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Abstract

Background—Although studies have reported a high prevalence of end-stage renal disease in
human immunodeficiency virus (HIV)-infected individuals, little is known about moderate
impairments in kidney function. Cystatin C measurement may be more sensitive than creatinine
for detecting impaired kidney function in persons with HIV.

Methods—We evaluated kidney function in the Fat Redistribution and Metabolic Change in HIV
Infection (FRAM) cohort, a representative sample of 1008 HIV-infected persons and 290 controls
from the Coronary Artery Risk Development in Young Adults (CARDIA) study in the United
States.

Results—Cystatin C level was elevated in HIV-infected individuals; the mean+SD cystatin C
level was 0.92+0.22 mg/L in those infected with HIV and 0.76x0.15 mg/L in controls (P<.001). In
contrast, both mean creatinine levels and estimated glomerular filtration rates appeared similar in
HIV-infected individuals and controls (0.87+0.21 vs 0.85+0.19 mg/dL [to convert to micromoles
per liter, multiply by 88.4] [P=.35] and 11026 vs 106+23 mL/min/1.73 m? [P=.06], respectively).
Persons with HIV infection were more likely to have a cystatin C level greater than 1.0 mg/L (OR,
9.8; 95% confidence interval, 4.4-22.0 [P<.001]), a threshold demonstrated to be associated with
increased risk for death and cardiovascular and kidney disease. Among participants with HIV,
potentially modifiable risk factors for kidney disease, hypertension, and low high-density
lipoprotein concentration were associated with a higher cystatin C level, as were lower CD4
lymphocyte count and coinfection with hepatitis C virus (all P<.001).
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ons—Individuals infected with HIV had substantially worse kidney function when

measured by cystatin Clevel compared with HIV-negative controls, whereas mean creatinine

levels and
useful clin

estimated glomerular filtration rates were similar. Cystatin C measurement could be a
ical tool to identify HIV-infected persons at increased risk for kidney and

cardiovascular disease.

METHODS
STUDY DESI

Kidney disease has been identified as an important complication of human
immunodeficiency virus (HIV) infection.! Investigators have noted the increasing
prevalence of HIV in the population with end-stage renal disease, as well as the high
prevalence of kidney disease in persons with HIV.2-> This high prevalence may be owing to
the longer life expectancy in the highly active antiretroviral therapy era. Whether HIV
infection has a direct effect on kidney function is not known. In addition, there is substantial
evidence that HIV infection is independently associated with many risk factors for kidney
disease, such as adverse changes in lipid levels,5.7 increased insulin resistance,8 and
microalbuminuria.10 Taken together, these factors illustrate the need for a population-based
study of kidney function in HIVV-infected individuals and healthy controls.

Cystatin C is an alternative measure of kidney function that is more sensitive in detecting
moderate kidney disease than creatinine-based measures in the general population.
Dharnidharka et al'1 conducted a meta-analysis that found cystatin C to be superior to
creatinine as a marker of glomerular filtration rate (GFR). Studies have noted cystatin C
level to be a more sensitive marker of kidney function in the setting of chronic disease or
aging, conditions often accompanied by a change in body composition.12-17 Creatinine-
based measures of kidney function are limited in these populations, likely because of the
association of creatinine with muscle mass. Although creatinine-based equations have been
developed to adjust for demographic characteristics that predict muscle mass, these
equations have not been validated in HIV-infected subjects.!

The present study compared the kidney function of HIV-positive individuals and HIV-
negative controls using both creatinine and cystatin C measurements in the Fat
Redistribution and Metabolic Change in HIV Infection (FRAM) cohort, a representative
sample of HIV-infected participants with age-matched, population-based controls in the
United States. In addition, we compared the respective associations of cystatin C and
creatinine level with lean body mass and examined predictors of higher cystatin C level in
HIV-infected participants and HIV-negative controls.

