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Abstract

Objective—Inflammation is a potential mechanism to explain the accelerated atherosclerosis
observed in HIV- and hepatitis C virus (HCV)-infected persons. We evaluated C-reactive protein
(CRP) in HIV-infected and HIVV/HCV-coinfected individuals in the era of effective antiretroviral
(ARV) therapy.

Design—Cross-sectional study of Fat Redistribution and Metabolic Change in HIV Infection
(FRAM) cohort and controls from the Coronary Artery Risk Development in Young Adults
(CARDIA) study.

Methods—CRP levels were measured in 1135 HIV-infected participants from the FRAM cohort
and 281 controls from the CARDIA study. The associations of HIV and HIV/HCV infection with
CRP levels were estimated by multivariable linear regression.

Results—Compared with controls, HIV monoinfection was associated with an 88% higher CRP
level in men (P < 0.0001) but with no difference in women (5%; P = 0.80) in multivariate analysis.
CRP levels were not associated with ARV therapy, HIV RNA level, or CD4 cell count. Compared
with controls, HIV/HCV coinfection was associated with a 41% lower CRP level in women (P =
0.012) but with no difference in men (+4%; P = 0.90). Among HIV-infected participants, HCV
coinfection was associated with 50% lower CRP levels after multivariable analysis (P < 0.0001) in
men and women. Greater visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) were
strongly associated with CRP levels. Among HIV- infected participants, CRP levels were 17% (P <
0.001) and 21% (P = 0.002) higher per doubling of VAT and SAT; among controls, CRP levels were
34% (P < 0.001) and 61% (P = 0.009) higher, respectively.

Correspondence to: Office of the Principal Investigator, The FRAM Study, Carl Grunfeld, MD, PhD, Veterans Affairs Medical Center,
Metabolism Section 111F, 4150 Clement Street, San Francisco, CA 94121 (e-mail: carl.grunfeld@ucsf.edu).
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Conclusions—In the absence of HCV coinfection, HIV infection is associated with higher CRP
levels in men. HCV coinfection is associated with lower CRP levels in men and women.
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Inflammation plays a key role in the pathogenesis of atherosclerosis.! C-reactive protein (CRP)
is currently the most wideﬁ/ used biomarker of inflammation, given its ability to be quantified
in a highly sensitive assay.~ 3 Elevated levels of CRP have been associated with cardiovascular
disease (CVD), and the prognostic utility of CRP to predict cardiovascular risk beyond the
Framingham Risk Score has been demonstrated. 4-8

Hi?her rates of CVVD have been associated with HIVand hepatitis C virus (HCV) infections.
=17 Furthermore, a recent analysis suggests that coinfection with HIV and HCV is associated
with a higher adjusted odds ratio for the prevalence of cVD.18 one mechanism for this
association may be inflammation, because chronic infections activate the immune system and
result in a proinflammatory state.19-23 Yet, before the prognostic ability of CRP to predict
CVD can be investigated in cohorts of HIV-infected people, fundamental questions remain
about the relation between CRP levels and HIV infection. Although some of the factors
associated with CRP in the absence of HIV infection are well known, such as obe5|ty, few
studies have investigated the relation between HIV and CRP levels in the era of effective
antiretroviral (ARV) therapy. Furthermore, no study to date has directly compared CRP levels
between large multiethnic cohorts with and without HIV infection. Therefore, we evaluated
the association between HIV infection and CRP levels, and we investigated the contributors
to CRP levels among HIV-infected persons in a nationally representative sample of HIV-
infected subjects and in controls.

METHODS

The study of Fat Redistribution and Metabolic Change in HIV Infection (FRAM) is a cross-
sectional study designed to evaluate the prevalence and correlates of changes in fat distribution
and metabolism in a representative sample of HIV-infected part|C|pants and controls in the
United States. The methods have been described in detail preV|oust 5,26 H)V-infected
participants were recruited from 16 HIV or infectious disease clinics or cohorts between June
2000 and September 2002. 27 control participants were recruited from 2 centers from the
Coronary Artery Risk Development in Young Adults (CARDIA) study 9 CARDIA
participants were originally recruited in 1985 to 1986 as a population- based sample of healthy
18- to 30-year-old whlte and African American women and men to study cardiovascular risk
factors Iongltudlnally 9 The FRAM protocol was approved by institutional review boards at
all sites.

