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Abstract

Background: There is scant evidence regarding the effects of exercise type and duration on quality of life (QoL) in digestive system cancer
(DSC) survivors. We aim to investigate the optimal type and duration of exercises to improve QoL for DSC survivors through a systematic
review and network meta-analysis.

Methods: A systematic literature search of PubMed, EMBASE, and Web of Science was performed. Eligibility for study inclusion was limited to
studies that were randomized controlled trials involving all kinds of exercise in adult patients with DSCs, and the comparator was in standard
care or other types of exercise. The primary outcome was QoL, including general health, physical health, mental health, and role function. Sec-
ondary outcomes included cancer-related symptoms such as fatigue, insomnia, depression, anxiety, and duration of hospital stay. The network
meta-analyses were performed using a random-effect model.

Results: The analysis included 32 eligible articles and a total of 2558 participants. Our primary outcome indicated that short-term aerobic exer-
cise significantly enhanced general health (standardized mean differences (SMDs) = 0.66, 95% credible intervals (Crls): 0.05 to 1.3, and also
contributed to a better mental health (SMD =0.37, 95%CrI: —0.06 to 0.81 and role function (SMD =0.48, 95%Crl: —0.27 to 1.20). Although
without significant changes, short-term resistance exercise tends to increase the physical health of patients with DSCs (SMD = 0.69, 95%Crl:
—0.07 to 1.50) and effective in alleviating fatigue (SMD = —0.77, 95%CrI: —1.50 to 0.01). Short-term aerobic exercise was related to a lower
score of insomnia (SMD = —1.20, 95%Crl: —2.40 to 0.06), depression (SMD = —0.51, 95%Crl: —1.50 to 0.45) and anxiety (SMD = —0.45,
95%Crl: —1.30 to 0.34). All types of exercise related to a trend of declined hospital stays (—0.87 to —5 days). Long-term resistance exercise,
however, was negatively associated with general health (SMD = —0.33, 95%Crl: —1.70 to 1.00), physical health (SMD = —0.19, 95%Crl:—1.30
to 0.90), and role function (SMD = —1.20, 95%CrI: —2.50 t0 0.11).

Conclusions: This study suggests that short-term aerobic exercise, with or without resistance exercise programs, enhances QoL (especially for
general health) as well as relieves cancer-related symptoms for DSC survivors, while long-term resistance exercise may have negative effects,
and thus should be adopted cautiously. These results provide important evidence for the management of DSCs.
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1. Introduction contribute to a massive burden globally.' * Although the treat-
ments for DSCs, such as surgery and chemoradiotherapy, have
made some breakthroughs in recent years, improving the over-
all survival rate significantly, symptoms related to the disease
and treatments (e.g., insomnia, pain, depression, and anxiety)

Digestive system cancers (DSCs) are the most aggressive
cancers with the highest mortality worldwide, which
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improving QoL in patients with DSCs.
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Exercise, a common intervention that influences one’s
physiologic and psychological status, has been proven to
enhance QoL in patients with various non-communicable
chronic diseases, such as depression,” cognitive impairment,’
myocardial infarction,® and spinal cord injury.” As for the
digestive conditions, exercise may influence the composition
of gut microbiota, promote lipid metabolism in liver, and
reduce insulin resistance and systematic inflammation.'*:"'
Moreover, immune function can be regulated through exercise;
by stimulating gastrointestinal motility, it can result in reduced
exposure of the digestive tract to carcinogens, lowering the
overall risk of DSCs significantly.'” In terms of QoL of
patients with cancer, guidelines have indicated that exercise
may benefit physical function and improve cancer-related
symptoms, such as fatigue and psychological distress.'*'* Pre-
vious research has demonstrated that exercise, as an indepen-
dent factor, is associated with improved liver frailty index in
patients with hepatocarcinoma'” and is consistently associated
with improvements in cancer-related fatigue, mental disorders,
and physical function in patients with pancreatic cancer.'®

