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Context: Metabolic changes and smoking are common among HIV
patients and may confer increased cardiovascular risk.

Objective: The aim of the study was to determine acute myocardial
infarction (AMI) rates and cardiovascular risk factors in HIV com-
pared with non-HIV patients in two tertiary care hospitals.

Design, Setting, and Participants: We conducted a health care
system-based cohort study using a large data registry with 3,851 HIV
and 1,044,589 non-HIV patients. AMI rates were determined among
patients receiving longitudinal care between October 1, 1996, and
June 30, 2004.

Main Outcome Measures: The primary outcome was myocardial
infarction, identified by International Classification of Diseases cod-
ing criteria.

Results: AMI was identified in 189 HIV and 26,142 non-HIV pa-
tients. AMI rates per 1000 person-years were increased in HIV vs.
non-HIV patients [11.13 (95% confidence interval [CI] 9.58–12.68) vs.
6.98 (95% CI 6.89–7.06)]. The HIV cohort had significantly higher
proportions of hypertension (21.2 vs. 15.9%), diabetes (11.5 vs. 6.6%),

and dyslipidemia (23.3 vs. 17.6%) than the non-HIV cohort (P �
0.0001 for each comparison). The difference in AMI rates between HIV
and non-HIV patients was significant, with a relative risk (RR) of 1.75
(95% CI 1.51–2.02; P � 0.0001), adjusting for age, gender, race, hy-
pertension, diabetes, and dyslipidemia. In gender-stratified models,
the unadjusted AMI rates per 1000 person-years were higher for HIV
patients among women (12.71 vs. 4.88 for HIV compared with non-
HIV women), but not among men (10.48 vs. 11.44 for HIV compared
with non-HIV men). The RRs (for HIV vs. non-HIV) were 2.98 (95%
CI 2.33–3.75; P � 0.0001) for women and 1.40 (95% CI 1.16–1.67; P �
0.0003) for men, adjusting for age, gender, race, hypertension, dia-
betes, and dyslipidemia. A limitation of this database is that it con-
tains incomplete data on smoking. Smoking could not be included in
the overall regression model, and some of the increased risk may be
accounted for by differences in smoking rates.

Conclusions: AMI rates and cardiovascular risk factors were in-
creased in HIV compared with non-HIV patients, particularly among
women. Cardiac risk modification strategies are important for the
long-term care of HIV patients. (J Clin Endocrinol Metab 92:
2506–2512, 2007)

METABOLIC ABNORMALITIES ARE known to occur
frequently in HIV-infected individuals and include

dyslipidemia (1), insulin resistance and diabetes (2, 3), en-
dothelial dysfunction (4, 5), and altered fat distribution (1,
6–9). Myocardial infarction rates have been increased in as-
sociation with protease inhibitor (PI) use (10) and duration
of antiretroviral (ARV) therapy in studies limited to HIV
patients (11). However, it remains unclear as to whether
HIV-infected patients demonstrate increased rates of acute
myocardial infarction (AMI) compared with non-HIV-in-
fected patients.

In the current study, we compared myocardial infarction

rates among HIV-infected patients receiving longitudinal
care in two large U.S. hospitals with background longitudi-
nal rates among the entire population not diagnosed with
HIV infection at these hospitals. We determined the relative
risk (RR) for AMI associated with HIV, adjusting for age,
race, gender, and common cardiac risk factors, including
hypertension, diabetes, and dyslipidemia.

Patients and Methods
Study design

We conducted a cohort study of 3,851 patients diagnosed with HIV
disease and 1,044,589 patients not diagnosed with HIV disease. All
patients in the analysis, HIV and non-HIV infected, presented on at least
two occasions to one of two Boston health care facilities, Brigham and
Women’s Hospital (BWH) or Massachusetts General Hospital (MGH),
comprising the Partners HealthCare System. The non-HIV cohort rep-
resents all patients not diagnosed with HIV disease who presented to
BWH or MGH on at least two occasions. Cohorts were identified by
querying a data registry of all billed hospital encounters, the Research
Patient Data Registry (RPDR).

The primary outcome was AMI, defined according to the Interna-
tional Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM). Institutional Review Board approval was obtained from the
Partners Human Research Committee.
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Eligibility criteria

Patients with at least two encounters of any kind between October 1,
1996, and June 30, 2004, were included. The start date of 1996 marks the
full integration of BWH and MGH inpatient and outpatient data into the
RPDR. Patients under the age of 18 and over the age of 84 were excluded
based on inadequate representation in the cohort of HIV-infected pa-
tients. Patients with only one encounter and patients for whom an AMI
event was the first encounter were excluded from the analysis because
duration of follow-up in the cohort could not be calculated. In cases of
recurrent AMIs, patients were only counted once in the analysis.

Data source

Patient data were obtained from the RPDR, a centralized clinical data
registry containing comprehensive demographic and clinical informa-
tion for more than 2.1 million patients seen at BWH since 1996 or MGH
since 1992. Data are derived from several sources, including hospital
billing systems and a clinical data repository. The data warehouse has
an online query tool that can be used to return a set of patients that match
complex search criteria. Patient identifiers are encrypted throughout the
database. Information on demographics, encounters, diagnoses, and
laboratories is accessible.

Ascertainment of outcomes

The primary endpoint was AMI. Cases were determined by Inter-
national Classification of Diseases (ICD) coding, and included all pa-
tients with ICD-9-CM code 410 (AMI) and all subtypes as entered in the
RPDR. The diagnosis of HIV was based on ICD-9-CM coding of either
042 (HIV disease) or 043 (HIV infection causing other specified
conditions).

