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Introduction
Despite treatment advances and improvements in 5-year survival 
rates, pediatric cancer survivors frequently experience adverse 
events related to the disease and its treatment [1]. Cardiovascular 
disease is the main cause of morbidity and mortality among child-

hood cancer survivors (CCS) [2, 3]. Anthracycline-induced cardio-
toxicity is among the most frequent adverse effects observed in 
this patient population [4, 5], although CCS present with a lower 
left ventricular function (i. e., echocardiography-assessed ejection 
[LVEF] and fractional shortening [FS]) than their healthy peers irre-
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Abstrac t

This study analyzed the effects of physical exercise interven-
tions on cardiovascular endpoints in childhood cancer survi-
vors. Relevant articles were systematically searched in PubMed, 
CINAHL, and Web of Science databases (since inception to 11th 
September 2019). We performed a meta-analysis (random ef-
fects) to determine the mean difference (expressed together 
with 95 % confidence intervals) between pre- and post-inter-
vention values for those cardiovascular endpoints reported in 
more than three studies. Twenty-seven studies (of which 16 
were controlled studies) comprising 697 participants were in-
cluded. Only three studies reported adverse events related to 
exercise interventions. Exercise resulted in an increased per-
formance on the 6-minute walk distance test (mean differ-
ence = 111 m, 95 % confidence interval = 39–183, p = 0.003) and 
a non-significant trend (mean difference = 1.97 ml∙kg − 1∙min − 1, 
95 % confidence interval =  − 0.12–4.06, p = 0.065) for improve-
ment in peak oxygen uptake. Furthermore, left ventricular ejec-
tion fraction was preserved after exercise interventions (mean 
difference = 0.29 %, 95 % confidence interval =  − 1.41–1.99, 
p = 0.738). In summary, exercise interventions might exert a 
cardioprotective effect in childhood cancer survivors by im-
proving – or attenuating the decline of – physical capacity and 
cardiovascular function. Further studies, particularly rand-
omized controlled trials, are needed to confirm these benefits.
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spective of the treatment received – that is, whether or not they 
had been treated with anthracyclines [6]. Thus, developing effec-
tive cardioprotective strategies is a clinical aspiration.

Dexrazoxane (ICRF-187) is arguably the most studied of the avail-
able cardioprotective agents and is associated with a statistically sig-
nificant risk reduction for most cardiotoxic outcomes [7]. However, 
evidence suggests that in some contexts (e. g., when supplied con-
currently with cancer therapies) this medication may increase the 
risk of developing second malignant neoplasms [7]. Exercise inter-
ventions have proven to be safe and to play a cardioprotective role 
by improving or at least mitigating cancer/treatment-related ad-
verse effects on cardiovascular status. For instance, we recently 
found that in-hospital exercise interventions in CCS during treat-
ment attenuated the impairment in LV function without increasing 
the risk of mortality, disease relapse, or metastasis [8]. Further-
more, there is meta-analytic evidence supporting the effectiveness 
of physical exercise for the improvement of cardiorespiratory fit-
ness (CRF) in this population [9]. However, to our knowledge there 
is no meta-analytical evidence supporting the effectiveness of 
physical exercise interventions on the cardiovascular system in this 
patient population. Accordingly, in the present systematic review 
and meta-analysis, we aimed to summarize the evidence on the  
effects of exercise training intervention (duration ≥ 3 weeks) on car-
diovascular endpoints in CCS.

Materials and Methods
The conduct and reporting of the current systematic review and 
meta-analysis conform to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses [10] as well as journal stand-
ards [11].

Systematic search
Two authors (J.S.M. and P.L.V.) independently performed the sys-
tematic search for relevant articles written in English and screened 
by title and abstract in the electronic databases PubMed, CINAHL, 
and Web of Science (from inception to September 11, 2019) using 
the following strategy: (child * OR adolescen * OR pediatric) AND 
(exercise OR “physical activity” OR training) AND (cancer OR tumor 
OR neoplasm OR maligna * OR leukemia OR leukaemia OR oncol-
ogy). The electronic search was supplemented with a manual re-
view of reference lists from relevant publications to locate addi-
tional publications. Gray literature (e. g., abstracts, conference pro-
ceedings and editorials) and reviews were excluded. Disagreements 
were resolved through discussion with a third author (A.M.H.O.).