An exercise program usually consists of type and duration
components. At present, however, no comprehensive study has
investigated the effects of exercise type and duration on QoL
and cancer-related symptoms in patients with DSCs. Also,
whether or not aerobic exercise can improve cardiovascular
function in patients with abdominal cancer is still controver-
sial.'” Given the generally low activity levels of cancer survi-
vors, the duration of training should also be considered.
Therefore, we performed a systematic review and network
meta-analysis of multiple studies to determine the optimal
type and duration of exercise to effectively improve QoL and
cancer-related symptoms for DSC survivors.

2. Methods
2.1. Data source and search strategy

This systematic review and network meta-analysis was reg-
istered with PROSPERO (CRD42022319731) and reported in
accordance with the Preferred Reporting Items for Systematic
Review and Meta-Analysis—Network  Meta-Analyses
(PRISMA-NMA).'® The database of PubMed, EMBASE, and
Web of Science were searched online for English-language
publications from inception to March 2022. The search strat-
egy for each database was presented in Supplementary mate-
rial 1. Additionally, the references of the latest reviews on
exercise for DSCs were screened and hand searches were per-
formed to supplement the included publications.

2.2. Study selection

Included studies met the following criteria: (a) the study
design was randomized controlled trials, (b) the effects of all
kinds of exercise in adult patients (>18 years) with any types
of DSCs were evaluated; trials that reported mixed cancers
were also involved if the trial contained only DSCs or pre-
sented separate data on DSCs, (c) the comparator was standard
care, or there was mutual comparison between involved forms

C.-Q.Lietal.

of exercise, (d) at least one of the following outcomes was
reported: general health, physical health, mental health, role
function, fatigue, insomnia, depression, anxiety, and duration
of hospital stay.

The exclusion criteria were: (a) duplicated studies, (b) stud-
ies focused on children with DSCs, (c) participants consisted
of patients with mixed types of cancer (such as prostate cancer,
breast cancer, lung cancer, etc.), without separate data avail-
able for DSCs, (d) did not include the aforementioned out-
comes, (e) written in a language other than English, (f)
abstracts, conferences, letter to the editor, case reports, and
non-randomized controlled trials.

Two researchers (CQL and YCW) independently screened
the titles and abstracts to determine inclusion. Full texts of
potentially eligible publications were further identified and
assessed by the same reviewers. Any disagreements between
the reviewers were resolved by discussion, and a third
researcher (RLG) was consulted to reach consensus.

2.3. Outcomes

The primary outcome was mean change from baseline to
endpoint in QoL in patients with DSCs. We included general
health, physical health, mental health, and role function, the 4
main health dimensions incorporated into QoL instruments.'’
As shown in Supplementary material 2, higher primary out-
come scores indicate a higher QoL. The secondary outcomes
were defined as the mean change from baseline to endpoint in
cancer-related conditions, including fatigue, insomnia, depres-
sion, anxiety, and duration of hospital stay, which are common
conditions for patients with DSCs. Lower scores for cancer-
related conditions or shorter hospital stay duration indicate a
better condition.

2.4. Data extraction and definition

Data extraction was independently performed by 2
researchers (YCW and CQL). The extracted data, including
study characteristics (first author, publication year, and area),
participants characteristics (DSC type and sample size), inter-
vention characteristics (exercise type and exercise duration),
and target outcomes (the QoL scores and secondary out-
comes), were organized using standardized tables.

Scored data for all outcomes of interest were extracted from
the measurement instruments in Supplementary material 2.
Change values were extracted from means and standard devia-
tions (SDs) of the changes, or by calculating from the available
data. When means and SDs were not available, calculations
were performed based on reported data (e.g., using p values,
confidence intervals, or extracting data from figures); for stud-
ies that only reported medians and interquartile ranges, means
were estimated by the median, SDs were converted by dividing
interquartile ranges by 1.35.°° Any discrepancies were
resolved through discussion with 2 independent researchers
(WBZ and RLG).

