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Abstract
Objective—To investigate whether elevated C-reactive protein (CRP) levels and HIV infection are
independently associated with acute myocardial infarction (AMI) among patients receiving care in
a large US health care system.

Methods—Analyses included patients receiving care in the Partners HealthCare System between
January 1997 and December 2006, with a most recent CRP less than 3 years and more than 1 week
before AMI. Over this period, 70,357 (487 HIV and 69,870 non-HIV) patients met these criteria,
from the background population of 1,648,687 patients followed in the system. We included both
CRP and high-sensitivity CRP and defined elevated CRP based on the normal range of the assay
used. We used multivariate logistic regression analysis to test the association of elevated CRP and
HIV with AMI after adjustment for demographic and other cardiovascular covariates, including
hypertension, diabetes, and dyslipidemia.

Results—In univariate analyses, elevated CRP and HIV were each significantly associated with
AMI [odds ratio (OR) 2.51; 95% confidence interval (CI) 2.27 to 2.78; P < 0.0001 for elevated CRP
and OR 2.07; 95% CI 1.31 to 3.10; P = 0.001 for HIV]. In a combined model including CRP category
and HIV status, elevated CRP (OR 2.50; 95% CI 2.26 to 2.77; P < 0.0001) and HIV (OR 1.74; 95%
CI 1.10 to 2.61; P = 0.01) were both independently associated with AMI. In a fully adjusted model
controlling for age, sex, race, hypertension, diabetes, and dyslipidemia, both elevated CRP (OR 2.13;
95% CI 1.92 to 2.37; P < 0.0001) and HIV (OR 1.93; 95% CI 1.21 to 2.93; P = 0.004) remained
independently associated with AMI. Compared with patients with normal CRP and without HIV, the
OR for AMI was increased more than 4-fold among patients with HIV and elevated CRP.

Conclusions—Elevated CRP and HIV are independently associated with increased AMI risk, and
patients with HIV with increased CRP have a markedly increased relative risk of AMI. Measurement
of CRP may be useful in the cardiovascular risk assessment of patients with HIV.
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Introduction
Patients with HIV demonstrate increased rates of coronary heart disease compared with patients
without HIV.1–4 Although traditional cardiovascular risk factors have been shown to be
common among patients with HIV,4–9 the role of inflammation and the utility of related
biomarkers have not been studied. In the general population, there is strong evidence that
inflammation plays a role in the development of acute myocardial infarction (AMI),10,11 and
elevated levels of C-reactive protein (CRP) have been significantly associated with coronary
events in a number of studies.12–14 CRP levels have been shown to be elevated in patients with
HIV compared with general populations.6,15,16 However, it remains unknown whether CRP
adds prognostic information with respect to cardiovascular events in the HIV population. In
this preliminary study, we used a clinical care data registry to investigate whether elevated
CRP and HIV are independently associated with AMI among patients followed in a large US
health care system.

Methods
Data Source and Study Sample

Patient groups were identified by query of the Research Patient Data Registry, a clinical data
warehouse for more than 2 million patients from Brigham and Women's Hospital and
Massachusetts General Hospital, comprising Partners Health-Care System. Patients who were
between the ages of 18 and 84 years at the time of database query and who had at least 1
encounter at either Brigham and Women's Hospital or Massachusetts General Hospital over a
10-year period from January 1, 1997 to December 31, 2006 were included in the initial sample
of 1,648,687 patients (Fig. 1). Of these, there were 77,835 patients with CRP test data available.
Patients were further censored if their most recent CRP value was after the AMI event, less
than 1 week before the AMI event, or more than 3 years before the AMI event. The final analysis
included 70,357 patients, of which 487 were HIV infected and 69,870 were not HIV infected.
Patients with multiple encounters were counted only once, and for those with an AMI event,
only the first event was considered. The study was approved by the Partners Human Research
Committee.

AMI Event Ascertainment
Patients were classified as having the primary outcome of AMI if they had at least 1 documented
code of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) code of 410.xx (AMI). ICD-based AMI diagnoses were validated with formal medical
record review on a subset of patients by an experienced clinical nurse researcher. A single ICD
code of 410.xx was found to have 98% sensitivity and 85% specificity for clinically defined
AMI.

