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PROBLEM IDENTIFICATION: To investigate the
effectiveness of home-based exercise training on
exercise capacity, dyspnea, anxiety, depression, and
health-related quality of life (HRQOL).

LITERATURE SEARCH: A systematic literature search
of the Cochrane Central Register of Randomized
Controlled Trials, Embase®, PubMed®, and Web

of Science databases was performed for articles
published through July 22,2018.

DATA EVALUATION: The meta-analysis was
conducted with Review Manager, version 5.3,
following PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.

SYNTHESIS: 10 articles with a total of 453 patients
met the inclusion criteria. Home-based exercise
training was found to increase the six-minute walk
distance. In addition, anxiety was also improved
after the intervention. However, no improvements in
dyspnea, depression, or HRQOL were observed.

IMPLICATIONS FOR RESEARCH: Home-based
exercise training as a nursing intervention for
promoting the rehabilitation of patients with lung
cancer can be recommended, but more research
should be undertaken to determine the most effective
exercises and follow-up methods.
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ung cancer is one of the most common
malignancies, with about 1.6 million

new cases of lung cancer diagnosed

worldwide each year, which is predict-

ed to increase to 2.2 million cases by

2020 (Hong et al., 2015; Siegel, Miller, & Jemal, 2018).
Surgery is usually the preferred treatment for patients
with early-stage disease (stages I, II, and IITA), which
is often staged using the TNM (tumor, nodes, metas-
tasis) classification system (Goldstraw et al., 2016).
However, surgery is deemed suitable for only 25% of
patients because of advanced disease or dysfunction,
and others choose radiation therapy or chemothera-
py (Brunelli et al., 2009). Although these treatments
prevent cancer cells from spreading, they also cause a
higher burden of symptoms for patients (Cleeland et
al., 2013). The most common respiratory symptom in
patients with lung cancer is dyspnea, which limits ex-
ercise capacity (Lou et al., 2017). In addition, anxiety
and depression are the most common psychological
problems in patients with lung cancer, with rates of
about 21% and 39%, respectively (Jung et al., 2018).
Dyspnea, negative emotions, and decreased phys-
ical activity may all be potential causes of impaired
health-related quality of life (HRQOL), which is
closely related to poor prognosis and a low survival
rate in patients with cancer (Giese-Davis et al., 2011).
Exercise training is one of the key components

of current management of lung cancer and plays a
vital role in the rehabilitation of patients. There are
many types of exercise training, including endur-
ance training, interval training, strength training, and
respiratory muscle training. The most common forms
of endurance training are cycling and walking (Spruit
et al,, 2013). Interval training is an alternative form
of endurance training in which high-intensity exer-
cise is often interspersed with rest or lower-intensity
exercise. Strength training is a way of training a local
muscle group by repeatedly lifting a relatively heavy
load (O’Shea, Taylor, & Paratz, 2009). Respiratory
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muscle training aims to correct the patient’s abnor-
mal breathing pattern and improve respiratory muscle
function (Nici et al., 2006).

Exercise training has been shown to improve
dyspnea, exercise capacity, and HRQOL during hos-
pitalization (Lai et al., 2017; Mujovic et al.,, 2014).
However, these effects decline over time when
patients discontinue exercise training after discharge
(Spruit et al., 2013). In addition, for patients undergo-
ing radiation therapy and chemotherapy, going to the
outpatient department for exercise training can be
limited by weather, transportation issues, and illness
(Temel et al., 2009). Home-based exercise training
might overcome some of these barriers and target a
broader range of patients with lung cancer who would
benefit from exercise training.

The evidence for effective home-based exercise
training for patients with lung cancer is limited by
small sample sizes and differences in study designs
(Chen, Tsai, Wu, Lin, & Lin, 2015; Coats et al,
2013; Hoffman et al., 2014). Consequently, the cur-
rent authors conducted a systematic review and
meta-analysis to investigate the effects of home-based
exercise training on exercise capacity, dyspnea, anx-
iety, depression, and HRQOL among patients with
lung cancer.

Methods

The review followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines (Liberati et al., 2009).

