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To verify and compare the responses of the cardiopulmonary variables
to the incremental test in physically inactive people living with human
immunodeficiency virus (HIV)/acquired immune deficiency syndrome
(AIDS) (PLWHA) with well-controlled disease and physically inactive
healthy subjects (non-HIV/AIDS). Participants performed a cardiopul-
monary exercise test (CPX) on a treadmill. Data were analyzed using
the Mann-Whitney test and Spearman correlation. Nine PLWHA (5
women) and 9 non-HIV/AIDS gender and activity level-matched con-
trols were included in the data analysis. Data are expressed in median
(range). No difference was shown in the PLWHA group when com-
pared to the control group in functional capacity (peak oxygen con-
sumption [VOspead: 29.9 (20.9-36.4) mL/kg/min vs. 32.2 (24.5-39.4) mL/kg/
min) and ventilatory efficiency (oxygen uptake efficiency slope [OUES]:
2,058 [1,474-3,204] vs. 2,612 [1,383-4,119]; minute ventilation carbon di-

INTRODUCTION

High active antiviral therapy (HAART) significantly decreased
morbidity and mortality related to acquired immune deficiency
syndrome (AIDS) as well as improved the quality of life related to
health and life expectancy in this population (Schwarcz et al., 2013).

oxide production slope: 27.4 [22.5-33.6] vs. 27.5 [20.4-38.1]). The results
are also similar to maximal heart rate, oxygen pulse, gas exchange
threshold, respiratory compensation point, heart rate recovery, and
half-time of VOxeax recovery. OUES had a strong correlation with VOszgea
in the PLWHA group (r,=0.70, P=0.04) and control group (rs=0.78,
P=0.02). The results of this study indicate that functional capacity and
ventilatory efficiency in PLWHA with well-controlled disease are pre-
served and are not different from sedentary subjects. In this sense,
when CPX is unavailable, the aerobic assessment and prescription
could be based on simpler procedures used in healthy subjects.

Keywords: Oxygen consumption, Oxygen uptake efficiency slope, VE/
VCO; slope, Cardiopulmonary exercise test, Human immunodeficiency
virus, Acquired immune deficiency syndrome

Meanwhile, a considerable proportion of people living with human
immunodeficiency virus (HIV)/AIDS (PLWHA) are insufficiently
active (Vancampfort et al., 2018). In addition, it is known that in
advanced stages of the disease the individuals have a strong associ-
ation with low levels of physical and activity capacity, although
functional capacity as a predictor of morbidity and mortality has

*Corresponding author: Luis Fernando Deresz

) https://orcid.org/0000-0003-3687-3607

Physical Education Department, Universidade Federal de Juiz de Fora, Campus
Governador Valadares, Avenida Dr. Raimundo Monteiro Rezende, 330 - Centro,
Governador Valadares (MG) 35010-177, Brazil

Tel: +55-3333011000, Fax: +55-3333011000, E-mail: Ifderesz@gmail.com
Received: March 4, 2018 / Accepted: May 28,2018

Copyright © 2018 Korean Society of Exercise Rehabilitation

This is an Open Access article distributed under the terms of the Creative Commons At-
tribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

pISSN 2288-176X

http://www.e-jer.org
elSSN 2288-1778



Deresz LF, etal. © Capacity and efficiency cardiopulmonary in PLWHA

J

not yet been demonstrated in PLWHA (Olsen et al., 2015).

Cardiorespiratory fitness is the main variable of functional ca-
pacity and is usually assessed through the peak oxygen uptake
(VO2pea) evaluated by the cardiopulmonary exercise test (CPX)
(Stringer, 2010). Additionally, other variables related to integrity
and capacity cardiovascular (maximal heart rate [HRmax], oxygen
pulse, heart rate recovery [HRR] and half-time of the recovery
maximal VO, [T¥: VO,)), and ventilatory efficiency (minute ven-
tilation to carbon dioxide production [VE/VCO: slope]) (Tabet et
al., 2003), oxygen uptake efficiency slope (OUES) (Baba et al.,
1996) also may be obtained in CPX. However, to our knowledge,
these variables have not been yet evaluated in PLWHA and com-
pared to healthy individuals.

