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INTRODUCTION

HIV infection has been associated with pro-atherogenic lipid profiles, including elevated
triglycerides (TG) and decreased high density lipoprotein cholesterol (HDL-C), but also
with decreased low density lipoprotein cholesterol (LDL-C) in both men and women [1-3].
These alterations may contribute to the increased risk of cardiovascular disease (CVD)
reported in HIV-infected persons [4].

Assessment of the concentrations of lipoprotein particles (which transport cholesterol and
TG) may provide information regarding CVD risk beyond the standard lipid panel [5,6],
since individuals with the same LDL-C or HDL-C level may have different concentrations
of LDL particles (LDL-p) or HDL particles (HDL-p). Greater small LDL-p has been
associated with increased CVD risk in some studies from the general population [7,8], while
lower HDL-p (especially small HDL-p) has been associated with CVD risk [9,10].

Few studies have examined whether HIV and HAART use are associated with lipoprotein
particle concentrations after adjusting for standard lipids. A small study from the pre-
HAART era found that the association of HIV with small LDL-p was attenuated after
adjustment for TG [11]. The few studies from the HAART era that have found an
association between HIV and lipoprotein particle concentrations did not adjust for standard
lipids [12,13]; this adjustment is desirable as elevations in TG are common after HAART
initiation [2].
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Using a large cohort of HIV-infected and uninfected women, we quantified the association
HIV infection and current HAART use had with LDL-p and HDL-p, and examined whether
any relationships found persisted after adjustment for standard lipids. To quantify particle
concentrations, we employed the same nuclear magnetic resonance (NMR) spectroscopy
technique used by published HIV studies in the HAART era so that our findings could be
compared to other studies.

Study Population

The Women's Interagency HIV Study (WIHS) is a multicenter prospective cohort study that
was established in 1994 to investigate the progression of HIV in women with and at risk for
HIV. A total of 3,766 women (2,791 HIV-infected and 975 HIV-uninfected) was enrolled in
either 1994-95 (n=2,623) or 2001-02 (n=1,143) from six United States locations (Bronx,
Brooklyn, Chicago, Los Angeles, San Francisco and Washington DC). Baseline socio-
demographic characteristics and HIV risk factors were similar between HIV-infected and
uninfected women [14,15]. An institutional review board approved study protocols and
consent forms, and each study participant gave written informed consent.

At each semiannual visit, participants undergo a comprehensive physical examination,
provide biological specimens for CD4 cell count and HIV RNA determination, and complete
an interviewer-administered questionnaire, which collects information on demographics,
disease characteristics, and specific antiretroviral therapy use. Standard lipid and
lipoproteins are measured annually from fasting samples using the Roche Modular System
(Roche Diagnostics Corporation, Indianapolis, IN) at a centralized laboratory (Quest
Diagnostics, Baltimore, MD).

From April 2004 to March 2007, NMR data, which included high volume assessment of
lipoprotein size, concentration, and subclass concentration, were collected at a single study
visit (referred to subsequently as the index visit) on a total of 1410 participants enrolled in
WIHS cardiovascular disease or metabolic substudies [16,17]. Of these 1410 women, 401
(28%) were HIV-uninfected, 146 (10%) were HIV-infected and HAART-naive up through
and including the index visit, and 863 (61%) were HIV-infected and reported initiating
HAART at or prior to their index visit. One-hundred and seventy-five of the 863 women
who initiated HAART did not report using HAART in the six months prior to the index visit
and were excluded from analyses. Our final study population was comprised of the 1077
women (361 [90% of 401] HIV-uninfected, 128 [88% of 146] HIV-infected/HAART naive,
and 588 [85% of 688 = 863-175] HIV-infected/on HAART) who had complete data on all
covariates of interest (described below).

Primary Outcomes

Lipoprotein particle concentration and subclass concentration were estimated from freshly
thawed plasma samples using an automated proton NMR spectroscopic assay (LipoScience,
Raleigh, NC), as previously described [18]. Particle concentrations of total LDL (nmol/L),
small LDL (nmol/L), total HDL (umol/L), and small HDL (umol/L) were analyzed.

