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Use of the Exercise Treadmill Test for the
Assessment of Cardiac Risk Markers in
Adults Infected with HIV

Andrea De Lorenzo, MD, PhD1, Vanderson Meirelles, MD, MSc1,
Felippe Vilela, MD, MSc1, and Fernando Cesar C Souza, MD1

Abstract
Background: Despite the association between HIV and coronary artery disease (CAD), there are no specific recommendations
for the cardiovascular evaluation of the HIV-infected population. Besides being a tool for the evaluation of CAD, the exercise
treadmill test (ETT) provides insights into functional capacity and autonomic function, which have been frequently affected in
HIV infection, and thus may be useful in this setting. Methods: Forty-nine HIV-infected individuals without known CAD
underwent ETT. Peak oxygen consumption during exercise (VO2 peak), functional capacity (in metabolic equivalents [METs]),
exercise-induced ischemia, chronotropic incompetence (CI) and abnormal heart rate recovery (HRR) after exercise were
studied. Results: VO2 peak was 31.4+4.8 mL/kg/min and functional capacity was 9.2+1.6 MET. CI was observed in 30.6%,
and 10.2% had abnormal HRR. VO2 peak was lower in women and inversely correlated with age and body mass index. None
of the patients displayed ischemic changes. Conclusion: Although functional capacity was good, risk markers such as CI and
abnormal HRR were not infrequent. This study identifies a subgroup of HIV-infected patients–the older, overweight, or
obese–who may have higher risk and deserve cardiovascular screening with the ETT.
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Introduction

HIV infection is a worldwide epidemic with huge economic

and social implications.1 Since the advent of antiretroviral

therapy (ART), survival has increased considerably. Also,

muscle wasting and severe loss of functional capacity were

very frequent before ART was available but are presently less

common.2-8 Nonetheless, while improving AIDS-related

prognosis, current ART results frequently in metabolic

abnormalities, such as dyslipidemia and glucose intolerance,

which increase the risk of coronary artery disease (CAD).

Nowadays, HIV-infected patients most likely die from com-

mon chronic conditions, such as cardiovascular disease, than

from opportunistic infections.9-13

In general populations, the exercise treadmill test (ETT)

has been extensively employed for the stratification of cardi-

ovascular risk and as a guide for the institution of therapies

and exercise programs. The ETT provides plenty of data that

are consistent predictors of outcome; one of them, exercise

capacity, is strongly related to cardiovascular prognosis, in

individuals infected with HIV or not.14-16 Chronotropic

incompetence (CI) and abnormal postexercise heart rate

recovery (HRR) have also been defined as the markers of car-

diovascular risk, either for CAD or all-cause death.17-20 In a

group of HIV-infected patients on ART, Cade et al have also

observed impaired postexercise HRR and have suggested a

link with autonomic neuropathy,21 which has been frequently

found in this population, especially in the more advanced

cases.22 Nonetheless, currently there are still no specific rec-

ommendations for physical evaluation of the HIV-infected

patients. Therefore, we aimed to study the ETT as a tool to

assess the cardiovascular responses to exercise (exercise

capacity, development of CI, or abnormal HRR) and, accord-

ingly, evaluate cardiovascular risk of HIV-infected individu-

als on ART.

Materials and Methods

HIV-infected individuals aged �18 years, attending public,

regional HIV clinics were evaluated at the National Institute
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of Cardiology. Inclusion criteria were the ability to walk on a

treadmill, current absence of active opportunistic infections

or CD4 count <200 cells/mm3, absence of symptoms sugges-

tive of CAD (typical chest pain or anginal equivalent, evaluated

using a questionnaire),23 a history of cardiovascular disease

(considered as history of angina, myocardial infarction, coron-

ary angioplasty, or coronary artery bypass surgery), or chronic

pulmonary disease. Exclusion criteria were third-degree left

bundle branch block, baseline systolic blood pressure (BP)

�180 mm Hg or diastolic BP �110 mm Hg at the time of the

ETT. Written informed consent was obtained from all partici-

pants, and the study was approved by the local ethics

committee.

