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Background. In the era of highly active antiretroviral therapy (HAART), human immunodeficiency virus

(HIV)–infected persons have higher cardiovascular disease risk. Little is known about asymptomatic abnormalities

in cardiac structure and function in this population.

Methods. The Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy (SUN

Study) is a prospective, observational, multi-site cohort of 656 HIV-infected participants who underwent baseline

echocardiography during 2004–2006. We examined prevalence of and factors associated with left ventricular systolic

dysfunction (LVSD), diastolic dysfunction (DD), pulmonary hypertension (PHTN), left ventricular hypertrophy

(LVH), and left atrial enlargement (LAE).

Results. Participant characteristics were as follows: median age, 41 years; 24% women; 29% non-Hispanic

black; 73% receiving HAART; and median CD41 cell count, 462 cells/lL. Among evaluable participants, 18% had

LVSD, 26% had DD, 57% had PHTN (right ventricular pressure.30 mm Hg), 6.5% had LVH, and 40% had LAE.

In multivariate analyses, significant factors (P , .05) associated with LVSD were history of MI, elevated highly

sensitive C-reactive protein (hsCRP) level, and current tobacco smoking; for DD, elevated hsCRP level and

hypertension; for PHTN, current use of ritonavir; for LVH, hypertension, diabetes, non-white race, female sex with

elevated body mass index, calculated as the weight in kilograms divided by the square of height in meters, of >25,

elevated hsCRP level, and current use of abacavir; for LAE, hypertension and recent marijuana use.

Conclusions. In this large contemporary HIV cohort, the prevalence of subclinical functional and structural

cardiac abnormalities was greater than expected for age. Abnormalities were mostly associated with expected and

often modifiable risks. Lifestyle modification should become a greater priority in the management of chronic HIV

disease.

Since the introduction of highly active antiretroviral

therapy (HAART), human immunodeficiency virus

(HIV) infection has evolved into a chronic disease in

which patients may continue to receive HAART

indefinitely [1]. Consequently, there is concern about

long-term outcomes because of adverse effects of

HAART and HIV infection. Atherogenic complications

have been observed both among patients treated with

HAART [2–4] and among untreated patients with low

CD41 cell counts [5]. Few studies have reported the

prevalence of important abnormalities in cardiac

structure and function among persons taking HAART

[6, 7]. In the pre-HAART era, a large echocardiographic

study involving 952 asymptomatic HIV-infected per-

sons found that 8% of subjects had dilated cardiomy-

opathy, which was associated with lower CD41 cell
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count, use of zidovudine, and the presence of myocarditis [8].

Another study with only 61 subjects suggested echocardio-

graphic abnormalities were related to poor nutritional status [9].

In the HAART era, emerging data suggest that echocardio-

graphic abnormalities may not be improved by HAART or

immune reconstitution. The large, prospective P2C2 multi-

center study involving HIV-infected children found a high

prevalence (18%) of mild left ventricular (LV) dysfunction and

progressive increase in LV mass over the course of the study,

leading to a 12% 5-year cumulative incidence of congestive heart

failure and overall higher risk of all-cause mortality in subjects

with even mild cardiac abnormalities [10]. Case reports have

linked nucleoside reverse-transcriptase inhibitor (NRTI) use to

adverse cardiac function, possibly from mitochondrial toxicity

[11–13]. Protease inhibitors (PIs) have also been implicated in

adversely affecting cardiac function [6, 14]. One small study

comparing HIV-infected persons receiving a PI-containing

regimen with patients receiving a non–PI-containing regimen

found a significant increase in LV hypertrophy and diastolic

dysfunction in the group exposed to PIs [6]. However, most PI-

exposed subjects were actively using illicit drugs or alcohol

(cocaine use, 93%; alcohol use, 66%), and 42% of subjects were

receiving first-generation PIs (eg, indinavir or high-dose rito-

navir), which have been associated with pro-atherogenic com-

plications [15, 16]. Studies have also found a higher prevalence

of pulmonary hypertension among HIV-infected patients,

compared with the general population, in both the pre-HAART

and HAART eras [17, 18]. These results have conflicted with

regard to the relative contribution of antiretroviral exposure to

pulmonary hypertension risk [19–21].

The Study to Understand the Natural History of HIV/AIDS in

the Era of Effective Therapy (SUN Study) is a prospective, ob-

servational, multi-site closed cohort study designed to monitor

the incidence of complications, such as cardiac disease, in

contemporary HIV-infected patients and to identify risk factors

for the development of such complications [22]. As part of the

SUN study, we performed resting echocardiography, including

Doppler tissue imaging, for SUN Study participants to de-

termine the prevalence of 5 asymptomatic cardiac abnormalities:

LV systolic dysfunction, diastolic dysfunction, pulmonary hy-

pertension, LV hypertrophy, and left atrial (LA) enlargement.

We also measured multiple other metabolic, clinical, and be-

havioral parameters in subjects to explore factors associated with

these cardiac abnormalities.

METHODS

The SUN Study
The SUN Study is a prospective, observational cohort funded by

the Centers for Disease Control and Prevention (CDC) that

monitors the clinical course of HIV-infected individuals treated

with HAART from 7 HIV-specialty clinics in 4 US cities: St.

