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Abstract

Purpose

Data on the prevalence of dyslipidaemia and associated risk factors in HIV-infected patients
from sub-Saharan Africa is sparse. We performed a cross-sectional analysis in a cohort of
HIV-infected South African adults.

Methods

We studied HIV-infected patients who were either antiretroviral therapy (ART)-naive or
receiving non-nucleoside reverse transcriptase inhibitor (NNRTI)-based or protease inhibi-
tor (Pl)-based ART. Evaluation included fasting lipograms, oral glucose tolerance tests and
clinical anthropometry. Dyslipidemia was defined using the NCEP ATPIII guidelines.

Results

The median age of the participants was 34 years (range 19-68 years) and 78% were
women. The prevalence of dyslipidemia in 406 ART-naive and 551 participants on ART
was 90.0% and 85%, respectively. Low HDL-cholesterol (HDLC) was the most common
abnormality [290/406 (71%) ART-naive and 237/551 (43%) ART- participants]. Participants
on ART had higher triglycerides (TG), total cholesterol (TC), LDL-cholesterol (LDLC) and
HDLC than the ART-naive group. Severe dyslipidaemia, (LDLC> 4.9 mmol/L or TG >5.0
mmol/L) was present in <5% of participants. In multivariate analyses there were complex
associations between age, gender, type and duration of ART and body composition and
LDLC, HDLC and TG, which differed between ART-naive and ART-participants.

Conclusion

Participants on ART had higher TG, TC, LDLC and HDLC than those who were ART-naive
but severe lipid abnormalities requiring evaluation and treatment were uncommon.
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Introduction

Timely initiation of antiretroviral therapy (ART) in patients with HIV infection markedly
reduces morbidity and mortality.[1-3] However, peripheral lipoatrophy, dysglycemia, dyslipi-
demia and increased cardiovascular risk[4, 5] are significant concerns with long-term ART.[6-
8] Dyslipidemia in patients receiving ART is often characterized by elevation of total choles-
terol (TC), low-density lipoprotein cholesterol (LDLC) and triglycerides, with minor changes
of high-density lipoprotein cholesterol (HDLC). Antiretroviral drugs implicated in the genesis
of dyslipidemia include protease inhibitors (PIs), stavudine, zidovudine, and the non-nucleo-
side reverse transcriptase inhibitor (NNRTTI) efavirenz.[9-12]

Most studies documenting pro-atherogenic dyslipidemia from ART emanate from high-
income countries. These data cannot be extrapolated to low- and middle-income countries,
which bear the largest HIV burden, as the patient populations studied and ART regimens pre-
scribed differ substantially. Although CD4 counts at ART initiation are increasing in low- and
middle-income countries, many patients still commence ART at advanced stages of HIV infec-
tion with multiple opportunistic infections and poor nutritional status. African HIV-infected
patients are also younger and predominantly female, compared to the mainly middle-aged and
male patients found in cohorts from high-income countries.[13] In low- and middle-income
countries antiretrovirals associated with an increased risk of dyslipidaemia, like zidovudine
and stavudine (d4T), are still widely used, although d4T is being phased out. Differences in diet
and genetic background may also affect lipid responses to ART.

The aims of this cross-sectional study were to describe lipid and lipoprotein abnormalities
in adult HIV infected patients, who were either awaiting initiation of ART or had received
ART for at least six months, to explore associations between lipid variables, glycemic status
and body composition.

Methods

The Metabolic Complications in Highly Active Antiretroviral Therapy (McHAART) study is a
cross-sectional, comparative study in HIV-infected participants in whom ART had not yet
been initiated (ART-naive) and participants who had received ART for at least six months. The
evaluation of insulin sensitivity and glucose metabolism has been published previously.[13]
The study protocol was approved by the Human Research Ethics Committee of the University
of Cape Town and all study participants provided written informed consent.

Participants

HIV-infected adults aged >18 years who were ART-naive or receiving first-line ART (d4T,
lamivudine (3TC), and efavirenz or nevirapine) were conveniently sampled consecutively from
Crossroads Community Health Care Centre in Cape Town. Participants on second-line ART
(zidovudine (AZT), didanosine (ddI) and lopinavir-ritonavir (LPV-r)) were recruited from an
additional facility (Gugulethu Community Health Care Centre), as there were smaller numbers
of patients on second-line therapy at the time of the study. Participants were excluded if they
had: 1) been on ART for less than six months, 2) a history of diabetes mellitus or IGT, 3) had
an active, acute opportunistic infection, 4) severe diarrhoea (six or more stools/day), 5) tuber-
culosis within one month of commencing treatment, 6) received glucocorticoid therapy within
the past six months, 7) were pregnant or 8) were known to have renal failure.

At the time our study was conducted, criteria for ART initiation in the South African public
healthcare system were World Health Organization Stage IV HIV disease or a CD4 count of
<200 cells/mm”. Patients with virological failure despite adequate adherence to the first line
NNRT-based ART regimen were switched to a PI-based second line regimen.
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Testing procedures

The methods have been described in detail previously[13]. In short, consenting patients
attended the study visit after fasting overnight. Trained field workers administered a question-
naire to the participants to obtain data on socio-demographic details, smoking, alcohol and
current medication. Data on ART, HIV viral load, CD4 counts, opportunistic infections and
co-morbid conditions was collected from patient records. Height, weight, waist circumference,
waist-hip ratio (WHR) and calf skin fold thickness were measured as previously described.[13]

We recorded blood pressure as the mean of three readings at one minute intervals after
patients had been sitting in a quiet environment for at least twenty minutes. Fasting blood sam-
ples were collected and a 75 g oral glucose tolerance test (OGTT) was performed with venous
blood samples taken at 0, 30 and 120 minutes for the measurement of plasma glucose and
serum insulin concentrations.

