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The purpose of this study was to investigate the effects of cardiac rehabilitation (CR) on
elderly patients with Chronic heart failure (CHF) by literature search and meta-analysis.
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Introduction

CHE is a chronic, spontaneously progressive disease caused by a variety of etiologies, charac-
terized by dyspnea, fatigue, and fluid retention [1]. Heart failure not only seriously damages
the physical and mental health and quality of life of patients, but also brings a heavy economic
burden to the family and society [2]. According to epidemiological surveys, the prevalence of
heart failure in developed countries is 1.5% to 2.0%, and the prevalence of people aged > 70
years is > 10% [3].With the aging of the population in my country and the expansion of
chronic diseases, the prevalence, mortality and rehospitalization rates of heart failure continue
to increase [4]. The prevalence of heart failure among Chinese people aged 80 years or older is
12%, and advanced age has become an important factor for poor prognosis in patients with
heart failure [5]. The prevalence, mortality and rehospitalization rates of heart failure continue
to increase, and advanced age has become an important factor in poor prognosis of heart fail-
ure patients. Elderly patients with heart failure have many comorbidities, and their manage-
ment is specific and complex [6]. CR is a professional prevention and treatment system
integrating biomedicine, sports medicine, nutrition medicine, psychosomatic medicine and
behavioral medicine. CR currently includes three stages, respectively is I period rehabilitation
(nosocomial), II period rehabilitation (outside early rehabilitation hospital) and III period
rehabilitation (maintain), IIphase of the CR is also known as outside early rehabilitation hospi-
tal or outpatient rehabilitation, in 1 ~ 6 months after hospital discharge, as the core of the
recovery phase, both I period of rehabilitation, is also the foundation of III period rehabilita-
tion, CR exercise can induce adaptive changes in the function and structure of cardiovascular,
respiratory, musculoskeletal and metabolic systems, and the nature and magnitude of the
changes depend on the type, intensity and duration of exercise [7]. CR intervention for CHF
has been carried out for many years, and evidence-based medical evidence shows that CR can
benefit patients with CHF [8]. CR can improve the cardiac function and structure of patients
with heart failure, improve exercise tolerance and quality of life in patients with heart failure,
reduce the mortality and readmission rates of patients with heart failure, and control social
medical costs [3,9]. At present, there are many studies on the evaluation of the therapeutic
effect of CR on patients with CHF, but there is no systematic review article pointing out the
impact of CR on the therapeutic effect of elderly patients with CHF. The aim of this meta-anal-
ysis was to evaluate the impact of CR on elderly patients with CHF.

Materials and methods

We followed the Preferred Reporting Items for Systematic Reviews and Meta- Analyses
(PRISMA Statement) guidelines to conduct this systematic review and meta-analysis [10].

Search strategy and research options

We conducted an electronic search on PubMed, Cochrane Library, Embase, CNKI, Wanfang
and VIP database platforms. The search period was from the establishment of the database to
November 2021 without language restriction. A combination of subject words and free words
is used. The following search terms are used for CR: CR OR Cardiac Rehabilitations OR Reha-
bilitation, Cardiac OR Rehabilitations, Cardiac OR Cardiovascular Rehabilitation OR Cardio-
vascular Rehabilitations OR Rehabilitation, Cardiovascular OR Rehabilitations,
Cardiovascular; The following search terms were used for the elderly: Aged OR Elderly; The
following search terms were used for HF: Heart Failure OR Cardiac Failure OR Heart Decom-
pensation Decompensation, Heart OR Heart Failure, Right-Sided OR Heart Failure, Right
Sided OR Right-Sided Heart Failure OR Right Sided Heart Failure OR Myocardial Failure OR
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Congestive Heart Failure OR Heart Failure, Congestive OR Heart Failure, OR Left-Sided OR
Heart Failure, Left Sided OR Left-Sided Heart Failure OR Left Sided Heart Failure.

Inclusion criteria

(1) Literature search time > 2000 years; (2) Intervention measures: CR + other treatments
(experimental group), other treatments (control group); (3) Age: elderly patients (>60 years
old); (4) CHF patients; (5) Type of study: randomized controlled trial.