Demographic, clinical, and anthropometric data were col-

lected. All patients had fasting venous blood drawn for mea-

sures of glycemia and serum lipids. CD4 count and viral load

(considered as the most recent in the previous 90 days) were

extracted from medical records of the referring HIV clinics.

Body mass index (BMI) was considered normal if �18.5 and

<25 kg/m2. Waist circumference was considered normal when

�102 cm for men and �88 cm for women. Lipodystrophy at

the face, the limbs, and the abdomen was defined by patients’

self-report or by an investigator’s observation of morphological

changes in body composition (peripheral lipoatrophy or central

fat accumulation). Baseline hypertension was defined as systo-

lic BP �140 mm Hg, diastolic BP �90 mm Hg, or use of

antihypertensive medication. Diabetes was defined according

to the American Diabetes Association criteria or by the use

of hypoglycemic agents.24 Total cholesterol, low-density lipo-

protein (LDL)-cholesterol, high-density lipoprotein (HDL)-

cholesterol, and triglycerides were considered abnormal using

cutoff limits defined by the National Cholesterol Education

Program for individuals with �2 risk factors for CAD.25

Exercise Test Protocol

All patients underwent a Bruce treadmill protocol.26,27 Patients

using b-blockers withdrew the drug 48 hours before the ETT.

The test might be stopped due to exhaustion, exercise-

limiting leg discomfort or chest pain, systolic BP �240 mm

Hg, or diastolic BP �140 (in previously hypertensive patients,

or �120 mm Hg in individuals without baseline hypertension),

or if life-threatening arrhythmias occurred.

The electrocardiographic response to exercise was consid-

ered ischemic if patients developed �1.5 mm ascending ST

segment depression or �1 mm horizontal ST segment depres-

sion. Blood pressure response to exercise was considered

abnormal either when systolic BP decreased �10 mm Hg or

when systolic BP reached�220 mm Hg. Chronotropic incom-

petence was defined as the inability to reach 85% of the max-

imal predicted heart rate, according to age and gender.17

Abnormal HRR after exercise was defined as a decrease in

heart rate of <12 bpm in the first minute of recovery, com-

pared to heart rate at peak exercise.19 Recovery from exercise

was performed at 2.5 km/h with 0% incline. Estimated peak

oxygen consumption (VO2 peak, mL/kg per min) was auto-

matically calculated using the Foster equation28 in Ergo-PC

software (Micromed, Brazil). Functional capacity was

expressed in metabolic equivalents (METs; 1 MET ¼ 3.5

mL O2/kg per min). Categories of poor (<5 MET) or good

(>8 MET) functional capacity were defined according to the

previous studies.15

Statistical Analysis

Categorical variables were expressed as number and percent-

age, and compared with chi-square or Fisher exact test. Contin-

uous variables were expressed as mean + standard deviation or

Table 1. Demographic and Clinical Variables of the Overall Study
Populationa

Variable

Age, y 46.4 + 8.4
Male 30 (61.2)
Duration of HIV infection, y 9.9 + 5.0
Duration of antiretroviral therapy, y 9.1 + 4.8
Use of protease inhibitors 28 (57.1)
Hypertension 26 (53.0)
Diabetes mellitus 6 (12.2)
Dyslipidemia 29 (59.1)
Smoking 16 (32.6)
Family history of coronary artery disease 28 (57.1)
Body mass index, kg/m2 25.8 + 4.3
Waist circumference, cm

Men 89.3 + 9.2
Women 89.9 + 9.2

Lipodistrophy 28 (57.1)
Baseline systolic blood pressure, mm Hg 124.4 + 20.7
Baseline diastolic blood pressure, mm Hg 80.2 + 9.6
Total cholesterol, mg/dL 191.5 + 31.2
LDL-cholesterol, mg/dL 117.9 + 27.9
HDL-cholesterol, mg/dL 38.1 + 11.7
Triglycerides, mg/dLb 182.0
Glycemia, mg/dL 97.9 + 14.2
CD4 count, cells/mm3 614.6 + 354.3
Viral load, copies/mLb 536

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
a n ¼ 49.
b Numbers are mean + standard deviation, n (%) or median.