Louis, Missouri; Providence, Rhode Island; Minneapolis, Min-

nesota; and Denver, Colorado [22]. Data collection (except

imaging) occurred at the clinic site and coincided with subjects’

schedule of routine care. Imaging studies were obtained at

a single site within each city. Seven hundred HIV-infected pa-

tients were enrolled from March 2004 through June 2006. The

study’s design, and its data collection and management methods

have been described previously [22]. Participants were generally

healthy HIV-infected patients receiving routine outpatient care

whose entire antiretroviral experience consisted only of HAART.

Patient data, including sociodemographic characteristics and all

symptoms, signs, diagnoses, treatments, and laboratory data,

were abstracted from medical charts and entered into an elec-

tronic database (Clinical Practice Analyst; Cerner) by trained

staff. These data are reviewed for quality and are analyzed cen-

trally. Additional data were collected through physical exami-

nation, noninvasive imaging (echocardiogram, carotid intima-

media thickness [cIMT], coronary computed tomography, and

dual-energy X-ray absorptiometry [DEXA]), comprehensive

testing for sexually transmitted diseases, and validated audio

computer-assisted self-interview (ACASI) [23, 24]. The ACASI

collected behavioral risk data and other health information,

including family history and use of tobacco, alcohol and recre-

ational drugs. The study protocol has been approved and is

reviewed annually by the CDC and each site’s institutional

review board.

Laboratory Evaluation
Clinical laboratory testing was performed for CD41 cell count

and fasting high-density lipoprotein, low-density lipoprotein,

total cholesterol, glucose, and HIV RNA levels using commercial

assays at each site according to the health care provider’s usual

standard-of-care. Laboratory tests used for research only (in-

sulin, highly-sensitive C-reactive protein [hsCRP], and 25-OH

vitamin D) were performed by the Diabetes Research and

Training Center Radioimmunoassay Core Laboratory, Wash-

ington University School of Medicine (St Louis, MO), for all

subjects. Serum and plasma used for these tests were aliquoted

and stored at –70oC until time of batched assay. Fasting status

was verified at the time of phlebotomy.

Echocardiographic Measurements
Echocardiograms were performed at the 4 participating sites

according to standardized procedures described elsewhere

[22, 25–28]. Studies were recorded on videotape and digitized

offline on a commercially available workstation at a core labo-

ratory (University of Maryland Medical Center, Baltimore).

They were interpreted by a single experienced reader blinded to

the study [22]. Of the total cohort of 700 participants, 656
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(93.7%) of the patients had complete data for the present

analysis.

The LV end diastolic and end systolic volumes were de-

termined using the biplane modified Simpsons rule from apical

2- and 4-chamber views [26], after manual tracing of the en-

docardial borders by a single experienced reader. Ejection frac-

tion was calculated as the difference between end diastolic and

end systolic volume divided by end diastolic volume. Techni-

ques for measurements and partition values for presence and

degree of abnormality are described previously [26]. Briefly, LV

mass was determined from anatomically correctly aligned linear

measurements of LV cavity dimension and wall thickness; LA

volume was computed from a modified biplane algorithm;

pulmonary artery peak systolic pressure was determined from

the highest peak velocity of the tricuspid regurgitant jet (present

in 322 patients) obtained from several echocardiographic

windows.

Functional and Structural Cardiac Outcomes
Five functional and structural cardiac outcomes were evaluated

[26]. Systolic dysfunction was defined using the LV ejection

fraction measurements from echocardiogram results and cate-

gorized as normal (>55%), mildly decreased (45%–54%),

moderately decreased (35%–44%), and severely decreased

(,35%). Diastolic function was categorized [27] on the basis of

values [28] of Doppler peak early (E) and late diastolic (A)

mitral inflow velocity, mitral inflow deceleration time, and lat-

eral mitral annular velocity (Em) on tissue Doppler. Normal

diastolic function was defined as an E/A ratio of 1–2, de-

celeration time >220 msec, and Em . 8 cm/sec; abnormal re-

laxation (Grade 1 diastolic dysfunction) was defined as an E/A

ratio , 1.0, deceleration time . 220 msec; pseudonormal

(Grade 2 diastolic dysfunction) was defined as an E/A ratio 1–2,

deceleration time 150–200 msec, and Em , 8 cm/sec; and re-

strictive (Grade 3 diastolic dysfunction) was defined as an E/A

ratio . 2.0, deceleration time,150 msec, and Em , 8 cm/sec.

Pulmonary hypertension was defined using right ventricular

systolic pressure (RVSP) and calculated using the formula:

RVSP 5 4V2 1 10 mm Hg, which was based on measurement

of velocity of the systolic tricuspid regurgitation jet. Pulmonary

hypertension was categorized as normal (15–30 mm Hg),

borderline (31–35 mm Hg), mild (36–40 mm Hg), moderate

(41–50 mm Hg), and severe (.50 mm Hg).

LV hypertrophy was defined based on LV mass calculated

using a standard, validated formula [25, 26]. Values for LV mass

were normalized to height [27] to adjust for influence of body

size [29]. In men [26], LV hypertrophy was categorized as

normal (,49 m2), mild (49–55 m2), moderate (56–63 m2),

and severe (>64 m2). In women [26], LV hypertrophy was

categorized as normal (,45 m2), mild (45–51 m2), moderate

(52–58 m2), and severe (>59 m2).

LA enlargement was defined on the basis of LA volume cal-

culated using the following formula: LA volume5 (.85 A1 A2)/

L)/BSA, where A1 5 the area of the atrium in the 4-chamber

view (cm2), A25 the area of the atrium in the 2-chamber view,

L 5 the long axis length of the atrium (cm), and BSA 5 body

surface area. LA enlargement was normalized for BSA and cat-

egorized [26] as normal (,29 mL/m2), mild (29–33 mL/m2),

moderate (34–39 mL/m2), and severe (.40 mL/m2).