Primary Exposures

The definition of HAART was guided by the DHHS/Kaiser Panel [DHHS/Kaiser 2008]
guidelines and is defined as the reported use of three or more antiretroviral medications, one
of which has to be a protease inhibitor (P1), a non-nucleoside reverse transcriptase inhibitor
(NNRTI), one of the nucleoside reverse transcriptase inhibitors (NRTIs) abacavir or
tenofovir, an integrase inhibitor (e.g., raltegravir), or an entry inhibitor (e.g., maraviroc or

AIDS. Author manuscript; available in PMC 2011 November 27.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tien et al.

Covariates

Page 3

enfuvirtide). All non-HAART regimens were considered combination therapy or
monotherapy.

Study participants were stratified into three groups for primary analyses: HIV-uninfected,
HIV-infected/HAART naive, and HIV-infected/on HAART. At the index visit, the 588
HIV-infected women on HAART reported HAART use at a median of nine visits
corresponding to approximately 4.5 years of exposure. Participants were classified as
HAART-naive if they did not report HAART at any visit up through and including the index
visit. One-hundred and twenty-three (96%) of the 128 women who were HAART naive
reported using no antiretroviral medications in the six months prior to the index visit.

All analyses were adjusted for current age at the index visit, race/ethnicity, current
menopause status, number of years participant reported smoking cigarettes prior to the index
visit, hepatitis C infection status (HCV RNA positive versus anti-HCV negative or anti-
HCV positive and HCV RNA negative), any report of lipid-lowering therapy usage in the
six months prior to the index visit, current waist size (cm), current homeostatic model
assessment-insulin resistance (HOMA =insulin [uU/mL]x glucose [mg/dL]) / 405), and
diabetes status (participant was classified as having diabetes mellitus [DM] if DM was
reported, fasting glucose > 126 mg/dL, or anti-diabetic medication was reported at any visit
at or prior to the index visit) [19]. For analyses of small LDL-p (small HDL-p), we further
adjusted for TG and HDL-C (LDL-C), which were entered into the model separately and
then jointly. In ancillary analyses which included only the women on HAART, we examined
the association of NNRTI use and PI use at the index visit with small HDL-p concentrations,
with further adjustment for CD4 cell count, log;g HIV RNA, and clinical AIDS status. If
data on a specific covariate were missing at the index visit then data from the visit closest to
and prior to the index visit (up to two visits prior to the index visit) were used.

Statistical Analyses

Because the distributions of the outcome variables were typically somewhat skewed, we
chose to base statistical comparisons on medians and other percentiles rather than means.
The distribution of each of the primary outcomes (total LDL-p, small LDL-p, total HDL-p,
and small HDL-p) by primary exposure group were summarized using enhanced box plots
that depict not only the median, inter-quartile range, and outliers, but also the 5™, 10t, 90th,
and 95t percentiles [20]. Quantile regression models [21] were used to compare the
differences in the 10t, 25t 50t 75t and 90t percentiles of each of the primary outcomes
between the three primary exposure groups after adjusting for the covariates listed above. In
quantile regression models, values of individual percentiles are predicted by the model,
rather than the mean response. Quantile regression models are appropriate when the effect of
an exposure on different parts of the outcome distribution is of interest, not simply a central
value (e.g., the median), or when the normality or constant variance assumptions required by
standard least squares regression are not satisfied [22]. One of the reasons for the observed
skewness of outcome distributions is effects in the tails, which can be studied by estimation
of percentiles such as the 75t or 90th,