This study focused on the effects of different types of exer-
cise and exercise duration on patients with DSCs. DSCs were
defined as cancers of the digestive tract (esophagus, stomach,
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small intestine, colon, and rectum) and digestive accessory
organs (pancreas, liver, and gallbladder). Exercise interven-
tions were firstly classified into the following categories: AE
(defined as aerobic exercise, which recruits large groups of
muscles and improves cardiovascular ability; includes walk-
ing, cycling, swimming, high intensity interval training, and
Qigong,”' RE (defined as resistance exercise, which aims to
enhance muscular strength and power by using muscular
strength to move a weight or to work against a resistive load),
and AE&RE (defined as combining both aerobic exercise and
resistance exercise). We further classified the exercise catego-
ries according to intervention duration: long-term exercise was
defined as exercise duration longer than 12 weeks, and short-
term exercise was defined as that less than 12 weeks.”” We
finally classified 6 exercise groups (long-term AE, short-term
AE, long-term AE&RE, short-term AE&RE, long-term RE,
and short-term RE) and a no-exercise control group (partici-
pants under standard care).

2.5. Risk of bias assessment

The risk of bias was assessed according to the second ver-
sion of the Cochrane risk-of-bias tool for randomized trials
(ROB 2).”* The risk of bias was evaluated in duplicate (CQL
and YCW). The assessment included bias in the randomization
process, deviations from intended interventions, missing out-
come data, measurement of the outcome, and selection of the
reported results. The discrepancies were resolved by expert
consensus.

2.6. Data synthesis and analysis

The network meta-analysis was conducted using R Version
3.5.1 (R Foundation for Statistical Computing, Vienna, Aus-
tria) to compare the relative effectiveness of the different inter-
ventions under investigation. The Just Another Gibbs Sampler
was designed to work with R for statistical computation, and
we used the gemtc and rjags packages in R.**

Considering  different assessment instruments were
involved, standardized mean differences (SMDs) calculated
by RevMan software (Version 5.3; The Cochrane Collabora-
tion, Oxford, UK) were allowed for this network meta-analy-
sis. For duration of hospital stay, mean differences (MDs)
were calculated in days. To estimate effect sizes, we used both
consistency and inconsistency models, running 4 Markov
chains simultaneously with different initial values. If the
included data did not meet the requirements of the inconsis-
tency assessment, a consistency model was applied to estimate
the effect sizes of included interventions and evaluate the rank-
ing probabilities of each exercise. Based on the node-splitting
analysis, if its p value was over 0.05, we selected a consistency
model.”” To assess the heterogeneity among studies, we calcu-
lated . Effect sizes were estimated with SMDs and 95% cred-
ible intervals (95%Crls) using post-intervention scores
generated by the random effect model. Effect sizes were classi-
fied according to the Cochrane handbook as large (SMD >
0.70), moderate (SMD: 0.40—0.70), or small (SMD < 0.40).%°
The comparisons were considered statistically significant

3

when 95%CrI did not include the value of 0 effect. Sensitivity
analyses were performed to explore outliers, and Egger’s test
was used to check for publication bias. Results of comparisons
between the no-exercise control group and all interventions
were presented in forest plots by using forestplot package. To
rank the exercise intervention, rankograms were established,
and the surface under the cumulative ranking curve (SUCRA)
was calculated for each exercise category.”’ A SUCRA value
of 1 indicates that the exercise type ranks first, and a 0 means
that intervention ranks last. The rank of the intervention mir-
rors the SUCRA value.