GN

This was a cross-sectional analysis of 1008 HIV-infected participants and 290 controls in the
FRAM study with cystatin C or creatinine measurements. The FRAM study was designed to
evaluate the prevalence and correlates of changes in fat distribution, insulin resistance, and
dyslipidemia in a representative sample of HIV-positive participants and HIV-negative
controls in the United States.1819 The methods have been described in detail

previously.18:19 Individuals infected with HIV were recruited from 16 HIV or infectious
disease clinics or cohorts in 1999.1° Control participants were selected from the Visceral Fat
and Metabolic Rate in Young Adults (VIM) study, which is an ancillary study to the
Coronary Artery Risk Development in Young Adults (CARDIA) study.1® The CARDIA
study includes a population-based sample of healthy 18- to 30-year-old white and African
American women and men in the United States. Participants in the VIM ancillary study were
from 2 centers (Oakland, California, and Birmingham, Alabama) and had previously
participated in rigorous fat and metabolic tests that were part of the FRAM protocol.
Participants in the VIM study were similar in age and race distribution to HIV-infected

Arch Intern Med. Author manuscript; available in PMC 2011 October 9.



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

1duasnuey Joyiny vd-HIN

Odden et al.

Page 3

persons in the United States and had a body mass index distribution similar to the parent
CARDIA study. The protocol was approved by institutional review boards at all sites.

Analyses were restricted to African Americans and whites with cystatin C or creatinine
measurements. Ten participants with self-reported kidney disease were excluded. Analyses
that compared HIV-infected persons with controls excluded HIV-infected individuals with
recent opportunistic infections and were restricted to those between the ages of 33 and 45
years (n=519), since the control population only included participants within this age range.

KIDNEY FUNCTION

Cystatin C was measured in serum specimens, previously frozen and stored at —70°C, with a
BNII nephelometer (Dade Behring Inc, Deerfield, Illinois) that used a particle-enhanced
immunonephelometric assay (N Latex Cystatin C).20 The coefficient of variation for
between-run imprecision was less than 2% for cystatin C.20 Additional characteristics of the
assay have been reported previously.?!

Creatinine level was used as a comparative measurement of kidney function, assayed by the
enzymatic method at Covance Laboratories, Indianapolis, Indiana. Estimated GFR (eGFR)
was calculated using the abbreviated (4-variable) Modification of Diet in Renal Disease
(MDRD) equation,?2 as recommended by the National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative. Prior literature found an increased risk of poor kidney and
cardiovascular outcomes associated with a cystatin C level of greater than 1.0 mg/L1%:23;
therefore, this categorization was added as a secondary outcome. Because 4% of controls
had a cystatin C level greater than 1.0 mg/L, a comparable creatinine-based end point was an
eGFR lower than 75 mL/min/1.73 mZ2, which was the fourth percentile in the control
population. Chronic kidney disease (CKD) was defined as an eGFR lower than 60 mL/min/
1.73 m.224

OTHER MEASUREMENTS

Age, sex, ethnicity, medical history, and risk factors for HIV were determined by self-report,
and alcohol, tobacco, and illicit drug use were assessed by standardized questionnaire.
Height, weight, and blood pressure were measured by standardized protocols, and whole
body magnetic resonance imaging was performed to quantify lean body mass.2> A single
laboratory measured lipid levels, glucose metabolism, and other markers from blood
specimens (Covance Laboratories). A random urine sample was collected to measure
albumin, creatinine, and glucose levels. Hypertension was defined as a systolic blood
pressure higher than 140 mm Hg, a diastolic blood pressure higher than 90 mm Hg, or
medication use, and diabetes was defined as a fasting glucose level of 126 mg/dL or greater
(to convert to millimoles per liter, multiply by 0.0555) or medication use. CD4 lymphocyte
count and percentage and HIVV RNA levels were measured in HIV-infected participants, and
research associates performed medical chart abstraction of medications and medical history
at HIV clinic sites. The duration of HIV infection was measured as the time since first
positive HIV diagnosis. Hepatitis C virus (HCV) RNA levels were determined using the
Bayer Versant 3.0 (0DNA) assay (Bayer Diagnostics, Berkeley, California), and values of
615 IU/mL or greater were defined as HCV positive.

