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Background. Human immunodeficiency virus (HIV)–infected individuals are at higher risk for chronic kidney
disease than HIV-uninfected individuals. We investigated whether the inflammation present in treated HIV infec-
tion contributes to kidney dysfunction among HIV-infected men receiving highly active antiretroviral therapy.

Methods. The glomerular filtration rate (GFR) was directly measured (using iohexol) along with 12 markers of
inflammation in Multicenter AIDS Cohort Study participants. Exploratory factor analysis was used to identify in-
flammatory processes related to kidney dysfunction. The estimated levels of these inflammatory processes were used
in adjusted logistic regression analyses evaluating cross-sectional associations with kidney function outcomes.

Results. There were 434 HIV-infected men receiving highly active antiretroviral therapy and 200 HIV-uninfected
men. HIV-infected men were younger (median age, 51 vs 53 years) and had higher urine protein-creatinine ratios
(median, 98 vs 66 mg/g) but comparable GFRs (median, 109 vs 106 mL/min|1.73 m2). We found an inflammatory
process dominated by markers: soluble tumor necrosis factor receptor 2, soluble interleukin 2 receptor α, soluble
gp130, soluble CD27, and soluble CD14. An increase of 1 standard deviation in that inflammatory process was as-
sociated with significantly greater odds of GFR ≤90 mL/min/1.73 m2 (odds ratio, 2.0) and urine protein >200 mg/g
(odds ratio, 2.3).

Conclusions. Higher circulating levels of immune activation markers among treated HIV-infected men may par-
tially explain their higher burden of kidney dysfunction compared with uninfected men.

Keywords. HIV infection; inflammatory markers; chronic kidney disease; glomerular filtration rate; immune
activation.

Chronic immune activation is a feature of human im-
munodeficiency virus (HIV) infection and many chro-
nic conditions. Proinflammatory cytokine levels, such
as interleukin 6 (IL-6) and tumor necrosis factor (TNF)
α, are elevated in HIV-infected individuals [1, 2] and
can activate or enhance HIV replication [3–5] Even

with highly active antiretroviral therapy (HAART)–
induced viral suppression, immune activation persists
with elevated levels of inflammatory cytokines that are
predictive of disease outcomes [6]. Given this height-
ened inflammatory context, HIV-infected individuals
may be at higher risk for diseases in which inflamma-
tion plays a contributory role.

Inflammation is considered a hallmark of chronic
kidney disease (CKD), and higher levels of IL-6 and
TNF-α have been noted in persons with CKD [7–9].
The extent to which proinflammatory cytokines are re-
lated to decline in glomerular filtration rate (GFR) re-
mains unclear. High levels of inflammatory markers
among persons with normal kidney function predict
future CKD [10]. Furthermore, inflammation in the
context of CKD is strongly associated with progression
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and CKD sequelae, such as cardiovascular disease [11] and ane-
mia [12].

Compared with HIV-uninfected individuals, HIV-infected
individuals are at higher risk for CKD [13–22]. Prior studies
have established high prevalence of abnormal urine protein
[23] and hyperfiltration [24] in HIV-infected compared with
HIV-uninfected men, both indicators of early kidney damage
and harbingers of future kidney function decline. Although
other factors probably contribute to kidney damage among
HIV-infected persons, inflammation that persists even in treat-
ed HIV infection may play a role. Most studies of this question
have analyzed single inflammatory markers; however, inflam-
matory pathways are complex involving multiple markers.
Using data from the Multicenter AIDS Cohort Study (MACS),
we sought to characterize the relationship between inflam-
matory pathways and indicators of kidney damage among
HIV-infected men and HIV-uninfected men at risk for HIV in-
fection. We hypothesized that the heightened inflammation of
HIV infection contributes to the higher risk of CKD in this
population.

METHODS AND METHODS

Multicenter AIDS Cohort Study
The MACS is an ongoing multicenter prospective observational
study established in 1984 of HIV-infected and HIV-uninfected
men who have sex with men in Baltimore, Maryland–Washington,
DC; Chicago, Illinois; Los Angeles, California; and Pittsburgh,
Pennsylvania [25]. Semiannual visits include standardized
questionnaires, physical examinations, and blood and urine
collections for laboratory analyses and storage, with informed
consent from each participant and approval from each local in-
stitutional review board.

