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Abstract

Natural history studies suggest increased risk for kidney function decline with HIV infection, but few studies
have made comparisons with HIV-uninfected women. We examined whether HIV infection treated with highly
active antiretroviral therapy (HAART) remains associated with faster kidney function decline in the Women’s
Interagency HIV Study. HIV-infected women initiating HAART with (n = 105) or without (n = 373) tenofovir
(TDF) were matched to HIV-uninfected women on calendar and length of follow-up, age, systolic blood pres-
sure, hepatitis C antibody serostatus, and diabetes history. Linear mixed models were used to evaluate differ-
ences in annual estimated glomerular filtration rate (eGFR). Person-visits were 4,741 and 11,512 for the TDF-
treated and non-TDF-treated analyses, respectively. Mean baseline eGFRs were higher among women initiated on
TDF-containing HAART and lower among those on TDF-sparing HAART compared to their respective HIV-
uninfected matches ( p < 0.05 for both). HIV-infected women had annual rates of eGFR changes similar to HIV-
uninfected matches ( p-interaction > 0.05 for both). Adjusting for baseline eGFR, mean eGFRs at 1 and 3 years of
follow-up among women initiated on TDF-containing HAART were lower than their uninfected matches ( - 4.98
and - 4.26 ml/min/1.73 m2, respectively; p < 0.05 for both). Mean eGFR of women initiated on TDF-sparing
HAART was lower versus uninfected matches at 5 years (–2.19 ml/min/1.73 m2, p = 0.03). HAART-treated HIV-
infected women had lower mean eGFRs at follow-up but experienced rates of annual eGFR decline similar to HIV-
uninfected women. Tenofovir use in HIV-infected women with normal kidney function did not accelerate long-
term kidney function decline relative to HIV-uninfected women.

Introduction

Prior to effective antiretroviral therapy in 1996, natu-
ral history studies of HIV infection demonstrated that

HIV-infected individuals were at high risk of kidney function
decline.1 The initial reports of HIV-related kidney disease
described a rapidly progressive condition of what is now

referred to as HIV-associated nephropathy (HIVAN).2 Prior
to the more widespread use of highly active antiretroviral
therapy (HAART), HIVAN was the third leading cause of
end-stage renal disease among younger African-American
adults.1 With initiation of HAART at earlier stages of HIV
infection and greater longevity of HIV-infected persons, HI-
VAN is increasingly uncommon,3 and other causes of kidney
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disease have emerged as important contributors to kidney
disease in this patient population. Kidney disease, however,
remains a strong risk factor for death among HIV-infected
individuals.4

Although some contemporary observational studies have
shown that HAART is effective in stabilizing or even reversing
the previously unrelenting course of HIVAN,3,5 the effect of
HAART use on other forms of kidney disease, such as immune-
complex glomerulonephritis, is unknown. Moreover, concerns
for detrimental renal effects of HAART-related metabolic
changes and direct renal toxicity of certain antiretroviral drugs
exist.6–8 For example, tenofovir (TDF), one of the most common
components of modern HAART regimens, has been variably
associated with declines in longitudinal kidney function.7,9–12

To determine whether HAART-treated HIV infection is asso-
ciated with faster decline in kidney function, we compared
longitudinal estimates of glomerular filtration rate (eGFR)
between HAART-treated HIV-infected women and HIV-
uninfected women with similar baseline risk factors for kidney
disease in the Women’s Interagency HIV Study (WIHS).

Materials and Methods

Study population

The WIHS is an ongoing, multicenter prospective cohort
study of HIV-infected and HIV-uninfected women with
similar sociodemographic characteristics. The study was de-
signed to evaluate the natural and treated history of HIV in-
fection and has been previously described in detail.13,14

Briefly, the six study sites are located in Bronx and Brooklyn,
New York; Chicago, Illinois; Los Angeles and San Francisco,
California; and Washington, District of Columbia. Women
were enrolled from October 1994 through November 1995
and from October 2001 through September 2002. Participants
undergo interviews, physical examinations, and laboratory
tests according to standardized protocols. The study is ap-
proved by all local institutional review boards.

