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IMPORTANCE With the advent of highly effective antiretroviral therapy and improved
survival, human immunodeficiency virus (HIV)–infected people are living longer and are now
at an increased risk for cardiovascular disease (CVD). There is an urgent need to identify novel
risk factors and primary prevention approaches for CVD in HIV. Although depression is
prevalent in HIV-infected adults and is associated with future CVD in the general population,
its association with CVD events has not been examined in the HIV-infected population.

OBJECTIVE To examine whether depressive disorders are prospectively associated with
incident acute myocardial infarction (AMI) in a large cohort of adults with HIV.

DESIGN, SETTING, AND PARTICIPANTS Included in this cohort study were 26 144 HIV-infected
veterans without CVD at baseline (1998-2003) participating in the US Department of
Veterans Affairs Veterans Aging Cohort Study from April 1, 2003, through December 31,
2009. At baseline, 4853 veterans (19%) with major depressive disorder (MDD; International
Classification of Diseases, Ninth Revision [ICD-9] codes 296.2 and 296.3) and 2296 (9%) with
dysthymic disorder (ICD-9 code 300.4) were identified. The current analysis was conducted
from January 2015 to November 2015.

MAIN OUTCOMES AND MEASURES Incident AMI (defined by discharge summary
documentation, enzyme/electrocardiography evidence of AMI, inpatient ICD-9 code for AMI
(410), or AMI as underlying cause of death [International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision code 121]) between the enrollment date and
December 31, 2009.

RESULTS The mean (SD) age of those with MDD was 47.3 (7.9) years and for those without
MDD was 48.2 (9.7) years. During 5.8 years of follow-up, 490 AMI events (1.9%) occurred.
Baseline MDD was associated with incident AMI after adjusting for demographics (hazard
ratio [HR], 1.31; 95% CI, 1.05-1.62), CVD risk factors (HR, 1.29; 95% CI, 1.04-1.60), and
HIV-specific factors (HR, 1.30; 95% CI, 1.05-1.62). Further adjustment for hepatitis C, renal
disease, substance abuse, and hemoglobin level (HR, 1.25; 95% CI, 1.00-1.56) and
antidepressant use (HR, 1.12; 95% CI, 0.87-1.42) attenuated associations. Baseline dysthymic
disorder was not associated with incident AMI.

CONCLUSIONS AND RELEVANCE We report novel evidence that HIV-infected adults with MDD
have a 30% increased risk for AMI than HIV-infected adults without MDD after adjustment for
many potential confounders. Our findings raise the possibility that MDD may be
independently associated with incident atherosclerotic CVD in the HIV-infected population.
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W ith the advent of highly effective antiretroviral
therapy (ART), the lifespan of individuals infected
with human immunodeficiency virus (HIV) is

improving.1 Unfortunately, these ART-treated, HIV-infected in-
dividuals remain at a higher risk for chronic comorbidities, with
cardiovascular disease (CVD) being the leading cause of death
in this population.2 Case in point is a recent cohort study that
reported that HIV-infected adults have a 50% greater risk for
acute myocardial infarction (AMI) than their HIV-uninfected
counterparts.3 Multiple factors, some that have not yet been
identified, likely account for this excess CVD risk.

In the general population, prospective studies from the past
30 years provide evidence that depression is independently
associated with incident atherosclerotic CVD.4,5 Meta-
analyses have revealed that adults with depressive disorders,
such as major depressive disorder (MDD) or dysthymic disor-
der, have a 40% to 60% increased risk for developing CVD than
those without these conditions, even after adjustment for CVD
risk factors.4,5 Notably, this longitudinal association has been
detected in both men and women and in various age and race/
ethnicity groups, and it is comparable in strength with that of
traditional CVD risk factors.6,7 To our knowledge, the stron-
gest evidence that depressive disorders are risk factors for CVD
comes from a follow-up study of a randomized clinical trial in
which depression treatment, delivered before CVD onset, was
found to halve the risk for incident CVD events of older pri-
mary care patients with depression.8

Given the greater risk for CVD of HIV-infected adults and
adults with depression separately and the high prevalence
(24%-40%) of depressive disorders in those with HIV,9,10 a key
remaining question is the following: Is depression indepen-
dently associated with incident atherosclerotic CVD in the HIV-
infected population? The answer to this question could have
important clinical implications, as this line of research could
identify a novel target (depression) and approach (depres-
sion treatment) to CVD primary prevention among HIV-
infected adults. Currently, little is known about the depression-
incident CVD association in adults with HIV. To address this
knowledge gap, we examined the prospective association of
MDD and dysthymic disorder with incident AMI among 26 144
HIV-infected veterans in the Veterans Aging Cohort Study
(VACS). In addition to MDD, dysthymic disorder warrants at-
tention in this context, as it is understudied11 and its milder
but long-term course12 might have implications for CVD risk.