3. Results
3.1. Study selection and characteristics

A total of 5897 articles were retrieved from the databases
and hand searched. After removing duplicates and unrelated
publications, the full text of 461 potentially relevant studies
were evaluated for eligibility. Of these, 425 studies were
excluded based on the predefined inclusion and exclusion cri-
teria, and 4 studies were excluded due to unavailable mean or
standard deviation (neither reported directly nor able to be
derived indirectly by calculation). Finally, 32 trials with 2558
participants were included in this network meta-analysis
(Fig. 1).** > Of the included articles, 11 articles estimated the
effects of short-term AE&RE, 7 studies determined the effects
of short-term AE, 5 studies reported long-term AE, 2 studies
reported both short-term AE and long-term AE, 2 studies
reported both short-term AE&RE and long-term AE&RE, 1
study evaluated the effects of long-term AE&RE, 1 study
determined the effects of short-term RE, 1 study reported both
short-term RE and long-term RE, 1 study reported both long-
term AE and long-term AE&RE, and 1 study directly com-
pared the effects of short-term AE&RE and short-term AE.
Most of the trials reported on patients with colorectal cancer
(n=13, 40.63%), followed by studies reporting on colon can-
cer (n=4, 12.50%), esophageal cancer (n =4, 12.50%), mixed
DSCs (n=4, 12.50%), rectal cancer (n =3, 9.38%), hepatocar-
cinoma (n=2, 6.25%), and pancreatic cancer (n=2, 6.25%).
The details of included studies and study characteristics are
shown in Supplementary materials 3 and 4.

3.2. Risk of bias

The randomization process was adequate in most trials
(90.63%). Deviations from intended interventions were prob-
lematic in 62.50% of the trials, and 28.13% of the studies
showed high risk. No involved study missed outcome data,
and all the trials described the measurement of outcomes in
detail. All included studies were evaluated as low risk in terms
of the selection of the reported results. Overall, a high risk of
bias was found in 9 studies (28.13%), for reasons mostly
related to the deviation and randomization process of intended
interventions. A summarized and individual risk of bias assess-
ment is presented in Supplementary material 5.
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Fig. 1. Flowchart of the study selection process. RCTs = randomized controlled trials.

3.3. Primary outcomes

The network plot of QoL was shown in Fig. 2. The thick-
ness of the line connecting interventions indicates the number
of enrolled studies with comparable results.” Only a single
study conducted direct comparisons of different exercise inter-
ventions (long-term AE vs. long-term AE&RE) and their
effects on physical health.”” We used node-splitting analysis
to assess consistency; all p values between direct and indirect
effects were over 0.05 (Supplementary material 6). All the
potential scale reduced factor values were equal to 1, indicat-
ing the model was convergent and the results stable; the con-
sistency models were adopted for the following network meta-

analyses. The results for the primary outcomes are shown in
Fig. 3, and the observed statistical heterogeneity (I°) ranged
from 70% to 99% in the pairwise comparisons, with high het-
erogeneity. Therefore, we used a random effects model to cal-
culate SMD. The comparative effectiveness results of various
exercise interventions are presented in Supplementary material
7. Ranks of various exercises in terms of primary outcomes are
presented in Supplementary material 8.

First, for general health, a total of 17 studies were included.
Outcomes for all exercise types involved in the trials were
directly compared with those of control participants (Fig. 2A).
Fig. 3A shows that, among all interventions, long-term
AE&RE, short-term AE&RE, and short-term RE tended to
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Fig. 2. Network plot of life quality. (A) General health, (B) physical health, (C) mental health, and (D) role functional well-being. The thickness of the line con-
necting interventions indicates the number of enrolled studies with comparable results. AE = aerobic exercise; AE&RE = aerobic exercise combined with resis-
tance exercise; RE =resistance exercise.