In this longitudinal substudy, HIV-infected women who
initiated HAART were matched to HIV-uninfected women on
calendar and follow-up time, age – 5 years, systolic blood
pressure – 20 mm Hg, hepatitis C antibody serostatus, and
history of diabetes mellitus at the visit prior to HAART initia-
tion (pre-HAART visit). If data were missing at the visit prior to
HAART initiation, values no more than 1 year prior to HAART
initiation were used for matching. We excluded women who
(1) were receiving HAART or had previously received HAART
at enrollment (n = 487); (2) could not be matched to an HIV-
uninfected woman based upon chronic kidney disease (CKD)
risk factors at the pre-HAART visit (n = 824); (3) did not have a
kidney function estimate or data on matching factors available
at the pre-HAART visit (n = 259); or (4) had eGFR below 15 ml/
min/1.73 m2 (n = 13). HIV-infected women were categorized
according to whether or not their initial HAART regimen in-
cluded TDF, and matching was stratified by this initial regimen
type such that the same HIV-uninfected woman could con-
tribute as a match to women in both groups. Women were
followed from the pre-HAART visit to April 1, 2010.

Kidney function and other variables

Serum creatinine was measured biannually using the
modified Jaffe method.15 Glomerular filtration rate (eGFR)

was estimated at the pre-HAART visit, then semiannually
using the abbreviated Modification of Diet in Renal Disease
(MDRD) equation.16 There were 629 values in which
eGFR exceeded 140 ml/min/1.73 m2; we reset these values to
140 ml/min/1.73 m2. The definition of HAART was guided
by the U.S. Department of Health and Human Services
treatment guidelines.17 Diabetes history was defined by self-
report, insulin or oral hypoglycemic medication use, a fasting
glucose of 126 mg/dl or greater, or hemoglobin A1c of greater
than 6.5%. CD4 + lymphocyte count and HIV-1 RNA levels
were measured semiannually in HIV-infected women.

Statistical analysis

The individual longitudinal eGFR trajectories were ana-
lyzed using linear mixed effect models to account for the re-
peated assessments of the outcome for each individual.
Interaction terms with time were used to evaluate differences
in the rate of eGFR decline by HIV serostatus. All analyses
were stratified by type of initial HAART regimen (TDF regi-
men or non-TDF regimen) and adjusted for pre-HAART
eGFR and race. HIV-infected women who initiated on TDF-
containing HAART regimens were considered TDF exposed
for the duration of the follow-up to evaluate the residual effect
of TDF on kidney function. All women were censored at the
last available visit or death. In addition, HIV-infected women
initiated on TDF-sparing HAART were also censored
along with their uninfected matches upon switching to a TDF-
containing HAART regimen (n = 443). To adjust for potential
bias as a result of differential loss to follow-up of those with
more rapid progression of kidney dysfunction, we applied
inverse probability of censoring weights to our models.18

Weights were constructed at each time point for each indi-
vidual using pooled logistic regression to predict the proba-
bility of remaining in the study from the following covariates:
CD4 + cell counts, HIV-1 viral load, injection drug use, age at
visits, and comorbidity. By up-weighting the contribution of
the observation by the probability of remaining in the study,
observations from individuals with a high likelihood of exit-
ing the study are given larger weight to counter their under-
representation in the study. All statistical analyses were
conducted using SAS 9.2 (SAS Institute Inc., Cary, NC).

Results

At the time of this analysis, WIHS had enrolled 2,791 HIV-
infected and 953 HIV-uninfected women. A total of 1,561 HIV-
infected women initiated HAART during follow-up. For 105 of
the 162 HIV-infected women who initiated TDF-containing
HAART, we found 474 matches with similar characteristics at
the pre-HAART visit. We also identified 740 HIV-uninfected
women with matching characteristics at the pre-HAART visit
for 373 of 1,159 HIV-infected women who initiated TDF-
sparing HAART. Compared with HIV-infected women
excluded from the study, HIV-infected women included in the
study were younger (mean age of 39 vs. 37 years old, respec-
tively; p = 0.05), less likely to be hepatitis C antibody positive
(45% vs. 29%, respectively; p < 0.001), and more likely to have a
history of diabetes (6% vs. 11%, respectively; p < 0.001). Con-
versely, they had a similar proportion of African-American
women and similar levels of CD4+ cells, HIV-1 RNA, systolic
blood pressure, and kidney function. In total, 4,741person-
visits were included in the analysis of the TDF-treated group.
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Among the group initiated on TDF-sparing HAART, 11,512
person-visits were included in the analysis.

