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Background. Compared to uninfected people, human immunodeficiency virus (HIV)-infected individuals may
have an increased risk of acute myocardial infarction (AMI). Currently, HIV-infected people are treated to the same
blood pressure (BP) goals (<140/90 or <130/80 mm Hg) as their uninfected counterparts. Whether HIV-infected
people with elevated BP have excess AMI risk compared to uninfected people is not known. This study examines
whether the association between elevated BP and AMI risk differs by HIV status.

Methods. The Veterans Aging Cohort Study Virtual Cohort (VACS VC) consists of HIV-infected and -uninfected
veterans matched 1:2 on age, sex, race/ethnicity, and clinical site. For this analysis, we analyzed 81 026 people with avail-
able BP data from VACS VC, who were free of cardiovascular disease at baseline. BP was the average of the 3 routine out-
patient clinical measurements performed closest to baseline (first clinical visit after April 2003). BP categories used in the
analyses were based on criteria of the Seventh Report of the Joint National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure. Analyses were performed using Cox proportional hazards regression.

Results.  Over 5.9 years (median), 860 incident AMIs occurred. Low/high prehypertensive and untreated/treated hy-
pertensive HIV-infected individuals had increased AMI risk compared to uninfected, untreated normotensive individu-
als (hazard ratio [HR], 1.60 [95% confidence interval {CI}, 1.07-2.39]; HR, 1.81 [95% CI, 1.22-2.68]; HR, 2.57 [95% CI,
1.76-3.76]; and HR, 2.76 [95% CI, 1.90-4.02], respectively).

Conclusions. HIV, prehypertensive BP, and hypertensive BP were associated with an increased risk of AMI in a
cohort of HIV-infected and -uninfected veterans. Future studies should prospectively investigate whether HIV interacts
with BP to further increase AMI risk.
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human immunodeficiency virus (HIV) may have an in-

Hypertension and prehypertension are recognized risk
factors for cardiovascular disease (CVD) in the general

treated to the same blood pressure goals (<140/90 or
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Whether HIV-infected people with elevated blood pressure
have excess AMI risk compared to uninfected persons is not
known. The objective of this study was to examine the relation-
ship among HIV status, blood pressure, and the risk of AMI
and to determine if HIV-infected people with prehypertension
had an increased risk of AMI compared to uninfected people.

METHODS

Subject Selection

The Veterans Aging Cohort Study virtual cohort (VACS VC) [8]
is a prospective longitudinal cohort of HIV-infected veterans,
each matched on age, race/ethnicity, and clinical site to 2 unin-
fected veterans in care. Subjects have been continuously en-
rolled in VACS VC each year since 1998 using a validated
existing algorithm from the US Department of Veterans Affairs
(VA) national electronic medical record system [8]. The institu-
tional review boards at the University of Pittsburgh, Yale Uni-
versity, and the West Haven VA Medical Center approved this
study.

All VACS VC participants who were alive and enrolled in
VACS VC on or after 2003 were eligible for this study. Baseline
was a participant’s first clinical encounter on or after 1 April
2003. All participants were followed from their baseline date to
an AMI event, death, or the date of last follow-up (1 January
2010).

These AMI data were merged with AMI data from Medicare
and the Ischemic Heart Disease Quality Enhancement Research
Initiative, an initiative designed to improve the quality of care and
health outcomes of veterans with ischemic heart disease [9, 10].
We excluded any participant who had prevalent CVD based on
International Classification of Diseases, Ninth Revision (ICD-9)
codes for AMI, unstable angina, cardiovascular revasculariza-
tion, stroke or transient ischemic attack, peripheral vascular
disease, or heart failure up to 6 months after their baseline date
(N=17229) [11, 12]. After this exclusion, 81 026 veterans
(33% HIV infected) with available blood pressure data were in-
cluded in this study.

Independent Variable

Systolic blood pressure (SBP), diastolic blood pressure (DBP),
and antihypertensive medication prescription were used to
create the independent variables. Blood pressures were ob-
tained using standard clinical protocols within the VA by
trained clinical staff. SBP and DBP were averaged across the 3
routine outpatient clinical blood pressure measurements per-
formed closest to the baseline date. Data on antihypertensive
medication were obtained from the pharmacy management
benefits package. Blood pressure status was based on the
Seventh Report of the Joint National Committee on the Preven-
tion, Detection, Evaluation and Treatment of High Blood