Eligibility Criteria

Randomized controlled trials (RCTs) and non-RCTs

were considered for inclusion if they had the follow-

ing characteristics:

m Involved patients diagnosed with lung cancer
or patients diagnosed with lung cancer among a
mixed cancer cohort

m Defined home-based exercise as conducting aero-
bic training, resistance training, or a combination
of both at home and including regular follow-up
via home visit, telephone, or logbook

m  Reported at least one of the following outcomes:
exercise capacity assessed with six-minute walk
distance (6MWD); dyspnea assessed with the
Borg scale; anxiety and depression assessed
with the Hospital Anxiety and Depression Scale
(HADS); and HRQOL assessed with the European
Organisation for Research and Treatment of
Cancer QOL Questionnaire-Core 30 (EORTC
QLQ-C30)
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m Was a full-text article published in English in
peer-reviewed journal

Search Strategy

An electronic literature search was performed using
four databases: the Cochrane Central Register of
Randomized Controlled Trials, Embase®, PubMed®,
and Web of Science. All databases were searched for
relevant articles published from inception to July 22,
2018. A hand search for references included in each
article was also performed to identify additional
articles.

Data Collection

Two of the current authors (Y.-QW. and X.L.)

screened all titles and abstracts to identify all poten-

tially eligible articles that met the inclusion criteria.

Additional full-text analysis was independently per-

formed by two reviewers (Y.-Y.Y. and R.-C.M.) to

determine the articles’ eligibility for data extraction.

The following information was recorded:

m Publication data (year of publication, first author,
study design, location)

m Demographic data (sample size; number of inter-
vention and control groups; patient type and stage
of cancer, treatment method, age, gender, and
body mass index)

m Study data (intervention methods, frequency,
length of intervention, approaches to follow-up)

m  Outcome measures

A data extraction sheet was used to extract data, and

discrepancies were resolved by discussion.

Risk of Bias in Individual Studies

Risk of bias was assessed using the Cochrane risk of
bias tool (Higgins & Green, 2011) for RCTs and the
methodological index for nonrandomized studies
(MINORS) (Slim et al., 2003) for non-RCTs. The
Cochrane risk of bias tool assesses seven areas of
potential bias: random sequence generation, allo-
cation concealment, blinding of participants and
personnel, blinding of outcome assessment, incom-
plete outcome data, selective reporting bias, and other
biases. Each item was rated as having a low, unclear,
or high risk of bias. MINORS consists of 12 items that
assess specific methodologic criteria, of which 8 are
for noncomparative studies and 4 are for comparative
studies. A score of o (not reported), 1 (reported but
inadequate), or 2 (reported and adequate) was given
for each item on the MINORS checklist, resulting in a
maximum score of 16 for noncomparative studies and
24 for comparative studies (Slim et al., 2003). Two of
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the current authors (Y.-Q.W. and X.L.) independently
evaluated the quality of the included studies, and dis-
agreements were settled through discussion.

Statistical Analysis

Statistical analysis was conducted using Review
Manager, version 5.3. Continuous outcomes were
counted for the mean difference (MD) with a 95% con-
fidence interval (CI). Forest plots were constructed to
illustrate the study-specific effect size. A two-sided p
value of less than 0.05 was considered statistically sig-
nificant. Statistical heterogeneity among the studies
was assessed using Cochran Q tests and I* tests. Given
the diversity of the interventions and the observed
statistical heterogeneity (I* > 50%), random effects
models were used to pool the effect sizes. Otherwise,
a fixed effects model was used.

A sensitivity analysis was conducted to evaluate
whether findings were stable and whether they were
driven by a single study. The merged results before
the changes and the adjusted results were compared
to determine the sources of heterogeneity.

Results

Study Selection

The original electronic search identified 695 arti-
cles: 52 from the Cochrane Central Register of
Randomized Controlled Trials, 52 from Embase,
190 from PubMed, and 401 from Web of Science.
Duplicates were removed, and 530 articles remained.
After further review of the title and abstract, 492
additional articles were excluded because they did
not meet the inclusion criteria. A total of 38 arti-
cles were retained for full-text analysis, and 10
were ultimately selected for inclusion in the meta-
analysis (Andersen, Vinther, Poulsen, & Mellemgaard,
2011, 2013; Arbane, Tropman, Jackson, & Garrod, 2011;
Brocki et al., 2014; Chen et al., 2015; Coats et al., 2013;
Granger, Chao, McDonald, Berney, & Denehy, 2013;
Hoffman et al., 2014; Olivier et al., 2018; Quist et al.,
2012). A summary of the literature selection process
is shown in Figure 1.

Study Characteristics
The main characteristics of the included studies are
summarized in Table 1.