Exclusion criteria

(1) Original text not available; (2) Retrospective studies or prospective studies or abstracts; (3)
Systematic reviews; (4) Non-CHF or other diseases (5) Incomplete outcomes or treatments;
(6) Unavailable complete data.

Data extraction

Two researchers (Z Chen and ] Feng) independently conducted research screening and data
extraction; If there is any disagreement, resolve it through discussion or negotiation with the
third researcher (Y Fang). The data to be extracted in this study include: (1) general informa-
tion of the study (title, first author, publication year, literature source); (2) Basic characteristics
of the study (age, time, sample size, study protocol design, intervention measures, outcome
evaluation indicators).

Evaluation of the quality of evidence

Grading of evidence uses Grading of recommendations assessment, development and evalua-
tion (GRADE) system. Grade the limitations, inconsistencies, inconsistencies, uncertainties
and publication bias of evidence, and divide the quality of evidence into 4 grades, namely, high
quality, medium quality, low quality and very low quality. To evaluate the outcome index of
this study with specific evidence quality.

Quality assessment

The "Bias Risk Assessment" tool 2.0 recommended by the Cochrane Collaboration (https://
www.riskofbias.info/welcome/rob-2-0-tool) to have included in the quality of literature evalu-
ation, It includes the following five modules: bias arising from randomization process, bias of
deviating from established intervention, bias of missing outcome data, bias of outcome mea-
surement and bias of selective reporting of results. The bias risk of each module can be divided
into three levels of "low risk", "certain risk" or "high risk" according to manual standards.

Statistical analysis

RevMan 5.4 software was used for statistical analysis of the data. Odds ratio (OR) was used as
the effect size, 95% CI represented the outcome, and mean difference (MD) OR weight differ-
ence (WMD) were used as effect analysis for continuous variables. Heterogeneity was deter-
mined by y2 test and I” test. If there was no clinical heterogeneity (P > 0.1, I*<50%), fixed
effects model (FEM) was used for meta-analysis. If clinical heterogeneity exists (I*> 50%), the
random-effects model (REM) was used for meta-analysis and the source of heterogeneity was
discussed. If necessary, subgroup analysis was performed. If the source of heterogeneity could
not be determined, case by case elimination was used to investigate the source of heterogene-
ity. As less than 10 outcome indicators were included in each group, no funnel plot was made.
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Results

Literature screening results

The flow chart of literature selection is shown in Fig 1. After selection, 16 articles were finally
included in the quantitative analysis, and a total of 1782 people participated. The main charac-

teristics, interventions, and outcome measures of the selected literature are shown in Table 1.

Results of risk of bias assessment

Risk of bias was assessed in 16 studies. The specific evaluation and risk bias assessment are

shown in Figs 2 and 3.

GRADE evidence rating results

The results of GRADE evidence are shown in S1 Fig.
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Fig 1. Literature search process.
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Table 1. Outcome indicators.

Study

LUO YL 2015 [11]
XIAO YL 2021 [12]

SHEN F 2019 [18]
LIU LP 2020 [19]
LIAO JX 2020 [13]

KANG TD 2017
(14]

JIN LJ 2019 [20]

HUT HP 2020 [21]
HU YH 2020 [15]

FANG KH 2020
(20]

DING F 2020 [24]

ZU LFYYKM 2018
(17]

Austin 2005 [23]

Austin 2008 [25]
Dalal 2019 [26]
Davidson 2010 [22]

Study
design

RCT
RCT

RCT
RCT
RCT
RCT
RCT

RCT
RCT

RCT
RCT
RCT
RCT

RCT
RCT
RCT

Meta-analysis results

Influence of CR on LVEF of patients. This study included 7 articles [11-17] reporting
the effect of CR on LVEF in patients. LVEF was detected in 327 patients in the experimental
group and 326 patients in the control group. After the heterogeneity test, the results showed
that I* = 95%, P < 0.00001, indicating that there is heterogeneity in the literature, and REM
was used for analysis. The results of meta-analysis showed that [MD = 5.73, 95%CI(2.05,9.40),
P =0.002]. Therefore, there was a statistically significant difference in LVEF between the two
groups after CR (P<0.05). The forest map is shown in Fig 4.