Information was also collected on traditional cardiac risk factors,
including hypertension, diabetes, and dyslipidemia, using ICD-9-CM
codes 401 (essential hypertension), 250 (diabetes mellitus), and 272 (dis-
orders of lipoid metabolism) and all subtypes, respectively. Information
on the use of PIs, nucleoside reverse transcriptase inhibitors (NRTIs),
and non-NRTIs was determined through medication records when
available. Available smoking data were recorded.

Statistical analysis

AMI incidence rates per 1000 person-years (PY) contributed during
the observation period were determined for the HIV and non-HIV co-
horts. Duration of individual patient follow-up was determined from
date of first encounter to date of last encounter or date of event. Data on
exact duration of follow-up were available for 1,048,440 patients and was
approximated to the relevant boundary of the follow-up period (October
1, 1996, or June 30, 2004) for the remaining patients if the initiation date
was before the beginning of the study time period or the end date was
after the end of the study time period. Age-specific rates were deter-
mined, and 95% confidence intervals (CIs) were obtained using the
method of large sample approximation. Age categories were constructed
with the following breakdown: 18–34, 35–44, 45–54, 55–64, 65–74, and
75–84 yr. Multivariate Poisson regression models were used to assess the
incidence rate ratio, the measure of RR, for AMI by HIV status in a
combined model of all patients, adjusting for age, gender, race, hyper-
tension, diabetes, and dyslipidemia. The multivariate model was con-
structed a priori using relevant demographic and clinical covariates for
which information was available. Covariate effects were simultaneously
determined. A sensitivity analysis was also performed, investigating the
effects of individual covariates in Poisson regression modeling. Strati-
fied analyses were then performed to examine these effects among the
HIV and non-HIV cohorts, and among women and men.

To assess validity of the models, we first assessed the Poisson model
and did not find evidence of overdispersion. We also performed a Cox
proportional hazards regression analysis. The hazard ratios were almost
identical to the incidence rate ratios from Poisson regression analysis,
and the data satisfied the Cox proportional hazard assumptions. In
addition, we used the Generalized Estimating Equations estimation to
obtain a robust se of the RR, allowing for the potential of misspecification
of the model. Poisson regression analysis incidence rate ratios and per-
son-time incidence rate estimates are reported in this manuscript.

AMI diagnoses were validated in a subset of patient medical records
(100 HIV and 100 non-HIV patients randomly selected from the entire
study population). Validation criteria included one or more of the fol-
lowing in the medical record: elevation of cardiac enzymes above the
normal laboratory limit, coronary artery bypass graft or cardiac cathe-
terization with angioplasty, or clear documentation of clinical myocar-
dial infarction event. Using these criteria, AMI rates could be validated
in up to approximately 50% for both the HIV and non-HIV groups. We
conducted a sensitivity analysis to reflect the possibility of misclassifi-
cation bias. In this analysis, we randomly discarded 50% of the observed
AMI cases from both the HIV and non-HIV groups (to reflect the esti-
mated maximal boundary of error), and fit a proportional hazards model
to each data set. The analysis was repeated 20 times.

To evaluate the effect of smoking, we compared the proportion of
AMI between HIV and non-HIV patients with a stratified Mantel-Haenszel
analysis in which smoking strata were never vs. ever (current or past)
smoking. SAS statistical software (SAS Institute Inc., Cary, NC) was used
for all analyses.

Results
Demographic and clinical characteristics

The HIV cohort included 3851 patients. Of these, 1172
(30.4%) were women, and 2679 (69.6%) were men. In the HIV
cohort, there were 16,983 PY contributed during the study
period, of which 5,430 PY were contributed by women. The
mean time of observation for HIV patients was 4.5 yr. Per-
centages using major classes of ARV drugs are shown in
Table 1.

The non-HIV cohort included 1,044,589 patients, of whom
617,396 (59.1%) were women, and 427,189 (40.9%) were men.
Total patients in the non-HIV cohort contributed 3,747,329
PY during the observation period. Of these, women contrib-
uted 2,217,127 PY. The mean time of observation for non-HIV
patients was 3.7 yr.

The mean and median ages were similar between the
groups. Median age was 38 (interquartile range 12) for HIV
vs. 39 (interquartile range 26) for non-HIV patients (Table 1).
However, within the HIV group, men in younger age cate-
gories contributed a greater percentage to the person-time
denominator relative to the non-HIV group than did younger
women.

The HIV cohort had a higher proportion of African-Amer-
ican and Hispanic patients than the non-HIV cohort, with
patients categorized as African-American comprising 23.5 vs.
6.7%, and patients categorized as Hispanic comprising 12.7
vs. 7.1% of the HIV vs. non-HIV cohort, respectively. Distri-
bution of race according to gender is shown in Table 1.

As shown in Table 2, the HIV cohort had significantly
higher proportions of hypertension (21.2 vs. 15.9%), diabetes
(11.5 vs. 6.6%), and dyslipidemia (23.3 vs. 17.6%) than the
non-HIV cohort (P � 0.0001 for each comparison). Increased
percentages of these risk factors were also seen in the gender-
stratified comparisons of men and women.

Myocardial infarction rates

AMI was identified in 189 patients in the HIV cohort and
in 26,142 patients in the non-HIV cohort. Across all age
groups, the rate of AMI was consistently higher for patients
in the HIV cohort compared with the non-HIV cohort (Table
3 and Fig. 1B).