The study population was comprised of young, predomi-
nantly African-American, normotensive women with normal
kidney function (Table 1). While the mean baseline eGFR for
HIV-infected women initiated on TDF-containing HAART
was higher than their uninfected matches (103 vs. 97 ml/min/
1.73 m2, respectively; p = 0.03), the mean baseline eGFR for
HIV-infected women initiated on TDF-sparing HAART was
lower than their uninfected matches (95 vs. 98 ml/min/
1.73 m2, respectively; p = 0.02). One-fourth to nearly one-third
of women were hepatitis C antibody positive. Approximately
18% of HIV-infected women receiving TDF-containing
HAART had diabetes at the pre-HAART visit, while 9% of
HIV-infected women who initiated TDF-sparing HAART
were diabetic. Among HIV-infected women, the median
CD4 + counts were modestly low, and the range of HIV-1
RNA levels was wide.

Kidney function in HIV-infected women initiated
on HAART with TDF and matched
HIV-uninfected women

The distribution of eGFR values during 5 years of follow-up
among HIV-infected women who initiated on TDF-containing
HAART and their HIV-uninfected matches is displayed in
Fig. 1A. In general, eGFR values were widely distributed, and
the median eGFR values were similar between the two groups.
Figure 2A displays the nonweighted trends in longitudinal
kidney function in HAART-initiated HIV-infected women and
their HIV-uninfected matches, stratified by TDF status at
HAART initiation. Women initiating on TDF-containing
HAART appeared to have a slight decline in kidney function
longitudinally while their matched HIV-uninfected women
appeared to have stable kidney function. In weighted models,
the mean annual change in eGFR was similar between TDF-
treated HIV-infected women [0.60 ml/min/1.73 m2 per year,
95% confidence interval (CI): - 0.24, 1.44] and HIV-uninfected
matches (0.29 ml/min/1.73 m2 per year, 95% CI: - 0.11, 0.69)
( p for interaction = 0.51). Estimated GFRs at 1 and 3 years fol-
lowing HAART initiation in TDF-treated HIV-infected women
were lower than those of matched HIV-uninfected women
(mean difference of - 4.98 and - 4.26 ml/min/1.73 m2, re-
spectively, p < 0.05 for both). This difference was slightly
smaller at 5 years of follow-up (–3.74 ml/min/1.73 m2), but no
longer reached statistical significance ( p = 0.07) (Table 2).

Kidney function in HIV-infected women initiated
on HAART without TDF and matched
HIV-uninfected women

Figure 1B shows the distribution of eGFR values during 5
years of follow-up among HIV-infected women who initiated
on TDF-sparing HAART and their HIV-uninfected matches.
Overall, the eGFR distribution and median values were sim-
ilar between the two groups. Women initiating TDF-sparing
HAART and their HIV-uninfected matches appeared to have
slow declines in kidney function (Fig. 2B). In weighted mod-
els, the mean annual change in eGFR was - 0.63 ml/min/
1.73 m2 in HIV-infected women initiated on TDF-sparing
HAART (95% CI: - 0.96, - 0.31). This was similar to the mean
annual change in eGFR in matched HIV-uninfected women
(–0.27 ml/min/1.73 m2 per year; 95% CI: - 0.52, - 0.02) ( p for
interaction = 0.08). Estimated GFRs at 1 and 3 years following
HAART initiation were similar between these two groups. In
contrast, HIV-infected women initiated on TDF-sparing
HAART had lower eGFR at 5 years than their HIV-uninfected
matches; however, this difference was small (difference
- 2.19 ml/min/1.73 m2; p = 0.03).

Discussion

In this diverse, well-characterized cohort of HIV-infected
and HIV-uninfected women, we observed that HIV-infected
women generally had slightly lower mean eGFRs during
follow-up compared with HIV-uninfected women; however,
annual rates of eGFR decline were similar between HAART-
treated HIV-infected women and HIV-uninfected women
with comparable risk factor profiles for CKD. Furthermore,
TDF-containing primary HAART regimens did not appear to
increase the annual rate of eGFR decline. This study shows
that younger HIV-infected individuals who initiate HAART
with normal kidney function can attain an eGFR trajectory
similar to HIV-uninfected persons over a 5-year period.

