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SLEEP QUALITY AND VENTILATORY EFFICIENCY IN ELDERLY
HEART FAILURE PATIENTS: A PILOT STUDY ON THE SHORT-
TERM EFFECT OF 4-WEEK LOW-INTENSITY AEROBIC EXERCISE

Sleep disturbance and ventilator inefficiency are considered two of the most critical complications for
general human wellbeing, particularly in elderly heart failure (HF) patients. Studies examining the
effect of low-intensity aerobic exercise in the treatment of sleep disturbance and ventilatory inefficiency

The purpose of the current pilot study was to check the effect of low-intensity aerobic exercise

Design: pilot study. Setting: outpatient physical therapy clinic within Cairo University regional
hospital. Participants: eight elderly HF patients (6 men, 2 women) with a mean age of 69.4%4.2 years.
Intervention: participants were recruited for a low-intensity exercise program (40 to 50% of maximum
heart rate for 30-40 minutes), five sessions weekly for four weeks. Exercise intensity was monitored
during the sessions using heart rate. Outcome Measure: sleep quality was assessed pre- and post- four
weeks of exercise program usingthe Pittsburgh sleep quality index (PSQI) and ventilatory efficiency

HF patients (II-III NYHA), mean age 69.414.2 years, body mass index 23.742.7 kg/m?, ejection
fraction 32.7+4.5%, VO, 16.27+4.2 ml/kg/min, VE/VCO, 30.81+12.7. The mean of global
PSQI score ranged between 8.2 to 11.4 with a mean of 9.7+3.4 which indicates that the participants
experienced sleep disturbance. The post-exercise assessment showed that patients have reported
a significant improvement of all PSQI domains compared with baseline assessment (p<0.05).
VO, significantly increased from 16.27+4.2 pre-intervention to 20.03+2.6 ml/kg/min post-
intervention (p=0.049) whereas VE/VCO, slightly decreased with a non-significant difference at the
end of the study program (p=0.594) indicating animprovement of ventilator efficiencyand overall

Short-term application of low-intensity aerobic exercise (4 weeks) may improve the quality of sleep
and ventilator efficiency in elderly HF patients. The study findings encourage elderly HF patients with
sleep disturbance to adhere to the exercise training program. Also, cardiac rehabilitation programs with
low intensity of aerobic exercise should be proposed to these patients by their health care provider.
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Introduction

Heart failure (HF) was lately observed in huge

Sleep is considered as one of the most critical compo-
nents of general human well-being, particularly in elderly
population. Sleep disturbance and insufficient sleep quality
are extreme complications, which are reported to occur
in thirty-nine to seventy-five percent of elderly people
[1, 2]. A previous epidemiological study proved that most
of older people complain about disturbance in sleep, which
is commencing or continuing [2].
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number of populations causing hospital admission [3],
disturbance of life quality and several complications [3-5].
The widespread outcome of HF is the poor sleep quality [4,
5] which extended to further symptoms including fatigue,
pain, anxiety, gastrointestinal distress, and depression [5].
One-third (30%) of HF patients with sleep problems
at discharge experienced persistent sleep problems
at l-year follow-up and 14% patients without sleep
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problems at baseline reported sleep problems after 1 year
[6]. HF patients are suffering from sleep disturbance due
to many issues such as p-blockers medications, sleep apnea,
night dyspnea and some comorbidities including chronic
obstructive pulmonary disease [7].

Sleep is an essential component of human life and affects
profound development and functioning of the brain, cognitive
functions, body growth, and psychological conditions.
Consequently, sleep disturbance is negatively correlated
with physical function, psychological condition and life
well-being [8]. Sleep problems such as abnormal sleepiness
pattern and chronic poor sleepiness result in increasing
mortality and morbidity rate of cardiac disorders [9]. HF
patients experienced psychological and physical dysfunctions
as a result of sleep disturbance [6, 10]. So, HF patients who
experienced sleep disturbances have to be examined and
treated with additional attention to avoid unfortunate effects.