Here, we analyze data from 1135 HIV-infected participants and 281 controls in the FRAM
study who had CRP measurements. Of those, 905 HIV-infected participants and 255 controls
had magnetic resonance imaging (MRI) assessment of adipose tissue performed. In analyses
directly comparing the HIV-infected and control populations, 517 HIV-infected participants
between the ages of 33 and 45 years old (to correspond with the age range of the control group)
and those without recent opportunistic infections (Ols) were included. Additionally, 5 control
subjects who were infected with HCV were excluded from analysis.

Measurements

CRP was measured in serum that had been previously frozen and stored at —70°C using the
BNII nephelometer from Dade Behring (Deerfield, IL), which utilizes a particle-enhanced
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immunonephelometric assay. The interassay co-efficient of variation for this study ranges from
3.7% to 4.5%. High CRP was defined as >3 mg/L, based on the Centers for Disease Control
and Prevention (CDC)/American Heart Association (AHA) guidelines;?’0 the effect of
excluding CRP >10 mg/L was also analyzed.

HCV RNA testing was performed on frozen sera using the Bayer Versant 3.0 branched DNA
(bDNA) assay (Leverkusen, Germany) in the entire cohort. CD4 lymphocyte count and percent,
HIV RNA level in HIV-infected participants, and other blood specimens were analyzed in a
single centralized laboratory (Covance, Indianapolis, IN).

Height and weight were measured by standardized protocols, and adipose tissue volume was
measured using MRI as previously described.3! Standardized questionnaires were used to
determine demographic characteristics; medical history; risk factors for HIV; and use of
alcohol, tobacco, and illicit drugs.25'29 Research associates interviewed subjects and reviewed
medical charts regarding ARV medication use. A diagnosis of AIDS was made by history of
Ol or CD4 count <200.

Characteristics of HIV-infected participants and controls were compared and tested for
statistical significance using the Mann-Whitney U test for continuous variables and the Fisher
exact test for categoric variables.

Multivariable linear regression analysis was used to investigate the association of HIV infection
with CRP levels after adjustment for potential confounding factors. To test the validity of
pooling men and women in this analysis, interactions between gender and other factors in the
model were assessed and included in models if they had a P value <0.05. Because we saw
substantial opposing effects of HIV and HCV on CRP levels in men, HIVV-monoinfected and
HIV/HCV-coinfected participants were compared separately with controls. In addition, we
observed significant interactions of HIV and gender on CRP levels; thus, these analyses
comparing HIV and controls were also gender stratified. Because of its skewed distribution,
CRP was log-transformed in all linear regression analyses; results were back-transformed to
produce estimated percentage differences in CRP. Potential confounders in the combined HIV
and control analyses included demographic information (eg, gender, age, ethnicity), MRI
measurements of visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT), level
of physical activity (inactive vs. active), current smoking status, current illicit drug use, less
than adequate food consumption, and alcohol use (weekly vs. nonweekly use). Although 5
adipose tissue sites were screened as candidate predictors (VAT, lower trunk SAT, upper trunk
SAT, arm SAT, and leg SAT), model fit was optimized by including VAT and total SAT.
Adipose measurements were normalized by dividing by height-squared, analogous to body
mass index (BMI), and results were back-transformed to 1.75 m of height.

