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Abstract

In the context of HIV, the initiation of effective antiretroviral therapy (ART) has been found to increase the risk of
dyslipidemia in HIV-infected individuals, and dyslipidemia has been found to be a risk factor for kidney disease
in the general population. Therefore, we examined changes in lipid profiles in HIV-infected men following ART
initiation and the association with future kidney dysfunction. HIV-infected men from the Multicenter AIDS
Cohort Study initiating ART between December 31, 1995 and September 30, 2011 with measured lipid and serum
creatinine values pre-ART and post-ART were selected. The associations between changes in total cholesterol or
high-density lipoprotein following ART initiation and the estimated change in glomerular filtration rate (eGFR)
over time were assessed using piecewise linear mixed effects models. There were 365 HIV-infected men who
contributed to the analysis. In the adjusted models, at 3 years post-ART, those with changes in total cholesterol
> 50 mg/dl had an average decrease in eGFR of 2.6 ml/min/1.73 m2 per year ( p < 0.001) and at 5 years post-ART,
the average decrease was 2.4 ml/min/1.73 m2 per year ( p = 0.008). This decline contrasted with the estimates for
those with changes in total cholesterol £ 50 mg/dl: 1.4 ml/min/1.73 m2 decrease per year ( p < 0.001) and 0.1 ml/
min/1.73 m2 decrease per year ( p = 0.594) for the same time periods, respectively. Large decreases in high-density
lipoprotein (a decline of greater than 5 mg/dl) were not associated with declines in eGFR. These results indicate
that large ART-related increases in total cholesterol may be a risk factor for kidney function decline in HIV-infected
men. Should these results be generalizable to the broader HIV population, monitoring cholesterol changes fol-
lowing the initiation of ART may be important in identifying HIV-infected persons at risk for kidney disease.

Introduction

Kidney function generally begins to decline when
individuals reach 40–60 years of age. The average decline

in glomerular filtration rate (GFR) experienced by individuals
after this age is 8 ml/min per decade of life.1 While many factors
may contribute to progressive kidney dysfunction, experimen-
tal data and the growing knowledge of plausible mechanisms
for lipid-induced renal injury support a role for dyslipidemia in
the progression of kidney disease.2,3 Dyslipidemia may pro-
mote renal injury through damage to glomerular capillary en-
dothelial and mesangial cells as well as podocytes, resulting in
glomerulosclerosis and interstitial fibrosis.4

Observational studies implicate dyslipidemia as a risk
factor in progressive kidney disease. In the Atherosclerosis
Risk in Communities study, which followed participants for

approximately 3 years, high triglyceride and low high-
density lipoprotein cholesterol (HDLc) levels were associ-
ated with observing an increase in serum creatinine of at
least 0.4 mg/dl over the study period.5 High non-HDLc
levels and the ratio of low-density lipoprotein cholesterol
(LDLc) to HDLc as well as low HDLc levels were associated
with an increased risk of high serum creatinine (serum cre-
atinine > 1.5 mg/dl) after 14 years of follow-up in healthy
men participating in the Physicians’ Health Study.6 Low
HDLc was associated with incident Stage 3 chronic kidney
disease (CKD; glomerular filtration < 60 ml/min) and faster
GFR decline in the Framingham Offspring Study7 and Hel-
sinki Heart Study,8 respectively. Furthermore, data suggest
that lipid-lowering strategies ameliorate renal injury9,10 and
may possibly benefit patients with CKD by slowing the rate
of progression.11–13
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In the context of HIV, the initiation of effective anti-
retroviral therapy (ART) has been found to increase serum
lipids,14–16 although these changes may mostly reverse lipid
level decline following HIV seroconversion.16 However,
postmortem studies indicate that HIV is associated with a
high prevalence of renal pathology17 and cross-sectionally,
HIV infection has been associated with microalbuminuria
with severity dependent upon various cardiovascular risk
factors.18 We hypothesized that rapid ART-associated in-
creases in serum lipids could play a role in the kidney damage
noted among HIV-infected individuals.

