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Abstract

Chronic inflammation marked by elevated interleukin (IL)-6, soluble tumor necrosis factor (TNF)-a receptor
(sTNFR)-1, and sTNFR-2 levels may play a detrimental role in aging and HIV infection. This study aimed to
evaluate the relationships of circulating IL-6 with sTNFR-1 and sTNFR-2 levels in an aging cohort of injection
drug users (IDUs) with or at high risk for HIV infection. The AIDS Linked to the Intravenous Experience
(ALIVE) study is a community-recruited, prospective observational study of former and current IDUs in
Baltimore, Maryland. Serum IL-6, sTNFR-1, and sTNFR-2 levels were measured using standard ELISA.
Multivariate linear regression analysis was employed, adjusting for age, sex, HIV status, injection drug use,
comorbidities, as well as HIV viral load, CD4 T cell counts, and antiretroviral therapy where appropriate. The
analysis included 1,178 participants (316 HIV positive and 862 HIV negative). In the adjusted model, sTNFR-1
and sTNFR-2 were individually associated with IL-6 (regression coefficient: 0.877 and 0.556, respectively, for
all participants; 0.607 and 0.407 for HIV positives; and 0.999 and 0.628 for HIV negatives, all p < 0.0001). In
the model combining sTNFR-1 and sTNFR-2, the associations for sTNFR-1 remained significant (0.693 for all
participants, p < 0.0001; 0.417 for HIV positives, p < 0.05; and 0.840 for HIV negatives), while those for
sTNFR-2 were no longer significant. sTNFR-1 and sTNFR-2 were positively associated with IL-6 in ALIVE
participants. These findings provide initial insight into the in vivo relationship between TNF-a activation and
IL-6 and a basis for further investigations into potential mechanisms underlying chronic inflammation in aging
and HIV infection.

Introduction

Interleukin-6 (IL-6) is a proinflammatory cytokine

with its elevated circulating level known as a hallmark of
chronic inflammation observed in aging, termed ‘‘InflammA-
ging’’ by some.1,2 This age-dependent chronic inflammation
has been implicated in almost all pathophysiological processes
and chronic conditions in older adults, such as atherosclerosis
and cardiovascular diseases, anemia, frailty, disability, and
mortality.3–8 Tumor necrosis factor (TNF)-a is considered a
central player in the inflammatory cascade leading to systemic
inflammation.9 Detections of soluble tumor necrosis factor-a
receptors 1 (sTNFR-1) and 2 (sTNFR-2) are known to be re-
liable for measuring in vivo TNF-a activity. While TNF-a is

shown to induce IL-6 production in vitro,10 in vivo relation-
ships among sTNFR-1, sTNFR-2, and IL-6 have not been
adequately investigated.

The number of older persons living with human immu-
nodeficiency virus (HIV)-1 or acquired immune deficiency
syndrome (AIDS) has risen dramatically over the past decade
or so. Chronic conditions commonly encountered in the ge-
riatric population have increasingly become major health
concerns for this vulnerable aging population. Substantial
evidence suggests chronic inflammation marked by elevated
IL-6 levels in HIV infection and its associations with AIDS-
defining as well as HIV-associated non-AIDS (HANA)
conditions. For example, a number of studies have demon-
strated that levels of IL-6 and C-reactive protein (CRP) are
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elevated with HIV infection and remain so in patients treated
with highly active antiretroviral therapy (HAART) even after
HIV-RNA levels are suppressed.11–14 Higher pretreatment
levels of IL-6, sTNFR-1, or sTNFR-2 have been shown to be
associated with HIV disease progression and mortality in
patients treated with HAART.15,16 More recently, several
studies have shown that elevated IL-6, sTNFR-1, or sTNFR-2
levels are associated with AIDS-defining events or HANA
conditions including functional impairment.17–19 In addition,
we have identified significant associations between chronic
inflammation marked by elevated levels of IL-6 and CRP
with HIV infection among injection drug users (IDUs) with
or at high risk for HIV infection.20

