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Importance: Whether people infected with human im-
munodeficiency virus (HIV) are at an increased risk of acute
myocardial infarction (AMI) compared with uninfected
people is not clear. Without demographically and behav-
iorally similar uninfected comparators and without uni-
formly measured clinical data on risk factors and fatal and
nonfatal AMI events, any potential association between HIV
status and AMI may be confounded.

Objective: To investigate whether HIV is associated with
an increased risk of AMI after adjustment for all stan-
dard Framingham risk factors among a large cohort of
HIV-positive and demographically and behaviorally simi-
lar (ie, similar prevalence of smoking, alcohol, and co-
caine use) uninfected veterans in care.

Design and Setting: Participants in the Veterans Ag-
ing Cohort Study Virtual Cohort from April 1, 2003,
through December 31, 2009.

Participants: After eliminating those with baseline car-
diovascular disease, we analyzed data on HIV status, age,
sex, race/ethnicity, hypertension, diabetes mellitus, dys-
lipidemia, smoking, hepatitis C infection, body mass in-
dex, renal disease, anemia, substance use, CD4 cell count,
HIV-1 RNA, antiretroviral therapy, and incidence of AMI.

MainOutcomeMeasure: Acute myocardial infarction.

Results: We analyzed data on 82 459 participants. Dur-
ing a median follow-up of 5.9 years, there were 871 AMI
events. Across 3 decades of age, the mean (95% CI) AMI
events per 1000 person-years was consistently and sig-
nificantly higher for HIV-positive compared with unin-
fected veterans: for those aged 40 to 49 years, 2.0 (1.6-
2.4) vs 1.5 (1.3-1.7); for those aged 50 to 59 years, 3.9
(3.3-4.5) vs 2.2 (1.9-2.5); and for those aged 60 to 69
years, 5.0 (3.8-6.7) vs 3.3 (2.6-4.2) (P� .05 for all). Af-
ter adjusting for Framingham risk factors, comorbidi-
ties, and substance use, HIV-positive veterans had an in-
creased risk of incident AMI compared with uninfected
veterans (hazard ratio, 1.48; 95% CI, 1.27-1.72). An ex-
cess risk remained among those achieving an HIV-1 RNA
level less than 500 copies/mL compared with unin-
fected veterans in time-updated analyses (hazard ratio,
1.39; 95% CI, 1.17-1.66).

Conclusions and Relevance: Infection with HIV is
associated with a 50% increased risk of AMI beyond that
explained by recognized risk factors.
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W ITH THE SUCCESS OF

antiretroviraltherapy
(ART), people in-
fected with human
immunodeficiency

virus (HIV) are now living longer and are
at risk for heart disease. Determining
whether HIV-positive people have an in-
creased risk of acute myocardial infarc-
tion (AMI) compared with uninfected
people is a central question1 with impor-
tant clinical implications. Although prior
studies2-6 have reported an association be-
tween HIV and AMI, the results may have

been confounded by the choice of refer-
ence group, the lack of adjudicated AMI
outcomes, a lack of fatal events, and/or miss-
ing risk factor data. We investigated

whether HIV is associated with an in-
creased risk of AMI after adjustment for all
standard Framingham risk factors among
a large cohort of HIV-positive and demo-
graphically and behaviorally similar (ie,
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similar prevalence of smoking, alcohol, and cocaine use)
uninfected veterans in care.

METHODS

The Veterans Aging Cohort Study (VACS) Virtual Cohort (VC)7

is a prospective longitudinal cohort of HIV-positive and age-,
race/ethnicity–, and clinical site–matched uninfected veterans
enrolled in the same calendar year. Participants have been con-
tinually enrolled each year since 1998 using a validated exist-
ing algorithm from the US Department of Veterans Affairs (VA)
national electronic medical record system.7 Data for this co-
hort are extracted from the immunology case registry, the Na-
tional Pharmacy Benefits Management database, the Decision
Support System, the National Patient Care Database, and the
VA electronic medical record health factor data set. Deaths are
identified using the VA vital status file, the Social Security Ad-
ministration death master file, the Beneficiary Identification and
Records Locator Subsystem, and the Veterans Health Admin-
istration medical Statistical Analysis Systems inpatient data sets.
Cause of death was obtained from the National Death Index.
The University of Pittsburgh, Yale University, and West Ha-
ven VA Medical Center institutional review boards approved
this study.

For this analysis, we considered all VACS-VC participants
alive and enrolled in VACS-VC on or after 2003. The baseline
was a participant’s first clinical encounter on or after April 1,
2003. All participants were followed up from their baseline date
to either an AMI event, death, or the last follow-up date. Par-
ticipants were followed up through December 31, 2009.

These data were merged with data from Medicare, Medic-
aid, and the Ischemic Heart Disease–Quality Enhancement Re-
search Initiative, an initiative designed to improve the quality
of care and health outcomes of veterans with ischemic heart
disease.8,9 In the Ischemic Heart Disease–Quality Enhance-
ment Research Initiative, data from all participants with AMIs
from 2003 through 2009 were reviewed to assess variations in
acute coronary syndrome outcomes within the VA health care
system. We excluded participants with prevalent cardiovascu-
lar disease on the basis of International Classification of Dis-
eases, Ninth Revision (ICD-9) codes for AMI, unstable angina,
cardiovascular revascularization, stroke or transient ischemic
attack, peripheral vascular disease, or heart failure on or be-
fore their baseline date (n=17 229). After this exclusion, our
final sample included 82 459 veterans (33.2% HIV positive).

