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Preoperative exercise and recovery after

cardiac surgery: a meta-analysis
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Abstract

Background: To evaluate the association between preoperative exercise and recovery after cardiac surgery.

Methods: Literature comparing preoperative exercise and the control group for patients receiving cardiac surgery
was retrieved in multiple databases. Review Manager 5.2 was adopted for meta-analysis, sensitivity analysis and bias
analysis.

Results: Finally, 6 relevant studies satisfied the inclusion criteria. There was significant difference in length of stay in
intensive care unit (ICU) (MD- = 1.35, 95%CI [− 2.64, − 0.06], P = 0.04; P for heterogeneity < 0.0001, I2 = 88%) and
physical function after operation (P of heterogeneity = 0.32, I2 = 12%, Z = 9.92, P of over effect< 0.00001). The meta-
analysis suggested that there was no significant difference in white blood cell count (WBC) at postoperative day 7
and mental health after operation between the exercise group and the control group. Limited publication bias was
observed in this study.

Conclusion: Preoperative exercise including inhaled muscle training, aerobics, resistance training and stretching
could promote recovery after cardiac surgery.
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Background
Despite the rapid changes in science and technology,
cardiac surgery is still accompanied by complications
that increase morbidity and mortality [1, 2]. Postopera-
tive pulmonary complications (PPC) are a serious prob-
lem after cardiac surgery, and the reported prevalence is
between 5 and 90%, depending on the definition of com-
plications. These complications can lead to adverse con-
sequences and prolonged hospital stays, leading to
increased hospital costs and an important cause of hos-
pital mortality [3, 4].
Preoperative exercise training can prevent postopera-

tive pulmonary complications [3–5]. Several reports have
shown that interventional therapy can reduce the
incidence of postoperative complications and postopera-
tive hospital stay in patients undergoing cardiac surgery
[3–7].
It has been reported that the incidence of postopera-

tive pulmonary complications is closely related to the
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status of preoperative pulmonary function, so by im-
proving preoperative pulmonary function, postoperative
pulmonary complications can be effectively prevented
[8]. Respiratory muscles, like skeletal muscles, can im-
prove their muscle strength and endurance through ex-
ercise. Two weeks of deep inspiratory respiratory muscle
exercise can effectively improve blood perfusion of re-
spiratory muscle, enhance the quality and intensity of
muscle fibers, effectively improve the endurance of re-
spiratory muscle, and at the same time increase the
number of alveoli involved in gas exchange [9–11]. This
not only improves the ability of lung ventilation, but also
improves the ability of lung ventilation, thus increasing
the reserve of respiratory function and the ability of re-
spiratory muscle to resist fatigue.
Several articles have analyzed association between pre-

operative exercise and recovery after cardiac surgery, in
which there exist various research designs, recruit, exclu-
sion criteria and methods. A meta-analysis was needed
to analyze the relationship between preoperative exercise
and recovery after cardiac surgery.
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Fig. 1 The flow diagram of the study selection
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Methods
Literature search strategy
Between January 2001 and March 2019, a number of elec-
tronic databases were used, including PubMed, Ovid
EMBASE, Ovid MEDLINE and Cochrane databases, and
China National Knowledge Infrastructure (CNKI). Search
for keywords: exercise or exercise planning and heart
surgery. There are no restrictions on publishing lan-
guages. The study was initially reviewed for title and
abstract. In addition, it is checked whether the refer-
enced catalog of all the retrieved papers contains
qualified articles.
Table 1 Characteristics of studies included in the meta-analysis
Study Year Nation Age(years) Gender(

Chen [13] 2019 China 61.7 ± 7.9 1

Cho [14] 2014 Japan 64.5 ± 11.7

Shi [15] 2008 China 57.3 ± 12.3

Timmerman [16] 2010 Netherlands 61.2 ± 12.7

Tung [17] 2012 China 53.2 ± 10.7

Valkenet [18] 2013 Netherlands 67.3 ± 11.2 2
Study selection
Studies were included if:

(a) They were considered as randomized trials or case-
control studies.

(b) They compared exercise versus controls.
(c) They involved patients receiving cardiac surgery.

Studies were excluded if:

(a) They were case studies/meta-analyses/letter to
editors.
male/female) groups n Recruitment time

41/56 Exercise 98 June 2018 to September 2018

Control 99

69/3 Exercise 18 February 2007 to January 2013

Control 54

38/25 Exercise 35 September 2005 to May 2006

Control 28

29/10 Exercise 15 January 2006 to June 2006

Control 24

28/7 Exercise 15 September 2010 to April 2011

Control 20

30/116 Exercise 94 January 2008 to December 2009

Control 252



Fig. 2 Assessment of the quality of the included studies: low risk of bias (green hexagons), unclear risk of bias (yellow hexagons), and high risk of
bias (red hexagons)
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(b) Comparison between exercise and controls was not
made.