The general effect of HAART on longitudinal rates of kidney
function decline has been variable across observational studies
likely due to differences in sociodemographic and clinical
characteristics across study populations. In the Study of the
Consequences of the Protease Inhibitor Era (SCOPE) cohort,
Choi and colleagues showed that HAART attenuated kidney
function decline among predominantly antiretroviral-exposed
patients, but in general patients continued to show signifi-
cant loss of renal function even among those who attained

Table 1. Study Population Characteristics at Pre-Highly Active Antiretroviral Therapy Visit

HIV + with TDF Matched HIV - HIV + without TDF Matched HIV -

Characteristics (n = 105) (n = 474) (n = 373) (n = 740)

Median age, years (IQR) 38 (34–47) 38 (33–46) 37 (31–43) 37 (31–42)
Black, % 59 64 60 59
Median systolic blood pressure, mm

Hg (IQR)
112 (104–126) 113 (110–123) 113 (102–128) 116 (108–124)

Hepatitis C antibody positive, % 24 24 29 29
Diabetic, % 18 18 9 9
Median CD4 + cell count, cells/mm3 (IQR) 287 (200–381) — 281 (148–424) —
Median HIV-1 RNA level, copies/ml (IQR) 27,000 (1,700–65,000) — 17,500 (4,000–865,000) —
Mean estimated GFR, ml/min/1.73 mm3 (SD) 103 (23) 97 (20) 95 (25) 98 (21)

TDF, tenofovir; IQR, interquartile range; GFR, glomerular filtration rate; SD, standard deviation.

KIDNEY FUNCTION IN HIV-INFECTED AND UNINFECTED WOMEN 757



long-lasting viral suppression.6 In a large study of predomi-
nantly white HIV-infected persons who were HAART exposed,
cumulative exposures to TDF, indinavir, and/or atazanavir
were associated with increased risk for CKD7; however, only
3.3% of participants developed CKD over a median follow-up
of 3.7 years. Compared with our study, however, these study
populations were generally older with reported mean and
median ages of 43 to 47 years across the studies.6,7

Studies of longitudinal kidney function among HAART-
naive individuals have been largely limited to those evaluat-
ing TDF and provide conflicting results. In the SCOPE cohort,
the rate of eGFR change improved by approximately
+ 2.8 ml/min/1.73 m2 per year following HAART initiation in
a subgroup analysis of 82 HAART initiators; however, this
study did not include HIV-uninfected individuals, precluding
determination of whether the eGFR trajectory improved to
levels comparable to HIV-uninfected persons.6 In a study by
Horberg et al., HIV-infected individuals who initiated
HAART experienced significant declines in kidney function
over a follow-up period of 2 years. In that study, the decline
was more pronounced among those with a baseline eGFR of

more than 80 ml/min/1.73 m2 and among those who initiated
TDF-containing HAART.19 In a more recent large study of
HAART-naive HIV-infected U.S. veterans, TDF was associ-
ated with a 33% increased risk for CKD for each year of ex-
posure.12 These previous studies, however, consisted of older
individuals (mean age 43 and 47 years, respectively) com-
pared with women included in our study. Moreover, in the
case of the study among U.S. veterans, women comprised
only 2.2% of the study population.12

In contrast, prior studies that consisted of younger,
HAART-naive HIV-infected individuals as in our study
showed minimal if any association between TDF and longi-
tudinal kidney function. In the predominantly African-
American Johns Hopkins HIV Clinical Cohort with a mean
age of 40 years, Gallant and Moore demonstrated no signifi-
cant changes in eGFR among HIV-infected patients initiating
TDF-containing or TDF-sparing primary regimens during 2
years of follow-up beyond an initial eGFR decline observed at
6 months post-HAART initiation.9 Secondary analysis of
a randomized controlled trial of TDF among antiretroviral-
naive HIV-infected participants with a mean age of 35 years
has also shown minimal effect of TDF on kidney function.10

Our study is consistent with these two latter studies. We
demonstrated that HIV-infected women who initiated their
primary HAART regimen with TDF at normal levels of kid-
ney function did not have faster annual declines in eGFR
compared to matched HIV-uninfected women. The disparate
observations of the associations between HAART and longi-
tudinal kidney function across studies highlight that the risk
for kidney function decline with HAART differs depending
on individual characteristics such as age and HIV history.