Renal Substudy Design and Measurement of GFR
Direct measurement of GFR was performed in selected MACS
participants from August 2008 to December 2010 [23]; briefly,
HIV-infected men receiving HAART and HIV-uninfected men
were selected from those without prior dialysis or transplant, re-
cent diagnoses of cancer, or allergy to contrast agents. All men
with hepatitis C virus (HCV) infection (defined by the presence
of circulating anti-HCV antibody or HCV RNA, as described
elsewhere [26]) were eligible. Plasma iohexol concentrations
were measured using high-performance liquid chomatography
(University of Rochester Medical Center GFR Laboratory) at
10, 30, 120, and 240 minutes after infusion of iohexol (5 mL;
approximately 3200 mg) [27–29]. GFR was calculated using a
2-compartment model describing the fast and slow components
of plasma iohexol concentration decay over time [27–30] and
normalized to calculated body surface area [31]. Serum creati-
nine was measured with high-performance liquid chomatogra-
phy [32]. Cystatin C was measured with immunonephelometry

using a BN II analyzer (Siemens Diagnostics). The urine pro-
tein-creatinine ratio (uPCr) was calculated from a spot urine
sample (Quest Diagnostics).

The present study included men with measured GFR for
whom inflammatory markers were measured (see below) within
the 5 years beforeGFRmeasurement. This interval was chosen to
maximize sample size and because data from HIV-infected men
on HAART in the MACS indicate very little change in bio-
marker levels beyond 1 year after suppression of HIV viral
load [33].

Measurement of Inflammatory Markers
A total of 22 chemokines, cytokines, and soluble receptors and
C-reactive protein (CRP) were measured at selected MACS vis-
its. Of these markers, 12 were selected for the present study,
based on literature review, preliminary analyses indicating likely
candidates for relation to kidney disease, and detectability in
≥90% of samples: CRP, soluble TNF receptor 2 (sTNFr2), solu-
ble interleukin 2 receptor α (sIL2rα), soluble gp130 (sgp130),
soluble CD27 (sCD27), monocyte chemoattractant protein 1,
interferon γ-induced protein 10 (IP10/CXCL10), TNF-α, IL-6,
soluble CD14 (sCD14), interleukin 8 (CXCL8), and interleukin
10 (IL-10). (Markers not included in the analysis were interleu-
kin 12p70, interleukin 1β, thymus- and activation-regulated
chemokine, B-lymphocyte chemoattractant, B-cell activating
factor, eotaxin, interferon γ, macrophage inflammatory protein
1β, monocyte chemoattractant protein 1, and interleukin 2).

Serum concentrations of IL-6, TNF-α, CXCL8, interleukin 10,
CXCL10, and CCL2 were assessed using electrochemilumine-
sence-based multiplex assays (Meso-Scale Diagnostics; Proin-
flammatory 9-plex and Chemokine 7-plex) at a laboratory at
the Johns Hopkins Bloomberg School of Public Health. The
lower limit of detection for each plate-specific analyte was the
concentration 2.5 standard deviations (SDs) above the back-
ground. Serum concentrations of sTNFr2, sIL2rα, sCD14,
sgp130, and sCD27 were determined using a fluorescent
bead-based multiplexed Luminex xMAP system at a laboratory
at the University of California, Los Angeles, using a single assay
lot (Fluorokine MAP; R&D Systems), a Bio-Plex 200 Luminex
instrument, and Bio-Plex software (Bio-Rad). Concentrations of
sIL2rα, sTNFr2, sgp130, and sCD14 were measured in a single
panel (Human Biomarker Custom Premix Kit A). The lower
limit of detection for each plate-specific analyte was the ob-
served concentration of the lowest standard. CRP was measured
at Quest Diagnostics with a high-sensitivity assay (lower limit of
detection, 0.2 mg/L; Dade Behring).

Covariate Measurements
Hypertension, diabetes, and dyslipidemia were considered pre-
sent if confirmed at ≥2 visits in any 1-year period before and
including the GFR measurement. Hypertension was defined
as a systolic blood pressure ≥140 mm Hg, a diastolic blood
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pressure ≥90 mm Hg, or receipt of antihypertensive medication
with a self-reported history of hypertension. Similarly, diabetes
mellitus was defined as a fasting glucose level ≥126 mg/dL
or receipt of glucose-lowering medication with a history of a
diagnosis of diabetes. Dyslipidemia was defined as receipt of
lipid-lowering medication with a history of dyslipidemia or
the presence of any of the following fasting measurements:
total serum cholesterol ≥200 mg/dL, low-density lipoprotein
≥130 mg/dL, high-density lipoprotein <40 mg/dL, or triglycer-
ides ≥150 mg/dL.