Influence of CR on LVEDD of patients. This study included 6 articles [11,12,14-17]
reporting the effect of CR on LVDD in patients. LVDD was detected in 274 patients in the
experimental group and 275 patients in the control group. After the heterogeneity test, the
results showed that I = 91%, P<0.00001, indicating that there is obvious heterogeneity in the
literature. Analysis was performed using REM. The results of the meta-analysis showed that
[MD = -4.82,95%CI(-7.49,-2.15), P = 0.0004]. Therefore, there was a statistically significant dif-
ference in LVDD between the two groups after CR (P<0.05). The forest map is shown in Fig 5.

Age(years) (E/C) |Sample size (E/ | Interventions (E/ |Follow-up Outcome indicators
(@) 9] (M)

80.7+7.8/80+7.4 35/37 MT+CR/MT 3-12 LVEF;,LVDD;MLHFQ;BNP;NYHA;

66.78+4.43/65.27 | 35/35 MT+CR/MT 3 Total effective rate of nursing;

+4.37 6MWT;LVEF;LVDD; LVDs

67.5£11.5/68.4 50/50 MT+CR/MT 3 6MWT;PRO-BNP

+10.3

75.21+2.22/75.79 | 25/25 MT+CR/MT 6 MLHFQ;ESES;6 MWT;PRO-BNP

+2.11

67.42+5.63/66.50 | 52/52 MT+CR/MT 3 MLHFQ;CPET;Borg;6 MWT;PRO-BNP;LVEF;

+5.74 Readmission rate HPLP-II

69+7/68+7 44/44 MT+CR/MT 6 LVEF;LVDD;LVDs;MLHFQ;6 MWT;PRO-BNP;CTNI;
Readmission rate;Death rate

70.03+6.71/69.92 | 35/35 MT+CR/MT 3 6MWT;MLHFQ;Readmission rate

+6.63

87.3+6.4/86.3+7.8 | 58/54 MT+CR/MT 3 6MWT;peakSV;peak CO;TPVR;SF-36

62.53+8.75/63.05 | 47/47 MT+CR/MT 3 LVEF;LVDD;LVDs

+8.54

68.29+4.07/68.56 | 75/75 MT+CR/MT 6 LVEE,LVDD;LVDs;PRO-BNP;CTNI;SDS;SAS;MLHFQ

+4.22

68.92+4.62/68.47 | 38/38 MT+CR/MT 3 CD-RISCGMLHFQ;6 MWT

+4.42

68.1+6.3/67.5+5.8 | 38/37 MT+CR/MT 6 6MWT;LVEF;LVDD; BNP

71.9+6.3/71.8+6.8 | 100/100 MT+CR/MT 2-6 6MWT;MLHF;QOL;NYHA;Borg;Readmission
rate; Death rate

71.9/71.8 100/100 MT+CR/MT 6-60 6MWT;MLHF;QOL; Borg;

69.7+10.9/69.9+11 | 107/109 MT+CR/MT 4-12 QOL;MLHFQ;HADS;SCHEFI; ISWT

71.6/73.9 53/52 MT+CR/MT 3-12 MLHFQ;HFNAQ;6 MWT;NYHA;

RCT: Randomized controlled trial E: Experimental group C: Control group MT: Medication Therapy CR: CR M: Month LVEF: Left ventricular ejection fraction LVDD:
Left ventricular end-diastolic diameter MLHFQ: Minnesota Living with Heart Failure Questionnaire BNP:B natriuretic peptide PRO-BNP: PRO-B natriuretic peptide
6MWT: 6-min walk test LVDs: Left ventricular end-diastolic diameter QOL: Quality of life scale ESES: Exercise self-efficacy Scale CPET: Cardiopulmonary exercise test
Borg: Dyspnea score HPLP-II: Health promotes lifestyle peakSV: Peak stroke volume peakCO: Peak Cardiac Output TPVR: Total peripheral vascular resistance SF-36:
Short Form-36 Health Status Questionnaire SDS: Self-Rating Depression Scale SAS: Self-rating anxiety scale CD-RISC: CD-Resilience Scale HFNAQ: Heart failure

needs Assessment questionnaire SCHFI: Heart failure Self-care Scale ISWT: Incremental shuttle walking test.