INDEPENDENT VARIABLE

We considered HIV to be present if a participant had at least 1
inpatient and/or 2 or more outpatient ICD-9 codes for HIV and
was included in the VA Immunology Case Registry.7

DEPENDENT VARIABLES

Our primary outcome was AMI. All primary outcomes were de-
fined using VA, Medicare, and death certificate data. For events
within the VA, including transfers from non-VA hospitals, AMI
was determined using data collected by trained abstractors from
the VA External Peer Review program.9,10 Adjudication re-
quired documentation of AMI in the discharge summary fol-
lowed by a review of the physician notes and medical records.
Medical information abstracted included evidence of elevated
serum markers of myocardial damage including elevated tro-
ponin I, troponin T, or creatine kinase–muscle brain and electro-
cardiography findings. Thresholds for positive serum markers
were defined by the assay used. The ST-segment elevation was

defined as 1 mV or higher elevation in 2 or more contiguous
leads and/or left bundle branch block. For AMI events occur-
ring at non-VA hospitals that were not transferred to a VA fa-
cility, we used Medicare inpatient ICD-9 code 410 data. This
code was selected on the basis of its high agreement with ad-
judicated AMI outcomes in the Cardiovascular Health Study.11

Based on Cardiovascular Health Study criteria,11 definite fatal
AMI was a death within 4 weeks of an AMI event. Possible fa-
tal AMI was a death with a death certificate documenting AMI
as the underlying cause (ICD-10 code I21.0-.9).

COVARIATES

We determined age, sex, and race/ethnicity using administra-
tive data. Hypertension, diabetes mellitus,12 dyslipidemia, re-
nal disease, and anemia were measured using outpatient and
clinical laboratory data collected closest to the baseline date.
The HMG-CoA [(3-hydroxy-3-methylglutaryl)–coenzyme A]
reductase-inhibitor use and ART were based on pharmacy data,
and smoking and body mass index (BMI; calculated as weight
in kilograms divided by height in meters squared) were mea-
sured from health factor data that are collected in a standard-
ized form within the VA. Hypertension was categorized as no
hypertension (blood pressure �140/90 mm Hg and no anti-
hypertensive medication), controlled hypertension (�140/90
mm Hg with antihypertensive medication), and uncontrolled
hypertension (�140/90 mm Hg).13 Our blood pressure mea-
surement was the average of the 3 routine outpatient clinical
measurements closest to the baseline date. Diabetes was diag-
nosed using a previously validated metric that considers glu-
cose measurements, antidiabetic agent use, and/or at least 1 in-
patient and/or 2 or more outpatient ICD-9 codes for this
diagnosis.12 The HMG-CoA reductase-inhibitor use was within
180 days of the baseline date. Current, past, and never smok-
ing and BMI were assessed using documentation from the VA
electronic medical record health factor data set, which con-
tains information collected from clinical reminders that clini-
cians are required to complete for patients. Prior work14 dem-
onstrates the high agreement between health factor
documentation and VACS-8 self-reported smoking survey data.
Hepatitis C virus infection was defined as a positive hepatitis
C virus antibody test result or at least 1 inpatient and/or 2 or
more outpatient ICD-9 codes for this diagnosis.15 History of co-
caine and alcohol abuse or dependence was defined using ICD-9
codes.16 We collected data on CD4 cell counts and HIV-1 RNA
values from baseline through the last follow-up date. Baseline
and recent ART was categorized by drug class and types of regi-
men within 180 days of the baseline enrollment date and the
date closest to AMI, death, or last follow-up date, respectively.
Regimen was defined as protease inhibitors plus nucleoside re-
verse-transcriptase inhibitors (NRTI), nonnucleoside reverse-
transcriptase inhibitors (NNRTI) plus NRTI, other, and no ART
use (ie, reference). Prior work7 demonstrated in a nested sample
that 96% of HIV-positive veterans obtain all their ART medi-
cations from the VA.

STATISTICAL ANALYSIS

Descriptive statistics for all variables by HIV status were as-
sessed using t tests or the nonparametric counterparts for con-
tinuous variables and the �2 test or Fisher exact test for cat-
egorical variables. We calculated incident AMI rates per 1000
person-years stratified by age group and HIV status. We used
Cox proportional hazards models to estimate the hazard ratio
(HR) and 95% CIs to assess whether HIV infection was asso-
ciated with incident AMI after adjusting first for age, sex, and
race/ethnicity and then additionally for the Framingham risk
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factors using established cut points.17,18 Our final model ad-
justed for demographic characteristics, Framingham risk fac-
tors, comorbid diseases, and substance abuse or dependence.
Our primary analyses included nonfatal and fatal AMI (defi-
nite and possible). In separate secondary analyses, we exam-
ined the association between HIV and AMI in subgroups (eg,
never smokers) and expanded our analyses to include VA,
Medicare, and Medicaid AMI event data (ie, inpatient ICD-9
code 410). Analyses involving Medicaid were truncated to
2007 to correspond with the end of our available Medicaid
data. We determined whether the risk of AMI persisted
among HIV-positive veterans with HIV-1 RNA levels less than
500 copies/mL over time compared with uninfected veterans
using the counting process technique for a time-updated Cox
proportional hazards model.19 Analogous analyses examined
CD4 cell count over time and AMI risk. Older age, a higher
burden of comorbid disease and substance use, and very com-
plete capture of mortality events in the VACS translates into
high mortality rates. Because of the high mortality among
HIV-positive (4928 [18.0%]; mortality rate[95% CI], 36.9
[35.9-38.0] deaths per 1000 person-years) compared with un-
infected veterans (4042 [7.3%]; 14.4 [13.9-14.8] deaths per
1000 person-years), we conducted 1 secondary analysis ad-
justing for competing risk of death.20,21 We assessed the
change in the C statistic on the addition of HIV to a model that
included risk factors as defined by the Framingham risk score

using VACS participant data and methods from D’Agostino et
al.22 Among HIV-positive veterans, we examined the associa-
tion between Framingham risk factors, comorbidities, sub-
stance use, HIV biomarkers, ART, and AMI. Missing covariate
data were included in the analyses using multiple imputation
techniques that generated 5 data sets with complete covariate
values to increase the robustness and efficiency of the esti-
mated HR.