Design: The systematic review included four RCTs
(Arbane etal., 2011; Brocki et al., 2014; Chen et al., 2015;
Granger et al., 2013) and six non-RCTs (Andersen et
al., 2011, 2013; Coats et al., 2013; Hoffman et al., 2014;
Olivier et al., 2018; Quist et al., 2012). All 10 articles
described single-center studies and included data
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from the United States, China, the United Kingdom,
Australia, France, Canada, and Denmark.
Participants: A total of 453 eligible patients were
included in this systematic review. Most studies
included patients with lung cancer, and only one
study (Olivier et al., 2018) included patients with
lung cancer or malignant pleural mesothelioma. The
sample size ranged from 5 to 116 patients, and patient
age ranged from 48 to 77 years. Four studies (Chen et
al., 2015; Coats et al., 2013; Granger et al., 2013; Olivier
et al., 2018) included patients with stage I-IV disease.
Arbane et al. (2011) included patients with stage I-
IIT disease; Hoffman et al. (2014) included patients

FIGURE 1. PRISMA Flow Chart

Articles identified
through database search
(N=695)
m Web of Science
(n=401)
m PubMed® (n = 190)
m Cochrane
Central Register
of Randomized
Controlled Trials
(n=52)
m Embase® (n =52)

Duplicate articles
excluded (n = 165)

Articles screened Articles excluded
(n=530) (N=492)

m Irrelevant cancer
(n=242)

m Irrelevant intervention
(n=206)

m Review (n=16)

m Case report (n=15)

m Protocol (n = 13)

Full-text articles Articles excluded

screened for eligibility (N=28)
(n=38) m Not home-based
(n=11)

= Conference paper or
abstract (n = 10)

Articles included in
qualitative synthesis and
quantitative synthesis m Lessthan 1 outcome
(meta-analysis) indicator (n = 5)
(N=10) m Notin English (n =2)

PRISMA—Preferred Reporting Items for Systematic Reviews
and Meta-Analyses
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TABLE 1. Characteristics of Included Studies (N = 10)

Study and Location Participants

Intervention

Outcomes

Arbane etal., 2011
(United Kingdom)

51 patients with stage I-Ill non-small
cell lung cancer treated with surgery;
the IG (N = 26) had a mean age of
65.4 years (range = 47-82 years) and
amean BMI of 25.5 kg/m? (SD = 3.6);
the CG (N = 25) had a mean age of
62.6 years (range = 32-47 years) and
amean BMI of 25.7 kg/m? (SD = 4.8).

Brocki etal., 2014
(Denmark)

78 patients with lung cancer treated
with surgery; the IG (N = 41) had 22
men and 19 women, a mean age of
64 years (SD = 10), and a mean BMI
of 25 kg/m? (SD = 5); the CG (N = 37)
had 24 men and 13 women, a mean
age of 65 years (SD =9), and a mean
BMI of 27 kg/m?(SD = 6).

Chenetal., 2015
(China)

116 patients with stage |-IV primary
lung cancer treated with surgery,
chemotherapy, and radiation therapy;
the IG (N = 58) had 26 men and 32
women, and a mean age of 64.76 years
(SD = 11.28); the CG (N =58) had 28
men and 30 women, and a mean age of
63.57 years (SD = 10.54).

Grangeretal., 15 patients with stage -1V lung

2013 cancer treated with surgery; the I1G

(Australia) (N =7)had 3 men and 4 women, a
mean age of 57 years (SD = 16.2),
and a mean BMI of 26.9 kg/m?(SD =
4.7); the CG (N = 8) had 5 men and 3
women, a mean age of 72.4 years
(SD =12.4), and a mean BMI of 28.7
kg/m?(SD =5.9).

The |G received usual care (pain relief)
and did strength and mobility training
twice per day for 12 weeks; follow-up
occurred via home visit. The CG
received usual care alone.

The IG did warming up (walking),
aerobic exercise (aerobic station-
ary bike), muscle strength training
(resistance band), and cooldown/
relaxation once a week for 10 weeks;
follow-up occurred via logbook. The
CG received individual instruction in
exercise training.

The |G did a moderate-intensity
walking exercise program made up
of 3 40-minute sessions per week

for 12 weeks; follow-up occurred via
telephone. The CG received usual
care and a walking exercise booklet at
study completion.

The IG did walking, lower limb
resistance exercises, and stretches
once per day for 12 weeks; follow-up
occurred via telephone. The CG
received usual care.