https://doi.org/10.1371/journal.pone.0273251.t001
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Influence of CR on 6MWT of patients. This study included 9 articles [12-14,17-22]
reporting the effect of CR on 6MWT in patients. 6MWT was detected in 387 patients in the
experimental group and 374 patients in the control group. After the heterogeneity test, the
results showed that I* = 88%, P<0.00001, indicating that there is obvious heterogeneity in the lit-
erature. Analysis was performed using REM. The results of meta-analysis showed that
[MD = 62.66,95%CI(44.40,80.92), P<0.00001]. Therefore, there was a statistically significant dif-
ference in 6MWT between the two groups after CR (P<0.05). The forest map is shown in Fig 6.

Influence of CR on readmission rate of patients. This study included 4 articles
[13,14,20,23] reporting the effect of CR on Readmission rate in patients. The readmission rate
was calculated for 214 patients in the experimental group and 224 patients in the control
group. After the heterogeneity test, the results showed that I* = 0%, P = 0.88, indicating that
there is no heterogeneity in the literature. Analysis was performed using FE. The results of the
meta-analysis showed that [OR = 0.32,95%CI(0.21,0.49), P<0.000001]. Therefore, there was a
statistically significant difference in the rate of readmission after CR between the two groups
(P<0.05). The forest map is shown in Fig 7.

Discussion
Methodological quality evaluation of the included literature

A total of 16 RCTs [11-26] were selected for this meta-analysis, of which 12 were randomized,
3 were randomized concealment, and 3 were blinded to outcome assessors. The poor quality
of some included literatures may lead to a higher risk of bias, thus affecting the accuracy of the
system evaluation. All studies were compared with baseline data and showed comparability.

Heterogeneity analysis of this study

In this meta-analysis, there was heterogeneity in the three outcome index groups of LVEF,

LVEDD and 6MWT. First, we checked the original data and inclusion methods of the included
study and found no errors. Then, the combined mean of the remaining studies remained stable
by case elimination method. Finally, we performed subgroup analysis and found no difference
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Fig 3. Literature bias risk.
https://doi.org/10.1371/journal.pone.0273251.9003

from the overall analysis. The main sources of heterogeneity were as follows: 1. Most selected
RCTS were of low quality and poor methodological quality; 2. Assessment methods are differ-
ent for each study; 3. There are differences in nationality, living habits, underlying diseases
and follow-up time of included samples; 4. Differences exist in the level of researchers and
intervention methods.

Primary outcomes

CHEF, also known as a malignant disease in heart disease [27], is a clinical syndrome character-
ized by impaired ventricular filling or ejection capacity due to structural abnormalities of the
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
FANG KH2020 523 519 75 4581 4.24 75 14.8% 6.49 [4.97,8.01) =
HU YH2020 4943 4.86 47 41.75 453 47 14.6% 7.68[5.78,9.58) =
KANG TD2017 47 4 44 43 8 44 141% 4.00[1.36, 6.64) =
LIAO JX2020 475 7.53 52 4659 7.23 52 13.9% 0.91 [-1.93, 3.75) T
LUO YL 2015 53.77 7.544 35 56.03 6.92 37 135%  -2.26[-5.61,1.09) ==
XIAO YL2021 5789 555 35 4896 513 35 142% 8.93[6.43,11.43) -
ZU LFYYKM2018 55.4 33 38 42 29 37 149% 13.40([11.99,14.81) b
Total (95% ClI) 326 327 100.0% 5.73 [2.05, 9.40] <>