The rates of AMI were 11.13 per 1000 PY for HIV (95% CI
9.58–12.68) and 6.98 per 1000 PY for non-HIV (95% CI 6.89–
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7.06) (Fig. 1A). The unadjusted RR was 1.53 (95% CI 1.32–
1.75; P � 0.0001). This increase in AMI rates in HIV compared
with non-HIV patients remained significant when the data
were adjusted for age, gender, race, hypertension, diabetes,
and dyslipidemia, with a RR of 1.75 (95% CI 1.51–2.02; P �
0.0001) in a combined regression model. Smoking was not
included in the model due to limited data. In addition to HIV
disease, risk factors for AMI included male gender (RR 1.72;
95% CI 1.68–1.77; P � 0.0001), older age (RR 17.24 for ages
75–84 vs. 18–34; 95% CI 15.87–18.52; P � 0.0001), African-

American race (RR 1.44 compared with Caucasians; 95% CI
1.38–1.50; P � 0.0001), diabetes (RR 1.98; 95% CI 1.93–2.04;
P � 0.0001), hypertension (RR 1.62; 95% CI 1.57–1.66; P �
0.0001), and dyslipidemia (RR 3.03; 95% CI 2.93–3.13; P �
0.0001) in a combined model.

We also assessed the effects of individual covariates in the
model. With the addition of age and gender into the model,
the RR was 2.45 (P � 0.0001). With race added to age and
gender, the RR was 2.09 (P � 0.0001). Cardiac risk factors
were next tested individually in the model after adjustment
for demographic covariates. The RR for AMI based on HIV
status was 2.01 (P � 0.0001) in a model adjusted for demo-
graphic covariates and hypertension. The RR for AMI was
1.89 (P � 0.0001) adjusting for demographic covariates and
diabetes, and also 1.89 (P � 0.0001) adjusting for demo-
graphic covariates and dyslipidemia. The inclusion of hy-
pertension attenuated the RR by 4%, whereas the inclusion
of either diabetes or dyslipidemia attenuated the RR by 10%.
Among the cardiac risk covariates tested individually in the
model, the RR for AMI was largest for dyslipidemia (RR 4.5),
followed by diabetes (RR 3.3), and then hypertension (RR 3.0)
(all P values �0.0001). The same analysis was performed
with Cox modeling with similar results.

The difference in AMI rates was more pronounced in
women. In gender-stratified models, the unadjusted rates per
1000 PY were higher for the HIV group in the comparison of
women (12.71 vs. 4.88 for HIV compared with non-HIV
women), but not in men (10.48 vs. 11.44 for HIV compared

TABLE 2. Cardiac risk factors in HIV and non-HIV cohorts

HIV (n � 3,851) Non-HIV (n � 1,044,589)

n Proportion n Proportion

Hypertension 818 21.2a 165,665 15.9
Females 211 18.0a 80,619 13.1
Males 607 22.7a 85,046 19.9

Diabetes 443 11.5a 68,565 6.6
Females 145 12.4a 34,096 5.5
Males 298 11.1a 34,469 8.1

Dyslipidemia 896 23.3a 184,291 17.6
Females 262 22.4a 92,411 15.0
Males 634 23.7a 91,880 21.5

HIV cohort includes all patients diagnosed with HIV disease by
ICD code. Non-HIV cohort includes all patients not diagnosed with
HIV disease by ICD code. ICD codes used were 401 and all subtypes
for hypertension, 250 and all subtypes for diabetes, and 272 and all
subtypes for dyslipidemia.

a Statistically significant comparison of HIV and non-HIV propor-
tions, with �2 (P � 0.0001).

TABLE 1. Demographic characteristics of HIV and non-HIV cohorts

Characteristic HIV
(n � 3,851)

Non-HIV
(n � 1,044,589)

No. of females (%) 1,172 (30.4) 617,396 (59.1)
No. of Asian 8 (0.7) 4,225 (0.7)
No. of African-American 406 (34.6) 43,205 (7.0)
No. of Caucasian 472 (40.3) 400,967 (65.0)
No. of Hispanic 177 (15.1) 42,718 (6.9)
No. of othera 73 (6.2) 101,597 (16.5)
No. not recorded 36 (3.1) 24,684 (4.0)

No. of males (%) 2,679 (69.6) 427,193 (40.9)
No. of Asian 13 (0.5) 2,268 (0.5)
No. of African-American 499 (18.6) 26,662 (6.2)
No. of Caucasian 1,611 (60.1) 289,822 (67.8)
No. of Hispanic 312 (11.6) 31,655 (7.4)
No. of othera 176 (6.6) 59,801 (14.0)
No. not recorded 68 (2.5) 16,981 (4.0)

Median age of all (25th, 75th percentile) 38 (32, 44) 39 (28, 54)
Median age of females (25th, 75th percentile) 36 (29, 42) 38 (28, 52)
Median age of males (25th, 75th percentile) 38 (33, 44) 41 (29, 56)
Race

No. of Asians (%) 21 (0.6) 6,493 (0.6)
No. of African-Americans (%) 905 (23.5) 69,869 (6.7)
No. of Caucasians (%) 2,083 (54.1) 690,790 (66.1)
No. of Hispanics (%) 489 (12.7) 74,373 (7.1)
No. of others (%)a 249 (6.5) 161,399 (15.5)
No. not recorded (%) 104 (2.7) 41,665 (4.0)

ARV medication useb

No. of protease inhibitors (%) 996 (63.1) N/A
No. of NRTIs (%) 1,498 (94.9) N/A
No. of Non-NRTIs (%) 760 (48.1) N/A

HIV cohort includes all patients diagnosed with HIV disease by ICD code. Non-HIV cohort includes all patients not diagnosed with HIV disease
by ICD code. N/A, Not applicable.

a Other includes American Indian, Asian, Hispanic Black, Middle-Eastern, and patients classified as �Other� in hospital demographic record.
b Percentage use in each class is determined from the number of patients in whom data on ARV use is recorded (n � 1,578).
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with non-HIV men) (Table 4 for age breakdown). The RRs of
AMI, comparing HIV with non-HIV, were 2.98 (95% CI 2.33–
3.75; P � 0.0001) for women and 1.40 (95% CI 1.16–1.67; P �
0.0003) for men, adjusting for age, race, hypertension, dia-
betes, and dyslipidemia.