Materials and Methods

Study design and measurements

The Multicenter AIDS Cohort Study (MACS) is an ongoing
multicenter prospective observational study of HIV-infected
men and HIV-uninfected men who are at risk for infection,
which was established by the National Institutes of Health in
1984.19 Four clinical sites contributed data from semiannual
visits to the MACS: Baltimore MD, Chicago IL, Los Angeles
CA, and Pittsburgh PA. Repository serum samples were col-
lected without regard to fasting status and were tested (Heinz
Nutrition Laboratory, University of Pittsburgh, Pittsburgh,
PA) for total cholesterol (TC) and HDLc—parameters largely
unaffected by recent dietary intake. Total cholesterol level was
assessed by an enzymatic method20 while HDLc level was
assessed after selective precipitation by heparin/manganese
chloride and removal by centrifugation of LDLc.21 CD4 + cell
count/ll (CD4) was measured with CD4-specific monoclonal
antibodies using two-color flow cytometry.22 Serum creati-
nine was measured locally at each site primarily using the
modified Jaffe method.23 Informed consent has been obtained
from each participant and each local institutional review
board has approved the study.

From the MACS cohort, HIV-infected men initiating ART
between December 31, 1995 and September 30, 2011 with
measured lipid and serum creatinine values pre-ART and
post-ART were included in the present study.

Statistical analysis

Comparisons between those included in the analysis and
those excluded were made using two-sample median tests
and Chi-square tests. Mean comparisons of cholesterol chan-
ges were made using t-tests. Estimated GFR (eGFR) was cal-
culated at each 6-month visit using a serum creatinine-based
estimating equation, the CKD-EPI equation.24 A linear mixed
model was fit to the eGFR data assuming a normal distribu-
tion with a random intercept and slope across time to account
for the correlation between repeated measures. The changes in
lipid levels (TC and HDLc) over approximately a 3-year pe-
riod following ART initiation were calculated for each par-
ticipant to capture changes associated with ART initiation.
Changes in TC levels were dichotomized using mean ART-
associated changes reported by Riddler et al.16 of 50 mg/dl.
While Riddler et al. did not report significant ART-associated
changes in HDLc, - 5 mg/dl was used as the threshold, based
on the observed 25th percentile of the distribution of HDLc
changes, to represent changes toward a more harmful lipid
profile. Changes over time in eGFR (the eGFR slope) were
assessed by adding a term for time since the pre-ART visit to

the model. In addition, the eGFR slope was allowed to vary at
3 years and 5 years post-ART initiation by adding spline terms
to the eGFR–time relationship in order to assess the timing of
any potential impact of ART-associated lipid changes on
kidney function. Differences in the eGFR slope between those
with large and small cholesterol changes were assessed using
interaction terms with time. Final models were adjusted for
age centered at 45 years, body mass index (BMI) centered at
25 kg/m2, black race (versus white race), smoking history
(ever versus never), statin use (ever versus never), tenofovir/
truvada use history (ever versus never), diabetes (defined as a
fasting glucose > 126 mg/dl or diagnoses of diabetes with
medication use), nadir CD4 < 200 cells/ml, pre-ART creati-
nine level centered at 1 mg/dl, pre-ART hypertension (de-
fined as systolic blood pressure ‡ 140 or diastolic blood
pressure ‡ 90 or a diagnosis of hypertension and use of
medications), and pre-ART cholesterol level > 220 mg/dl.
These covariates were only allowed to have an effect on the
average level of eGFR across time, as no interaction terms
with time were included in the model for these factors. All
variables except those related to pre-ART status and black
race were time-varying and, thus, were updated at each visit.

Results

Out of 6,992 HIV-infected men in the MACS, 1,523 initiated
ART under observation, of whom 413 (27%) had measured
lipid and serum creatinine values pre-ART and post-ART. Of
these, 25 were hepatitis C positive and 23 had a diagnosis of
diabetes prior to ART initiation and were excluded leaving 365
men (24%) for the analysis. The baseline characteristics of the
cohort at the pre-ART visit are shown in Table 1 along with the
characteristics of HIV-infected men who were eligible but
were not included due to missing lipid measurements at either
the pre-ART or post-ART time points. The median age of our
study sample was 42 years, the median BMI was 24 kg/m2,
and the median nadir CD4 was 249 cells/ml. Among the in-
cluded men 16% were black, whereas those excluded due to a
lack of lipid measurements were 31% black. The majority had
hypertension prior to initiating ART and had a history of
smoking (*70% for both), but there was a noticeably lower
prevalence of hypertension in the excluded HIV-infected men
(56%). We found that 70% of the initial regimens contained a
protease inhibitor (PI) in our sample versus 43% among the
men excluded. PI-containing initial regimens were associated
with greater increases in TC in our sample (a mean change of
37 mg/dl in the PI group versus 24 mg/dl in the no PI group;
p = 0.03) and smaller gains in HDLc (a mean change of 3 mg/dl
in the PI group versus 10 mg/dl in the no-PI group; p < 0.001).
The pre-ART and post-ART cholesterol distributions for the
365 men are shown in Fig. 1. There was a statistically signifi-
cant increase in TC (a mean change 34 mg/dl; p < 0.001) and
HDLc (5 mg/dl; p < 0.001) following ART initiation.