Statistical Analysis
For all analyses, cardiac outcomes of interest were redefined as

dichotomized categorical variables where ‘‘normal’’ was evalu-

ated versus all other categories. Univariate analyses of associa-

tions between cardiac outcomes and potential risk factors were

performed using either Mantel-Hanzel X2 or Fisher’s exact test

for categorical variables and Student’s t test for continuous

variables. Significant variables (P , .10) in univariate

analysis or variables that had been found to be associated with

functional and structural cardiac disease in previous studies

were included in the multivariate logistic regression models. We

first constructed full multivariate models, which included car-

diac risk factors (eg, age, history of cardiovascular disease,

and history of myocardial infarction) and all factors associated

(P < .10) with the outcome of interest in univariate analyses.

Using the backward elimination method, we then removed

from the full model nonsignificant (P . .05) factors,

starting with those having the highest P values, and constructed

a parsimonious model, which included only variables in-

dependently (P < .05) associated with the outcome of interest.

All analyses were performed using SAS statistical software,

version 9.1 (SAS).

RESULTS

Patient Characteristics
Among the 656 participants with complete echocardiographic

and clinical data, the mean age was 41 years (interquartile [IQR]

range, 35–47 years), 24% were women, 29% were non-Hispanic

black, and 10% were Hispanic. The median CD41 cell count

was 462 cells/mm3 (IQR, 326–661 cells/mm3), and 73% of

subjects were currently prescribed HAART, of whom 91% had

an HIV RNA level ,400 copies/mL. Additional characteristics

are shown in Table 1.

Prevalence of Echocardiographic Abnormalities
Eighteen percent and 26% of participants with available data

had abnormal systolic and diastolic dysfunction, respectively.

One participant (,1%) had severe systolic dysfunction

(LV ejection fraction ,35%), and 61 (9%) of participants

had severe (Grade 3/restrictive) diastolic dysfunction. Of 322

participants with detectable tricuspid regurgitant flow, 50% had
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Table 1. Baseline Characteristics of SUN Study Participants who Underwent Echocardiography

Characteristic Participants (n 5 656)

Age, median years (IQR) 41 (35–47)

Sex

Male 501 (76)

Female 155 (24)

Race

White 389 (59)

Black 187 (29)

Hispanic 66 (10)

Other/Unknown 14 (2)

Duration since HIV diagnosis, median years (IQR) 6.0 (2.3–8.1)

History of opportunistic infection 121 (19)

Co-infection with hepatitis B 21 (5)

Co-infection with hepatitis C 84 (13)

Diagnosis of hypertension 199 (30)

Diagnosis of diabetes 45 (7)

Diagnosis of chronic kidney disease 12 (2)

History of myocardial infarction 5 (1)

Diagnosis of congestive heart failure 1 (,1)

Diagnosis of pulmonary hypertension 3 (,1)

Receiving llipid-lowering therapy 65 (10)

Current smoker 280 (44)

Current drug use

Cocaine 80 (13)

Marijuana 200 (31)

Inhaled nitrites 123 (10)

Heroin or methamphetamine 44 (7)

Receiving HAART 478 (73)

HIV RNA level ,400 copies/mL 435 (91)

Type of HAART

Ritonavir-boosted PI 181 (38)

Unboosted PI 40 (8)

NNRTI 230 (48)

Three or more NRTIs 41 (9)

Duration of HAART, median years (IQR) 2.3 (0.6–5.0)

CD41 count, median cells/mm3 (IQR)

Current 462 (326–661)

Nadir 211 (93–324)

BMI, median value (IQR) 25.5 (22.8–28.6)

Glucose level, median mg/dL (IQR) 92 (84–99)

Total cholesterol level, median mg/dL (IQR) 180.5 (154–208)

LDL level, median mg/dL (IQR) 105 (84–130)

HDL level, median mg/dL (IQR) 40 (33–50)

TG level, median mg/dL (IQR) 138 (95–212)

Insulin level, median mg/dL (IQR) 8.7 (5.4–13.8)

hsCRP, median lg/L (IQR) 1.8 (0.8–4.5)

25-Hydroxy-vitamin D, median mg/dL (IQR) 23.2 (15.1–31.3)

Carotid IMT, median mm (IQR) 0.71 (0.65–.80)

NOTE. Data are no. (%) of participants, unless otherwise indicated. HAART, highly active antiretroviral therapy; HDL, high-density lipoprotein; hsCRP, high

sensitivity C-reactive protein; IMT, intima media thickness; IQR, interquartile range; LDL, low-density lipoprotein; NNRTI, nonnucleoside reverse-transcriptase

inhibitor; NRTI, nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor; SEM, standard error of the mean; SUN study, Study to Understand the Natural

History of HIV/AIDS in the Era of Effective Therapy; TG, triglyceride.
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Table 2. Echocardiographic Characteristics of SUN Study Participants

Characteristic No. (%) of participants Mean value (6SD) Range

Left ventricular systolic dysfunction (n 5 652)

Normal: >55% 533 (82) 61.0 1 4.2 55.0–77.1

Mild: 45%–55% 116 (18) 53.3 1 1.5 45.4–55.0

Moderate: 35%–45% 2 (,1) 42.9 1 0.4 42.7–43.2

Severe: ,35% 1 (,1) 31.4 –

Left ventricular diastolic function (n 5 647)