Biochemical analysis

Specimens were centrifuged on the day of collection and plasma samples for glucose analysis
were stored at -20°C while serum samples were stored at -80°C until analyzed further. Glucose,
total cholesterol (TC) and triglycerides were measured by enzymatic colorimetry on the Cobas
6000 autoanalyzer (Roche, Switzerland). HDL cholesterol (HDLC) was measured using a direct
method (Roche HDLC3 assay, Switzerland). LDL cholesterol (LDLC) was calculated using the
Friedewald formula, provided triglycerides were less than 4.5 mmol/L.[14]

Classification of dyslipidemia and dysglycemia

We classified lipid abnormalities according to the National Cholesterol Education Program
Adult Treatment Panel ITIT (NCEP ATP-III) guidelines.[15] We considered TC, LDLC and tri-
glycerides of > 5.2 mmol/L, >2.5 mmol/L and > 1.7 mmol/L, respectively as elevated and
HDLC of < 1.0 mmol/L as low, irrespective of gender. Participants who had at least one abnor-
mal lipid parameter were classified as dyslipidemic. We classified glycemic status following an
OGTT, using the American Diabetes Association (ADA) defined categories of normal glucose
tolerance, impaired fasting glucose (IFG, fasting plasma glucose 5.6 mmol/L to 6.9 mmol/L),
impaired glucose tolerance (IGT, a 2-hour plasma glucose post-OGTT 7.8 to 11.0 mmol/L)
and diabetes mellitus (DM, a fasting plasma glucose > 7 mmol/L or a 2-hour plasma glucose
value post-OGTT > 11.1 mmol/L).[16]

Statistical analysis

We were interested in whether the degree of immunosuppression, as measured by CD4 count,
influenced lipid markers in ART-naive participants. We first examined the relationship
between the lipid markers, triglycerides and HDLC, and CD4 count without accounting for
potential confounders. We then conducted an exploratory analysis to assess whether age, gen-
der, BMI, waist-hip ratio and glycaemic status individually influenced the relationship between
the lipid markers and CD4 count. Having established expectations of the likely relationships,
we performed separate regressions of the natural logarithms of triglycerides and HDLC against
CD4 count controlling for age, gender, BMI, waist-hip ratio and glycaemic status. We began by
fitting full models that included all of these potential predictors of triglycerides and HDLC and
their interactions with CD4 count. Insignificant interaction effects were then dropped from the
model. The main effects that were not statistically significant and which did not contribute to
significant interactions with CD4 count were subsequently removed. The resulting models
were further refined based on the insights from the initial exploratory analysis. After removing
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outliers and influential observations, the residuals of the final models were approximately nor-
mally distributed and homoscedastic.

For participants on ART, we examined whether lipid markers were associated with body
composition, as measured by waist circumference (as a surrogate marker of visceral adiposity)
and calf skin fold thickness (as a surrogate marker of subcutaneous fat), and type of ART (PI-
based versus NNRTI-based). In our preliminary analyses, we examined the relationships
between these variables and triglycerides, HDLC and LDLC, first ignoring confounders and
then considering each of the following potential confounders in turn: age, gender, glycaemic
status, CD4 count, BMI, waist-hip ratio, duration of exposure to stavudine and whether efavir-
enz was the only NNRTT ever prescribed. Multiple regression models were then developed,
beginning with full models that included all of the potential confounders and their interactions
with calf skin fold thickness and ART type. The full models were then simplified as described
in the previous paragraph. Finally, outliers and influential observations were removed and
model diagnostics were performed.

All model building was performed in the R Language and Environment for Statistical Com-
puting (R Core Team (2014). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/).
Descriptive statistics were computed with STATISTICA (Data analysis software system, ver-
sion 11. www.statsoft.com.) and are shown as median and interquartile range (IQR) while cate-
gorical variables are shown as n (%).

Results

Of the 1372 people recruited, 325 did not present for testing, and a further 90 participants had
missing clinical or laboratory data. The 957 participants included in this analysis consisted of
406 ART-naive participants and 551 who had received ART for at least six months (ART-par-
ticipants); 441 (81%) were on NNRTI-based therapy (ART1) while 107 (19%) were on PI-
based therapy (ART2).

Baseline demographic and anthropometric variables are summarized in Table 1 and S1 and
S2 Tables. The study cohort reflected the epidemiology of the HIV epidemic in South Africa
and was predominantly female (78%) with a median age of 34 years (range 19-68 years).
Median age at enrolment was higher in men than women (37.0 vs 33.0 years). Obesity
(BMI > 30 kg/mz) was more common than underweight and was found in 90/405 (22%) of

Table 1. Baseline demographic, anthropometric and clinical variables.

Number (n)
Age (years)*
BMI (kg/m?)*

Systolic BP (mmHg)*
Diastolic BP (mmHg)*
Waist circumference (cm)*
Calf skin fold thickness (mm)*
CD4 count (cells/pl)*
Duration on treatment (months)*

Naive ART
Females Males Females Males
309 97 435 116
31 (27,37) 35 (31,41) 34 (29,40) 38 (33,45)
25.6(22.3,30.5) 22.1(20.3,24.2) 27.1(24.1,31.3) 22.6(20.6,25.1)
103(95,113) 110(100,122) 109(99,109) 117(107,128)
68(60,77) 70(62,80) 72(64,79) 75(68,84)
81.0(74.0,91.3) 78.5(74.5,84.8) 87.3(79.5,97.0) 80.5(75.6,90.0)
17.8 (13.6,24.1) 6.1 (4.3,8.3) 16.8 (10.7,23.3) 5.7 (4.4,8.2)
278 (159,440) 227 (134,411) 371 (242,525) 278 (199,387)
NA NA 13 (8,20) 13 (9,22)

*median (IQR), ART: Includes all participants receiving ART, NA: Not applicable.

doi:10.1371/journal.pone.0151911.t001
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naive and 143/551 (26%) of treated participants. In the ART-naive cohort 49/405 (12%) of par-
ticipants were underweight (BMI < 20 kg/m?*) while only 35/551 (6%) of participants receiving
ART were underweight.

Lipids

Baseline lipid values are summarized in Table 2, S3 Table and Fig 1. We classified 366/406
(90%) and 470/551 (85%) of ART-naive and ART participants who had lipid results as dyslipi-
daemic using the definition given above (Fig 1). The most common lipid abnormality was low
HDLC (<1 .0 mmol/L), found in 290/406 (71%) and 237/551 (43%) of ART naive and ART
participants respectively.