In the adjusted linear mixed effects model examining the
impact of TC changes, many factors had notable effects on the
eGFR average level across time (i.e., adjusted for time). A his-
tory of tenofovir use was associated with a 4.5 ml/min/1.73 m2

lower average eGFR level across time ( p < 0.001). Having a
nadir CD4 level under 200 cells/ml was associated with a
2.6 ml/min/1.73 m2 lower average eGFR level ( p = 0.011).
Statin use was associated with a significantly higher average
eGFR level by approximately 2 ml/min/1.73 m2. Time on
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statins was also assessed as a continuous factor in the model,
replacing the dichotomous variable, but was not significant
and did not alter inferences. Smoking, black race, and pre-
ART hypertension were also associated with a significantly
higher average baseline eGFR level while age and BMI were
associated with a significantly lower average baseline eGFR
level. Pre-ART lipid levels were not associated with eGFR
levels in either the TC model or HDLc model. Pre-ART
creatinine was highly predictive of eGFR level as expected
given that creatinine is the primary biomarker used to esti-
mate GFR.

Looking at the impact of changes in TC on the GFR longi-
tudinal trajectory, we found that estimated eGFR slopes over

time were more negative across all time points in those with
increases in TC > 50 mg/dl following ART initiation com-
pared to the group with changes in TC £ 50 mg/dl (Table 2).
The former group experiencing a 1.0 ml/min/1.73 m2 de-
crease in eGFR per year for the first 3 years after the pre-ART
visit (coincident with ART-related changes in lipid levels;
p = 0.007), a 2.6 ml/min/1.73 m2 decrease in eGFR per year
from 3 to 5 years ( p < 0.001), and a 2.4 ml/min/1.73 m2 decrease
in eGFR per year after 5 years ( p = 0.008). In contrast, those with
smaller gains of < 50 mg/dl experienced an increase in their
eGFR of 0.3 ml/min/1.73 m2 per year, a decrease of 1.4 ml/
min/1.73 m2 per year, and a decrease of 0.1 ml/min/1.73 m2

per year for the same periods, respectively. The difference in

Table 1. Baseline Characteristics of HIV-Infected Men

Baseline characteristics Included N = 365 Excluded N = 1158 pa

Age [years; median (IQR)] 42 (38–48) 42 (37–48) 0.329
BMI [kg/m2; median (IQR)] 24 (23–27) 24 (22–27) 0.709
Nadir CD4 [cells/ml; median (IQR)] 249 (154–353) 269 (143–397) 0.154
Black 16% 31% < 0.001
ARV naive 39% 47% 0.012
Pre-ART high blood pressure 69% 56% < 0.001
Statin use history 9% 9% 0.839
Smoking history 71% 74% 0.363
PI-based initial ART regimen 70% 43% < 0.001
Pre-ART serum creatinine [mg/dl; median (IQR)] 0.9 (0.8–1.0) 1.0 (0.9–1.1) 0.179
Pre ART eGFR [ml/min/1.73 m2; median (IQR)] 101 (89–110) 96 (80–109) 0.455
Pre-ART total cholesterol [mg/dl; median (IQR)] 165 (143–193)
Pre-ART HDL cholesterol [mg/dl; median (IQR)] 38 (33–46)
Pre-ART non-HDL cholesterol [mg/dl; median (IQR)] 126 (105–154)
Pre-ART triglycerides [mg/dl; median (IQR)] 113 (73–154)

aComparisons between the included and excluded samples were made using two-sample median tests and Chi-square tests.
Baseline characteristics (visit prior to HAART initiation) of HIV-infected men included in the current study and those who were eligible

(initiated HAART from 1995 to 2011) but did not have available lipid level measurements pre- and post-HARRT.
IQR, interquartile range; BMI, body mass index; ARV, antiretroviral; ART, antiretroviral therapy; PI, protease inhibitor; eGFR, estimated

glomerular filtration rate; HDL, high-density lipoprotein; HAART, highly active antiretroviral therapy.