Table 2. Data from Exercise Treadmill Testa

Mean + SD

Baseline heart rate, bpm 75.1 + 16.1
Peak heart rate, bpm 159.6 + 18.3
Maximal systolic blood pressure, mm Hg 188.5 + 28.6
Maximal diastolic blood pressure, mm Hg 83.4 + 14.3
MET 9.2 + 1.6
Estimated VO2 peak, mL/kg per min 31.4 + 4.8
Duration, min 9.7 + 2.1

Abbreviations: MET, metabolic equivalent; SD, standard deviation; VO2 peak,
oxygen consumption at peak exercise.
a n ¼ 49 patients; 30 men, 19 women.

2 Journal of the International Association of Physicians in AIDS Care 00(0)

 at UNIV OF CONNECTICUT on February 20, 2013jia.sagepub.comDownloaded from 

http://jia.sagepub.com/


median and interquartile interval, and compared with Student

t test or Mann-Whitney test. Correlations were tested using

Pearson or Spearman statistics, for variables with normal or

other distributions. Analyses were 2 tailed, with a P value

<.05 considered statistically significant. All analyses were per-

formed with R software, version 2.14.

Results

Forty-nine patients, 61.2% male, aged 46.4 + 8.4 years (30-64

years, with only 2 patients >60 years) were studied. Table 1

depicts demographic and clinical characteristics of the study

population. Risk factors for CAD were common, especially dys-

lipidemia, and 97.9% of the patients had�1 risk factor for CAD.

Mean BMI was 25.9 + 4.3; 53% of the patients were

overweight, 10.2% were obese, and 4% met criteria for low body

weight. Triglycerides, total cholesterol, and LDL-cholesterol

levels were above the limits in 10.2%, 8.2%, and 46.9% of the

patients, respectively, and HDL-cholesterol was low in 61.2%
of the patients. Regarding HIV infection, mean time since diag-

nosis was around one decade, and most patients had been treated

since they were diagnosed with HIV infection. At the time of the

study, all took ART (protease inhibitors in >50%). Of note,

83.6% had undetectable viral load.

Table 2 demonstrates the results obtained from the ETT.

Exercise duration was 9.7 + 2.1 minutes and estimated VO2

peak was 31.4 + 4.8. Most patients (89.7%) reached >8

METs. None of the patients had clinical or electrocardio-

graphic responses suggestive of myocardial ischemia, and

none developed cardiac arrhythmias with the exception of iso-

lated ventricular extrasystoles in 1 patient. Chronotropic

incompetence was found in 24.9% of the patients, abnormal

Figure 1. Correlation between age and oxygen consumption (VO2) peak.

Figure 2. Correlation between body mass index (BMI) and oxygen consumption (VO2) peak.
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HRR in 10.2%, and abnormal BP response to exercise in

15.0% (none with BP decrease). It could be argued that poor

effort might account for the low heart rate; however, that is

most likely not the case in this study, since (1) patients exer-

cised to exhaustion, and none of the tests were interrupted

because of chest pain or any other reason and (2) mean exer-

cise duration was 9.7 minutes, mean exercise capacity was 9.2

METS and most patients (89.7%) reached >8 METS, indicat-

ing that the majority achieved good effort levels. Only 1

patient had low exercise tolerance and reached�5 METS, and

in this case the low effort level might indeed account for low

peak heart rate. Nonetheless, we believe that it would not sig-

nificantly affect overall results.