The objective of this study was to evaluate the relation-
ships between circulating IL-6 and soluble TNF-a receptors
(sTNFR-1 and sTNFR-2) in an aging cohort of IDUs with or
at high risk for HIV infection. We hypothesized that IL-6
would be associated with sTNFR-1 and sTNFR-2. Addres-
sing this hypothesis will provide initial evidence for direct
in vivo associations between IL-6 and TNF-a activation that
may lead to improved understanding of inflammatory path-
ways of chronic inflammation in HIV infection and aging. To
test this hypothesis, we conducted a cross-sectional analysis
to evaluate the relationships between serum IL-6 and sTNFR-1
and sTNFR-2 levels, adjusting for age, sex, injection drug use,
comorbidities, and HIV infection.

Materials and Methods

Study population

The AIDS Linked to the Intravenous Experience (ALIVE)
study is a community-recruited, prospective observational
cohort composed of former and current IDUs based in Bal-
timore, Maryland. Methodology has been previously de-
scribed.21 During semiannual visits, ALIVE participants
completed standardized questionnaires and submitted bios-
pecimens for testing. Smoking, alcohol consumption, and
illicit injection drug use were self-reported for a period of the
past 6 months. Comorbid conditions were determined by self-
report of a physician diagnosis of diabetes, hypertension,
obesity, obstructive lung disease, anemia, hepatitis C infec-
tion, and liver or renal disease. HIV serology was determined
using enzyme-linked immunosorbent assay (ELISA) with
Western blot confirmation (Dupont, Wilmington, DE). Ser-
um IL-6, sTNFR-1, and sTNFR-2 levels were measured
using commercially available ELISA described below. A
total of 1,190 participants had serum IL-6, sTNFR-1, and
sTNFR-2 measurements at baseline. Residuals were exam-
ined and participants with high influence (determined by
Cook’s D value >1) for one or more of the above inflam-
matory markers were excluded (n = 11). Two participants
were also removed due to incomplete data, leaving the
sample size of 1,178 for this analysis. The Johns Hopkins
University Institutional Review Board approved the study
and each participant provided written informed consent.

Measurements of serum IL-6, sTNFR-1, and sTNFR-2

Serum samples were obtained from each participant ac-
cording to the standard protocol, and stored in aliquots at
-80�C until analysis. Serum IL-6, sTNFR-1, and sTNFR-2
were measured using commercially available ELISA ac-

cording to the procedures provided by manufacturers. IL-6
was measured using the High-Sensitivity Quantikine kit
(R&D Systems, Minneapolis, MN) with a detection range of
0.156–10.0 pg/ml and an interassay coefficient of variance
(CV) of 5.7%. sTNFR-1 and sTNFR-2 were measured using
DuoSet ELISA kits (R&D Systems, Minneapolis, MN) with a
sensitivity of 12.5 pg/ml or 7.8 pg/ml and an interassay CV of
4.9% or 6.1%, respectively. Measurements were performed
in duplicate and repeated if the measures differed by more
than 15% or were out of the measurable range. The average of
the two values in duplicate was used for analysis.

Statistical analysis

Frequency distributions were determined for baseline pop-
ulation characteristics. The Fisher’s exact test and Student’s
t-test were used to determine differences between categorical
and continuous data by HIV status, respectively. The median
(interquartile range) was calculated for inflammatory markers
and the nonparametric Wilcoxon–Mann–Whitney test was
used to compare distributions between groups stratified by
HIV status. Bivariate associations between sTNFR-1 and
sTNFR-2 with IL-6 levels were evaluated using cross-
tabulations of means and standard deviations of sTNFR-1 and
sTNFR-2 levels by quartiles of IL-6; analysis of variance was
used to compare group differences. Multiple linear regression
was used to examine the relationship between inflammatory
marker levels for IL-6, sTNFR-1, and sTNFR-2.