Heterogeneity: Tau®= 23.15; Chi*= 128.91, df= 6 (P < 0.00001); I*= 95%

Test for overall effect: Z = 3.05 (P = 0.002) LD PR

Favours [experimental] Favours [control]
Fig 4. Influence of CR on LVEF of patients.
https://doi.org/10.1371/journal.pone.0273251.g004

heart or cardiac dysfunction and it is the ultimate destination for various heart diseases. The
2018 American Heart Association (AHA) report stated that there are currently about 6.5 mil-
lion CHF patients in the United States, and the prevalence of CHF in the elderly will increase
by 46% by 2030 [28]. According to the "China Cardiovascular Disease Report 2017" (6), there
are 4.5 million heart failure patients in my country, and the hospitalized heart failure mortality
rate is 5.3%, and the incidence of CHF in the elderly will continue to rise in the future. In
recent years, the treatment and management of CHF has progressed rapidly thanks to the
development of drug and non-drug treatment options. However, most patients with CHF still
face the situation of poor quality of life, repeated disease and low survival rate. It is currently
believed that the treatment goals of CHF control symptoms, improve quality of life, inhibit
myocardial remodeling, delay disease progression, and prevent disease recurrence, thereby
reducing heart failure hospitalization and mortality. Compared with heart failure patients of
other ages, elderly patients with heart failure have the characteristics of weakened tissues and
organs, reduced exercise tolerance, more co-morbidities, poor compliance, high stress, and
pessimism [29]. In addition to conventional treatment, effective CR is particularly important.
important. CR can slow down and inhibit the progression of atherosclerosis through the com-
prehensive intervention of five prescriptions: drug, exercise, nutrition, psychological improve
and patient education; improve exercise tolerance, quality of life; the function of circulatory
system and reduce cardiovascular disease Mortality, control of risk factors, and overall
improvement of patient outcomes. CR for CHF began at the end of the last century. Evidence-
based medical evidence confirms that CR can reduce the rehospitalization rate and mortality
of patients with CHF, improve exercise tolerance and quality of life, and control social medical
care. This study systematically evaluated the clinical efficacy of CR on elderly patients with

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV. Random. 95% CI IV. Random, 95% CI
FANG KH2020 4834 36 75 56.28 4.15 75 181% -7.94[-9.18,-6.70] -
HU YH2020 47.27 3.63 47 5356 34 47 17.9% -6.29[-7.71,-4.87) =
KANG TD2017 48 6 44 53 9 44 148% -5.00([-8.20,-1.80] -
LUO YL 2015 5186 53 35 5014 517 37 16.3% 1.72[-0.70, 4.14) =
XIAO YL2021 42.07 5.68 35 4984 6.41 35 155% -7.77[-10.61,-4.93] -
ZU LFYYKM2018 551 4.2 38 585 4 37 17.3% -3.40[-5.26,-1.54] o
Total (95% CI) 274 275 100.0% -4.82[-7.49,-2.15] L 2
Heterogeneity: Tau®= 9.84; Chi*= 57.36, df= 5 (P < 0.00001); IF=91% {

-50 .25 0 25 50

Testfor overall effect. Z= 3.54 (P = 0.0004) Favours [experimental] Favours [control]

Fig 5. Influence of CR on LVEDD of patients.
https://doi.org/10.1371/journal.pone.0273251.9005
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV. Random, 95% CI IV. Random, 95% ClI
Davidson 2010 361.2 13234 50 274.98 106.6 42 69% 86.22(37.38,135.06] -
HUIHP2020 3421 54.2 58 2855 715 54 11.1% 56.60 [32.97, 80.23] .
JINLJ2019 41083 31.63 35 341.93 34.88 35 124% 68.90 [53.30, 84.50] T
KANG TD2017 3 50 44 202 44 44 11.8% 119.00(99.32, 138.68] -
LIAO JX2020 380.49 61.4 52 330.39 60.21 52 11.2% 50.10[26.73, 73.47] —
LIV LP2020 378.56 43.21 25 32868 2557 25 11.8% 49.88 [30.20, 69.56) —
SHEN F2019 3924 184 50 3537 174 50 13.4% 38.70 [31.74, 45.66) =
XIAO YL2021 427.86 4783 35 359.67 34.56 35 11.8% 68.19 [48.64, 87.74] e
ZU LFYYKM2018 4375 7.2 38 4048 68 37 97% 32.70(1.20, 64.20] =
Total (95% Cl) 387 374 100.0% 62.66 [44.40, 80.92] >

ity 2= - Chif= = - R= ; + + J
Heterogeneity: Tau®= 636.37; Chi*= 69.23, df= 8 (P < 0.00001); F= 88% 00 b0 100 200