Moreover, the CPX may be applied in physical exercise prescrip-
tion using the gas exchange threshold (GET) and respiratory com-
pensation point (RCP) (Balady et al., 2010). These parameters are
important to evaluate the individual physical condition and con-
sequently an accurate prescription for a supervised physical exer-
cise can be done to promote functional enhancement and chronic
degenerative disease prevention (Haskell et al., 2007), a condition
of increasing prevalence among PLWHA (Metkus et al., 2014).

The aim of this study was to verify and to compare the respons-
es of the cardiopulmonary variables to the incremental test in
physically inactive PLWHA with well-controlled disease and
physically inactive non-HIV/AIDS subjects using the CPX for
cardiorespiratory capacity assessment and aerobic exercise pre-
scription in PLWHA.

MATERIALS AND METHODS

Study design and participants

This was a cross-sectional study. The participants of the PLWHA
group were recruited from a Public Health Center in Southern
Brazil. This group was composed of subjects with a confirmed di-
agnosis of AIDS on a stable HAART regimen for at least 6 months
before enrollment. A viral load below 50 copies/mL and the ab-
sence of opportunistic diseases related to AIDS were considered as
well-controlled disease. Non-HIV/AIDS subjects with similar
age, gendet, body mass and height, without any diagnosed diseas-
es, were recruited for convenience to compose the control group.
Both, the PLWHA and control groups should not have practiced
any exercise regularly for, at least, 6 months before the beginning
of the tests protocol and were between 18 to 59 years of age. Ex-
clusion criteria were based on previous history of neurological dis-
ease, tobacco and/or drug use, usage of medication with negative
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chronotropic action, physical and/or mental disability and preg-
nancy. Furthermore, if participants did not achieve at least 85% of
the predicted HRmax [208—0.7 x age)] (Tanaka et al., 2001) and/
or a respiratory exchange ratio (RER) of at least 1.1, they were
also excluded from the study (Balady et al., 2010).

HAART regimens, HAART time use and clinical data from
PLWHA were obtained from previous medical records. All pa-
tients provided an informed written consent and the study was
approved by the Universidade Federal de Ciéncias da Saide de
Porto Alegre Institutional Review Boards (No. 951/09) and was
in accordance with the Declaration of Helsinki. The study was re-
corded in Brazilian Clinical Trials Registry (No. RBR-7ENBZ7).

Cardiopulmonary exercise testing (CPX)

The CPX was performed using a ramp protocol on a treadmill
(Centurion 300, Micromed, Sdo Paulo, Brazil) in an environmen-
tally controlled laboratory (temperature between 18°C-22°C and
relative air humidity at around 40%-60%). Exercise test started
at 3 km/hr and 0% slope, and both, treadmill speed and slope
were increased gradually until the participant’s exhaustion. The
exercise load was incremented individually for each participant
considering their physical condition. The workload test was de-
signed to obtain VOspak within 8-12 min followed by one min-
ute of active recovery (3 km/hr, 0% slope) and 5 min of passive re-
covery. The test was interrupted: (a) when the participant request-
ed; (b) when the RER was > 1.1; and/or (c) when a VO, plateau
was observed with an increasing workload (Balady et al., 2010).
Ventilatory and metabolic parameters were collected breath-by-
breath using Metalyzer 3B (Cortex, Leipizig, Germany) and were
analyzed after averaging the data over 8 respiratory cycles (Neves
et al., 2014). The CPX system was calibrated before each test
with respect to airflow, O, and CO; analyzers. A 3-lead electrocar-
diogram was recorded using ErgoPC Elite 3.3 (Micromed, Sao
Paulo, Brazil) at rest and during the test.