The quantile regression models were parameterized so that regression coefficients provided
estimates of the difference in a given percentile of an outcome comparing either HIV-
infected/HAART naive women or HIV-infected women on HAART to HIV-uninfected
women. All continuous covariates were centered at median values when included in
regression models so that the models' intercept represents the expected percentile of a
particular particle concentration for the group of women with the constellation of continuous
covariates at the centering values and reference values of categorical covariates.
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Table 1 shows the characteristics at the index visit of the 1077 participants included in the
analysis by HIV infection and HAART status. Compared to the HIV-uninfected participants,
HIV-infected women were older, more likely to be menopausal, and HCV-infected. More
than half of the women were African-American. HIV-uninfected and HAART naive women
had similar waist size and HOMA values. Duration of smoking and HOMA values were
greatest in women currently on HAART. Triglycerides were higher in HIV-infected women
than uninfected women; the highest levels were observed among those on HAART. HDL-C
was lowest in HAART naive women and highest in HIV-uninfected women. Only five
percent of the study population reported using lipid-lowering medications. HIV-infected
women reported using lipid-lowering medications more than HIV-uninfected women.
Among HIV-infected women, being HAART naive was associated with a higher median
CD4 count and a higher HIV viral load. A history of clinical AIDS was more common in
those on HAART. Among those on HAART, 38% reported using a NNRTI and 59%
reported using a PI.

Figure 1 shows the distribution of total LDL-p (panel A), small LDL-p (panel B), total
HDL-p (panel C), and small HDL-p (panel D) by HIV and HAART status. There was little
difference in the three groups with respect to the 51, 10t, 25t and 50t percentiles of total
and small LDL-p, but the 75™, 90t and 95™ percentiles in women on HAART were higher
than the corresponding percentiles of the two other groups. Thus, entire distributions are not
simply being shifted, as assumed by methods based on the comparisons of means with
normally distributed errors, but rather stretched, i.e., the differences are in the upper tails of
the distributions. HIV-uninfected women had higher total and small HDL-p than HIV-
infected women at each of the percentiles shown.

After adjustment for demographic and metabolic factors, there remained little difference in
total LDL-p (Figure 2, panel A) and small LDL-p (Figure 2, panel B) between HAART
naive and HIV-uninfected women. Compared to HIV-uninfected women, those on HAART
had greater 50t percentiles (50.0 nmol/L greater; 95% confidence interval [C1] 1.3 to 122.3)
and 75t percentiles (130.3 nmol/L greater; 95% Cl 86.7 to 197.3) of total LDL-p, as well as
greater 75t percentiles (173.1 nmol/L greater; 95% CI 72.4 to 256.1) and 90™ percentiles
(268.7 nmol/L greater; 95% CI 114.1 to 397.3) of small LDL-p. Furthermore, the
differences in total LDL-p and small LDL-p between women on HAART and HIV-
uninfected women increased as the quantile of each outcome increased, e.g. the difference in
the 75t percentiles was greater than the differences in the 50t percentiles, and the
difference in the 90™ percentiles was greater than the differences at the 75" percentile.

Compared to HIV-uninfected women, being HAART naive or on HAART was associated
with lower 10t 25t 50t 75t and 90t percentiles of total HDL-p (Figure 2, panel C) and
lower 10t 25t 50t and 75t percentiles of small HDL-p (Figure 2, panel D). The
differences between those on HAART and those who were HIV-uninfected were constant
across percentiles of total HDL-p, while the differences between those who were HAART
naive and HIV-uninfected increased as total HDL-p and small HDL-p increased. When we
examined the association of HIV/HAART status with large HDL-p, we found similar but
weaker relationships (data not shown).

Because prior studies have shown a strong association of higher TG and lower HDL-C with
greater small LDL-p [11], we also adjusted for TG and/or HDL-C in our multivariate models
(Table 2). After adjustment for TG, the association of HAART with greater small LDL-p
was attenuated and no longer significant at the median or 75 percentile. After adjustment
for HDL-C, there was little change in the association of HAART with small LDL-p as
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shown in Figure 2. When both TG and HDL-C were included, HIV-infected women,
regardless of HAART status, had lower values of small LDL-p compared to those HIV-
uninfected: 10t and 25t percentiles were significantly lower for those on HAART and 25t
and 50t percentiles were significantly lower for those who were HAART naive.

