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Background. Biomarkers of inflammation, altered coagulation, and monocyte activation are associated with
mortality and cardiovascular disease (CVD) in the general population and among human immunodeficiency virus
(HIV)–infected people. We compared biomarkers for inflammation, altered coagulation, and monocyte activation
between HIV-infected and uninfected people in the Veterans Aging Cohort Study (VACS).

Methods. Biomarkers of inflammation (interleukin-6 [IL-6]), altered coagulation (D-dimer), and monocyte
activation (soluble CD14 [sCD14]) were measured in blood samples from 1525 HIV-infected and 843 uninfected
VACS participants. Logistic regression was used to determine the association between HIV infection and preva-
lence of elevated (>75th percentile) biomarkers, adjusting for confounding comorbidities.

Results. HIV-infected veterans had less prevalent CVD, hypertension, diabetes, obesity, hazardous drinking,
and renal disease, but more dyslipidemia, hepatitis C, and current smoking than uninfected veterans. Compared to
uninfected veterans, HIV-infected veterans with HIV-1 RNA ≥500 copies/mL or CD4 count <200 cells/µL had a
significantly higher prevalence of elevated IL-6 (odds ratio [OR], 1.54; 95% confidence interval [CI],1.14–2.09; OR,
2.25; 95% CI, 1.60–3.16, respectively) and D-dimer (OR, 1.97; 95% CI, 1.44–2.71, OR, 1.68; 95% CI, 1.22–2.32,
respectively) after adjusting for comorbidities. HIV-infected veterans with a CD4 cell count <200 cells/µL had signifi-
cantly higher prevalence of elevated sCD14 compared to uninfected veterans (OR, 2.60; 95% CI, 1.64–4.14). These
associations still persisted after restricting the analysis to veterans without known confounding comorbid conditions.
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Conclusions. These data suggest that ongoing HIV replication and immune depletion significantly contribute to increased prev-
alence of elevated biomarkers of inflammation, altered coagulation, and monocyte activation. This contribution is independent of
and in addition to the substantial contribution from comorbid conditions.

Untreated human immunodeficiency virus (HIV) infection
and resulting immune depletion are associated with mortality
and cardiovascular diseases (CVD) [1]. Biomarkers of inflam-
mation and altered coagulation are associated with mortality
and CVD within the general population [2–5] and among
HIV-infected people [6–9]. Further, soluble CD14 (sCD14), a
biomarker of monocyte activation, is linked with increased
mortality risk among HIV-infected individuals [10] and the
general population [11]. However, it is unknown whether in-
flammation, altered coagulation, and monocyte activation are
primary mechanisms driving the association between HIV in-
fection and mortality and CVD.

Prior studies comparing HIV-infected to uninfected indivi-
duals suggest that HIV infection is associated with inflamma-
tion, altered coagulation, and monocyte activation [10, 12–14].
However, these studies were limited by the comparison of
HIV-infected and uninfected populations from different
cohorts [10, 12, 14] and by their inability to consider degree of
viral RNA suppression and immune depletion [13], or comor-
bid conditions that also influence levels of these biomarkers
[14]. The latter limitation is particularly problematic in the
study of HIV because those with HIV likely have a greater
burden of disease related to behaviors like smoking, alcohol,
and drug use. Comparing HIV-infected people to uninfected
people who have a lower burden of non–HIV-related disease
makes it difficult to determine whether elevated biomarkers in
those with HIV are driven by HIV infection or by the in-
creased comorbidity burden among the HIV infected.

The objective of this study was to investigate the effect of
HIV status on biomarkers of inflammation, altered coagula-
tion, and monocyte activation in the Veterans Aging Cohort
Study (VACS). VACS contains detailed clinical data on HIV
measures, substance use, and comorbidity, and also an unin-
fected population with a comparable comorbidity burden.

METHODS

Subject Selection
Subjects were selected from the VACS [15]. Briefly, the VACS
is an observational, prospective longitudinal study of HIV-
infected and age, race/ethnicity, sex, and site-matched unin-
fected veterans in care from 8 US Department of Veterans
Affairs (VA) medical centers across the United States. In 2005–
2006, the VACS collected and banked blood and DNA speci-
mens on enrolled subjects from these sites. A total of 1525
HIV-infected and 843 uninfected VACS participants consented

to provide blood specimens for future studies. These specimens
were collected using serum separator and ethylenediaminetet-
raacetic acid blood collection tubes, and shipped to a central
repository at the Massachusetts Veterans Epidemiology Re-
search and Information Center in Boston, Massachusetts.

Independent Variable
HIV status was our primary independent variable. To under-
stand the effects of poor viral suppression and immune
depletion, we stratified HIV by viral RNA (uninfected; HIV-
infected with RNA <500 or ≥500 copies/mL) and by CD4
lymphocyte count (uninfected; HIV-infected with CD4 count
<200, 200–499, or ≥500 cells/µL). We further stratified these
variables by antiretroviral therapy (ART) to understand the
impact of ART among those with poor viral suppression or
immune depletion. Current ART status was defined as taking
ART within 90 days before or up to 7 days after blood speci-
men collection.