Separate analyses were performed for each inflammatory
marker adjusting for age, sex, injection drug use over the past
6 months, number of injections within the past 30 days, HIV
status, the number of comorbidities (0 or 1, 2, ‡3), HIV status,
as well as HIV viral load, CD4 T cell counts, and anti-
retroviral therapy for the past 6 months (for the HIV-positive
subset only). Two models were created using IL-6 as the
dependent variable. Model A was adjusted for sTNFR-1 or
sTNFR-2 individually, while model B was adjusted for both
sTNFR-1 and sTNFR-2 together. To account for nonnormal
distributions, levels of IL-6, sTNFR-1, and TNFR-2 were log
transformed to approximate normality for linear regression
analyses. Regression effects can be interpreted as a 1%
change in the median covariate value for each unit change in
the median outcome value. Multicolinearity was examined
using variance inflation factors (VIFs) with 2.5 as a cutoff.
Assumptions were checked for all models by examining error
properties and residual plots. All analyses were performed
using SAS statistical software (Version 9.2, Cary, NC).

Results

The majority of study participants were African American
(87.5%) and male (64.9%) with a mean age of 46.8 years
(range 21.2–78.1 years). HIV infection prevalence was 26.8%
with 21.2% of the population reporting daily injection drug
use. Table 1 summarizes basic demographic and clinical
characteristics as well as medians (IQR) of IL-6, sTNFR-1,
and sTNFR-2 levels of the total population and HIV-positive
and HIV-negative groups. Compared to HIV-negative partic-
ipants, those who were HIV positive were more likely to be
African American, never married, unemployed, use injection
drugs less often, less intravenous drug use over the past 6
months or inject times within the past 30 days, consume fewer
alcoholic drinks/day, and have two or more comorbidities.
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The prevalence of hepatitis C infection was 86% for the
total population included in this analysis with hepatitis C
coinfection present in all HIV-positive participants and
80.7% of hepatitis C infection among HIV-negative partici-
pants ( p = 0.0001). Antiretroviral therapy was used for the
past 6 months by 52.0% of HIV-positive participants. There
was no statistical difference with regard to age, sex, smoking,
or body mass index. The median (IQR) CD4+ T cell count and

HIV viral load for HIV-positive participants were 304 cells/mm3

(180–437) and 961 copies/ml (400–28,000), respectively.
Median (IQR) inflammatory marker levels for the total study
population were 1.61 pg/ml (1.01–2.75) for IL-6, 1,491 pg/
ml (1,260–1,834) for sTNFR-1, and 4,976 pg/ml (3,833–
6,900) for sTNFR-2 (Table 1). HIV-positive participants had
significantly higher IL-6 and sTNFR-2 levels than HIV-
negative participants (median 1.81 vs. 1.50 pg/ml, p = 0.0001

Table 1. Characteristics of ALIVE Participants, Total Population and Stratified

by HIV Status (N = 1178)

Total population HIV positive HIV negative
(n = 1178) (n = 316) (n = 862) p-value

Age, mean in years (95% CI) 46.8 (46.3–47.2) 46.9 (46.2–47.6) 46.7 (46.1–47.3) 0.762

Sex
Male 765 (64.9) 203 (64.2) 562 (65.2) 0.783
Female 413 (35.1) 113 (35.8) 300 (34.8)

Race
White/other 147 (12.5) 20 (6.3) 127 (14.7) 0.0001
African American 1031 (87.5) 296 (93.7) 735 (85.3)

Marital status
Never married 776 (65.9) 230 (73.3) 546 (63.4) 0.002
Ever married 399 (33.9) 84 (26.8) 315 (36.6)

Employed
No 870 (73.9) 253 (80.1) 617 (71.7) 0.004
Yes 306 (26.0) 63 (19.9) 243 (28.3)

Cigarette smoker
No 181 (15.4) 56 (17.8) 125 (14.5) 0.164
Yes 994 (84.4) 258 (82.2) 736 (85.5)

IV drug use
None 637 (54.1) 182 (57.6) 455 (52.8) 0.007
< daily 293 (24.9) 87 (27.5) 206 (23.9)
‡ daily 248 (21.1) 47 (14.9) 201 (23.3)