Commonly, ventilatory inefficiency is a decisive diagnostic
indicator of HF patients. It is usually investigated through
measurement of the minute ventilation/carbon dioxide
production (VE/VCO,) slope [11]. HF patients are suffering
from a heightened VE/VCO, slope which combined with
dyspnea and lack of functional capacity [12].

Recently, many studies demonstrated the useful outcomes
of exercise training on depression status [ 13-15], ventilatory
markers [16], quality of life [17], and self-efficacy [18] in HF
patients and asthmatics [ 19] whereas studies which examined
the low-intensity exercise training effect on the sleep
quality and ventilatory efficiency in HF subjects are limited.
Consequently, the purpose of the current pilot study was to
evaluate the effectiveness of low-intensity aerobic exercise on
the sleep disturbance and ventilatory inefficiency in elderly
HEF patients.

Materials and methods

Subjects

Participants were enrolled through Cairo University
regional hospital at outpatient physical therapy clinic
between June and September 2018. The patients were
eligible to participate in the study if they: 1) were functionally
classified as having II and III HF with reference to New York
Heart Association (NYHA) classification according to the
limitations which endure physical activities, 2) were suffering
from obstructive sleep apnea, 3) age more than 6 years, 4)
rest ejection fraction (EF) less than 40%, S) maximum oxygen
uptake less than 20 mL/kg/min, 6) no mental or physical
disability; 7) stable for a one-month minimum with proper
medical control.

Twenty-two elderly HF patients experiencing obstructive
sleep apnea were referred by their cardiologists for exercise
rehabilitation program. Six patients did not meet the inclusive

ISSN 0022-9040. Kapanoaorus. 2020;60(6). DOI: 10.18087/cardio.2020.6.n938

Figure 1. The flowchart of the study

For eligibility (n=22)

Excluded (n=11)
Not meeting inclusion criteria (n=6)
Declined to participate (n=5)

Study participants (n=11)

Recruited for the study program (n=11)
Received low-intensity exercise (n=11)
Did not receive low-intensity exercise (n=0)

!

Discontinued the exercise program (n=3)

'

For analysis (n=8)

criteria, and five declined to contribute in the study program.
No refusing reasons were reported. Eleven patients (8 men
and 3 women) participated in the study. Two men and one
woman withdrew during the study program without any
registered reason. The flowchart of the study is described in
Figure 1. A written informed consent was provided by each
patient before intervention. This study protocol was proved
by research ethics committee of physiotherapy department
[PTA/018/023] based on ethical principles of medical
research and Declaration of Helsinki 1964.

Sleep quality assessment

All HF patients were assessed for sleep quality pre- and
post- study program using validated and reliable Pittsburgh
sleep quality index (PSQI) [20]. This index is 19-item scale
consisting of 7 domains: sleep quality, sleep latency, sleep
duration, sleep disturbances, sleep habitual efficiency, sleep
medications, and daytime dysfunction. The rate of each item
is scaled 0-3. O reveals no sleep difficulties and 3 reveals severe
sleep difficulties. Global PSQI was estimated, scoring from 0
to 21. High scores of global PSQI indicate bad sleep quality

while lower scores indicate good sleep quality.

Ventilatory efficiency assessment

Maximum oxygen uptake (VOZPeak) and VE/VCO,
slope were assessed pre- and post- study program through
cardiopulmonary exercise test using an electronic braked
ergometric cycle (Monark, 939 Novo, USA).