Exercise capacity (6MWD); HRQOL;
quadriceps muscle strength; length of
stay; postoperative complications

Exercise capacity (6MWD); pulmonary
function

Anxiety and depression; severity of
cancer-related symptoms

Exercise capacity (6MWD); HRQOL;
safety (adverse event); feasibility
(recruitment rate, consent rate,
number of inpatient exercise sessions
delivered); functional mobility (Timed
Up and Go Test)

Andersen etal., 24 patients with lung cancer treated

2011 with surgery, chemotherapy, and

(Denmark) radiation therapy; 14 patients were
men, with a mean age of 64 years
(range = 55-77 years) and a mean
BMI of 26 kg/m? (range = 21-36); 10
patients were women, with a mean
age of 67 years (range = 48-76 years)
and a mean BMI of 25 kg/m?(range =
19-48).
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Patients did walking training, circuit
training, and handling of dyspnea
(respiratory physical therapy focusing
on respiratory exercises, pursed lip
breathing, resting positions, and
coping with dyspnea) twice a week
for 7 weeks; follow-up occurred via
logbook.

HRQOL; walking performance (incre-
mental shuttle walk test, endurance
shuttle walk test); pulmonary function
(FEV,, FEV1%)

Continued on the next page
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TABLE 1. Characteristics of Included Studies (N = 10) (Continued)

Study and Location Participants Intervention Outcomes

Andersen etal.,
2013
(Denmark)

Coatsetal., 2013
(Canada)

Hoffman et al.,
2014
(United States)

Olivieretal., 2018
(France)

Quistetal., 2012
(Denmark)

51 patients with lung cancer treated
with surgery, chemotherapy, and radi-
ation therapy; 31 patients were men,
with a mean age of 65 years (SD = 8)
and a mean BMI of 27 kg/m? (SD = 6);
20 patients were women, with a mean
age of 65 years (SD = 7) and a mean
BMI of 26 kg/m?(SD = 4).

13 patients with stage I-1V non-small
cell lung cancer treated with surgery,
chemotherapy, and radiation therapy; 5
patients were men, and 8 patients were
women; mean age was 59 years (SD =
9); mean BMI was 27 kg/m? (SD = 7).

5 patients with stage IA-1llA non-small
cell lung cancer treated with chemother-
apy and radiation therapy; 2 patients
were men, and 3 patients were women;
mean age was 63.4 years (SD = 7.3).

71 patients with stage I-IV lung cancer
or malignant pleural mesothelioma
treated with chemotherapy and radi-
ation therapy; 54 patients were men,
and 17 patients were women; mean
age was 60.6 years (SD = 8.8); mean
BMI was 25.8 kg/m?(SD = 8.8).

29 patients with stage Ill-IV non-small
cell lung cancer or extensive disease
small cell lung cancer treated with
chemotherapy and radiation therapy;
13 patients were men, and 16
patients were women; mean age was
63 years (range = 45-80); mean BMI
was 25.1 kg/m?(SD = 5).

Patients did endurance training,
warm-up (upper and lower limb train-
ing), and pursed lip breathing once a
day for 12 weeks; follow-up occurred
via logbook.

Patients did aerobic exercises and
strength exercises 5 times per week
for 4 weeks; follow-up occurred via
telephone.

Patients did walking and balance
exercise (Nintendo Wii) 5 days per
week for 16 weeks; follow-up occurred
via home visit and telephone.

Patients did endurance training on
cycle ergometer, muscle strengthening
exercises (weights and elastic resis-
tance band), activities of daily living,
walking, and learning to climb stairs
atleast 5 days per week for 30-45
minutes per day for 8 weeks; follow-up
occurred via home visit.

Patients did supervised training

twice per week (physical training and
relaxation) and home-based training 3
times per week (walking) for 6 weeks.
Home-based training was 20 minutes
in weeks 1-2, 30 minutes in weeks
3-4, and 40 minutes in weeks 5-6.
Follow-up occurred via logbook.

