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Abstract

Background—Cardiovascular disease (CVD) is an emerging concern for HIV-infected patients.
Hyperlipidemia is a risk factor for CVD and a complication of protease-inhibitor-based
antiretroviral therapy, but little is known about its incidence and risk factors in treated patients in
resource-limited settings (RLS).

Methods—We conducted a secondary analysis of ACTG A5230 trial in which HIV-infected
adults from India, Malawi, Tanzania, Thailand and South Africa, with virologic relapse on first
line therapy were initiated on lopinavir/ritonavir (LPV/r) monotherapy. Hyperlipidemia was, a
Grade 2+ elevated fasting total cholesterol (FTC=240 mg/dl) or fasting triglycerides (FTG=500
mg/dl) or calculated low density lipoprotein cholesterol (LDL=160 mg/dl) based on measurements
at weeks 12, 24, 48, 68 and 104. We evaluated factors potentially associated with quantitative lipid
changes from baseline to week 12. These were age, sex, race, site, and baseline body mass index,
CD4 cell count, HIV-1 RNA level, and lipids.

Results—106 participants without hyperlipidemia at baseline started LPV/r; median age 39
years, 68% black African, 55% female. The cumulative incidence of hyperlipidemia at week 104
was 48% (95% Cl: 36-58%). At week 12, there were significant mean increases from baseline in
FTC (17 mg/dL, P<0.001) and FTG (104 mg/dL, P<0.001). In multivariable analysis, higher
baseline FTC (P=0.044), FTG (P=0.025), Thai (P<0.001) or Indian sites (P=0.020) versus African
sites were associated with increased risk of hyperlipidemia.

Conclusion—In HIV-infected adults in RLS initiating LPV/r, hyperlipidemia was common.
Baseline lipid measurements and routine monitoring should be recommended in individuals
starting LPV/r-based treatments with borderline high lipids.

Correspondence: Mitch Matoga, MBBS, University of North Carolina Project-Malawi Tidziwe Centre, 100 Mzimba Road, Private
Bag A-104, Lilongwe, Malawi. (Tel) +265 1-755-056 (Fax) +265 1-755-954, mmatoga@unclilongwe.org.

Disclosure Statement - Conflict of Interest: We do not have any conflicts of interest to report.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Matoga et al. Page 2

INTRODUCTION

Non-infectious complications of HIV infection are an increasing concern globally. In
resource-rich countries, non-communicable diseases including cardiovascular disease (CVD)
have become leading causes of morbidity and mortality in persons living with HI\VV/AIDS.
Similarly, as HIV care and treatment becomes more widely available, CVD has become an
emerging epidemic in resource-limited settings [1].

Hyperlipidemia is a recognized risk factor for CVD and is also a complication of
antiretroviral therapy (ART). [2 — 7] Hence, improved understanding of risk factors for
hyperlipidemia among HIV-infected patients taking ART is important. Current HIV
treatment guidelines for resource-limited settings recommend the use of a
pharmacokinetically boosted protease inhibitor (PI) in combination with two nucleos(t)ide
reverse transcriptase inhibitors (NRTIs) for second-line therapy. [8] Lopinavir (LPV)
boosted with low-dose ritonavir (LPV/r) is widely used for treatment of HIV in antiretroviral
(ART)-experienced patients failing on a first-line ART regimen in resource-limited settings.
[9] However, in resource-rich countries, LPV/r-containing regimens, compared to other
protease inhibitors (Pls), have been associated with greater increases in lipid parameters. [10
— 12] Several studies have shown that Grade 3 or 4 elevations in total cholesterol and in
triglycerides were more common in patients receiving LPV/r than in those receiving other
Pls. [10, 12]

With the rising number of people starting second line ART regimens in resource-limited
settings, hyperlipidemia due to protease inhibitors might be expected to be an increasing
concern. [13] However, there are few data describing the risk of hyperlipidemia in resource-
limited settings. We therefore set out to determine the incidence and risk factors of
hyperlipidemia in LPV/r-treated patients in resource-limited settings.