CRP Test Classification
The most recent CRP value for each patient before AMI or before the end of the study period
was used in all analyses. All CRP assays were included. Elevated CRP was defined as a value
exceeding the upper limit of the normal reference range for standard CRP assays, or the highest
quintile for high-sensitivity CRP assays. A specific numerical value could not be used to define
elevated CRP because reference ranges varied depending on the specific assay. Although
patients in the study were included if they had a CRP test result available between 1997 and
2006, more than 90% of both patients with HIV and patients without HIV had their CRP drawn
in 2002 or later.
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Clinical Exposure Definitions
Patients with at least 1 recorded ICD-9-CM code of either 042 (HIV disease) or V08
(asymptomatic HIV infection status) before first AMI or end date of the study period were
classified as HIV infected. ICD-based HIV disease ascertainment was found to have 100%
sensitivity and 100% specificity for clinical HIV definition based on trained research nurse
review of a randomly selected subset of medical records.

Standard risk factors for AMI were identified using ICD-9-CM codes 401 (essential
hypertension), 250 (diabetes mellitus), and 272 (disorders of lipoid metabolism) recorded
before the first AMI or before the end of the study period. The sensitivity of ICD-based
diagnoses was 85% for hypertension, 96% for diabetes, and 88% for dyslipidemia based on
trained research nurse medical record review. The specificity was 87% for hypertension, 93%
for diabetes, and 85% for dyslipidemia.

Medical Record Review
Detailed medical record review of 200 patients with HIV and 200 patients without HIV (100
with elevated CRP and 100 with normal CRP in each group) was performed to assess variables
not uniformly available by electronic data capture. Patients were classified as smokers if there
was documentation of current or past smoking at any time in the medical record. The most
recent HIV viral load and CD4 count within 6 months before the index CRP date (most recent
CRP test) were used. Antiretroviral (ARV) medication and 3-hydroxy-3-methyl-glutaryl-CoA
reductase inhibitor (statin) use were characterized by prescription of medication within a year
before the index CRP date.

Statistical Analysis
χ2 P values were used to compare the prevalence of cardiovascular risk factors in patients with
CRP available compared with the background population, within HIV and non-HIV groups.
We used logistic regression to estimate the odds ratio (OR) and 95% confidence intervals (CIs)
for the outcome of AMI in models containing CRP category (high vs. not high) and HIV status
(HIV vs. non-HIV), adjusting for demographic factors and other cardiovascular risk factors,
to test the hypothesis that CRP and HIV are significant independent risk factors for AMI. In
secondary sensitivity analyses, regression models were repeated varying the maximum allowed
length of time between most recent CRP test date and first AMI date. Statistical analysis was
conducted using JMP statistical software version 5.0.1 (1989–2003; SAS Institute, Cary, NC)
and a P value <0.05 was considered to indicate statistical significance.

Results
Patient Characteristics According to CRP Testing Status

Table 1 shows demographic and clinical characteristics for patients with HIV and patients
without HIV comparing those with CRP data available to the background population during
the study period. Among patients with HIV, sex, age, and race patterns were similar for patients
with CRP available compared with the background population. Demographic patterns were
also comparable among the non-HIV group comparing patients with CRP available to the
background population. Rates of cardiovascular risk factors were significantly higher in
patients with CRP available compared with background patients for both patients with HIV
and patients without HIV (P < 0.01 for all comparisons).

The median time from most recent CRP to first AMI was not significantly different for patients
with HIV vs. patients without HIV (199 vs. 176 days; P = 0.5). The mean duration of
observation from first to last encounter was 6.0 years for patients with HIV and 5.8 years for
patients without HIV (P = 0.25).
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Rates of Elevated CRP
Among patients with CRP data available, the most recent CRP was classified as high in 287
patients with HIV (59%) and 26,992 patients without HIV (39%; P < 0.0001).

Association of Elevated CRP and HIV With AMI
We evaluated the association between elevated CRP, HIV, and AMI in sequential regression
models to examine the effect of each risk factor on AMI individually and in combination (Table
2). Elevated CRP and HIV were individually associated with AMI in univariate analyses (OR
2.51; 95% CI 2.27 to 2.78; P < 0.0001 for elevated CRP and OR 2.07; 95% CI 1.31 to 3.10;
P = 0.001 for HIV). When CRP category (high vs. not high) and HIV status (HIV vs. non-HIV)
were included in the same model, both remained significantly associated with AMI (OR 2.50;
95% CI 2.26 to 2.77; P < 0.0001 for elevated CRP and OR 1.74; 95% CI 1.10 to 2.61; P = 0.01
for HIV).