Study selection and data extraction
Studies were eligible for inclusion if they met all following criteria: 
a) assessing CCS during or after treatment, b) including an exercise 
intervention of ≥ 3 weeks composed of aerobic and/or strength ex-
ercises, and c) evaluating ≥ 1 endpoint related to cardiovascular 
health. Having a control group (i. e., a group performing no exer-
cise) was not required for a study to be included. In those studies 
that included a control group of participants who were not CCS, 
only the results of the intervention group were considered in the 
analyses. Case studies (i. e., with one or two subjects) were exclud-
ed from the analysis.

Two authors (J.S.M. and P.L.V.) independently extracted the fol-
lowing data from each study, if available: number, sex, and age of 
participants; main cancer characteristics (cancer type, age at diag-
nosis, time since diagnosis and treatment, time of remission, and 
anti-cancer treatment received); interventions’ characteristics; car-
diovascular endpoints assessed; measurement methods; and main 
results. Main outcomes’ data were extracted as mean and standard 
deviation (SD) or in a manner allowing their transformation into 
mean and SD. Two studies provided the median and interquartile 
range instead of the mean and SD [12, 13] and transformations 
were made with the formula proposed by Hozo et al [14]. Disagree-
ments were resolved through discussion with a third reviewer 
(A.C.G.). We contacted the corresponding author of each study 
when necessary to clarify any uncertainty or to request additional 
data. In this regard, three authors provided the required specific 
data upon request: San Juan et al. [15], Long et al. [16], and Rath 
et al. [13].

Quality assessment of the included studies
The methodological quality of the included studies was assessed 
with the PEDro scale, which is based on the Delphi list [17]. Two au-
thors (J.S.M and A.C.G.) independently scored the studies, and dis-
agreements were resolved through discussion with a third author 
(A.M.H.O.). A total score of 0–10 was determined by counting the 
number of criteria satisfied by each study (see footnote in ▶Table 1 
for a brief description of criteria). Study quality was rated as poor 
(PEDro score ≤ 3), fair (4–5), or high ( > 5).

Statistical analysis
We performed a meta-analysis using a random effects model to 
compute the mean difference (MD, expressed along with the 95 % 
confidence interval [CI]) between pre- and post-intervention data 
for those endpoints assessed in ≥ 3 studies and using the same as-
sessment method. When possible, we performed a sub-analysis 
based on whether participants were still under treatment or not. 
The weight assigned to each study in the meta-analysis was defined 
by the SD of the endpoints and the sample size. Begg’s test was 
used to determine the presence of publication bias, and the Q and 
I2 statistics were used to assess heterogeneity across studies. The 
level of significance was set at 0.05. All statistical analyses were per-
formed using the statistical software package MIX 2.0 Pro for Excel 
software [18].

Results

Study selection
From the retrieved articles, 27 studies [8, 12, 13, 15, 16, 19–40] 
were finally included in the systematic review (▶Fig. 1). The char-
acteristics of the included studies are summarized in ▶Tables 2 
and ▶3. Sixteen studies included a non-exercising control group 
[8, 12, 15, 16, 19–21, 23, 25, 27, 31, 34–36, 38, 39], of which seven 
were randomized controlled trials [20, 21, 25, 27, 31, 34, 36], five 
used a parallel design [8, 12, 15, 19, 35], three used a crossover de-
sign [16, 38, 39], two used a control group composed of partici-
pants who were not CCS [15, 19], and one used a ‘historical’ con-
trol group whose medical conditions were comparable with those 
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of the intervention group [23]. The remaining studies were non-
controlled trials [13, 22, 24, 26, 28–30, 32, 33, 37, 40].

Quality assessment and publication bias
The quality of the included studies was overall fair (median PEDro 
score = 4, range 0–8; ▶Table 1). Fifteen studies were deemed to 
have poor methodological quality [13, 15, 16, 19, 22, 24, 26, 28–
30, 32, 33, 35, 37, 40], seven had fair quality [8, 12, 23, 34, 36, 38, 39], 
and the remainder were considered to present a high quality 
[20, 21, 25, 27, 31].

Characteristics of participants and interventions
The retrieved studies included a total of 697 participants (range 
4–169), of which 669 were CCS and 28 were healthy children. Two 
participants from two studies were excluded because they had non-
cancer-related hematological disorders [12, 33]. Some studies ana-

lyzed the same sample (Braam et al. [20, 21], Järvela et al. [28–30], 
Riggs et al. [39], and Piscione et al. [38]), and thus we used only one 
study in each case to compute the total number of subjects.