METHODS

STUDY DESIGN

This was a retrospective analysis of data from the AIDS Clinical Trials Group (ACTG)
AB5230 clinical trial. A5230 study was an open-label, single arm pilot trial to explore the
safety and efficacy associated with LPV/r monotherapy in antiretroviral-experienced,
protease inhibitor-naive participants experiencing virologic relapse on a non-nucleoside
reverse transcriptase inhibitor (NNRTI)-containing regimen. [14, 15] The study was
conducted at five ACTG Clinical Research Sites, including three sites in Africa (Lilongwe,
Malawi; Moshi, Tanzania; and Johannesburg, South Africa) and two sites in Asia (Chiang
Mai, Thailand; and Chennai, India). Participants were followed for 104 weeks. Participants
received LPV/r (400/100 mg twice daily) which was supplied as co-formulated Aluvia™
tablets through 104 weeks. Plasma HIV-1 RNA levels were measured in real time. Since
Ab230 was a pilot study and LPV/r monotherapy was a non-standard ART regimen, close
monitoring of plasma HIV-1 RNA levels was conducted for the first 24 weeks of follow-up.
For participants experiencing virologic failure, emtricitabine/tenofovir (FTC/TDF) (200/300
mg once daily), co-formulated as Truvada, was added to their treatment. Virologic failure
was met with either of the following two conditions: (i) failure to suppress HIV-1 RNA to <
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400 copies/mL by week 24, or (ii) confirmed HIV-1 RNA = 400 copies/mL after confirmed
HIV-1 RNA < 400 copies/mL. As reported previously, Forty seven (47) participants
developed virologic relapse while on LPV/r monotherapy and 41 (33%) had their treatment
intensified with TDF/FTC. [14]

STUDY POPULATION

Study participants were HIV-infected men and women, 18 years or older, experiencing
virologic relapse while receiving a NNRTI-containing three-drug combination continuously
for at least 6 months prior to study entry with screening plasma HIV-1 RNA of 1000 —
200,000 copies/mL. Entry criteria included estimated creatinine clearance >60mL/minute,
AST, ALT and alkaline phosphatase <3 times the upper limit of normal, total bilirubin <2.5
times the upper limit of normal, a hemoglobin >8mg/dL, and platelets >50,000/mm3.
Persons with prior Pl use, detectable hepatitis B surface antigen (HBsAg), active substance
abuse, serious medical condition within the previous 14 days were excluded, as were
pregnant or breastfeeding women. In this analysis, participants with pre-existing
hyperlipidemia (defined below) at study entry or who were on lipid lowering treatment at
study entry were excluded. A5230 was approved by all relevant local and US institutional
review boards and ethics committees, and all participants provided written informed consent.

DEFINITIONS AND DATA COLLECTION

Fasting total cholesterol (FTC), triglycerides (FTG) and high density lipoprotein (FHDL)
were measured at study entry and at weeks 12, 24, 48, 68, and 104 during follow-up while
receiving LPV/r monotherapy. Low density lipoprotein (LDL) was calculated using the
Freidewald equation: LDL = [FTC - (FHDL - FTG/5)]. Hyperlipidemia was defined as a
Grade 2 or higher elevation of one or more fasting lipid parameters or commencement of
lipid lowering treatment without a grade 2 or higher lipid elevation. The Division of AIDS
(DAIDS) table for Grading the Severity of Adult Adverse Events (DAIDS AE Grading
Table), Version 1.0, December 2004 was used to grade hyperlipidemia. FTC =240 mg/dI,
FTG =500 mg/dl and calculated LDL =160 mg/dl were defined as abnormal (i.e. Grade 2 or
higher) using this classification. Grade 2 or higher lipid elevations by the DAIDS grading
table translate to moderate to severe lipid elevations which in most cases warrant medical
treatment with lipid lowering agents unlike milder lipid elevations which can be managed
with life style modifications. Baseline plasma HIV-1 RNA level and CD4 cell count were
defined as the measurements immediately prior to starting LPV/r monotherapy. Baseline
body mass index BMI was similarly defined, calculated as weight (kg) divided by height (m)
squared.