HRQOL; walking performance
(incremental shuttle walk test, Yo-Yo
Endurance Test); pulmonary function
(FEV, FEV,%)

Exercise capacity (6MWD, incremental
cycling exercise test, constant work
rate cycle exercise); HRQOL; anxiety
and depression; muscle strength;
pulmonary function

Exercise capacity (6MWD); dyspnea;
cancer-related fatigue (Brief Fatigue
Inventory); symptom severity and
interference

Exercise capacity (6MWD); anxiety

and depression; lower limb muscle
strength (Timed Up and Go Test, 10
chair stands)

Exercise capacity (6MWD); aerobic
capacity (VOapear); muscle strength;
pulmonary capacity (FEV,)
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BMI—body mass index; CG—control group; FEV;—forced expiratory volume in the first second; FEV;%—percentage of predicted forced expiratory
volume in the first second; HRQOL—health-related quality of life; IG—intervention group; BMWD—six-minute walk distance; VO,pesi—peak volume of
oxygen consumption

Note. All articles describe single-center studies.

with stage ITA-IITA disease; and Quist et al. (2012)
included patients with stage III-IV disease. Three
studies (Andersen et al., 2011, 2013; Brocki et al., 2014)
did not report lung cancer stage. In three studies
(Arbane et al., 2011; Brocki et al., 2014; Granger et al.,

2013), the treatment approach was surgery. The com-
bination of chemotherapy and radiation therapy was
used in three studies (Hoffman et al., 2014; Olivier et
al., 2018; Quist et al., 2012), whereas the combination
of surgery, chemotherapy, and radiation therapy was
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used in four studies (Andersen et al., 2011, 2013; Chen
et al., 2015; Coats et al., 2013).

Type of intervention: The home-based exercise
training consisted of aerobic training, resistance
training, and breathing exercises. The total length
of the interventions ranged from 4 to 16 weeks, and
each exercise had a different frequency. Follow-up
was via telephone (Chen et al., 2015; Coats et al., 2013;
Granger et al., 2013); home visit (Arbane et al., 2011;
Olivier et al., 2018); or logbook (Andersen et al., 2011,
2013; Brocki et al., 2014; Quist et al., 2012). One study
(Hoffman et al., 2014) conducted follow-up via home
visit and telephone.

Outcomes: The primary outcomes were exercise
capacity and dyspnea. Seven studies (Arbane et al.,
2011; Brocki et al., 2014; Coats et al., 2013; Granger
et al., 2013; Hoffman et al., 2014; Olivier et al., 2018;
Quist et al., 2012) reported exercise capacity, which
was measured using the 6MWD, a simple submaximal
exercise test that measures the distance walked on a
hard, level surface in six minutes to assess exercise
capacity and has strong test-retest reliability (intra-
class correlation = 0.97) (Hamilton & Haennel, 2000;
Yang et al., 2018). Three studies (Brocki et al., 2014;
Coats et al.,, 2013; Hoffman et al., 2014) focused on
continuous data for dyspnea, which were measured
using the Borg scale. The Borg scale measures dyspnea
on a scale ranging from o to 20, with higher scores
indicating greater dyspnea severity (Borg, 1974).

The secondary outcomes were anxiety and depres-
sion, which were measured using HADS, a reliable and
widely used tool to assess anxiety and depression in
patients with cancer (Duijts et al., 2012), and HRQOL,
which was measured using the EORTC QLQ-C30, a
valid and reliable tool to assess the HRQOL of patients
with cancer. Each of the seven items on the HADS anx-
iety subscale and on the HADS depression subscale was
scored on a four-point scale ranging from o (not at all)
to 3 (very much so), with potential total subscale scores
ranging from o to 21. Higher scores indicate higher levels
of anxiety or depression (Zigmond & Snaith, 1983). The
EORTC QLQ-C30 consists of five functional domains
(physical, emotional, social, role, and cognitive); three
symptom domains (pain, fatigue, and nausea and vom-
iting); six single items (appetite loss, dyspnea, diarrhea,
constipation, insomnia, and financial difficulties); and
global health status (Granger, McDonald, Berney, Chao,
& Denehy, 2011). The EORTC QLQ-C30 is scored on
a scale ranging from o to 100. For the five functional
domains and global health status, o indicates the lowest
level of function (worst score) and 100 indicates the
highest level of function (best score); for the remaining

E124 ONCOLOGY NURSING FORUM JULY 2019, VOL. 46, NO. 4

items, o indicates the lowest level of symptoms (best
score) and 100 indicates the highest level of symptoms
(worst score).

Three studies (Chen et al., 2015; Coats et al., 2013;
Olivier et al., 2018) reported anxiety and depression.
Five studies (Andersen et al., 2011, 2013; Arbane et al.,
2011; Coats et al.,, 2013; Granger et al., 2013) reported
HRQOL, but Arbane et al. (2011) reported only global
health status, and Granger et al. (2013) did not report
insomnia, appetite loss, constipation, diarrhea, or
financial difficulties.