The included studies analyzed children/adolescents and adult 
survivors (average age range 5–38 years) with different types of 
childhood cancer (the most common being leukemias) during or 
after treatment completion. Sixteen studies [8, 15, 19–21, 23–
27, 31, 32, 34–37] analyzed the effects of physical exercise inter-
ventions in CCS during treatment (or at least 50 % of the included 
CCS were in active treatment) and 11 studies [12, 13, 16, 22, 28–
30, 33, 38–40] analyzed CCS who had already finished anti-cancer 
therapy. The age at diagnosis ranged from zero to 15 years, the 
time since diagnosis from one to 22 years, and the time since the 
end of treatment of those CCS who had already finished treatment 
from zero to 21 years. Three of the included studies did not report 

▶Table 1	 Quality of the studies included in the systematic review.

Items

Study 1 2 3 4 5 6 7 8 9 10 11 Total 
Score * 

Beulertz et al. [19]  +  – ? – ? ? –  +  ?  +   +  3

Braam et al. [20]  +   +   +   +  ? ?  +   +   +   +   +  8

Braam et al. [21]  +   +   +   +  ? ?  +   +   +   +   +  8

Chamorro-Viña et al. [23]  +  N/A N/A  +  N/A N/A  +   +  ?  +   +  5

Cox et al. [25]  +   +   +   +  ?  +  ?  +  ?  +   +  7

Dubnov-Raz et al. [12]  +  – N/A  +  – – –  +  ?  +   +  4

Esbenshade et al. [26]  +  N/A N/A N/A N/A N/A N/A – ? N/A – 0

Fiuza-Luces et al. [27]  +   +   +   +  ? ?  +   +   +   +   +  8

Järvelä et al. [28]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

Järvelä et al. [29]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

Järvelä et al. [30]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

Keats & Culos-Reed et al. [32]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

Kim & Park [33]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

Long et al. [16]  +  – ? – – – –  +  ?  +   +  3

Marchese et al. [31]  +   +  ?  +  ? ? ?  +  ?  +   +  6

Morales et al. [8]  +  – –  +  – – –  +   +   +   +  5

Moyer-Mileur et al. [34]  +   +  ?  +  ? ? ?  +  ?  +   +  5

Piscione et al. [38]  +   +   +  – – – –  +  ?  +   +  5

Rath et al. [13]  +  – ? N/A – – – – ? N/A  +  1

Riggs et al. [39]  +   +   +  – – – –  +  ?  +   +  5

San Juan et al. [24]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A  +  2

San Juan et al. [15]  +  N/A N/A N/A N/A N/A N/A  +  ?  +   +  3

Shore & Shepard [35]  +  N/A N/A N/A N/A N/A N/A  +  ?  +   +  3

Smith et al. [40]  +  N/A N/A N/A N/A N/A N/A  +  ? N/A – 1

Su et al. [37]  +  N/A N/A N/A N/A N/A N/A –  +  N/A  +  2

Takken et al. [22]  +  N/A N/A N/A N/A N/A N/A – ? N/A – 0

Tanir & Kuguoglu [36]  +   +  ?  +  ? ? ?  +  ?  +   +  5

Column numbers correspond to the following criteria on the PEDro scale: 1 – Eligibility criteria were specified 2 – Subjects were randomly allocated to 
groups (or, in a crossover study, subjects were randomly allocated an order in which treatments were received) 3 – Allocation was concealed 4 – Groups 
were similar at baseline 5 – Subjects were blinded 6 – Therapists who administered the treatment were blinded 7 – Assessors were blinded 8 – Measures 
of key outcomes were obtained from more than 85 % of subjects 9 – Data were analyzed by intention to treat 10 – Statistical comparisons between 
groups were conducted 11 – Point measures and measures of variability were provided  * A total score out of 10 is determined from the number of criteria 
that are satisfied, except that scale item 1 is not used to generate the total score. + Indicates the criterion was clearly satisfied; – indicates that it was not; ? 
indicates that it is not clear whether the criterion was satisfied; N/A indicates that it was not applicable.
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the age at diagnosis, four did not report the time since diagnosis, 
and four did not report the time since the end of treatment.

Exercise interventions were supervised in 16 studies [8, 12, 13, 
15, 16, 19–24, 27, 32, 33, 38, 39] and mixed in four [25, 31, 35, 37]. 
The remainder were not supervised [26, 28–30, 34, 36, 40]. Exercise 
interventions consisted of aerobic exercise [35, 37–39] or a combi-
nation of both aerobic and resistance exercise [8, 12, 13, 15, 16, 19–
34, 36, 40], lasted 3 weeks to 2.5 years, and were performed 1–6 
days per week. Exercise intensity ranged from 50 to 60 % of one-
repetition maximum for resistance exercise, and between 50 
and > 90 % heart rate peak for aerobic exercise. Fourteen out of the 
27 studies did not register exercise intensity.