Dependent Variables
Biomarkers of inflammation (interleukin 6 [IL-6]), altered co-
agulation (D-dimer), and monocyte activation (soluble CD14
[sCD14]) were our dependent variables (Laboratory for Clini-
cal Biochemistry Research, University of Vermont). IL-6 was
measured using a chemiluminescent immunoassay (QuantiGlo
IL-6 immunoassay, R&D Systems, Minneapolis, MN). Calibra-
tion was performed by the manufacturer and is traceable to
National Institute for Biological Standards and Control 89/548
(IU/mL). Four levels of controls were run per sample, with the
interassay coefficients of variability (CVs) ranging from 7.68%
to 12.29%. D-dimer was measured using the STAR automated
coagulation analyzer (Diagnostica Stago), using an immuno-
turbidometric assay (Liatest D-DI; Diagnostica Stago, Parsip-
pany, NJ). Four controls, with interassay CVs ranging from
2.77% to 14.78%, were used. The lab measured sCD14 with
an enzyme-linked immunosorbent assay (Quantikine sCD14
Immunoassay, R&D Systems) with a detectable range of
40–3200 ng/mL, using a standard 200-fold sample dilution.
Again, 4 controls were used, with interassay CVs ranging from
7.19% to 8.11%.

Covariates
Sociodemographic data included age, sex, and race/ethnicity.
We defined prevalent CVD as any of the following occurring
prior to the date of blood specimen collection: (1) a myocardi-
al infarction as defined by the VA Ischemic Heart Disease
Quality Enhancement Research Initiative (IHD-QUERI) [16];
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(2) International Classification of Disease (ICD-9) or Current
Procedural Terminology (CPT) codes for unstable angina (not
acute myocardial infarction), congestive heart failure, coronary
artery bypass graft, percutaneous coronary intervention, and
ischemic stroke.

Blood pressure was averaged over the 3 routine outpatient
blood pressure measurements performed closest to the date of
blood specimen collection. Hypertension was categorized on
the basis of Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pressure
thresholds as no hypertension (blood pressure <120/80 mm
Hg and no documentation of antihypertensive medication),
prehypertension (120–139/80–89 mm Hg and no antihyper-
tensive medication), controlled hypertension (<140/90 mm Hg
and documentation of antihypertensive medication), or uncon-
trolled hypertension (blood pressure ≥140/90 mm Hg) [17].

Diabetes was diagnosed using glucose measurements, use of
insulin or oral hypoglycemic agents, and/or ≥1 inpatient and/
or 2 outpatient ICD-9 codes [18]. Body mass index (BMI) and
current, past, and never smoking were determined from the
VA Health Factors data set [19].

Cholesterol-lowering medication use was assessed using
patient pharmacy data. Cholesterol measurements (ie, high-
density lipoprotein [HDL], low-density lipoprotein [LDL],
and serum triglycerides) were obtained from the VA Decision
Support System (DSS). HDL was categorized as high,
medium, or low (≥60, 40–59, <40 mg/dL, respectively); LDL
as optimal, near optimal, borderline high, or high/very high
(<100, 100–129, 130–159, ≥160 mg/dL, respectively); and
serum triglycerides as normal, borderline high, or high/very
high (<150, 150–199, ≥200 mg/dL, respectively) per National
Cholesterol Education Program Adult Treatment Panel III
criteria [20].

Cocaine and alcohol use were determined by self-report.
We categorized alcohol use with data from the Alcohol Use
Disorders Identification Test (AUDIT-C) and alcohol abuse
and dependence diagnoses using ICD-9 codes on the basis of
prior work in VACS [21]: (1) current infrequent/moderate
drinking without alcohol abuse/dependence diagnosis, (2)
current infrequent/moderate drinking with abuse/dependence
diagnosis, (3) current hazardous drinking with or without
abuse/dependence diagnosis, and (4) past drinking. Hepatitis
C virus (HCV) infection was defined as a positive HCV anti-
body test or at least 1 inpatient and/or 2 outpatient ICD-9
codes [22]. Renal disease was defined as an estimated glomer-
ular filtration rate (eGFR) of <60 mL/min/1.73m2 per National
Kidney Foundation Kidney Disease Outcomes Quality Initia-
tive thresholds for chronic kidney disease [23].

We collected data on HIV-1 RNA, CD4 lymphocyte count,
and current antiretroviral therapy (ART). We used CD4 lym-
phocyte counts and HIV-1 RNA measurements obtained as

part of clinical care at the closest time point within 180 days
before or after the date of the blood specimen collection.

Statistical Analysis
Variables that were normally distributed, continuous but not
normally distributed, or categorical were compared by HIV
status using t tests, Wilcoxon rank sum tests, or χ2 tests,
respectively. Mean age and race/ethnicity-adjusted biomarker
levels were compared by linear regression after transforming
biomarker variables to approximate normality.

We used multivariable logistic regression to estimate the as-
sociation between HIV infection and prevalence of elevated
(ie, >75th percentile) IL-6, D-dimer, and sCD14. For each bio-
marker, we assessed the association between the biomarker
and (1) HIV status, (2) HIV stratified by RNA, (3) HIV strati-
fied by CD4 lymphocyte count, and (4) HIV stratified by CD4
lymphocyte count or RNA and ART. Uninfected veterans
were the reference group for all HIV comparisons. All regres-
sion models were adjusted for (1) age, race/ethnicity; and (2)
age, race/ethnicity, prevalent CVD, hypertension, diabetes,
smoking, BMI, cholesterol lowering medication use, HDL,
LDL, triglycerides, cocaine use in the past year, alcohol use,
HCV infection, and renal disease. We analyzed 2-way interac-
tions between HIV and each covariate, and included signifi-
cant interactions (P < .05) in the final regression models.

