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C-Reactive Protein as an Independent Cardiovascular Risk
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Studies
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Abstract

Patients infected with the human immunodeficiency virus (HIV+) are
living longer and at heightened risk for developing cardiovascular
events (CVEs). Commonly used prediction tools appear to misrep-
resent their CVE risk to varying degrees and in varying directions.
Inclusion of markers of cellular infection, chronic immune activation
and/or systemic inflammation into risk models might provide better
predictive accuracy. Observational studies assessing the relationship
of high-sensitivity C-reactive protein (hs-CRP) to CVE in HIV+ pa-
tients have reported inconsistent findings. This review of published
studies attempted to determine if the available evidence supports its
potential use in new models for stable, treated HIV+ patients. We
searched the PubMed database using keywords and combinations of
“HIV” AND “cardiovascular risk” AND “CRP”. Papers presenting
original analyses, associating hs-CRP concentration as an independ-
ent variable to hard cardiovascular outcomes (myocardial infarction
and cardiovascular death), or to hard CVE as part of a composite
endpoint, were included. Five observational studies met inclusion/
exclusion criteria for review. Three papers identified an association
between elevated hs-CRP and CVE, while two others failed to find
any significant association. All reports were heterogeneous in terms
of independent variables, controls, and designs. The larger and more
rigorous studies, employing higher rates of confounder controls and
more objective endpoints in their composites, showed positive asso-
ciations. Though not conclusive, the preponderance of the evidence at
this time supports CRP as a potentially valuable factor to be studied
in prospective cardiovascular risk prediction investigations in HIV+
patients.
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Introduction

Human immunodeficiency virus-infected (HIV+) patients are
at heightened risk for developing cardiovascular events (CVEs)
[1-5]. Potential explanatory mechanisms include traditional
cardiovascular (CV) risk factors (perhaps with magnified effect
and/or increased prevalence in this population) [6-8], more fre-
quent fat redistribution/metabolic syndromes [9-12], antiretro-
viral therapy (ART) influences on atherosclerosis [13-16], and
consequences of chronic inflammation and coagulation system
activation associated with HIV infection itself [17-20]. Exist-
ing traditional risk prediction tools (Framingham risk score
(FRS) [21], SCORE [22], ASCVD pooled cohort [23], PRO-
CAM [24], Rama-EGAT [25], and others) appear to underesti-
mate or overestimate CVE risk in HIV patients, particularly at
break points of therapy indications, and in inconsistent direc-
tions depending upon risk category [8, 26]. Some explanations
for this discordance are that the equations were developed for
broad, general populations (with unknown and undocumented
numbers of HIV+ individuals), and only for people > 40 years
old; none included inflammatory or coagulation biomarkers or
HIV-specific variables (such as CD4" cell count, or use, dura-
tion and regimen of ART). For most models, calibration stud-
ies for an HIV+ population have not been reported, while for
some, the HIV+ populations were unique (country, sex, etc.)
and insufficiently generalizable to the overall HIV+ popula-
tion. Model disagreements appear to originate in selection of
the validation population and the endpoints identified for pre-
diction, which vary significantly. Differences also stem from
inclusion of race and family history as data input variables in
some equations but not in others.

The novel adverse effects of anti-HIV drugs (D:A:D) [27]
risk assessment tool incorporating CD4" cell counts and ex-
posures to select ART appear to predict more accurately the
cardiovascular disease (CVD) risk compared to the FRS rec-
alibrated for HIV+ cohorts in the United States [28]. However,
the D:A:D model predicts risk over only a 5-year period, com-
pared to ASCVD and other equations that estimate 10-year
risk. Also, a key factor in the D:A:D model (abacavir expo-
sure) has now been confirmed not to influence the myocardial
infarction (MI) rate by the US Food and Drug Administration.
Furthermore, two separate models incorporating HIV-specific
variables into the ASCVD pooled cohort equations underes-
timated MI risk at the lower end of the spectrum and over-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | www.jocmr.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 891
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited



CRP and Cardiac Events in HIV+ Patients

J Clin Med Res.2017;9(11):891-899

Pubmed Search
(n = 64)

Articles meeting inclusion

criteria

Included (n = 4)