STATISTICAL ANALYSIS

Characteristics of HIV-infected participants and controls were compared and tested for
statistical significance using an unpaired t test for continuous variables, and Fisher exact test
for categorical variables. The Mann-Whitney test was used when nonnormality was found.
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Multivariable linear regression models were used to examine the association of HIV
infection with cystatin C, creatinine, and eGFR levels and were built using stepwise
regression, with P<.05 as the criterion for entry and retention. Sex, age, ethnicity, and HIV
status were forced to be included in every model. Additional candidate variables for
inclusion in the multivariable models included tobacco use; hypertension; diabetes; systolic
blood pressure; glucose, high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C), triglyceride, C-reactive protein, and uric acid levels; body
mass index; angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use;
albumin-creatinine ratio; proteinuria; and current illicit drug use. In addition, the models
were adjusted for total lean body mass to account for differences in creatinine generation.
Interactions between sex and other factors in the model were assessed. Confidence intervals
(Cls) were determined using the bias-corrected accelerated bootstrap method because the
error residuals appeared nonnormal. In addition, with the same stepwise method and
candidate predictors, multivariable logistic regression models were used to determine if HIV
infection was associated with elevated cystatin C level (>1.0 mg/L) or reduced eGFR (<75
mL/min/1.73 m2). Logistic regression models were assessed at each stage using the Hosmer-
Lemeshow goodness of fit test.

InHIV-infected participants, the associations of cystatin Clevel, creatinine level, and eGFR
with lean body mass were tested using the Spearman rank correlation test. Separate
multivariable regression analyses were performed among HIV-infected participants and
controls to determine which factors were predictive of cystatin C levels. Sex, age, and
ethnicity were forced to be included in both HIV and control models, and HIV RNA level
(log1g) and CD4 lymphocyte count (logy) at the time of study visit were forced to be
included in the HIV model. In addition to the aforementioned variables, candidates related to
HIV infection included AIDS diagnosis by CD4 lymphocyte count or opportunistic
infection, HIV duration, HCV infection (by virus detection), recent opportunistic infection
status, days since last opportunistic infection, and HIV risk factors. In multivariable models
controlling for the aforementioned factors that were independent predictors, we evaluated
the total duration of use of each individual antiretroviral drug and antiretroviral class.

All statistical analyses were conducted using the SAS system, version 9.1 (SAS Institute Inc,
Cary, NC).

On average, participants with HIV infection were approximately 6 months younger and
more often male and smokers compared with those without HIV (Table 1). The HIV-
infected participants were more likely to report a history of hypertension and diabetes,
although they had lower mean systolic blood pressure and were more likely to be taking an
angiotensin-converting enzyme inhibitor or angiotensin receptor blocker. Human
immunodeficiency virus infection was also associated with lower BMI and HDL-C and
LDL-C levels; higher triglyceride, C-reactive protein, and uric acid levels; and a greater
prevalence of an albumin-creatinine ratio greater than 30 or proteinuria.

Cystatin C level was higher in HIV-infected individuals; the mean+SD cystatin C level was
0.92+0.22 mg/L in those infected with HIV and 0.76+0.15 mg/L in controls (P<.001) (Table
2). The distribution of cystatin C levels in the HIVV-infected vs control participants is shown
in Figure 1. In multivariable models, adjustment for demographic and clinical characteristics
attenuated the difference by about 30%, but it remained significant (Table 2). In contrast,
mean creatinine levels were similar in HIVV-infected and control participants in both
unadjusted and adjusted models (Table 2). No significant interactions were observed
between race or sex and any factor in the models.
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The prevalence of cystatin C level greater than 1.0 mg/L was 31% in the HIV-infected
participants compared with only 4% in controls (P<.001). Human immunodeficiency virus
infection was associated with a greater than 10-fold odds of having a cystatin C level greater
than 1.0 mg/L (OR, 10.8; 95% Cl, 5.7 to 20.2 [P<.001]), which remained high after
multivariable adjustment (odds ratio, 9.8; 95% CI, 4.4 to 22.0 [P<.001]).

Only 28 of the 519 HIV-infected participants (5%) had an eGFR lower than 75 mL/min/1.73
m? compared with 13 of the 290 controls (4%) (P=.62). Human immunodeficiency virus
infection was associated with a slightly increased odds for lower eGFR in unadjusted and
adjusted models, but this effect did not reach statistical significance (Table 2). Individuals
infected with HIV had a similar prevalence of an eGFR lower than 60 mL/min/1.73 m?
(CKD) compared with controls, although the overall prevalence was low (2% [10 of 519] in
HIV-infected participants compared with 1% [4 of 290] of controls [P=.78]). Contrary to
expectation, the mean eGFR was slightly higher in HIV-infected participants compared with
controls, indicating better kidney function, but this comparison was not significant in the
adjusted model.