increase the general health of participants as compared to the Second, for physical health, 20 studies were involved
no-exercise group (SMD=0.36, 95%Crl: —0.42 to 1.10; (Fig. 2B). Although none of the exercise types showed signifi-
SMD =0.33, 95%Crl: —0.23 to 0.87; SMD =0.46, 95%Crl: cant advantages compared to the no-exercise control group,
—0.48 to 1.40; respectively), while only the short-term AE sig- short-term RE, long-term AE, and long-term AE&RE tended
nificantly enhanced general health (SMD = 0.66, 95%CrI: 0.05 to increase the physical health of patients with DSCs
to 1.3, with a SUCRA value of 83.67). In contrast, long-term (SMD =0.69, 95%Crl: —0.07 to 1.50 for short-term RE,
RE tended to decrease the general health (SMD=—0.33, SMD =0.31, 95%Crl: —0.17 to 0.80 for long-term AE;

0, . — 0 .
95%Crl: —1.70 to 1.00). SMD=0.41, 95%Crl: —0.20 to 1.00 for long-term AE).
. B
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Short-term RE s 046  (-0.48,140) 96 Short-term RE +—=—— 069 (0.07,1.50) 98
—r 1T Tt 1 71 1
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25-2-15-1-050 05 1
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Role function

Fig. 3. Forest plots for comparisons between controls and exercise intervention types for life quality. (A) General health, (B) physical health, (C) mental health,
and (D) role function. /°% was calculated to measure the heterogeneity among studies. 95%Crl =95% credible interval; AE = aerobic exercise; AE&RE = aerobic
exercise combined with resistance exercise; RE = resistance exercise; SMD = standardized mean difference.
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Fig. 3B shows that short-term RE had the highest SUCRA
value (SUCRA =87.13), followed by long-term AE&RE
(SUCRA =70.44), and long-term AE (SUCRA = 63.38). How-
ever, similar to what we saw with general health, the trend
associated with long-term RE was a decrease in physical
health (SMD = —0.19, 95%CrI: —1.30 to 0.90).

Third, for mental health, a total of 15 studies were involved
(Fig. 2C). Short-term AE (SMD =0.37, 95%Crl: —0.06 to 0.81)
and long-term AE&RE (SMD =0.28, 95%Crl: —0.39 to 0.97)
potentially contributed to a higher measure of mental health as
compared to the no-exercise control group. Short-term AE was
the most promising exercise type for mental health
(SUCRA = 83.25), while long-term AE and short-term RE were
associated with decreased mental health (SMD=-0.08,
95%Crl: —0.64 to 047 for long-term AE; SMD=-0.09,
95%Crl: —1.00 to 0.86 for short-term RE) (Fig. 3C).

Fourth, 14 studies were involved in the analysis of role func-
tion (Fig. 2D). Compared to the non-exercise group, short-term
AE, long-term AE&RE, and short-term AE&RE tended to pro-
mote role function, with SMD ranging from 0.23 (95%Crl:
—0.29 to 0.76) for short-term AE&RE to 0.48 (95%Crl: —0.27
to 1.20) for short-term AE. Short-term AE was still the most
promising exercise type for role function (SUCRA =78.66).
Long-term RE tended toward a decline in role function
(SMD = —1.20, 95%Crl: —2.50 to 0.11) (Fig. 3D).

3.4. Secondary outcomes

All p values between the direct and indirect effects in node-
splitting analyses were over 0.05 (Supplementary material 6),
and potential scale reduced factor values of all interventions in
secondary outcomes were equal to 1. Therefore, consistency
models were used for the subsequent network meta-analyses
of secondary outcomes. The specific network plots of second-
ary outcomes are presented in Supplementary material 9.
Results of the network meta-analyses of secondary outcomes
are shown in Table | and Supplementary materials 10—12.
The observed statistical heterogeneity (/°) ranged from
43%—99% in the pairwise comparisons (Supplementary mate-
rial 10), and we used random effects models to calculate SMD
and MD.

The network of eligible comparisons for fatigue consisted
of 17 studies (Supplementary Fig. 6A of Supplementary
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material 9). Compared with the no-exercise control group,
short-term RE was more effective at alleviating fatigue
(SMD = —-0.77, 95%Crl: —1.50 to 0.01), and long-term AE
(SMD =-0.23, 95%Crl: —0.67 to 0.22), short-term AE
(SMD = —0.26, 95%Crl: —0.75 to 0.24) also had better out-
comes. In contrast, short-term AE&RE tended to slightly
aggregate fatigue condition (SMD=0.12, 95%Crl: —0.42 to
0.68) (Supplementary Fig. 7A of Supplementary material 10).