We also performed secondary analyses excluding comorbid
conditions associated with our outcomes to better understand
the independent effect of HIV infection on prevalence of
elevated IL-6, D-dimer, and sCD14. Specifically, we excluded
veterans with confounding comorbid behaviors (current haz-
ardous drinking or smoking) or diseases (CVD, uncontrolled
hypertension, diabetes, BMI ≥30 kg/m2, BMI <18 kg/m2,
HCV, renal disease).

To address missing covariate data, we used multiple imputa-
tion to generate 10 complete data sets to increase the robustness
of estimated associations. Multiple imputation was performed
using the ICE command [24] (Stata v11.0; StataCorp).

RESULTS

We collected 2345 IL-6 measurements, 2352 D-dimer mea-
surements, and 2357 sCD14 measurements. Compared to un-
infected veterans, HIV-infected veterans were slightly younger
(51.8 vs 53.5 years; P < .01), more likely to be male (97.3% vs
90.4%), and had less prevalent CVD (6.3% vs 12.8%), uncon-
trolled hypertension (24.3% vs 28.7%), diabetes (19.5% vs
31.8%), BMI ≥30 kg/m2 (14.2% vs 42.9%), cholesterol-lowering
medication use (26.9% vs 40.1%), current hazardous drinking
(24.7% vs 27.2%), and renal disease (8.1% vs 10.2%) (P < .05
for all; Table 1).
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Table 1. Baseline Characteristics of Study Population

Characteristics HIV Infected (N = 1525) HIV Uninfected (N = 843) P Value

Demographics (%)

Age, years (mean ± SD) 51.8 ± 8.2 53.5 ± 9.3 <.01
Male 97.3 90.4 <.01

Race

White 19.0 20.9
Black 69.0 67.3 .69

Hispanic 8.3 7.8

Other 3.8 4.0
CVD risk factors (%)

Prevalent CVD 6.3 12.8 <.01

Hypertension <.01
No hypertension 17.8 9.9

Prehypertension 25.2 18.9

Controlled hypertension 32.5 42.6
Uncontrolled hypertension 24.3 28.7

Diabetes 19.5 31.8 <.01

Smokinga <.01
Current 50.6 47.3

Past 28.3 29.1

Never 8.9 22.1
BMI, kg/m2a <.01

<18 2.0 0.6

18–24.9 45.3 22.1
25–29.9 36.5 33.1

≥30 14.2 42.9

Cholesterol-lowering agent use 26.9 40.1 <.01
HDL cholesterol, mg/dLa <.01

High (≥60) 11.2 10.6

Medium (40–59) 40.7 51.4
Low (<40) 44.8 33.6

LDL cholesterol, mg/dLa <.01

Optimal (<100) 33.3 31.6
Near optimal (100–129) 18.8 18.3

Borderline high (130–159) 8.8 8.8

High/very high (≥160) 10.4 5.2
Triglycerides, mg/dLa <.01

Normal (<150) 42.3 44.5

Borderline high (150–199) 13.2 9.1
High/very high (≥200) 22.7 12.0

Other risk factors (%)

Cocaine in past year (%) 20.3 17.6 .03
Hazardous drinking(%)a .04

Current infrequent/moderate drinking 24.4 19.2

Abuse/dependence; no current hazardous drinking 8.3 9.3
Current hazardous drinking 24.7 27.2

Past drinking 9.9 9.0

HCV (%) 45.1 30.8 <.01
eGFR<60 (%) 8.1 10.2 .03
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HIV-infected veterans had more prevalent current smoking
(50.6% vs 47.3%), low HDL (44.8% vs 33.6%), high/very high
LDL (10.4% vs 5.2%), high/very high triglycerides (22.7% vs
12.0%), cocaine use in the past year (20.3% vs 17.6%), and
HCV infection (45.1% vs 30.8%) (P < .05 for all; Table 1).

Differences in median biomarker levels between infected
and uninfected veterans were most apparent when HIV was
stratified by HIV-1 RNA or CD4 lymphocyte count
(Figure 1). Median IL-6 was greater in HIV-infected compared
to uninfected veterans (2.08 vs 1.79 pg/mL; P < .01), whereas
the reverse was true for median D-dimer (0.26 vs 0.30 μg/mL;
P < .01). There was no difference between the 2 groups for
median sCD14 (1.72 vs 1.73 μg/mL; P = .95) (Table 1).

In age- and race/ethnicity-adjusted logistic regression
models, HIV status was not associated with a higher preva-
lence of elevated IL-6 (OR, 1.18; 95% CI, .96–1.44), D-dimer
(0.91; 0.74–1.11), or sCD14 (1.16; 0.95–1.42). After full covar-
iate adjustment, the ORs (95% CI) for the association with
IL-6, D-dimer, and sCD14 were 0.81 (.55–1.19), 0.95 (.75–1.20),
and 0.79 (.62–1.02), respectively (Table 2).