Prevalent HCV was defined as a reactive HCV antibody or
detectable HCV RNA level. HCV antibody-positive participants
with undetectable plasma HCV RNA for >3 years were consid-
ered HCV uninfected. Plasma HIV RNA levels were measured
using the Roche Amplicor assay (Hoffman-LaRoche), sensitive
to 50 copies/mL. The CD4+ T-cell count was measured with
3-color flow cytometry [34]. Demographic and clinical charac-
teristics were obtained from the GFR visit or, if missing, the
closest visit within 1 year.

Kidney Outcome Definitions
Low kidney function was defined by GFR ≤90 mL/min/1.73 m2,
consistent with Kidney Disease Improving Global Outcomes
(KDIGO) CKD stage ≤2 [35].This threshold was chosen because
very few men in the MACS have a GFR <60 mL/min/1.73 m2, a
more standard threshold for defining kidney disease. Hyperfiltra-
tion was defined as a GFR ≥140 mL/min/1.73 m2 for men aged
≤40 years, subtracting 1 mL/min/1.73 m2 from this threshold for
each year of age >40, as described elsewhere [24]. High urine pro-
tein, an indicator of glomerular damage, was defined as uPCr
>200 mg/g.

Statistical Analysis
Descriptive Analysis of Inflammatory Biomarkers
Biomarker values were natural log-transformed for comparison
across HIV serostatus and GFR strata. Differences in biomarker
distributions between HIV-infected and HIV-uninfected men
and between men with GFRs ≤90 mL/min|1.73 m2 and those
with GFRs >90 mL/min|1.73 m2 were assessed using nonpara-
metric Kruskal–Wallis tests.

Handling of Inflammatory Biomarker Data Below the
Lower Limit of Detection
Fifty-seven biomarker observations (from 7 markers) lay below
their lower limits of detection. Because the exploratory factor
analyses (EFAs; see below) required numerical values for all
data, we imputed values for these 57 observations, using trun-
cated log-normal distributions for each inflammatory marker.
Specifically, we fit a normal distribution to the observed data,
extrapolated the curve below the limit of detection, and drew
values randomly from the distribution below the limit of
detection.

EFA Methods
We used EFA to find combinations of inflammatory markers that
indicated unique inflammatory processes. EFA identifies under-
lying processes by finding groups of markers that are highly cor-
related and thus likely to reflect the same process. To use EFA,
biomarker values (observed and imputed) were standardized to
create distributions with a mean of 0 and an SD of 1.

Assuming that biomarkers were linearly related to underlying
inflammatory processes, the analyses yielded weighted linear
combinations of the biomarkers (called factor scores) that rep-
resented the magnitude of the identified underlying inflamma-
tory processes. The weights (hereafter called factor loadings) are
thus, the strength and direction of the relationship between each
inflammatory biomarker and the underlying inflammatory pro-
cess. For the main analysis, we only retained identified inflam-
matory processes where the sum of the squared factor loadings
were >1, indicating that the process was well described by the
individual marker data. To assess the repeatability of our
EFA-identified inflammatory processes, we performed the iden-
tical EFA on an HIV-uninfected secondary sample, comprising
all HIV-uninfected men with biomarker measurements, using
only the first MACS visit with measurements. The serum for
these measurements was collected from June 1984 to September
2007. Fuller details of the EFA methods are presented in the
Supplementary Appendix.

Analysis of the Relationship Between Inflammatory
Processes and Kidney Outcomes
The estimated individual levels of the inflammatory processes
were used as predictors in logistic regressions evaluating their
associations with the following kidney outcomes: low versus
normal GFR (≤90 vs >90 to <140 mL/min/1.73 m2); hyperfil-
tration (GFR≥ 140 mL/min/1.73 m2 or age-corrected threshold
if for men aged >40 years) versus normal GFR; and high versus
normal urine protein level (>200 vs ≤200 mg/g). Relationships
between the inflammatory processes and comorbid CKD risk
factor outcomes, including diabetes, hypertension, and HCV,
were assessed in separate logistic regressions. All models were
adjusted for age >50 years, black race, and HIV serostatus. Anal-
yses were done in the full sample as well as stratified by HIV
status. Results were expressed as odds ratios (ORs) for the out-
come associated with a 1-SD increase in the level of the inflam-
matory process. In sensitivity analyses, models for kidney
outcomes were adjusted for CKD comorbid risk factors. Inter-
actions between inflammatory processes and black race were
also investigated.