Low intensity aerobic exercise protocol

The data of all patients were obtained using a self-report
questionnaire before the intervention and reviewed by a family
member or primary caregiver. The definition and purpose
of the low-intensity aerobic exercise program were clearly
explained for each participant. All patients fulfilled asupervised
program of low-intensity aerobic exercise five sessions weekly
for 4-week. Each exercise session was commenced with
S min warm-up and finished with cool-down for 5 min. Each
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Table 1. Demographic data patient was supervised by an experienced therapist to conduct
and clinical characteristics of the study participants a 4-week treadmill walking exercise at 40 to 50% of maximum
Variables Values heart rate for 20-30 minutes, five sessions per week.
Age, years 69.4£4.2
0
Gender, n (%) Statistical analysis
Men 6(75) . .
Data were analyzed using windows software of the
Wormen 2(25) Statistical Package for the Social Sci (Version 25
Body mass index,Kg/m? 237427 tatistical Package for the Social Sciences (Version 25,
. IBM Corp.,, Armonk, NY, USA). Data were assessed for
Hemodynamic measures
Rest HR,beats/min 82.5417.2 normality using the Shapiro-Wilk test. Data were described
Rest systolic BR,mm Hg 129.6+13.5 as means * standard deviations. Descriptive statistics were
Rest diastolic BP,mm Hg 83.7t8.4 performed for demographic data and baseline characteristics
Smoking,yes/no (3/5) of the participants. Categorical data were analyzed using chi-
Marital status, n (%) square test while the continuous data were analyzed using
Married 6(75) paired t-test to assess the differences between pre- and post-
Single 2(25) intervention. Wilcoxon signed-rank test was done due to the
Level of education, n (%) small number of the study participants to assess the changes
Literate 1(12.5) . . L
between pre- and post-intervention. The significance level was
Primary education 3(37.5) set at p<0.05
High education and above 4(50) Pt
Heart failure NYHA classes, n (%)
Class IT 5 (62.5) Results
Class 111 3(37.5) Out of 22 patients, 8 elderly HF patients (6 men, 2 women)
Etiology, n (%) were statistically analyzed. The demographic data and clinical
Ischemia 6 (75) characteristics of the study subjects involving gender, age,
Non-ischemia 2(25) body mass index (BMI), hemodynamics, classes and etiology
Medications, n (%) of HF, EF, VO,,,,, and VE/VCO,were described in Table 1.
B-blocker 7(87.5) The mean of global PSQI score was ranged between
A_C enzyme inhibitor 8 (100) 8.2 to 11.4 with a mean of 9.7+3.4 which indicates that the
Diuretic () participants experienced sleep disturbance. As presented
Nitrate 3(37.5) . . .

— in Table 2, post-exercise assessment showed that patients
Digitalis 5(62.5) h ted sienificant i t of all PSOI d .
Anticoagulant 8 (100) ave reporte hs1gn11.can improvement o QI domains
EF, % 327145 compared with baseline assessment (p<0.05).

VO, (mL/min"'/kg")) 16.27+4.2 For ventilatrory efficiency, VO,,.,. significantly increa-
VE/VCO, slope 30.81+12.7 sed from 16.27+4.2 mL/min/kg pre-intervention to 20.03+
HR, heart rate; BP, blood pressure; BMI, body mass index; AC, 2.6 mL/min/kg post-intervention (P=0~049)r whereas
Angiotensin-converting; EF, ejection fraction; VO,,,, maximal oxygen VE/VCO, slightly decreased with a non-significant difference
uptake; VE/VCO,, minute ventilation / carbon dioxide production. at the end of the study program (p=0. 59 4) as detailed in Table 2.

Table 2. Differences of the mean values between pre and post-intervention

Variables Pre-intervention Post-intervention p-value

VO, (mL/min"!/kg™") 16.27+4.2 20.03+2.6 0.049
VE/VCO, slope 30.81+12.7 27.64£10.5 0.594
PSQI

Global score (0-21) 9.7+3.4 4.4+1.6 0.001
Sleep quality (0-3) 1.7+0.6 0.8+0.3 0.002
Sleep latency (0-3) 1.4+0.3 0.5£0.2 0.001
Sleep duration (0-3) 1.2+0.5 0.6£0.2 0.007
Sleep disturbances (0-3) 1.6£0.7 0.8+£0.3 0.011
Sleep habitual efficiency (0-3) 1.3+0.3 0.6£0.2 0.001
Sleep medications (0-3) 1.1+0.4 0.4+0.1 0.001
Daytime dysfunction (0-3) 1.4+0.6 0.7£0.3 0.011