Methods
Participants
The VACS is a prospective, multisite cohort of HIV-infected and
age-, race/ethnicity-, and clinical site–matched uninfected
adults enrolled in the same calendar year in the US Depart-
ment of Veterans Affairs (VA) system. Participants in VACS have
been continually selected for inclusion since 1998 by using an
existing validated algorithm from the VA national electronic
medical record system.13,14 For the selected participants, data
are extracted from several sources. Demographic, clinical, labo-
ratory, and pharmacy data are obtained from the immunol-

ogy case registry, the National Pharmacy Benefits Manage-
ment database, the Decision Support System, the National
Patient Care Database, and the VA electronic medical record
health factor data set. Cardiovascular disease data are ob-
tained from Medicare, Medicaid, and VA fee-for-service data
and from the Ischemic Heart Disease–Quality Enhancement Re-
search Initiative.15 Death data are obtained from the VA vital
status file, the Social Security Administration death master file,
the Beneficiary Identification and Records Locator Subsys-
tem, and the Veterans Health Administration Medical Statis-
tical Analysis Systems inpatient data sets.3 Finally, cause of
death data are obtained from the National Death Index. The
University of Pittsburgh, Yale University, and West Haven VA
Medical Center institutional review boards approved this study;
we obtained a waiver of consent from West Haven VA Medi-
cal Center and the Yale School of Medicine to minimize a loss
of privacy and to facilitate this low-risk research given the large
sample of HIV-infected veterans. The current analysis was con-
ducted from January 2015 to November 2015.

For the present report, we selected all adults with HIV en-
rolled in the VACS (N = 27 350), defined as at least 1 inpatient
or 2 outpatient International Classification of Diseases, Ninth
Revision (ICD-9) codes for HIV in the VA Immunology Case
Registry.13 The baseline enrollment date was the partici-
pant’s first clinic visit on or after April 1, 2003. As described
in our earlier work,3 all veterans with prevalent CVD (n = 1206)
were excluded using ICD-9 code data from Medicare, Medic-
aid, and VA fee-for-service files during the baseline period (1998
to the participant’s baseline enrollment date). Our final sample
included 26 144 HIV-infected adults, who were followed up
from their baseline enrollment date to either an AMI event,
death, or the last follow-up date on December 31, 2009.

Depressive Disorders
Participants in VACS with a diagnosis of either MDD (ICD-9
codes 296.2 or 296.3) or dysthymic disorder (ICD-9 code 300.4)
during baseline were identified as depression cases. Specifi-
cally, a participant with at least 1 inpatient or 2 outpatient ICD-9
codes in their VA national electronic medical record was clas-
sified as positive for either depressive disorder. Major depres-
sive disorder (0 = no MDD and 1 = MDD) was our primary ex-
posure variable, and dysthymic disorder (0 = no dysthymic

Key Points
Question Is depression independently associated with incident
atherosclerotic cardiovascular disease (CVD) in the human
immunodeficiency virus (HIV)–infected population?

Findings In this cohort study of 26 144 veterans without CVD,
HIV-infected adults with major depressive disorder (MDD) had a
greater risk for acute myocardial infarction than HIV-infected
adults without MDD after adjustment for many potential
confounders.

Meaning Major depressive disorder may be an independent
predictor of incident atherosclerotic CVD in the HIV-infected
population.

Research Original Investigation Depression and Acute Myocardial Infarction in HIV-Infected Veterans

E2 JAMA Cardiology Published online August 24, 2016 (Reprinted) jamacardiology.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://cardiology.jamanetwork.com/ by Jules Levin on 08/25/2016

http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2016.2716


Copyright 2016 American Medical Association. All rights reserved.

disorder and 1 = dysthymic disorder) was our exploratory ex-
posure variable.