(c) Patients received other surgery.
(d) Data in research was limited or insufficient.
(e) They were duplicates.
Fig. 3 Quality assessment of the included studies
Data extraction and quality assessment
Two reviewers (Zheng and Zhang) independently
scanned the full text of the manuscript and extracted
the following data from each eligible article: first au-
thor’s name, age and gender distribution of the pa-
tient, country, year of publication, sample size and
time on collection of the article. The methodological
quality of the study was evaluated by the Cochrane
bias assessment tool [12].

Statistical analysis
The analysis used Review Manager 5.2 (Cochrane Collab-
oration, Oxford, UK). The effect size of the numerical var-
iables is described as the mean difference with 95%
confidence interval (CI); the classification data is
expressed as RR with 95%CI. We tested the heterogeneity
between studies using the I2 metric. In our study, 25%
(I2 = 25), 50% (I2 = 50) and 75% (I2 = 75) were considered
low, medium and high heterogeneity, respectively. When
I2 is greater than 50%, a random effects model is used;
otherwise, a fixed effect model is employed [12].

Results
Search process
A total of 857 articles on patients receiving exercise pro-
gram and controls were initially identified. After removal
of duplicated publications, 6 articles eventually met the
inclusion criteria. Totally 851 articles were excluded for
duplication, irrelevant studies, inappropriate data, re-
views, lack of or inappropriate control, other detection
methods, and no full-text articles available. Figure 1
shows the search process and the reasons for exclusion.
Among these 6 articles, 4 were involved in length of stay
in the ICU, 3 were involved in abnormal WBC at post-
operative day 7, 3 were involved in postoperative phys-
ical function, and 3 were involved in postoperative
mental health. The process of searching articles and
writing paper follows the PRISMA approach [11].



Fig. 4 Forest plots of length of stay in the ICU
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Characteristics of the included studies
Table 1 lists the characteristics of the included studies,
including first author, year of publication, country, age
range, gender distribution (male/female), sample size,
and time of recruitment. All of these articles were pub-
lished between 2001 and 2019. Sample sizes range from
35 to 346. A total of 752 patients were enrolled in these
studies, with 275 and 477 in the exercise and control
groups, respectively. Among included studies, exercise
programs include inhaled muscle training, aerobics, re-
sistance training and stretching [13–18].

Results of quality assessment
The Cochrane bias assessment tool was used to evaluate
the risk of bias in the 6 trials. One trial showed selection
bias, 1 trial showed detection bias, and 1 trial showed
reporting bias. The detailed results of the quality assess-
ment are listed in Fig. 2 and Fig. 3.

Results of heterogeneity test
Meta-analysis about length of stay in ICU
Four of the 6 included trials studied length of stay in the
ICU in the exercise group and the control group (Fig. 4).
The combined result suggested that there was significant
difference in length of stay in the ICU between the exer-
cise group and the control group. The control group had
significantly longer stay of ICU than the exercise group
(MD- = 1.35, 95%CI [− 2.64, − 0.06], P = 0.04; P for Het-
erogeneity < 0.0001, I2 = 88%).
Fig. 5 Forest plots of postoperative abnormal WBC at postoperative day 7
Meta-analysis about abnormal WBC at postoperative day 7
Three included trials studied abnormal WBC at postopera-
tive day 7 between the exercise group and the control
group. As shown in the forest plot (Fig. 5), the result of the
meta-analysis showed no significant statistical difference in
abnormal WBC at postoperative day 7 between the exercise
group and the control group (RR = 0.43, 95%CI [0.10, 1.81],
P = 0.25; P for heterogeneity = 0.66, I2= 0%).
Meta-analysis of postoperative physical function
In the analysis of postoperative physical function in the ex-
ercise group and the control group, 3 articles were in-
cluded. The results of heterogeneity test showed that fixed
effect model wad was needed to analyze the data (P of het-
erogeneity = 0.32, I2 = 12%). The overall effect was signifi-
cant and the overall MD was 6.81 (Z = 9.92, P of over
effect< 0.00001), which showed that the exercise group had
better postoperative physical function than the control
group (Fig. 6).
Meta-analysis of postoperative mental health
Three of the 6 studies involved postoperative mental
health. Three articles showed no difference in postopera-
tive mental health between the exercise group and the
control group. The results of the meta-analysis indicated
that postoperative mental health in exercise subjects was
similar to controls (MD = -0.01, 95%CI [− 1.55, 1.52],
P = 0.99; P for Heterogeneity = 0.34, I2 = 7%). The forest