Values are mean + standard deviation. VO,,.,,, Peak oxygen uptake; VE/VCO,,
relationship between minute ventilation and carbon dioxide production; PSQ], Pittsburg sleep quality index.
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Discussion

Impairment of sleep quality is one of the imperative
complications that appeared through physiological changes
of aging in human life and HF. With both, aging and
HF, unclear alterations are established in sleep cycle and
structure. Several researches have demonstrated that sleep
disturbance is positively correlated with mental and physical
dysfunctions [21, 22]. Therefore, the current pilot study
purposed to investigate the influence of low-intensity aerobic
training on the quality of the sleep and ventilator efficiency in
elderly HF patients. Our study outcomes point toward that
four weeks of low-intensity aerobic exercise are efficient in
improvement of sleep quality including all domains in elderly
HF patients.

Quality of sleep is lowered in most of HF patients. Sixty-
three percent of HF patients have experienced impairment of
sleepiness [23]. In this experimental study, we have assessed
the quality of sleep among HF patients who underwent
three weeks of low-intensity aerobic exercise. There were
significant changes in quality of sleep between pre- and post-
treatment outcomes using PSQI. Recent study demonstrated
that program of cardiac rehabilitation has reduced sleep
disturbance in patients with heart diseases [24].

Low-intensity aerobic exercise enhanced quality of sleep
in thisstudy. Improving self-report of the quality of sleep
with aerobic exercise was exhibited in prior studies of older-
adults and middle-aged patients with disturbed sleep quality
[25]. However, no earlier studies have assessed quality of
sleep in elderly HF patients. Gary and Lee have found an
improvement in the sleep time and quality of life following
an outdoor walking program, although great exposure to the
light during outdoor training is an important factor [26].

Also, many researchers have previously reported the
improvement of sleep apnea after conduction of training
(aerobics or aerobics /resistance exercises) [26-28 ]. Moreover,
these researches have demonstrated an improvement of
sympathetic smooth muscle regulation and biomarkers
of HF in the exercised subjects. A short-term cohort study of
4-week intensive rehabilitation in cardiac patients showed an
improvement of sleep quality, depression status, body weight,
and aerobic capacity [29].

Our present study showed a significant improvement
of VO,,,. and non-slight improvement of VE /VCO, with no
significant changes at the end of the 4-week intervention. In
agreement with our findings, a previous study demonstrated
that aerobic exercise training improves functional capacity

and has a positive prognosis in HF patients [30], and
recent systematic review found no significant changes
in VE/VCO, [31], while prior studies proved that high-
intensity exercise training may improve VE/VCO, in HF
patients [32, 33]. We observed a slight decrease of VE/VCO,
regarding the beneficial effects of regular aerobic exercise
in the improvement of ventilatory efficiency in HF patients.
Also, we recommend the evaluation of the long-term impact
of aerobic exercise on ventilatory efficiency in elderly HF
patients.

Study limitations

Some limitations were determined in our study. The limited
number of the study participants and the short duration
of the study indicate non-generalization about the effects of
the exercise program. Also, the included HF patients may not
be representative for other patients comprised in future studies.
Furthermore, the sleep quality was assessed subjectively using
PSQI while the objective assessment is available by using easy
and cheap actigraphy which record sleep/wake cycles in the
home settings. In addition, further studies should include
larger sample size and longer duration of exercise intervention.

Conclusions

Short-term of low-intensity aerobic exercise (4 weeks)
may improve the quality of sleep and ventilatory efficiency
in elderly HF patients. The study findings encourage elderly
HF patients with sleep disturbance to adhere to exercise
intervention and motivate physician’s referral to the cardiac
rehabilitation program.