The average of the last 30s data points from the test were used
to determine the VOupek, VE, HRmax (Balady et al., 2010) and
oxygen pulse (Stringer, 2010). Two independent evaluators deter-
mined the GET (Higa et al., 2007) and RCP (Balady et al.,
2010). OUES (Baba et al., 1996) and VE/VCO: slope (Sun et al.,
2002) were calculated from the second minute of test until the
RCP. Predicted maximal VO, specific for Brazilian population
(Almeida et al., 2014), OUES (Hollenberg et al., 2000) and VE/
VCO:; slope (Sun et al., 2002) values were obtained using a previ-
ously described equation.

The HRR after exercise was assessed into two stages: (1) the
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first minute was undertaken at a treadmill walking speed of 3
km/hr and at 0% slope (HRmax — heart rate at 1 min of recov-
ery), and (2) during the second minute of passive recovery (HR-
max — heart rate at 2 min of recovery) (Vicente-Campos et al.,
2014). Half-time of the recovery VOupeuk (T%2 VO,) was defined as
the time from the end of the exercise test up to the point when
VO, had dropped to 50% of the final exercise value (Cohen-Solal
etal., 1995).

Immunologic and virologic characteristics

To characterize PLWHA group, a blood sample (4 mL), after a
12-hr fasting period, was collected 48 hr before the exercise proto-
col. T CD4" and T CD8’ lymphocytes were quantitated by flow
cytometry, using FACSCalibur TM system (BD Biosciences,
Franklin Lakes, NJ, USA). Viral load (bDNA) was measured by
the VERSANT HIV-1 RNA 3.0 Assay (Siemens, Munich, Ger-
many).

Data analyses

Data was analyzed using descriptive statistical techniques (mea-
sures of central tendency and dispersion). Data are expressed in
median (range). The normality of the data distribution was as-
sessed by the Kolmogorov—Smirnov test. Due to the nonparamet-
ric nature, the Mann—Whitney test was used to compare the
PLWHA and the control groups, and Spearman correlation were
used to examine the linear association between CPX variables.
Statistical significance was defined as P<0.05. The GraphPad
Prism ver. 5.00 (GraphPad Software, La Jolla, CA, USA) was used
for statistical analysis.

24 CPX
6 Excluded -RER< 1.1
> 4 PLWHA group, women
2 Control group, women
\ 4
18 CPX
\ 4 A\
9 PLWHA group 9 Control group
5Women 5Women
4Men 4Men

Fig. 1. Study design flowchart. CPX, cardiopulmanary exercise test; RER, respi-
ratory exchange ratio; PLWHA, peaple living with human immunodeficiency vi-
rus/acquired immune deficiency syndrome.
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RESULTS

The study flowchart is presented in Fig. 1. Twenty-four partici-
pants were screened. Thirteen PLWHA (9 women) and 11 con-
trols (7 women) composed the initial sample. However, four
women from the PLWHA group and two from the control group
were excluded from the data analyses because to the maximal
physiologic effort (RER < 1.1).

No difference in age, sex, body mass, height and body mass in-
dex (Table 1) were shown between groups. The clinical character-
istics and HAART data from the PLWHA group is also present
on Table 1.

Both groups did not demonstrate significant differences in VO-
apeak, OXygen pulse, OUES, VE/VCO: slope measured and predict-
ed values (Table 2, Fig. 2), as well as GET and RCP measured and
relative t0 VOopeuk values. Likewise, HRR after the first and sec-
ond minute immediately following CPX and T%: VO, showed no
differences between groups (Table 3).