RESULTS

MACS Renal Substudy
A total of 741 men underwent iohexol studies; 715 studies
(96%) yielded satisfactory GFR measurements, comprising 457
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HIV-infected and 258 HIV-uninfected men. As has been report-
ed [23], the men in the renal substudy were similar to overall
MACS participants but were more likely to be black (by design),
to be HCV infected (by design), and to have slightly lower serum
creatinine values (P < .01). Of these 715 men, 634 (434 HIV
infected and 200 HIV uninfected) had inflammatory biomar-
ker measurements and were included in the present analysis.
Seventy-five percent of the biomarker measurements were from
samples collected within 1.3 years of the GFR measurement.

Description of Included Men (GFR Sample)
As shown in Table 1, the median age of the men was 52 years,
their median body mass index (BMI) was 26 kg/m2, and 37%
were black. Ninety-eight men had HCV infection; 30 others
had cleared HCV. The HIV-infected men tended to be younger
(51 vs 53 years) and had lower BMIs (26 vs 27 kg/m2), higher
levels of cystatin C (0.79 vs 0.75 mg/L), and higher urine protein
(uPCr 98 vs 65 mg/g) than HIV-uninfected men. Although the
median GFR and serum creatinine levels did not differ by HIV
serostatus, more HIV-infected men occupied both the higher
(≥140 mL/min/1.73 m2) and lower (≤90 mL/min/m2) tails of
the GFR distribution, compared with HIV-uninfected men

(P = .04; Figure 1); Figure 1 also shows that HIV-infected men
had higher uPCr values.

HIV-infected and HIV-uninfected men had similar preva-
lences of diabetes (16% overall), hypertension (57% overall)
and HCV (16% overall), but HIV-infected men had a higher
prevalence of dyslipidemia (92% vs 78%) Among HIV-infected
men, the median CD4 + T-cell count was 544/µL, 80% had un-
detectable HIV RNA levels, 79% had been exposed to tenofovir
disoproxil fumarate, and 65% had used tenofovir disoproxil fu-
marate within the past 6 months. The median time since HIV
infection was 19 years and the median time receiving HAART
was 10 years.

Inflammatory Biomarker Levels
The standardized biomarker profiles are shown in Figure 2. The
upper panel, with biomarker levels standardized to an overall
mean, demonstrates that HIV-infected men generally had higher
levels of inflammatory markers than HIV-uninfected men:
sTNFr22, sIL2rα, sgp130, sCD27, CXCL10, TNF-α, sCD14,
and IL-10 levels were all significantly higher among HIV-infected
men. With the exception of IL-10, men with GFRs ≤90 mL/
min/m2 had significantly higher levels of inflammatory markers

Table 1. Demographic and Clinical Characteristics of HIV-Infected and HIV-Uninfected Men From the Multicenter AIDS Cohort Study

Characteristic

Median (IQR)a

HIV Uninfected (n = 200) HIV Infected (n = 434) Overall (N = 634)

Black, % 38 37 37

Age, yb 53 (48–60) 51 (46–57) 52 (47–58)
Weight, kgb 84 (75–94) 79 (71–89) 81 (72–91)

BMI, kg/m2b 27 (24–30) 26 (23–28) 26 (24–29)

BSA, m2b 2.0 (1.9–2.2) 2.0 (1.9–2.1) 2.0 (1.9–2.1)
Serum creatinine, mg/dL 0.88 (0.78–1.02) 0.87 (0.75–1.04) 0.88 (0.76–1.03)

Cystatin C, mg/Lb,c 0.75 (0.67–0.85) 0.79 (0.69–0.94) 0.77 (0.68–0.90)

uPCr, mg/gb,c 65 (48–90) 98 (69–165) 85 (60–138)
GFR, mL/min/1.73 m2 106 (95–120) 109 (92–125) 107 (92–123)

HCV-infected, %c 16 16 15

History of risk factors, %
Diabetes mellitus 14 17 16

Hypertension 59 56 57

Dyslipidemiab 78 92 87
HIV-related factors

Time since HIV-infection, y . . . 19 (19–26) . . .

Time since HAART initiation, y . . . 10 (7–12) . . .
History of AIDS, % . . . 15 . . .

HIV RNA <50 copies/mL, % . . . 80 . . .

CD4+ T-cell count, cells/μL . . . 544 (388–741) . . .

Abbreviations: BMI, body mass index; BSA, body surface area; GFR, glomerular filtration rate; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HIV,
human immunodeficiency virus; IQR, interquartile range; uPCr, urine protein-creatinine ratio.
a Data represent median (IQR) values unless otherwise specified. Values were obtained from the kidney function assessment visit or the nearest visit before that.
b P < .05 (χ2 test or Kruskal–Wallis for comparison between HIV-uninfected and HIV-infected participants).
c Data were missing on HCV status for 4 participants, on cystatin C level, for 3, and on uPCr for 8.
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than those with GFRs >90 mL/min/m2. When the biomarkers
were standardized to a serostatus-specific mean (Figure 2,
lower panel), the inflammatory marker profiles stratified by
GFR ≤90 mL/min/m2 were similar between HIV-infected and
HIV-uninfected men.