Acknowledgement

This publication was supported by the deanship of
scientific research at Prince Sattam bin Abdulaziz University.
Also, the authors would like to gratefully acknowledge HF
patients who participated in the study.

List of abbreviations

NYHA: New York Heart Association. EF: Ejection
Fraction. HF: Heart Failure. PSQI: Pittsburgh sleep quality
index. BMI: Body Mass Index. VO,,,: Maximum Oxygen
Uptake.

No conflict of interest is reported.

The article was received on 07/11/19

REFERENCES

1. Vaz Fragoso CA, Gill TM. Sleep Complaints in Community-Living Old-
er Persons: A Multifactorial Geriatric Syndrome. Journal of the Amer-
ican Geriatrics Society. 2007;55(11):1853-66. DOI: 10.1111/j.1532-
5415.2007.01399.x

ISSN 0022-9040. Kapanoaorus. 2020;60(6). DOI: 10.18087/cardio.2020.6.n938

2. Freburger JK, Callahan LF, Shreffler JH, Mielenz TJ. The Effects
of a Physical Activity Program on Sleep-and Health-Related Quality
of Life in Older Persons with Arthritis. Journal of Applied Gerontology.
2010;29(4):395-414. DOL: 10.1177/0733464809340155

10S



§ OPUTI'MHAABHBIE CTATbM

3.

10.

11.

12.

13.

14.

1S.

16.

17.

18.

106

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman
M et al. Executive Summary: Heart Disease and Stroke Statistics — 2016
Update: A Report from the American Heart Association. Circulation.
2016;133(4):447-54. DOLI: 10.1161/CIR.0000000000000366

. Aloisi G, Zucchelli A, Aloisi B, Romanelli G, Marengoni A. Depression

and heart failure: an intricate relationship. Monaldi Archives for Chest
Disease. 2019;89(3). DOI: 10.4081/monaldi.2019.1029

. Alpert CM, Smith MA, Hummel SL, Hummel EK. Symptom burden

in heart failure: assessment, impact on outcomes, and management.
Heart Failure Reviews. 2017;22(1):25-39. DOI: 10.1007/s10741-016-
9581-4

. Johansson P, Brostrom A, Sanderman R, Jaarsma T. The Course of Sleep

Problems in Patients with Heart Failure and Associations to Rehospi-

talizations: The Journal of Cardiovascular Nursing. 2015;30(5):403-10.

DOI: 10.1097/JCN.0000000000000176

. Moon C, Phelan CH, Lauver DR, Bratzke LC. Is sleep quality re-

lated to cognition in individuals with heart failure? Heart & Lung.
2015;44(3):212-8.DOI: 10.1016/j.hrtlng.2015.02.005

. Zisapel N. Sleep and sleep disturbances: biological basis and clinical im-
plications. Cellular and Molecular Life Sciences. 2007;64(10):1174-86.

DOI: 10.1007/s00018-007-6529-9

. Yang X, Chen H, Li S, Pan L, Jia C. Association of Sleep Duration

with the Morbidity and Mortality of Coronary Artery Disease: A Me-
ta-analysis of Prospective Studies. Heart, Lung and Circulation.
2015;24(12):1180-90. DOI: 10.1016/j.h1c.2015.08.005

Johansson P, Riegel B, Svensson E, Brostrém A, Alehagen U, Dahl-
strom U et al. The Contribution of Heart Failure to Sleep Distur-
bances and Depressive Symptoms in Older Adults. Journal of Ge-
riatric Psychiatry and Neurology. 2012;25(3):179-87. DOI:
10.1177/0891988712458366

Arena R, Myers J, Abella J, Peberdy MA, Bensimhon D, Chase P et al.
Development of a Ventilatory Classification System in Patients with
Heart Failure. Circulation. 2007;115(18):2410-7. DOI: 10.1161/CIR-
CULATIONAHA.107.686576