Table 1. Characteristics of the studied groups

Variable PLWHA (n=9) Control (n=9) Pvalue
Sex, male:female 45 45
Age (yr) 42 (29-56) 44.(22-50) 0.93
Body mass (kg) 80 (48-91) 65(51-104) 0.66
Height (cm) 164 (150-186) 171(164-183) 0.22
Body mass index (kg/m?) 28(205-316)  235(19-31.1) 0.34
TCD4* (cells/mm?) 578 (508-835) - -
TCDS* (cells/mm?) 1,120 (726-3,291) - -
Viral load (copies/mL) <50 = =
HIV diagnostic (mo) 59(14-211) - -
HAART
NRTI+PI 2(222) - -
NRTHPHr 4(44.4) - -
NRTI+NNRTI 3(333) - =
Time of HAART (mo) 47 (22-66) - -
Others diseases
Hypertension 1(11.1) 0(0) -
Diabetes 1(11.1) 0(0) -
Dyslipidemia 1(11.1) 0(0) -
Depression 2(222) 0(0) -

Values are median (range) or number (%).

PLWHA, people living with human immunodeficiency virus/acquired immune defi-
ciency syndrome; TCD4", cluster of differentiation 4; TCD8", cluster of differentia-
tion 4; HIV, human immunodeficiency virus; HAART, highly active antiretroviral ther-
apy; NRTI, nucleoside analog reverse-transcriptase inhibitors; PI, protease inhibi-
tors; Pl+r, protease inhibitors+itonavir; NNRTI, nonnucleoside reverse-transcriptase
inhibitors.

Mann—Whitney test was used to determine the differences between groups (P<
0.05).
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Table 2. Data from cardiopulmonary exercise test in people living with HIV/
AIDS and control group

Variable PLWHA (n=9) Control (n=9)  Pvalue
RER 119(1.13-1.200  1.17(1.10-1.21) 0.63
HRmax (bpm) 163 (153-177) 178(172-185) 0.12
HRmax (% of predicted) 90.8(85-109.4)  99.3(89.2-103) 0.17
Oxygen pulse (ml/bpm) 18.3(136-235)  18.0(13.4-21.6) 093

Oxygen pulse (% of predicted) 117.9(92.2-172.1) 112.7(100.5-144.7) 0.60
VO3pea (ML/kg/min) 299(209-364) 322(245-394) 026
VO3peak (% of predicted) 117.9(995-146)  108.1(98.6-1462) 0.86
OUES 2,058 (1,474-3,204) 2,612(1,383-4,119) 0.73
OUES (% of predicted) 88.4(79.3-1024) 823(68.7-1506) 093
VE/NCO; slope 274(225-336)  275(204-38.1) 050
VE/CO; slope (% of predicted) 102.5(83.9-123.9) 108.7 (79.5-153) 048

GET (mL/kg/min) 17(13-20) 16(12-24) 0.89
GET (% of VOspea) 57.8(385-756)  478(402-745 022
GET (% of VOgzpea predicted) ~ 69.9(47.3-80.3)  535(435-1042) 039
RCP (mL/kg/min) 24(17-28) 28(20-33) 0.06
RCP (% of VOspeat) 799(55.2-92.4)  83.3(73.6-100) 0.28

Values are median (range) or number (%).

PLWHA, people living with human immunodeficiency virus (HIV)/acquired immune
deficiency syndrome (AIDS); RER, maximal respiratory exchange ratio; HRmax,
maximal heart rate; VOzex, peak oxygen uptake; OUES, oxygen uptake efficiency
slope; VE/VCO,, minute ventilation/ carbon dioxide production relationship; GET,
gas exchange threshold; RCP, respiratory compensation point.

Mann—Whitney test was used to determine the differences between groups (P<
0.05).

There was a strong correlation between OUES and VOjpeu in
the PLWHA group (,=0.70, P =0.04) and the control group
(r=0.78,P=0.02) (Fig. 3).

DISCUSSION

The results of this study show that PEWHA in HAART usage,
physically inactive, but with well-controlled disease presented
functional capacity and ventilatory efficiency similar to that ob-
served in non-HIV/AIDS subjects. In addition, this study pro-
vides evidence that information obtained from CPX could be used
as a basis for accurate prescription of aerobic exercise also in
PLWHA. Besides that, due the similarity with the sedentary sub-
jects, when CPX is unavailable, the aerobic assessment and pre-
scription could be based on simple procedures used in healthy
subjects, like estimated maximal HR, VOapemasima and ventilato-
ty thresholds.