There was an inverse correlation between age and estimated

VO2 peak (rho ¼ �0.34, P < .05), as well as BMI and VO2 peak

(rho¼�0.46, P < .05; Figures 1 and 2). Estimated VO2 peak was

also significantly lower in women (29.1 [29.0-31.3]) than in men

(32.8 [30.5-37.2]; P < .05). No other variables, including those

related to the status of HIV infection, such as CD4 count or viral

load, had any significant association with VO2 peak.

Tables 3 and 4 display univariate comparisons of vari-

ables in patients with or without CI or abnormal HRR.

There were no significant associations between clinical vari-

ables and abnormal HR responses to exercise or during

recovery from it.

Discussion

With effective ART, HIV-infected patients are surviving lon-

ger; in parallel, susceptibility to cardiovascular disease has also

increased.29-32 In this sense, the evaluation of cardiovascular

risk in these patients is relevant to plan interventions aiming

at improving cardiovascular prognosis. Whereas there are

many studies using the ETT for cardiovascular risk assessment

either in healthy populations or in patients with known cardio-

vascular disease, few have focused on the (increasingly large)

population of HIV-infected patients.33-36 In this investigation,

we studied the associations between patients’ characteristics

and abnormal exercise capacity (evaluated using

estimated VO2) as well as other risk markers (CI and abnormal

HRR) obtained from the ETT. These markers may be

linked, in HIV-infected patients, to CAD or autonomic dys-

function,34,37,38 in line with the increased risk of CAD in this

patient population29-32 as well as with several reports of auto-

nomic neuropathy in these patients.22,37-40 Abnormal recovery

of heart rate after exercise, a sign of reduced vagal tone,

matches the findings of ineffective vagal response to cold-

face testa and abnormal sympathovagal balance, described by

Correia et al.40 In general, autonomic dysfunction has been

most often considered to be caused by the virus itself, what

is supported by prior evidence showing the lack of autonomic

Table 3. Comparisons between Patients With or Without Chronotropic Incompetence (CI)

Without CI, n ¼ 32 With CI, n ¼ 17

Age, y 45.3 + 8.9 48.5 + 7.5
Male 20 (62.5) 12 (70.6)
Hypertension 17 (53.1) 9 (52.9)
Diabetes 4 (12.5) 2 (11.8)
Smoking 12 (37.5) 4 (23.5)
Dyslipidemia 16 (50.0) 13 (76.5)
Total cholesterol, mg/dL 190.1 + 34.8 194.1 + 26.8
Body mass indexa, kg/m2 26.0 26.5
Viral load, copies/mLa 588 485
HIV infection duration, years 9.7 + 5.6 10,2 + 3,8
Use of protease inhibitors 16 (50.0) 12 (70.6)

a Numbers are mean + standard deviation, n (%) or median.

Table 4. Comparisons between Patients With Normal or Abnormal Heart Rate Recovery (HRR) after Exercise

Normal HRR, n ¼ 44 Abnormal HRR, n ¼ 5

Age, y 46.2 + 8.2 48.2 + 11.1
Male 26 (59.1) 4 (80.0)
Hypertension 24 (54.5) 2 (40.0)
Diabetes 5 (11.4) 1 (20.0)
Smoking 14 (31.2) 2 (40.0)
Dyslipidemia 26 (59.1) 3 (60.0)
Total cholesterol, mg/dL 190.6 + 32.8 199.4 + 15.5
Body mass indexa, kg/m2 26.0 26.7
Viral load, copies/mLa 585 468
HIV infection duration, years 9.8 + 5.3 10.8 + 5.0
Use of protease inhibitors 24 (54.5) 4 (80.0)

a Numbers are mean + standard deviation, n (%) or median.
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neuropathy in AIDS patients receiving ART,22,40,41 while CAD

has multiple possible causes, including the direct effect of HIV

on the vascular endothelium and indirect effects of ART

(related to dyslipidemia associated with protease

inhibitors).11-13,29-32

This was a relatively young patient group, compared with

patients with cardiovascular disease. Therefore, despite the long

duration of infection (around 10 years), as well as the high pre-

valence of risk factors for CAD, the degree of functional impair-

ment in these patients was low. One must have in mind, though,

that in the current study, patients had been treated for most of the

time since diagnosis of infection, and that at the time data were

collected, all took ART, the CD4 count was above AIDS-

defining limits, and viral load was undetectable in the majority,

what may not reflect the overall HIV-infected population.