Number of injections past 30 days, median (IQR) 25 (4–60) 12 (4–35) 30 (4–60) 0.038

Number of alcoholic drinks/day
0 549 (46.6) 173 (54.8) 376 (43.6) 0.009
1–2 339 (28.8) 78 (24.7) 261 (30.3)
3–4 166 (14.1) 38 (12.0) 128 (14.9)
‡5 124 (10.5) 27 (8.5) 97 (11.3)

Comorbidities
0 293 (24.9) 43 (13.6) 250 (29.0) <0.0001
1 406 (34.5) 87 (27.5) 319 (37.0)
2 294 (25.0) 105 (33.2) 189 (21.9)
‡ 3 185 (15.7) 81 (25.6) 104 (12.1)

BMI
< 30 931 (79.0) 259 (82.0) 672 (78.0) 0.135
‡ 30 247 (21.0) 57 (18.0) 190 (22.0)

Hepatitis C infection
No 166 (14.0) 0 (0.0) 166 (19.3) <0.0001
Yes 1012 (86.0) 316 (100.0) 696 (80.7)

Antiretroviral therapy for past 6 months
No 148 (48.0)
Yes 163 (52.0)

CD4 T cells, cells/mm3, median (IQR) 304 (180–437)
HIV viral load, copies/ml, median (IQR) 961 (400–28,000)
IL-6, pg/ml, median (IQR) 1.61 (1.01–2.75) 1.81 (1.21–3.12) 1.50 (0.95–2.67) 0.0001
sTNFR-1, pg/ml, median (IQR) 1491 (1260–1834) 1484 (1257–1955) 1492 (1261–1808) 0.416
sTNFR-2, pg/ml, median (IQR) 4976 (3833–6900) 9682 (5113–9213) 4487 (3592–5964) <0.0001

Values are number (%) unless otherwise noted.
ALIVE, AIDS linked to the intravenous experience; IQR, interquartile range; IL-6, interleukin-6; sTNFR, soluble tumor necrosis factor-a

receptor.
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and 9,682 vs. 4,487 pg/ml, p < 0.0001, respectively), while
there was no significant difference in sTNFR-1 levels be-
tween the two groups (1,484 vs. 1,492 pg/ml, p = 0.416).

The potential associations of age, sex, race, and HIV status
in the total study population were assessed by bivariate re-
gression analyses (Table 2). IL-6 levels were significantly
associated with age, sex, and HIV status, but not race. Levels
of sTNFR-1 were significantly associated with age and race
but not sex or HIV status. Levels of sTNFR-2 were signifi-
cantly associated with age and HIV status but not sex or race.
Median IL-6 levels were increased by 19.8% and sTNFR-2
levels by 51.5% in HIV-positive persons compared to HIV-
negative persons ( p < 0.05). Females had median IL-6 levels
that were 17.7% higher compared to males. Levels of sTNFR-1
were significantly lower in African American participants
than in all other races.

The relationships between levels of sTNFR-1 and sTNFR-2
and that of IL-6 in the total study population were evaluated
next. First, the means and standard deviations of sTNFR-1
and sTNFR-2 levels were cross-tabulated with quartiles of
the IL-6 level. This analysis was to evaluate the relationships
using raw data stratified by IL-6 quartiles. We found stepwise
increases in sTNFR-1 and sTNFR-2 levels across IL-6
quartiles (Table 3). We then assessed the associations be-
tween log-transformed sTNFR-1, sTNFR-2, and IL-6 levels,
adjusting for age, sex, comorbidities, injection drug use over
the past 6 months, number of injections in the past 30 days,
and HIV status. This analysis was to evaluate bilateral as-
sociations between sTNFR-1, sTNFR-2, and IL-6 levels.
Log(sTNFR-1) and log(sTNFR-2) were strongly associated
with each other (partial correlation coefficient r = 0.681,
p < 0.0001, Fig. 1A). Moreover, log(IL-6) was significantly
associated with log(sTNFR-1) (r = 0.246, p < 0.0001, Fig. 1B)
and log(sTNFR-2) (r = 0.250, p < 0.0001, Fig. 1C).