TG levels were strongly associated with greater small LDL-p (10t percentile: +61.8 nmol/L
per 100 unit TG increase, 95% Cl, 48.5 - 128.6; 25! percentile: +146.3, 95% CI, 79.9 -
189.4; 50t percentile: +213.6, 95% CI, 161.0 — 327.4; 75! percentile, +310.7, 95% Cl,
227.2 — 423.2; 90™ percentile, +405.8, 95% Cl, 267.5 - 512.6). Similarly, a strong negative
association of HDL-C with lower small LDL-p was observed (10t percentile: —21.3 pmol/L
per 5 unit HDL-C increase, 95% ClI, —30.7 to —17.1; 25™ percentile: —28.7, 95% CI: —35.9
to —22.3; 50t percentile: —39.3, 95% CI —45.8 to —23.6; 75! percentile: —40.6, 95% ClI
—55.4 to —33.9; 90 percentile: —55.4, 95% CI —71.3 to —48.4).

When we adjusted for TG and LDL-C in a multivariate model with small HDL-p as the
outcome (Table 3), HIV infection regardless of HAART status was associated with lower
25t 50th, 75t and 90t percentile values of small HDL-p. Specifically, those who were
HAART naive or on HAART had small HDL-p that was on average 3.6 umol/L or 2.4
umol/L lower, respectively, than the corresponding percentile of HIV-uninfected women.

Because HAART use (in particular regimens containing a NNRTI) has been shown to
increase HDL [23], we examined whether being on an NNRTI regimen was associated with
greater small HDL-p in the 588 HIV-infected women on HAART. After adjustment for TG
and LDL-C, we found that women on an NNRTI containing regimen had a median small
HDL-p that was 1.3 umol/L greater (95% CI 0.2 to 2.5) than women not on an NNRTI
containing regimen. When we examined the association of Pl containing regimens with
HDL-p, we found that after adjustment for TG and LDL-C, women on a Pl containing
regimen had a median small HDL-p that was 1.3 umol/L lower (95% CI —2.5 to —0.6)
compared to women not on a Pl containing regimen.

DISCUSSION

In our study of 1077 women with and at risk for HIV infection, we found that HIV infection
was associated with greater 75t and 90t percentiles of small LDL-p in women on HAART
and lower 10t 25t 50t and 75t percentiles of small HDL-p, regardless of HAART
status. However, after further adjustment for standard lipids (TG and HDL-C), the
association of HAART with greater small LDL-p was no longer significant. In contrast, HIV
infection remained associated with lower small HDL-p after further adjustment for standard
lipids (TG and LDL-C). Unlike our findings with small HDL-p, our data suggests that small
LDL-p concentrations likely confer little additional information regarding CVD risk beyond
that of standard lipids in HIV-infected women

We found that the association of HAART with greater small LDL-p was strongly mediated
by TG alone (which are known to increase as a result of HAART use). Furthermore, the
estimates quantifying the association of TG with small LDL-p were much larger than the
estimates quantifying the association between HIV infection and small LDL-p. In the setting
of alterations in TG metabolism, cholesterol ester transfer protein activity is thought to
increase leading to: 1) the transfer of cholesterol ester from HDL-p to apoB-containing
lipoproteins and thus low HDL-C levels; and 2) cholesterol depletion and TG enrichment of
LDL-p that facilitates the formation of small LDL-p [6,24]. Our findings are consistent with
a study from the pre-HAART era that showed that disturbances in TG metabolism, which
have been reported to occur in the setting of advanced HIV disease, were associated with
greater small LDL-p [11]. The lack of an association of being HAART naive with greater
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small LDL-p in our study is likely because the majority of HAART naive women did not
have advanced HIV disease (median CD4 of 468 cells/mm3) and thus had TG levels
(median=94 mg/dL) more similar to HIVV-uninfected women (median=88 mg/dL) than those
on HAART (median=118 mg/dL).