EFA Results
The correlations among the measured inflammatory markers
are shown in Table 2, and the results from the EFA in Table 3.
Three inflammatory processes were identified, accounting for
60% of the total variance in the biomarker data. Inflammatory
process 1 was characterized mainly by the biomarkers sTNFr2,
sIL2rα, sgp130, sCD27, and sCD14; inflammatory process 2, by
IL-6, CXCL8, and TNF-α; and inflammatory process 3, by
CXCL10 and CCL2.

Repeatability of the EFA Results (Secondary Sample)
EFA was also performed on inflammatory biomarker data from
247 HIV-uninfected men with a median age of 40 years and a
median BMI of 25 kg/m2; 39% were black. Thirteen percent had
a history of hypertension and 19% were HCV positive. Of these
247 men, 197 had later biomarker measurements included in
the GFR sample described above. However, the biomarker mea-
surements for this sample were from serum collected earlier,
and the specimens were distinct from those analyzed in the
GFR sample. The correlations among inflammatory markers
(Table 2) as well as the factor loadings (Table 3) for the second-
ary sample were very similar to those for the GFR sample, with

the exception of markers contributing to inflammatory process
3; inconsistent results with respect to CXCL10, CRP, and sCD14
factor loadings rendered inflammatory process 3 less reliable.

Relationship Between Renal Outcomes and Inflammatory
Processes
The distributions of the inflammatory processes, stratified by
GFR outcome (hyperfiltration, normal filtration, or low filtra-
tion) and by proteinuria (normal or high urine protein) are pre-
sented in Figure 3. Distributions by HIV serostatus are given in
Supplementary Figure A in the Appendix. The results of anal-
yses adjusted for age, race and HIV serostatus, presented in Fig-
ure 4, show that inflammatory process 1 levels were significantly
related to higher odds of GFR ≤90 mL/min|1.73 m2 (OR, 2.0),
urine protein >200 mg/g (OR, 2.3), diabetes (OR, 1.6), hyper-
tension (OR, 1.3), and HCV infection (OR, 1.9) and lower
odds of hyperfiltration (OR, 0.5). Inflammatory process 2 levels
were significantly related only to lower odds of HCV infection
(OR, 0.5). Inflammatory process 3 levels were significantly related
to higher odds of HCV infection (OR, 7.4). In analyses stratified
by HIV serostatus, associations were similar in the 2 groups, ex-
cept for a significant relationship between inflammatory process
2 and higher odds of hyperfiltration among HIV-infected men
(OR, 1.5), an association which was not present in the HIV-un-
infected men. Estimates and 95% confidence intervals are pre-
sented in Supplementary Table A in the Appendix.

In models controlling for inflammatory process levels, posi-
tive associations were noted between age >50 years and the

Figure 1. Percentile box plots displaying the distribution of glomerular filtration rate (GFR) and urine protein-creatinine ratio (uPCr) among the sample of
human immunodeficiency virus (HIV)–infected (HIV+) and HIV-uninfected (HIV−) men from the Multicenter AIDS Cohort Study. The shaded areas represent
proportion with GFR values ≥140 mL/min/1.73 m2 or ≤90 mL/min/1.73 m2 (right) and proportion with uPCr >200 mg/g (left), comparing HIV-infected with
HIV-uninfected samples.

1104 • JID 2015:212 (1 October) • Abraham et al

 by Jules L
evin on Septem

ber 12, 2015
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv159/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv159/-/DC1
http://jid.oxfordjournals.org/


following outcomes: GFR ≤ 90 mL/min|1.73 m2, urine protein
>200 mg/g, diabetes, and hypertension. Black race was associat-
ed only with higher odds of HCV infection. HIV- positivity was
significantly associated with higher odds of hyperfiltration,

urine protein >200 mg/g, and lower odds of HCV infection. Al-
though HIV seropositivity was not significantly associated with
GFR ≤90 mL/min|1.73 m2 in the fully adjusted model (OR,
1.0), the point estimate rose to 1.4 (P = .18) when the