Fig. 6 Forest plots of postoperative physical function
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plot for postoperative mental health in the exercise
group and the control group is shown in Fig. 7.
Results of sensitivity analysis and publication Bias
To examine the stability of the outcome, a sensitivity
analysis was needed. A relative outlier was excluded, and
the results demonstrated that in heterogeneity, I2 of sen-
sitivity for exercise and control value changed from 88
to 75%. It indicated that the heterogeneity was mainly
due to the study by Chen et al. in 2019. The forest plot
without Chen et al.’s article is shown in Fig. 8a.
A funnel plot for length of stay in the ICU using exercise

and control was performed. All the studies were included
in the plot. To some extent, the results indicated that
there existed some publication bias since the symmetrical
characteristic of the funnel plot was not so good (Fig. 8b).
Discussion
The World Health Organization (WHO) said that by 2020,
heart disease will be the world’s leading cause of death, and
it is estimated that 25 million people will suffer from heart
disease each year [19]. In the 1940s, researchers put forward
active exercise for heart disease. People gradually realized
the benefits of active exercise to the cardiac system. Espe-
cially in the treatment of cardiac disease, more and more
attention has been paid to active exercise. Studies have
shown that if patients with heart disease can carry out regu-
lar physical activity and understand how to control cardiac
risk factors and postoperative events, rehospitalization rate
and mortality rate can be significantly reduced. In recent
decades, for patients with heart disease, in addition to drug
Fig. 7 Forest plots of postoperative mental health
treatment and lifestyle changes, active exercise has become
an important treatment [19–21].
Insufficient exercise training for patients with heart

disease may lead to adverse consequences and increase
surgical complications [22, 23]. Preoperative active exer-
cise among patients with coronary heart disease can
promote their own physiological changes, thus promot-
ing recovery after CABG. Physical activity increases the
cardiac reserve of patients, reduces oxygen consumption
of the myocardium, reduces the load of contraction and
relaxation, and improves the metabolism of blood lipids
and carbon oxides. Active exercise can effectively im-
prove and correct the imbalance of coronary artery
endothelial function, and then promote the rehabilita-
tion process of patients with coronary heart disease
[17, 24].
Some studies have shown that exercise therapy can

improve the range of motion in the joint, enhance
muscle tension, promote blood circulation, regulate the
function of the main organs of the body, and improve
the mood and the ability of daily life [25, 26]. Exercise
can improve cerebral blood flow, increase heart rate, in-
crease ventilation and promote recovery. According to
the results of length of stay in ICU, this study shows that
active preoperative physical activity can shorten postop-
erative hospital stay and reduce postoperative complica-
tions in patients with CABG.
Our results support the point that preoperative exer-

cise can shorten the stay in ICU among patients receiv-
ing cardiac surgery, and this conclusion is consistent
with Valkenet et al. who showed that prophylactic
physiotherapy of inspiratory muscle training for 5 days



Fig. 8 a Sensitivity analysis forest plots about length of stay in ICU excluding apparent outlier study (Chen et al. [13]) b Funnel plot of
publication bias
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before cardiac surgery increased inspiratory intensity, re-
duced the incidence of postoperative pulmonary compli-
cations and shortened hospital stay [24].
The postoperative physical function in the exercise

group was better than that of the control group, and the
reason might be that preoperative inspiratory muscle
training is a useful intervention for patients undergoing
cardiac surgery. Inspiratory muscle training improves
forced inspiratory volume, forced vital capacity and max-
imum voluntary ventilation in the first second of cardiac
surgery, which may improve their ability to cough, dis-
charge secretions, and reduce postoperative pulmonary
complications.
In the analysis of postoperative abnormal WBC at

postoperative day 7 and postoperative mental health,
there was no significant difference between the exercise
group and the control group in our study. These might
indicate that the postoperative complications and mental
health had no difference whether patients receive pre-
operative exercise.

Conclusions
In conclusion, the present study showed that length of
stay in the ICU and postoperative physical function in
the exercise group were better than those of the control
group. But no significant difference was observed in
complications and mental health. Our results suggested
that preoperative exercise may be helpful for postopera-
tive cardiac recovery. However, our findings should be
carefully considered with caution due to small sample
size. Studies in various areas with large study popula-
tions are essential to further confirm our findings in the
future.
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