Grade 0: normal 477 (74) – –

Grade 1: impaired relaxation 97 (15) – –

Grade 2: pseudonormal 12 (2) – –

Grade 3: restrictive 61 (9) – –

Pulmonary hypertension (RVP mm Hg) (n 5 322)

Normal: , 31 139 (43) 27.1 1 2.9 14.4–30.97

Borderline abnormal: 31–35 109 (34) 33.2 1 1.4 31.06–35.99

Mildly abnormal: 36–40 52 (16) 38.2 1 1.4 36.1–40.9

Moderately abnormal: 41–50 17 (5) 44.9 1 3.0 41.1–49.9

Severely abnormal: >50 5 (2) 67.8 1 16.9 54.8–90.3

Left ventricular mass (g/m2.7) (n 5 644)

Normal: (,45 for women; ,49 for men) 602 (93) 33.0 1 6.2 10.2–48.8

Mildly abnormal: (45–51 for women; 49–55 for men) 26 (4) 49.2 1 2.6 45.3–55.9

Moderately abnormal (52–58 for women; 56–63 for men) 8 (1) 58.0 1 3.0 54.0–62.7

Severely abnormal: (>59 for women; >64 for men) 8 (1) 83.3 1 30.3 60.7–151.4

Left atrial volume (ml/m2 BSA) (n 5 631)

Normal: ,29 378 (60) 23.4 1 3.8 11.0–29.0

Mildly abnormal: 29–33 133 (21) 31.4 1 1.5 29.1–34.0

Moderately abnormal: 34–39 70 (11) 36.5 1 1.6 34.2–40.0

Severely abnormal: >40 50 (8) 45.3 1 6.2 40.1–71.2

NOTE. SUN study, Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy.

Figure 1. Distribution of cardiac abnormalities among Study to Understand the Natural History of HIV/AIDS in the Era of Effective Therapy participants.
LVEF, left ventricular ejection fraction.
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borderline/mild pulmonary hypertension and 7% had moder-

ate-to-severe pulmonary hypertension. No subjects had signifi-

cant valvular disease other than tricuspid regurgitation. Six

percent and 40% of participants had some degree of LV hy-

pertrophy or LA enlargement, respectively. Further detailed

listing of cardiac abnormalities is shown in Table 2, and distri-

bution of cardiac abnormalities is shown in Figure 1. Only

a third of participants had no abnormality detected on

echocardiogram.

Factors Associated With Echocardiographic Abnormalities
In univariate analyses, factors significantly associated (P < .05)

with systolic dysfunction were male sex, current tobacco

smoking, ever having used cocaine, and hepatitis C co-infection.

Factors significantly associated with diastolic dysfunction were

diagnosis of hypertension, lower nadir CD41 cell count, ele-

vated fasting glucose level, and elevated hsCRP level. Factors

significantly associated with pulmonary hypertension were

current use of a ritonavir-boosted PI and higher cIMT (cIMT

> .80 mm). Factors significantly associated with LV hypertro-

phy were female sex, non-Hispanic black race, higher body mass

index (BMI; calculated as the weight in kilograms divided by the

square of height in meters), diagnosis of hypertension or di-

abetes, hepatitis C co-infection, elevated fasting glucose level,

higher fasting insulin level, elevated hsCRP level, lower vitamin

D level, lower nadir CD41 cell count, higher visceral fat content

by DEXA, higher cIMT level, and current use of abacavir. Fac-

tors significantly associated with LA enlargement were older age,

non-Hispanic black race, diagnosis of hypertension, recent use

of marijuana or cocaine, and lower triglyceride level; use of

efavirenz was protective (P 5 .004).

In multivariate analyses, factors significantly associated with

systolic dysfunction were having a history of a myocardial in-

farction, elevated hsCRP level, and current tobacco smoking

(Table 3). Factors significantly associated with diastolic dys-

function were diagnosis of hypertension and elevated hsCRP

level. Current ritonavir-boosted PI use was the only factor sig-

nificantly associated with pulmonary hypertension. Hyperten-

sion, race other than non-Hispanic white, female sex with BMI

>25, diagnosis of diabetes, current abacavir use, and elevated

hsCRP level were significantly associated with LV hypertrophy.

Factors significantly associated with LA enlargement were hy-

pertension and recent marijuana use. Other immunologic and

virologic variables (nadir/current CD41 cell count, HIV RNA

level, and prior AIDS diagnosis) were included in these multi-

variate analyses, but no significant associations were found.

Analyses of participants with tobacco or drug use history,

however, found low CD41 cell count nadir (,200 cells/mm3)

to be a significant risk factor for systolic dysfunction (for current

marijuana use: odds ratio [OR], 3.96; 95% confidence interval

[CI], 1.76–9.64; for ever having used tobacco, OR, 1.77; 95% CI,

1.07–2.96). Only 16% of participants were HAART-naive; sta-

tistical power was inadequate to compare echocardiographic

abnormalities between HAART-experienced and HAART-naive

subjects.

DISCUSSION

In this large cohort of generally healthy HIV-infected patients,

cardiac abnormalities were commonly detected by echocardi-

ography, despite the relatively young age and high CD41 cell

counts of participants. The prevalence of diastolic and systolic

dysfunction and pulmonary hypertension were particularly

notable. In the general population, incidence of primary pul-

monary hypertension is 1–2 cases per million persons [30].