Guazzi M, Reina G, Tumminello G, Guazzi MD. Improvement of al-
veolar-capillary membrane diffusing capacity with exercise training in
chronic heart failure. Journal of Applied Physiology. 2004;97(5):1866-
73.DOI: 10.1152/japplphysiol.00365.2004

Abdelbasset WK, Alqahtani BA, Elshehawy AA, Tantawy SA, Elnega-
my TE, Kamel DM. Examining the impacts of 12 weeks of low to mod-
erate-intensity aerobic exercise on depression status in patients with sys-
tolic congestive heart failure - A randomized controlled study. Clinics.
2019;74:e1017.DOI: 10.6061/clinics/2019/e1017

Abdelbasset WK, Alqahtani BA, Alrawaili SM, Ahmed AS, Elnega-

my TE, Ibrahim AA et al. Similar effects of low to moderate-intensity
exercise program vs moderate-intensity continuous exercise program
on depressive disorder in heart failure patients: A 12-week random-
ized controlled trial. Medicine. 2019;98(32):e16820. DOI: 10.1097/
MD.0000000000016820

Abdelbasset WK, Alqahtani BA. A randomized controlled tri-

al on the impact of moderate-intensity continuous aerobic exer-

cise on the depression status of middle-aged patients with conges-

tive heart failure: Medicine. 2019;98(17):e15344. DOL: 10.1097/
MD.0000000000015344

Abdelbasset WKM, Elsayed SH, Abo Elyazed T1. Comparison of high
intensity interval to moderate intensity continuous aerobic exercise
on ventilator markers in coronary heart disease patients: a randomized
controlled study. International Journal of Physiotherapy and Research.
2017;5(3):2013-8. DOI: 10.16965/ijpr.2017.126

Ostman C, Jewiss D, Smart NA. The Effect of Exercise Training In-
tensity on Quality of Life in Heart Failure Patients: A Systematic Re-
view and Meta-Analysis. Cardiology. 2017;136(2):79-89. DOL:
10.1159/000448088

Ha FJ, Hare DL, Cameron JD, Toukhsati SR. Heart Failure and
Exercise: A Narrative Review of the Role of Self-Efficacy. Heart,
Lung and Circulation. 2018;27(1):22-7. DOI: 10.1016/j.
hlc.2017.08.012

19.

20.

21.

22.

23.

24.

28S.

26.

27.

28.

29.

30.

31

32.

33.

Abdelbasset WK, Alsubaie SF, Tantawy SA, Abo Elyazed TI, Kamel DM.
Evaluating pulmonary function, aerobic capacity, and pediatric quality
oflife following a 10-week aerobic exercise training in school-aged asth-
matics: a randomized controlled trial. Patient Preference and Adherence.
2018;12:1015-23.DOI: 10.2147/PPA.S159622

Suleiman KH, Yates BC, Berger AM, Pozehl B, Meza J. Translating the
Pittsburgh Sleep Quality Index into Arabic. Western Journal of Nursing
Research. 2010;32(2):250-68. DOI: 10.1177/0193945909348230
King AC, Pruitt LA, Woo S, Castro CM, Ahn DK, Vitiello MV et al. Ef-
fects of Moderate-Intensity Exercise on Polysomnographic and Sub-
jective Sleep Quality in Older Adults with Mild to Moderate Sleep
Complaints. The Journals of Gerontology Series A: Biological Scienc-

es and Medical Sciences. 2008;63(9):997-1004. DOI: 10.1093/gero-
na/63.9.997

Chennaoui M, Arnal PJ, Sauvet F, Léger D. Sleep and exercise: A recip-
rocal issue? Sleep Medicine Reviews. 2015;20:59-72. DOI: 10.1016/j.
smrv.2014.06.008