RESULTS

Although VACS-VC HIV-positive and uninfected veter-
ans were age- and race-matched at the time of enroll-
ment, after participants with baseline cardiovascular dis-
ease were excluded (n=17 229), some differences by HIV
status existed (final sample size=82 459) (Table 1). The
prevalence of Framingham risk factors differed by HIV
status (P� .001 for all). Only current smoking, low high-
density lipoprotein (HDL) cholesterol, and elevated tri-
glycerides were more common among HIV-positive vet-
erans. The median baseline coronary heart disease (CHD)
risk was intermediate for both groups (Framingham risk
score=6) (Table 1).

Table 1. Baseline Characteristics of HIV-Infected and Matched HIV-Uninfected Veteransa

Baseline Characteristic
Uninfected

(n = 55 109)
HIV Infected
(n = 27 350)

Age, y
Mean (SD) 48.8 (9.2) 48.2 (9.5)
Median 49.0 48.0

Male sex, % 97.2 97.3
Race/ethnicity, %

African American 47.8 48.2
White 37.8 37.8
Hispanic 7.8 7.1
Other 6.6 6.9

Framingham Risk Factors, %
Hypertensionb

None 58.4 67.2
Controlled 9.7 7.4
Uncontrolled 31.9 25.4
Diabetes mellitusb 20.7 14.0

Lipids, mg/dLb

LDL cholesterol �100 31.7 46.4
LDL cholesterol 100-129 33.3 29.6
LDL cholesterol 130-159 22.8 15.8
LDL cholesterol �160 12.2 8.2
HDL cholesterol �60 14.8 11.0
HDL cholesterol 40-59 47.3 37.8
HDL cholesterol �40 38.0 51.2
Triglycerides �150 38.2 47.4

Smoking, %b

Current 54.0 60.2
Past 16.0 13.2
Never 30.0 26.6

Framingham risk score
Mean (SD) 6.1 (3.0) 5.8 (3.1)
Median 6 6

Other risk factors, %
Current HMG-CoA reductase-inhibitor use 9.8 6.5
HCV infection 15.6 35.0

(continued)
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During a median follow-up of 5.9 years, there were
871 AMI events (41.7% HIV positive). Of these 871 events,
534 (61.3%) were within or transferred to the VA (Qual-
ity Enhancement Research Initiative), 161 (18.5%) were
outside the VA and never transferred to VA facilities
(Medicare events), and 176 (20.2%) were deaths. The AMI
rates per 1000 person-years were significantly higher
among HIV-positive compared with uninfected veter-
ans (Table 2), whereas the median age at event (56.4
vs 56.2 years, P = .42) and time to event (3.3 vs 3.4 years,
P = .28) were similar.

After adjusting for Framingham risk factors, comor-
bidities, and substance use, HIV-positive veterans had an
increased risk of incident AMI compared with unin-
fected veterans (HR, 1.48; 95% CI, 1.27-1.72) (Table 3).
Framingham risk factors, hepatitis C virus infection, re-
nal disease, and anemia were independently associated
with AMI (Table 3). This association persisted when we
restricted the sample to never smokers (HR, 1.75; 95%
CI, 1.27-2.42) or to those without hepatitis C virus in-
fection, renal disease, and obesity (1.50; 1.20-1.88) or

when we expanded our outcomes to include VA, Medi-
care, and Medicaid events (1.58; 1.25-1.99). Although
AMI risk was highest among those with HIV-1 RNA lev-
els of at least 500 copies/mL and CD4 cell count less than
200 cells/mL in time-updated analyses (Table 4), this
higher risk remained even among those who achieved
HIV-1 RNA levels less than 500 copies/mL over time com-
pared with uninfected veterans (Table 4).This was also
true after adjusting for competing risk of death (HR, 1.45;
95% CI, 1.25-1.69). The C statistic for a model to pre-
dict AMI was 0.71 (95% CI, 0.70-0.73). When we added
HIV infection to the model, the C statistic increased
by 0.01 (P � .001).