Pressure (JNC 7) [4], as follows: normal (SBP 90-120 mm Hg
and DBP 60-80 mm Hg and no antihypertensive medication
prescription); prehypertension (SBP 120-139 mm Hg or DBP
80-89 mm Hg and no antihypertensives); hypertension
(SBP > 140 mm Hg or DBP > 100 mm Hg and no antihyper-
tensives); treated hypertension. We further stratified the prehy-
pertension category into low (120-129 mm Hg or 80-84 mm
Hg) and high (130-139 mm Hg or 85-89 mm Hg) prehyper-
tension given reports of increased CVD risk in the upper range
of this category [5, 7, 13]. In this cohort and in prior work,
those with very low blood pressure (<90/60 mm Hg) had
higher mortality rates compared to those with more optimal
blood pressure (90-119/60-79 mm Hg). This indicates that
very low blood pressure reflects poor health rather than
optimal health. We separated out these 2 groups (defined as
normal in JNC 7) to lessen potential bias in our results due to
this competing risk of mortality.

Participants were classified as being in the higher category if
SBP and DBP fell in different categories. HIV infection was
present if a participant had >1 inpatient and/or >2 outpatient
ICD-9 codes for HIV infection and was included in the VA Im-
munology Case Registry [8].

Dependent Variable

The definition of fatal and nonfatal AMI incidence has previ-
ously been described [1]. In brief, AMI incidence was deter-
mined using VA, Medicare, and death certificate data. AMI
events in the VA were collected by trained abstractors from the
VA External Peer Review program [10, 14]. Clinical confirma-
tion required documentation of AMI in the discharge summary
followed by a review of the physician notes and medical chart.
Medical information abstracted included evidence of elevated
serum markers of myocardial damage and electrocardiographic
findings. Non-VA AMI events were captured using ICD-9 code
410, which had strong agreement with adjudicated AMI out-
comes in the Cardiovascular Health Study (CHS) [11]. Based
on CHS criteria, we defined definite or possible fatal AMI as a
death within 4 weeks of a clinically confirmed AMI or a death
certificate documenting AMI as the underlying cause (ICD-10
code 121.0-121.9), respectively. Deaths were identified using the
VA vital status file, the Social Security Administration death
master file, the Beneficiary Identification and Records Locator
Subsystem, and the Veterans Health Administration medical
Statistical Analysis Systems inpatient datasets. Cause of death
was obtained from the National Death Index on 94.2% and
95.5% of HIV-infected and -uninfected decedents, respectively.

Covariates

Sociodemographic data included age, sex, and race/ethnicity.
Framingham CVD risk factors including diabetes [15], hy-
perlipidemia (ie, low-density lipoprotein cholesterol [LDL],
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Table 1. Baseline Characteristics of Study Population
Normotension Prehypertension Hypertension Hypertension
(90-119/60-79 mm Hg)  (120-139/80-89 mm Hg) (>140/90, No BP Meds) (on BP Meds) Low BP (<90/60)
Characteristic HIV— HIV+ HIV— HIV+ HIV— HIV+ HIV— HIV+ HIV— HIV+
No. 7634 5722 23446 12 063 11021 4613 11425 4256 441 405
Demographics
Age, y, mean (SD) 47.0 (8.5) 47.0(8.7) 47.0(9.0) 47.0(9.3) 49.0 (9.0) 49.0 (9.6) 53.0(8.9) 53.0(8.9) 46.3(11.1)  46.6 (10.6)
Female 5 4 3 3 2 2 2 2 8 6
Race
African American a7 48 44 45 48 47 57 58 44 45
White 38 36 41 41 38 39 32 31 41 37
Hispanic 10 10 8 7 7 6 7 6 7 9
Other 6 7 7 7 8 4 5 7 8
Framingham risk factors
Systolic blood pressure, mm Hg, 1129(5.3) 112.0(5.8) 129.1(5.9) 128.6(6.00 147.6(10.0) 146.7(9.4) 141.4(15.6) 140.1(16.9) 106.5(8.0) 103.5(9.6)
mean (SD)
Diastolic blood pressure, mm Hg, 70.3 (4.9) 69.9 (4.9) 77.8(6.2) 77.6(6.2) 87.2(8.2) 86.9 (8.1) 83.7(10.0) 83.6(10.8) 57.3 (2.4) 57.2(2.8)
mean (SD)
Diabetes 11 8 16 11 20 16 39 30 8 7
LDL cholesterol
Optimal (<100 mg/dL) 32 49 30 44 29 44 37 50 35 51
Near optimal (100-129 mg/dL) 35 30 33 30 33 31 33 28 35 31
Borderline high (130-159 mg/dL) 22 14 24 17 24 16 20 14 21 12
High/very high (>160 mg/dL) 11 7 13 9 14 9 10 7 9 6
HDL cholesterol
High (>60 mg/dL) 18 11 14 11 16 12 13 11 15 12
Medium (40-59 mg/dL) 49 37 48 38 47 38 45 36 54 44
Low (<40 mg/dL) 34 53 38 51 37 50 42 52 31 44
Triglycerides >150 mg/dL 29 41 38 47 41 53 42 50 20 32
HMG-CoA reductase inhibitor use 6 4 8 6 8 7 18 11 2 3
Smoking
Current 59 66 54 59 56 58 48 56 53 66
Past 12 11 15 13 16 13 20 16 20 11
Never 28 23 30 27 28 29 33 28 27 22
Other risk factors
BMI >30 kg/m? 20 6 36 13 44 19 53 23 15 5
Renal disease
eGFR >60 mL/min/1.73 m? 98 96 97 96 96 94 89 82 96 96
eGFR 30-59 mL/min/1.73 m? 2 4 3 4 4 5 9 12 3 3
eGFR <30 mL/min/1.73 m? 0 0 0 1 0 1 2 6 1 1