Lee KS, Lennie TA, Heo S, Song EK, Moser DK. Prognostic Impor-
tance of Sleep Quality in Patients with Heart Failure. American Journal
of Critical Care. 2016;25(6):516-25. DOI: 10.4037/ajcc2016219
Banack HR, Holly CD, Lowensteyn I, Masse L, Marchand S, Grover SA
et al. The Association Between Sleep Disturbance, Depressive Symp-
toms, and Health-Related Quality of Life Among Cardiac Rehabilitation
Participants. Journal of Cardiopulmonary Rehabilitation and Preven-
tion. 2014;34(3):188-94. DOI: 10.1097/HCR.0000000000000054
Yang P-Y, Ho K-H, Chen H-C, Chien M-Y. Exercise training improves
sleep quality in middle-aged and older adults with sleep problems: a sys-
tematic review. Journal of Physiotherapy. 2012;58(3):157-63. DOL:
10.1016/S1836-9553(12)70106-6

Gary R, Lee SY (Sylvia). Physical Function and Quality of Life in Old-
er Women with Diastolic Heart Failure: Effects of a Progressive Walk-
ing Program on Sleep Patterns. Progress in Cardiovascular Nursing.
2007;22(2):72-80.DOI: 10.1111/§.0889-7204.2007.05375.x

Ueno LM, Drager LF, Rodrigues ACT, Rondon MUPB, Braga AMFW,
Mathias W et al. Effects of Exercise Training in Patients with Chron-

ic Heart Failure and Sleep Apnea. Sleep. 2009;32(5):637-47. DOL:
10.1093/sleep/32.5.637

Servantes DM, Pelcerman A, Salvetti XM, Salles AF, de Albuquerque PF,
de Salles FCA et al. Effects of home-based exercise training for patients
with chronic heart failure and sleep apnoea: a randomized comparison
of two different programmes. Clinical Rehabilitation. 2012;26(1):45~
57.DOI: 10.1177/0269215511403941

Duarte Freitas P, Haida A, Bousquet M, Richard L, Mauriége P,
Guiraud T. Short-term impact of a 4-week intensive cardiac rehabilita-
tion program on quality of life and anxiety-depression. Annals of Physi-
cal and Rehabilitation Medicine. 2011;54(3):132-43. DOI: 10.1016/j.
rehab.2011.02.001

Frankenstein L, Nelles M, Hallerbach M, Dukic D, Fluegel A, Schell-
berg D et al. Prognostic impact of peakVO2-changes in stable CHF on
chronic beta-blocker treatment. International Journal of Cardiology.
2007;122(2):125-30. DOI: 10.1016/j.jjcard.2006.11.038

Gomes-Neto M, Duraes AR, Concei¢ao LSR, Roever L, Liu T, Tse G

et al. Effect of Aerobic Exercise on Peak Oxygen Consumption, VE/
VCOQ, Slope, and Health-Related Quality of Life in Patients with

Heart Failure with Preserved Left Ventricular Ejection Fraction: a Sys-
tematic Review and Meta-Analysis. Current Atherosclerosis Reports.
2019;21(11):45.DOI: 10.1007/s11883-019-0806-6

Nadruz W, West E, Sengelov M, Santos M, Groarke JD, Forman DE et al.
Prognostic Value of Cardiopulmonary Exercise Testing in Heart Failure
with Reduced, Midrange, and Preserved Ejection Fraction. Journal of
the American Heart Association. 2017;6(11):e006000. DOI: 10.1161/
JAHA.117.006000

Agostoni P, Corra U, Cattadori G, Veglia F, La Gioia R, Scardovi AB et al.
Metabolic exercise test data combined with cardiac and kidney index-
es, the MECKI score: A multiparametric approach to heart failure prog-
nosis. International Journal of Cardiology. 2013;167(6):2710-8. DOI:
10.1016/j.ijcard.2012.06.113

ISSN 0022-9040. Kapauoaorus. 2020;60(6). DOI: 10.18087/cardio.2020.6.n938