Among HIV-positive veterans, baseline HIV-1 RNA,
CD4 cell count, and ART (both by class and regimen),
as well as recent NNRTI, NRTI, and ART regimens were
not associated with AMI. However, recent HIV-1 RNA
of at least 500 copies/mL (HR, 1.60; 95% CI, 1.14-2.22)
and recent CD4 cell count less than 200 cells/mL
(1.57; 1.10-2.24) were associated with AMI, and recent
protease inhibitor use (1.34; 0.98-1.81; P = .06) had bor-

Table 1. Baseline Characteristics of HIV-Infected and Matched HIV-Uninfected Veteransa (continued)

Baseline Characteristic
Uninfected

(n = 55 109)
HIV Infected
(n = 27 350)

Renal disease, mL/min/1.73 m2b

EGFR �60 95.2 93.3
EGFR 30-59 4.2 5.2
EGFR �30 0.6 1.5

BMI �30, %b 38.8 14.3
Anemia, g/dLb

Hemoglobin �14 72.5 55.1
Hemoglobin 12-13.9 23.4 32.0
Hemoglobin 10-11.9 3.3 9.5
Hemoglobin �10 0.8 3.5

History of substance use, %
Alcohol abuse or dependence 13.2 14.1
Cocaine abuse or dependence 7.2 11.3

HIV-specific biomarkersc

CD4 cell count, mm3b

Mean (SD) . . . 390.7 (287.1)
Median . . . 361.5

HIV-1 RNA, copies/mLb

Mean (SD) . . . 50 317.4 (126 797.8)
Median . . . 680

ART regimen, %c

NRTI plus PI . . . 20.6
NRTI plus NNRTI . . . 21.9
Other . . . 6.8
No ART . . . 50.8

Abbreviations: ART, antiretroviral therapy; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); EGFR, estimated
glomerular filtration rate; HCV, hepatitis C virus; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; HMG-CoA,
(3-hydroxy-3-methylglutaryl)-coenzyme A; LDL, low-density lipoprotein; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside
reverse-transcriptase inhibitor; PI, protease inhibitor.

SI conversion factors: To convert LDL and HDL to millimoles per liter, multiply by 0.0259; hemoglobin to grams per liter, multiply by 10; and triglycerides
to millimoles per liter, multiply by 0.0113.

aAll characteristics were statistically different (P � .001) except sex (P = .51) and race/ethnicity (P = .004) using analysis of variance, �2 test, or Wilcoxon rank
sum test. We did not compare CD4 cell count, HIV-1 RNA, or ART use because these were collected only among HIV-positive veterans.

bAll variables had complete data except the following: hypertension data were available on 27 062 (HIV positive) and 53 968 (uninfected); HDL cholesterol data
were available on 20 832 (HIV positive) and 40 532 (uninfected); LDL cholesterol data were available on 19 910 (HIV positive) and 38 563 (uninfected); triglyceride
data were available on 22 817 (HIV positive) and 42 488 (uninfected); smoking data were available on 25 510 (HIV positive) and 50 876 (uninfected); EGFR data
were available on 25 593 (HIV positive) and 48 155 (uninfected); BMI data were available on 26 872 (HIV positive) and 53 539 (uninfected); anemia data were
available on 25 008 (HIV positive) and 46 631 (uninfected); CD4 cell count data were available on 21 810 HIV positive; and HIV-1 RNA data were available
on 22 631 (HIV positive).

cBecause HIV-uninfected veterans do not have HIV-specific biomarkers or ART regimens, these cells contain only ellipses.
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derline significance with AMI after being included in a
model that adjusted for Framingham risk factors, co-
morbidities, and substance use (data otherwise not
shown).

COMMENT

Veterans with HIV infection have a significantly higher
risk of AMI compared with demographically and behav-
iorally similar uninfected veterans even after adjust-
ment for Framingham risk factors, comorbidities, and
substance use. This risk persisted among those achiev-
ing HIV-1 RNA levels less than 500 copies/mL over
time. When added to a model including Framingham
risk factors, HIV status modestly improved AMI risk
discrimination.

Although consistent with prior studies,2-6 our analy-
ses are more definitive. This study included adjudicated
AMI events within the VA, transfers to the VA and
events not treated at the VA (Medicare and Medicaid),
and fatal and nonfatal AMI events. Moreover, most of
the prior studies were missing confounders such as
smoking,3-6 and none had fatal events or compared rates
with uninfected demographically and behaviorally
similar participants.

Our results are consistent with prior studies23,24 link-
ing ART with AMI risk among HIV-positive people. Al-
though the association between recent protease inhibi-
tor use and AMI achieved only borderline significance,
in combination with our analysis reporting an excess risk
of AMI among HIV-positive veterans who have HIV-1
RNA levels less than 500 copies/mL over time com-
pared with uninfected veterans, this suggests that ART
contributes to AMI risk.

Findings from this and prior studies suggest that the
increased risk of AMI among HIV-positive people is likely
a function of HIV,25 ART,23,24,26 and the burden of co-
morbid disease including Framingham risk factors.23 Un-
like in prior studies, we did not observe a significant
association between HDL cholesterol and AMI in our mul-
tivariable models. However, in univariate analyses, HDL
less than 40 mg/dL (to convert to millimoles per liter,

multiply by 0.0259) was associated with AMI (HR, 1.27;
95% CI, 1.01-1.59). When we added each Framingham
risk factor and HIV separately to our univariate HDL
model, diabetes (HR, 1.16; 95% CI, 0.92-1.46) and to a
lesser extent HIV (1.21; 0.96-1.52) attenuated the asso-
ciation between HDL and AMI.

The mechanism by which HIV infection increases the
risk of AMI is not known. Possible mechanisms may
involve inflammation,27 CD4 cell count depletion,28 al-
tered coagulation,29 dyslipidemia,30 impaired arterial elas-
ticity,31 and endothelial dysfunction.32 Among HIV-
infected people, ART is associated with metabolic
changes33 and abnormal fat distribution,34,35 which in turn
are linked with insulin resistance,33 diabetes,33 and dys-
lipidemia.33,36 Although HIV and ART are associated with
AMI risk, results from the Strategies for Management of
Antiretroviral Therapy study25 showing that HIV viral sup-
pression results in lower cardiovascular disease risk than
drug conservation therapy suggest that the virus plays
the larger role.