Figure 2. Standardized biomarker profiles showing the average standardized levels of the 12 inflammatory biomarkers stratified by human immunode-
ficiency virus (HIV) serostatus and by glomerular filtration rate (GFR; ≤90 vs >90 mL/min/1.73 m2). Upper panel shows biomarker values standardized to an
overall mean and standard deviation for each biomarker, ignoring HIV serostatus. Lower panel shows biomarker values standardized to a serostatus-specific
mean for each biomarker. Abbreviations: CCL2, monocyte chemoattractant protein 1; CRP, C-reactive protein; CXCL8, interleukin 8; CXCL10, interferon γ–
induced protein 10; IL-6, interleukin 6; IL-10, interleukin 10; sCD14, soluble CD14; sCD27, soluble CD27; sgp130, soluble gp130; sIL2rα, soluble interleukin 2
receptor α; sTNFr2, soluble tumor necrosis factor (TNF) receptor 2.
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inflammatory process levels were not included. Tenofovir diso-
proxil fumarate use was not significantly associated with any of
the kidney outcomes. Interactions between black race and in-
flammatory process levels were explored, but no significant
modifying effects were found. Finally, sensitivity analyses in-
cluding comorbid risk factors in the kidney outcome models
did not change inferences.

DISCUSSION

The degree to which inflammation contributes to the risk of
non-AIDS comorbid conditions in HIV-infected populations
is an open question. Behavioral factors, such as substance use,
along with HAART toxic and metabolic effects, probably ex-
plain some of the additional risk. However, a growing body of

literature suggests that higher levels of inflammation and im-
mune activation in HIV-infected treated adults are indepen-
dently associated with a higher risk of age-related chronic
disease and mortality [36–40].

Our analysis detected 3 underlying inflammatory proces-
ses: inflammatory processes 1 and 2 were found in both our
predominantly HIV-infected GFR sample and an all HIV-
uninfected sample, and relationships with kidney outcomes
were consistent across strata of HIV serostatus, suggesting sim-
ilar underlying inflammatory processes contributing to CKD
risk in HIV-infected and HIV-uninfected men. In contrast, in-
flammatory process 3 differed between the 2 groups in terms of
contributing biomarkers, which could result from measurement
variability or suggest different inflammatory process in HIV-
infected versus HIV-uninfected men.

Table 2. Correlations Between the 12 Cytokines, Chemokines, and Soluble Receptors in the GFR Sample and the HIV-Uninfected
Secondary Sample

Correlation

Marker sCD14 sCD27 CRP sgp130 IL-10 IL-6 CXCL8 CXCL10 CCL2 sIL2rα sTNFr2 TNF-α

GFR sample (n = 634)
sCD14 1.00 0.43a,b 0.24b 0.46a,b 0.00 0.09 0.01 0.19b 0.04 0.42a,b 0.51a,b 0.19b

sCD27 . . . 1.00 0.17b 0.42a,b 0.10c 0.19b 0.05 0.40a,b −0.01 0.70a,b 0.78a,b 0.38a,b

CRP . . . . . . 1.00 0.07 0.10c 0.28b 0.09c −0.01 −0.02 0.25b 0.28b 0.17b

sgp130 . . . . . . . . . 1.00 −0.01 0.08c 0.02 0.23b 0.03 0.46a,b 0.54a,b 0.14b

IL-10 . . . . . . . . . . . . 1.00 0.27b 0.08c 0.14b 0.07 0.19b 0.14b 0.27b

IL-6 . . . . . . . . . . . . . . . 1.00 0.52a,b 0.12c 0.06 0.23b 0.25b 0.56a,b

CXCL8 . . . . . . . . . . . . . . . . . . 1.00 −0.03 0.08 0.06 0.08c 0.39b

CXCL10 . . . . . . . . . . . . . . . . . . . . . 1.00 0.40a,b 0.41a,b 0.47a,b 0.3a,b

CCL2 . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.07 0.09c 0.08
sIL2rα . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.79a,b 0.41a,b

sTNFr2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.44a,b

TNF-α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00
HIV-uninfected secondary sample (n = 247)