However, compared to uninfected veterans, HIV-infected vet-
erans with HIV-1 RNA ≥500 copies/mL or CD4 count <200
cells/µL had a significantly higher prevalence of elevated IL-6
(OR, 1.54; 95% CI, 1.14–2.09; and OR, 2.25; 95% CI, 1.60–3.16,
respectively) and D-dimer (OR, 1.97; 95% CI, 1.44–2.71; and
OR, 1.68; 95% CI, 1.22–2.32, respectively) after adjusting for
confounders. HIV-infected veterans with a CD4 cell count <200
cells/µL had significantly higher prevalence of elevated sCD14
compared to uninfected veterans (OR, 2.60; 95% CI, 1.64–4.14).

In the adjusted HIV status model, the covariates age ≥60
years, current smoking, low HDL, and current hazardous or
past drinking were also associated with higher prevalence of
elevated IL-6 (P < .05 for all; Table 2). Age ≥70 years, black
race/ethnicity, prevalent CVD, uncontrolled hypertension,
low HDL, and renal disease were significantly associated with
D-dimer (P < .05 for all; Table 2). High/very high triglycerides,
HCV infection, and renal disease were significantly associated
with sCD14 (P < .05 for all; Table 2). These covariate associa-
tions were of comparable (or greater) magnitude to associa-
tions for the HIV variables. The magnitudes of the covariate

Table 1 continued.

Characteristics HIV Infected (N = 1525) HIV Uninfected (N = 843) P Value

Laboratory analysis

CD4+ T-lymphocyte count, cells/µLa

Median (mean ± SD) 392 (432.0 ± 278.1) –

≥500 (%) 33.4 –

200–499 (% ) 43.8 –

<200 (%) 20.4 –

HIV RNA, copies/mLa

Median (mean ± SD) 75 (20 633 ± 73 540) –

<500 (%) 65.3 –

≥500 (%) 33.0 –

Class of antiretroviral therapy (%)
Protease inhibitors 45.7 –

Nonnucleoside reverse transcriptase inhibitors 34.7 –

Nucleoside analog reverse transcriptase inhibitors 76.7 –

Biomarkers of inflammation, altered coagulation, monocyte activation

IL-6, pg/mL median (mean ± SD)a 2.08 (3.36 ± 7.47) 1.79 (3.70 ± 14.82) <.01

>75th percentile IL-6 (%) 25.8 22.9 <.01
D-dimer, μg/mL median (mean ± SD)a 0.26 (0.50 ± 1.08) 0.30 (0.54 ± 0.93) <.01

>75th percentile D-dimer (%) 23.7 26.0 <.01

sCD14, μg/mL median (mean ± SD)a 1.72 (1.82 ± 0.55) 1.73 (1.81 ± 0.49) .95
>75th percentile sCD14 (%) 25.8 23.3 <.01

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; HDL, high-density
lipoprotein; HIV, human immunodeficiency virus; HIV-1, human immunodeficiency virus type-1; LDL, low-density lipoprotein; SD, standard deviation.
a For smoking (N = 1340 HIV infected, 830 HIV uninfected); BMI (N = 1493 HIV infected, 832 HIV uninfected); HDL cholesterol (N = 1173 HIV infected, 590 HIV
uninfected); LDL cholesterol (N = 1086 HIV infected, 538 HIV uninfected); triglycerides (N = 1191 HIV infected, 553 HIV uninfected); cocaine (N = 1468 HIV
infected, 795 HIV uninfected); hazardous drinker (N = 1017 HIV infected; 536 HIV uninfected); EGFR (N = 1525 HIV infected, 841 HIV uninfected); CD4+

lymphocyte count (N = 1488); HIV-1 RNA (N = 1499); IL-6 (N = 1521 HIV infected, 824 HIV uninfected); D-dimer (N = 1523 HIV infected, N = 829 HIV uninfected);
sCD14 (N = 1525 HIV infected; N = 832 HIV uninfected).
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associations were similar in the models stratified by HIV-1
RNA or CD4 lymphocyte count.

HIV status had significant interactions with black race and
renal disease (P < .05 for both; Table 2). HIV-1 RNA had sig-
nificant interactions with renal disease, diabetes, and HCV in-
fection (P < .05 for all; Table 3). CD4 lymphocyte count had
significant interactions with renal disease, current hazardous
drinking, and HCV infection (P < .05 for all; Table 3).

When we stratified HIV-1 RNA and CD4 lymphocyte counts
by current ART status, only modest differences in the preva-
lence of elevated IL-6 and D-dimer between those on ART and
not on ART were observed (Table 4).

To assess the impact of HIV on elevated biomarker inde-
pendent of confounding comorbidities, we excluded veterans
with prevalent comorbid behaviors or diseases (Table 5) that
were associated with elevated biomarkers. Among these
subsets of “healthier” veterans, the magnitude of the associa-
tion between HIV infection and prevalence of elevated bio-
markers persisted, and in some cases, was increased.