In this study, HIV-positive veterans had a higher risk
of AMI while having the same baseline Framingham risk
score as uninfected veterans. Human immunodefi-
ciency virus infection was associated with an increase in
AMI risk when added to a model of Framingham risk fac-
tors. These findings combined with prior work by the D:A:
D37,38 suggest that the Framingham risk score may un-
derestimate AMI risk among HIV-positive people and that
the addition of HIV and ART to a model of established
AMI risk factors may be clinically useful. When the
Framingham risk score was validated in other unin-
fected multiethnic cohorts, recalibration was required in
some instances to account for the different prevalences
of risk factors and underlying rates of developing CHD.22

A comparison of the VACS-VC with participants in the
Framingham Heart Study demonstrates substantial dif-
ferences in the prevalence of diabetes, smoking, and low
HDL cholesterol as well as race/ethnicity.22 Of note, the
Framingham risk score does not incorporate risk fac-
tors significantly associated with AMI in this study (ie,
hepatitis C virus, anemia, renal disease, HIV-1 RNA, or
CD4 cell count). Future studies should focus on validat-

Table 2. Rates of AMI by HIV Status and Age Groupa

Status

Age Group, y

�30 30-39 40-49 50-59 60-69 70-79 80-89 �89

Uninfected
No. of participants 1175 6783 21 866 19 805 4209 1120 148 3
No. of AMI events 0 10 164 218 66 36 14 0
AMI rates per 1000

person-years (95% CI)
. . . 0.3

(0.2-0.6)
1.5

(1.3-1.7)
2.2

(1.9-2.5)
3.3

(2.6-4.2)
6.7

(4.8-9.2)
21.5

(12.7-36.4)
. . .

HIV Infected
No. of participants 725 3848 10 575 9342 2065 557 56 0
No. of AMI events 0 13 105 171 46 25 3 0
AMI rates per 1000

person-years (95% CI)
. . . 0.7

(0.4-1.2)
2.0

(1.6-2.4)
3.9

(3.3-4.5)
5.0

(3.8-6.7)
10.0

(6.7-14.7)
13.5

(4.3-42.0)
. . .

Incidence rate ratio (95% CI) . . . 2.19
(0.89-5.58)

1.34
(1.04-1.72)

1.80
(1.47-1.21)

1.53 (1.03-
2.26)

1.50
(0.86-2.57)

0.63
(0.12-2.25)

. . .

Abbreviations: AMI, acute myocardial infarction; HIV, human immunodeficiency virus.
aAn ellipsis indicates that a rate was not calculated because there were 0 events.
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ing the Framingham risk score as originally described
by D’Agostino et al22 and then assess whether the
inclusion of HIV status, race/ethnicity, comorbidities
(eg, hepatitis C virus, renal disease, and anemia), HIV-
specific biomarkers and ART, and/or inflammatory
biomarkers improves CHD risk prediction for HIV-
positive people.

There are limitations that warrant discussion. First,
because this sample is overwhelmingly male, our find-
ings may not generalize to women. Second, as with any
observational study, there is always the possibility of re-
sidual confounding. For example, we do not have bio-
marker data beyond what is available in the clinical set-
ting; therefore, we could not incorporate biomarkers, such

Table 3. The Association Between HIV and AMI

Characteristic

HR (95% CI)a

First Modelb Second Modelc Third Modeld

HIV infection 1.57 (1.37-1.80) 1.72 (1.49-1.97) 1.48 (1.27-1.72)
Agee 1.87 (1.75-2.00) 1.85 (1.72-1.99) 1.78 (1.65-1.92)
Female sex 0.51 (0.26-0.99) 0.58 (0.30-1.13) 0.53 (0.27-1.02)
Race/ethnicity

White 1 [Reference] 1 [Reference] 1 [Reference]
African American 0.86 (0.74-0.99) 0.79 (0.69-0.92) 0.71 (0.61-0.82)
Hispanic 1.01 (0.79-1.29) 1.04 (0.82-1.32) 1.00 (0.79-1.28)
Other 0.66 (0.47-0.92) 0.70 (0.50-0.99) 0.69 (0.49-0.97)

Hypertension
None . . . 1 [Reference] 1 [Reference]
Controlled . . . 1.48 (1.18-1.85) 1.36 (1.08-1.70)
Uncontrolled . . . 1.70 (1.47-1.97) 1.64 (1.41-1.91)

Diabetes mellitus . . . 1.74 (1.50-2.02) 1.74 (1.49-2.02)
Lipids, mg/dL
LDL cholesterol �100 . . . 1 [Reference] 1 [Reference]
LDL cholesterol 100-129 . . . 1.01 (0.93-1.31) 1.20 (1.01-1.42)
LDL cholesterol 130-159 . . . 1.38 (1.11-1.70) 1.53 (1.24-1.90)
LDL cholesterol �160 . . . 1.66 (1.33-2.07) 1.88 (1.50-2.35)
HDL cholesterol �60 . . . 1 [Reference] 1 [Reference]
HDL cholesterol 40-59 . . . 1.05 (0.81-1.35) 1.05 (0.81-1.35)
HDL cholesterol �40 . . . 1.07 (0.84-1.36) 1.05 (0.83-1.35)
Triglycerides �150 . . . 1.12 (0.98-1.30) 1.16 (1.00-1.34)