—

e Bibliographic

1

=

Iﬁ

g

Included articles (n =

Total identified articles (n = 10)

l

Ttk

l

Excluded (n = 1)
e Duplicate publications: 1

Excluded (n = 0)
e Active trials: 0

Excluded (n = 1)
« Restricted to subpopulation:

Excluded (n = 0)
e Casereports: 0
* Sample size less than 90: 0

Excluded (n = 0)
e Opinions/Commentaries: 0

Excluded (n =2)
e Review articles: 2

Excluded (n = 1)
e Duplicate dataset analysis:

)

Figure 1. Flow diagram demonstrating step-wise application of inclusion and exclusion criteria to arrive at included articles.

estimated risk in higher risk patients (particularly in women
and black men) [29]. The under-prediction will likely worsen
if other endpoints of the ASCVD pooled cohort (such as CVD
mortality and stroke) are added to the outcome events. Hence,
it appears we remain far from an optimal CVE risk prediction
tool for HIV+ patients.

Systemic inflammation and chronic immune activation
resulting from HIV infection may play a more important
causative role in CVE. Inflammation is suggested by elevated
plasma concentrations of high-sensitivity C-reactive protein
(hs-CRP) in HIV+ patients, especially in those who are treated
with ART, compared to healthy controls [18, 19, 30]. Hs-CRP
has been one of the most studied inflammatory biomarkers
in association with CVD and CVE in the general population.
The JUstification for the use of statin in Prevention: an In-
terventional Trial Evaluating Rosuvastatin (JUPITER) study
suggested that elevated hs-CRP concentrations add predictive
accuracy to traditional risk factors among intermediate-risk

892 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

persons in the general population [31].

The addition of hs-CRP to total and high-density lipo-
protein (HDL) cholesterol improved CVD risk prediction in
otherwise healthy men [32]. In a prospective trial on females
[33], hs-CRP was shown to be an independent predictor of
MI and stroke in apparently healthy women. Based on these
data, separate Reynolds risk scores [34, 35] were designed for
men and women that appear more accurate than conventional
risk algorithms, particularly for women. Observational stud-
ies assessing the ability of hs-CRP to add predictive power
in an HIV+ population, however, have reported inconsistent
results.

This paper presents a focused review of published studies
to determine if hs-CRP is independently associated with el-
evated risk of hard CVE events in HIV+ patients, and whether
inclusion of this biomarker into a predictive model might
improve accuracy in estimating major CVE in stable, treated
HIV+ patients.
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Literature Search Methods

The authors searched the PubMed database using keywords
“HIV” AND “cardiovascular risk” AND “CRP” (non-MeSH)
to maximize the search yield. We included articles with publi-
cation dates from database origination through the search date
(February 16, 2017). Only full manuscript, English language
papers presenting original analyses of data with participant
numbers sufficient to permit formal statistical comparisons
were included. Studies evaluating the association of hs-CRP
plasma concentration as a discreet independent variable to
hard CV outcomes (myocardial infarction (MI) and cardio-
vascular mortality), or to composite outcomes which included
hard events, in univariate and, when provided, multivariate
analyses were included. Papers that reported on any associa-
tion of hs-CRP only to outcomes other than hard CV events
(e.g., CVD surrogates, CVD risk, other CVD biomarkers,
all-cause mortality, and other CVD risk factors), were not in-
cluded. Bibliographies of identified articles were reviewed to
add additional relevant studies missed by the inquiry. Studies
that exclusively examined only subpopulations of HIV+ pa-
tients (e.g., Hispanic, black, female, or pediatric patients only)
were excluded, as were duplicate papers, studies with sample
size less than 90, interim reports of active trials, reviews, case
reports, opinions and commentaries, and editorials. Finally,
when two papers were identified that performed similar analy-
ses on the same data (either exclusively or as part of a pooled
data analysis), the duplicate paper was excluded (Fig. 1).