Severe hypercholesterolaemia, (T'C > 7.5 mmol/L), was found in 0/406 (0%) and 6/551
(1%) of naive and ART-treated participants, respectively. LDL hypercholesterolaemia of > 4.9
mmol/L was found in 1/406 (0.2%) naive participants and 15/550 (2.7%) treated participants.
Hypertriglyceridaemia >5.0 mmol/L was found in 0/406 (0%) naive participants and 3/551
treated participants, whereas hypertriglyceridaemia >10 mmol/L was found in 1/406 (0.2%)
naive participants and 0/551 (0%) treated participants. Markedly low HDLC (<0.6 mmol/L)
was found in 55/406(14%) and 22/551 (4%) of naive and treated participants, respectively.

Glycaemia

Detailed results on insulin resistance and glycaemic status have been reported previously. The
glycaemic status of participants is summarized in Table 3.

Other cardiovascular risk factors

Current smoking was reported by 142/956 (15%) of participants but was almost 10 times more
prevalent among men 104/212 (49%) than women 38/744 (5%). The mean * SD systolic BP
was 110 + 17 mmHg with a diastolic BP of 72 + 12 mm Hg. Hypertension (systolic BP > 140
mmHg and/or a diastolic BP > 90 mmHg), was present in 80/940 participants (9%) of whom
the majority 57/80 (71%) were previously undiagnosed.

Table 2. Baseline lipid values.

Naive ART

Females Males Females Males
Number (n) 309 97 435 116
Total cholesterol (mmol/L)* 3.57(3.13,4.17) 3.77(3.38,4.37) 4.42(3.76,5.26) 4.41(3.81,5.44)
Triglycerides (mmol/L)* 0.84(0.66,1.11) 0.91(0.72,1.16) 0.98(0.77,1.39) 1.20(0.94,1.58)
HDLC (mmol/L)* 0.80(0.67,1.01) 0.92(0.73,1.10) 1.05(0.87,1.30) 1.09(0.83,1.45)
LDLC (mmol/L)* 2.32(1.93,2.81) 2.39(1.99,2.93) 2.80(2.22,3.40) 2.53(2.10,3.40)
Non-HDLC (mmol/L)* 2.70(2.35,3.24) 2.84(2.41,3.41) 3.30(2,70,3.98) 3.30(2.72,4.22)

*median (IQR), ART: Includes all participants receiving ART.
HDLC High density lipoprotein cholesterol;

LDLC Low density lipoprotein cholesterol

TC Total cholesterol

TG Triglycerides.

doi:10.1371/journal.pone.0151911.t002
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A)

TG> 1.7 TC>52
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TG > 1.7 TC>52
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Fig 1. Distribution of lipid abnormalities in treatment naive (A) and participants receiving ART (B). The left-sided Venn diagrams indicate % with
dyslipidaemia. The right-sided diagrams indicate the individual lipid abnormalities in dyslipidaemic participants. Percentages in the right diagrams refer to %
dyslipidaemic participants. Rounding accounts for percentages not equal to 100.

doi:10.1371/journal.pone.0151911.g001

ART-naive participants

In ART-naive participants we focussed our analysis on the effects CD4 count as a surrogate
marker of immunosuppression on the lipid profile. Triglycerides and HDLC were both signifi-
cantly associated with CD4 count, but not LDLC or TC.

Triglycerides correlated negatively with CD4 count (r = -0.196) ignoring potential con-
founders. Age, BMI and waist-hip ratio, but not gender and glycaemic status, were significantly
associated with triglycerides. In the final multivariate model of triglycerides for ART-naive

PLOS ONE | DOI:10.1371/journal.pone.0151911 March 17,2016 6/13
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Table 3. Glycaemic status based on OGTT.

Normoglycaemia

Impaired fasting glucose
Impaired glucose tolerance
Diabetes

Naive ART
Females Males Females Males
249 (81%) 68 (70%) 327 (75%) 70 (60%)
27 (9%) 16 (16%) 57 (13%) 29 (25%)
21 (7%) 11 (11%) 41 (9%) 11 (9%)
12 (4%) 2 (2%) 10 (2%) 6 (5%)

All data, n (%); Legend: Rounding accounts for percentages not equal to 100.

doi:10.1371/journal.pone.0151911.t003

participants (54 Table), we found significant interaction effects between CD4 count and age

(p < 0.001), and CD4 count and BMI (p < 0.001). For an average-aged patient with an average
BMI, there was a significant negative correlation between triglycerides and CD4 count

(p < 0.001). This relationship was attenuated in older participants and participants with higher
BMIs. There was a significant positive relationship between waist-hip ratio and triglycerides

(p < 0.001) independent of CD4 count.

HDLC was positively correlated (r = 0. 296) with CD4 count before adjusting for potential
confounders. In our final model of HDLC (S5 Table), which included gender and glycaemic
status as significant confounders, HDLC increased significantly more rapidly with CD4 count
in diabetic compared to non-diabetic participants (p = 0.013), and HDLC was significantly
higher in males compared to females irrespective of CD4 count (p = 0.009). Age, BMI and
waist-hip ratio were not significant explanatory variables for HDLC after accounting for CD4
count, gender and glycaemic status.

ART-treated participants

Ignoring potential confounders, triglycerides increased as calf skin fold thickness, a surrogate
marker for lipoatrophy, decreased among the ART-treated participants (r = -0.204). The final
multiple regression model (56 Table) included BMI, waist-hip ratio, duration of stavudine
exposure, efavirenz as the only NNRTT ever prescribed and NNRTI vs. PI-based ART as con-
founding factors in the relationship between triglycerides and calf skin fold thickness.
Increased BMI and prolonged exposure to stavudine were associated with higher triglycerides
(p =0.025 and p < 0.001, respectively). The increase in triglycerides with decreasing calf skin
fold thickness was greater for participants enrolled on PI-based therapy than for those on
NNRTI-based therapy (p = 0.009) The relationship between calf skin fold thickness and triglyc-
erides was attenuated in older participants (p = 0.017), holding WHR and ART treatment con-
stant. We also found significant interactions between type of ART therapy and gender

