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Abstract

Background—L.imited comparative, prospective data exist regarding cardiovascular risk factors
in HIV-infected women starting antiretroviral therapy (ART) in Africa.

Methods—In 7 African countries, 741 women with CD4<200 cells/mm?3 were randomized to
tenofovir/emtricitabine (TDF/FTC) plus either nevirapine (NVP, n=370) or lopinavir/ritonavir
(LPV/r, n=371). Lipids and blood pressure (BP) were evaluated at entry, 48, 96, and 144 weeks.
Multivariable linear and logistic regression models were used to evaluate mean risk factor changes
and clinically relevant risk factor changes.

Results—At entry, both NVP and LPV/r groups were similar regarding age (mean=33.5
[SD=7.1] yrs), CD4 (129 [67] cellssmm3), and HIV-1 RNA (5.1 [0.6] logyo copies/ml). Nearly all
women had normal lipids and BP except for HDL. Over 144 weeks, the LPV/r compared to NVP
group had significantly greater mean lipid increases (e.g. non-HDL: +29 vs. +13 mg/dL) and
smaller HDL increases (+12 vs. +21 mg/dL). In contrast, the NVP compared to LPV/r group had
greater mean increases in BP (e.g. diastolic BP: +5 vs. =0.5 mmHg). Significantly more women
assigned LPV/r had week 144 “abnormal” lipid levels (e.g. HDL 29.7% vs. 14.8% and
triglycerides 28.6% vs. 8.2%), and significantly more women assigned NVP had “abnormal” BP
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(e.g. diastolic BP 22.7% vs. 6.5%). Most differences remained significant when adjusted for
baseline risk factor, age, CD4, and HIV-1 RNA.

Conclusions—In HIV-infected women initiating ART in Africa, LPV/r+TDF/FTC was
associated with less favorable changes in lipids, and use of NVP+TDF/FTC was associated with
less favorable changes in BP.
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INTRODUCTION

Cardiovascular disease (CVD) is an emerging epidemic that is anticipated to lead to marked
increases in morbidity and mortality in sub-Saharan Africa [1, 2]. As observed in resource
rich countries where non-communicable diseases including CVD have become leading
causes of morbidity and mortality in persons living with HIV/AIDS, a similar
epidemiological shift is anticipated in sub-Saharan Africa as HIV care and treatment become
more widely available [3-5]. While the relationship between HIV infection, antiretroviral
therapy (ART), and dyslipidemias has been well described in resource rich settings [6-20],
the associations among these factors in sub-Saharan Africa is less well understood, with
only limited observational data subject to inherent methodological limitations [21-25].

Long-term, prospective data from resource limited settings evaluating the effect of ART
regimen on CVD risk factors are currently unavailable but will be important in optimizing
health outcomes in persons receiving ART, the majority of whom reside in resource limited
settings. Here, we examine data on several key CVD risk factors (lipids, body mass index
[BMI], and blood pressure) following initiation of non-nucleoside reverse transcriptase
inhibitor-(nNRTI-) vs. protease inhibitor (Pl)-based ART in women from 7 countries in sub-
Saharan Africa who participated in A5208/OCTANE (Optimal Combination Therapy After
Nevirapine Exposure).

METHODS

Study Design and Participants

The A5208/OCTANE study consisted of two parallel, randomized, open-label ART trials.
A5208/OCTANE was approved by all relevant local and U.S. institutional review boards
and ethics committees, and all participants provided written informed consent. In Trial 1,
241 women who had previously received single dose nevirapine (SUNVP) =6 months before
enrollment for prevention of mother-to-child transmission (PMTCT) of HIV were
randomized and started study treatment. In Trial 2, 500 women who had no prior NVP
exposure were randomized and started study treatment. Details of primary analyses and
results from Trial 1 and Trial 2 have been previously published [26, 27]. In brief,
participants were HIV-1-infected adult women who were not pregnant or breastfeeding from
10 sites in 7 countries of sub-Saharan Africa (three sites in South Africa; two in Kenya; and
one each in Zimbabwe, Botswana, Zambia, Malawi, and Uganda). Participants had
screening CD4+ T-cell count <200 cells/mm3 and were ART-naive. At baseline, women had
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estimated creatinine clearance =80 mL/min (changed to =60 mL/min one year into the
study). Additionally at baseline, women had absolute neutrophil count (ANC) =750/mm3,
hemoglobin 7.0 g/dL, platelet count =50,000/mm3, aspartate transaminase (AST) <2.5 x
upper limit of normal (ULN), alanine transaminase (ALT) <2.5 x ULN, alkaline
phosphatase <2.5 x ULN, and total bilirubin <2.5 x ULN. Women were followed until 48
weeks after the last participant enrolled.