sCD14 1.00 0.31a,b 0.20c 0.29b 0.02 0.09 0.01 0.15c 0.02 0.35a,b 0.39a,b 0.14c

sCD27 1.00 0.06 0.40a,b 0.00 0.15c −0.00 0.43a,b −0.12 0.70a,b 0.78a,b 0.21b

CRP . . . . . . 1.00 0.02 0.13c 0.33a,b 0.07 0.01 0.12 0.20c 0.18c 0.13c

sgp130 . . . . . . . . . 1.00 −0.08 0.12 0.01 0.30a,b −0.10 0.36a,b 0.48a,b 0.12

IL-10 . . . . . . . . . . . . 1.00 0.19c 0.09 0.13b 0.05 0.12 0.05 0.28b

IL-6 . . . . . . . . . . . . . . . 1.00 0.35a,b 0.23b 0.05 0.19c 0.23b 0.57a,b

CXCL8 . . . . . . . . . . . . . . . 1.00 0.03 0.21b 0.01 0.07 0.33a,b

CXCL10 . . . . . . . . . . . . . . . . . . . . . 1.00 0.06 0.38a,b 0.53a,b 0.29b

CCL2 . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.02 0.02 0.08

sIL2rα . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.73a,b 0.24b

sTNFr2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00 0.30a,b

TNF-α . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00

Abbreviations: CCL2, monocyte chemoattractant protein 1; CRP, C-reactive protein; CXCL8, interleukin-8; CXCL10, interferon γ–induced protein 10; GFR, glomerular
filtration rate; HIV, human immunodeficiency virus; IL-6, interleukin 6; IL-10, interleukin 10; sCD14, soluble CD14; sCD27, soluble CD27; sgp130, soluble gp130;
sIL2rα, soluble interleukin 2 receptor α; sTNFr2, soluble TNF receptor 2; TNF, tumor necrosis factor.
a Correlation coefficient ≥3.0 (moderately strong relationship).
b P < .001.
c .001 ≤ P < .05.
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Table 3. Factor Loadingsa Showing the Strength of Relationship Between Factors and Individual Biomarkers, Comparing Results
Between GFR and HIV-Uninfected Secondary Samples

Biomarker

Factor Loadings for Inflammatory Processes in
GFR Sample

Factor Loadings for Inflammatory Processes in
Secondary Sample

1 2 3 1 2 3

sTNFr2 0.87b,c 0.05 0.06 0.86c 0.05 0.08

sCD27 0.80b,c 0.01 0.01 0.86c −0.05 −0.06
sIL2rα 0.77b,c 0.07 0.06 0.77c −0.01 0.18

sgp30 0.66b,c −0.13 −0.06 0.66c −0.06 −0.19
sCD14 0.66b,c −0.06 −0.14 0.46 −0.17 0.44b

CRP 0.29 0.25 −0.24 −0.00 0.10 0.81b,c

IL-6 −0.02 0.78b,c −0.04 0.08 0.73b,c 0.14

CXCL8 −0.14 0.64b,c −0.06 −0.14 0.66b 0.02
TNF-α 0.15 0.61b,c 0.18 0.18 0.76b,c −0.05
IL-10 −0.04 0.30 0.15 −0.06 0.41b 0.15

CXCL10 0.19 −0.02 0.62b,c 0.58b,c 0.26 −0.21
CCL2 −0.18 0.02 0.55b −0.19 0.20 0.43b

Variance explained, % 33.56 15.25 11.02 30.24 15.58 9.15

Cumulative variance 33.56 48.80 59.82 30.24 45.82 54.97

Abbreviations: CCL2, monocyte chemoattractant protein 1; CRP, C-reactive protein; CXCL8, interleukin 8; CXCL10, interferon γ–induced protein 10; EFA, exploratory
factor analysis; GFR, glomerular filtration rate; HIV, human immunodeficiency virus; IL-6, interleukin 6; IL-10, interleukin 10; sCD14, soluble CD14; sCD27, soluble
CD27; sgp30, soluble gp30; sIL2rα, soluble interleukin 2 receptor α; sTNFr2, soluble tumor necrosis factor receptor 2; TNF, tumor necrosis factor.
a See “EFA Methods” in Statistical Analysis section.
b Salient factors using criterion of factor loadings >0.4.
c Salient factors using combined criteria of factor loadings >0.4 and α <.1 from maximum likelihood factor analysis.

Figure 3. Distribution of inflammatory process levels for each of the 3 identified inflammatory processes. Upper panel, distribution stratified by kidney
function: low filtration (glomerular filtration rate [GFR] ≤90 mL/min/1.73 m2) hyperfiltration (GFR ≥140 mL/min/1.73 m2 for men aged ≤40 years, subtract-
ing 1 mL/min/1.73 m2 for each year of age >40), or normal filtration (GFR >90 to <140 mL/min/1.73 m2). Lower panel, distribution stratified by normal versus
high urine protein levels (urine protein-creatinine ratio, ≤200 vs >200 mg/g).
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The primary associations with kidney outcomes found in the
present study were with inflammatory process 1. Because sTNFr2,
sCD27, sIL2Rα, sgp130, and sCD14, the primary markers in-
volved in inflammatory process 1, are generally involved in im-
mune activation, inflammatory cell responses, or initiation of
apoptosis, our results support a role of immune cell activation
in kidney dysfunction and damage. Consistent with other stud-
ies, levels of these markers were higher in HIV-infected than in
HIV-uninfected men.