Never smoker . . . 1 [Reference] 1 [Reference]
Current smoking . . . 1.84 (1.53-2.23) 1.78 (1.47-2.16)
Past smoking . . . 1.06 (0.81-1.40) 1.06 (0.80-1.40)
Current HMG-CoA reductase inhibitor use . . . 0.84 (0.68-1.03)
HCV infection . . . . . . 1.19 (1.01-1.40)
Renal disease, mL/min/1.73 m2

EGFR �60 . . . . . . 1 [Reference]
EGFR 30-59 . . . . . . 1.57 (1.23-1.99)
EGFR �30 . . . . . . 3.64 (2.54-5.20)

Anemia, mg/dL
Hemoglobin �14.0 . . . . . . 1 [Reference]

Framingham risk score
Mean (SD) 6.1 (3.0) 5.8 (3.1)
Median 6 6

Other risk factors, %
Current HMG-CoA reductase-inhibitor use 9.8 6.5
HCV infection 15.6 35.0
Hemoglobin 12-13.9 . . . . . . 1.20 (1.01-1.42)
Hemoglobin 10-11.9 . . . . . . 1.93 (1.49-2.50)
Hemoglobin �10 . . . . . . 2.28 (1.49-3.51)

BMI �30 . . . . . . 0.92 (0.78-1.08)
History

Cocaine abuse or dependence . . . . . . 1.03 (0.78-1.37)
Alcohol abuse or dependence . . . . . . 1.11 (0.88-1.39)

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); EGFR,
estimated glomerular filtration rate; HCV, hepatitis C virus; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; HMG-CoA,
(3-hydroxy-3-methylglutaryl)-coenzyme A; HR, hazard ratio; LDL, low-density lipoprotein.

SI conversions: SeeTable 1.
aHIV status and all covariates listed in the 3 models were adjusted for simultaneously in the Cox proportional hazards model.
bModel is adjusted for demographic characteristics only.
cModel is adjusted for demographic characteristics and Framingham risk factors.
dModel is adjusted for all covariates.
eAge is given in 10-year increments.
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as C-reactive protein or D-dimer, into our analysis. Simi-
larly, as HIV-1 RNA assays that detect lower HIV-1 RNA
levels (�40 copies) were not available in the VA in 2003,
we could not use this definition to assess viral suppres-
sion. Third, the Framingham risk score predicts CHD (ie,
AMI and CHD death). Because this study focused on AMI,
we could not validate the Framingham risk score in the
VACS-VC to determine whether the Framingham risk score
underestimates CHD risk in our cohort. Fourth, the use
of ICD-9 codes to identify substance use may have re-
sulted in some misclassification. Fifth, some of our AMI
events were defined using only ICD-9 codes and death cer-
tificate data without confirmatory data (eg, enzymes and
electrocardiography findings). However, it is reassuring
that the association between HIV and AMI remained the
same across several sensitivity analyses exploring the in-
fluence of these data. Sixth, there is the possibility that some
non-VA events were not captured. However, after survey-
ing 6000 VACS39 participants (half HIV positive) as to
whether or not they had (1) had any cardiovascular event
and (2) been hospitalized for it outside the VA, 25% re-
ported an event occurring outside the VA. In this analy-
sis, 23% of the AMI events occurred at non-VA hospitals.
Moreover, the association between HIV and AMI re-
mained unchanged when we excluded Medicare and Med-
icaid events (HR, 1.47; 95% CI, 1.25-1.73), suggesting that
non-VA health care use for AMI did not substantially dif-
fer by HIV status. Our rates for white uninfected men (2.6
per 1000 person-years) were also similar to the age-
adjusted rates in the 2006 Atherosclerosis Risk in Com-
munities study from the community surveillance (2.9 per
1000 persons). More important, these rates are not ad-
justed for the higher mortality rate among veterans com-
pared with Atherosclerosis Risk in Communities partici-
pants and competing risks of death. Finally, we considered
differences in the proportion of missing data on all Framing-
ham risk factors by HIV status. Although there were sta-
tistically different proportions, these differences were small
(eTable; http://www.jamainternalmed.com).

In conclusion, HIV infection is independently asso-
ciated with AMI after adjustment for Framingham risk,

comorbidities, and substance use. Unsuppressed HIV
viremia, low CD4 cell count, Framingham risk factors,
hepatitis C virus, renal disease, and anemia are also as-
sociated with AMI. Moreover, this risk also extends to
HIV-positive veterans with an HIV-1 RNA level less than
500 copies/mL over time compared with uninfected vet-
erans. When added to a model of Framingham risk fac-
tors, HIV infection is associated with improved AMI risk
discrimination. Future studies should focus on validat-
ing the Framingham risk score in cohorts with HIV-
positive people using hard CHD end points and assess-
ing whether the inclusion of HIV status; race/ethnicity;
comorbidities such as hepatitis C virus, renal disease, and
anemia; HIV-specific biomarkers and ART; and/or in-
flammatory biomarkers improves CHD risk prediction
for HIV-positive people.