Women were randomized to open-label ART with lopinavir/ritonavir (LPV/r) 400/100mg
twice daily or nevirapine (NVP) 200mg twice daily after a 14-day lead-in period with NVP
200mg once daily. Both groups also received tenofovir/emtricitabine (TDF/FTC) 300mg/
200mg daily. TDF/FTC was supplied as co-formulated Truvada®, and TDF and FTC were
also available separately. LPV/r was initially supplied as Kaletra® capsules but was
switched to heat-stable Aluvia® tablets approximately half way through the study. Women
discontinuing NVVP or LPV/r could switch to LPV/r or NVP, respectively. Women who
developed tuberculosis (Tb) requiring rifampin-containing treatment were offered efavirenz
for the duration of rifampin-containing Th treatment and for thirty days after stopping
rifampin in place of NVP or LPV/r if they could use appropriate contraception. Thereafter,
women returned to NVP or LPV/r assigned prior to Th treatment.

The primary study endpoint was time to virologic failure or death. A secondary study
objective was to determine the tolerability and safety of the study drug regimens.

Data Collection and Cardiovascular Disease Risk Factor Evaluations

HIV-1 RNA and CD4+ T-cell count were evaluated at study entry and every 12 weeks.
CVD risk factors evaluated included fasting or non-fasting lipids (total cholesterol [TC],
high density lipoprotein-cholesterol [HDL], calculated or measured low density lipoprotein-
cholesterol [LDL], and triglycerides [TG]), systolic and diastolic blood pressures (SBP and
DBP), and body mass index (BMI). For results presented here, non-HDL cholesterol [non-
HDL] was calculated (non-HDL = TC-HDL). Lipids were evaluated at entry and every 48
weeks. Glucose measurements were obtained as part of metabolic panels evaluated
throughout the study. Additional risk factor evaluation for the metabolic syndrome was not
possible given data was not collected (i.e. waist circumference) or absent in follow-up (i.e.
fasting glucose).

All laboratories participated in external quality assurance (EQA) programs. Blood pressure
measurements were taken at scheduled visits according to standard practices at each site.
Height and weight were measured at time of ART initiation, and weight was measured on
scheduled visits with BMI calculated.

Established guidelines [28-30] were used in establishing clinically relevant (i.e. “normal” or
“desirable” vs. “abnormal” or warranting intervention) categories for CVD risk factors as
follows: TC: <200 vs. =200 mg/dL; LDL: <130 vs. 2130 mg/dL; HDL =40 vs. <40 mg/dL;
non HDL <160 vs. 2160 mg/dL; TG <150 vs. =150 mg/dL; SBP <140 vs. >140 mmHg;
DBP <90 vs. 290 mmHg; and BMI <25 vs. > 25 kg/m2.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Shaffer et al.

Page 4

Statistical Analysis

RESULTS

Data for this analysis were restricted to the period during which women remained on NVP
or LPV/r (as initially randomized). The period ended when study-provided NVP or LPV/r,
as initially randomized, was permanently discontinued or when a temporary discontinuation
of >30 days started. Changes in NRTIs during this period were allowed. A linear regression
model was used to estimate unadjusted and adjusted mean changes (95% confidence interval
[CI]) 48, 96, and 144 weeks after ART initiation for women remaining on initial randomized
ART. Logistic regression models were used to evaluate the relationship between treatment
(LPV/r or NVP) and unadjusted and adjusted odds of abnormal CVD risk factors. SAS
version 9.2 (Cary, NC) was used for statistical analysis.