SAIV/AIH e (Axenue( 1) 86107 AID ® FTI

Table 1 continued.

Normotension Prehypertension Hypertension Hypertension
(90-119/60-79 mm Hg)  (120-139/80-89 mm Hg) (>140/90, No BP Meds) (on BP Meds) Low BP (<90/60)
Characteristic HIV— HIV+ HIV— HIV+ HIV— HIV+ HIV— HIV+ HIV— HIV+
Anemia
Hemoglobin >14 mg/dL 71 49 76 60 75 61 64 45 59 39
Hemoglobin 12-13.9 mg/dL 24 85 21 30 21 30 29 &5 34 35
Hemoglobin 10-11.9 mg/dL 4 12 2 7 3 7 6 14 5 16
Hemoglobin <10 mg/dL 1 4 1 2 1 2 2 6 1 10
HIV-related risk factors
HCV infection 17 36 15 32 16 34 17 44 12 32
Cocaine abuse/dependence 10 13 7 11 6 9 6 13 8 11
Alcohol abuse/dependence 15 15 13 13 13 12 14 18 12 12
On HAART at baseline 43 45 44 45 34
HIV specific biomarkers
CD4™" T-lymphocyte count, cells/uL
>500 27 34 34 32 23
200-499 39 41 40 41 37
<200 34 26 26 27 40
Median, mean + SD 314 (359 + 295) 369 (415 + 303) 374 (413 £298) 365 (414 £ 304) 289 (316 +272)
HIV RNA (copies/mL)
>500 60 55 54 52 61
Median (mean + SD) x 10% 0.3(7.9+22.0) 0.1 (5.6 £18.4) 0.09(4.6+12.1) 0.07 (4.9 +13.3) 0.5(11.1 £31.3)

Data are % nonmissing of column unless otherwise specified. All variables had complete data except for LDL cholesterol (22 952 missing), HDL cholesterol (20 170 missing), triglycerides (16 234 missing), smoking
(5283 missing), eGFR (8009 missing), hemoglobin (10 175 missing), CD4" T-lymphocyte count (5425 missing), and HIV-1 RNA (4616 missing). All variables differed significantly across HIV and blood pressure
categories (P<.05).

Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HDL, high-density lipoprotein; HIV, human
immunodeficiency virus; HIV—, HIV uninfected; HIV+, HIV infected; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A; LDL, low-density lipoprotein; SD, standard deviation.
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Figure 1.

Unadjusted rate of incident acute myocardial infarction by systolic and diastolic blood pressure increments stratified by antihypertensive

therapy (4), human immunodeficiency virus (HIV) infection status (B), and both HIV and antihypertensive therapy (C). Vertical bars represent 95% confi-
dence intervals for rates. Abbreviations: AMI, acute myocardial infarction; BP, blood pressure; HIV, human immunodeficiency virus; py, person-years.

high-density lipoprotein cholesterol [HDL], and triglycerides)
were measured using outpatient and clinical laboratory data
collected closest to the baseline date. Smoking was measured
from the VA Health Factors data repository [16] using a stan-
dardized form within the VA. For other CVD risk factors, 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitor use was based on pharmacy data, body mass index

(BMI) was measured from Health Factors data, and renal
disease and anemia were measured using outpatient and clini-
cal laboratory data collected closest to the baseline date. Hepati-
tis C virus (HCV) infection was defined as a positive HCV
antibody test or >1 inpatient and/or >2 outpatient ICD-9
codes for this diagnosis [17]. History of cocaine and alcohol
abuse or dependence was defined using ICD-9 codes [18].
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1.41 (.65-3.06) 1.38 (.63-2.98) 1.71 (.61-4.80) 1.08 (.33-3.50)

18.6 (8.8-39.7)

846

Low blood pressure

medication

<90/60
infection, renal disease, anemia, body mass index, cocaine, and alcohol use.