To determine whether HIV monoinfection and HIV/HCV coinfection were associated with
different CRP levels compared with controls, we performed stepwise linear regression. To
avoid exclusion of observations that had missing data only on unselected candidate variables,
we evaluated possible models individually rather than with an automated stepwise procedure.
Age, race, and gender were forced into the models, and other candidates were included with a
criterion of P < 0.05 for entry and retention. The linearity assumption for each continuous
predictor was tested. Confidence intervals were determined using the bias-corrected
accelerated bootstrap method,32 with the P value defined as that minus the highest confidence
level that still excluded 0. This was necessary because the outcome seemed to be non-Gaussian,
even after log transformation.
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A second set of multivariable regression analyses was performed only among HIV-infected
subjects to determine the factors independently associated with CRP levels in HIV infection.
In addition to the predictors listed previously, these models included HIV RNA level (logyg)
and CD4 cell count (logy) at the time of study visit. Also tested for inclusion in the model were
HCYV status (HCV RNA > 615), recent Ol status, AIDS by CD4 cell count or Ol, HIV duration,
days since last Ol, and HIV risk factors. In multivariable models controlling for these factors,
we evaluated current use of each individual ARV drug and ARV class: nucleoside reverse
transcriptase inhibitor (NRTI), nonnucleoside reverse transcriptase inhibitor (NNRTI),
protease inhibitor (PI), and highly active antiretroviral therapy (HAART), as previously
defined.28 Current use of each ARV, ARV class, and HAARTwas added to the adjusted model
in a forward stepwise manner.

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

Subject Demographics

CRP Levels

The demographic and clinical characteristics of the 1135 HIV-infected participants and 281
controls who had CRP levels measured and the factors that entered into the multivariable
models are shown in Table 1 and are similar to those of the larger cohort. The factors presented
include those previously reported to be associated with CRP and those that were included in
the final models. More HIV-infected men were white, and more HIV-infected women were
African American. Among controls, there were similar numbers of white and African American
subjects by design. HIV-infected men and women were less physically active, less likely to
consume alcohol, and more likely to smoke than controls. Although the rate of current crack
or cocaine use was low in all groups, use was more common in HIV-infected women than in
control women. Compared with control men, HIV-infected men had lower BMI and less SAT
but similar amounts of VAT. Compared with control women, HIV-infected women had similar
BMI and less SAT but greater VAT. HIV-infected women were also more likely to be
postmenopausal.

HIV-infected men and women had similar duration of HIV infection, CD4 cell count, and
proportion with a diagnosis of AIDS or a recent Ol but differed in their prevalence of
undetectable HIVV RNA (Table 2). Within this cohort, 20% of men and 26% of women had
HCYV infection as measured by a detectable HCV RNA level. The prevalence of hepatitis B
surface antigenemia (HBsAg*) was low in both genders but higher in HIV-infected men. Eighty
percent of men and 69% of women were on HAART therapy; specific classes of ARVSs are
shown in Table 2.

by Gender, HIV, and HCV Status

Because we identified a statistically significant HIVV/HCV-by-gender interaction (P = 0.002),
we compared median CRP levels among control, HIVV-monoinfected, and HIV/HCV-
coinfected participants, stratified by gender (Fig. 1). For men and women, HIVV-monoinfected
participants had significantly higher median CRP levels compared with those participants with
HIV/HCV coinfection.

The median CRP level was nearly twice as high in HIVV-monoinfected men compared with
control men (1.67 vs. 0.88; P < 0.0001); CRP levels were somewhat higher in HIV-
monoinfected women compared with control women (2.22 vs. 1.70; P = 0.071). The median
CRP level was lower in HIV/HCV-coinfected women compared with control women (0.92 vs.
1.70; P = 0.012), whereas levels were similar in HIV/HCV-coinfected and control men (1.01
vs. 0.88; P =0.61).
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After multivariable analysis (Table 3), in men, HIV monoinfection was associated with 88%
higher CRP levels compared with controls; however, in women, HIV mono-infection was not
associated with substantially higher CRP levels. In men, HIV/HCV coinfection showed no
substantial association with higher CRP levels compared with controls; however, among
women, HIV/HCV coinfection was associated with 41% lower CRP levels compared with
controls.