In contrast, our observation of an association of HIV infection (regardless of HAART use)
with lower small HDL-p, even after further adjustment for standard lipids, suggests an effect
of HIV on HDL-p that is not mediated through alterations in standard lipids. A recent small
study of HIV-infected participants with relatively preserved immune function (median CD4
of 382 cells/mm?3) who were not receiving ART hypothesized that the inflammation
resulting from HIV infection might alter HDL-p, making HDL-p less atheroprotective [12].
When they studied correlations between lipid levels and biomarkers in a subset of 32 HIV-
infected participants, they found a strong association of lower small HDL-p with greater
levels of IL-6 (a marker of inflammation), sSICAM-1 (a marker of endothelial activation),
and D-dimer (a thrombotic factor). In our study, the decrease in small HDL-p was less in
those on HAART compared to those who were HAART naive. These findings suggest that
viral suppression and the concomitant decrease in inflammation is associated with smaller
decreases in small HDL-p. Further investigation of the relationship of HIV infection,
inflammation, and HDL-p is needed in a larger study.

Our finding that HAART use was no longer associated with small LDL-p after adjustment
for standard lipids is clinically important, because it provides insight into the relationship of
small LDL-p and standard lipids with CVD risk in the setting of HIV infection. Data from
some large prospective studies of healthy men and women from the general population
[25-27] show that after adjustment for TG and HDL-C or cholesterol to HDL-C ratio, the
independent association of LDL-p with CVD events was no longer significant. These studies
concluded that LDL-p was comparable to standard lipid and lipoprotein assessments for
CVD risk. Similarly, a recent study in mainly HIV-infected men from the SMART trial
found that total, large and small HDL-p were significantly and inversely associated with
CVD, in contrast to VLDL-p and LDL-p, where no association was found [9]. There was
little change in the association of HDL-p with CVD risk after adjustment for LDL-C and
triglycerides. On the other hand, additional adjustment for inflammatory markers (IL-6, C-
reactive protein, and D-dimer) mitigated the association.

A limitation of our study was its cross-sectional design, which did not allow us to fully
address the causal associations of HIV infection and HAART use with alterations in
lipoprotein particle concentrations. While some consider density gradient ultracentrifugation
[28] as the gold standard method to identify lipoprotein subclasses, we chose NMR
spectroscopy to measure lipoprotein particle concentrations in order to be able to compare
our findings with those of other HIV studies, which have mainly used the NMR technique.
Because our study was performed in a cohort of women, our findings may not be
generalizable to men, although our findings prior to further adjustment for standard lipids
are consistent with the findings of the Multicenter AIDS Cohort Study [13]. Finally, as with
all observational studies, our findings are subject to possible unmeasured confounding.

We conclude that the association of HAART use with greater small LDL-p concentration is
strongly mediated by triglycerides, which are elevated in the setting of HAART, and to a
lesser extent, by HDL-C. Our findings suggest that routine testing of LDL-p concentrations
will not confer additional information beyond TG and HDL-C levels when assessing CVD
risk. In contrast, adjusting for standard lipids did not alter the association of HIV infection
with HDL-p concentrations, suggesting a direct effect of either HIV or possibly HIV-
associated chronic inflammation. Further investigation will examine the relationship of HIV
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infection, inflammation, and small HDL-p, as well as the role of HDL-p in the link between
HIV infection and CVD in women.
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Figure 1.

Distribution of total LDL particle concentration (panel A), small LDL particle concentration
(panel B), total HDL particle concentration (panel C), and small HDL particle concentration
(panel D) by HIV and HAART status. Three-hundred and sixty-one HIV-uninfected women,
one-hundred and twenty-eight HIV-infected/HAART naive, and five-hundred and eighty-
eight HIV-infected women on HAART were included for each outcome. The numerical
values of the 25!, 501", and 75! percentiles are given. The 51, 10t, 25t 50th 75t goth,
and 95t percentiles of the distribution are denoted. Values <2.5 percentile or >97.5t
percentile are denoted by closed circles.
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Figure 2.