2 Includes age, sex, and race/ethnicity, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, diabetes, 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor use, hepatitis C virus

Abbreviations: AMI, acute myocardial infarction; Cl, confidence interval; DBP, diastolic blood pressure; HIV, human immunodeficiency virus; py, person-years; SBP, systolic blood pressure.
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Table 3. Rate and Risk of Incident Acute Myocardial Infarction by Blood Pressure and HIV Status (Common Reference Group)

Hazard Ratio

Hazard Ratio

Blood Pressure Category, HIV No.of Age-/Race-Adjusted (95% Cl) Age/Race/ (95% Cl) Adjusted
mm Hg, SBP/DBP Definition Status No. AMlIs  AMI Rate/10 000 py Sex Adjusted?® for All Covariates®
90-119/60-79 Normal HIV— 7634 41 10.81 (7.75-15.1) 1 1
HIV+ 5722 41 156.53(11.13-21.7) 1.43(.93-2.20) 1.28(.82-1.98)
120-129/80-84 Low prehypertension  HIV— 11503 64  11.06(8.37-14.62) 0.99 (.67-1.47) 0.99 (.67-1.47)
HIV+ 6309 59  19.08(14.31-25.47) 1.76 (1.18-2.62) 1.60 (1.07-2.39)
130-139/85-89 High prehypertension  HIV— 11943 92  15.28(11.99-19.5) 1.31(.91-1.89) 1.30 (.90-1.89)
HIV+ 5754 64  22.26(16.88-29.4) 1.92 (1.30-2.85) 1.81(1.22-2.68)
>140/90, no Hypertension HIV— 11021 108 19.61 (15.6-24.69) 1.54 (1.07-2.20) 1.47 (1.02-2.11)
antihypertensive
medication
HIV+ 4613 82  36.61(28.4-47.29) 2.84(1.95-4.13) 2.57(1.76-3.76)
Use of antihypertensive Treated hypertension ~ HIV— 11425 192  32.92(27.31-39.77) 2.14(1.52-3.01) 1.92 (1.35-2.72)
medication
HIV+ 4256 110  57.83(46.27-72.41) 3.80 (2.64-5.46) 2.76 (1.90-4.02)
<90/60 Low blood pressure HIV— 441 4 19.54 (7.25-52.66) 1.74 (.62-4.86) 1.73 (.62-4.84)
HIV+ 405 3  17.58(5.61-55.04) 1.57 (.49-5.09) 1.35(.42-4.39)

Abbreviations: AMI, acute myocardial infarction; Cl, confidence interval; DBP, diastolic blood pressure; HIV, human immunodeficiency virus; py, person-years; SBP,

systolic blood pressure.

@ Includes age, sex, and race/ethnicity, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, diabetes, 3-hydroxy-3-methylglutaryl-

coenzyme A reductase inhibitor use, hepatitis C virus infection, renal disease, anemia, body mass index, cocaine, and alcohol use.

Mean age ranged from 46 to 53 years. Compared to veterans
with normal blood pressure, those with prehypertension or hy-
pertension had greater prevalence of diabetes, triglycerides
>150 mg/dL, HMG-CoA inhibitor use, and BMI >30 kg/m?,
but less prevalent cocaine use. Hypertensive veterans were
older and had more prevalent renal dysfunction than normo-
tensive veterans (Table 1). HIV-infected veterans had a higher
prevalence of low HDL, high triglycerides, low hemoglobin,
and HCV infection, but a lower prevalence of diabetes and BMI
>30 kg/m2 than uninfected veterans (Table 1). HAART use
was similar across blood pressure categories. Median CD4"
counts were higher and HIV-1 RNA was lower among those
with elevated blood pressure compared to those with normal
blood pressure (Table 1).

Over a total of 405938.7 person-years (median follow-up
time, 5.9 years), 860 incident AMIs occurred. AMI rates and risk
increased with increasing blood pressure (Figure 1, Table 2)
among HIV-infected and -uninfected veterans (Table 2). These
associations persisted among HIV-infected veterans after adjust-
ment for HIV-1 RNA, CD4" count, and/or HAART use (Supple-
mentary Table 1). AMI rates were significantly higher among
hypertensive HIV-infected veterans compared to their hyperten-
sive uninfected counterparts (Table 3).