Incident Acute Myocardial Infarction
The definition of our primary outcome, incident AMI, was iden-
tical to that of Freiberg and colleagues.3 Acute myocardial in-
farction events were identified using VA, Medicare, and death
certificate data between enrollment date and December 31,
2009. Acute myocardial infarction events occurring within the
VA and those transferred from non-VA hospitals were deter-
mined by discharge summary documentation. These events
were initially extracted by trained abstractors and subse-
quently adjudicated by reviewing physician notes and medi-
cal records for (1) evidence of elevated serum markers of myo-
cardial damage, including elevated troponin I, troponin T, or
creatine kinase–myocardial band (thresholds for positive mark-
ers were defined by the assay used), or (2) electrocardio-
graphic findings (ST-segment elevation was defined as 1 mV
or higher elevation in ≥2 contiguous leads and/or left bundle
branch block). Acute myocardial infarction events occurring
at non-VA hospitals that were not transferred to a VA facility
were detected using an inpatient ICD-9 code (410) for AMI in
Medicare data or VA fee-for-service data files. Fatal AMI events
occurring within the VA, those transferred from non-VA hos-
pitals, and those occurring at non-VA hospitals not trans-
ferred to a VA facility were defined as an International Statis-
tical Classification of Diseases and Related Health Problems,
Tenth Revision code for AMI (I21.0-.9) as the first-listed un-
derlying cause of death in death certificate data.

Covariates
Four groups of covariates were included in our analyses. First,
the demographic factors were age, sex (0 = male, 1 = female),
and race/ethnicity (white [reference], African American, His-
panic, or other), which were all determined through admin-
istrative data. Second, the cardiovascular risk factors were
hypertension, dyslipidemia, diabetes, and 3-hydroxy-3-methyl-
glutaryl-coenzyme A reductase inhibitor (statin) use, which
were all assessed using clinical, laboratory, and/or pharmacy
record data collected closest to the baseline date. Blood pres-
sure was defined as the average of 3 routine outpatient clini-
cal measurements. Hypertension was categorized as no
hypertension (blood pressure <140/90 mm Hg and no antihy-
pertensive medication [reference]), controlled hypertension
(<140/90 mm Hg with antihypertensive medication), or un-
controlled hypertension (≥140/90 mm Hg).16 Low-density li-
poprotein (LDL) cholesterol levels were categorized as less than
100 mg/dL (reference), 100 to 129 mg/dL, 130 to 159 mg/dL,
or 160 mg/dL or more (to convert to millimoles per liter, mul-
tiply by 0.0259). High-density lipoprotein cholesterol levels
were categorized as 60 mg/dL or more (reference), 40 to 59
mg/dL, or less than 40 mg/dL (to convert to millimoles per li-
ter, multiply by 0.0259). Triglyceride levels were categorized
as less than 150 mg/dL (reference) or 150 mg/dL or more (to
convert to millimoles per liter, multiply by 0.0113). Diabetes
(yes/no) was identified using a previously validated metric that
incorporates glucose measurements, antidiabetic agent use,
and/or at least 1 inpatient or 2 outpatient ICD-9 codes for

diabetes.17 Statin use was defined as a prescription receipt from
pharmacy records within 180 days of the participant’s base-
line enrollment date. Third, the HIV-specific factors were CD4
cell count, HIV-1 RNA level, and ART regimen. Data on CD4 cell
counts (≥500/mm3 [reference], 200-499/mm3, or <200/mm3)
and HIV-1 RNA levels (<500 copies/mL [reference] or ≥500
copies/mL) were collected at baseline. Baseline ART data were
obtained through pharmacy data and categorized by type of
regimen within 180 days of the baseline enrollment date. Regi-
men was coded as nucleoside reverse-transcriptase inhibi-
tors (NRTIs) plus protease inhibitors (reference), NRTIs plus
nonnucleoside reverse-transcriptase inhibitors (NNRTIs), other
regimen, or no ART regimen. Fourth, the other covariates were
hepatitis C infection, renal disease, history of abuse of or de-
pendence on alcohol or cocaine, and hemoglobin levels. Hepa-
titis C virus seropositivity (yes/no) was defined as a positive
hepatitis C virus antibody test result or at least 1 inpatient or 2
outpatient ICD-9 codes for this diagnosis.18 Renal disease was
assessed using outpatient and clinical laboratory data col-
lected closest to baseline and was categorized as estimated glo-
merular filtration rate of 60 mL/min/1.73 m3 or more (refer-
ence), 30 to 59 mL/min/1.73 m3, or less than 30 mL/min/1.73
m3. History of abuse of or dependence on alcohol or cocaine
were separately defined using ICD-9 codes.19 Hemoglobin lev-
els were categorized as 14 g/dL or more (reference), 12 to 13.9
g/dL, 10 to 11.9 g/dL, or less than 10 g/dL (to convert to g/L, mul-
tiply by 10).