Accepted for Publication: November 30, 2012.
Published Online: March 4, 2013. doi:10.1001
/jamainternmed.2013.3728
Author Affiliations: University of Pittsburgh School of
Medicine (Drs Freiberg, Chang, Kraemer, and Butt) and
Graduate School of Public Health (Drs Freiberg, Chang,
Kuller, and Doebler and Mr Armah), Pittsburgh, Penn-
sylvania; Veterans Affairs (VA) Connecticut Health Care
System, West Haven Veterans Administration Medical
Center, West Haven (Mss Skanderson and McGinnis and
Drs Sico and Justice), and Yale University School of Medi-
cine, New Haven (Drs Sico and Justice), Connecticut; VA
Puget Sound Health Care System (Dr Lowy) and the Uni-
versity of Washington School of Public Health (Dr Lowy)
and School of Medicine (Drs Crothers and Crane), Se-
attle; David Geffen School of Medicine, UCLA (Univer-
sity of California, Los Angeles) (Drs Bidwell Goetz and
Leaf), the VA Greater Los Angeles Health Care System
(Drs Bidwell Goetz, Leaf, and Warner), and the Harbor-
UCLA Medical Center and Los Angeles Biomedical Re-
search Institute (Dr Budoff), Los Angeles; University of
Maryland School of Medicine (Drs Oursler, Gottlieb, and
Gottdiener) and the Baltimore VA Health Care System
(Dr Oursler), Baltimore, and the National Institute on Al-
cohol Abuse and Alcoholism, Bethesda (Dr Bryant), Mary-
land; Emory University School of Medicine and Atlanta
VA Medical Center, Atlanta, Georgia (Dr Rimland); Bay-
lor College of Medicine and Michael E. DeBakey VA Medi-
cal Center, Houston, Texas (Dr Rodriguez Barradas);
James J. Peters VA Medical Center, Bronx, and Mount
Sinai School of Medicine, New York (Dr Brown), New
York; George Washington University School of Medi-
cine and the Washington, DC, VA Medical Center (Dr
Gibert), Washington, DC; University of Vermont Col-
lege of Medicine, Burlington (Dr Tracy); and University
of South Carolina Arnold School of Public Health, Co-
lumbia (Ms Watson).
Correspondence: Matthew S. Freiberg, MD, MSc, Univer-
sity of Pittsburgh School of Medicine, 230 McKee Pl, Ste
600, Pittsburgh, PA 15213 (Freibergms@upmc.edu).
Author Contributions: Drs Freiberg and Kuller had full
access to all the data in the study and takes responsibil-
ity for the integrity of the data and the accuracy of the
data analysis. Study concept and design: Freiberg, Kuller,
Skanderson, Kraemer, Butt, Bidwell Goetz, Rimland,

Table 4. Time-Updated Analyses Assessing the Association
of HIV-1 RNA and CD4 Cell Count Values and the Risk of AMI
in Separate Modelsa

Category HR (95% CI) P Valueb

HIV-1 RNA
Uninfected 1 [Reference]

.05�500 1.75 (1.40-2.18)
�500 1.39 (1.17-1.66)

CD4 cell count
Uninfected 1 [Reference]

.04�200 1.88 (1.46-2.40)
�200 1.43 (1.21-169)

Abbreviations: AMI, acute myocardial infarction; HIV, human
immunodeficiency virus; HR, hazard ratio.

aHIV-1 RNA and CD4 cell count models are time updated and adjust
for age, sex, race/ethnicity, hypertension, lipids, smoking, HMG-CoA
reductase-inhibitor use, hepatitis C virus infection, renal disease, body mass
index, and cocaine and alcohol abuse and dependence.

bFor comparison of HIV-1 RNA and CD4 cell count categories.

JAMA INTERN MED/ VOL 173 (NO. 8), APR 22, 2013 WWW.JAMAINTERNALMED.COM
620

©2013 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/12/2022



Brown, Gibert, Crane, Bryant, and Justice. Acquisition of
data: Chang, Skanderson, Lowy, Kraemer, Leaf, Ours-
ler, Rimland, Brown, Gottlieb, Gottdiener, Tracy,
Budoff, Bryant, and Justice. Analysis and interpretation of
data: Chang, Kuller, Skanderson, Butt, Bidwell Goetz,
Rimland, Rodriguez Barradas, McGinnis, Crothers, Sico,
Warner, Gottdiener, Tracy, Budoff, Watson, Armah, Doe-
bler, and Justice. Drafting of the manuscript: Freiberg,
Chang, Kraemer, Sico, Warner, Doebler, and Bryant. Criti-
cal revision of the manuscript for important intellectual con-
tent: Chang, Kuller, Skanderson, Lowy, Kraemer, Butt,
Bidwell Goetz, Leaf, Oursler, Rimland, Rodriguez
Barradas, McGinnis, Brown, Gibert, Crothers, Sico, Crane,
Gottlieb, Gottdiener, Tracy, Budoff, Watson, Armah,
Bryant, and Justice. Statistical analysis: Freiberg, Chang,
Butt, McGinnis, Sico, and Doebler. Obtained funding:
Freiberg, Kraemer, Bryant, and Justice. Administrative,
technical, and material support: Skanderson, Lowy, Bidwell
Goetz,Leaf,Oursler,Rimland,RodriguezBarradas,Brown,
Gottdiener, Tracy, Budoff, and Justice. Study supervision:
Kuller, Skanderson, Kraemer, Leaf, Oursler, Rimland,
Budoff, and Justice.
Conflict of Interest Disclosures: Dr Butt reports that he
received Investigator-Initiated Studies Program grant
P08569 MIISP 39996 from Merck and gave a scientific
talk for Gilead in 2011.
Funding/Support: This work was supported by grant
HL095136-04 from the National Heart, Lung, and Blood
Institute and grants AA013566-10, AA020790, and
AA020794 from the National Institute on Alcohol Abuse
and Alcoholism at the National Institutes of Health.
Role of the Sponsors: The National Institutes of Health
did not participate in the design and conduct of the study
or the collection, management, analysis, or interpreta-
tion of the data; nor did the National Institutes of Health
prepare, review, or approve of the article.
Disclaimer: The views expressed in this article are those
of the authors and do not necessarily reflect the posi-
tion or policies of the Department of Veterans Affairs.
PreviousPresentations: This work was presented as a poster
(March 1, 2011) and as part of a themed discussion (March
2, 2011) at the 18th Conference on Retroviruses and Op-
portunistic Infections; Boston, Massachusetts.
Online-Only Material: The eTable is available at http:
//www.jamainternalmed.com.