Results

The raw search using the above terms resulted in 64 articles, out
of which six papers met the inclusion criteria. Four additional
articles were added from bibliographies of identified articles
(totally 10 articles). All identified studies examined hs-CRP
in addition to other biomarkers for independent associations
with hard CV outcomes in multivariate analyses. Duplicate
publications (one), studies restricted to a discreet subpopula-
tion of HIV+ patients (one), and review articles (two) were
excluded. There were no papers with sample sizes less than
90, case reports, opinions or commentaries, or ongoing trials
among the selected articles. Finally, one report with a duplicate
data analysis of the same datasets (subset) was excluded. This
left five articles that qualified for comparative review (Table 1
[36-40]). Four studies were retrospective and one prospective.

Studies concluding a positive association

Triant et al [36] performed a retrospective cohort analysis of
70,357 patients (487 HIV+) with an available hs-CRP plasma
level from the Research Patient Data Registry at the Mas-
sachusetts General and Brigham and Women’s Hospitals in
Boston. Registry data from 1997 through 2006 from patients
aged 18 - 84 years were included. The hs-CRP collection times
were standardized (with < 3 years between sampling and index
event/close of follow-up in primary analyses) among all par-
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ticipants, with patients excluded if their hs-CRP measurement
was made only after a coronary event. Classical risk factors
were more frequent among HIV+ than among non-infected
patients. The presence of HIV itself associated independently
with a higher rate of subsequent MIs (compared to uninfected
controls). The investigators reported a positive association of
elevated CRP concentrations with acute MI in HIV+ registry
patients (odds ratio (OR): 2.50, 95% confidence interval (CI):
2.26 - 2.77) independent of traditional CV risk factors, use of
statins, or use of nucleoside reverse transcriptase inhibitors
(NRTIs) or non-NRTI (NNRTIs). There were no differences in
smoking frequency, statin use, or NRTI or NNRTI use between
cohorts with elevated vs. normal CRP levels. The multivariate
model adjusted for age, sex, race, hypertension, diabetes, and
dyslipidemia. There were no reported associations of prior his-
tory of CVD, body mass index (BMI), family history of pre-
mature coronary disease, duration of HIV infection, acquired
immunodeficiency syndrome (AIDS) diagnosis, or ART dura-
tion with hs-CRP concentrations. Protease inhibitor (PI) use
correlated positively with hs-CRP levels, while other HIV-
specific parameters (HIV viral load and CD4" count) were
not. Even though hs-CRP collection times were standardized,
no adjustment was attempted for the time difference between
sample collection and event (or end of follow-up).

Duprez et al [37] sought to identify any association of
elevations of three different biomarkers (CRP, interleukin-6
(IL-6), and D-dimer) with increased risk of CVE in a prospec-
tive study of 5,098 HIV+ participants enrolled in the SMART
(Strategies for Management of Antiretroviral Therapy) trial
[41]. The original SMART study enrolled 5,472 HIV+ non-
pregnant and non-lactating participants aged > 13 years, with
CD4" counts > 350 cells/mm?, collecting data between Janu-
ary 2002 and January 2006. Participants were followed until
July 2017, providing for 18 - 66 months (median: 29 months)
follow-up time. Hs-CRP, IL-6 and D-dimer levels were com-
pared between the 252 HIV+ patients who had a CVE (CVD
death, non-fatal MI, non-fatal stroke, congestive heart failure
(CHF), coronary revascularization, coronary artery disease
(CAD) requiring medical treatment, and PAD) and their 4,846
HIV+ counterparts who had no event. The initial univariate
analyses adjusted for age and gender. The authors reported a
positive association (HR: 2.10, 95% CI: 1.40 - 3.16) between
elevated hs-CRP and CVE after adjusting for continuous (viral
suppression) versus interrupted use (drug-sparing) ART strate-
gies - the primary independent variable of SMART. This as-
sociation persisted in multivariate analyses (HR: 1.43, 95%
CI: 1.24 - 1.64) after adjusting for the presence of prior CVD,
race, smoking status, hypertension treatment, diabetes, hyper-
lipidemia treatment, total/HDL cholesterol, and other input
variables not included in other algorithms (BMI, hepatitis B/C
coinfection, and HIV-specific variables including ART naive
versus ART exposed, and prior AIDS diagnosis). Any asso-
ciation of CVE with family history of CVD, statin use, HIV
duration, or ART regimen or duration of treatment was not re-
ported. Sample collection times for hs-CRP were not standard-
ized, nor was there an adjustment for the differences in time
between hs-CRP measurement and index time (event or end of
follow-up). Although adjusted, secondary prevention patients
(i.e., those with known/established atherosclerosis) were not
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analyzed as a separate study subgroup.