(p =0.002), and type of ART therapy and exclusive efavirenz exposure (p = 0.008). For a female
with the sample median calf skin fold thickness (13.1 mm), PI-based therapy was associated
with higher triglycerides, though the effect was somewhat attenuated for a female who had
only ever taken efavirenz as NNRTI. For a male with the sample median calf skin fold thick-
ness, triglycerides were lower in participants receiving PI-based therapy if they had only ever
taken efavirenz. In males who had been exposed to nevirapine, triglycerides were not affected
by the type of ART. Calf skin fold thickness and ART type were not significant determinants of
any other lipid variables in this study (see S7 and S8 Tables for the final models of HDLC and
LDLC, respectively).
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Discussion

The major findings of our large cross-sectional study from a middle-income country include a
very high prevalence of dyslipidaemia in both ART-naive and treated participants, with low
HDLC being by far the most common abnormality. We observed higher HDLC levels in partic-
ipants receiving ART, suggestive of HDLC returning to baseline as participants improve clini-
cally. Severe dyslipidaemia, defined here as LDLC >4.9 mmol/l or triglycerides >5.0 mmol/L,
was an uncommon finding. Additionally, as previously reported, we found a high prevalence of
dysglycaemia[13]. The association between untreated HIV infection and lipid abnormalities is
well documented.[17-19] In most studies, HIV infection has been associated with low concen-
trations of HDLC, TC, LDLC and moderate hypertriglyceridaemia with a positive correlation
between the degree of immunosuppression and lipid abnormalities. Chronic infection causes a
persistent acute phase response, which typically is accompanied by an increase in triglycerides
due to decreased lipoprotein lipase activity. An increase in triglyceride-rich lipoproteins and
their remnants can promote exchange of triglycerides into HDL and subsequent lipolysis by
hepatic lipase, accounting for lower HDLC concentration.[20, 21]

In our study, lipid abnormalities in ART-naive participants are in agreement with previ-
ously reported studies.[22, 23] Increasing immunosuppression, as manifested by lower CD4
counts, correlated with an increase in triglycerides. Abdominal obesity, identified by an
increase in waist-hip ratio (WHR), was associated with higher triglycerides values independent
of CD4 count. Although triglycerides were inversely correlated with CD4 count, clinically
important hypertriglyceridaemia was uncommon and was found in only 1/406 (0.2%) ART-
naive participant.

The most striking lipid abnormality in ART-naive participants was markedly low HDLC,
consistent with other studies from Nigeria and Uganda, but different from a rural Cameroo-
nian population where only 18% of participants had a low HDLC with elevated triglycerides
being the predominant lipid abnormality.[24-26] The median HDLC values of 0.80 mmol/L
and 0.92 mmol/L for ART-naive women and men, respectively are considerably lower than the
mean female and male values of 1.28 mmol/L and 1.21 mmol/L, respectively reported for an
urbanized black population in 1992, the caveat being that this was a relatively small study con-
ducted more than twenty years ago.[27] Very low HDLC (<0.6 mmol/L) was present in 14% of
ART-naive participants. HDLC was correlated with CD4 count and was lower in participants
with more advanced immunosuppression. Although ART-naive women had a higher median
CD4 count than men, their median HDLC was lower opposite to the usual gender differential
observed for HDLC measurements. TC was lower than the previously reported population
means of 4.4 mmol/L and 4.5 mmol/L for male and female urban black South Africans aged
30-44 years.[28] There are relatively few studies of dyslipidaemia in ART-naive patients from
lower and middle income countries (LMIC). In a recent review of studies from LMIC the lipid
phenotype in ART-naive participants was similar to that described in studies from high income
countries (HIC), with elevated triglycerides, normal or reduced LDLC and low HDLC.[29]

The effects of ART on the lipid profile, glycaemia and body composition are well docu-
mented.[26, 30-35] In our study TC was higher in ART-treated participants than in treatment
naive participants, but was similar to previously described population averages.[28] The higher
TC in ART-treated participants is likely due to both higher HDLC and LDLC values. Triglycer-
ides increased with decreasing calf circumference as was shown in the study by Abrahams et al.
[36] Increased BMI and prolonged exposure to stavudine were also positively associated with
triglycerides. Importantly, calf circumference was not a significant determinant of any other
lipid variable. Anthropometric differences between treatment naive and ART groups were par-
ticularly marked in female participants. This is probably because HIV-negative black females

PLOS ONE | DOI:10.1371/journal.pone.0151911 March 17,2016 8/13



@’PLOS ‘ ONE

Dyslipidemia in HIV-Infected Patients

have a larger BMI than their male counterparts resulting in greater changes in body composi-
tion during HIV-infection. Women on ART had higher BMI, waist circumference and WHR,
but calf circumference was lower, probably due to exposure to stavudine. The observed differ-
ences in anthropometric parameters are suggestive of ART-associated lipodystrophy with an
increase in visceral fat accompanied by loss of peripheral subcutaneous fat. There is substantial
variation in the reported prevalence of lipodystrophy (7%-65%), associated with ART in low
and middle income countries. [29]. Moreover, the prevalence of overweight and obesity was
shown to increase in a South African study of patients on ART, adding to the cardiovascular
and mortality risk. [37]

As PI-based therapy was only instituted when patients failed their first-line regimen, our
cohort of participants receiving PI-based therapy was relatively small. Participants receiving
ART?2 were older and had longer ART exposure at study entry than participants receiving
ART1. ART?2 was associated with higher triglyceride concentrations, while there were only
minor differences for the other lipid parameters. LPV/r has been documented to raise triglycer-
ides and, to a lesser extent, cholesterol in previous studies.[38] [39]

Abnormal glucose metabolism was associated with higher triglycerides, TC, LDLC and
non-HDLC in both ART-naive and treated participants. Atherogenic dyslipidaemia character-
ized by moderate hypertriglyceridaemia, low HDLC and normal or modestly elevated LDLC,
with small and dense LDL-particles, is common in diabetes but is also frequently found in
patients with impaired glucose tolerance.[40, 41] Pre-diabetes is common among low and mid-
dle income countries in patients initiated on ART and studies from South Africa and Kenya
indicate a prevalence of 23.5% and 16%, respectively.[13, 42]

Cardiovascular risk assessment algorithms such as the Framingham equation cannot be
applied directly to our population, which differs significantly from the populations in which
these algorithms were derived.[43] Assigning conventional risk increments to lipoprotein frac-
tion changes, ART-treated patients would, on balance, likely have lower cardiovascular risk,
due to their substantially increased HDLC in the face of a modest increase in TC resulting in a
lower TC: HDLC ratio. It is, however, not certain whether the low concentrations of HDLC
seen in untreated ART patients carry the same prognostic significance as low HDLC in other-
wise well patients without chronic infection or inflammation. Furthermore HDLC is likely to
increase in many treatment naive patients once they are established on ART.[23, 32, 44] In our
study, neither LDLC nor non-HDLC, as a measure of all atherogenic lipoproteins, was signifi-
cantly higher in ART participants than previously reported population averages. The relatively
low average age of our study cohort would suggest that short term (10 year) absolute cardiovas-
cular risk is likely to be relatively low. The high rates of dysglycaemia in both naive and treated
patients are of concern and may increase cardiovascular risk beyond that estimated by cardio-
vascular risk equations.