Nine studies estimated the effects of exercise types on the
insomnia of patients with DSCs (Supplementary Fig. 6B of Sup-
plementary material 9). Although none of the interventions
impacted outcomes = significantly, the short-term AE
(SMD =—1.20, 95%Crl: —2.40 to 0.06) and long-term AE
(SMD = —0.89, 95%Crl: —2.60 to 0.82) showed reductions in
insomnia (Supplementary Fig. 7B of Supplementary material 10).

The network meta-analysis of depression consisted of 10
studies with 4 types of exercise (Supplementary Fig. 6C of
Supplementary material 9). The network meta-analysis of anx-
iety consisted of 7 studies and 4 exercise types (Supplementary
Fig. 6D of Supplementary material 9). When compared with
the no-exercise control group, short-term AE (SMD = —0.51,
95%Crl: —1.50 to 0.45 for depression; SMD=—0.45,
95%Crl: —1.30 to 0.34 for anxiety) and short-term AE&RE
(SMD=-0.47, 95%Crl: —1.30 to 0.38 for depression;
SMD = —0.37, 95%Crl: —1.00 to 0.29 for anxiety) were asso-
ciated with reductions in both depression and anxiety (Supple-
mentary Fig. 7C—D of Supplementary material 10).

For duration of hospital stay, the network meta-analysis
consisted of 14 studies with 4 types of exercise (Supplemen-
tary Fig. 6E of Supplementary material 9). Regardless of dura-
tion, aerobic exercise and the combination of both acrobic and
resistance exercise, presented trends toward a reduction in the
duration of hospital stay as compared with the no-exercise
control group (MD =—0.87, 95%Crl: —3.40 to 0.99 of short-
term AE to MD = —5.00, 95% confidence interval: —14.00 to
3.40 of long-term AE&RE) (Supplementary Fig. 7E of Supple-
mentary material 10).

4. Discussion

Exercise has shown promising effects on physical function,
and various enhancements have been observed in cardiovascu-
lar endurance, muscle strength, and psychological health. It

Comparisons between exercise interventions and control group for fatigue, insomnia, depression, anxiety, and duration of hospital stay.

Depression”

Anxiety”

Duration of hospital stay”

Table 1
Fatigue® Insomnia®

Long-term AE —0.23(—0.6710022)  —0.89 (—2.60 to 0.82)
Short-term AE —0.26 (—0.75 t0 0.24) —1.20 (—2.40 t0 0.07)
Long-term AE&RE —0.15(0.77 to 0.49) —0.12 (—2.57 t0 2.30)
Short-term AE&RE 0.12 (—0.42 to 0.68) —0.13 (—1.90 to 1.50)
Long-term RE 0.05(~1.10t0 1.10)  —0.51 (—2.90 to 2.00)
Short-term RE 077 (~1.5010 0.01)  —0.49 (~2.20 to 1.20)

—0.24 (=1.20 t0 0.71)
—0.51 (—1.50 to 0.45)
—0.13 (—1.30 to 1.00)
—0.47 (—1.30 t0 0.38)

—0.04 (—0.76 t0 0.69)
—0.45 (—1.30 t0 0.34)
—0.17 (—0.91 t0 0.58)
—0.37 (—1.00 to 0.29)

—1.70 (—6.00 to 2.80)
—0.87 (—3.40 to 0.99)
—5.00 (—14.00 to 3.40)
—0.96 (—3.10 to 0.89)

? Presented SMD with a 95%Crl.
® Presented MD with 95%Crl.