STATISTICAL ANALYSIS

Data analysis was restricted to the period during which participants remained on LPV/r
monotherapy. The period ended when participants had confirmed virologic failure and
intensified treatment through addition of FTC/TDF, when they permanently discontinued
study treatment, or when they started lipid lowering treatment. The cumulative incidence of
hyperlipidemia was calculated as the proportion of participants who developed
hyperlipidemia while on LPV/r monotherapy at weeks 12, 24, 48, 68 and 104 using
cumulative incidence estimates with 95% confidence limits. Proportional hazards models
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were used to evaluate factors associated with the hazard of hyperlipidemia while on LPV/r
monotherapy. Risk factors of interest included age (18 — 29, 30 — 39, 40 — 49 and = 50
years), sex, race/site (African, Indian and Thai); baseline BMI (<18.5, 18.5 — 25 and =25
kg/m?), CD4 cell count (<50, 50 — 199, 200 — 349 and =350 cells/mm3), HIV-1 RNA level
(3.00 - 3.99, 4.00 — 4.99, 5.00 — 5.29 and =5.30 log;g copies/mL), and baseline lipids.
Linear and mixed regression models were used to estimate unadjusted and adjusted mean
changes in lipids 12 weeks after initiation of LPV/r monotherapy and associated 95%
confidence intervals. SAS version 9.2 (Cary, NC) was used for statistical analysis.

ENROLLMENT AND FOLLOW-UP

A total of 123 participants were enrolled in the A5230 study and started LPV/r monotherapy.
Nine participants were excluded from this analysis because they had pre-existing
hyperlipidemia and a further eight were excluded because they had no fasting lipid
measurements before starting LPV/r. The study population therefore included 106
participants, of whom 59 completed 104 weeks of follow-up while on LPV/r monotherapy.
Among the 47 participants who discontinued LPV/r monotherapy before 104 weeks, 41
intensified treatment with TDF/FTC, 4 died and 2 were lost to follow-up.

BASELINE CHARACTERISTICS

The 106 participants were enrolled at 5 sites, three in Africa (Malawi [36 participants],
Tanzania [20] and South Africa [16]), Thailand (22) and India (12). Table 1 describes
characteristics of participants prior to starting LPV/r monotherapy in the overall study
population and by site. The median age was 39 years, 55% were female, 68% were African
and the median BMI was 22.8 kg/m2. Median CD4 count varied significantly by site
(P<0.001) ranging from 104 cells/mm3 in Malawi to 242 cells/mm?3 in South Africa. Median
HIV-1 RNA also varied significantly by site (P=0.045), ranging from 4.09 logyo copies/mL
in Thailand to 4.65 logyg copies/mL in Malawi.

At entry, median FTC and LDL varied significantly across sites (P=0.046 and P=0.026);
median FTC ranged from 159 mg/dL in Malawi to 191 mg/dL in Tanzania and median LDL
ranged from 75 mg/dL in Malawi to 115 mg/dL in India (Table 1).

INCIDENCE OF HYPERLIPIDEMIA

A total of 43 participants developed hyperlipidemia while on LPV/r monotherapy during
follow-up, of whom 27 (63%), 15 (35%) and 12 (28%) developed Grade 2+ FTC, FTG and
LDL at study-scheduled measurement times, respectively. Five (12%) of the 43 participants
who developed hyperlipidemia started lipid lowering agents without having a Grade 2+ lipid
level at a scheduled measurement time. Figure 1 shows the cumulative incidence of
hyperlipidemia over time. At week 12, the time of the first evaluation of lipids in the study,
17% had developed hyperlipidemia. Thereafter there was an ongoing incidence of
hyperlipidemia with a cumulative incidence by 104 weeks of 48% (95% CI: 36 — 58%)
while on LPV/r monotherapy.
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RISK FACTORS FOR HYPERLIPIDEMIA