In an unadjusted model of HIV-infected participants, cystatin C level had little correlation
with lean body mass (r=—0.01; 95% CI, —0.08 to 0.06 [P=.87]), whereas creatinine level
was positively correlated (r=0.34; 95% Cl, 0.28 to 0.40 [P<.001]). The use of the creatinine-
based MDRD equation removed this association; the correlation of eGFR with lean body
mass was r=—0.04 (95% CI, —0.11 to 0.03) (P=.27). In HIV-infected participants, there was
substantially less variation in mean cystatin C levels across ethnicity and sex strata
compared with creatinine levels, although use of the MDRD equation partially attenuated
the variation (Figure 2).

We next used multivariable models to examine factors associated with higher cystatin C
level, separately among HIV-infected individuals and controls (Table 3). In HIV-infected
participants, risk factors for kidney disease associated with higher cystatin C level included
lower HDL-C level, higher uric acid level, albumin-creatinine ratio greater than 30 or
proteinuria, hypertension, and higher C-reactive protein level. Unexpectedly, a glucose level
greater than 125 mg/dL was associated with lower cystatin C level compared with a glucose
level lower than 100 mg/dL, although the association of a glucose level between 100 and
125 mg/dL with cystatin C was similar to a glucose level lower than 100 mg/dL. Lower
HDL-C level, higher uric acid level, and albumin-creatinine ratio greater than 30 or
proteinuria were also associated with a higher cystatin C level in controls, as was current
smoking. Similar trends were seen when hypertension, C-reactive protein level, and glucose
level greater than 125 mg/dL were forced into the control model and smoking was forced
into the HIV model. Factors associated with HIV that were associated with a higher cystatin
C level included decreased current CD4 lymphocyte count, coinfection with HCV, current
heroin use, and longer duration of efavirenz and indinavir sulfate use. Participants with HIV
and HCV coinfection had substantially higher prevalence of cystatin C levels greater than
1.0 mg/L compared with those with HIV alone (54% vs 31%) (P<.001).

COMMENT

Individuals infected with HIV had substantially worse kidney function, as measured by
cystatin C level, compared with HIV-negative controls, even after adjustment for
demographic characteristics and clinical factors. After multivariable adjustment, the HIV-
infected participants had more than a 9-fold increased odds of having a cystatin C level
greater than 1.0 mg/L, a level that was demonstrated to be associated with an increased risk
for death and cardiovascular and kidney disease in an elderly cohort.23 In contrast, there was
little difference in creatinine levels between HIV-positive individuals and controls.
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Creatinine level may not adequately capture kidney function because of its strong
associations with ethnicity, sex, and body composition. While eGFR equations are often
used to adjust for these factors, eGFRs were also similar in HIV infection and in controls. In
participants with HIV, hypertension and low HDL-C level—potentially modifiable risk
factors for kidney disease—were associated with worse kidney function, as were lower CD4
lymphocyte count and coinfection with HCV.

Several studies have noted an increased prevalence of kidney disease in the HIV-infected
population, as well as an increased prevalence of HIV-infection in the population with end-
stage renal disease.} The majority of studies of HIV and kidney disease have focused on
end-stage renal disease or HIV-associated nephropathy, a condition marked by proteinuria
and glomerulopathy, but few have compared kidney function in HIV-infected individuals
and noninfected controls. One prior study from the FRAM cohort found approximately a 5-
fold odds for microalbuminuria in HIV-infected individuals compared with controls, and
predictors of microalbuminuria included both risk factors for kidney disease and markers of
HIV severity.10 Our findings expand on a small study of HIV-infected individuals (n=77)
and HIV-negative volunteers (n=18) in Poland. The investigators found that cystatin C
levels were elevated in HIV infection and were correlated with viral load; however, there
were no significant differences in eGFR levels28

A recent study described elevated cystatin C level (>1.0 mg/L) in the setting of normal
eGFR as “preclinical kidney disease,” and this condition has been associated with increased
risk of progression to CKD, cardiovascular disease, and death.23 Participants without CKD
who had cystatin C concentrations greater than 1.0 mg/L had a 4-fold risk for progressing to
CKD after 4 years of follow-up compared with participants without elevated cystatin C
level. Using this cystatin C-based definition, we found that approximately one-third of
persons with HIV have pre-clinical kidney disease, a condition that was undetected by
creatinine-based measures. If truly reflective of underlying kidney dysfunction, elevated
cystatin C concentrations may identify persons with a greater risk for kidney toxic effects
from medication use, worsening kidney disease, cardiovascular disease, or death. Since only
2% had an eGFR lower than 60 mL/min/1.73 m2, this potential risk would be missed using
traditional measures of kidney function.