Our study has several important strengths and limitations. To the best of our knowledge this
is one of the largest studies on the metabolic effects of ART from the African continent. Patients
underwent a complete and detailed metabolic evaluation at study entry including detailed
anthropometry, OGTT including measurement of insulin concentrations and fasting lipids.
The size of our study allowed us to explore the effect of immunosuppression on serum lipid val-
ues in ART-naive participants and the effects, if any, of body composition on lipid values in par-
ticipants receiving ART. Additionally, we explored the impact of the specific ART regimen on
lipid values. A large number of recruited patients did not present for testing, possibly partly
explained by lack of access to transport, obtaining temporary work during the time of their
appointment or illness keeping them house-bound. We did not assess any surrogate markers of
atherosclerosis, such as carotid intima media thickness or coronary artery calcium score and we
are thus unable to correlate biochemical abnormalities with evidence of subclinical
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atherosclerosis. We did not measure inflammatory markers such as C-reactive protein and
thus, could not correlate inflammatory markers with metabolic abnormalities. Analysis of the
metabolic changes associated with ART is furthermore constrained by the fact that the current
study is cross-sectional. Due to the cross-sectional nature of the study, the nature and duration
of ART are not uniform amongst participants. Similarly, there is substantial variation in the
degree of immunological and clinical recovery amongst participants on ART. We do not have
data from a control group of HIV uninfected people from the same community to compare
metabolic parameters in a group that is likely to have a similar lifestyle and genetic background.

In conclusion we found that participants on ART had higher triglycerides, TC, LDLC and
HDLC than those who were ART naive. Although ART was associated with an increase in ath-
erogenic lipoproteins, levels did not exceed previously reported population averages and in car-
diovascular risk estimation are likely offset by the even greater increases in HDLC we observed.
Severe lipid abnormalities requiring evaluation and treatment in the short term were uncom-
mon in both treated and untreated participants. The absolute ten year cardiovascular risk is
probably low in this cohort, as the majority of participants were female, relatively young and
did not have markedly elevated concentrations of atherogenic lipoproteins. This assessment is,
however, confounded by the lack of validated risk algorithms for patients with HIV infection,
in whom multiple other factors such as chronic inflammation, endothelial damage and vascular
inflammation may contribute to cardiovascular risk.

Supporting Information

S1 Dataset. Data used to generate results in this manuscript.
(XLSX)

S1 Table. Additional baseline clinical, demographic and anthropometric variables.
(DOCX)

S2 Table. Baseline demographic and anthropometric variables by ART category.
(DOCX)

§3 Table. Lipid values by ART category.
(DOCX)

S$4 Table. Regression model of log(triglycerides) for ART-naive participants.
(DOCX)

S5 Table. Regression model of log(HDLC) for ART-naive participants.
(DOCX)

S6 Table. Regression model of log(triglycerides) for participants on ART.
(DOCX)

S7 Table. Regression model of log(HDLC) for participants on ART.
(DOCX)

S8 Table. Regression model of log(LDLC) for participants on ART.
(DOCX)

Author Contributions

Conceived and designed the experiments: JD NL GM. Performed the experiments: JD. Ana-
lyzed the data: JD NL ILR ML GM DB. Contributed reagents/materials/analysis tools: JD NL
ILR ML GM DB. Wrote the paper: JD NL ILR ML GM DB.

PLOS ONE | DOI:10.1371/journal.pone.0151911 March 17,2016 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0151911.s009

@’PLOS ‘ ONE

Dyslipidemia in HIV-Infected Patients

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Bartlett JA, Fath MJ, Demasi R, Hermes A, Quinn J, Mondou E, et al. An updated systematic overview
of triple combination therapy in antiretroviral-naive HIV-infected adults. AIDS. 2006; 20(16):2051-64.
Epub 2006/10/21. doi: 10.1097/01.aids.0000247578.08449.ff PMID: 17053351.

Hammond R, Harry TC. Efficacy of antiretroviral therapy in Africa: effect on immunological and virologi-
cal outcome measures—a meta-analysis. International journal of STD & AIDS. 2008; 19(5):291-6.
Epub 2008/05/17. doi: 10.1258/ijsa.2007.007248 PMID: 18482957.

Sutcliffe CG, van Dijk JH, Bolton C, Persaud D, Moss WJ. Effectiveness of antiretroviral therapy among
HIV-infected children in sub-Saharan Africa. The Lancet infectious diseases. 2008; 8(8):477-89. Epub
2008/07/26. doi: 10.1016/S1473-3099(08)70180-4 PMID: 18652994.

Dube MP. Lipodystrophy and insulin resistance in patients with HIV. J Acquir Immune Defic Syndr.
2001; 27(5):506—7. Epub 2001/08/21. PMID: 11511829.

Friis-Moller N, Smieja M, Klein D. Antiretroviral therapy as a cardiovascular disease risk factor: fact or
fiction? A review of clinical and surrogate outcome studies. Current opinion in HIV and AIDS. 2008;
3(8):220-5. Epub 2009/04/18. doi: 10.1097/COH.0b013e3282fb7bcf PMID: 19372970.

Kilmarx PH. Global epidemiology of HIV. Current opinion in HIV and AIDS. 2009; 4(4):240-6. Epub
2009/06/18. doi: 10.1097/COH.0b013e32832c06db PMID: 19532059.