In a model controlling for age, sex, race, hypertension, diabetes, dyslipidemia, CRP category,
and HIV status as covariates, both elevated CRP (OR 2.13; 95% CI 1.92 to 2.37; P < 0.0001)
and HIV (OR 1.93; 95% CI 1.21 to 2.93; P = 0.004) remained independently associated with
AMI. Having both elevated CRP and HIV increased the odds of an AMI by 4.11 compared
with having neither risk factor present in the fully adjusted model. We tested for an interaction
and found no evidence that there was a statistically significant interaction between CRP and
HIV (P = 0.12).

Analysis of Additional Cardiovascular Risk Factors and HIV Disease Markers by Medical
Record Review

We conducted a detailed medical record review of 400 patients to assess variables not uniformly
available by electronic data capture, including smoking status, family history of cardiovascular
disease, HIV viral load, absolute CD4 count, ARV medication class, statin use, and reason for
CRP testing. Smoking rates were higher in patients with HIV compared with patients without
HIV (57% of patients with HIV vs. 35% of patients without HIV; P < 0.0001). However, there
was no significant difference in smoking rates in patients with elevated CRP compared with
normal CRP, within either patients with HIV (smoking rate 57% in patients with elevated CRP
vs. 57% in patients with normal CRP; P = 0.92) or patients without HIV (smoking rate 38%
in patients with elevated CRP vs. 32% in patients with normal CRP; P = 0.44). Rates of family
history of cardiovascular disease were similar for the 200 patients with HIV compared with
the 200 patients without HIV assessed. In patients with HIV compared with patients without
HIV, 34% compared with 38% had a family history of cardiovascular disease (P = 0.55). There
was no significant association between statin use and elevated CRP, among either the HIV or
the non-HIV groups (8% on statins for elevated CRP vs. 11% for normal CRP; P = 0.54 among
HIV; 19% on statins for elevated CRP vs. 14% for normal CRP; P = 0.29 among non-HIV).

There was no significant association between CRP test status (elevated vs. normal) and HIV
viral load (34% with undetectable viral load in patients with elevated CRP vs. 38% in patients
with normal CRP; P = 0.67), CD4 count (43% with absolute CD4 count less than 200 in patients
with elevated CRP vs. 28% in patients with normal CRP; P = 0.14), nucleoside reverse
transcriptase inhibitor use (94% in patients with elevated CRP vs. 87% in patients with normal
CRP; P = 0.32), or nonnucleoside reverse transcriptase inhibitor use (42% in patients with
elevated CRP vs. 43% in patients with normal CRP; P = 0.89). There was an association
between CRP test status and protease inhibitor use (67% in patients with elevated CRP vs. 39%
in patients with normal CRP; P = 0.04). The lack of association between CRP and CD4 count
persisted after stratification for undetectable (P = 0.11) and detectable (P = 0.21) HIV viral
load.
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Among the HIV records reviewed in detail, 76% were drawn during hospital admission or
outpatient work-up of active problem (35% during an inpatient noncardiovascular admission,
2% during an inpatient cardiovascular admission, and 38% during an outpatient evaluation of
a clinical noncardiovascular problem, primarily work-up of infectious or autoimmune
problems). In addition, 8% of CRP tests were obtained coincident with outpatient visits for
which there was no apparent clinical problem prompting the test. Elevated CRP was seen in
58% of patients with CRP drawn during a hospitalization or in follow-up of an active problem
vs. 32% in whom it was not (P = 0.002). When excluding patients whose CRP was drawn
during a cardiovascular hospital admission, these proportions were essentially unchanged (58%
and 33%, respectively, P = 0.003). Time from CRP to AMI was within 2 years regardless of
whether CRP was drawn during work-up for an active problem.

Secondary Sensitivity Analyses
We performed subsidiary regression analyses that varied with respect to the maximum time
allowed between the most recent CRP test and the first AMI. In all analyses, patients were
censored if the most recent CRP test occurred less than a week before the first AMI. In
secondary analyses, patients were also censored if their most recent CRP test occurred more
than 1 or 2 years before the first AMI (vs. 3 years in the primary analysis). The results of the
sensitivity analyses were similar, with elevated CRP and HIV each remaining significantly
associated with AMI in fully adjusted models, for both the 1- and 2-year periods (data not
shown).

Discussion
In this study, we demonstrate that elevated CRP and HIV infection are independently associated
with AMI among patients followed in a large US health care system. Increased CRP and HIV
infection were each associated with an approximately 2-fold increased risk for AMI. The
presence of both elevated CRP and HIV infection increased the odds of AMI to more than 4-
fold compared with patients with neither elevated CRP nor HIV infection. These independent
effects remained significant in an adjusted model accounting for demographics, hypertension,
diabetes, and dyslipidemia.