Although the present study did not include a direct measure of kidney function, there is
substantial evidence that a higher cystatin C level reflects worse kidney function.11.14.27
Several studies have reported the superiority of cystatin C over creatinine measurement for
detecting early changes in kidney function, especially in the setting of chronic disease or
aging.13:14.23.28 One cross-sectional study compared HIV-positive patients using
antiretroviral regimens with or without tenofovir and found that tenofovir use was associated
with reduced kidney function using measurements of cystatin C level or 24-hour creatinine
clearance but found no significant difference in kidney function when measured by the
MDRD formula.2? The authors concluded that the mild nephrotoxic effects may have been
missed by the simple formula-based estimation of kidney function. The insensitivity of
creatinine measurement for capturing small changes in kidney function may explain why
few studies have reported an association of HIV infection with impaired kidney function.

Several risk factors for kidney disease were more prevalent in persons with HIV infection.
Hypertension, hypertriglyceridemia, inflammation, diabetes, hyperuricemia, and
microalbuminuria are all well-described risk factors for reduced kidney function that were
associated with a higher cystatin C level in HIV-infected participants.39-35 Adjustment for
risk factors moderately reduced the magnitude of the association between HIV and cystatin
C level in the linear models, suggesting that some of the elevated renal risk observed in HIV
infection may be due to the increased levels of these factors. If these findings are confirmed,
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then future studies should evaluate whether therapies that target modifiable risk factors can
delay the progression of kidney disease in HIV-infected persons.

Risk factors associated with HIV were also strongly and independently associated with
higher cystatin C level, including lower CD4 lymphocyte count, which is indicative of
immune dysfunction, and HCV. This suggests that in addition to the adverse metabolic
effects of HIV, severity of HIV infection and HCV coinfection may exacerbate the
diminished kidney function observed in these participants. Consistent with other literature,
heroin use was associated with worse kidney function, although the prevalence of heroin use
was low in this population and thus would not explain much of the HIV effect.36

Total duration of 2 antiretroviral therapies, efavirenz and indinavir, were also modestly
associated with worse kidney function; this association may be due to direct pathogenic
effects of the medications or may be a surrogate for longer or more severe HIV infection. It
is important to note that our study population was recruited before the widespread use of
tenofovir, the most widely cited therapy with potential nephrotoxic effects.

An alternative explanation for elevated cystatin C level may be altered production or
secretion of cystatin C in HIV infection. Without a gold standard for kidney function, we are
unable to conclude definitively that the observed elevations in cystatin C concentrations are
indicative of diminished kidney function in HIV infection. Finally, there may have been
incomplete or inadequate control for factors that confound the association of HIV infection
and cystatin C level.

In conclusion, HIV infection appears to be associated with substantially worse kidney
function when measured by cystatin C level, whereas creatinine levels and eGFRs were
similar in HIV-infected individuals and controls. Future studies that use a direct measure of
kidney function could help to define the optimal role of cystatin C for detecting reduced
kidney function in HIV or other chronic infection. Early identification of kidney dysfunction
may permit actions that prevent or reduce the risk of toxic effects from medication use,
further renal complications, or cardiovascular outcomes. Longitudinal studies may better
elucidate the HIVV-associated physiologic processes that accompany declines in kidney
function and thus facilitate the development of preventive therapies.
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Figure 1.

Distribution of cystatin C levels in human immunodeficiency virus (HIV)-infected vs
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control participants. The dotted line represents the cut point for preclinical kidney disease

(>1.0 mg/L).
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Figure 2.