Our study has several limitations to consider. The study
population represents a select subset of HIV-infected and
HIV-uninfected women; this limits the generalizability of our
findings, particularly to individuals who are older, receive
TDF as part of secondary HAART regimens, or have pre-
existing kidney disease. Our findings, however, still have
relevance among those who initiate TDF as an element of an
initial HAART regimen, a growing proportion of HIV-
infected individuals. Due to our sample size, we were unable
to conduct subanalyses of the TDF-initiated HIV-infected
women by whether or not they were receiving concurrent
ritonavir-boosted protease inhibitors. Urine samples to assess
for subclinical TDF renal toxicity or standardized serum cre-
atinines were not available for this study. In addition, eGFR is
known to be less precise and accurate at levels above 60 ml/
min/1.73 m2;20 however, our analysis evaluated repeated,
longitudinal estimates of kidney function in which the bias on
the level of estimated GFR is less of a factor. As we had fewer
participants at later follow-up years, our estimates of annual
eGFR changes are less reliable at later visits. We utilized in-
verse probability weighting to minimize the effect of drop-out
on eGFR estimates. Due to the lack of urinary protein mea-
surements or urinary dipstick results in WIHS, we were un-
able to evaluate for subclinical renal disease. Studies are
underway to study these subclinical manifestations of
HAART-related renal effects.

In conclusion, young HIV-infected women with normal
kidney function who initiate HAART with or without TDF
had slightly lower levels of kidney function during follow-up
but had annual rates of kidney function decline similar to
HIV-uninfected women. Our study suggests that this subset

FIG. 1. Distribution of eGFR values during 5 years of
follow-up among highly active antiretroviral therapy
(HAART)-initiated HIV-infected women versus HIV-unin-
fected women. (A) The estimated glomerular filtration rate
(eGFR) distribution among HIV-infected women initiated on
tenofovir (TDF)-containing HAART versus matched HIV-
uninfected women. (B) The eGFR distribution among HIV-
infected women initiated on TDF-sparing HAART versus
matched HIV-uninfected women. Open circles represent
outliers.
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FIG. 2. Longitudinal kidney
function among HAART-ini-
tiated HIV-infected women
versus HIV-uninfected wo-
men. (A) The longitudinal
kidney function among HIV-
infected women initiated on
TDF-containing HAART ver-
sus matched HIV-uninfected
women. (B) The longitudinal
kidney function among HIV-
infected women initiated on
TDF-sparing HAART versus
matched HIV-uninfected
women. The estimated glo-
merular filtration rate (GFR)
for HIV-infected women is
shown by the dashed line and
for HIV-uninfected women is
shown by the solid line.

Table 2. Mean Estimated Glomerular Filtration Rate and Annual Change in Estimated

Glomerular Filtration Rate in HIV-Infected and Matching HIV-Uninfected Women

TDF-initiating
HIV-infected women

Matched HIV-
uninfected women p-value

TDF-sparing
HIV-infected women

Matched HIV-
uninfected women p-value

Mean estimated GFRa after HAART initiation (years)
1 year 94.92 (92.54, 97.29) 99.90 (98.80, 101.00) < 0.001 98.68 (97.08, 100.29) 99.42 (98.27, 100.56) 0.47
3 years 96.12 (93.55, 98.69) 100.48 (99.29, 101.68) 0.003 97.41 (95.93, 98.89) 98.87 (97.81, 99.93) 0.12
5 years 97.33 (93.69, 100.96) 101.07 (99.36, 102.78) 0.07 96.14 (94.51, 97.98) 98.33 (97.13, 99.54) 0.03

Mean change in estimated GFR per yearb

0.60 ( - 0.24, 1.44) 0.29 (0.11, 0.69) 0.51 - 0.63 ( - 0.96, - 0.31) - 0.27 ( - 0.52, - 0.02) 0.08

aIn ml/min/1.73 m2 (95% confidence interval).
bIn ml/min/1.73 m2 per year (95% confidence interval).
Model adjusted for baseline estimated GFR and race.
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of HIV-infected individuals is at low risk for kidney disease
complications related to HAART. Whether the lower mean
kidney function at follow-up will impact kidney function
trajectory over a longer period of time, however, needs further
evaluation. Furthermore, additional studies are needed to
differentiate between HIV-infected individuals who are at
low risk versus high risk for HAART-related renal disease
progression and to identify who would most benefit from
routine renal function monitoring.
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