Factors Associated With CRP

We used multivariable analysis to examine characteristics associated with CRP levels among
HIV-infected participants (Table 4). Among the different possible models using the 5 depots
of adipose tissue tested, the best-fitting model had VAT and total SAT as the only 2 predictors.
Increased volume of VAT and SAT were strongly associated with higher CRP among the HIV-
infected participants. These associations were even stronger among controls: 34% (P < 0.001)
higher CRP per doubling of VAT and 61% higher CRP per doubling of SAT (P = 0.009).
Among lifestyle factors, current use of tobacco, physical inactivity, current use of crack or
cocaine, and nonuse of alcohol were associated with higher CRP levels. Although these
lifestyle factors are linked to adipose tissue volume, their associations with CRP were
independent of adipose tissue in this multivariable analysis.

Finally, we assessed factors related to HIV infection, such as current CD4 cell count, HIV viral
load, ARV therapy, and prior diagnosis of AIDS (see Table 4). The diagnosis of AIDS had a
statistically significant association with CRP, whereas CD4 cell count and viral load did not
seem to have substantial effects. The median CRP was 1.7 among users of ARV therapy and
1.9 among nonusers (P = 0.94). No specific ARV therapy or ARV class had significant
associations with CRP level. Coinfection with HCV was associated with 50% lower CRP after
multivariable adjustment. This association was essentially unchanged by further adjustment
for ALT, AST, and albumin concentrations and did not differ substantially by gender.

HIV Infection and High CRP Levels

Overall, HIV-infected men were more likely to have CRP levels in the CDC/AHA high-risk
group (>3 mg/L) for CVD compared with control men (32% vs. 17%; P <0.001). HIV-infected
and control women had similar prevalence of high CRP levels (33% vs. 37%; P = 0.55). HIV-
monoinfected women were twice as likely to have high CRP levels compared with HIV/HCV-
coinfected women (43% vs. 21%; P = 0.0002). The difference in prevalence of high-risk CRP
between HIVV-monoinfected men and HIVV/HCV-coinfected men did not reach statistical
significance (33% vs. 28%; P = 0.26).

The prevalence of extremely high CRP levels (> 10 mg/L) was 7% in controls and 9% in HIV-
infected subjects. Because extremely high CRP levels may obscure the prediction of coronary
risk factors, exploratory analyses were conducted excluding or truncating extremely high CRP
values (> 10 mg/L); little change in the results was seen, and the key finding that HCV
coinfection is associated with lower CRP levels (P < 0.0001) persisted.

DISCUSSION

In this study, we compared CRP levels in subjects with HIV monoinfection and HIV/HCV
coinfection with similarly aged controls. We found that adjusted CRP levels were substantially
higher in HIV-monoinfected men compared with control men but that adjusted levels of CRP
were similar in HIV-monoinfected and control women. There was no substantial association
of CRP levels with ARV therapy, HIV RNA level, or CD4 cell count. We report the novel
finding that HIV coinfection with HCV was associated with a 50% lower adjusted CRP level
compared with HIV monoinfection in men and women, however.
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Our finding that CRP levels are nearly twice as high among HIVV-monoinfected men compared
with control men may be of clinical importance. Nearly one third of the HIV-infected men had
CRP levels >3 mg/L, which would be classified as high risk for CVD by the CDC/AHA
guidelines. (The prevalence of CRP levels >3 mg/mL was not accounted for by extremely high
levels of CRP [eg, >10 mg/L].) This degree of CRP elevation could be expected to increase
cardiovascular risk by 50% based on evidence from the general population,33 although the
prognostic role of CRP and CVD in HIV infection has yet to be validated. In women, HIV
infection was not associated with substantially higher CRP levels after multivariable
adjustment for confounding factors, including adipose tissue volume as measured by MRI. A
previous study also found that CRP levels were elevated in HIV-infected women but that HIV
was not a factor after adjusting for waist-to-hip ratio. 34 That study did not report on the
prevalence of HCV coinfection.