FIG. 1. The distribution of total
cholesterol and high-density lipids
levels in the 365 HIV-infected men
from the Multicenter AIDS Cohort
Study (MACS) at the visit both be-
fore antiretroviral therapy (ART)
initiation and approximately 3
years later post-ART initiation.
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slopes between the groups was significant or marginally sig-
nificant for all three time periods ( p = 0.002, p = 0,016, and
p = 0.099, respectively) and resulted in the eGFR trajectories
shown in Fig. 2.

Interestingly, tenofovir use was a confounder in the ad-
justed models; those using tenofovir-containing regimens
compared to those with no tenofovir exposure tended to have
smaller mean increases in TC (31 mg/dl versus 43 mg/dl,
respectively), though the difference was not significant. Re-

moving person-visits during or after tenofovir use (3,229
person-visits remaining for the analysis out of 5,622 person-
visits) did not change the inferences, however. Participants
with TC changes > 50 mg/dl still had larger significant de-
clines in eGFR for most time periods [1.4 ml/min/1.73 m2 per
year ( p < 0.001), 2.1 ml/min/1.73 m2 per year ( p = 0.002), and
1.7 ml/min/1.73 m2 per year ( p = 0.093) from 0 to 3 years, 3 to
5 years, and after 5 years, respectively, from the pre-ART
visit]. Similarly, adjusting for PI use in the models did not

Table 2. Parameter Estimates from the Linear Mixed Effects Model

Factor Parameter estimate (95% CI) p-value

Intercept
Pre-ART GFR (ml/min/1.73 m2) 89 (87, 92) < 0.001

Estimated difference in mean GFR level [ml/min/1.73 m2]
Age (centered at 45 years; per 10 years) - 6.6 ( - 7.7, - 5.3) < 0.001
BMI (centered at 25 kg/m2) - 0.3 ( - 05, - 0.1) < 0.001
Black race 16.2 (13.1, 19.2) < 0.001
Smoking history 2.5 (0.6, 4.4) 0.009
Statin use history 1.9 (0.7, 3.1) 0.002
Tenofovir/truvuda use history - 4.5 ( - 5.6, - 3.4) < 0.001
Incident diabetes 0.7 ( - 1.0, 2.3) 0.438
Nadir CD4 < 200 cells/ml - 2.6 ( - 4.6, - 0.6) 0.011
Pre-ART creatinine (centered at 1 mg/dl; per 0.1 mg/dl) - 5.9 ( - 6.2, - 5.0) < 0.001
Pre-ART hypertension 2.8 (0.5, 5.1) 0.018
Pre-ART cholesterol > 200 mg/dl 0.8 ( - 1.5, 3.1) 0.502

Estimated mean change in GFR per year [ml/min/1.73 m2/year]
Among those with an increase in total cholesterol £ 50 mg/dl

Slope 0 < Time < 3 years 0.3 ( - 0.3, 0.9) 0.305
Slope 3 < Time < 5 years - 1.4 ( - 2.1, - 0.6) > 0.001
Slope Time > 5 years - 0.1 ( - 0.4, 0.3) 0.594

Among those with an increase in total cholesterol > 50 mg/dl
Slope 0 < Time < 3 years - 1.0 ( - 1.7, - 0.3) 0.007
Slope 3 < Time < 5 years - 2.6 ( - 3.9, - 1.4) < 0.001
Slope Time > 5 years - 2.4 ( - 4.2, - 0.6) 0.008

Estimates based on N = 365 HIV-infected men.
This table shows the difference in the mean level of GFR across time associated with various risk factors for kidney dysfunction as well as

the change in the mean eGFR slope comparing those with an increase in total cholesterol of at least 50 mg/dl to those with an increase of less
than 50 mg/dl over approximately a 3-year period following ART initiation.

FIG. 2. The estimated glomerular filtration
rate (eGFR) trajectory over time in those with
a change in total cholesterol (TC) > 50 mg/dl
(increase in TC greater than 50 mg/dl) over
approximately 3 years following ART initia-
tion compared to those with a £ 50 mg/dl
change. The comparison of eGFR trajectories
between those with a change in high-density
lipoprotein cholesterol (HDLc) < - 5 mg/dl
(a decrease in HDLc greater than 5 mg/dl)
versus ‡ - 5 mg/dl is also shown. The aver-
age eGFR value at the pre-ART visit was
approximately 100 ml/min/1.73 m2 and the
decrease in eGFR from that value based on
the estimated slopes from the piecewise linear
models is shown for the exposure groups.
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change the effect estimates of any of the other factors in the
model, although PI use was significantly associated with a 3.4
(95% CI: 5.7, 1.6) ml/min/1.73 m2 lower average baseline
eGFR level.