Multiple linear regression analyses were performed using
log(IL-6) as the outcome measure and log(sTNFR-1) or

log(sTNFR-2) as predictors both in the total study population
and in HIV-positive and HIV-negative subgroups, adjusting
for age, sex, race, comorbidities, injection drug use in the past
6 months, number of injections in the past 30 days, and HIV
status (for the total study population only). Analysis for
HIV-positive subgroup was also adjusted for HIV viral
load and CD4+ T cell count. In Model A, log(sTNFR-1) and
log(sTNFR-2) individually had significant associations with
log(IL-6) in the total study population [regression coeffi-
cients 0.877 (standard error, 0.084) and 0.556 (0.064), re-
spectively, both p < 0.001] as well as in both HIV-positive
[0.607 (0.145), p < 0.001 and 0.407 (0.105), p < 0.05, re-
spectively] and HIV-negative [0.999 (0.103) and 0.628
(0.081), respectively, both p < 0.001] subgroups (Table 4).
When both log(sTNFR-1) and log(sTNFR-2) were included
in the same model (Model B), the association between
log(IL-6) and log(sTNFR-1) remained statistically signifi-
cant both in the total study population [0.693 (0.115),
p < 0.001] and in HIV-positive [0.417 (0.193), p < 0.05] and
HIV-negative [0.840 (0.143), p < 0.001] subgroups.

Discussion

In this study, we have identified significant in vivo associa-
tions of circulating sTNFR-1 and sTNFR-2 with IL-6 levels in
an aging cohort of IDUs with and at risk for HIV infection,
with adjustment for age, sex, race, comorbidities, injection
drug use over the past 6 months and number of injections
within the past 30 days, and HIV status. These positive as-
sociations remain valid in both HIV-positive and HIV-
negative subgroups.

A large body of literature describes elevated levels of in-
flammatory cytokines in HIV infection and their associations
with various clinical outcomes. In addition to the studies on IL-6
and CRP cited above,11–14,22 a significant number of studies
have shown high levels of sTNFR-1 and/or sTNFR-2 levels

Table 2. Effects of Age, Race, and HIV Status on Interleukin-6, Soluble Tumor Necrosis Factor-a
Receptor-1, and Soluble Tumor Necrosis Factor-a Receptor-2 Levels as Shown

by Regression Coefficients (95% CI)

Age (years)
Female
vs. male

African-American
vs. white/other

HIV positive
vs. HIV negative

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

IL-6 (pg/ml) 1.008* (1.001, 1.015) 1.177* (1.053, 1.315) 1.07 (0.912, 1.257) 1.198* (1.063, 1.350)
sTNFR-1 (pg/ml) 1.006* (1.004, 1.008) 1.006 (0.969, 1.045) 0.902* (0.854, 0.953) 1.017 (0.977, 1.060)
sTNFR-2 (pg/ml) 1.005* (1.002, 1.008) 1.018 (0.964, 1.076) 0.945 (0.872, 1.023) 1.515* (1.435, 1.600)

*p < 0.05.
Since log-transformed scores were used in the regression analyses, values presented are exponentiated regression coefficients.

Table 3. Mean (SD) of Soluble Tumor Necrosis Factor-a Receptor-1 and Soluble Tumor Necrosis

Factor-a Receptor-2 Levels Across Interleukin-6 Quartiles

IL-6 quartiles (range in pg/ml)

0–25% (0–1.1) 26–50% (1.1–1.6) 51–75% (1.6–2.7) 76–100% (2.7–93.5) p-value*

sTNFR–1 (pg/ml) 1395 (444) 1555 (486) 1719 (701) 1885 (828) <0.0001
sTNFR–2 (pg/ml) 4591 (2182) 5696 (3219) 6434 (3593) 7073 (4064) <0.0001