In univariable analyses, higher baseline FTC (P<0.001), FTG (P<0.001) and LDL (P=0.002)
were associated with increased risk of hyperlipidemia. In addition, race (P<0.001) and site
(P=0.001), but not sex, age, CD4 count, HIV-1 RNA, BMI or weight, were significantly
associated with risk of hyperlipidemia. The variation by site reflected higher incidence at the
Thai site and at the Indian site versus the African sites (and hence the potential difference
according to race) (Figure 2); there was no significant difference among the three African
sites. The unadjusted hazard ratio comparing risk among participants at the Thai site versus
those at the African sites was 3.97 (95% confidence interval [CI]: 2.04 — 7.74; P<0.001) and
among those at the Indian site versus those at the African sites was 2.69 (95% CI: 1.17 —
6.19; P=0.020). In terms of cumulative incidence by 104 weeks, these differences translated
into proportions of 31% (95% CI: 19 —45%) at the African sites, 67% (31—87%) at the
Indian site and 80% (53—92%) at the Thai site.

In multivariable analysis, adjusted for baseline FTC, FTG and LDL, the differences by site
persisted: the adjusted hazard ratio comparing participants at the Thai site to those at African
sites was 3.42 (95% Cl: 1.67-7.00; P<0.001) and comparing participants at the site in India
to those at African sites was 3.51 (1.22-10.1; P=0.020). There was no significant difference
among the three African sites. In this multivariable analysis, risk of hyperlipidemia remained
significantly associated with higher baseline FTC (P=0.044) and with higher baseline FTG
(P=0.025) but not with baseline LDL (P=0.70). When sex, BMI, weight, CD4 count or
HIV-1 RNA was added to this multivariable model, none of these variables was significantly
associated with risk of hyperlipidemia and the differences among the sites persisted. Thus
differences in risk of hyperlipidemia among the sites were not explained by any differences
among sites in baseline lipid levels, sex, weight, BMI, CD4 count or HIV-1 RNA.

CHANGES IN LIPIDS

Because a large proportion of participants experienced hyperlipidemia and started lipid-
lowering agents during follow-up, analysis of quantitative changes in lipid levels focused on
the acute change between baseline and the first scheduled measurement after 12 weeks of
LPV/r monotherapy. Of the 106 participants, 101 were included in this analysis; 5
participants were excluded because they did not have fasting week 12 lipid measurements.
At week 12, there were significant mean increases from baseline in FTC (17 mg/dl;
P<0.001) and FTG (104 mg/dl, P<0.001) but not LDL (P=0.58) (Table 2).

In univariable linear regression analyses, associations of change in each of FTC, FTG and
LDL from baseline to week 12 with sex, age, race, site, and baseline weight, BMI, CD4
count, HIV-1 RNA, FTC, FTG and LDL were evaluated but few significant associations
were found. Specifically, higher baseline FTG level was significantly associated with greater
increases in both FTC and FTG (P<0.001 for both). In addition, higher baseline FTC was
significantly associated with greater increase in FTG (P=0.048). There was also significant
variation among sites and among racial groups in change in FTG (P=0.049 and P=0.021,
respectively). None of the variables considered was significantly associated with change in
LDL.
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There were variations in lipid levels by site location in both univariable analysis and
multivariable analysis adjusted for baseline FTC, FTG and LDL. The variation among sites
in change in FTG primarily reflected greater mean increase in FTG among participants at
the Thai site (243 mg/dl) compared with those at the African sites (90 mg/dl) or the Indian
site (79 mg/dl). Thus, compared with participants at the African sites, participants at the
Thai site experienced mean increases in FTG which were greater by 153 mg/dl, and those at
the Indian site experienced mean increases which were smaller by 11 mg/dl. These
differences persisted in multivariable analysis adjusted for baseline FTC, FTG and LDL
levels: greater by142 mg/dl among Thai participants and by 2 mg/dl among Indian
participants.