Enrollment and Cardiovascular Risk Factor Follow-up

A total of 741 women were randomized and started study treatment: 370 to NVP-based
ART, and 371 to LPV/r-based ART. Median follow-up on initial randomized treatment was
104 weeks (90 weeks for NVP and 115 weeks for LPV/r). Women were followed until 48
weeks after the last woman was randomized. Therefore, not all women completed 96 or 144
weeks of follow-up to allow CVD risk factor evaluations (Table 1). The most common
reason women were not available for follow-up evaluation was study completion. Other
reasons for unavailability included follow-up events (e.g. adverse event, lost to follow-up,
DSMB recommended termination of randomized treatment), treatment requiring ART
change (e.g. Th treatment), and reaching study endpoint. No participants stopped initial
assigned treatment due to occurrence of a CVD risk factor.

Baseline Characteristics

Atentry (pre-ART), both NVP and LPV/r groups were similar with regard to age, CD4+ T-
cell count, and HIVV-1 RNA with overall mean (xstandard deviation) values of 33.5 (+7.1)
years, 129 (+67) cells/mm3 and 5.1 (+0.6) log;o copies/mL, respectively (Table 2). Mean
lipid CVD risk factors (TC, HDL, non-HDL, LDL, and TG) were also similar. Nearly all
women had TC <200 mg/dL (97%), non-HDL <160 mg/dL (98%), LDL <130 mg/dL (97%),
and TG <150 mg/dL (87%). Only about one third of women had HDL =40 mg/dL (29%).
SBP, DBP, and BMI were also similar at enrollment in the NVP and LPV/r groups. Nearly
all women had blood pressure <140/90 mmHg (91%), and most had BMI 216.5 and <25
kg/m?2 (69%) with few (2%) having BMI < 16.5 kg/m?2, meeting criteria for being
malnourished.

Among those with fasting evaluations (63 women in each arm; all from two sites in South
Africa and two sites in Kenya), most (98% in both groups) had glucose <110 mg/dL and
very few (1% in both groups) had glucose =126 mg/dL. Similarly, the majority of subjects in
the NVP and LPV/r groups had LDL <130 mg/dL (97% and 92%) and TG <150 mg/dL
(94% and 89%), respectively.
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Associations Between Baseline CVD Risk Factors and CD4+ T-cell Count, HIV-1 RNA, and

Age

In univariate analyses, there were significant associations at baseline between higher HIV-1
RNA and lower levels of TC, HDL, LDL, BMI and SBP, but not non-HDL or DBP (Table
3). Lower baseline CD4 count was significantly associated with lower BMI and SBP. There
were also significant associations between higher HIV-1 RNA and higher triglycerides, and
between lower CD4 count and higher triglycerides. Except for triglycerides and HDL, all
CVD risk factors were significantly worsened among older women. In multivariate analysis
that evaluated the association between each CVD risk factor and HIV-1 RNA, CD4 count
and age jointly, except for a weaker association between both SBP and BMI with CD4
count, all of the associations between CVD risk factors and HIVV-1 RNA, CD4 count and age
that were significant in univariate analysis remained significant in multivariate analysis.

Mean Changes in CVD Risk Factors Over Time

Overall, significant mean increases in all CVD risk factor values were observed for both
NVP and LPV/r groups over 144 weeks of follow-up with the exception of TG which
decreased significantly in the NVP group (Figure 1 and Table 4). Greater mean increases in
TC in the LPV/r vs. NVP groups were observed throughout follow-up (e.g., 41mg/dL for
LPV/r vs. 34 mg/dL for NVP at week 144). Similarly, greater mean increase in LDL was
observed in the LPV/r compared to NVP group at week 48 but the differences were
attenuated at weeks 96 and 144 and not significant. Mean increases in HDL were
significantly less in the LVP/r group compared to the NVP group at all follow-up time
points (12 mg/dL for LPV/r vs. 21 mg/dL at week 144). Likewise, non-HDL levels were
higher in the LPV/r group throughout follow-up (29 mg/dL for LPV/r vs. 13 mg/dL for NVP
at week 144). While a mean decrease in TG (-21 mg/dL) was observed in the NVP group at
week 144, an increase was observed in the LPV/r group (30 mg/dL).