Abdool Karim SS, Churchyard GJ, Karim QA, Lawn SD. HIV infection and tuberculosis in South Africa:
an urgent need to escalate the public health response. Lancet. 2009; 374(9693):921-33. Epub 2009/
08/28. doi: 10.1016/S0140-6736(09)60916-8 PMID: 19709731; PubMed Central PMCID:
PMC2803032.

de Waal R, Cohen K, Maartens G. Systematic review of antiretroviral-associated lipodystrophy: lipoa-
trophy, but not central fat gain, is an antiretroviral adverse drug reaction. PloS one. 2013; 8(5):e63623.
Epub 2013/06/01. doi: 10.1371/journal.pone.0063623 PMID: 23723990; PubMed Central PMCID:
PMC3665842.

Fontas E, van Leth F, Sabin CA, Friis-Moller N, Rickenbach M, d'Arminio Monforte A, et al. Lipid profiles
in HIV-infected patients receiving combination antiretroviral therapy: are different antiretroviral drugs
associated with different lipid profiles? The Journal of infectious diseases. 2004; 189(6):1056—74. Epub
2004/03/05. doi: 10.1086/381783 PMID: 14999610.

Friis-Moller N, Reiss P, Sabin CA, Weber R, Monforte A, EI-Sadr W, et al. Class of antiretroviral drugs
and the risk of myocardial infarction. The New England journal of medicine. 2007; 356(17):1723-35.
Epub 2007/04/27. doi: 10.1056/NEJMoa062744 PMID: 17460226.

Anastos K, Lu D, Shi Q, Tien PC, Kaplan RC, Hessol NA, et al. Association of serum lipid levels with
HIV serostatus, specific antiretroviral agents, and treatment regimens. J Acquir Inmune Defic Syndr.
2007; 45(1):34—-42. Epub 2007/04/27. doi: 10.1097/QAI.0b013e318042d5fe PMID: 17460470.

Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities in HIV-infected adults. The New
England journal of medicine. 2005; 352(1):48—-62. Epub 2005/01/07. doi: 10.1056/NEJMra041811
PMID: 15635112.

Dave JA, Lambert EV, Badri M, West S, Maartens G, Levitt NS. Effect of nonnucleoside reverse tran-
scriptase inhibitor-based antiretroviral therapy on dysglycemia and insulin sensitivity in South African
HIV-infected patients. J Acquir Immune Defic Syndr. 2011; 57(4):284-9. Epub 2011/05/24. doi: 10.
1097/QAI1.0b013e318221863f PMID: 21602696.

Friedewald WT, Levy R, Fredrickson DS. Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative ultracentrifuge. Clinical chemistry. 1972; 18
(6):499-502. Epub 1972/06/01. PMID: 4337382.

Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults (Adult Treat-
ment Panel lll). Jama. 2001; 285(19):2486—-97. PMID: 11368702

Association AD. Standards of medical care in diabetes-2007. Diabetes care. 2007:Supplement 1: : S4—
S41.

Grunfeld C, Kotler DP, Shigenaga JK, Doerrler W, Tierney A, Wang J, et al. Circulating interferon-alpha
levels and hypertriglyceridemia in the acquired immunodeficiency syndrome. The American journal of
medicine. 1991; 90(2):154—62. Epub 1991/02/11. PMID: 1996584.

Grunfeld C, Kotler DP, Hamadeh R, Tierney A, Wang J, Pierson RN. Hypertriglyceridemia in the
acquired immunodeficiency syndrome. The American journal of medicine. 1989; 86(1):27-31. Epub
1989/01/01. PMID: 2910092.

Grunfeld C, Feingold KR. Metabolic disturbances and wasting in the acquired immunodeficiency syn-
drome. The New England journal of medicine. 1992; 327(5):329-37. Epub 1992/07/30. doi: 10.1056/
NEJM199207303270506 PMID: 1620172.

PLOS ONE | DOI:10.1371/journal.pone.0151911

March 17,2016 11/13


http://dx.doi.org/10.1097/01.aids.0000247578.08449.ff
http://www.ncbi.nlm.nih.gov/pubmed/17053351
http://dx.doi.org/10.1258/ijsa.2007.007248
http://www.ncbi.nlm.nih.gov/pubmed/18482957
http://dx.doi.org/10.1016/S1473-3099(08)70180-4
http://www.ncbi.nlm.nih.gov/pubmed/18652994
http://www.ncbi.nlm.nih.gov/pubmed/11511829
http://dx.doi.org/10.1097/COH.0b013e3282fb7bcf
http://www.ncbi.nlm.nih.gov/pubmed/19372970
http://dx.doi.org/10.1097/COH.0b013e32832c06db
http://www.ncbi.nlm.nih.gov/pubmed/19532059
http://dx.doi.org/10.1016/S0140-6736(09)60916-8
http://www.ncbi.nlm.nih.gov/pubmed/19709731
http://dx.doi.org/10.1371/journal.pone.0063623
http://www.ncbi.nlm.nih.gov/pubmed/23723990
http://dx.doi.org/10.1086/381783
http://www.ncbi.nlm.nih.gov/pubmed/14999610
http://dx.doi.org/10.1056/NEJMoa062744
http://www.ncbi.nlm.nih.gov/pubmed/17460226
http://dx.doi.org/10.1097/QAI.0b013e318042d5fe
http://www.ncbi.nlm.nih.gov/pubmed/17460470
http://dx.doi.org/10.1056/NEJMra041811
http://www.ncbi.nlm.nih.gov/pubmed/15635112
http://dx.doi.org/10.1097/QAI.0b013e318221863f
http://dx.doi.org/10.1097/QAI.0b013e318221863f
http://www.ncbi.nlm.nih.gov/pubmed/21602696
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://www.ncbi.nlm.nih.gov/pubmed/11368702
http://www.ncbi.nlm.nih.gov/pubmed/1996584
http://www.ncbi.nlm.nih.gov/pubmed/2910092
http://dx.doi.org/10.1056/NEJM199207303270506
http://dx.doi.org/10.1056/NEJM199207303270506
http://www.ncbi.nlm.nih.gov/pubmed/1620172

@’PLOS ‘ ONE

Dyslipidemia in HIV-Infected Patients

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

van der Westhuyzen DR, de Beer FC, Webb NR. HDL cholesterol transport during inflammation. Cur-
rent opinion in lipidology. 2007; 18(2):147-51. Epub 2007/03/14. doi: 10.1097/MOL.0b013e328051b4fe
PMID: 17353662.

van der Voort PH, Gerritsen RT, Bakker AJ, Boerma EC, Kuiper MA, de Heide L. HDL-cholesterol level
and cortisol response to synacthen in critically ill patients. Intensive care medicine. 2003; 29(12):2199—
203. Epub 2003/10/21. doi: 10.1007/s00134-003-2021-7 PMID: 14566456.