Although prevalence estimates of asymptomatic diastolic or

systolic dysfunction for younger adults are not established, in

a study involving .2000 randomly selected persons (minimum

age, 45 years), the prevalence of diastolic dysfunction was 28%

[31]. Prevalence of mild-to-moderate systolic dysfunction was

3%–5% [31, 32]. SUN Study participants also had a high

prevalence of LA enlargement, which is an independent pre-

dictor of risk for cardiovascular disease, heart failure, and stroke

in the general population [33, 34]. In comparison, a recent

general population estimate of LA enlargement (age range, 25–

Table 3. Predictors of Echocardiographic Abnormalities among
SUN Study Participants

Abnormality, associated

factor Odds ratio 95% CI P

Left ventricular systolic dysfunction

History of myocardial infarction 15.9 1.94–329 .019

hsCRP level .5 lg/L 1.70 1.03–2.77 .033

Current tobacco smoking 1.57 1.03–2.34 .036

Diastolic dysfunction

hsCRP level .5 lg/L 1.61 1.05–2.46 .027

Diagnosis/treatment of hypertension 1.87 1.24–2.82 .003

Pulmonary hypertension

Current use of ritonavir 1.75 1.04–3.00 .037

Left ventricular hypertrophy

Diagnosis/treatment of hypertension 3.56 1.57–8.25 .002

Diagnosis/treatment of diabetes 4.51 1.60–12.1 .003

Non-Hispanic black race or Hispanic 3.30 1.43–8.15 .006

Women with BMI . 25 3.40 1.43–8.05 .005

hsCRP level .5 lg/L 2.69 1.20–6.02 .015

Current use of abacavir 3.88 1.63–9.20 .002

Left atrial enlargement

Diagnosis/treatment of hypertension 1.66 1.14–2.41 .008

Marijuana use within last 6 months 1.56 1.10–2.22 .013

NOTE. BMI, body mass index, calculated as the weight in kilograms

divided by the square of height in meters; hsCRP: high sensitivity C-reactive

protein; SUN study, Study to Understand the Natural History of HIV/AIDS in the

Era of Effective Therapy.
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74 years) was only 9.8% [35]. Unfortunately, echocardiographic

data is lacking for tobacco smokers and recreational drug users

within the general population.

Many factors associated with the echocardiographic abnor-

malities identified in the present study were traditional risk

factors: these included hypertension, diabetes, tobacco smoking,

and elevated BMI. Interestingly, women rather than men were at

greater risk for LV hypertrophy due to BMI. In the SUN Study

cohort, the majority of women with BMI >25 were also non-

Hispanic black (60%).

Elevated hsCRP level, which is a risk factor for cardiovascular

disease among HIV-seronegative persons [36, 37], was also as-

sociated with risk for echocardiographic abnormalities. The use

of hsCRP level as a predictor of increased cardiovascular disease

risk in HIV-infected persons, however, has yielded conflicting

results [38–40]. HIV itself causes chronic immune activation

and elevation in inflammatory biomarkers [41–43], but there are

no studies suggesting hsCRP level adds to traditional risk factors

in the evaluation of cardiovascular disease risk in this population

[44].

When analyzing HAART as a contributor to echocardio-

graphic abnormalities, we found that cumulative duration of

therapy was not a significant factor. When analyzing the use of

specific drugs, we found that current use of a ritonavir-boosted

PI and abacavir were independently associated with pulmonary

hypertension and LV hypertrophy, respectively. In the large Data

Collection on Adverse Events of Anti-HIV Drugs Study, subjects

taking abacavir had a nearly doubled relative risk of myocardial

infarction over 5 years of follow-up [45]. This risk was restricted

to recent or current use of abacavir and waned with its discon-

tinuation. Importantly, the absolute risk of myocardial infarction

remained quite low (1.6% over a 5-year period). Analyses from

another large HIV cohort, the SMART study, found abacavir to

be associated with increases in inflammatory biomarkers (in-

terleukin 6 and C-reactive protein) among participants [43].

Whether these inflammatory and vascular effects of abacavir

may affect cardiac remodeling requires additional investigation.

Studies that have examined the contribution of PI-containing

HAART to pulmonary hypertension have yielded conflicting

results [19–21]. An in vitro study found that specific anti-

retrovirals (including ritonavir) can impair endothelium-

dependent relaxation of pulmonary artery endothelial cells [46].

Clinical trial data, however, suggest that endothelial function is

impaired by HIV itself and improves with HAART [42]. In this

study, we found no association of pulmonary hypertension with

CD41 cell count, HIV viremia, or length of time since HIV

diagnosis.

Notably, in this study, age was not independently associated

with any echocardiographic abnormality. The prevalence of

pulmonary hypertension, systolic and diastolic dysfunction, and

LA enlargement were higher than what would be expected on

the basis of the mean age of this cohort [17, 18, 31]. Other

traditionally aging-associated processes (osteoporosis, kidney

dysfunction, and cardiovascular disease) have also been more

prevalent among HIV-infected persons receiving HAART,

compared with seronegative persons of similar age [47–50]. We

hypothesize that HIV infection itself or exposure to anti-

retrovirals might accelerate the changes in cardiac morphology

that typically occur later in life in response to effects

of traditional risk factors (eg, age and hypertension). Such

a hypothesis will require longitudinal study.

There were some limitations to this study. The current

analysis was cross-sectional, but included a very large number of

subjects, compared with most other echocardiographic studies

of HIV infection [6,7,9]. We did not have a suitable HIV-

seronegative control group, but we nonetheless found higher-

than-expected prevalence rates for several cardiac outcomes,

compared with general population data [17, 18, 31, 32, 35], thus

suggesting important effects of HIV, HAART, or specific risk

behaviors on cardiac function.