In considering non-lipid CVD risk factors, week 144 mean changes were significantly
higher in the NVP vs. LPV/r group for both SBP (7.0 mmHg vs. 2.3 mmHg) and DBP
(5.3mmHg vs. —0.5 mmHg). Finally, significantly larger mean increases in BMI were
observed in the NVP (3.3 kg/m2) compared to the LPV/r (2.1 kg/m?) group. For those CVD
risk factors with significantly different mean changes according to treatment group (above),
the differences remained significant after adjusting for baseline risk factor, age, CD4+ T-cell
count, and HIV-1 RNA. Furthermore, the differences between treatments in change in DBP
and SBP persisted when also adjusted for change in BMI during follow-up

Categorical CVD Risk Factors Over Time

In an attempt to assess the clinical relevance of the mean quantitative changes in risk factor
levels observed, we examined changes in the proportion of women with CVD risk factors
that exceeded “normal” values or thresholds for intervention. The LPV/r group had less
favorable changes in the proportion of women with abnormal lipid levels, with significant
differences from the NVP group for HDL and TG at all follow-up weeks, and for non-HDL
and LDL at week 48 but not at later weeks (in part due to the smaller sample size) (Table 5).
In multivariate analyses, treatment group was significantly associated with the differences
observed in HDL and TG at all follow-up visits. Additionally, treatment group was
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significant for TC, non-HDL, and LDL at week 48 but not later weeks, again likely in part
due to smaller number of women at later follow-ups.

Significantly greater proportions of women in the NVP compared to LPV/r group surpassed
“normal” DBP thresholds with the greatest difference (22.7% vs. 6.5%, respectively) at
week 144. Differences in proportion of women surpassing normal SBP thresholds were
smaller than for DBP and were significant only at week 96. In multivariate analyses,
differences between treatments in these proportions remained significant for DBP at all
follow-up weeks as well as for SBP at week 96. Treatment group was not associated with
differences in the proportion of women with BMI =25 kg/m? at any visit.

DISCUSSION

In our analysis of a group of relatively young women from 7 countries in sub-Saharan Africa
with advanced HIV-1 disease, nearly all women had normal TC, LDL, non-HDL, TG, SBP,
and DBP, and glucose at time of ART initiation. The majority of women had low HDL
consistent with their advanced HIV disease. Decreases in HDL during the course of
untreated HIV infection have been well described in resource-rich settings and appear to be
related to HIV disease stage and activity as evidenced by the associations between low HDL
cholesterol and higher HIV RNA levels and lower CD4 cell counts [6, 31-33]. While we
observed a strong inverse relationship between HIVV-1 RNA and HDL at baseline alone and
after adjusting for age and CD4+ T-cell count, we found no significant relationship between
CDA4+ T-cell count and HDL at time of ART initiation in this group who all had relatively
low CD4+ T-cell counts.

The baseline CVD risk factors we observed are consistent with other limited data from
smaller and/or retrospective studies in sub-Saharan Africa [21, 23]. We found mean
increases in all CVD risk factors at nearly all follow-up visits with the exception of TGs,
which decreased in the NVP group by 48 weeks and remained below the value at time of
ART initiation thereafter. Decreases in TGs have been described in patients with advanced
HIV who received zidovudine monotherapy early in the epidemic and more recently in
patients on long-term NVP-based ART [6, 34, 35]. However, NVP-based ART has also been
associated with increases in TGs, although to a lesser extent compared with efavirenz (EFV)
[36, 37]. We observed an initial decrease in mean TG that remained low through 144 weeks
at the same time TGs increased in LPV/r-based ART. While such a decrease may be
associated with viral suppression, high rates of viral suppression were observed in both
groups throughout the study and, if due to viral suppression alone, decreases in TGs would
have been expected in both groups [26].

In contrast to the expected, less favorable changes in lipid values observed with LPV/r ART,
we observed an unexpected, significantly greater increase in both SBP and DBP throughout
follow-up in the NVP ART group. These increases in blood pressure persisted after
adjusting for baseline blood pressure, age, CD4+ T-cell count, and HIV-1 RNA. Maggi and
colleagues observed in a limited retrospective study of NVP-based ART a significant
increase in hypertension at 5 years of follow-up, which was not observed in those receiving
EFV [35]. Of note, no significant changes in pathology were observed in color-Doppler
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ultrasonography of the peri-aortic vasculature in the NVP group in that report [35]. This is
the first time, to our knowledge, that continuous elevations in SBP and DBP have been
described in women taking NVVP-based ART in sub-Saharan Africa, with elevations being
greater in NVP-based ART compared to LPV/r-based ART.