DISCUSSION

Compared to uninfected veterans, infected veterans with HIV-
1 RNA ≥500 copies/mL had a higher prevalence of elevated
IL-6 and D-dimer. HIV-infected veterans with CD4 lympho-
cyte counts <200 cells/µL had a higher prevalence of elevated
IL-6, D-dimer, and sCD14 compared to uninfected veterans.
Importantly, the increased prevalence of these elevated bio-
markers among HIV-infected veterans occurred despite the
fact that the uninfected veterans had similar or higher preva-
lence of comorbid conditions that were also strongly and sig-
nificantly associated with prevalence of elevated biomarkers.

Our data confirm that comorbid conditions like CVD and
renal disease are important contributors to the prevalence of
elevated biomarkers. However, excluding veterans with con-
founding comorbid behaviors or diseases did not diminish the
associations between HIV and increased prevalence of elevated
biomarkers. The magnitude of some associations actually in-
creased among veterans with high viremia or immune deple-
tion. Together, these findings point to the importance of
addressing both HIV- and non–HIV-related morbidity in clin-
ical practice to potentially minimize elevations in these bio-
markers that are associated with mortality and cardiovascular
disease.

Our findings are consistent with prior studies demonstrat-
ing a significant association between HIV infection and elevat-
ed IL-6 and D-dimer. Neuhaus et al [12] showed that IL-6 and
D-dimer levels were 152% and 94%, respectively—higher
among HIV-infected individuals in the Strategies for Manage-
ment of Antiretroviral Therapy (SMART) study compared to
levels in uninfected individuals of similar age in the Multi
Ethnic Study of Atherosclerosis (MESA) (P < 0.001 for both).
Our study of veterans found age and race/ethnicity adjusted
IL-6 and D-dimer levels were 18% higher and lower, respec-
tively, in infected veterans. The smaller difference in these bio-
markers in the VACS may be explained by the fact that our
uninfected veterans came from the same healthcare clinics as
our HIV-infected veterans and thus had a more comparable
burden of comorbid disease. For example, smoking and dysli-
pidemia were less prevalent among uninfected veterans but
they also had a higher burden of CVD, obesity and diabetes.
In contrast, Neuhaus et al [12] reported that uninfected partic-
ipants in MESA had a lower prevalence of CVD, diabetes, and

Figure 1. Distribution of age- and race/ethnicity-adjusted interleukin
6 (IL-6), D-dimer, and soluble CD14 (sCD14) levels by human immunodefi-
ciency virus (HIV) status, HIV-1 RNA level, and CD4 lymphocyte count.
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Table 2. The Association Between HIV Infection and Elevated (>75th Percentile) Biomarkers of Inflammation (IL-6), Altered Coagula-
tion (D-dimer), and Monocyte Activation (sCD14)

IL-6 D-dimer sCD14

Characteristics OR 95% CI OR 95% CI OR 95% CI

HIV uninfected 1.00 – 1.00 – 1.00 –

HIV infected 0.81 (.55–1.19) 0.95 (.75–1.20) 0.79 (.62–1.02)

Age <40, years 1.00 – 1.00 – 1.00 –

40–49 0.93 (.57–1.52) 0.86 (.53–1.40) 1.10 (.67–1.82)
50–59 1.36 (.84–2.22) 1.28 (.79–2.07) 1.24 (.75–2.04)

60–69 1.80 (1.05–3.08) 1.51 (.88–2.57) 1.26 (.72–2.20)

≥70 2.15 (1.07–4.31) 2.23 (1.15–4.32) 1.30 (.64–2.65)
White race 1.00 – 1.00 – 1.00 –

Blacka 0.59 (.40–.88) 1.63 (1.22–2.18) 0.85 (.65–1.11)

Hispanic 1.22 (.81–1.82) 1.29 (.83–2.01) 0.98 (.65–1.46)
Other 0.73 (.42–1.28) 1.21 (.68–2.14) 0.76 (.44–1.31)

Prevalent CVD 1.39 (.98–1.98) 1.89 (1.35–2.65) 1.17 (.82–1.66)

Normal BP, mm Hg 1.00 – 1.00 – 1.00 –

Prehypertension 0.68 (.48–.96) 0.86 (.60–1.22) 0.88 (.63–1.23)

Controlled hypertension 1.01 (.73–1.40) 1.14 (.82–1.58) 1.19 (.86–1.64)

Uncontrolled hypertension 1.21 (.87–1.68) 1.44 (1.02–2.02) 0.91 (.64–1.28)
Diabetes 1.19 (.93–1.54) 0.99 (.77–1.28) 1.26 (.98–1.62)

Never smoker 1.00 – 1.00 – 1.00 –

Current 1.67 (1.17–2.37) 1.28 (0.92–1.79) 1.23 (.88–1.73)
Past 1.06 (.74–1.53) 1.19 (.83–1.72) 1.15 (.81–1.63)

BMI 18–25, kg/m2 1.00 – 1.00 – 1.00 –

<18 1.23 (.58–2.60) 1.72 (.83–3.58) 0.78 (.35–1.73)
25–29 0.85 (.67–1.09) 0.72 (.57–.93) 0.55 (.43–.70)

>30 1.33 (1.00–1.78) 0.98 (.74–1.31) 0.43 (.32–.59)

Cholesterol-lowering medication 0.64 (.50–.83) 0.89 (.69–1.14) 1.10 (.86–1.41)
High HDL (>60), mg/dL 1.00 – 1.00 – 1.00 –

Medium (40–59) 1.39 (.98–1.98) 1.01 (.72–1.41) 1.14 (.78–1.65)