We also examined the influence of 2 candidate behav-
ioral mediators and antidepressant medication use on the de-
pression-incident AMI association. Candidate behavioral me-
diators were baseline smoking and body mass index (BMI,
calculated as weight in kilograms divided by height in meters
squared), assessed using the VA electronic medical record
health factor data collected through standardized clinical re-
minders to VA clinicians.20 Smoking was categorized as never
(reference), current, or past, and BMI was dichotomously cat-
egorized (<30 [reference] or ≥30). Baseline antidepressant use
was defined as documentation of a filled prescription for a se-
lective serotonin uptake inhibitor (SSRI) or tricyclic antide-
pressant (TCA) from VA pharmacy records during the base-
line period.

Statistical Analysis
We conducted t tests for continuous variables and χ2 tests for
categorical variables (or their nonparametric counterparts) to
test for MDD group differences for all covariates. To examine
the prospective association of depressive disorders with inci-
dent AMI, we constructed 2 sets of Cox proportional hazards
models—1 set for our primary exposure variable, MDD, and 1 set
for our exploratory exposure variable, dysthymic disorder. For
each set, we ran 4 models: (1) demographics adjusted, (2) model
1 plus CVD risk factors, (3) model 2 plus HIV-specific factors, and
(4) model 3 plus other covariates. We also conducted supple-
mentary analyses to examine the influence of candidate behav-
ioral mediators (baseline smoking and BMI) and antidepres-
sant use (baseline SSRI and TCA use) by adding each factor
individually to model 4. Finally, we conducted sensitivity analy-
ses to examine the effect of efavirenz use on any observed
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associations by replacing the ART regimen variable with an efa-
virenz-only variable in models 3 and 4.

Results
The characteristics of HIV-infected participants without base-
line CVD, stratified by MDD status, are presented in Table 1.
Significant group differences were detected for all character-
istics, except LDL cholesterol, statin use, and HIV-1 RNA lev-
els. During baseline, 4853 adults (19%) with MDD and 2296
adults (9%) with dysthymic disorder were identified. During
5.8 median years of follow-up, 490 incident AMI events (1.9%)
occurred, of which 226 (46%) were within or were trans-
ferred to VA facilities, 218 (45%) were outside the VA and never
transferred to VA facilities, and 46 (9%) were AMI deaths.

Kaplan-Meier survival curves in the Figure illustrate time
to first incident AMI event and depict similar curves for those
with vs without MDD until year 3, after which the MDD group
demonstrates a steeper slope (Figure, A). Cox proportional haz-
ards models adjusted for demographic factors (model 1) re-
vealed that HIV-infected adults with MDD, vs those without
MDD, had a 31% increased risk of incident AMI (hazard ratio
[HR], 1.31; 95% CI, 1.05-1.62; P = .02) (Table 2). Major depres-
sive disorder remained significantly associated with AMI af-
ter further adjustment for CVD risk factors (model 2) and HIV-
specific factors (model 3), as HIV-infected adults with MDD had
a 29% (HR, 1.29; 95% CI, 1.04-1.60; P = .02) and 30% (HR, 1.30;
95% CI, 1.05-1.62; P = .02) increased risk for incident AMI, re-
spectively. The MDD–incident AMI association was not sig-
nificant (P = .053) after additional adjustment for other covar-
iates (model 4); however, the HR of 1.25 (95% CI, 1.00-1.56)
demonstrates that there was little change in the magnitude of
this association. In contrast, dysthymic disorder was not sig-
nificantly associated with incident AMI in any of the models
(Figure, B and all models in Table 2; model 1: HR, 1.26, 95%
CI, 0.95-1.67; model 2: HR, 1.27, 95% CI, 0.95-1.69; model 3:
HR, 1.28, 95% CI, 0.96-1.71; and model 4: HR, 1.20; 95% CI,
0.90-1.61; all P > .08), although the HRs were only slightly
smaller than those for MDD. It is worth noting that our statis-
tical power was lower in the models examining dysthymic dis-
order, vs those examining MDD, because of the smaller per-
centage of participants with the former diagnosis (9% vs 19%).
Of the covariates in model 4, age, race/ethnicity, hyperten-
sion, diabetes, LDL cholesterol level, triglycerides level, CD4
cell count, hepatitis C infection, renal disease, and hemoglo-
bin level were significantly associated with incident AMI
(Table 2).