Similar VOye values observed between groups, PLWHA and
control, indicate the preservation of functional capacity and cor-
roborate studies that assessed this outcome in PLWHA in the
post-HAART era (De Lorenzo et al., 2013; Deresz et al., 2010).
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Fig. 2. Values of functional capacity and ventilatory efficiency in people living
with HIV/AIDS and control groups. (A) Peak oxygen consumption (VOzpeq). (B)
Oxygen uptake efficiency slope (OUES). (C) Minute ventilation/carbon dioxide
production (VE/COy). PLWHA, people living with human immunodeficiency vi-
rus/acquired immune deficiency syndrome. Mann—Whitney test was used to
determine the differences between groups (P<0.05).

Oxygen consumption is obtained by the product of cardiac output
and arteriovenous oxygen difference. In this way, the determinant
variables of cardiac output (heart rate and systolic volume, here
estimated by the oxygen pulse) (Guazzi et al., 2017), demonstrat-
ed no differences between the PLWHA and control group. These
data justify, at least partially, the similarity between the results
found in VOypeak. These results support the hypothesis of mainte-
nance of functional capacity in PLWHA with well-controlled dis-
ease.

It would be important to note that the HAART, especially nu-
cleoside reverse transcriptase inhibitors (NRTI) has been related to
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Table 3. Heart rate and oxygen uptake recovery after cardiopulmonary exer-
cise test in people living with HIV/AIDS and control group

Variable PLWHA (n=9) Control (n=9) P-value
HRR 1 min (bpm) 21(13-29) 23(22-35) 0.15
HRR 2 min (bpm) 40(32-62) 50 (48-63) 0.13
T/2 V0, (sec) 74(67-106) 69(64-72) 0.08

Values are median (range).

PLWHA, people living with human immunodeficiency virus (HIV)/acquired immune
deficiency syndrome (AIDS); HRR, heart rate; T/ VO,, half-time of recovery peak
oxygen consumption after the end of cardiopulmonary exercise test.
Mann—Whitney test was used to determine the differences between groups (P<
0.05).

mitochondrial toxicity (Margolis et al., 2014) and reduced activity
of oxidative enzymes, resulting in functional aerobic impairment
(Cade et al., 2003). However, these side effects are more common
in older NRTI drugs (didanosine, stavudine, and stavudine) than
newer NRTI drugs (emtricitabine, lamivudine, and tenofovir)
toxicity (Margolis et al., 2014). As the most of participants in this
study were in newer NRTT drugs treatment is possible that have
less propensity for causing mitochondrial toxicity and consequent-
ly, minor impact in functional capacity.

The OUES is a predictor of myocardial perfusion in coronary
artery disease patients (Pinkstaff et al., 2010). In this study, OUES
values showed no differences between groups, and when compared
to the predicted values. This result could be explained by the
equivalence found in the values of RCP, indirect marker of meta-
bolic acidosis (Balady et al., 2010), and anthropometric parame-
ters, body mass and body mass index, all variables that influence
OUES determination (Defoor et al., 2006). Furthermore, in agree-
ment with the literature (Baba et al., 1996), OUES may be used
to estimate the cardiorespiratory functional reserve, because it
shows a strong correlation with VOopek. The main advantage of
OUES in relation to VOopeak is that OUES may be obtained
during the submaximal exercise test, which facilitates its measure-
ment and use (Baba et al., 1996). In the present study, six partici-
pants were excluded because of not fulfilling the criteria for maxi-
mal physiologic effort (RER>1.1) and therefore their functional
capacity was not propetly evaluated.

This circumstance could have been modified by the use of a
variable obtained during the submaximal test, for example,
OUES, supporting the use of this variable as an indicator of car-
diorespiratory reserve (Baba et al., 1996).