The prevalence of adverse events associated with the exercise 
intervention was reported in 16 studies [8, 13, 15, 19–24, 27, 31–
33, 37, 39, 40], and only three of them found adverse events 
[13, 19, 22]: in the study of Beulertz et al. [19] a participant dislo-
cated his patella, Rath et al. [13] reported a fall during an exercise 
session, and Takken et al. [22] reported headache, muscle soreness, 
fatigue, and hyperventilation during the exercise interventions.

Endpoints
Cardiorespiratory fitness
Twelve studies [12, 15, 16, 20–22, 24, 27, 28, 35, 38, 40] analyzed CRF 
through the measurement of peak oxygen uptake (VO2peak). Of these, 

nine could be meta-analyzed, showing a non-significant trend towards 
an improvement in VO2peak (n = 118, MD = 1.97 ml∙kg − 1∙min − 1, 
95 %CI = 0.12–4.06, p = 0.065, ▶Fig. 2a), with no signs of heteroge-
neity (Q = 4.633, I2 = 0 %) and no signs of publication bias (p = 0.602). 
Three studies [20, 35, 38] could not be meta-analyzed because post-
intervention assessment was performed one month after completion 
of the exercise intervention [20], data could not be obtained because 
the authors could not be contacted [35], and the authors could not 
analyze the data because of participants’ refusal and difficulties per-
forming the necessary procedures [38]. In the latter case, Piscione  
et al. [38] used pro-rated work rate as a proxy measure of CRF, finding 
a significant improvement after the exercise intervention. Sub-analy-
ses revealed no differences for VO2peak in CCS who were still under 
treatment (n = 69, MD = 2.26 ml∙kg − 1∙min − 1, 95 %CI = –0.54–5.07, 
p = 0.114) or who had already finished anti-cancer therapy (n = 49, 
MD = 1.62 ml∙kg − 1∙min − 1, 95 %CI = –2.62–5.86, p = 0.453).

Ten studies [19, 25, 26, 31–34, 36, 37, 39] analyzed the effects 
of exercise on CRF assessed with submaximal tests. Four studies 
[25, 26, 37, 39] evaluated CRF using the 6-minute walk distance 
(6MWD) test, although data from one [39] study could not be ob-
tained despite contacting the authors. From the three studies me-
ta-analyzed, a significant increase in 6MWD performance was found 
(n = 66, MD = 111 m, 95 %CI = 39–183, p = 0.003, ▶Fig. 2b) with no 
evidence of publication bias (p = 1) but with heterogeneity between 
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47 full-text articles assessed
for eligibility

27 studies included in
qualitative synthesis

Full-text articles excluded (n = 20)
Reasons:

– Did not analyze a cardiac-related endpoint (n = 14)
– Did not include an exercise intervention (n = 1)

– Participants were adults when diagnosed (n = 2)
– Combined voluntary exercise with passive strategies

(n = 1)
– Included children with non-cancer diseases (n = 2)

Records excluded by title and abstract
(n = 8 058)

14 studies included
in quantitative synthesis

Full-text articles excluded (n = 13)
Reasons:

– Necessary data were not available (n = 2)
– The minimum number of studies required (≥ 3) was

not achieved (n = 8)
– Post-intervention assessment was performed one
month after completion of the intervention (n = 1)

– Did not perform a post-intervention assessment (n = 1)
– Duplicate sample (n = 1)

▶Fig. 1	 Flow chart of literature search.
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studies (Q = 6.17, I2 = 67.58 %). No sub-analysis could be performed 
because the three meta-analyzed studies included CCS who were 
under treatment. Two studies [31, 36] used the 9-minute walk dis-
tance, with one [36] reporting an increased performance after ex-
ercise and the other study [31] finding no changes. One study [33] 
reported an improvement in overall physical fitness – but not in CRF 
– as measured through the physical activity promotion system, a 
standardized measurement table for primary school children in 

Korea that measures CRF, flexibility, muscle strength, quickness, 
and body mass index. No changes were found for CRF in the only 
study [19] that applied the Deutscher Motoriktest 6–18, a battery 
test that assesses endurance, strength, coordination, and flexibil-
ity. Another study [32] measured CRF using the fitnessgram, a phys-
ical fitness testing protocol that evaluates CRF, muscle strength, 
muscular endurance, flexibility, and body composition, finding that 
CRF increased at week 8 (mid-program) of the exercise interven-