DISCUSSION

In our analysis of a diverse population of individuals on LPV/r monotherapy from 5 different
countries in resource-limited settings, the incidence of hyperlipidemia was high. It was more
common among Thai and Indian participants compared to the African participants in both
univariable and multivariable analyses. In addition, participants with higher baseline FTC
and FTG were at higher risk of hyperlipidemia. Mean increases in FTG and FTC during the
first 12 weeks of LPV/r monotherapy were significantly greater among participants with
higher baseline FTG, and mean increase in FTG was also significantly higher among Thai
participants than among Indian or African participants.

The incidence of hyperlipidemia was the highest among Thai participants at 80% followed
by Indian participants at 67% and was least among African participants at 31%. These
findings are consistent with previous studies which showed that the prevalence of
hyperlipidemia in patients receiving Pl-based ART ranged from 28% to 80%. [16, 17]
Comparing with other studies that used LPV/r in combination with other antiretroviral
drugs, we found similar rates in India and Thailand as found in Spain (65%) [18] and Italy
(82%) [19], but lower rates in the African sites than in Zimbabwe (85%)3. Conversely, we
found a similar rate of hyperlipidemia compared to a study in South Africa which reported a
rate of 29%. [20] The differences among countries in our study were not explained by any
differences among race/sites in baseline lipid levels, sex, weight, BMI, CD4 count or HIV-1
RNA levels.

The differences between the studies could be due to differences in the definitions of
hyperlipidemia and differences in study designs as most of the studies were cross sectional.
We looked at the rate of hyperlipidemia solely among participants on LPV/r monotherapy
while other studies looked at the rate of hyperlipidemia in participants on LPV/r-based
HAART regimens of which some of the lipid elevations may have been due to NRTI use. [1,
21] The majority of individuals (73%) in the A5230 study were on an NVP-based regimen at
the time of screening. [22] For first-line NNRTI based ART treatment, RLS treatment
programs mainly rely on NRTI backbone of either zidovudine (AZT) or stavudine (d4T) and
lamivudine (3TC) or, more recently, tenofovir (TDF)NRTIs are known to have a mild effect
on lipids with a high degree of heterogeneity in lipid response. [23] We excluded individuals
with significant lipid elevations at the time of entry from the analysis but those with
borderline elevations due to first-line treatment were included and this may have influenced
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lipid responses to LPV/r monotherapy. Conversely, TDF is a NRTI that has been reported to
have a modest lipid lowering effect. [24, 25]

Race/ethnicity has been reported as a significant predictor of hyperlipidemia in the United
States. [21, 26] Genetic susceptibility may greatly influence the risk for development of
hyperlipidemia in HIV-infected patients. [27] African Americans were found to have the
least increase in FTG compared to Latinos and Whites. [21] Foulkes et al found an
association between apolipoprotein C3-related to rs10892151 (genotype) polymorphism and
serum triglyceride levels which led to the belief that genetic differences may play a major
role in HIV ART-induced dyslipidemia. [26] In another study, it was reported that patients
who are heterozygous or homozygous for the apolipoprotein E-2 genotype have higher
plasma triglyceride levels and may have more drastic changes in levels of cholesterol and
triglycerides when receiving a Pl-based therapy. [27] We found that Thai and Indian
participants had higher risk for hyperlipidemia compared to Africans. Reasons for racial
differences are not well understood but could beattributed to other factors which were not
measured in this study such as genetic differences, differences in diet, life style factors and
baseline lipoatrophy that have been found to have an association with dyslipidemias and
metabolic syndrome. [27, 28, 29]. In our study, adjustments for weight and BMI did not
explain the differences among countries.