Supplementary analyses adjusting model 4 for the candi-
date behavioral mediators showed that the MDD–incident AMI
association continued to fall short of significance when base-
line smoking variables were added (HR, 1.22; 95% CI, 0.98-
1.53; P = .08) but became significant when baseline BMI was
added (HR, 1.25; 95% CI, 1.00-1.56; P = .049) (Table 3). Cur-
rent smoking (HR, 1.55; 95% CI, 1.22-1.97; P < .001), but not past
smoking (HR, 0.57; 95% CI, 0.70-1.31; P = .78) or BMI (HR, 0.80;
95% CI, 0.61-1.04; P = .10), was associated with incident AMI.
The MDD–incident AMI association remained nonsignificant

Table 1. Baseline Characteristics of HIV-Infected Participants in the VACS
by MDD Statusa

Characteristic

No. (%)

P Value
No MDD
(n = 21 291)

MDD
(n = 4853)

Demographic Factors

Age, mean (SD), y 48.2 (9.7) 47.3 (7.9) <.001

Male 20 805 (97.7) 4627 (95.3) <.001

Race/ethnicity

White 7916 (37.2) 2079 (42.8)

<.001
African American 10 245 (48.1) 2210 (45.5)

Hispanic 1471 (6.9) 395 (8.1)

Other 1657 (7.8) 169 (3.5)

Cardiovascular Risk Factors

Hypertensionb

None 14 246 (67.7) 3319 (68.9)

.004Controlled 1431 (6.8) 365 (7.6)

Uncontrolled 5379 (25.5) 1131 (23.5)

Diabetes 2794 (13.1) 773 (15.9) <.001

Lipidsb

LDL cholesterol level,
mg/dL

<100 7118 (46.1) 1701 (46.4)

.96
100-129 4579 (29.7) 1095 (29.9)

130-159 2459 (15.9) 575 (15.7)

≥160 1270 (8.2) 298 (8.1)

HDL cholesterol level,
mg/dL

≥60 1789 (11.2) 393 (10.1)

.0440-59 6100 (38.0) 1437 (37.0)

<40 8149 (50.8) 2056 (52.9)

Triglycerides level ≥150
mg/dL

8250 (46.8) 2090 (49.5) .002

Statin use 1361 (6.4) 325 (6.7) .44

HIV-Specific Factors

CD4 cell count, mm3b

≥500 5393 (31.5) 1329 (34.9)

<.001200-499 6857 (40.0) 1551 (40.7)

<200 4884 (28.5) 929 (24.4)

HIV-1 RNA levelsb

≥500 copies/mL 9819 (55.2) 2229 (56.4) .16

ART regimen

NRTI plus PI 4324 (20.3) 1071 (22.1)

.02
NRTI plus NNRTI 4708 (22.1) 1035 (21.3)

Other regimen 1405 (6.6) 345 (7.1)

No ART 10 852 (51.0) 2402 (49.5)

Other Covariates

Hepatitis C infection 6917 (32.5) 2093 (43.1) <.001

Renal diseaseb

eGFR, mL/min/1.73 m2

≥60 18 564 (93.7) 4397 (94.6)

.04730-59 1011 (5.1) 200 (4.3)

<30 242 (1.2) 49 (1.1)