De Luca et al [38] conducted a case-control analysis of
109 HIV+ patients enrolled in two separate studies based in
Rome: the Italian Cohort Naive Antiretrovirals (ICONA)
Foundation Cohort [42] and the Catholic University of Sacred
Heart (CUSH) clinical database [43]. The CUSH database en-
rolled male and female HIV+ patients aged 33 - 45 years from
1995 to 2005 to determine the prevalence of drug resistance
in individuals failing ART therapy. The ICONA Foundation
Cohort enrolled 3,291 HIV+ patients naive to ART between
1997 and 2007 to study the association of ART discontinuation
and the time of starting ART to clinical outcomes. Participants
from the above two cohorts were included if they were aged
35 - 69 years, had no major CVE prior to initiation of ART, no
history of inflammatory disease for at least 3 months prior to
CRP sample collection, and no active use of hormonal-based,
statin or anti-inflammatory drugs. The authors defined CVE
as acute MI, revascularization procedures, stable or unstable
angina, analyzing the biomarker both as a categorical (CRP >
3.3 mg/L considered elevated) and as a log-transformed con-
tinuous variable. In addition, the analysis was performed using
two separate biomarker collection times: reported as late sam-
ples (the closest to CV event) and early samples (any avail-
able sample prior to the late sample). Thirty-five cases with
CVE were compared with 74 event-free controls. Total cho-
lesterol correlated positively with an increased risk of CVE
in univariate analysis of late samples, but was adjusted for in
multivariate analysis of both late, and combined early and late,
CRP samples. Similarly, the duration of exposure to NRTIs,
NNRTIs, and PIs correlated positively with an elevated CVE
risk in univariate analyses of late samples, and were adjusted
for in multivariate analyses of combined samples. Statin use
was also adjusted for in this analysis. However, any associa-
tions of CVE with the presence of prior CVD, diabetes, hy-
pertension, nicotine dependence, family history of premature
ASCVD, ethnicity, or BMI were not reported; although sex
did not correlate with CV events, only nine women were in-
cluded in the study population. Using hs-CRP as a categorical
variable, the risk for CVE was significantly higher in those
with elevated biomarker in both late (OR: 10.71, 95% CI: 1.03
- 111.0) and combined (OR: 8.00, 95% CI: 1.23 - 51.94) sam-
ples after adjustment for the above-mentioned confounding
variables. Using hs-CRP as a log-transformed continuous vari-
able, the OR for CVE remained significantly higher in patients
with elevated hs-CRP both in late (1.69, 95% CI: 1.09 - 2.64)
and combined (1.54, 95% CI: 1.03 - 2.30) samples, after ad-
justment for the same independent variables. The difference
between index time (event for cases, and last follow-up for
controls) and hs-CRP collection time was also adjusted for in
multivariate analysis.

Studies concluding no association

The retrospective study by Westhorpe et al [39] examined 99
HIV+ patients treated at The Alfred Hospital (Melbourne, Aus-
tralia) between 1996 and 2003, using a 1:2 case/control design.
The outcome of interest was risk of future CVE (defined as
MI, an angiogram demonstrating vascular disease, a positive
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nuclear or exercise stress test, or clinical angina with or with-
out ECG changes) from the comparison of 33 cases with CVE
and 66 controls without such events. Concentrations of hs-
CRP were analyzed both as a continuous variable (reported as
differences in median concentrations (median 3.5 mg/L, IQR
1.6 - 14.4 mg/L for cases; median 2.6 mg/L, IQR 1.2 - 8.3
mg/L for controls; P = 0.20)), and as a categorical variable
(defining elevated as a hs-CRP concentration > 5 mg/L) and re-
ported as an OR (1.32, 95% CI: 0.48 - 3.63; P = NS). Thus, the
authors did not find a significant association between hs-CRP
concentrations and CVE. HIV-specific variables such as viral
load, CD4" count, ART use and ART regimen were matched
between event and control patients. Neither existing CVD,
more traditional risk factors (such as smoking, hypertension,
dyslipidemia, diabetes, BMI, and family history of premature
ASCVD), statin use, nor prior AIDS, HIV disease duration or
ART duration were analyzed as independent variables. The hs-
CRP sample of primary interest was that closest to the event
or time of censoring, but adjustment for differences in inter-
vals between sample collection and index time (event or end
of follow-up) between the two groups was not reported. The
authors noted that this study had only 40% power to predict
an outcome difference between hs-CRP-positive and negative
patients.