This study is consistent with data from other studies demonstrating high prevalence rates of
elevated CRP in patients with HIV compared with control groups.6,15,16 However, the role of
CRP testing with respect to cardiovascular events has not been explored in relation to HIV
infection. Patients with HIV merit aggressive cardiovascular risk assessment and modification
given their increased risk for cardiovascular disease,17–19 yet it is not clear whether CRP, a
biomarker useful for cardiovascular prediction in non-HIV populations,12,13 is useful in the
setting of HIV infection. Specifically, it is unknown whether CRP would have independent
prognostic power for the prediction of AMI beyond that of HIV status itself, which has been
shown to be associated with AMI4 and might serve as a general index to identify increased
inflammatory risk. Moreover, it is unknown whether CRP would remain associated with AMI
after accounting for increased rates of traditional risk factors that are seen in the HIV
population. We employed data from patients with HIV and patients without HIV followed in
a large US health care system to show that elevated CRP is in fact associated with AMI,
independent of HIV itself, and remains associated with AMI after accounting for the increased
rates of traditional cardiovascular risk factors seen in the HIV population.

We used several strategies to verify data accuracy and standardize the timing of CRP test data.
The outcome event and all exposures were validated to verify the accuracy of ICD-based
diagnoses. Patients were excluded from the analysis if the most recent CRP test data occurred
after the first AMI, within a week before the first AMI, or more than 3 years before the first
AMI. Censoring patients with CRP tests after or immediately preceding the AMI event
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decreased the likelihood that the elevated CRP was a consequence of the event. The timing of
3 years between CRP test and AMI was selected based on previous literature that showed a
mean of 3 years' follow-up in assessing the prognostic value of increased CRP in relation to
AMI among patients without HIV.13 Moreover, the timing from most recent CRP test to first
AMI was similar for patients with HIV and patients without HIV.

Through detailed medical record review, we were able to investigate the relationship of CRP
to several important variables not uniformly available by electronic data capture. The equal
distribution of smoking as stratified across CRP test status suggests that smoking is not likely
to be a confounding variable in this analysis. Similarly, the lack of association between elevated
CRP with HIV viral load, absolute CD4 count, or nucleoside reverse transcriptase inhibitor
and nonnucleoside reverse transcriptase inhibitor medication classes suggests that these HIV-
specific variables—reflective of HIV disease status and treatment category—were not likely
to have contributed to the association between elevated CRP and AMI. The association
observed between CRP test status and protease inhibitor use suggests that the use of this ARV
medication class could contribute to the association between increased CRP and AMI within
the HIV group, and further studies should address this question.

CRP testing may have occurred for the purposes of cardiovascular risk prediction or to evaluate
an inflammatory or infectious process. Indeed, our detailed review of a subset of clinical records
suggests that CRP was most often not drawn for cardiovascular risk stratification among the
HIV group. Regardless of the reason for testing, the association between elevated CRP and
AMI remained significant even after accounting for HIV infection, suggesting that elevated
CRP and HIV are each independently associated with cardiovascular risk. The results of the
Strategies for Management of Antiretroviral Therapy (SMART) study, which demonstrated
higher cardiovascular event rates in patients whose ARV treatment was interrupted20 and
increased levels of several inflammatory markers after treatment interruption,21 suggest a
possible association between acute episodic inflammation and cardiovascular events. Further
investigation of the association of elevated CRP and cardiovascular events in patients with
HIV will help to elucidate this mechanism, but our data suggest that elevated CRP values drawn
during work-up of acute noncardiovascular medical problems still lend prognostic significance
for cardiovascular risk prediction.

The study has some limitations. First, we did not have an adequate number of patients to study
the effects of individual drugs nor the effects of discontinuation of ARV drugs in the data set
of patients with CRP available. Second, it is possible that events occurred outside the Partners
HealthCare System were not captured by the database. However, the mean duration from first
to last encounter of approximately 6 years for both patients with HIV and patients without HIV
suggests both a long period of follow-up and similar continuity for patients with HIV and
patients without HIV within the system. Thus, any loss-to-follow-up was likely similar in each
study group.