Oka F, Naito T, Oike M, Imai R, Saita M, Inui A, et al. Correlation between HIV disease and lipid metab-
olism in antiretroviral-naive HIV-infected patients in Japan. Journal of infection and chemotherapy: offi-
cial journal of the Japan Society of Chemotherapy. 2012; 18(1):17-21. Epub 2011/07/08. doi: 10.1007/
s$10156-011-0275-5 PMID: 21735099; PubMed Central PMCID: PMC3278606.

Muhammad S, Sani MU, Okeahialam BN. Prevalence of dyslipidemia among human immunodeficiency
virus infected Nigerians. Annals of African medicine. 2013; 12(1):24—8. Epub 2013/03/14. doi: 10.4103/
1596-3519.108246 PMID: 23480991.

Kuti MA, Adesina OA, Awolude OA, Ogunbosi BO, Fayemiwo SA, Akinyemi JO, et al. Dyslipidemia in
ART-Naive HIV-Infected Persons in Nigeria—Implications for Care. J Int Assoc Provid AIDS Care.
2015; 14(4):355-9. doi: 10.1177/2325957414555227 PMID: 25331224.

Asiki G, Murphy GA, Baisley K, Nsubuga RN, Karabarinde A, Newton R, et al. Prevalence of dyslipidae-
mia and associated risk factors in a rural population in South-Western Uganda: a community based sur-
vey. PloS one. 2015; 10(5):e0126166. doi: 10.1371/journal.pone.0126166 PMID: 25974077; PubMed
Central PMCID: PMCPMC4431752.

Bekolo CE, Nguena MB, Ewane L, Bekoule PS, Kollo B. The lipid profile of HIV-infected patients receiv-
ing antiretroviral therapy in a rural Cameroonian population. BMC public health. 2014; 14:236. Epub
2014/03/13. doi: 10.1186/1471-2458-14-236 PMID: 24606888; PubMed Central PMCID: PMC3973972.

Seedat YK, Mayet FG, Latiff GH, Joubert G. Risk factors and coronary heart disease in Durban blacks
—the missing links. South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde. 1992; 82
(4):251-6. Epub 1992/10/01. PMID: 1411822.

Norman R, Bradshaw D, Steyn K, Gaziano T. Estimating the burden of disease attributable to high cho-
lesterol in South Africa in 2000. South African medical journal = Suid-Afrikaanse tydskrif vir genees-
kunde. 2007; 97(8 Pt 2):708-15. Epub 2007/10/24. PMID: 17952228.

Ali MK, Magee MJ, Dave JA, Ofotokun |, Tungsiripat M, Jones TK, et al. HIV and metabolic, body, and
bone disorders: what we know from low- and middle-income countries. J Acquir Immune Defic Syndr.
2014; 67 Suppl 1:5S27-39. Epub 2014/08/15. doi: 10.1097/QAI.0000000000000256 PMID: 25117959.

Carey RA, Rupali P, Abraham OC, Kattula D. Does first line antiretroviral therapy increase the preva-
lence of cardiovascular risk factors in Indian patients?: A cross sectional study. Journal of postgraduate
medicine. 2013; 59(4):258-62. Epub 2013/12/19. doi: 10.4103/0022-3859.123145 PMID: 24346381.

Kiage JN, Heimburger DC, Nyirenda CK, Wellons MF, Bagchi S, Chi BH, et al. Cardiometabolic risk fac-
tors among HIV patients on antiretroviral therapy. Lipids in health and disease. 2013; 12:50. Epub
2013/04/12. doi: 10.1186/1476-511X-12-50 PMID: 23575345; PubMed Central PMCID: PMC3641018.

Liu E, Armstrong C, Spiegelman D, Chalamilla G, Njelekela M, Hawkins C, et al. First-line antiretroviral
therapy and changes in lipid levels over 3 years among HIV-infected adults in Tanzania. Clinical infec-
tious diseases: an official publication of the Infectious Diseases Society of America. 2013; 56
(12):1820-8. Epub 2013/03/02. doi: 10.1093/cid/cit120 PMID: 23449270.

Ekali LG, Johnstone LK, Echouffo-Tcheugui JB, Kouanfack C, Dehayem MY, Fezeu L, et al. Fasting
blood glucose and insulin sensitivity are unaffected by HAART duration in Cameroonians receiving
first-line antiretroviral treatment. Diabetes & metabolism. 2013; 39(1):71-7. Epub 2012/11/17. doi: 10.
1016/j.diabet.2012.08.012 PMID: 23153435.

Janiszewski PM, Ross R, Despres JP, Lemieux |, Orlando G, Carli F, et al. Hypertriglyceridemia and
waist circumference predict cardiovascular risk among HIV patients: a cross-sectional study. PloS one.
2011; 6(9):€25032. Epub 2011/10/04. doi: 10.1371/journal.pone.0025032 PMID: 21966404; PubMed
Central PMCID: PMC3178598.

Menezes CN, Crowther NJ, Duarte R, Van Amsterdam D, Evans D, Dickens C, et al. A randomized clin-
ical trial comparing metabolic parameters after 48 weeks of standard- and low-dose stavudine therapy
and tenofovir disoproxil fumarate therapy in HIV-infected South African patients. HIV medicine. 2014;
15(1):3—-12. Epub 2013/08/29. doi: 10.1111/hiv.12074 PMID: 23980620.

Abrahams Z, Dave JA, Maartens G, Lesosky M, Levitt NS. The development of simple anthropometric
measures to diagnose antiretroviral therapy-associated lipodystrophy in resource limited settings.
AIDS research and therapy. 2014; 11:26. Epub 2014/08/22. doi: 10.1186/1742-6405-11-26 PMID:
25143778; PubMed Central PMCID: PMC4138415.