Author (year)

a

b

c

Measure (CI) Weight % P value

Braam et al. (2018) 1.1 (– 3.46; 5.66) 20.98 % 0.63647

Fluza-Luces et al. (2017) 0.06 (– 3.71; 3.83) 30.65 % 0.97514

San Juan et al. (2007) 5.9 (– 0.44; 12.24) 10.86 % 0.06817

San Juan et al. (2008) 5.18 (– 0.57; 10.93) 13.21 % 0.07737

Dubnov-Raz et al. (2015) 4.9 (– 11.66; 21.46) 1.59 % 0.56193

Jarvela et al. (2012) 1.9 (– 4.66; 8.46) 10.15 % 0.57019

Long et al. (2018) 0.03 (– 9.67; 9.73) 4.63 % 0.99517

Smith et al. (2013) 4.36 (– 6.16; 14.88) 3.94 % 0.41685

Takken et al. (2009) – 1.25 (– 11.72; 9.22) 3.98 % 0.81501

Author (year) Measure (CI) Weight % P value

Cox et al. (2017) 76.34 (6.66; 146.02) 33.74 % 0.03177

Author (year) Measure (CI) Weight % P value

Jarvela et al. (2012) 0 (– 2.02; 2.02) 1.17 % 1

Morales et al. (2019) 0 (– 3.54; 3.54) 23.03 % 1

Smith et al. (2013) 5 (– 2.07; 12.07) 5.8 % 0.16552

Synthesis low 0.29 (– 1.41; 1.99) 100 % 0.73846

Esbenshade et al. (2014) 71.58 (0.9; 142.26) 33.44 % 0.04716

Su et al. (2018) 185.5 (112.77; 258.23) 32.82 % < 0.00001

0 50 100 150

MD

– 5 0 5 10 15
MD

200 250 300

Synthesis low 110.57 (38.55; 185.59) 100 % 0.00262

– 15 – 10 – 5 0 5

MD

10 15 20 25

Synthesis low 1.97 (– 0.12; 4.08) 100 % 0.0648

▶Fig. 2	 Effects (mean difference [MD] between pre-and post-intervention, expressed along with 95 % confidence intervals [CI]) of exercise inter-
ventions in childhood cancer survivors on peak oxygen uptake (panel a, in ml∙kg-1∙min − 1), on the distance walked in the 6-minute walk distance test 
(panel b, in meters), and on left ventricular ejection fraction (panel c, in %).
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tion, but with no changes at week 16 (end of the intervention). One 
study [34] found an increase in CRF measured through the 20-
meter shuttle run test after the exercise intervention.

Cardiovascular function and structure
Four studies assessed echocardiography-determined LV systolic 
function [8, 28, 30, 40]. Järvelä et al. [28, 30] used the same sam-
ple, and thus we could only meta-analyze three studies. Overall, 
LVEF was maintained with the exercise intervention (n = 44, 
MD = 0.29 %, 95 %CI = –1.41–1.99, p = 0.738, ▶Fig. 2c) with no signs 
of heterogeneity (Q = 1.811, I2 = 0 %) and no signs of publication 
bias (p = 0.296). Only one study [8] included a non-exercising con-
trol group, in which LVEF was significantly impaired in the control 
group compared with baseline at the end of the study. No sub-anal-
yses could be performed. Although the effects on FS were analyzed 
in three studies, two of them [28, 30] shared the same sample, and 
thus we could not meta-analyze this endpoint. One study [8] re-
ported that FS was preserved and reduced in the exercise and con-
trol groups, respectively, whereas in the studies by Järvelä et al. 
[28, 30], in which no control group was included, the FS was also 
preserved after exercise. One study [30] analyzed LV structure, find-
ing an increase in early diastolic mitral inflow velocity and peak cir-
cumferential strain rate and diastolic strain rate after exercise.

Two studies analyzed endothelial function and structure through 
vascular ultrasound. Of these, one reported a decrease in intima 
media thickness and an increase in brachial artery flow-mediated 
dilation [29], whereas the other found an increase in this parame-
ter and also in the delta diameter of the brachial artery [16].

Three studies [16, 23, 40] analyzed the effects of exercise on dif-
ferent markers of heart rate. Chamorro-Viña et al. [23] found a re-
duction in resting heart rate after the exercise intervention in chil-
dren during allogeneic hematopoietic stem cell transplant. The re-
maining studies found no changes in heart rate peak [40] or resting 
heart rate [16].