*p value is from the trend test of the difference in sTNFR-1 and sTNFR-2 levels across IL-6 quartiles.
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and their associations with poor clinical outcomes or HANA
conditions in HIV infection.15–19,23–27 Morlat and colleagues
observed larger declines of TNF-a and sTNFR-2 levels dur-
ing the early stages of HIV infection among nonprogressors
than in progressors, suggesting the potential importance of
chronic TNF-a activation in AIDS progression.28

In the IDU population, several studies have shown ele-
vated levels of IL-6, TNF-a, or sTNFR-2.20,29–32 Other
in vivo studies outside of HIV infection, either in a murine
model or in patients with melanoma, have also shown that
stimulation with LPS or TNF leads to elevated sTNFR-1 and
sTNFR-2 levels.33,34 Our results of no significant difference

FIG. 1. Scatterplots with regression line shows, respectively the fitted relationship of (A) log soluble tumor necrosis factor-a
receptor (sTNFR)-2 and log sTNFR-1, (B) log sTNFR-1 and log interleukin (IL)-6, and (C) log sTNFR-2 and log IL-6 in all
AIDS Linked to the Intravenous Experience (ALIVE) participants, adjusting for age, sex, number of comorbidities (0 or 1, 2, 3),
injection drug use over the past 6 months and number of injections within the past 30 days, and HIV status.

Table 4. Adjusted Regression Coefficients of Inflammatory Markers (SE)

Total population HIV positive HIV negative

log(IL-6) Model A
log(sTNFR-1) 0.877 (0.084)* 0.607 (0.145)* 0.999 (0.103)*
log(sTNFR-2) 0.556 (0.064)* 0.407 (0.105)** 0.628 (0.081)*

log(IL-6) Model Ba

log(sTNFR-1) 0.693 (0.115)* 0.417 (0.193)** 0.840 (0.143)*
log(sTNFR-2) 0.204 (0.086)** 0.207 (0.140) 0.177 (0.110)

*p < 0.0001, **p < 0.05.
aModel B adjusted for both sTNFR-1 and sTNFR-2.
All models adjusted for age, sex, race, number of comorbidities (0 or 1, 2, ‡3), drug use in the past 6 months (yes/no), number of

injections in the past 30 days.
Total population group adjusted for HIV.
SE, standard error.
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in sTNFR-1 levels between HIV-positive and HIV-negative
subgroups (Table 1) are somewhat surprising, but consistent
with a number of previous studies in which only sTNFR-2
levels were shown to be elevated in HIV infection and as-
sociated with poor clinical outcomes.24,25,28,35 However,
recent studies have also reported significant associations of
elevated levels of sTNFR-1 with AIDS-defining events/
progression or HANA conditions, suggesting that chronic TNF-
a activation represented by sTNFR-1 may play a critical role
in the pathogenesis of HIV infection and progression.15,17,19,27

Few studies have evaluated the relationships between in-
flammatory markers in HIV-infected or IDU populations.
Such an evaluation is important as it may shed light on the
underlying mechanisms of chronic inflammation observed in
these two unique and yet related vulnerable populations. The
significance of such evaluation is illustrated in rheumatoid
arthritis, a common systemic inflammatory condition. While
a number of inflammatory markers (TNF-a, IL-6, CRP, etc.)
are known to be elevated in rheumatoid arthritis, it is the
identification of TNF-a as the key cytokine mediator in re-
lation to other inflammatory markers that has led to the highly
effective anti-TNF-a therapy that has now become the stan-
dard care for this condition.36,37 To the best of our knowl-
edge, this study is the first to report significant in vivo
associations of circulating sTNFR-1 and sTNFR-2 with IL-6
levels in IDUs with or at high risk for HIV infection.