Abuse or dependence

Alcohol 2269 (10.7) 1356 (27.9) <.001

Cocaine 1786 (8.4) 1122 (23.1) <.001

(continued)
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(HR, 1.12; 95% CI, 0.87-1.42; P = .37) after adjusting model 4
for baseline SSRI and TCA use (Table 3). Use of SSRIs (HR, 1.23;
95% CI, 1.00-1.52; P = .048), but not TCAs (HR, 1.10; 95% CI,
0.88-1.37; P = .41), was associated with incident AMI. Sensi-
tivity analyses—in which the ART regimen variable replaced
the efavirenz-only variable—showed that the pattern of re-
sults and the magnitude of effects did not change for either
MDD or dysthymic disorder (eTable in the Supplement).

Discussion
We report novel evidence suggesting that MDD is indepen-
dently associated with AMI in the HIV-infected population,
similar to the general population. In our sample of more than
26 000 veterans with HIV, we found that MDD at baseline was
associated with an increased risk for incident AMI over 5.8 years
of follow-up. Specifically, after adjustment for demograph-
ics, CVD risk factors, and HIV-specific factors, HIV-infected
adults with MDD had a 30% greater risk for having an AMI than
did HIV-infected adults without MDD. This elevation in AMI
risk was slightly attenuated to 25% (P = .053) after further ad-

justment for other covariates, namely, hepatitis C infection, re-
nal disease, alcohol/cocaine abuse or dependence, and hemo-
globin levels. In contrast to MDD, baseline dysthymic disorder
was not associated with incident AMI.

To our knowledge, this is the first large study to examine
the association between depression and incident atheroscle-
rotic CVD among adults with HIV. In a study by Parruti and
colleagues,21 no association between depression symptom se-
verity and vascular events in HIV was observed. However, be-
cause only 19 vascular events occurred during follow-up in their
cohort of 210 HIV-infected patients, they likely had low power
to detect an association. Although our findings do not agree
with those of Parruti et al,21 they are in line with a separate
analysis we conducted of the VACS data. Specifically, we found
that MDD was independently associated with incident heart
failure among HIV-infected adults.22 Furthermore, the effect
we observed in the present study is consistent with findings
in the general population, albeit smaller in magnitude. To il-
lustrate, in a meta-analysis of 16 studies, depression was as-
sociated with a 57% increased risk for CVD.5 Last, our find-
ings are compatible with the literature demonstrating that
depression is also independently associated with CVD prog-
nosis in cardiac patients without HIV.23-25

While the factors explaining the MDD–incident CVD asso-
ciation in HIV are unknown, several candidates exist. First, the
mechanisms thought to play a role in the general population
could also operate in HIV. Potential biological mechanisms are
systemic inflammation,26 autonomic nervous system
dysfunction,27 hypothalamic-pituitary-adrenal axis
dysregulation,28 and altered platelet function.29 Elevated mark-
ers of inflammation and coagulation have also been found to
be associated with CVD events in those with HIV.30-33 Thus, it
is possible that the presence of MDD further exacerbates the
persistent inflammatory and coagulatory activation already
present in HIV, resulting in higher CVD event rates. Potential
behavioral mechanisms underlying the MDD–incident CVD as-
sociation are poor health behaviors (eg, smoking and seden-
tary lifestyle) and treatment nonadherence,34 including lower
adherence to CVD primary prevention efforts (eg, statins).35

Adjusting for smoking in our analyses only slightly attenu-
ated the observed association and adjusting for BMI did not
change it, suggesting that these factors may not be operating
as mediators (Table 3). However, we examined baseline smok-
ing and BMI and not changes in these factors during follow-
up. Treatment nonadherence in those with HIV may play a
larger role because lower adherence to HIV therapies or CVD
primary prevention efforts could promote CVD. In fact, de-
pression has been shown to reduce adherence to HIV/AIDS
treatment.36 Thus, it is possible that the presence of MDD re-
duces adherence to both HIV- and CVD-related interven-
tions, leading to higher CVD event rates. Finally, because so-
cial isolation is common in depression37 and has been found
to be associated with incident CVD38 and all-cause mortality,39

it is yet another candidate mechanism that could underlie the
MDD–incident CVD association.

