding index) by HIV-related and other

risk factors among HIV-infected participants (total observations, left + right sides, N=133)¢

Differencein breath holding index

(% changein mean flow velocity per second) (95% CI) Pvalue

Demographics
Age (per 10 years) -0.08 (-0.15 to -0.01) 0.036
Vascular and other risk factors
Statin use +0.25 (-0.05 to +0.54) 0.097
Coronary heart disease/MI -0.44 (-0.78 to -0.11) 0.009
HIV-related factors
Duration of HIV infection (per year) -0.06 (-0.13 to +0.01) 0.078
Duration of antiretroviral therapy (per year) +0.08 (+0.001 to +0.16) 0.048
Current antiretroviral therapy:

Efavirenz Reference —

Nevirapine -0.13 (-0.28 to +0.02) 0.088

Lopinavir/ritonavir -0.24 (-0.47 to —0.01) 0.040

a, . . . . . . . . .
Adjusted for factors listed in the column in addition to the change in mean arterial pressure between baseline and breath holding
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