Variability may exist with methods used in estimating RVSP

and diastolic function. RVSP was estimated using a fixed con-

stant of 10 mm Hg added to the Doppler estimation of right

ventricular-right atrial gradient, as is common clinical and in-

vestigative practice [51]. However, RA pressure may vary, and

actual normal RA pressure is ,10 mm Hg. Because few par-

ticipants were expected to have medical conditions with an ex-

treme RA pressure, additional adjustment of estimated RVSP

was not necessary for this analysis.

In conclusion, in the current HAART era, we detected a sig-

nificant prevalence of subtle yet important echocardiographic

abnormalities in a large, generally healthy cohort of HIV-

infected adults. Although the pathophysiologic mechanisms

underlying these findings remain unknown, our results support

lifestyle modifications, such as cessation of smoking and weight

loss, as continued priorities in the chronic management of HIV

infection. HAART substantially reduces both early and late

morbidity and mortality from HIV infection and from a grow-

ing list of non–HIV-related conditions [52]. Recommendations

to alter an individual’s HAART regimen solely to prevent car-

diac disease cannot be made on the basis of this study alone.

Ongoing longitudinal studies will help determine whether our

findings have any significant impact on future heart function

and the relative contribution that treatment-related and non–

treatment-related factors have on progression, incidence, and

prevention of cardiac disease.

Acknowledgments

We thank Suzette Bartley and Dollene Hemmerlein, Division of Scien-

tific Resources, National Center for Infectious Diseases, CDC, Atlanta,

Georgia; John Papp, Carol Farshy, and Christi Phillips, Division of AIDS,

STDs and Tuberculosis Laboratory Research, National Center for HIV/

384 d CID 2011:52 (1 February) d HIV/AIDS

 by guest on January 24, 2011
cid.oxfordjournals.org

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


AIDS, Viral Hepatitis, STD, and TB Prevention, CDC, Atlanta, Georgia;

David Swan and Juanita Onyekwuluje, Division of Viral and Rickettsial

Diseases, National Center for Infectious Diseases, CDC, Atlanta, Georgia.

We thank the staff at each of the SUN Study sites and collaborating labo-

ratories, and especially the participants who have devoted their time and

effort to this research project.

The findings and conclusions in this report are those of the authors and

do not necessarily represent the views of the Centers for Disease Control

and Prevention, US Department of Health and Human Services.

Financial support. The Centers for Disease Control and Prevention

(contract nos. 200-2002-00610/00611/00612/00613; 200-2007-3633/23634/

23635/23636).

Potential conflicts of interest. All authors: no conflicts.

SUN Study Investigators. John T. Brooks, Pragna Patel, Claudia Vellozzi,

Lois Conley, and Tim Bush, Division of HIV/ AIDS Prevention, National

Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, CDC,

Atlanta, Georgia; Kathleen Wood, Rose Baker, and Cheryl Akridge, Cerner

Corporation, Vienna, Virginia; John Hammer, Tara Kennedy, Barbara

Widick and Billie Thomas, Denver Infectious Disease Consultants, Inc.,

Denver, Colorado; Ken Lichtenstein and Cheryl Stewart, National Jewish

Medical and Research Center, Denver, Colorado; Keith Henry, Jason Baker,

Rachel Prosser, Edie Gunderson, Miki Olson, and John Hall, Hennepin

County Medical Center, Minneapolis, Minnesota; Frank Rhame, Mark

Olson, and Eve Austad, Abbott-Northwestern Hospital, Minneapolis,

Minnesota; Hal Martin, Meaghan Morton, and Cheri Murch, Park-Nicollet

Institute, Minneapolis, Minnesota; Charles Carpenter, Susan Cu-Uvin,

Kenneth Mayer, Erna Milunka Kojic, Jennifer Florczyk, Sara Metzler, and

Patricia D’Aiello, The Miriam Hospital, Providence, Rhode Island; and

E. Turner Overton, Don Connor, Lisa Kessels, Mariea Snell, Sara Hubert,

Dorothea Dedeaux-Turner, and Kenneth Griffie, Washington University

School of Medicine, St. Louis, Missouri.

References

1. Hammer SM, Eron JJ, Reiss P, et al. Antiretroviral treatment of adult

HIV infection. 2008 recommendations of the International AIDS

Society-USA panel. JAMA 2008; 300:555–570.

2. The DAD. Study Group. Class of antiretroviral drugs and the risk of

myocardial infarction. N Engl J Med 2007; 356:1723–1735.

3. Holmberg SD, Tong TC, Ward DJ, et al. Protease inhibitor drug use

and adverse cardiovascular outcomes in ambulatory HIV-infected

persons. Lancet 2002; 360:1747–1748.

4. Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities

in HIV-infected adults. N Engl J Med 2005; 352:48–62.

5. The Strategies for Management of Antiretroviral Therapy (SMART)

Study Group. CD41 count-guided interruption of antiretroviral

treatment. N Engl J Med 2006; 355:2283–22896.

6. Meng Q, Lima JA, Lai H, et al. Use of HIV protease inhibitors is

associated with left ventricular morphologic changes and diastolic

dysfunction. J Acquir Immune Defic Syndr 2002; 30:306–310.