Indeed, patients with low CD4 were excluded even in the

absence of opportunistic infections because of the known asso-

ciation between CD4 count and physical function2,5 which could

introduce some confusion when studying cardiorespiratory fit-

ness and its relationship with cardiac disease.

In this study, respiratory gas analysis was not available and,

therefore, VO2 was estimated. It is worth noting, though, that

while directly measured VO2 is more precise, it is less often

available, since it requires additional expertise and costs related

to the required equipment. On the contrary, VO2 estimates

based on validated equations are routinely obtained in most

clinical facilities and have demonstrated an important role as

a functional capacity indicator,42 therefore, moving our results

closer to ‘‘real-world’’ settings.

In this study, increasing age and weight were associated

with poorer cardiorespiratory fitness, as previously described

both in general and in HIV-infected populations.6,7,43,44

Women had also lower estimated VO2 peak, again following

common general patterns.45 These results indicate a subgroup

of patients with HIV receiving ART—the older, overweight/

obese HIV-infected patients—who might deserve periodic car-

diovascular screening with ETT. Indeed, in a recent study of

patients with HIV/AIDS, obesity was associated with angina

pectoris, even after adjustment for age.46 Of note, CD4 count

and viral load were not correlated to estimated VO2 peak,

possibly due to the fact that all patients had relatively high

CD4 count and most had undetectable viral load, which

might—in a small patient sample—have limited the detection

of differences between variables.

Neither clinical nor electrocardiographic ischemic

responses were found in any of the study patients. This con-

trasts with the results of Duong et al who found 11% of

ischemic electrocardiographic responses in the ETT of HIV-

infected patients.34 However, their population had a higher pro-

portion of men, and, importantly, some of the patients met

AIDS-defining criteria and were therefore in a more advanced

stage of infection than our study population, which may

account for the difference. Nonetheless, other markers of cardi-

ovascular risk were found; one-fourth of the patients had CI,

and 10.2% had abnormal HRR, which may allocate these

patients to a higher risk category.

Limitations

This was a small, single-center study of highly select patients,

which limits the generalizability of the conclusions. Nonethe-

less, we believe that the homogeneity of the studied population

may be helpful for the understanding of the pathophysiology of

disease in that specific subgroup and may also allow more spe-

cific conclusions, which might not be possible if ‘‘mixed’’

patients were studied.

Conclusions

The study started under the premise that there might be vari-

ables associated with poor functional capacity or with other

abnormal responses to exercise which might be potentially

modifiable, thus possibly having a favorable effect on prog-

nosis. According to our results, overweight and obesity should

be especially targeted, due to the negative correlation between

BMI and VO2 peak. Engelson et al47 have studied the effects of

diet and exercise programs for weight loss on obese HIV-

infected women and observed moderate weight loss, although

no significant change in metabolic parameters, such as glyce-

mia or serum lipids, occurred; the investigators suggested that

additional interventions might be necessary to reduce the risk

of cardiovascular disease. On the other hand, other studies have

found favorable effects of exercise on metabolic indices and

autonomic function,48,49 as well as a decrease in BMI and an

increase in oxygen consumption in HIV-infected patients.50

Several studies have reported efforts toward early recognition

of reduction in exercise capacity in the HIV-infected group,

as well as initiatives regarding exercise training in the HIV-

infected population.51,52 Further research in this area may help

find ways to prevent decline in functional capacity in these

individuals, which may in turn result in improved cardiovascu-

lar prognosis.
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