Individual covariates were also assessed in gender-stratified
models. Among men, the RR increased to 1.73 (95% CI 1.40–
2.06; P � 0.0001) with adjustment for age alone, and was then
attenuated to 1.44 (95% CI 1.20–1.72, P � 0.0001) with adjust-
ment for race and cardiovascular risk factors (hypertension,
diabetes, and dyslipidemia). Of women, the RR increased to
5.74 (95% CI 4.49–7.22; P � 0.0001) with adjustment for age
alone, and was then attenuated to 3.12 (95% CI 2.44–3.93, P �
0.0001) with adjustment for race and cardiovascular risk factors
(hypertension, diabetes, and dyslipidemia).

Risk factors for AMI in stratified models of HIV and non-HIV

We stratified on the basis of HIV status to determine risk
factors for AMI within the HIV and non-HIV groups. Among
the HIV-infected patients, dyslipidemia was the cardiac risk
factor most significantly associated with AMI, controlling for
age, race, gender, and other cardiac risk factors (RR 3.65; 95%
CI 2.59–5.19; P � 0.0001). Hypertension (RR 1.23; 95% CI
0.90–1.68; P � 0.20) and diabetes (RR 1.33; 95% CI 0.95–1.85;
P � 0.09) were also associated with AMI within the HIV
group, but these associations did not reach statistical signif-
icance. African-American race was a significant predictor of
AMI among HIV patients, with a RR of 1.43 (95% CI 1.01–
2.00; P � 0.04). Among the non-HIV patients, dyslipidemia
was also the cardiac risk factor most significantly associated
with AMI, controlling for age, race, gender, and other cardiac
risk factors (RR 3.02; 95% CI 2.92–3.12; P � 0.0001). Hyper-
tension (RR 1.62; 95% CI 1.58–1.67; P � 0.0001) and diabetes
(RR 1.99; 95% CI 1.93–2.04; P � 0.0001) were significantly
associated with AMI in the non-HIV group.

Effect of smoking on the association of HIV and AMI

Smoking data were available in 854, or 22%, of HIV pa-
tients, of whom 57% were current or prior smokers, and 38%
were current smokers. Among women with HIV, approxi-
mately 51% were current or prior smokers, and 33% were
current smokers. Of men with HIV, approximately 62% were
current or prior smokers, and 41% were current smokers.
Among the non-HIV group, smoking data were available in
111,296, or 11% of patients, of whom 40% were current or
prior smokers, and 18% were current smokers. For non-HIV

women, approximately 37% were current or prior smokers,
and 16% were current smokers. For non-HIV men, approx-
imately 48% were current or prior smokers, and 22% were
current smokers.

Among non-smokers, the rates of AMI in HIV vs. non-HIV
were 7.08 vs. 2.64% (P � 0.0001). Of smokers, the rates of AMI
in HIV vs. non-HIV were 7.80 vs. 6.15% (P � 0.13). The
common odds ratio estimate for risk of AMI (HIV vs. non-
HIV) by Mantel-Haenszel analysis was 1.7 controlling for
smoking (95% CI 1.3–2.2, HIV vs. non-HIV).

Validation subset and sensitivity analysis

We conducted a sensitivity analysis to reflect the possi-
bility of misclassification bias, as outlined in Patients and
Methods. The hazard ratio estimate over the 20 iterations
resulted in an empirical mean hazard ratio of 1.69 (sd 0.14).

Discussion

Prior studies examining myocardial infarction rates among
HIV patients have been limited by several factors, including the
absence of a reference population. The Data Collection on Ad-
verse Events of Anti-HIV Drugs (DAD) study provided im-
portant information regarding the duration-related association
of ARV therapy with AMI rates among HIV patients (11). How-
ever, neither the DAD study nor another large study that pro-
spectively evaluated the effect of PIs on the development of
AMI (10) included control groups for comparison in prospec-
tive analyses. Our study included comparative data and spe-
cifically assessed whether AMI rates are elevated in HIV pa-
tients compared with a non-HIV reference population. In
contrast to the DAD study, the purpose of this study was not
to determine the relationship of AMI rates to ARV use because
detailed information on the longitudinal use of ARVs could not
be captured from the database but, rather, to compare myo-
cardial infarction rates between HIV and non-HIV patients,
followed at two large U.S. hospitals.

The rate of AMI per 1000 PY was higher among HIV patients
in this study than in the DAD study, but our study included
older patients as well and was from a U.S. population, with
potentially different AMI rates and cardiovascular risk factors
than the European-based population of the DAD study. Fur-
thermore, the background rate among the entire reference pop-
ulation was similar to that seen in other large U.S. databases,
including the Framingham Heart Study, suggesting that this
study reliably captured AMI events across the two large hos-
pitals for which we have data. Importantly, the RR of AMI in

TABLE 3. Myocardial infarction rates as determined by ICD coding

Age group (yr)
HIV Non-HIV

PY (n) �%� AMI (n) Rate per 1000 PY (95% CI) PY (n) �%� AMI (n) Rate per 1000 PY (95% CI)