Our finding that HCV infection was associated with substantially lower CRP levels among
HIV-infected subjects should be interpreted within the context of the cross-sectional design of
this study. We cannot prove causality or define a mechanism from this study; however,
interesting hypotheses emerge. One possibility is that HCV decreases production of CRP from
the liver. In a study of patients on hemodlaly5|s infection with HCV was associated with a
lower CRP/interleukin (IL)-6 ratio. 35 This finding suggests a disturbance in the liver’s ability
to respond to IL-6 with stimulation of CRP secretion. The concept that HCV prevents secretion
of CRP is supported by in vitro studies of expression of HCV proteins in cultured hepatocytes,
which causes inhibition of secretion of other liver proteins, such as apo B100, 364 protein
whose circulating levels are also decreased in HCV infection.37 The association of HCV with
decreased CRP was not affected by adjustment for measures of hepatotoxicity, however, such
as levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), or aloumin.

Our results and those among patients undergoing dialysis have potential clinical implications.
Epidemiologic studies suggest an association between HCV infection and increased risk of
cVvD.37 Our data therefore raise the question as to whether CRP can predict CVD risk
differently in patients with HCVor HIV/HCV coinfection. This is an important topic for future
study.

A similar discordance has been found in patients with acromegaly, among whom CRP levels
are significantly lower than those of controls despite acromegaly’s association with premature
cardiovascular mortali |ty 8 CRP levels increase toward the levels of controls when acromegaly
is treated, yet the treatment reduces cardiovascular mortality risk. Conversely, CRP levels are
relatively elevated in persons Who are deficient in growth hormone and correct with growth
hormone replacement therapy 40 These findings suggest that CRP may not be as good an
indicator of CVD risk in persons W|th abnormal levels of growth hormone, because these
conditions affect CRP independent of inflammation and atherosclerosis. Whether HCV
infection poses a similar obstacle to the use of CRP as a cardiovascular risk factor awaits
additional investigation.

The strengths of this study include a large population-based HIV cohort; a control group of
similar age, gender, and racial composition; and the use of MRI for body composition analysis,
which allowed important multivariable adjustments. This study does, however, have certain
limitations, especially its cross-sectional design, which limits the ability to evaluate the
direction and causality of the reported associations. Clearly, CRP levels could not have caused
HIV and HCV infection; however, we cannot determine whether the participants with HIV and
HIV/HCYV coinfection would have had different CRP levels compared with the controls before
their infection. Although we adjusted for other determinants of CRP levels, we cannot exclude
the possibility of residual confounding. In addition, we may have had insufficient statistical
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power to detect associations of ARV use with CRP levels, particularly for agents that were
used infrequently.

In conclusion, this study found that HIVV/HCV coinfection was associated with substantially
lower CRP levels among HIV-infected men and women. Only men with HIV monoinfection
had substantially higher CRP levels than controls. Future epidemiologic studies should
evaluate carefully the association of CRP with CVD in HIV-monoinfected and HIV/HCV-
coinfected persons.
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FIGURE 1.
Median CRP levels by gender and HIV/HCV status.
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TABLE 1
Characteristics of HIV-Infected and Control Subjects, Stratified by Gender

Page 12

Men Women
HIV* Control HIV* Control

n 799 150 336 131
Age [y], median (IQR) 43 (38 to 49)T 40 (37 to 43) 41 (36 to 47) 42 (37 to 44)
Race™ * *

White 55% 53% 33% 50%

African American 33% 47% 55% 50%

Other 12% 0 12% 0
Physical inactivity 48%‘r 25% 3904 22%
No alcohol use 25%* 16% 39%* 26%
Current smoker 42%T 21% 45%T 13%
Current crack/cocaine 6% 4% 8%* 1%
BMI [kg/m?], median (IQR) 24 (22 to 27)T 27 (25 to 30) 26 (22 to 31) 28 (23 to 33)
VAT [L], median (IQR) 1.8 (0.810 3.0) 20(1.1t03.0) 1.4 (0.6 to 2,4}(* 1.1(0.4t01.9)
Total SAT [L], median (IQR) 10 (7 to 14)Jr 15 (11to 19) 26 (17 t0.37) 30 (20 to 40)
Menopausal NA 23%T 7%
Current hormonal contraceptive use NA 10% 15%
Current HRT use NA 10% 5%

*
P < 0.05 vs. control;

7LP < 0.0001 vs. control.

iP value for race testing difference in proportions between white and African American participants.