In addition to these mechanistic pathways, the use of cer-
tain medications could partially explain the MDD–incident CVD
association in HIV-infected adults. For instance, use of the HIV

Table 1. Baseline Characteristics of HIV-Infected Participants in the VACS
by MDD Statusa (continued)

Characteristic

No. (%)

P Value
No MDD
(n = 21 291)

MDD
(n = 4853)

Hemoglobin levels, g/dLb

≥14 10 734 (55.4) 2614 (57.6)

<.001
12-13.9 6150 (31.7) 1436 (31.6)

10-11.9 1815 (9.4) 379 (8.4)

<10 679 (3.5) 112 (2.5)

Candidate Behavioral Mediators

Smoking status, %b

Current 11 442 (57.8) 3227 (69.9)

<.001Past 2727 (13.8) 502 (10.9)

Never 5640 (28.5) 888 (19.2)

BMI ≥30b 2867 (13.7) 782 (16.3) <.001

Antidepressant Medication

SSRI use 4813 (22.6) 3565 (73.5) <.001

TCA use 3099 (22.1) 1423 (29.3) <.001

Abbreviations: ART, antiretroviral therapy; BMI, body mass index (calculated as
weight in kilograms divided by height in meters squared); eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein; HIV, human
immunodeficiency virus; LDL, low-density lipoprotein; MDD, major depressive
disorder; NNRTI, nonnucleoside reverse-transcriptase inhibitor;
NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor;
SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant;
VACS, Veterans Aging Cohort Study.

SI conversion factors: To convert HDL and LDL cholesterol 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.
a N = 26 144.
b All variables had complete data except the following (numbers presented

separately for no MDD and MDD categories, respectively): hemoglobin levels:
19 378 and 4541; BMI: 20 906 and 4794; CD4 cell count: 17 134 and 3809;
HDL cholesterol: 16 038 and 3886; HIV-1 RNA: 17 792 and 3951; hypertension:
21 056 and 4815; LDL cholesterol: 15 426 and 3669; renal disease: 19 817 and
4646; smoking status: 19 809 and 4618; and triglycerides: 17 615 and 4223.
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antiretroviral efavirenz has been linked to depression, higher
risk for suicidality,40 and AMI events.41 However, efavirenz use
is an unlikely explanation of the MDD–incident AMI associa-
tion that we observed. First, efavirenz use was lower in those

with vs without MDD (25% vs 30%, P < .001). Second, rerun-
ning models 3 and 4 after adding an efavirenz-only variable
as a covariate demonstrated the same pattern of results and
magnitude of effects.

Table 2. Cox Proportional Hazards Regression Models Examining the Association Between Baseline Depressive Disorders and Incident AMIa

Variable

HR (95% CI)

Demographic Factors Model 1 + CVD Risk Factors Model 2 + HIV-Specific Factors Model 3 + Other Covariatesb

MDD

No MDD 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

MDD 1.31 (1.05-1.62)c 1.29 (1.04-1.60)c 1.30 (1.05-1.62)c 1.25 (1.00-1.56)

Dysthymic disorder

No dysthymic disorder 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Dysthymic disorder 1.26 (0.95-1.67) 1.27 (0.95-1.69) 1.28 (0.96-1.71) 1.20 (0.90-1.61)

Abbreviations: AMI, acute myocardial infarction; CVD, cardiovascular disease;
HIV, human immunodeficiency virus; HR, hazard ratio; MDD, major depressive
disorder.
a N = 26 140.
b Model 4 includes the following covariates: age (HR, 1.60; 95% CI, 1.45-1.77),

sex (female: HR, 0.77; 95% CI, 0.38-1.57), race/ethnicity (African American:
HR, 0.65, 95% CI, 0.53-0.80; Hispanic: HR, 0.56, 95% CI, 0.38-0.84; and
other: HR, 0.86, 95% CI, 0.58-1.29), hypertension (controlled: HR, 1.70, 95%
CI, 1.25- 2.30; uncontrolled: HR, 1.72, 95% CI, 1.41-2.10), diabetes (HR, 1.43;
95% CI, 1.16-1.77), dyslipidemia (low-density lipoprotein cholesterol: 100-129
mg/dL: HR, 1.15, 95% CI, 0.90-1.49; 130-159 mg/dL: HR, 1.40, 95% CI,
1.05-1.86; and �160 mg/dL: 1.78, 95% CI: 1.28-2.48; HDL cholesterol: 40-59
mg/dL: HR, 1.06, 95% CI, 0.74-1.51; <40 mg/dL: HR, 0.97, 95% CI, 0.67-1.41;
and triglycerides �150 mg/dL: 1.29, 95% CI, 1.07-1.57), statin use (HR, 0.93;