Four studies analyzed blood pressure [13, 16, 28, 40]. All of them 
measured systolic (SBP) and diastolic blood pressure (DBP) in the 
sitting [13, 28, 40] or supine [16, 28] position. No differences were 
observed for SBP (n = 59, MD = 1 mmHg, 95 %CI = –3–6, p = 0.605) 
or for DBP (n = 59, MD = 1 mmHg, 95 %CI = –6–8, p = 0.709). No sub-
analysis could be performed because the four meta-analyzed stud-
ies included CCS who had finished treatment.

Discussion
The main finding of this systematic review and meta-analysis is that 
exercise interventions increased CRF in CCS, as reflected by in-
creased performance on the 6MWD test and a trend towards im-
provement in VO2peak. Additionally, our results suggest that LV sys-
tolic function (i. e., LVEF) is preserved after exercise, and only three 
studies found any adverse event related to the exercise interven-
tion. Therefore, exercise appears to exert a cardioprotective effect 
in CCS by improving – or at least attenuating the decline of – phys-
ical capacity and cardiovascular function.

Our findings show that exercise interventions increase VO2peak and 
performance on the 6MWD test (specifically, 1.97 ml∙kg − 1∙min − 1 and 
111 m from baseline to post-intervention, respectively). To our 
knowledge, the minimal detectable change or minimal clinically 

important difference for this test in this patient population is un-
known. However, the observed improvement in the 6MWD test 
was well above the minimal detectable change reported for chil-
dren and adolescents with other conditions such as cystic fibrosis 
(i. e., 57–71 m) [41]. Cancer treatments are cardiotoxic, especially 
if they include anthracyclines [4, 5]. In turn, CRF, which seems to 
be enhanced with exercise, is a valid predictor of overall mortality 
and cardiovascular risk [42]. Further, there is meta-analytical evi-
dence showing that the VO2peak of survivors of childhood acute 
lymphoblastic leukemia is 13 % lower than in healthy controls [43]. 
Thus, the observed exercise benefits on CRF are clinically relevant. 
It must be noted that a previous meta-analysis reported that aero-
bic exercise can have beneficial effect on CRF in CCS [9], although 
this meta-analysis included only studies that performed an aerobic 
exercise intervention.

Treatment-related cardiac death is the leading non-malignant 
cause of death among CCS [44]. Data from preclinical models have 
demonstrated the cardioprotective effects of exercise against an-
thracycline-induced cardiotoxicity [45–47], but the evidence in hu-
mans after cancer diagnosis remains sparse [48]. Thus, another im-
portant finding of our study is that exercise interventions seem to 
exert a cardioprotective effect, maintaining LVEF with respect to 
baseline values. In this regard, a preserved LVEF and FS were ob-
served after a supervised in-hospital exercise intervention per-
formed during the acute phase of treatment in CCS (neoadjuvant 
for solid tumors and intensive chemotherapy treatment period for 
leukemias), whereas both parameters were decreased during the 
same time period in a control group that performed no exercise 
[8]. Therefore, although LV function did not improve in the present 
meta-analysis, the fact that exercise interventions attenuated its 
decline is also worth noting because CCS frequently experience im-
paired LV function (i. e., LVEF and FS) even after treatment has 
ended [6]. It should be noted that in the study by Morales et al. [8], 
exercise-associated benefits on LV function were not maintained 
at 1 year of follow-up or thereafter, suggesting that exercise should 
be ideally maintained after treatment has ended.

Some limitations of the present systematic review include the 
fair methodological quality and the small sample size of most in-
cluded studies (with only one out of the 27 studies including > 100 
participants). Another limitation of the present work is the heter-
ogeneity found across studies in terms of sample characteristics 
(different ages, cancer types, treatments and time since diagnosis 
and since end of treatment), and exercise interventions (different 
frequency, duration, and intensity). Further research is needed to 
elucidate how these individual factors influence exercise benefits 
on CCS. Further, one of the greatest limitations we found was that 
some data were not available in the original studies, and although 
we contacted the authors to solve this problem, not all of them re-
sponded.

Conclusions
Physical exercise interventions appear to exert a cardioprotective 
effect in CCS by improving – or at least attenuating the decline of 
– physical capacity (i. e., increased performance on the 6MWD test 
and a trend towards an increase in VO2peak) and cardiovascular func-
tion (i. e., preserved LVEF). However, more research (especially ran-
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domized controlled trials with larger sample sizes) is needed to con-
firm these findings.
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