Our results suggest that elevated CRP and HIV are independently associated with AMI and
that having both an elevated CRP and HIV infection further increases the risk for AMI. Our
data suggest that patients with HIV with increased CRP are at 4-fold increased risk for AMI
compared with patients with neither risk factor. Although these data cannot establish causality,
they highlight the need for further in-depth evaluation of the prognostic value of CRP for AMI
in the HIV population. Developing HIV-specific cardiovascular risk assessment strategies is
important for the long-term health of the HIV population.
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FIGURE 1.
Study sample. The initial query generated 1,648,687 patients. Of these, 77,835 had CRP test
data available during the study period from Brigham and Women's Hospital or Massachusetts
General Hospital. After excluding patients whose most recent CRP value was after the first
AMI, less than 1 week before the first AMI, or more than 3 years before the first AMI, there
were 70,357 patients. Of these patients, 487 were HIV infected and 69,870 were not HIV
infected. The distribution of normal vs. elevated CRP is shown in the Figure.
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TABLE 1
Characteristics of Patients by CRP Test Availability*

HIV Non-HIV

Characteristic Background (n = 7099) CRP Available (n = 487) Background (n = 1,641,588) CRP Available (n = 69,870)

Sex
 Female 2351 (33.1) 181 (37.2) 937,748 (57.1) 38,019 (54.4)
Age (yrs)
 18–34 978 (13.8) 42 (8.6) 409,637 (25.0) 6773 (9.7)
 35–44 2303 (32.4) 145 (29.8) 347,291 (21.2) 10,230 (14.6)
 45–54 2472 (34.8) 180 (37.0) 305,919 (18.6) 15,399 (22.0)
 55–64 997 (14.0) 74 (15.2) 260,344 (15.9) 17,688 (25.3)
 65–74 252 (3.5) 32 (6.6) 175,498 (10.7) 12,153 (17.4)
 75–84 99 (1.4) 14 (2.9) 142,896 (8.7) 7627 (10.9)
Race
 White 3522 (49.6) 283 (58.1) 1,039,761 (63.3) 53,919 (77.2)
 Nonwhite† 3020 (42.5) 184 (37.8) 306,951 (18.7) 9249 (13.2)
 Not recorded 558 (7.9) 20 (4.1) 294,667 (18.0) 6702 (9.6)
Cardiac risk factor
 Hypertension 1689 (23.8) 183 (37.6) 257,257 (15.7) 32,848 (47.0)
 Diabetes 1140 (16.1) 105 (21.6) 108,765 (6.6) 11,662 (16.7)
 Dyslipidemia 1893 (26.7) 184 (37.8) 244,175 (14.9) 36,701 (52.5)

*
Data are n (%) of patients, unless otherwise indicated.

†
Nonwhite includes all races other than white for whom race data were recorded.
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TABLE 2
Adjusted ORs for AMI in Multivariate Regression Modeling*

Recent CRP High vs. Not HIV vs. Non-HIV

OR (95% CI) P OR (95% CI) P

Model 1 (CRP) 2.51 (2.27 to 2.78) <0.0001
Model 2 (HIV) 2.07 (1.31 to 3.10) 0.0009
Model 3 (CRP, HIV) 2.50 (2.26 to 2.77) <0.0001 1.74 (1.10 to 2.61) 0.0122
Model 4 (CRP, HIV, age) 2.31 (2.08 to 2.56) <0.0001 2.29 (1.44 to 3.45) 0.0002
Model 5 (CRP, HIV, age, sex) 2.34 (2.11 to 2.59) <0.0001 2.15 (1.35 to 3.25) 0.0006
Model 6 (CRP, HIV, age, sex,
race)

2.27 (2.05 to 2.52) <0.0001 1.86 (1.16 to 2.81) 0.0056

Model 7 (CRP, HIV, age, sex,
race, hypertension)

2.23 (2.01 to 2.47) <0.0001 1.97 (1.23 to 2.99) 0.0025

Model 8 (CRP, HIV, age, sex,
race, diabetes)

2.14 (1.93 to 2.38) <0.0001 1.83 (1.15 to 2.77) 0.0068

Model 9 (CRP, HIV, age, sex,
race, dyslipidemia)

2.43 (2.19 to 2.70) <0.0001 1.91 (1.20 to 2.89) 0.0037

Model 10 (CRP, HIV, age, sex,
race, hypertension, diabetes,
dyslipidemia)

2.13 (1.92 to 2.37) <0.0001 1.93 (1.21 to 2.93) 0.0035

*
Adjusted ORs and associated CIs and P-values are from logistic regression analysis; P value <0.05 was considered significant. Covariates included in

the model are listed after the model number in parentheses.
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