Differences in the distributions of total LDL particle concentration (panel A), small LDL
particle concentration (panel B), total HDL particle concentration (panel C), and small HDL
particle concentration (panel D) between HIV-infected, HAART naive women (open
diamond) and HIV-infected women on HAART (closed diamond) compared with HIV-
uninfected controls. The estimated 10t, 25t 50t 75t and 90t percentiles for HIV-
uninfected women who were 40 years of age, African-American, not menopausal, reported
smoking for 15 years, HCV RNA negative, did not report using lipid-lowering medications,
had a waist size of 90 centimeters, a HOMA value of 3.5 pU/mL, and did not have diabetes
are shown along the top of each panel as a reference. Point estimates and 95% confidence
intervals for differences in the 10t, 25t 50t 75t and 90t percentiles are plotted. All
estimates were adjusted for age, race/ethnicity, menopause status, smoking history, hepatitis
C infection status, lipid lowering therapy, waist size, HOMA, and diabetes status.
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Characteristics of 1077 participants of the Women's Interagency HIV Study at the index visit? by HIV

infection and HAART status

Variable

HIV-uninfected
N=361

HIV-infected/HAART-naive

HIV-infected/on HAART

N=588

Median (IQR) age, years
Race, No. (%)
African American
Hispanic
Caucasian?
Menopausal, No. (%)
Median (IQR) years smoked cigarettes
HCV RNA positive, No. (%)
Use lipid-lowering medication®, No. (%)
Median (IQR) waist size, cm
Median (IQR) HOMA, pU/mL
Median (IQR) LDL-C, mg/dI
Median (IQR) HDL-C, mg/dl
Median (IQR) Triglycerides, mg/dl
Diabetes Mellitusd, No. (%)
Median (IQR) log;o HIV RNA, copies/ml

Median (IQR) CD4 count, cells/mm?3
Clinical AIDS, No. (%)

37.7(30.2, 45.9)

231 (64%)

94 (26%)

36 (10%)

58 (16%)

10.8 (0.0, 23.0)
45 (12%)

11 (3%)

90.1 (78.9, 103.9)
22(1.2,3.7)

95 (74, 121)

51 (44, 63)

88 (61, 120)

65 (18%)

NA

1006 (786, 1255)
NA

40.5 (36.2, 47.6)

90 (70%)

26 (20%)

12 (9%)

29 (23%)

11.0 (0.0, 22.5)
31 (24%)
6 (5%)
90.1(79.1, 101.5)
2.1(13,3.8)

99 (81, 124)
41(33,52)

94 (70, 128)

18 (14%)

3.30 (1.90, 4.23)
468 (341, 668)
33 (26%)

41.9 (365, 48.3)

337 (57%)

186 (32%)

65 (11%)

157 (27%)

14.0 (0.0, 24.4)
122 (21%)

41 (%)
89.1(80.7, 99.9)
2.6 (L5, 4.3)
100 (78, 124)
47 (38, 58)

118 (82, 166)
109 (19%)

1.90 (1.90, 3.06)
436 (265, 658)
253 (43%)

HAART, highly active antiretroviral therapy; HDL-C, high-density lipoprotein; IQR, inter-quartile range; NA, not applicable

a. - . . . . . . S . .
if data were missing at index visit then data from visit closest to and prior to index visit (up to 2 visits prior to index visit) were used

Page 11

bincludes 3% (n=11), 2% (n=3), 2% (n=14) Asian, Pacific Islander, Native American, Alaskan, other among HIV-uninfected, HIV-infected/

HAART naive, and HIV-infected/HAART experience women, respectively

c . - . .
reported taking medication to lower cholesterol and/or triglyceride

A participant was considered to have diabetes if any of the following occurred at or prior to index: fasting glucose > 126 mg/dL, anti-diabetic
medication use was reported, or diabetes was self-reported
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