18–34 6,452 (1,378) �38� 30 4.65 (3.00–6.30)a 1,212,521 (366,945) �34� 1,070 0.88 (0.83–0.94)
35–44 6,815 (1,591) �40� 69 10.13 (7.79–12.46)a 799,406 (207,401) �22� 2,669 3.34 (3.21–3.46)
45–54 2,775 (650) �16� 52 18.74 (13.85–23.62)a 678,358 (172,792) �19� 5,128 7.56 (7.36–7.76)
55–64 599 (155) �4� 20 33.39 (19.73–47.04)a 454,552 (123,830) �13� 6,719 14.78 (14.44–15.13)
65–74 219 (56) �1� 17 77.68 (46.86–108.49)a 364,570 (102,704) �10� 8,921 24.47 (23.98–24.96)
75–84 23 (4) �0� 1 43.63 (�30.43–117.68) 43,704 (21,568) �1� 1,594 36.47 (34.75–38.20)

HIV cohort includes all patients diagnosed with HIV disease by ICD code. Non-HIV cohort includes all patients not diagnosed with HIV disease
by ICD code.

a Nonoverlapping 95% CIs (lower 95% CI of HIV cohort and upper 95% CI of non-HIV cohort).
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HIV patients was approximately 2-fold increased over controls
and, thus, likely to be clinically significant.

Several other studies that have included reference popula-
tions have used endpoints whose broad or composite nature
may have decreased specificity. Two large studies that deter-
mined cases based on insurance claims from Medicaid and
health maintenance organization data used coronary heart dis-
ease (CHD) as an endpoint (12, 13). When evaluated for AMI
instead of CHD, one study showed only a trend toward higher
rates in the HIV group (13). A second study demonstrated
increased CHD incidence among younger patients ages 25–34
using one of five ICD codes for ischemic heart disease (12). A
study of patients in the Veterans Affairs system, from an earlier
time period (1993–2001), used five composite endpoints and
showed decreased hospitalization rates but did not distinguish
cardiovascular from cerebrovascular disease or AMI from CHD
(14). In contrast, our data using the specific ICD code for AMI
as opposed to CHD, demonstrate increased AMI rates for all
age groups relative to the non-HIV cohort. A study based on
data from the Women’s Health Initiative showed strong agree-
ment between hospital discharge code of myocardial infarction
and validation of events by study physicians for the diagnosis
of myocardial infarction (15).

There was no difference in the overall unadjusted AMI rates
in the comparison of HIV-infected with uninfected men.
Among men, the RR became highly significant in a gender-
stratified model after adjusting for age. With adjustment for all
demographic and clinical variables, the RR of AMI remained
highly significant in the comparison of male HIV vs. non-HIV
groups. As expected, the RR was attenuated by approximately
17% when adjusting for hypertension, diabetes, and dyslipi-
demia. Both the unadjusted event rates and the adjusted RR
were higher in the comparison of female HIV to non-HIV
groups. In the gender-stratified model for women, adjustment
for age increased the RR in a pattern similar to that of men.
However, adjustment for hypertension, diabetes, and dyslipi-
demia attenuated the RR by 46% among women.

Prior studies have shown that women demonstrate increased
cardiovascular disease risk indices associated with fat redistri-
bution (16), but only limited information is available regarding
the risk of cardiac events in HIV-infected women. Two major
studies excluded women due to a small number of outcomes
(10, 13). Data from a study based on California Medicaid claims
suggested an increased AMI incidence among HIV-infected
women ages 25–34 (12). In this study, we conducted both com-
bined regression and gender-stratified models. In both male

TABLE 4. Myocardial infarction rates as determined by ICD coding among females and males

Age group (yr)
HIV Non-HIV

PY (n) �%� AMI (n) Rate per 1000 PY (95% CI) PY (n) �%� AMI (n) Rate per 1000 PY (95% CI)

Females
18–34 2,604 (530) �48� 16 6.15 (3.18–9.11)a 812,106 (234,898) �37� 496 0.61 (0.56–0.66)
35–44 1,938 (418) �36� 20 10.32 (5.91–14.74)a 507,464 (124,254) �23� 1,092 2.15 (2.02–2.28)
45–54 631 (152) �12� 19 30.11 (17.45–42.78)a 419,114 (100,728) �19� 1,981 4.73 (4.52–4.93)
55–64 177 (41) �3� 5 28.19 (5.04–51.35) 253,864 (65,603) �11� 2,552 10.05 (9.67–10.43)
65–74 73 (22) �1� 9 122.47 (60.96–183.97)a 199,828 (53,582) �9� 3,931 19.67 (19.08–20.26)
75–84 7.0 (1) �0� 0 0.00 (0.00–0.00) 24,751 (11,708) �1� 765 30.91 (28.79–33.03)

Males
18–34 3,848 (848) �34� 14 3.64 (1.75–5.53)a 400,415 (132,047) �30� 574 1.43 (1.32–1.55)
35–44 4,877 (1173) �43� 49 10.05 (7.29–12.80)a 291,942 (83,147) �22� 1,577 5.40 (5.14–5.67)
45–54 2,144 (498) �19� 33 15.39 (10.32–20.46) 259,244 (72,064) �19� 3,147 12.14 (11.72–12.55)
55–64 422 (114) �4� 15 35.57 (18.79–52.34) 200,688 (58,227) �15� 4,167 20.76 (20.16–21.37)
65–74 145 (34) �1� 8 55.03 (21.68–88.38) 164,741 (49,122) �12� 4,990 30.29 (29.49–31.09)
75–84 16 (3) �0� 1 62.12 (�37.29–161.53) 18,954 (9,860) �1� 829 43.74 (40.89–46.59)

HIV cohort includes all patients diagnosed with HIV disease by ICD code. Non-HIV cohort includes all patients not diagnosed with HIV disease
by ICD code.