The changes in lipid values we observed may represent in part a return to pre-
seroconversion levels as described in a subgroup of male HIV seroconverters of the US
Multicenter AIDS Cohort Study.[38] Given the well described decreases in lipid values
associated with HIV seroconversion, such a scenario seems possible here. A parallel
scenario for the blood pressure changes we observed, however, may be less likely. It will be
important to evaluate other prospective clinical trial data in sub-Saharan Africa to see if
treatment-associated blood pressure changes are seen and mechanistic hypotheses may be
generated.

The short and long-term clinical significance of changes in CVD risk factors are important
to consider as life expectancies increase with HIV care and treatment more widely available
in sub-Saharan Africa. Within the 144 week follow-up period, significantly more women in
the LPV/r groups had clinically relevant dyslipidemia evidenced by changes in/worsening of
TC, HDL, non-HDL, LDL, and TG. Likewise, more women in the NVVP-based ART group
developed hypertension. Treatment regimen (LPV/r vs. NVP) was found to be associated
with lipid and blood pressure categorical changes, with SBP being significant at week 96 but
not at week 144, possibly due to attenuated sample size. While BMI changes (mean and
categorical) varied between groups and throughout follow-up, differences between
treatments in mean or categorical changes in blood pressure persisted after adjusting for
BMI changes (data not shown).

The primary strengths of our analysis are the long-term follow-up and relatively large
number of women where comparison of randomized nNRTI (NVP) and PI (LPV/r)-based
ART regimens may be evaluated concurrently. The most important limitation to consider is
the fact that only a small proportion of women were fasting at baseline and during follow-
up. We note, however, that the changes in lipids when considering only TC, HDL and, non-
HDL (which may be interpreted in the non-fasting state) are significant [39]. Furthermore,
studies have recognized the role of non-fasting TGs in predicting CVD [, 40, 41]. Blood
pressure measurements were obtained at each site according to local practices and non-
standardized across the entire study, and our findings are based upon one blood pressure
reading, which may overestimate the prevalence of hypertension [29]. Such differences,
however, were likely distributed equally between the 2 treatment groups by randomization.
The numbers of women participating in the later visits (96 and 144 weeks) dropped off as
they changed therapies and exited the study. This limited our ability to detect differences
between the two groups.

Last and importantly, our analysis provides detailed information regarding CVD risk factors
in young women with advanced HIV starting first line ART in 7 countries of sub-Saharan
Africa. It is important to note we cannot draw conclusions on the clinical relevance of the
observed changes in CVD risk factors and that our results may not be generalizable to other
populations.
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In conclusion, we found LPV/r-based ART to be associated with less favorable changes in
lipids and NVP-based ART unexpectedly associated in less favorable changes in blood
pressure in young women with advanced HIV initiating ART in 7 countries of sub-Saharan
Africa. These changes resulted in clinically relevant changes in lipid and blood pressure
CVD risk factors during up to 144 weeks of follow-up in a proportion of women. The long
term significance of these changes in CVD risk factors remains uncertain. It is appreciated
that these CVD risk factor changes are occurring during a period of “urbanization”
(including increasing presence of lipid rich diets) and in a setting where dyslipidemia
therapies have notable ART drug interactions and/or are often unavailable. Therefore,
attention to these CVD risk factors and overall risk factor modification will play an
increasing role in mitigating CVD-related morbidity and mortality in persons living with
HIV/AIDS in sub-Saharan Africa.
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Non Lipid CVD Risk Factors
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Mean Cardiovascular Risk Factor Levels Over Time Among Women Receiving Nevirapine-
and Lopinavir/Ritonavir-Based Antiretroviral Therapy
Figures A-H represent changes in lipid (A-E) and non-lipid (F-H) cardiovascular risk factors
over time by Nevirapine (NVP)- and Lopinavir/ritonavir (LPV/RTV)-based ART regimens.

1Bars are 95% confidence intervals for the mean
2p-values are for comparison of treatments adjusted for age, CD4 count, log10 HIV-1 RNA
and cardiovascular risk factor level at baseline

3Abbreviations: NVP, Nevirapine; LPV/RTV, Lopinavir/ritonavir; HDL, high-density
lipoprotein; LDL, low-density lipoprotein.
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