Low (<40) 1.69 (1.16–2.48) 1.79 (1.25–2.56) 1.28 (.88–1.87)
Optimal LDL(<100), mg/dL 1.00 – 1.00 – 1.00 –

Near optimal (100–129) 0.88 (.66–1.18) 0.77 (.58–1.02) 0.91 (.69–1.18)

Borderline high (130–159) 0.84 (.57–1.26) 1.23 (.84–1.80) 0.86 (.58–1.27)
High or very high (≥160) 0.82 (.57–1.19) 0.94 (.65–1.36) 0.81 (.59–1.11)

Normal triglyceride (<150), mg/dL 1.00 – 1.00 – 1.00 –

Borderline high (150–199) 1.05 (.76–1.44) 0.79 (.56–1.11) 1.36 (1.00–1.84)
High or very high (≥200) 0.90 (.68–1.20) 0.74 (.55–.99) 1.60 (1.19–2.14)

Cocaine use in last year 1.25 (.94–1.65) 1.25 (.94–1.65) 0.93 (.70–1.23)

Infrequent/moderate drinking 1.00 – 1.00 – 1.00 –

Abuse/dependence; no current hazardous drinking 1.24 (.81–1.91) 0.94 (.61–1.43) 1.20 (.79–1.83)

Current hazardous drinking 1.67 (1.22–2.29) 1.21 (.88–1.67) 1.30 (.95–1.77)

Past drinking 1.94 (1.45–2.58) 1.25 (.95–1.65) 1.19 (.90–1.57)
HCVa 1.05 (.84–1.32) 0.89 (.71–1.13) 1.51 (1.20–1.89)

eGFR <60mL/min/1.73m2a 1.06 (.61–1.86) 2.54 (1.84–3.48) 1.86 (1.11–3.11)

IL-6 (N = 2345); D-dimer (N = 2352); sCD14 (N = 2357).

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus
infection; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; LDL, low-density lipoprotein; OR, odds ratio.
a Significant interactions with HIV infection: IL-6 (black race and eGFR<60mL/min/1.73m2); D-dimer (none); sCD14 (eGFR<60mL/min/1.73m2).
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smoking compared to HIV-infected participants in the
SMART study. Selecting population-based controls or partici-
pants from established cohort studies could result in a relative-
ly “healthier” uninfected referent group. Because comorbidities
like CVD risk factors are associated with elevated biomarkers
of inflammation [25–27], altered coagulation [28–30], and/or
monocyte activation [31, 32], the effects of HIV on these bio-
markers in HIV-infected veterans may have partially been ba-
lanced by the effects of these comorbidities among uninfected
veterans in the VACS.

Our results are also consistent with findings by Kuller et al
[6], demonstrating that higher levels of IL-6 and D-dimer oc-
curred in participants randomized to the SMART study drug
conservation arm (intermittent ART), compared to those in
the viral suppression arm (ongoing ART). In our study,

unsuppressed HIV-1 RNA and low CD4 lymphocyte counts
were each associated with a significantly higher prevalence of
elevated IL-6 and D-dimer. It should be noted that our refer-
ence group (uninfected individuals) was different from the ref-
erence group in SMART (virally suppressed HIV-infected
individuals).

Prior studies in HIV-infected and uninfected people report-
ed higher biomarkers of monocyte activation among those
infected with HIV [14, 33, 34]. Our results suggest that this
phenomenon is specific to those with low CD4 lymphocyte
counts as there was no difference in the prevalence of elevated
sCD14 by HIV status unless the CD4 lymphocyte count was
<200 cells/µL. Although sCD14 is a biomarker of monocyte
activation rather than a specific biomarker for microbial trans-
location, this finding among immune-depleted veterans is

Table 3. Association Between HIV Infection Stratified by (a) HIV-1 RNA, and (b) CD4 Lymphocyte Count and Elevated (>75th Percentile)
Biomarkers of Inflammation (IL-6), Altered Coagulation (D-dimer), and Monocyte Activation (sCD14)

IL-6 D-dimer sCD14

Model OR 95% CI OR 95% CI OR 95% CI

(a)
(i) Age- and race/ethnicity-adjusted model

HIV uninfected 1.00 – 1.00 – 1.00 –

HIV infected; RNA< 500 0.97 (.77–1.21) 0.64 (.51–0.81) 1.09 (.88–1.35)
HIV infected; RNA≥ 500 1.69 (1.31–2.18) 1.61 (1.26–2.06) 1.40 (1.08–1.81)

(ii) Fully adjusted model

HIV uninfected 1.00 – 1.00 – 1.00 –

HIV infected; RNA< 500 1.04 (.79–1.36) 0.71 (.53–.97) 0.89 (.63–1.26)

HIV infected; RNA≥ 500 1.54 (1.14–2.09) 1.97 (1.44–2.71) 1.48 (1.00–2.20)

(b)
(i) Age- and race/ethnicity-adjusted model

HIV uninfected 1.00 – 1.00 – 1.00 –

HIV infected; CD4+ count≥ 500 0.57 (.42–.76) 0.56 (.42–.74) 0.76 (.58–1.01)
HIV infected; CD4+ count 200–499 1.31 (1.04–1.66) 0.89 (.70–1.14) 1.06 (.83–1.35)