a Nonoverlapping 95% CIs (lower 95% CI of HIV cohort and upper 95% CI interval of non-HIV cohort).
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FIG. 1. A, Myocardial infarction rates and corresponding adjusted RR. Bars indicate crude rates of AMI events per 1000 PY as determined by
ICD coding. RR and associated P value are shown above the bars. RR was determined from Poisson regression analysis adjusting for age, gender,
race, hypertension, diabetes, and dyslipidemia. Associated 95% CIs for RR shown are 1.51–2.02. B, Myocardial infarction rates by age group.
Light line indicates patients diagnosed with HIV disease. Dark line indicates patients not diagnosed with HIV disease. Data shown include
both genders. Rates represent number of events per 1000 PY as determined by ICD coding. For associated 95% CIs, see Table 3.
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and female models, including age, race, and common cardiac
risk factors, HIV status was a significant predictor of AMI, but
the RR of AMI was higher in women (RR 2.98) than in men (RR
1.40), possibly because of altered inflammatory marker profiles
(16), significant changes in body composition in this group, and
relative shift from gynoid to android fat distribution (7), or other
factors. Indeed, our data suggest that the rates of some common
cardiac risk factors, such as diabetes, may be relatively greater
in women.

Age and race were significant independent risk factors for
AMI. The risk of AMI increased with age in both the HIV and
non-HIV groups, and increased AMI rates were seen for all ages
in the comparison of HIV and non-HIV patients. These data
suggest that cardiovascular disease will likely become an in-
creasing problem for HIV-infected patients as the population
lives longer and ages. Race was also significant in the overall
model as an independent predictor of AMI. AMI risk was
significantly increased among African-Americans relative to
Caucasians and in Hispanics relative to Caucasians. Among
HIV patients, African-American race was significant as a pre-
dictor of AMI. Prior data suggest that there is an association
between race and cardiovascular disease, with higher median
rates of cardiovascular events (defined as AMI, angina, CHD,
or stroke) compared with the national average for African-
American women, and lower rates for Hispanic women and
men and African-American men (17). Racial differences be-
tween the HIV and non-HIV groups were accounted for in
Poisson regression modeling, which showed a significant RR of
1.75 for AMI in the HIV group relative to the non-HIV group.

Metabolic changes are common in HIV-infected patients and
likely play a role in the development of atherosclerosis, possibly
in concert with other cardiac risk factors. Our study demon-
strates increased rates of traditional comorbidities, including
hypertension, diabetes, and dyslipidemia, seen at rates of 21.2,
11.5, and 23.3 per 100 persons in the HIV cohort, respectively.
An increased rate of dyslipidemia has been well documented
in smaller studies of HIV-infected populations, and may relate
to effects of HIV as well as ARV therapy (18, 19). Among the
Swiss HIV cohort, classification of hypercholesterolemia was
seen in approximately one third of patients on PIs (8). The
dyslipidemia rate of 23.3 per 100 persons seen in our study was
determined from a large HIV cohort not selected for PI use,
providing further evidence for the widespread prevalence of
dyslipidemia in this population. Dyslipidemia was an inde-
pendent risk factor for AMI in separate models of HIV and
non-HIV, and in the fully adjusted model of the combined
groups (RR 3.03; 95% CI 2.93–3.13; P � 0.0001), controlling for
age, gender, race, hypertension, and diabetes.

In this study we also demonstrate increased rates of diabetes
and hypertension in the HIV compared with the non-HIV co-
hort. Increased risk factors were seen in both the male and
female comparisons, in gender-stratified analyses. A recent
study showed a 14% prevalence rate of diabetes in HIV-infected
men using ARV therapy compared with 5% in seronegative
men (3). Our data confirm and extend these data, showing an
approximate 2-fold increase in diabetes rates in HIV-infected
patients relative to non-HIV patients. Only limited data are
available regarding hypertension rates. Another group dem-
onstrated elevated rates of hypertension in a small study of
HIV-infected patients (20). Our data add further emphasis to

the potential role played by this and other cardiac risk factors.
Both diabetes and hypertension were independent risk factors
for AMI in the fully adjusted model of the combined groups (RR
1.98, 95% CI 1.93–2.04, P � 0.0001 for diabetes; and RR 1.62, 95%
CI 1.57–1.66, P � 0.0001 for hypertension). Sensitivity analyses
suggested that diabetes and dyslipidemia, more than hyper-
tension, contributed to the increase in AMI rates in the HIV
group.

Relatively little is known about the risk of smoking and
cardiovascular disease in HIV patients. Among non-HIV
groups, numerous cohort studies demonstrate increased rates
of CHD for smokers, with RRs among current smokers as op-
posed to never-smokers ranging from 1.3–3.5 (21). The DAD
study (11) suggested that smoking was an independent risk for
AMI in HIV patients but did not perform a comparison with
control patients, controlling for smoking use. The estimated
common odds ratio obtained from the analysis by smoking
status in patients for whom smoking data were available in our
study was comparable with that obtained using the multivar-
iate Poisson regression model approach. However, due to da-
tabase constraints, smoking data were available in only a subset
of the patients and, thus, could not be added to the overall
model. It is possible that increased smoking rates in the HIV
group contribute to the increased rate of AMI in the HIV group.
Other factors not measured, including inflammation (22, 23),
direct effects of the virus, or ARV therapy (4, 24, 25), may also
contribute to the increased risk of AMI demonstrated in the HIV
group.