Hurley E, Coutsoudis A, Giddy J, Knight SE, Loots E, Esterhuizen TM. Weight evolution and percep-
tions of adults living with HIV following initiation of antiretroviral therapy in a South African urban setting.

PLOS ONE | DOI:10.1371/journal.pone.0151911

March 17,2016 12/13


http://dx.doi.org/10.1097/MOL.0b013e328051b4fe
http://www.ncbi.nlm.nih.gov/pubmed/17353662
http://dx.doi.org/10.1007/s00134-003-2021-7
http://www.ncbi.nlm.nih.gov/pubmed/14566456
http://dx.doi.org/10.1007/s10156-011-0275-5
http://dx.doi.org/10.1007/s10156-011-0275-5
http://www.ncbi.nlm.nih.gov/pubmed/21735099
http://dx.doi.org/10.4103/1596-3519.108246
http://dx.doi.org/10.4103/1596-3519.108246
http://www.ncbi.nlm.nih.gov/pubmed/23480991
http://dx.doi.org/10.1177/2325957414555227
http://www.ncbi.nlm.nih.gov/pubmed/25331224
http://dx.doi.org/10.1371/journal.pone.0126166
http://www.ncbi.nlm.nih.gov/pubmed/25974077
http://dx.doi.org/10.1186/1471-2458-14-236
http://www.ncbi.nlm.nih.gov/pubmed/24606888
http://www.ncbi.nlm.nih.gov/pubmed/1411822
http://www.ncbi.nlm.nih.gov/pubmed/17952228
http://dx.doi.org/10.1097/QAI.0000000000000256
http://www.ncbi.nlm.nih.gov/pubmed/25117959
http://dx.doi.org/10.4103/0022-3859.123145
http://www.ncbi.nlm.nih.gov/pubmed/24346381
http://dx.doi.org/10.1186/1476-511X-12-50
http://www.ncbi.nlm.nih.gov/pubmed/23575345
http://dx.doi.org/10.1093/cid/cit120
http://www.ncbi.nlm.nih.gov/pubmed/23449270
http://dx.doi.org/10.1016/j.diabet.2012.08.012
http://dx.doi.org/10.1016/j.diabet.2012.08.012
http://www.ncbi.nlm.nih.gov/pubmed/23153435
http://dx.doi.org/10.1371/journal.pone.0025032
http://www.ncbi.nlm.nih.gov/pubmed/21966404
http://dx.doi.org/10.1111/hiv.12074
http://www.ncbi.nlm.nih.gov/pubmed/23980620
http://dx.doi.org/10.1186/1742-6405-11-26
http://www.ncbi.nlm.nih.gov/pubmed/25143778

el e
@ ) PLOS ‘ ONE Dyslipidemia in HIV-Infected Patients

South African medical journal = Suid-Afrikaanse tydskrif vir geneeskunde. 2011; 101(9):645-50. Epub
2011/09/17. PMID: 21920157.

38. Gonzalez de Requena D, Blanco F, Garcia-Benayas T, Jimenez-Nacher |, Gonzalez-Lahoz J, Soriano V.
Correlation between lopinavir plasma levels and lipid abnormalities in patients taking lopinavir/ritonavir.
AIDS patient care and STDs. 2003; 17(9):443-5. Epub 2003/11/01. doi: 10.1089/108729103322395465
PMID: 14588081.

39. Martinez E, Domingo P, Galindo MJ, Milinkovic A, Arroyo JA, Baldovi F, et al. Risk of metabolic abnor-
malities in patients infected with HIV receiving antiretroviral therapy that contains lopinavir-ritonavir.
Clinical infectious diseases: an official publication of the Infectious Diseases Society of America. 2004;
38(7):1017-23. Epub 2004/03/23. doi: 10.1086/382531 PMID: 15034836.

40. Krentz AJ. Lipoprotein abnormalities and their consequences for patients with type 2 diabetes. Diabe-
tes, obesity & metabolism. 2003; 5 Suppl 1:519-27. Epub 2004/02/27. PMID: 14984018.

41. Schwartz SL. Diabetes and dyslipidaemia. Diabetes, obesity & metabolism. 2006; 8(4):355—-64. Epub
2006/06/17. doi: 10.1111/j.1463-1326.2005.00516.x PMID: 16776742.

42. Mutimura E, Stewart A, Rheeder P, Crowther NJ. Metabolic function and the prevalence of lipodystro-
phy in a population of HIV-infected African subjects receiving highly active antiretroviral therapy. J
Acquir Immune Defic Syndr. 2007; 46(4):451-5. Epub 2007/12/14. PMID: 18077834.

43. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary
heart disease using risk factor categories. Circulation. 1998; 97(18):1837—47. Epub 1998/05/29. PMID:
9603539.

44. Stein JH, Komarow L, Cotter BR, Currier JS, Dube MP, Fichtenbaum CJ, et al. Lipoprotein Changes in
HIV-Infected Antiretroviral-Naive Individuals after Starting Antiretroviral Therapy: ACTG Study A5152s
Stein: Lipoprotein Changes on Antiretroviral Therapy. Journal of clinical lipidology. 2008; 2(6):464—71.
Epub 2009/12/04. doi: 10.1016/j.jacl.2008.08.442 PMID: 19956354; PubMed Central PMCID:
PMC2636959.

PLOS ONE | DOI:10.1371/journal.pone.0151911 March 17,2016 13/13


http://www.ncbi.nlm.nih.gov/pubmed/21920157
http://dx.doi.org/10.1089/108729103322395465
http://www.ncbi.nlm.nih.gov/pubmed/14588081
http://dx.doi.org/10.1086/382531
http://www.ncbi.nlm.nih.gov/pubmed/15034836
http://www.ncbi.nlm.nih.gov/pubmed/14984018
http://dx.doi.org/10.1111/j.1463-1326.2005.00516.x
http://www.ncbi.nlm.nih.gov/pubmed/16776742
http://www.ncbi.nlm.nih.gov/pubmed/18077834
http://www.ncbi.nlm.nih.gov/pubmed/9603539
http://dx.doi.org/10.1016/j.jacl.2008.08.442
http://www.ncbi.nlm.nih.gov/pubmed/19956354