HIV infected; CD4+ count <200 2.30 (1.73–3.06) 1.76 (1.33–2.34) 2.51 (1.89–3.32)

(ii) Fully adjusted model
HIV uninfected 1.00 – 1.00 – 1.00 –

HIV infected; CD4+ count≥500 0.58 (.41–.82) .61 (.45–.84) 1.04 (.67–1.60)

HIV infected; CD4+ count 200–499 1.41 (1.06–1.88) .97 (.74–1.27) 1.25 (.83–1.87)
HIV infected; CD4+ count <200 2.25 (1.60–3.16) 1.68 (1.22–2.32) 2.60 (1.64–4.14)

Reference for all comparisons is HIV uninfected. HIV-1 RNA (copies/mL), CD4 count (cells/µL).

Models are adjusted for (i) age and race/ethnicity, and (ii) all covariates.

a) IL-6 (N = 2319); D-dimer (N = 2326); sCD14 (N = 2331).

Significant interactions in fully adjusted model (ii): IL-6 (HIV-1 RNA < or ≥500 and eGFR<60 mL/min/1.73 m2; P < .05), D-dimer (HIV-1 RNA≥500 and diabetes;
P < .05), sCD14 (HIV-1 RNA < or ≥500 and HCV, HIV-1 RNA <500 and eGFR <60mL/min/1.73m2; P≤ .05 for all).

b) IL-6 (N = 2308); D-dimer (N = 2315); sCD14 (N = 2320).

Significant interactions in fully adjusted model ii: IL-6 (CD4 ≥ 200 and eGFR < 60 mL/min/1.73 m2; P≤ .05), sCD14 (CD4≥200 and current hazardous drinking, any
CD4 count and HCV; P < .05 for all).

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IL-6, interleukin 6;
OR, odds ratio; sCD14, soluble CD14.
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consistent with prior work, demonstrating that microbial
translocation is associated with chronic HIV infection and
substantial CD4 cell depletion in the gastrointestinal tract
[35–37]. Differences between our study and prior reports may
partially be explained by their smaller sample sizes, restricted
generalizability, and the greater comorbid disease burden
among their infected versus uninfected participants. Our lack
of a significant difference in sCD14 between infected veterans
with a CD4 count ≥200 cells/µL and uninfected veterans may
partially be explained by the relatively balanced number of
risk factors for microbial translocation between the 2 groups—
infected veterans had a higher prevalence of HCV infection,
whereas uninfected veterans had a higher prevalence of
obesity and diabetes, with current hazardous drinking being
fairly similar between the 2 groups (Table 1).

Strengths of our study include a large cohort, providing ex-
cellent power to detect clinically important differences
between HIV-infected and uninfected participants. The cohort
also contains important subgroups—particularly blacks and
people with HCV infection and/or substance use disorders.
Our uninfected veterans have a comparable burden of comor-
bid conditions to infected veterans. We know this because we
have detailed data on important comorbidities such as preva-
lent CVD, diabetes, blood pressure values, lipid levels,
smoking data, and pharmacy refill data on ART.

There are limitations that warrant discussion. First, the
cross-sectional study design does not allow us to determine

cause and effect. Second, the time window between ART as-
certainment and blood specimen collection may have resulted
in some misclassification by ART status. Third, it is likely that
each biomarker is neither unique to, nor does it completely
describe, the complex biologic process of inflammation, altered
coagulation, or monocyte activation. The inclusion of lipo-
polysaccharide and 16S recombinant DNA in combination
with sCD14 may provide more accurate insights into the mi-
crobial translocation process. Fourth, this study also lacked
biomarkers of immune activation (eg, tumor necrosis factor
α, interleukin 1β, interleukin 10). Such biomarkers would be
valuable for providing insights into the immune response to
the inflammatory processes studied. Finally, as our cohort is
overwhelmingly male, our results may not be generalizable to
women.

In conclusion, HIV-infected veterans with unsuppressed
HIV viremia or a low CD4 lymphocyte count had a signifi-
cantly higher prevalence of elevated IL-6 and D-dimer as com-
pared to uninfected veterans. This was true despite the fact
that uninfected veterans had a similar or higher burden of co-
morbid diseases that were associated with elevations in these
biomarkers. Increased monocyte activation as measured by
sCD14 only differed by HIV status when infected veterans
had CD4 counts <200 cell/µL. These data suggest that both
ongoing HIV replication and immune depletion and comor-
bid conditions like CVD and renal disease, contribute to ele-
vated biomarkers associated with inflammation, altered

Table 4. Association Between HIV Infection and Elevated (>75%) Biomarkers of Inflammation (IL-6), Altered Coagulation (D-dimer), and
Monocyte Activation (sCD14)

IL-6 D-dimer sCD14

OR 95% CI OR 95% CI OR 95% CI

(a)
HIV uninfected 1.00 – 1.00 – 1.00 –

HIV-1 RNA <500; ART– 0.82 (.47–1.42) 0.58 (.33–1.03) 0.57 (.33–.99)

HIV-1 RNA <500; ART+ 1.19 (.92–1.55) 0.71 (.54–0.92) 0.87 (.67–1.12)
HIV-1 RNA ≥500; ART– 1.40 (.97–2.02) 1.54 (1.08–2.19) 0.62 (.42–.93)