We did not detect significant interactions between elevated
blood pressure and HIV status on incident AMI (P >.05) in re-
gression models even when blood pressure was considered as a
continuous systolic or diastolic measure.

Compared to uninfected veterans with normal blood pres-
sure, HIV-infected veterans with low or high prehypertension
or hypertension had significantly increased AMI risk (HR, 1.60
[95% CI, 1.07-2.39]; HR, 1.81 [95% CI, 1.22-2.68]; HR, 2.57
[95% CI, 1.76-3.76]; HR, 2.76 [95% CI, 1.90-4.02]) after ad-
justment for confounders (Table 3). Results were similar when
SBP and DBP were analyzed separately (Supplementary
Table 2).

A 10 mm Hg increase in pulse pressure was associated with a
small but significantly increased risk of AMI (HR, 1.12 [95%
CI, 1.06-1.19], P<.001) after adjusting for confounders. HIV
infection did not modify the association between pulse pressure
and AMI risk (HR for interaction, 0.92 [95% CI, .83-1.03]; data
otherwise not shown).

DISCUSSION

In this cohort of veterans, high prehypertension and hyperten-
sion were associated with an increased risk of AMI. Compared
to normotensive uninfected veterans, HIV-infected veterans
with low/high prehypertension or hypertension had increased
risk of AMI.

Prior research has reported an association between hyperten-
sion and AMI risk among HIV-infected people [22, 23]. This
study extends those results by demonstrating that HIV status
and blood pressure are associated with AMI risk independent
of each other. By comparing all participants to a common
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referent group (HIV-uninfected normotensive), we are better
able to assess the individual and combined effects of HIV status
and elevated blood pressure.

Whether HIV infection and/or its treatment interact with
blood pressure to increase the risk of AMI is not clear. Prior
studies examining the association between HIV, ART, and
blood pressure are inconsistent [24-26]. We found no statistical
interaction between HIV, elevated blood pressure, and AMI
risk. This suggests that HIV may not modify the association
between blood pressure and AMI risk. This finding, however,
should be interpreted carefully because we may have been un-
derpowered to detect a significant interaction. Moreover, there
are prior studies reporting significant associations between
HIV and renal disease [27], endothelial dysfunction [28],
reduced arterial elasticity [29], and progression of atherosclero-
sis [30-32], which in turn are associated with elevated blood
pressure and cardiac events.

Our findings have important clinical implications for HIV-
infected individuals. Prior work in the VACS and other studies
demonstrate that HIV infection, ART use, and traditional CVD
risk factors, including hypertension, are associated with an in-
creased risk of AMI [1]. HIV-infected people have an increased
risk of AMI (including those who achieve HIV-1 RNA levels
<500 copies/mL over time), compared to uninfected people.
Our data suggest that traditional CVD risk factors such as hy-
pertension contribute additional AMI risk independent of and
in addition to that contributed by HIV infection. Performing
similar studies for other CVD risk factors such as diabetes and
substance abuse may be warranted to better guide CVD risk
stratification in HIV.

There are limitations that warrant discussion. First, as this is
an observational study, our findings alone are insufficient to
change current guidelines for blood pressure management for
HIV-infected people. Second, as our population is overwhelm-
ingly male, our results may not be generalizable to women.
Third, there is the possibility of unmeasured confounding—eg,
we were unable to adjust these analyses for family history of
CVD or duration of antihypertensive therapy. Fourth, there is
also the possibility of residual confounding present in this anal-
ysis. For example, alcohol is associated with blood pressure and
coronary heart disease outcomes. In this study, alcohol abuse
and alcohol dependence were assessed with ICD-9 codes, which
can result in some misclassification. However, the fact that
alcohol use is common in both HIV-infected and -uninfected
veterans suggests that misclassification would not be differen-
tial by HIV status. Fifth, blood pressure, HIV-1 RNA, and
CD4" cell count were assessed only at baseline. Participants
could have moved between blood pressure, HIV-1 RNA, and/or
CD4" cell count categories between baseline and censoring.

In summary, prehypertensive and hypertensive blood pres-
sure were associated with an increased risk of AMI in a cohort

of HIV-infected and -uninfected veterans. Future studies
should prospectively investigate whether HIV interacts with
blood pressure to further increase AMI risk.
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