95% CI, 0.71-1.29), CD4 cell counts (200-499 mm3: HR, 1.20, 95% CI,
0.93-1.55; and <200 mm3: HR, 1.40, 95% CI, 1.02-1.92), HIV-1 RNA values
(�500 copies/mL: HR, 1.10; 95% CI, 0.89-1.35), antiretroviral therapy regimen
(nucleoside reverse-transcriptase inhibitors plus nonnucleoside
reverse-transcriptase inhibitors: HR, 1.06, 95% CI, 0.83-1.37; other: HR, 0.86,
95% CI, 0.57-1.28; and no antiretroviral therapy use: HR, 1.05, 95% CI,
0.83-1.34), hepatitis C infection (HR, 1.30; 95% CI, 1.07-1.58), renal disease
(estimated glomerular filtration rate: 30-59 mL/min/1.73 m2: HR, 1.53, 95% CI,
1.14-2.06; and <30 mL/min/1.73 m2: HR, 3.17, 95% CI, 1.94-5.18), history of
alcohol (HR, 1.28; 95% CI, 0.94-1.73) and cocaine (HR, 0.88; 95% CI, 0.61-1.27)
abuse or dependence, and hemoglobin levels (12-13.9 g/dL: HR, 1.11, 95% CI,
0.89-1.39; 10-11.9 g/dL: HR, 1.61, 95% CI, 1.18- 2.19; and <10 g/dL: HR, 1.08,
95% CI, 0.57- 2.02).

c P > .05.

Figure. Depression-Incident Acute Myocardial Infarction (AMI) Survival Curves
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The limitations of our study should be noted. First,
because our depressive disorder variables were based on
electronic medical record ICD-9 codes, some misclassifica-
tion certainly occurred (ie, patients with unrecognized
depressive disorders were classified as not having these con-
ditions). However, such misclassification would bias our
results to the null and potentially attenuate the association
between depressive disorders and incident AMI. Second,
because of the lower rates of dysthymic disorder relative to
MDD, our models involving this exposure variable may be
underpowered and, thus, may have failed to detect impor-
tant associations. Third, because a comprehensive assess-
ment of lifetime depression history is not available for the
VACS, we could not evaluate the influence of the number
and/or duration of past depressive episodes on AMI risk.
Fourth, we could not examine the effect of depression status
and depression treatment exposure during the follow-up
period on AMI risk or the reported associations, as data
regarding these factors are not currently available for the
VACS. Fifth, our analysis could not examine the association
between depression and CVD death nor differentiate
between AMI death and sudden cardiac death. Sixth, our
analyses did not include baseline aspirin use because aspirin
use is often purchased over the counter and therefore
incompletely captured in the VA pharmacy records. Last,
given that more than 95% of our sample included male vet-

erans, future studies are needed to determine whether our
findings generalize to women and non-VA populations.

Conclusions
With the advent of ART and improved survival, HIV-infected
people are living longer and are now at an increased risk for
CVD.1,42 Thus, there is an urgent need to identify risk factors and
primary prevention approaches for CVD in HIV. We report novel
evidence that HIV-infected adults with MDD have a greater risk
for AMI than HIV-infected adults without MDD after adjustment
for many potential confounders. Our findings raise the possibil-
ity that, similar to the general population, MDD may be indepen-
dently associated with incident atherosclerotic CVD in the HIV-
infected population. Considering the dearth of research in this
area, future epidemiologic and mechanistic studies that include
women and non-VA populations with HIV are needed. Further-
more, there is a need for clinical trials designed to evaluate the
effect of high-quality depression treatment on CVD risk mark-
ers and incident events in HIV-infected adults with depression.
Ultimately, this line of research could have substantial clinical
ramifications; it could identify a novel and prevalent CVD risk
factor (depression) and a new CVD primary prevention approach
(depression treatment), which in turn could help to reduce CVD
morbidity and mortality in adults with HIV.
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