This study investigates AMI events in both HIV and non-HIV
patients followed longitudinally at two large U.S. hospitals.
Furthermore, adequate women were studied to develop gen-
der-stratified models, showing that HIV status was a relatively
greater predictor of AMI among women than men. Background
comparison rates for AMIs in the entire cohort of over 1 million
are similar to those reported in other large outpatient databases
(26), suggesting that the database reliably captured AMI events.
The relatively long and similar duration of follow-up between
HIV and non-HIV groups and exclusion of all patients with a
single isolated encounter, or initial encounter being an AMI,
ensures that rates were determined in patients receiving lon-
gitudinal follow-up in the system, rather than patients acutely
referred in for AMI assessment and treatment.

The study was limited by the constraints of the database.
Overall rates of ARV use were similar to other large cohorts, but
we could not investigate the contribution of ARV drugs to
myocardial infarction rates in HIV-infected patients because
specific data on duration of ARV use were not available through
the database. Rather, the primary purpose of the study was to
investigate myocardial infarction rates and major cardiac risk
factors among patients with HIV disease in comparison with a
large non-HIV cohort, controlling for common cardiac risk fac-
tors, age, race, and gender. Smoking data were assessed in a
subanalysis among patients for whom these data were avail-
able, demonstrating that the higher AMI risk remained in HIV
patients despite higher smoking rates. However, due to a lack
of uniformly available data, this information was not able to be
included in the overall regression model. Use of ICD coding to
define AMI is standard in large epidemiological studies but is
subject to misclassification bias. We performed a sensitivity
analyses based on data obtained from a validation subset to

Triant et al. • Myocardial Infarction Rates in HIV Patients J Clin Endocrinol Metab, July 2007, 92(7):2506–2512 2511

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/92/7/2506/2598256 by guest on 23 April 2024



determine the effect of possible misclassification bias. The haz-
ard ratio in the sensitivity analysis, testing a 50% maximum
misclassification rate, was 1.69, compared with 1.75. In addi-
tion, hypertension and dyslipidemia could only be included as
dichotomous rather than quantitative traits because we were
limited to the use of ICD codes in the study, and this may have
limited the strength of the covariate analysis. Thus, it is not
possible to know whether the differences between HIV and
non-HIV after adjustment are due to HIV per se or the limited
nature of covariate information in the database.

In summary, our data from a large cohort of HIV-infected
patients demonstrate increased AMI rates and cardiovascular
risk factors compared with a non-HIV population, particularly
among women. The AMI event rate was approximately 2-fold
elevated in the HIV cohort, and this difference was seen over
multiple age ranges. Relative myocardial infarction rates were
greater among women, in comparison with the non-HIV co-
hort, and this gender-specific difference may account in part for
the overall differences we observed. Determining the mecha-
nisms of increased cardiovascular disease and cardiac risk fac-
tor rates in HIV-infected women is an important area of future
research. Cardiac risk modification strategies are also particu-
larly needed and will be an important component of the long-
term care of this population.

Acknowledgments

We thank Dr. Shawn Murphy, Vivian Gainer, and Jeanne Guerin in
the collection of data from the Research Patient Data Registry; Nancy
Wong for help with the statistical programming; and Dr. Christopher
Cannon for assistance with the study design and review of the
manuscript.

Received October 6, 2006. Accepted April 12, 2007.
Address all correspondence and requests for reprints to: Steven K. Grin-

spoon, M.D., Program in Nutritional Metabolism, Massachusetts General
Hospital, 55 Fruit Street, Longfellow 207, Boston, Massachusetts 02114.
E-mail: sgrinspoon@partners.org.

This work was supported by National Institutes of Health Grants RR-
01066, DK-59535, and DK-49302, and the Mary Fisher Clinical AIDS Re-
search and Education Fund.

S.K.G. had full access to all of the data in the study and takes respon-
sibility for the integrity of the data and the accuracy of the data analysis.

Disclosure Statement: None of the authors have any disclosures to make.

References

1. Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ, Cooper DA
1998 A syndrome of peripheral lipodystrophy, hyperlipidaemia and insulin
resistance in patients receiving HIV protease inhibitors. AIDS 12:F51–F58

2. Hadigan C, Meigs JB, Wilson PW, D’Agostino RB, Davis B, Basgoz N, Sax PE,
Grinspoon S 2003 Prediction of coronary heart disease risk in HIV-infected pa-
tients with fat redistribution. Clin Infect Dis 36:909–916

3. Brown TT, Cole SR, Li X, Kingsley LA, Palella FJ, Riddler SA, Visscher BR,
Margolick JB, Dobs AS 2005 Antiretroviral therapy and the prevalence and
incidence of diabetes mellitus in the multicenter AIDS cohort study. Arch Intern
Med 165:1179–1184

4. Stein JH, Klein MA, Bellehumeur JL, McBride PE, Wiebe DA, Otvos JD, Sos-
man JM 2001 Use of human immunodeficiency virus-1 protease inhibitors is
associated with atherogenic lipoprotein changes and endothelial dysfunction.
Circulation 104:257–262

5. Hsue PY, Lo JC, Franklin A, Bolger AF, Martin JN, Deeks SG, Waters DD 2004

Progression of atherosclerosis as assessed by carotid intima-media thickness in
patients with HIV infection. Circulation 109:1603–1608

6. Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chisholm DJ, Cooper DA
1999 Diagnosis, prediction, and natural course of HIV-1 protease-inhibitor-asso-
ciated lipodystrophy, hyperlipidaemia, and diabetes mellitus: a cohort study.
Lancet 353:2093–2099

7. Hadigan C, Meigs JB, Corcoran C, Rietschel P, Piecuch S, Basgoz N, Davis B,
Sax P, Stanley T, Wilson PWF, D’Agostino RB, Grinspoon S 2001 Metabolic
abnormalities and cardiovascular disease risk factors adults with human immu-
nodeficiency virus infection and lipodystrophy. Clin Infect Dis 32:130–139