Ford et al [40] conducted a case-control analysis of hs-
CRP concentrations and CVE rates in 156 participants from a
pool of 1,709 HIV+ patients enrolled in National Institute of
Allergy and Infectious Diseases (NIAID)/National Institutes
of Health (NIH) intramural clinical protocols between Janu-
ary 1995 and March 2009. This study defined CVE as acute
M1, silent MI, acute coronary syndrome, stroke, sudden CV
death, coronary revascularization, and/or lower extremity
revascularization. Patients with a history of such events prior
to their HIV diagnosis, or prior to enrollment in NIAID/NIH
studies, were excluded. Cases and controls were matched for
time between hs-CRP sample collection and event/index time.
The investigators did not find a significant relationship of hs-
CRP (collected at two different times) with CVE in comparing
52 cases with CVE to 104 controls without such events. The
hs-CRP plasma concentrations were analyzed as the difference
in means between the two groups at 4 months (570 + 41 ng/
mL in cases, 570 + 26 ng/mL in controls; P = 0.60) and 2 years
(570 £ 40 ng/mL in cases, 570 = 26 ng/mL in controls; P =
0.47) prior to the index event. ORs were neither reported in
raw univariate analyses nor after adjustment for confounding
variables such as dyslipidemia, current smoking status, and
family history of premature MI. Any association of CVE with
prior CVD was not reported. HIV-specific variables including
disease duration, CD4* count, and ART and PI exposure did
not associate with CVE.

Discussion

Systemic inflammation has been implicated in CVD patho-
genesis at several stages including atherosclerotic plaque for-
mation, plaque destabilization and rupture, and subsequent
myocardial injury [18]. Elevated levels of inflammatory bio-
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markers have been positively associated with CVD risk, fa-
tal CVD events, and overall mortality to varying degrees in
the general population [44, 45]. Specifically, elevated hs-CRP
concentration appears to predict higher CVD mortality and
greater 10-year risk of coronary heart disease (coronary death
or MI) in otherwise normal individuals [46, 47]. In another
trial, IL-6 and hs-CRP were both more strongly associated
with future fatal CVD events than with non-fatal events [48].
A subset of the PROVE-IT TIMI 22 (Pravastatin or Atorvas-
tatin Evaluation and Infection Therapy-Thrombolysis in Myo-
cardial Infarction 22) [49] and of the REVERSAL (Reversal
of Atherosclerosis with Aggressive Lipid Lowering) [50] trials
found that lower CRP levels are associated with fewer CVE,
independent of LDL-cholesterol levels. Measurement of hs-
CRP has been suggested to improve CVD risk stratification ac-
curacy among intermediate-risk persons in the JUPITER trial
[31]. The addition of hs-CRP in the Reynolds risk score [34,
35] improved CVD risk prediction accuracy, reclassifying 40-
50% of women and 20% of men identified as intermediate risk
into higher or lower risk categories. To date, this biomarker has
not been included in any other standardized risk equations for
the general population.

Chronic inflammation and immune activation are consist-
ent findings among HIV+ patients. Hs-CRP has been one of
the most studied inflammatory biomarkers for CVE in these
patients. Any associations of CVD and cardiovascular mortali-
ty with biomarkers of endothelial activation such as SICAM-1,
sVCAM-1, VEGF, E-selectin, and coagulation markers such
as D-dimer, fibrinogen and tissue factor in this patient cohort
remain largely speculative [51]. However, inconsistent find-
ings in studies of hs-CRP association with CVE in HIV+ pa-
tients suggest possible confounding with other risk factors.
Plasma levels of hs-CRP in fact have been correlated to tra-
ditional risk factors in some studies [7, 18, 52-54] suggesting
those risk factors either also elevate hs-CRP (whether or not
mechanistically) or that their influences on outcomes overlap
with hs-CRP. There is however no clear association between
ART regimen or treatment duration with hs-CRP levels [17,
41, 44, 55, 56]. No study of HIV+ patients paralleling the JU-
PITER trial, basing treatment on CRP concentrations, has been
attempted to our knowledge.