7. Hsue PY, Farah HH, Palav S, et al. Diastolic dysfunction is common in

asymptomatic HIV patients [abstract 979]. In: Program and abstracts

of the 15th conference on retroviruses and opportunistic infections,

February 2008, Boston, Massachusetts.

8. Barbaro G, Lorenzo GD, Grisorio B, et al. Incidence of dilated

cardiomyopathy and detection of HIV in myocardial cells of HIV-

positive patients. N Engl J Med 1998; 339:1093–1099.

9. Martinez-Garcia T, Sobrino JM, Pujol E, et al. Ventricular mass and

diastolic function in patients infected by the human immunodeficiency

virus. Heart 2000; 84:620–624.

10. Fisher SD, Easley KA, Orav EJ, et al. Mild dilated cardiomyopathy

increased left ventricular mass predict mortality: the prospective P2C2

HIV Multicenter Study. Am Heart J 2005; 150:439–447.

11. Tanum J, Ishizaki A, Gatanaga H, et al. Dilated cardiomyopathy in an

adult human immunodeficiency virus type 1-positive patient treated

with a zidovudine-containing antiretroviral regimen. Clin Infect Dis

2003; 37:e109–e111.

12. Domanski MJ, Sloas MM, Follmann DA, et al. Effect of zidovudine and

didanosine treatment on heart function in children infected with

human immunodeficiency virus. J Pediatr 1995; 127:137–146.

13. Frerichs FC, Dingemans KP, Brinkman K. Cardiomyopathy with mi-

tochondrial damage associated with nucleoside reverse-transcriptase

inhibitors. N Engl J Med 2002; 347:1895–1896.

14. Yan Q, Jay P, Hruz PW. Acute effects of HIV protease inhibitors on the

failing heart. Antivir Ther 2006; 11:L11.

15. Noor MA, Lo JC, Mulligan K, et al. Metabolic effects of indinavir in

healthy HIV seronegative men. AIDS 2001; 15:11–18.

16. Miller KD, Jones E, Yanovski JA, et al. Visceral abdominal-fat accumu-

lation associated with use of indinavir. Lancet 1998; 351:871–875.

17. Sitbon O, Lascoux-Combe C, Delfraissy JF, et al. Prevalence of HIV-

related pulmonary arterial hypertension in the current antiretroviral

therapy era. Am J Respir Crit Care Med 2008; 177:108–113.

18. Opravil M, Pechère M, Speich R, et al. HIV-associated primary pul-

monary hypertension. A case control study. Swiss HIV cohort study.

Am J Respir Crit Care Med 1997; 155:990–995.

19. Zuber JP, Calmy A, Evison JM, et al. Pulmonary arterial

hypertension related to HIV infection: improved hemodynamics and

survival associated with antiretroviral therapy. Clin Infect Dis 2004;

38:1178–1185.

20. Hsue P, Waters D, Farah H, et al. HIV is associated with pulmonary

hypertension independent of known risk factors. Circulation 2005;

112:97.

21. Pugliese A, Isnardi D, Saini A. Impact of highly active antiretroviral

therapy in HIV-positive patients with cardiac involvement. J Infect

2000; 40:282–284.

22. Vellozzi C, Brooks JT, Bush TJ, et al. The study to understand the

natural history of HIV and AIDS in the era of effective therapy (SUN

Study). Am J Epidemiol 2009; 169:642–652.

23. Gribble JN, Miller HG, Rogers SM, Turner CF. Interview mode and

measurement of sexual behaviors: methodologic issues. J Sex Res 1999;

36:16–24.

24. Bachmann LH, Grimley DM, Chen H, et al. Risk behaviours in HIV-

positive men who have sex with men participating in an intervention in

a primary care setting. nt J STD AIDS 2009; 20:607–612.

25. Gottdiener JS, Bednarz J, Devereux RD, et al. American Society of

Echocardiography: recommendations for use of echocardiography in

clinical trials. A report from the American Society of Echocardiog-

raphy’s nomenclature and standards committee and the task force on

echocardiography in clinical trials. J Am Soc Echocardiogr 2004;

17:1086–1019.

26. Lang RM, Bierig M, Devereux RB, et al. Recommendations for

chamber quantification. A report from the American Society of

Echocardiography’s Guidelines and Standards Committee and the

Chamber Quantification Writing Group. J Am Soc Echocardiogr 2004;

18:1440–1460.

27. Brucks S, Little WC, Caho T, et al. Contribution of left ventricular

diastolic dysfunction to heart failure regardless of ejection fraction. Am

J Cardiol 2005; 95:605–606.

28. Munagala VK, Jacobsen SJ, Mahoney DW, Rodeheffer R, Bailey KR,

Redfield MM. Association of newer diastolic function parameters with

age in health subjects: a population based study. J Am Soc Echocardiogr

2003; 16:1051–1056.

29. de Simone G, Daniels SR, Devereux RB, et al. Left ventricular mass and

body size in normotensive children and adults: assessment of allometric

relations and impact of overweight. J Am Coll Cardiol 1992; 20:

1251–1260.

30. Rubin LJ. Primary pulmonary hypertension. N Engl J Med 1997;

336:111–117.

31. Redfield MM, Jacobsen SJ, Burnett JC, Mahoney DW, Bailey KR,

Rodeheffer RJ. Asymptomatic diastolic dysfunction: appreciating

the scope of the heart failure epidemic. JAMA 2003; 289:194–202.