Pl-based treatment has been associated with increases in FTG and FTC levels. [3, 10, 12, 30
— 34] Similarly, among participants with hyperlipidemia in our study, most had Grade 2+
elevations in FTC (63%), while fewer had Grade 2+ elevations in FTG (35%) or LDL
(28%). High baseline FTG and FTC were associated with hyperlipidemia among
participants on LPV/r monotherapy in both univariable and multivariable analyses, as
previously reported. [27] It is understandable that individuals with borderline high baseline
lipid levels would require smaller changes in lipid levels to rise to levels that would meet the
definition of hyperlipidemia and in this case, LPV/r exacerbated the already high lipid
levels. Similarly, other studies on LPV/r used in combination with NRTIs reported high level
of FTC and FTG as risk factors for increase in FTC and FTG. [2, 19, 27]

Our analyses for quantitative changes in lipid levels revealed that FTC and FTG significantly
increased by 17 mg/dL and 104 mg/dL after 12 weeks on LPV/r monotherapy but not LDL.
In a study by Shaffer involving women from 7 sub-Saharan African countries, there were
significant mean increases of 29 mg/dL, 22 mg/dL and 15 mg/dL in FTC, FTG and LDL
respectively after 48 weeks on LPV/r combined with Truvada. [2] There was a large
variability in FTG change in our study. However, we found similar mean increases in FTG
compared to a study conducted in Spain (73mg/dL). [18] The larger difference in FTG
change in our study compared to Shaffer’s study cannot be clearly explained but could due
to the lipid lowering effect of TDF or to differences by sex or race. [24, 25] Since Africans
are generally known to have low lipid levels, the greater change in FTG levels at the Thai
site may have contributed to high overall mean change in FTG in our study compared to
Shaffer’s study. There was no significant evidence that the increases in FTC varied by race/
site, however, a similar pattern as with FTG was observed. There was also no significant
evidence that changes in LDL varied by race. Since LDL levels were calculated rather than
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measured directly, the decrease in LDL especially among the Thai participants, largely
reflect the marked mean increase in FTG at that site.

The primary strengths of our study are in the relatively large sample size on LPVI/r
monotherapy as well as the long-term follow up. The diversity of the study population,
including participants from different sites and of different races, allowed us to make
comparisons among different sites in resource-limited settings. As there is little information
about lipid changes in individuals on LPV/r monotherapy, this study will help to fill an
important knowledge gap. Our study had several limitations. First, LDL levels were
calculated rather than measured, and there may be discrepancies between calculated and
measured LDL values particularly in the setting of increased FTG levels as found in our
study. [35, 36] There could also be some differences among countries that we were not able
to measure which might explain the differences between countries. Monotherapy, including
that with LPV/r, is no longer recommended for standard treatment in management of HIV
[8] and this may limit the generalizability of our results. However, our results likely remain
relevant for individuals who require or may benefit from NRTI sparing regimens with Pls.
[37]

In conclusion, we found that hyperlipidemia was common among participants on LPV/r
monotherapy which was started as a second line therapy. Hyperlipidemia was more common
among Thai and Indian participants compared to the African participants and among
participants with high baseline FTG and FTC. Baseline lipid measurements should be
recommended in individuals starting LPV/r-based treatments and routine monitoring for
lipid changes should be conducted on individuals with borderline high lipids, especially
FTG and FTC. Therefore, efforts to prevent and treat hyperlipidemia and other CVD risk
factors will be important in reducing CVD-related morbidity and mortality in HIV-infected
persons in resource-limited settings.
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Table 2

Study Week
0 12

Characteristic (N=106) (N=99) P-Value*
Total N 106 99 <.001
Cholesterol
(mg/dl)

Mean (s.d.) 0(0) 16.77 (31.38)
Triglycerides N 106 96 <.001
(mg/dl)

Mean (s.d.) 0(0) 104.19 (168.14)
HDL N 106 99 0.004
Cholesterol
(mg/dl)

Mean (s.d.) 0(0) -3.28 (10.96)
LDL N 106 96 0.580
Cholesterol
(mg/dl)

Mean (s.d.) 0 (0) -0.35 (30.49)
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