Test for overall effect. Z= 6.72 (P < 0.00001) Favours [experimental] Favours [control]

Fig 6. Influence of CR on 6MWT of patients.
https://doi.org/10.1371/journal.pone.0273251.9006

CHEF, in order to provide a reference for clinical diagnosis and treatment. Echocardiography is
a common method for evaluating cardiac function, with a positive diagnostic rate of 95.48%
[30]. LVEF and LVEDD are commonly used parameters of cardiac ultrasound, and LVEF
value is positively correlated with myocardial contractility; LVEDD can reflect the degree of
coronary atherosclerosis in patients to a certain extent [31]. Among the 16 included studies, 7
studies [11-17] and 6 studies [11,12,14-17] performed LVEF, LVEDD detection. The analysis
showed that compared with conventional treatment, CR for elderly patients with CHF can sig-
nificantly improve LVEF, reduce LVEDD, and improve cardiac function. 6MWT is a sensitive
indicator for evaluating exercise tolerance and functional compensation in patients with heart
failure. It is non-invasive, simple, safe, and highly reproducible. It is positively correlated with
exercise tolerance and cardiac function [32]. Of the 16 included studies, nine studies [12—
14,17-22] assessed changes in 6MWT after participation in CR in patients with heart failure.
The results show that compared with conventional treatment, CR can significantly increase
the SMWT distance and improve exercise tolerance in elderly patients with CHF. The read-
mission rate is a huge challenge faced by heart failure patients, an important indicator for eval-
uating the patient’s cardiac function and prognosis, and a key factor related to medical costs.
Of the 16 included studies, 4 studies [13,14,20,23] measured changes in readmission rates in
patients with heart failure who participated in cardiac rehabilitation. Results showed that per-
forming CR significantly reduced readmission rates in elderly patients with CHF compared
with usual care.

Study limitations and future recommendations

This systematic analysis has the following limitations: (1) Jadad quality rating scale was used to
evaluate, and all 16 included studies were randomized, and 3 studies [23,25,26] had incomplete
descriptions of randomization; 3 studies [22,23,25] reported allocation concealment, and 3
studies [22,23,25] had Patients were blinded; most of the samples were small in size and low in
quality; (2) most of the studies were combined with obvious heterogeneity, which was consid-
ered to be related to the study design, study methodology, sample differences, etc.; (3) none of

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% CI M.H, Fixed. 95% CI
Austin 2005 1 85 33 94 411%  0.37(0.20,068 ——
JIN LJ2019 2 35 9 35 11.8% 0.22[0.05, 0.96) =
KANG TD2017 5 42 14 43 18.2% 0.37(0.14,0.93) ——
LIAO JX2020 6 52 22 52 28.9% 0.27[0.12,0.62) —
Total (95% Cl) 214 224 100.0%  0.32[0.21,0.49] <>
Total events 24 78
Heterogeneity: Chi*= 0.66, df= 3 (P = 0.88), F= 0% h.01 011 1'0 100‘

Testfor overall effect: Z= 5.33 (P < 0.00001) Favours [experimental] Favours [control]

Fig 7. Influence of CR on Readmission rate of patients.

https://doi.org/10.1371/journal.pone.0273251.9007
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the included literature found Negative results may have publication bias; (4) The duration of
CR is very different and carries a potential risk of bias; (5) the included literatures are mostly
domestic studies.

Based on the above limitations, the following suggestions are put forward for future
research: (1) It is necessary to carry out multi-center, large-sample, high-quality double-blind
randomized controlled studies; (2) To develop a more scientific and reasonable research
design, high-quality methodological research, pay attention to The application of randomiza-
tion, allocation concealment and blinding (3) multi-regional and multi-ethnic research needs
to be carried out; (4) appropriately increase the follow-up time.

Conclusions

In this study, 16 articles were included in a meta-analysis to discuss the impact of CR on
elderly patients with CHF. Significant differences were found between the two groups in terms
of LVEF, LVEDD, readmission rate, and 6MWT (P < 0.05). CR can significantly improve car-
diac function, increase exercise tolerance, reduce the degree of arteriosclerosis, improve
patient prognosis, and reduce readmission rates in elderly patients with heart failure.
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