While the etiology of chronic inflammation in IDUs is
largely unknown at the present time, hepatitis C, which is a
common chronic viral infection in IDUs and coinfection in
those with HIV infection, could be an important factor. Al-
though the observed associations could simply be explained
by correlations among parameters reflecting the overall in-
flammatory milieu, TNF-a, once activated, may trigger
downstream biological activities including activation of the
inflammatory cascade through two receptors, TNFR-1 and
TNFR-2. Numerous cell types including immune cells, en-
dothelial cells, and fibroblasts are known to express TNFR-1,
whereas TNFR-2 is expressed only by immune cells (T and B
lymphocytes, monocytes, and macrophages). In vitro studies
showed that TNFR-1 mediated stimulation of HIV replica-
tion at a postintegration level while TNFR-2 inhibited HIV
replication at viral entry in primary human macrophages.38

Douni and Kollias observed that production of TNFR-2 in
transgenic mice resulted in severe systemic inflammatory
syndrome independent of TNFR-1.39 Taken together, while
sTNFR-1 and sTNFR-2 levels are both indicators of TNF-a
activation in vivo, they appear to have different biological
characteristics and play distinct roles in systemic inflamma-
tion and HIV biology.

Consistent with this, our results demonstrated significant as-
sociations between sTNFR-1 and sTNFR-2 levels (r = 0.681),
but the r2 value was far from 1.0 (Fig. 1A). The significant
associations of sTNFR-1 and sTNFR-2 with IL-6 levels
individually in the total study population as well as in HIV-
positive and HIV-negative subgroups with the adjustment of
potential covariates suggest a role of TNF-a activation
in vivo contributing to chronic and systemic inflammation
in this population.

The finding that the association between sTNFR-1 and IL-6
levels remained significant when both sTNFR-1 and sTNFR-
2 were included in the same model (Table 4, Model B) is
intriguing. Lederman et al. described a model suggesting that

HIV replication induces TNF-a and TNFR-2 production,
which, in turn, induces multiple other indices of inflamma-
tion and immune activation.35 However, sTNFR-1 levels
were not included in their analysis. One possible explanation
for our finding is that as TNFR-1 is produced by many other
cell types in addition to the immune cells, its association with
systemic inflammation is likely stronger than that of sTNFR-2,
which is primarily expressed by the immune cells only. Further
investigations into the role and regulation of TNFR-1 and
TNFR-2 in the development of chronic systemic inflammation
and HIV infection are indicated.

This study has several limitations. First, although we
vigorously excluded participants with outlier values and ad-
justed for possible confounding factors in our analysis, po-
tential contributions from chronic infections or other factors
that were not in the dataset or unknown to the participants
could not be completely eliminated. In addition, we could not
determine causal directionality of the identified associations
in this cross-sectional analysis. Another interpretation of our
findings is that sTNFR-1, sTNFR-2, and IL-6 are all produced
by the immune cells. However, Barcellini and colleagues
have reported no increase in IL-6 production by the periph-
eral blood mononuclear cells (PBMCs) from IDUs,40 sug-
gesting that sources other than the immune cells are likely the
main contributors to elevated IL-6 levels in IDUs. Further
studies, including longitudinal analyses, are needed to de-
termine the causal directionality of these associations.

We did not include CRP or other inflammatory markers in
the analysis as we intended to focus on IL-6, the most con-
sistent and widely measured cytokine mediator in the aging
and HIV literature that is not known to be affected by indi-
vidual organ function (e.g., CRP is primarily produced by the
liver and its levels may be influenced by liver disease common
among IDUs).20 Finally, we could not address the sources of
circulating sTNFR-1, sTNFR-2, and IL-6 in this epidemio-
logical study. This may be important as TNFR-1 and TNFR-2
are known to be produced by different cell types and injection
drug behavior and HIV infection may preferentially impact
different tissue or organ systems and their function.

Despite these limitations, findings from this study do
support our original hypothesis and suggest a potential role
of TNF-a activation marked by elevated sTNFR-1 and
sTNFR-2 levels contributing to chronic inflammation in
IDUs with or at high risk for HIV infection. This initial
in vivo evidence, if confirmed and further expanded, will
provide a basis for future investigations into TNF-a activa-
tion as a potential target for the development of interventional
strategies for chronic inflammation and its associated chronic
conditions in the vulnerable aging IDU population with or at
high risk for HIV infection.
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