We also examined the effect of changes in HDLc cholesterol
on the eGFR slope (Table 3). We compared HIV-infected men
with decreases in HDLc of greater than 5 mg/dl (i.e., changes
of < - 5 mg/dl) to men with decreases in HDLc of 5 mg/dl or
less (i.e., changes of ‡ - 5 ml/dl) and we found that those with
large decreases in HDLc experienced declines in eGFR of
approximately 0 ml/min/1.73 m2 per year for the first 3 years
after the pre-ART visit, 1.3 ml/min/1.73 m2 per year from 3 to
5 years, and 1.3 ml/min/1.73 m2 per year after 5 years.
However, the estimated eGFR declines were not significantly
different between the two groups (Fig. 2).

To assess the presence of a dose-response, we also esti-
mated the effect of larger changes in TC using a cut point of
90 mg/dl (approximately the 90th percentile of change in the
data). The results suggested similar magnitude effects prior to
5 years (from the pre-ART visit) to the 50 mg/dl cut point
analysis, but a larger decrease after 5 years. The estimated
declines were 1.2 ml/min/1.73 m2 per year ( p = 0.052),
2.5 ml/min/1.73 m2 per year ( p = 0.001), and 4.1 ml/min/
1.73 m2 per year ( p = 0.004) from 0 to 3 years, 3 to 5 years, and
after 5 years, respectively, from the pre-ART visit.

Discussion

Abnormal lipid levels and other metabolic issues have been
associated with ART initiation, particularly regimens con-
taining PIs.16,25–31 The magnitude of the reported changes in

lipids following ART is consistent with a return to pre-
seroconversion levels plus normal age-related changes.14,16,26

However, given the relatively short time frame in which these
changes occur (less than 3 years), there may be implications
for comorbidities such as renal disease that have etiologic
links to lipid abnormalities. In this sample of 365 men from the
MACS, we examined the association of large changes in lipid
levels occurring after ART initiation with changes in eGFR,
the primary variable used to assess kidney disease progres-
sion. We found that increases in TC of 50 mg/dl (the 65th
percentile of change) or more over approximately 3 years
from ART initiation were associated with decreases in eGFR
that were significantly larger than those seen in men with
smaller TC changes. The impact of lipid changes was greatest
after 3 years following ART initiation (subsequent to the
measured lipid changes) and persisted beyond 5 years fol-
lowing ART initiation with a consistent rate of decline of ap-
proximately 2.5 ml/min/1.73 m2 per year. The analysis of
HDLc changes yielded more ambiguous results, with a sug-
gestion of similar magnitude eGFR declines in both compar-
ison groups but more persistent declines in those with an
HDLc decrease of greater than 5 mg/dl. Tenofovir use, which
has been extensively investigated and variably associated
with kidney function decline,32–38 was found to have a large
effect on the eGFR trajectory. Tenofovir use was also found to
weakly correlate with lipid level changes, with smaller TC
changes noted in those on tenofovir-containing regimens;
however, adjusting for tenofovir use only mildly attenuated
effect estimates and restricting to person-visits not on teno-
fovir did not change inferences, suggesting that lipid changes
have an independent association with eGFR trajectory not

Table 3. Parameter Estimates from the Linear Mixed Effects Model

Factor Parameter estimate (95% CI) p-value

Intercept
Pre-ART GFR (ml/min/1.73 m2) 89 (86, 92) < 0.001

Estimated difference in mean GFR level [ml/min/1.73 m2]
Age (centered at 45 years; per 10 years) - 6.6 ( - 8.1, - 5.1) < 0.001
BMI (centered at 25 kg/m2) - 0.3 ( - 0.5, - 0.1) 0.002
Black race 16.0 (12.6, 19.4) < 0.001
Smoking history 3.3 (1.1, 5.4) 0.003
Statin use history 1.6 (0.2, 2.9) 0.022
Tenofovir/truvuda use history - 4.1 ( - 5.3, - 2.9) < 0.001
Incident diabetes - 0.5 ( - 2.4, 1.4) 0.620
Nadir CD4 < 200 cells/ml - 2.2 ( - 4.5, > 0.1) 0.046
Pre-ART creatinine (centered at 1 mg/dl; per 0.1 mg/dl) - 5.5 ( - 6.1, - 4.8) < 0.001
Pre-ART hypertension 2.6 ( > .1, 5.2) 0.046
Pre-ART cholesterol > 200 mg/dl - 0.3 ( - 2.7, 2.1) 0.804