The studies examined in this review reported conflicting
results for association of hs-CRP and CVE in HIV+ patients.
Study parameters, outcome definitions, timing between sam-
pling and determination of event status, duration of the as-
sessment period between sampling and event/end of study,
and controls for other important independent variables varied
widely. The largest and only prospective study in this review
[37] reported highly significant associations between three
biomarkers (hs-CRP, IL-6 and D-dimer) and coronary events.
The composite endpoint, however, included many subjective
events (e.g., CHF and CAD requiring drug treatment), with no
subgroup analyses by individual endpoint elements. Although
family history of CAD was not included as a covariate, the
authors adjusted for all other risk factors deemed significant at
the time of study, as well as several HIV-specific measures (in-
cluding ART interruption) and viral hepatitis coinfection histo-
ry. The design using infected patients in both cohorts excludes
the potential bias of investigations comparing HIV+ and HIV-
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patient outcomes, and this model parallels how hs-CRP might
be used as a predictor and treatment guide in infected patients.
Median follow-up was 29 months, with some patients followed
for as little as 18 months, yielding data far short of the 5 - 10
year window provided by present risk prediction systems; the
possibility that events might have occurred later (“catch up”),
potentially diluting the strength of biomarker association with
CVE, cannot be excluded. Despite these shortcomings, Duprez
et al presented the strongest case for hs-CRP association with
CVE.

These findings are supported by Triant et al [36]. This in-
vestigation had the distinct advantage of measuring only acute
MI as an endpoint. The median duration of time from CRP
sample event/study closure was 6 years, significantly longer
than Duprez. A different model, comparing HI'V diagnosis and
CRP elevation in a 2 x 2 model found both (independently and
when combined) to be associated with future Mls to a high
level of statistical significance (P = 0.0122 to < 0.0001) after
controlling for several important risk factors, including HIV-
specific measures and details of ART exposure; other tradi-
tional factors (family history of CAD, smoking rate, and statin
use) were reportedly similar between cohorts. No distinction
was made between patients with and without previously diag-
nosed CAD, making it impossible to determine whether this
significant association existed specifically in primary preven-
tion patients. Although smaller (< 500 infected patients) than
Duprez, the rigor of endpoint selection and covariate assess-
ment strongly supports the association of CRP elevation to fu-
ture CV events.

The case-control study by DeLuca et al [38] was small (35
infected patients with CVEs) but excluded patients with pre-
vious CVEs (i.e., primary prevention). The minimum 5-year
data availability from sampling to event/closure per patient
was more than Duprez, but the composite endpoint included
softer diagnoses (e.g., stable angina) with no separate analy-
ses of endpoint component-determined subgroups. Although
matched for smoking and diabetes histories, no adjustments
were made for other important covariates such as family his-
tory of CVD and hypertension. The significantly higher ad-
justed OR for elevated CRP (8.00) was likely reduced by these
factors.

The two negative retrospective studies by Westhorpe et al
[39] and Ford et al [40] were also small (33 and 52 patients
with events, respectively). The former was admittedly severely
underpowered to find a difference between CRP-determined
cohorts, and hence despite matching for HIV-specific factors
and analysis for most traditional risk factors, the predictive
power of CRP elevation would have needed to be far greater
than could reasonably be expected for this study to demon-
strate an association. Ford et al limited subjects to primary
prevention, and was well-controlled for traditional and HIV-
related risk factors. This study however assessed 21 different
biomarkers; without a power analysis presented, the degree to
which the absence of a demonstrated association can be as-
sured is highly suspect.

Our review has many limitations, including those inher-
ent in database and retrospective analyses. We chose to search
only the National Library of Medicine database (possibly
missing publications listed only in other databases) and limited
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