32. Davies M, Hobbs F, Davis R, et al. Prevalence of left-ventricular

systolic dysfunction and heart failure in the Echocardiographic Heart

HIV/AIDS d CID 2011:52 (1 February) d 385

 by guest on January 24, 2011
cid.oxfordjournals.org

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


of England Screening study: a population based study. Lancet 2001;

358:439–444.

33. Abhayaratna WP, Seward JB, Appleton CP, et al. Left atrial size:

physiologic determinants and clinical applications. J Am Coll Cardiol

2006; 47:2357–2363.

34. Tsang SM, Barnes ME, Gersh BJ, Bailey KR, Seward JB. Left atrial

volume as a morphophysiologic expression of left ventricular diastolic

dysfunction and relation to cardiovascular risk burden. J Am Coll

Cardiol 2002; 90:1284–1289.

35. Stritzke J, Markus MP, Duderstadt S, et al. The aging process of the

heart: obesity is the main risk factor for left atrial enlargement during

aging. The MONICA/KORA (Monitoring of Trends and Determi-

nations in Cardiovascular Disease/Cooperative Research in the Region

of Augsburg) study. J Am Coll Cardiol 2009; 54:1982–1989.

36. Danesh J, Wheeler JG, Hirschfield GM, et al. C-reactive protein and

other circulating markers of inflammation in the prediction of coro-

nary heart disease. N Engl J Med 2004; 350:1387–1397.

37. Zebrack JS, Anderson JL, Maycock CA, et al. Usefulness of high-

sensitivity C-reactive protein in predicting long-term risk of death or

acute myocardial infarction in patients with unstable or stable angina

pectoris or acute myocardial infarction. Am J Cardiol 2002; 89:145–149.

38. Henry K, Kitch D, Dube M, et al. C-reactive protein levels over time

and cardiovascular risk in HIV-infected individual suppressed on an

indinavir-based regimen: AIDS Clinical Trials Group 5056s. AIDS

2004; 18:2434–2437.

39. Lau B, Sharrett AR, Kingsley LA, et al. C-reactive protein is a marker for

human immunodeficiency virus disease progression. Arch Intern Med

2006; 166:64–70.

40. Triant VA, Meigs J. Grinspoon, S. Association of C-reactive protein

and HIV infection with acute myocardial infarction. J Acquir Immune

Defic Syndr 2009; 51:268–273.

41. Hadigan C, Meigs JB, Rabe J, et al. Increased PAI-1 and tPA antigen

levels are reduced with metformin therapy in HIV-infected patients

with fat redistribution and insulin resistance. J Clin Endocrinol Metab

2001; 86:939–943.

42. Torriani FJ, Komarow L, Parker RA. Endothelial function in human

immunodeficiency virus-infected antiretroviral-Naive subjects before

and after starting Potent antiretroviral therapy. J Am Coll Cardiol 2008;

52:569–576.

43. Strategies for Management of Anti-Retroviral Therapy/INSIGHT;

D:A:D Study Groups. Use of nucleoside reverse transcriptase inhibitors

and risk of myocardial infarction in HIV-infected patients. AIDS 2008;

22:F17–F24.

44. Hsue PY, Squires K, Bolger AF. Screening and assessment of coronary

heart disease in HIV-infected patients. Circulation 2008; 118:

e41–e347.

45. Sabin CA, Worm SW, Weber R, et al. D:A:D Study Group. Use of

nucleoside reverse transcriptase inhibitors and risk of myocardial

infarction in HIV-infected patients enrolled in the D:A:D study:

a multi-cohort collaboration. Lancet 2008; 371:1417–1426.

46. Wang X, Chai H, Lin PH, Yao Q, Chen C. Roles and mechanisms of

human immunodeficiency virus protease inhibitor ritonavir and other

anti-human immunodeficiency virus drugs in endothelial dysfunction

of porcine pulmonary arteries and human pulmonary artery endo-

thelial cells. Am J Pathol 2009; 174:771–781.

47. Mondy K, Tebas P. Emerging problems of bone in HIV disease. Clin

Infect Dis 2003; 36:S101–S1105.

48. Overton ET, Mondy K, Bush TJ, et al. Factors associated with low bone

mineral density (BMD) in a cohort of HIV-infected U.S. adults–

baseline results from the SUN study [abstract 836]. In: Program and

abstracts of the 13th Conference on Retroviruses Opportunistic In-

fections, Los Angeles, CA, February 2007.

49. Overton E, Nurutdinova D, Freeman J, Seyfried W, Mondy K. Factors

associated with renal dysfunction within an urban HIV cohort in the

era of HAART. HIV Med 2009; 10:343–50.

50. Currier JS, Taylor A, Boyd F, et al. Coronary heart disease in HIV-

infected individuals. J Acquir Immune Defic Syndr 2003; 33:

506–512.

51. McQuillan BM, Picard MH, Leavitt M, Weyman AE. Clinical correlates

and reference intervals for pulmonary artery systolic pressure

among echocardiographically normal subjects. Circulation 2001;

104:2797–2802.

52. Kircher BJ, Himelman RB, Schiller NB. Noninvasive estimation of right

atrial pressure from the inspiratory collapse of the inferior vena cava.

Am J Cardiol 1990; 66:493–496.

53. Kitahata MM, Gange SJ, Abraham AA, et al. Effect of early versus

deferred antiretroviral therapy for HIV on survival. N Engl J Med 2009;

360:1815–1826.

386 d CID 2011:52 (1 February) d HIV/AIDS

 by guest on January 24, 2011
cid.oxfordjournals.org

D
ow

nloaded from
 

http://cid.oxfordjournals.org/