One fundamental question is whether HIV infection is a dri-
ver of inflammation contributing to kidney damage or whether
higher levels of immune activation markers result from de-
creased clearance due to kidney dysfunction [41, 42]. Support-
ing the former explanation, we noted that controlling for
inflammatory markers attenuated the effect estimate for HIV-
positive serostatus on low filtration risk to the null. This
could suggest that reduced kidney filtration in HIV-infected
men may be partly explained by HIV-associated immune acti-
vation, the only significant predictor of this kidney outcome
other than older age. However, longitudinal studies are needed
to answer this question more definitively.

Comorbid risk factors for CKD were related to higher levels
of inflammatory process 1, which could indicate that the prima-
ry pathway whereby hypertension, diabetes and HCV contrib-
ute to kidney dysfunction is through an inflammatory process.

Under this assumption, we did not adjust for these factors in
our main analyses of kidney outcomes. This could potentially
introduce confounding bias if other important noninflammato-
ry causal pathways exist, although adding these comorbid con-
ditions to models had no effect on estimates.

The mechanism whereby these markers and a process of im-
mune activation may promote kidney damage is speculative.
Recent evidence suggests that immune activation may be partic-
ularly detrimental in individuals carrying apolipoprotein L1
(APOL1) risk variants; these variants are predominantly
found in blacks and are linked to certain kidney diagnoses
among HIV-infected individuals [43]. Cytokine-induced over-
expression of APOL1 risk variants may be more harmful to
cells than overexpression of wild-type APOL1 protein [44, 45].
Consistent with the notion of inflammation-mediated damage
to the kidney, up-regulation of proinflammatory cytokines is
a prominent feature of HIV-1 infection of renal tubule and en-
dothelial cells [46, 47]. These findings may suggest an inflam-
matory pathogenesis for some kidney diseases among HIV-
infected individuals and or a possible gene-by-inflammation in-
teraction, though in the present study interaction terms between
inflammatory factor scores and black race were not significant.

HIV seropositivity was significantly associated with risk of
both high urine protein and hyperfiltration, the latter of
which was associated with lower levels of inflammatory process

Figure 4. Results from adjusted logistic regressions showing the estimated odds ratios (ORs) for the associations between the levels of the 3 inflam-
matory processes and 6 outcomes: low kidney filtration (glomerular filtration rate [GFR] ≤90 mL/min/1.73 m2), hyperfiltration (GFR ≥140 mL/min/1.73 m2 for
men aged ≤40 years, subtracting 1 mL/min/1.73 m2 for each year of age >40), high urine protein-creatinine ratio (>200 mg/g), diabetes, hypertension, and
hepatitis C virus (HCV) infection. Models were adjusted for all the predictors noted. Effect estimates associated with human immunodeficiency virus (HIV)
serostatus are also presented, without adjustment for inflammatory process levels.
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1. Prior work in the MACS indicated that hyperfiltration in
HIV-infected men may result from cumulative antiretroviral ex-
posure and blood glucose dysregulation [24]; thus, immune ac-
tivation may play a lesser role in this process. Alternatively,
hyperfiltration could result in greater clearance of these markers
and lower serum levels. Both HIV seropositivity and higher lev-
els of inflammatory process 1 were independently associated
with higher urine protein; HIV may contribute to glomerular
damage through inflammatory and noninflammatory pathways.

One strength of the present study was the direct assessments
of GFR, resulting in less measurement error than estimated
GFR, which can be affected by diet, health, and age. Moreover,
estimating formulas are less accurate in persons with near-nor-
mal kidney function, as in this study. Although our marker
measurements reflected systemic, rather than renal, inflamma-
tion, higher systemic inflammatory levels among HIV-infected
individuals have been shown to reflect higher renal interstitial
and glomerular levels [48]. Most marker measurements were
made within 2 years of the GFR measurement, but we used
measurements from up to 5 years prior. Inflammatory markers
have high correlations across this span of time in the MACS, but
there is the potential for changes in therapy or health to have
occurred in the intervening period. In our sample, 2 men initi-
ated HAART and 1 seroconverted in the period between bio-
marker sampling and GFR measurement, which probably
affected inflammatory biomarker levels for these individuals.
However, earlier measurements could be more relevant for
influencing current levels of kidney damage and dysfunction.
Finally, we note that the MACS includes only men, and the
findings may not apply to women. In summary, results of the
present study suggest that an inflammatory process composed
of markers of immune activation could be an important con-
tributor to the higher burden of kidney disease in virally sup-
pressed, HIV-infected persons.
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