Abbreviations: 95%Crl=95% credible interval; AE = aerobic exercise; AE&RE = aerobic exercise combined with resistance exercise; MD =mean difference;
RE = resistance exercise; SMD = standardized mean difference.
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would no doubt be valuable to determine the attributes of exer-
cise that are essential for optimizing effects on QoL depending
on cancer type. However, there is a paucity of qualitative evi-
dence on the QoL of patients with DSCs according to exercise
type and duration in the previous literature. To our knowledge,
this systematic review and network meta-analysis is the first
study to explore the optimal type and duration of exercises to
effectively improve QoL and cancer-related symptoms for
patients with DSCs.

The results of our study demonstrated that aerobic exercise
and the combination of aerobic exercise and resistance exer-
cise had the highest probability to enhance patients’ QoL. Aer-
obic exercise significantly improved general health (SMD
ranged from 0.33 to 0.66), and aerobic exercise with or without
resistance exercise related to a trend of alleviated cancer-
related symptoms. Regular aerobic exercise promotes gastroin-
testinal tract motility, providing positive effects on the gut and
decreasing the contact time between pathogens and the gastro-
intestinal mucosa layer.”' By reducing prostaglandins produc-
tion, exercise significantly protects the integrity of the
intestine, and prevents the development of DSCs and promotes
survivors’ general health.®” Moreover, similar to our results
showing that aerobic exercise (with or without resistance exer-
cise) trended toward improving patients’ mental health, previ-
ous studies have suggested that this type of exercise can
improve self-efficacy beliefs by elevating body temperature
and cerebral blood flow, which is associated with higher levels
of endorphins and lower rates of mental disorders.”® > Aero-
bic exercise, indicated by a randomized intervention, has
shown an increase in the apoptotic potential of the crypt vs.
no-exercise participants, which could be in line with the main-
tenance of the balance between apoptosis and cell prolifera-
tion, necessary to prevent the development of malignant
tissue.® Moreover, a previous trial demonstrated that exercise
could significantly reduce fasting insulin levels and insulin
resistance in colorectal cancer survivors®’ and that aerobic
exercise could improve cardiopulmonary fitness, immune
function, total antioxidant capacity, anti-inflammatory plasma
adiponectin, and gut microbiota composition.”® By way of the
mechanisms mentioned above, aerobic exercise with or with-
out resistance exercise could prevent carcinogenesis and prog-
nosis, which is reflected by lower levels of fatigue, insomnia,
depression, and anxiety, and a reduced number of days in the
hospital.*”>”"

There is still scant scientific evidence with respect to how
duration of exercise affects QoL in patients with DSCs. The
results of our network meta-analysis showed that short-term
aerobic exercise with or without resistance exercise was the
most promising exercise type for the improvement of general
health and tended to benefit measures of mental health, role
function, and cancer-related symptoms. Longstanding manage-
ment of insulin resistance and glucose metabolism to lower the
production of lipid peroxide and reactive oxygen species are
beneficial to the prevention of DSCs.”""’? Given that long-term
aerobic exercise reduces visceral fat and insulin resistance
continuously,” it contributes to an enhancement of physical
health. The results we saw in patients who participated in
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long-term exercise support this viewpoint. However, levels of
self-efficacy in exercise play an essential role in exercise man-
agement, and physical ability determines the duration of exer-
cise. During chemotherapy, patients who suffer from DSCs
reported more fatigue and a negative attitude toward exercise,
and fatigue itself may hinder patients from becoming
active.””’* Additionally, prolonged exercise might limit
other recreational and social activities, which could nega-
tively impact the role—emotional aspects of the partic-
ipants” QoL.”’ The agreement to participate in long-term
exercise intervention is easily encumbered for many partic-
ipants suffering from DSCs, most of whom are elderly and
already tend to present poor health, low self-efficacy, per-
ceived lack of time, and to lack self-motivation and self-
management skills.”> Therefore, a short-term exercise is
much more likely to persevere and, indeed, was reported to
have a higher adherence rate.”®