REFERENCES

1. Luther VP, Wilkin AM. HIV infection in older adults. Clin Geriatr Med. 2007;23(3):
567-583, vii.

2. Klein D, Hurley LB, Quesenberry CP Jr, Sidney S. Do protease inhibitors in-
crease the risk for coronary heart disease in patients with HIV-1 infection? J Ac-
quir Immune Defic Syndr. 2002;30(5):471-477.

3. Currier JS, Taylor A, Boyd F, et al. Coronary heart disease in HIV-infected individuals.
J Acquir Immune Defic Syndr. 2003;33(4):506-512.

4. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarc-
tion rates and cardiovascular risk factors among patients with human immuno-
deficiency virus disease. J Clin Endocrinol Metab. 2007;92(7):2506-2512.

5. Obel N, Thomsen HF, Kronborg G, et al. Ischemic heart disease in HIV-infected
and HIV-uninfected individuals: a population-based cohort study. Clin Infect Dis.
2007;44(12):1625-1631.

6. Durand M, Sheehy O, Baril JG, Lelorier J, Tremblay CL. Association between HIV
infection, antiretroviral therapy, and risk of acute myocardial infarction: a cohort
and nested case-control study using Québec’s public health insurance database.
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INVITED COMMENTARY

Getting to the Heart of HIV
and Myocardial Infarction

F or people infected with the human immunode-
ficiency virus (HIV) with access to antiretrovi-
ral therapy (ART), the benefits, particularly

for those with low CD4� T-cell counts, have been clearly
established.1 Management strategies have shifted firmly
toward earlier HIV diagnosis to reduce HIV-related
morbidity alongside increased ART access to maximize
its benefits with a view to mitigating the potential detri-
mental effects of HIV infection on overall lifelong
survival.

As the current era in HIV management evolves, it is in-
creasingly apparent that, despite effective ART, people liv-
ing with HIV experience excess comorbidities that may in-
creasemortalityandlimitoverall survival.Notsurprisingly,
as in the general population, cardiovascular diseases, such
as myocardial infarction (MI), rank among the most com-
mon causes of death in treated HIV-positive populations.

In determining the causes of excess comorbidities such
as MI, 3 main issues arise:

1. Is there a truly increased incidence of MI as a re-
sult of HIV infection or do observed, elevated rates sim-
ply reflect background disease rates that would be ex-
pected in a group of people with the demographic
characteristics and risk factor profiles present within a
HIV-positive population?

2. If HIV infection is implicated, what are the mecha-
nisms whereby HIV infection and/or immune dysfunc-
tion drive increased MI?

3. How do potential ART-related toxicities influ-
ence the incidence of MI?

Until recently, much of the estimation of MI risk in
HIV relied on cross-study comparisons of MI rates in HIV-
positive populations with either published population
rates or those derived from separate cohort studies of un-
infected populations. These comparisons were based on
a presumption that the HIV-positive populations were
broadly similar to the comparator populations, with most

studies unable to consider the likely effect of differences
in socioeconomic and lifestyle factors within HIV-
positive populations on resulting MI rates. Indeed, the
potential effects of socioeconomic factors on treatment
outcomes in HIV were recently discussed in this jour-
nal, where a study of mortality rates within an HIV-
positive population showed significantly different mor-
tality depending on sex, educational status, and race/
ethnicity.2 To date, relatively few studies have attempted
to correct for this potential bias.

In this issueof JAMAInternalMedicine,Freibergandcol-
leagues3 attempt to do exactly this by drawing their control
populationfrombroadlysimilardemographicandgeographic
backgrounds, therefore attempting to limit potential bias.
Theyfollowedupalarge(82 459participantsand33.2%HIV
positive) prospective cohort, examining incident MI rates
in participants with and without HIV drawn from the Vet-
erans Aging Cohort Study Virtual Cohort. The cohort has
several advantages: its largesize, theability todrawdetailed
dataonbothHIVandMIfromanumberof linkeddatabases,
thediversepopulation,andtheabilitytomatchHIV-positive
participants and HIV-negative controls for a variety of po-
tentialconfounders,providingthecapacitytobetterestimate
the effect of HIV infection itself on MI rates.

Althoughthecohortstudiedwasalmostexclusivelymale
(�97%), the results demonstrate a clear and consistent ex-
cessriskofMI(approximately50%increase)inHIV-positive
people across a range of age groups, with the association
betweenHIVstatusandMIremainingsignificantwhencon-
trolled for anumberof covariates including traditional car-
diovascular risk factors, such as lipids, blood pressure, and
smokingstatus. Inaddition, study findings suggest thatuse
of the Framingham risk assessment likely underestimates
the risk of MI in HIV-positive populations.

ForHIV-positivemen, this studygoesa longwaytoward
clearly addressing the first of the 3 fundamental issues pre-
viously mentioned: that HIV-positive populations carry an
approximately 50% relative increased risk of incident MI.
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