HRT indicates hormone replacement therapy; IQR, interquartile range; NA, not applicable.
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TABLE 2

Characteristics of HIV-Infected Men and Women

Page 13

HIV*
Men Women

Duration HIV [y], median (IQR) 8 (5t0 12) 8 (6to 11)
Current CD4 count [cells/uL], median (IQR) 345 (219 to 523) 361 (196 to 557)
HIV RNA level [1000 copies/mL], median (IQR) 0.4(0.410,10.7) 0.5 (0.4 to 14.8)
Undetectable HIV RNA 53% 46%
AIDS by CD4 cell count/Ol 73% 73%
Recent Ol 2% 4%
Days since Ol, median (IQR) 195 (25 to 865) 120 (21 to 702)
HIV risk factors

Heterosexual 10%1 56%

IDU 18% 27%

MSM 66% 0

Other 6% 17%
HCV RNA* 20% 26%
HBsAg* Al 2%
ARV medications

Current HAART use 30%T 69%

Current NRTI use 86%T 76%

Current NNRTI use 39%* 36%

Current PI use 58% 47%

*
P < 0.05 vs. women;

fP < 0.0001 vs. women.

IDU indicates injection drug use; IQR, interquartile range; MSM, men who have sex with men.
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TABLE 3
Association of HIV and HIV/HCV Infection With CRP™ Levels, Stratified by
Gender
HIV*/HCV™ vs. Control HIV*/HCV* vs. Control
% Effect (95% CI) P % Effect (95% CI) P
MenT
Unadjusted 75 (38 to 116) <0.0001 10 (~25 to 60) 0.64
Adjusted 88 (43 to 143) <0.0001 4 (-3510 58) 0.90
Women
Unadjusted 34 (0.9 to 84) 0.055 —43 (-62 to —17) 0.006
Adjusted 5 (-27 to 43) 0.80 —41 (-64 to —11) 0.012

*
Outcome analyzed is log-transformed CRP, with results back-transformed to the original scale.

7‘Par'(icipan'(s were age restricted, and those with recent Ols were excluded.

iAdjusted effects models control for HIV and HCV status, gender, age, ethnicity, lifestyle factors, visceral fat, and subcutaneous fat.

95% ClI indicates 95% confidence interval.
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TABLE 4
Characteristics Associated With CRP™ Among HIV-Infected Participants After
Multivariable Adjustment

% Effect (95% CI) P

Demographic factors

Female vs. male —19 (36 to 4) 0.097

African American vs. white 21 (-2 to 50) 0.068

Hispanic vs. white 21 (-8t062) 0.18

Other vs. white —40 (64 to 3) 0.061

Age (per decade) 9(-2t021) 0.11
Adipose tissue

VAT (log,) 17 (8 to 26) <0.0001

Total SAT (log,) 21 (7 to 36) 0.002
Lifestyle

Physical activity: inactive vs. active 31 (12 to 56) 0.002

Nondrinker vs. drinker 24 (3 t0 49) 0.024

Current smoker vs. nonsmoker 33 (15to 59) <0.0001

Crack/cocaine use 60 (10 to 132) 0.012
HIV-related

AIDS by CD4 cell count/Ol 25 (2to 53) 0.028

Current HIV viral load (log,) 5 (-5to 16) 0.35

Current CD4 cell count (log,) -2(-9to7) 0.67

HCV (HCV RNA > 615) —50 (—59 to —38) <0.0001

*
Outcome analyzed is log-transformed CRP, with results back-transformed to the original scale.

Also tested for inclusion in the multivariable model were MRI measurements of adipose tissue volume from other sites, other lifestyle factors, and HIV-
related factors, as described in more detail in the methods section.
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