Cystatin C level, creatinine level (to convert to micromoles per liter, multiply by 88.4), and
estimated glomerular filtration rate (eGFR) by ethnicity and sex strata in human
immunodeficiency virus—infected participants.
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Table 1

Characteristics of HIV-Infected and Control Participantsa

HIV Control P
Variable (n=519) (n=290) Value
Demographic/clinical characteristic
Age,y 39.5+3.6  40.1£35 .02
African American 225(43) 139 (48) 21
Female sex 154 (30) 138(48) <.001
Current smoker 242 (49) 48 (17) <.001
Diabetes 32 (6) 9(3) .07
Hypertension 115 (23) 45 (16) .02
Systolic blood pressure, mm Hg 115+14 118+16 .002
ACE/ARB use 33 (6) 4(1) <.001
BMI 255+#50 27.9+#56 <.001
Glucose
<100 mg/dL 405+78 235+81
100-125 mg/dL 88+17 48 £17 14
>125 mg/dL 255 62
HDL-C, mg/dL 44+16 52+15 <.001
LDL-C, mg/dL 107+42 123+34 <.001
Triglycerides, mg/dL 2174224  120+122 <.001b
CRP, ng/mL 4.0£8.0 3.14+6.0 _001b
Uric acid, mg/dL 5.9£1.7 5315 <001
Proteinuria or ACR >30 70 (17) 13 (6) <.001
Lean body mass, L 28.245.3  28.4+5.8 .67
HIV-associated variable
Current CD4 lymphocyte count, 405 (257) NA NA
cells/uL
HIV RNA, x103/mL 33.5+£97.9 NA NA
Duration HIV, y 8.6+3.9 NA NA
Hepatitis C virus 98 (19) 5(2) <.001
Heroin use 10 (2) NA NA

Abbreviations: ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared); CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; HIV, human
immunodeficiency virus; LDL-C, low-density lipoprotein cholesterol; NA, not applicable.

Sl conversion factors: To convert to millimoles per liter, multiply by 0.0555 for glucose, by 0.0259 for cholesterol, and by 0.0113 for triglycerides;
to convert CRP to nanomoles per liter, multiply by 9.524; to convert uric acid to micromoles per liter, multiply by 59.48.

a . . . -
Data are given as number (percentage of patients) or mean+SD value unless otherwise specified.

b . . . .
P values were calculated using the Mann-Whitney test; a t test was used for all other continuous variables.
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Table 2

A Comparison of Cystatin C Level and Creatinine Level as Measures of Kidney Function in HIV-Infected and
Control Participants

HIV-Infected
Individuals Controls P
Measure of Kidney Function (n=519) (n=290) Value
Cystatin C, mean+SD, mg/L 0.92+0.22 0.76+0.15 <.001
Unadjusted difference (95% cy?> ~ 0-16 (0:14100.19) <001
Adjusted difference (95% Cl)a'b 0.11(0.08100.14) <001
Cystatin C >1.0 mg/L, No. (%) 156 (31) 11 (4) <.001
Unadjusted OR (95% CI)? 10.8 (5.7 t0 20.2) <.001
Adjusted OR (95% Cl)a’b 9.8 (4.4 t0 22.0) <.001
Creatinine, mean+SD, mg/dL 0.87+0.21 0.85+0.19 .35
Unadjusted difference (95% CI)a 0.02 (00110 0.05) 19
Adjusted difference (95% Cl)a'b 0.00 (003 10 0.03) 78
eGFR, mean+SD, mL/min/1.73 m? 110+26 106+23 .06
Unadjusted difference (95% CI)a 4(0to7) 04
Adjusted difference (95% Cl)a'b 2(-2t07) 35
eGFR <75 mL/min/1.73 m2, No. (%) 28 (5) 13 (4) 62
Unadjusted OR (95% CI)2 122(0.62102.39) 57
Adjusted OR (95% Cl)a’b 1.28 (0.56 t0 2.92) .55

Abbreviations: ClI, confidence interval; eGFR, estimated glomerular filtration rate; HIV, human immunodeficiency virus; OR, odds ratio.

Sl conversion factor: To convert creatinine to micromoles per liter, multiply by 88.4.
a_ .. .
Participants with HIV vs controls.

Sex, age, and ethnicity were included in all models; other candidate variables were selected by a stepwise procedure.
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