HIV-1 RNA ≥500; ART+ 2.04 (1.45–2.88) 1.62 (1.15–2.27) 1.54 (1.10–2.15)

(b)
HIV uninfected 1.00 – 1.00 – 1.00 –

CD4≥200; ART– 0.95 (.66–1.38) 1.03 (.73–1.47) 0.37 (.24–.57)

CD4≥200; ART+ 1.16 (.89–1.50) 0.73 (.56–.95) 0.82 (.63–1.06)
CD4<200; ART– 2.73 (1.60–4.65) 1.85 (1.08–3.18) 1.96 (1.14–3.36)

CD4<200; ART+ 2.31 (1.62–3.27) 1.60 (1.12–2.26) 1.82 (1.29–2.56)

Stratified by (a) HIV-1 RNA (copies/mL) and (b) CD4 lymphocyte count (cells/µL) and use of antiretroviral therapy (ART) and adjusted for all covariates.

a) IL-6 (N = 2319); D-dimer (N = 2326); sCD14 (N = 2331).

b) IL-6 (N = 2308); D-dimer (N = 2315); sCD14 (N = 2320).

Abbreviations: ART, antiretroviral therapy; CI, confidence interval; HIV-1, human immunodeficiency virus-1; OR, odds ratio.
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coagulation, and monocyte activation. Focusing on viremia
reduction, CD4 cell restoration, and treatment of non–
HIV-related comorbidity may be an important strategy to
reduce mortality and CVD risk.
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Stratified by (a) HIV Status, (b) HIV-1 RNA, and (c) CD4 Count and Adjusted for All Covariates

Adjusted OR (95% CI)

Reference Model 1 Model 2 Model 3

Biomarkers
Comorbidities

Omitted HIV Uninfected HIV Infected
HIV-1 RNA

<500
HIV-1 RNA

≥500
CD4 Count

≥500
CD4 Count
200–499

CD4 Count
<200

IL-6
None 1.00 0.81 1.04 1.54 0.58 1.41 2.25

– (0.55–1.19) (0.79–1.36) (1.14–2.09) (0.41–0.82) (1.06–1.88) (1.60–3.16)

Behaviors 1.00 1.39 1.24 1.84 0.73 1.61 2.82
– (0.91–2.12) (0.79–1.94) (1.03–3.27) (0.41–1.28) (0.98–2.64) (1.53–5.19)

Diseases 1.00 1.36 0.92 2.37 0.64 1.26 3.95

– (0.77–2.39) (0.49–1.73) (1.23–4.57) (0.29–1.41) (0.65–2.44) (1.91–8.2)
D-dimer

None 1.00 0.95 0.71 1.97 0.61 0.97 1.68

– (0.75–1.20) (0.53–0.97) (1.44–2.71) (0.45–0.84) (0.74–1.27) (1.22–2.32)
Behaviors 1.00 0.71 0.56 1.27 0.49 0.75 1.21

– (0.48–1.05) (0.36–0.85) (0.75–2.17) (0.29–0.82) (0.47–1.22) (0.66–2.25)

Diseases 1.00 1.33 0.67 3.04 0.60 1.14 3.67
– (0.76–2.32) (0.35–1.26) (1.61–5.74) (0.28–1.30) (0.60–2.18) (1.82–7.38)

sCD14

None 1.00 0.79 0.89 1.48 1.04 1.25 2.60
– (0.62–1.02) (0.63–1.26) (1.00–2.20) (0.67–1.60) (0.83–1.87) (1.64–4.14)

Behaviors 1.00 1.39 1.23 2.08 1.17 1.28 2.43

– (0.91–2.14) (0.79–1.92) (1.17–3.72) (0.7–1.94) (0.78–2.12) (1.32–4.49)
Diseases 1.00 0.92 0.72 1.51 0.76 0.67 2.36

– (0.56–1.52) (0.42–1.24) (0.83–2.75) (0.41–1.42) (0.36–1.22) (1.21–4.58)

Reference for all models is HIV uninfected.

Independent variables: Model 1 (HIV status); Model 2 (HIV status stratified by HIV-1 RNA [copies/mL]); Model 3 (HIV status stratified by CD4 lymphocyte count
[cells/µL]).

Covariates: All models were adjusted for the following covariates excluding the comorbidities omitted: age, race/ethnicity, prevalent CVD, hypertension,
diabetes, smoking, BMI, cholesterol lowering medication use, HDL, LDL, triglycerides, cocaine use in the past year, hazardous drinking, HCV, and renal disease.

Comorbid behaviors omitted: current smoking, current hazardous alcohol drinking. Regression sample size ranges from 891 to 908 due to covariate variation
between imputed datasets and missingness of outcomes and independent variables.

Comorbid diseases omitted: CVD, uncontrolled hypertension, diabetes, BMI≥30 kg/m2, BMI <18 kg/m2, HCV, renal disease. Regression sample size ranges from
574 to 587 due to covariate variation between imputed datasets and missingness of outcomes and independent variables.

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HCV, hepatitis C virus;
HDL, high-density lipoprotein; HIV-1, human immunodeficiency virus type-1; LDL, low-density lipoprotein; OR, odds ratio.
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