Estimated mean change in GFR per year [ml/min/1.73 m2/year]
Among those with a decrease in HDLc cholesterol £ 5 mg/dl

Slope 0 < Time < 3 years 0.2 ( - 0.4, 0.8) 0.557
Slope 3 < Time < 5 years - 1.1 ( - 1.8, - 0.4) 0.003
Slope Time > 5 years 0.1 ( - 0.3, 0.4) 0.674

Among those with a decrease in HDLc cholesterol > 5 mg/dl
Slope 0 < Time < 3 years > 0.1 ( - 1.0, 1.1) 0.992
Slope 3 < Time < 5 years - 1.3 ( - 2.7, 0.1) 0.079
Slope Time > 5 years - 1.3 ( - 3.7, 1.2) 0.322

Estimates based on N = 365 HIV-infected men.
This table shows the difference in the mean level of GFR across time associated with various risk factors for kidney dysfunction as well as

the change in the mean eGFR slope comparing those with a decrease in high-density lipid cholesterol (HDLc) of at least 5 mg/dl to those with
a decrease of less than 5 mg/dl over approximately a 3-year period following ART initiation.
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explained by tenofovir use. A stronger predictor of lipid level
changes was PI use, which was associated with larger in-
creases in TC and smaller increases in HDLc cholesterol. PI
use had a modest, nonsignificant negative effect on the av-
erage eGFR level across time but did not confound the asso-
ciation with lipid changes when added to models; statin use,
in contrast, had an independent association, and was associ-
ated with a significantly higher average eGFR level across
time.

Changes in lipids were assessed at 3 years following ART
based on prior studies in the MACS and elsewhere that had
evaluated the impact of ART initiation on lipid profiles.14,16,26

However, long-term ART use could result in larger lipid
changes, the impact of which on eGFR levels was not assessed
in the current study. Data from the Physicians Health Study
provide some evidence of longer term elevations in serum
creatinine, the primary biomarker used to estimate eGFR, as a
result of abnormal baseline lipid profiles.6 Nevertheless, it is
likely that the decreases in eGFR noted at 5 years after ART
stabilize or moderate at some point in the trajectory. The
modeling of the trajectory using only two inflection points at 3
years and 5 years was chosen to examine eGFR changes
contemporary with and relatively proximate to the changes in
lipid levels. Thus the model was not sensitive to more long-
term deviations from linearity, which limits our ability to
predict whether these proximate declines represent a future
risk of chronic kidney disease.

It should also be noted that equations used to estimate GFR
in populations with relatively normal kidney function tend to
underestimate the true GFR and have not been validated in
HIV-infected populations. However, bias associated with es-
timation should not impact inferences regarding within-
person GFR changes, as the bias should be approximately
equivalent across all time points. Furthermore, the CKD-EPI
was not intended for use with the older creatinine assays such
as the Jaffe that were commonly used in MACS. Assuming the
assay used for repeated measures of creatinine over time re-
mained consistent for an individual, this should not signifi-
cantly influence the findings.

Additional limitations of the current study include the in-
ability to assess the association between lipid changes and
kidney function changes in HIV-infected women given the
all-male composition of the MACS study. Studies in HIV-
uninfected populations have included women and found
associations between lipid levels and kidney function,5,7

suggesting that this relationship is generalizable across sexes,
but studies in HIV-infected women are needed to confirm the
relationship noted in the present analysis. Furthermore, very
few fasting lipid measurements were collected (N = 59) and
therefore we could not perform robust analyses on the asso-
ciation of triglycerides or low-density lipids with kidney
function decline. Finally, we did not explore additional time-
by-covariate interactions that might have improved the model
specification and better controlled for confounding of the as-
sociation between cholesterol changes and the eGFR slope over
time due to the added complexity these terms would introduce.

Given suggestions in the literature that lipid-lowering
medications may minimize renal injury and slow CKD pro-
gression,9–13 HIV-infected individuals initiating ART may be
an appropriate high-risk group for such therapies if they de-
velop dyslipidemia. The benefit of statins for kidney disease
prevention in this context is not established, however. Those

on statins did have significantly higher average eGFRs. An
evaluation of proteinuria levels in those individuals with in-
creasing serum creatinine trajectories would be beneficial
in identifying accompanying glomerular damage. With
support for earlier initiation of ART, continued study of the
long-term implications of therapy for kidney dysfunction is
warranted.
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