The VE/VCO:; slope is predictors of cardiac-related mortality
and hospitalization in heart failure patients (Arena et al., 2004).
In this study no difference in VE/VCO: slope measured and pre-
dicted values were observed between the groups. In heart failure
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Fig. 3. Scatter plots illustrating the correlation between peak oxygen uptake
(VOzpea) and oxygen uptake efficiency slope (OUES) in people living with hu-
man immunodeficiency virus/acquired immune deficiency syndrome (PLWHA)
(A) and control (B) groups. Spearman’s correlations coefficients are also shown
(P<0.05).

patients (Arena et al., 2007), one of the possible causes of elevated
VE/VCO; slope is the decline of lung perfusion and thus, a reduc-
tion in CO; exchange, as a result of decreased cardiac output
which is a consequence of reduced cardiac capacity. The present
study did not measure cardiac output and cardiac capacity, how-
ever, oxygen pulse and HRmax that are, respectively, indirect in-
dicators of cardiac output and cardiac capacity, showed no differ-
ence between the groups, which explains, in part, the VE/VCO;
slope values within the normal range.

Heart rate recovery (Cole et al., 1999) and T%2 VO, (Cohen-Sol-
al et al., 1995) values were within normal ranges. Both, HRR,
and T VO,, have been considered predictors of mortality in
healthy subjects (Cole et al., 1999) and patients with chronic
heart failure (Cohen-Solal et al., 1995). Normal HRR response is
suggestive of parasympathetic system integrity (Imai et al., 1994)
and good cardiovascular health (Cole et al., 1999). In addition,
TY VO, values suggest that muscle oxidative capacity is also pre-
served (Cohen-Solal et al., 1995). These results suggest that the
integrity of the cardiovascular system is preserved in PLWHA
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with well-controlled disease, without compromising oxidative
metabolism.

It has been described that the myocardial metabolism is normal
in PLWHA with well-controlled disease and that cardiac metabo-
lism is dependent on the metabolic complications present in the
disease and not from the HIV infection (Cade et al., 2011). As
most of the participants of previous study did not have metabolic
abnormalities, it is possible that this explanation is also applicable
in our sample. Similarly, the pulmonary abnormalities are more
associated with smoking history and tuberculosis (Sampériz et al.,
2014), disease severity (T CD4" <100 cells/mm®) and high viral
load, >75,000 copies/mL (Drummond et al., 2013) than to HIV
infection per se (Drummond et al., 2013; Sampériz et al., 2014).
In the present study, PLWHA had well-controlled clinical condi-
tion, no cases of tuberculosis treatment and there were no smok-
ers, thus, normal lung function was expected.

Despite having normal levels of functional capacity and ventila-
tory efficiency, PLWHA should be encouraged to participate in
exercise training programs, to gain additional benefits, such as
cardiorespiratory fitness, strength, lean body mass, body composi-
tion (O'Brien et al., 2017) and metabolic disorders (Lindegaard et
al., 2008). For better results, exercise training should follow the
recommendations from the American College of Sports Medicine
(Garber et al., 2011) for physical exercise prescription. These rec-
ommendations suggest that information obtained using CPX
could be used in both the evaluation of functional capacity and for
the precise prescription of exercise.

This study has limitations inherent to the sample size. More
specific measures of body composition and lung function might
reinforce the observed results. Moreover, generalization of the
present results should be performed with caution because only
subjects on HAART, with well-controlled clinical conditions and
nonsmokers were evaluated, which can limit the possibility to ex-
trapolate the results to a different evaluated sample.

The main results of this study indicate that functional capacity
and ventilatory efficiency are preserved in PEWHA with well-con-
trolled disease. These findings suggest that adequate treatment
adherence and success in clinical management contribute to the
integrity of cardiac, ventilatory and metabolic responses to physi-
cal exercise. Furthermore, CPX could be used to prescribe aerobic
exercise and to evaluate functional capacity in PLWHA with
well-controlled disease. It is necessary to highlight that the results
from the present study do not exclude the necessity of the
PLWHA in performing exercise training programs to enhance
functional capacity and, consequently, quality of life.
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