The present study, however, found that although short-term
resistance exercise was the most promising exercise interven-
tion for alleviating fatigue (SMD = —0.77), long-term resis-
tance exercise was associated with lowered QoL in patients
with DSCs, including in terms of general health
(SMD = —0.33), physical health (SMD=—-0.19), and role
function (SMD = —1.20). Fatigue is one of the most common
symptoms experienced during the course of a malignancy. It is
caused by a cachexia-related decrease in body mass index
resulting from a reduction in skeletal muscle mass.”’ Resis-
tance exercise causes muscle contraction against external
resistance, which contributes to muscle mass, strength, and
bone density and offsets progressive muscle wasting and dis-
ruptions to muscle metabolism. Skeletal muscle, an essential
factor in counteracting pro-inflammatory effects, secretes mus-
cle-derived interleukin 6, interleukin 8, interleukin 15, and
interleukin 1 receptor antagonist, all of which act as antago-
nists to the generally pro-inflammatory cytokines, thereby
decreasing the level of tumor necrosis factor o and hindering
the activation of nuclear factor kappa-B.”*’? Additionally, the
effects of exercise, particularly resistance exercise, can reduce
leptin concentration, further exerting an anti-inflammatory
response.”’ Given that chronic low-grade inflammation con-
tributes to the development of cancer, the anti-inflammatory
effects of exercised skeletal muscle may contribute to a
decrease in cancer risk and help regulate cancer proliferation
and survival. Previous studies have found that resistance exer-
cise has high effect sizes when it comes to modulating cancer-
related fatigue in patients with breast and prostate cancer."'***
Moreover, surgery and chemotherapy could significantly
change the body composition (i.e., loss of weight and muscle
mass) of cancer survivors,'” which may decrease a patient’s
exercise endurance thereby limiting the beneficial effects of
exercise. In those postoperative or post-chemotherapy patients,
resistance exercise could be provided to improve muscle
strength and mitigate the side effects of treatment.** In terms
of why long-term resistance exercise is associated with a lower
QoL in patients with DSCs while short-term resistance exer-
cise is shown to be beneficial, the favorable effects appear to
be canceled out over time by disease progression, with the
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adherence rate showing a continuous decline over the course
of the intervention period.”

There are some limitations to our network meta-analysis.
First, the assessment tools used to evaluate QoL and other can-
cer-related symptoms were very diverse, which may increase
heterogeneity and hamper interpretation of the current evi-
dence. Second, there are only 2 studies focusing solely on
resistance exercise, and no publications reported the effects of
exercise on patients with gastric cancer. Additional random-
ized controlled trials reporting resistance exercise in larger
sample sizes of patients with DSCs, especially gastric cancer,
are warranted. Also, we did not further classify the group
according to a measurement of training volume (i.e., training
frequency x intensity x time x duration) nor did we classify
based on whether a metastasis or prescription antidepressant
medications (e.g., diazepam, anxiolytic, analgesic) were pres-
ent for DSC patients since few studies could be involved in
each group. Moreover, we have not analyzed the effect of dif-
ferent orders when 2 types of exercises were combined.
Finally, further classifications of exercise types according to
intensity and frequency have not been considered but would
be worthwhile to discuss in future studies.

5. Conclusion

Our study provides evidence that short-term aerobic exer-
cise, with or without resistance exercise programs, may be the
optimal intervention strategy to improve QoL in patients with
DSCs, especially in terms of general health enhancement.
Short-term aerobic exercise with or without resistance exercise
also potentially alleviates cancer-related symptoms, such as
fatigue, insomnia, depression, and anxiety, and substantially
reduces hospital length of stay. Long-term resistance exercise,
however, was associated with lower measures of general
health, physical health, and role function. Thus this type of
intervention should be adopted cautiously by patients with
DSCs. These results are of clinical importance as they high-
light an area for future research into DSCs management.
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