8. Periard D, Telenti A, Sudre P, Cheseaux JJ, Halfon P, Reymond MJ, Marcovina
SM, Glauser MP, Nicod P, Darioli R, Mooser V 1999 Atherogenic dyslipidemia
in HIV-infected individuals treated with protease inhibitors. The Swiss HIV Co-
hort Study. Circulation 100:700–705

9. Lichtenstein KA, Ward DJ, Moorman AC, Delaney KM, Young B, Palella Jr FJ,
Rhodes PH, Wood KC, Holmberg SD, HIV Outpatient Study Investigators 2001
Clinical assessment of HIV-associated lipodystrophy in an ambulatory popula-
tion. AIDS 15:1389–1398

10. Mary-Krause M, Cotte L, Simon A, Partisani M, Costagliola D, Clinical Epi-
demiology Group from the French Hospital Database 2003 Increased risk of
myocardial infarction with duration of protease inhibitor therapy in HIV-infected
men. AIDS 17:2479–2486

11. Friis-Moller N, Sabin CA, Weber R, d’Arminio Monforte A, El-Sadr WM, Reiss
P, Thiebaut R, Morfeldt L, De Wit S, Pradier C, Calvo G, Law MG, Kirk O,
Phillips AN, Lundgren JD, Data Collection on Adverse Events of Anti-HIV
Drugs (DAD) Study Group 2003 Combination antiretroviral therapy and the risk
of myocardial infarction. N Engl J Med 349:1993–2003

12. Currier JS, Taylor A, Boyd F, Dezii CM, Kawabata H, Burtcel B, Maa JF, Hodder
S 2003 Coronary heart disease in HIV-infected individuals. J Acquir Immune Defic
Syndr 33:506–512

13. Klein D, Hurley LB, Quesenberry Jr CP, Sidney S 2002 Do protease inhibitors
increase the risk for coronary heart disease in patients with HIV-1 infection? J
Acquir Immune Defic Syndr 30:471–477

14. Bozzette SA, Ake CF, Tam HK, Chang SW, Louis TA 2003 Cardiovascular and
cerebrovascular events in patients treated for human immunodeficiency virus
infection. N Engl J Med 348:702–710

15. Heckbert SR, Kooperberg C, Safford MM, Psaty BM, Hsia J, McTiernan A,
Gaziano JM, Frishman WH, Curb JD 2004 Comparison of self-report, hospital
discharge codes, and adjudication of cardiovascular events in the Women’s Health
Initiative. Am J Epidemiol 160:1152–1158

16. Dolan S, Hadigan C, Killilea K, Sullivan M, Hemphill L, Lees R, Schoenfeld D,
Grinspoon S 2005 Increased cardiovascular disease risk indices in HIV-infected
women. J Acquir Immune Defic Syndr 39:44–54

17. Liao Y, Tucker P, Okoro CA, Giles WH, Mokdad AH, Harris VB, Division of
Adult and Community Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and Prevention (CDC) 2004
REACH 2010 Surveillance for Health Status in Minority Communities—United
States, 2001–2002. MMWR Surveill Summ 53:1–36

18. Riddler SA, Smit E, Cole SR, Li R, Chmiel JS, Dobs A, Palella F, Visscher B,
Evans R, Kingsley LA 2003 Impact of HIV infection and HAART on serum lipids
in men. JAMA 289:2978–2982

19. Grunfeld C, Pang M, Doerrler W, Shigenaga JK, Jensen P, Feingold KR 1992
Lipids, lipoproteins, triglyceride clearance, and cytokines in human immunode-
ficiency virus infection and the acquired immunodeficiency syndrome. J Clin
Endocrinol Metab 74:1045–1052

20. Sattler FR, Qian D, Louie S, Johnson D, Briggs W, DeQuattro V, Dube MP 2001
Elevated blood pressure in subjects with lipodystrophy. AIDS 15:2001–2010

21. U.S. Public Health Service, Office of the Surgeon General, U.S. Office on
Smoking and Health 1990 The health benefits of smoking cessation: a report of
the Surgeon General, 1990. Series DHHS publication, no. (CDC) 90–8416. Rock-
ville, MD: U.S. Department of Health and Human Services, Public Health Service,
Centers for Disease Control, Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health; 187–274

22. Ross R 1999 Atherosclerosis–an inflammatory disease. N Engl J Med 340:115–126
23. Hansson GK 2005 Inflammation, atherosclerosis, and coronary artery disease.

N Engl J Med 352:1685–1695
24. Maggi P, Serio G, Epifani G, Fiorentino G, Saracino A, Fico C, Perilli F, Lillo

A, Ferraro S, Gargiulo M, Chirianni A, Angarano G, Regina G, Pastore G 2000
Premature lesions of the carotid vessels in HIV-1-infected patients treated with
protease inhibitors. AIDS 14:F123–F128

25. Shankar SS, Dube MP, Gorski JC, Klaunig JE, Steinberg HO 2005 Indinavir
impairs endothelial function in healthy HIV-negative men. Am Heart J 150:933

26. Wilson PW, Garrison RJ, Castelli WP, Feinleib M, McNamara PM, Kannel WB
1980 Prevalence of coronary heart disease in the Framingham Offspring Study:
role of lipoprotein cholesterols. Am J Cardiol 46:649–654

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the endocrine
community.

2512 J Clin Endocrinol Metab, July 2007, 92(7):2506–2512 Triant et al. • Myocardial Infarction Rates in HIV Patients

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/92/7/2506/2598256 by guest on 23 April 2024