Quality Assessment

Using the Cochrane risk of bias tool, the current
authors classified the four RCTs as having random
sequence generation for the enrolled patients and
as having allocation concealment. All RCTs were
also found not to have other biases. In addition,
one study was found to perform adequate blinding
of participants and personnel (Granger et al., 2013);
three studies performed adequate blinding of the
outcome assessment (Arbane et al., 2011; Brocki
et al., 2014; Granger et al., 2013); three studies had
complete outcome data (Brocki et al., 2014; Chen et
al., 2015; Granger et al., 2013); and three studies did
not contain selective reporting bias (Arbane et al.,
2011; Brocki et al., 2014; Granger et al., 2013.

Using the MINORS checklist, the current authors
determined that the six non-RCTs had clearly stated
aims, collected data prospectively, included consecu-
tive patients, and had a follow-up period appropriate
to the aim. However, all studies lacked the reporting
of an unbiased assessment of study endpoint and did
not include prospective calculation of the study size.

Overall Analysis
Table 2 provides the effects of the intervention on exer-
cise capacity, dyspnea, anxiety, and depression. Table
3 provides the effects of the intervention on HRQOL.

Exercise capacity: Seven studies (Arbane et al.,
2011; Brocki et al., 2014; Coats et al., 2013; Granger et
al., 2013; Hoffman et al., 2014; Olivier et al., 2018; Quist
et al., 2012) assessed the effect of the intervention on
exercise capacity using the SMWD. There was no het-
erogeneity in the SMWD (I* = 0%), so the fixed effects
model was selected for this analysis. Results showed
that home-based exercise training could increase the
6MWD by an average of 20.47 m (MD = 20.47; 95% CI
[0.74, 40.2]; p = 0.04).

Dyspnea: Three studies (Brocki et al., 2014;
Coats et al., 2013; Hoffman et al., 2014) reported the
effect of the intervention on dyspnea. There was
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TABLE 2. Effects of Home-Based Exercise Training Intervention on Exercise Capacity, Dyspnea, Anxiety, and Depression

Preintervention Postintervention

Study X SD Total X SD Total Weight MD 95% CI

Arbane etal., 2011 454.6 116.7 21 480.2 110 21 8.3 25.6 [-42.99,94.19]
Brocki etal., 2014 427 124 41 488 155.96 32 8.9 61 [-5.03, 127.03]
Coatsetal., 2013 540 98 13 568 101 13 6.7 28 [-48.5,104.5]
Granger etal., 2013 677 89.3 4 705.7 65.3 4 83 28.7 [-79.71,137.11]
Hoffman etal., 2014 413 32 5 463 62 5 10.4 50 [-11.16,111.16]
Olivieretal., 2018 435 77.78 47 433 62.96 47 47.6 -2 [-30.61,26.61]
Quistetal., 2012 524.7 88.5 23 564 88.6 23 14.9 39.3 [-11.88,90.48]
Total - - 154 - - 145 100 20.47 [0.74,40.2]

Brocki etal., 2014 11 3 41 12.19 14.95 32 3.9 1.19 [-4.07,6.45]
Coats etal., 2013 7 2 13 7 2 13 455 0 [-1.54, 1.54]
Hoffman etal., 2014 2 1.4 5 0.4 0.9 5 50.6 -1.6 [-3.06, -0.14]
Total - - 59 - - 50 100 -0.76 [-1.8,0.27]

Chenetal., 2015 4.59 3.46 58 3.55 3.34 44 50.3 -1.04 [-2.37,0.29]
Coats etal., 2013 8.8 4.2 13 7.4 15 13 10.1 -1.4 [-4.37,1.57]
Olivieretal., 2018 7 3.7 47 6 3.7 47 39.7 -1 [-2.5,0.5]
Total - - 118 - - 104 100 -1.06 [-2,-0.12]

Chenetal., 2015 5.67 3.57 58 441 3.79 44 51.6 -1.26 [-2.71,0.19]
Coats etal., 2013 5.4 3.6 13 319 23 13 20.1 -1.5 [-3.82,0.8]
Olivieretal., 2018 4 4.44 47 5 5.19 47 28.4 1 [-0.95,2.95]
Total = = 118 = = 104 100 -0.67 [-1.71,0.37]

Cl—confidence interval; HADS—Hospital Anxiety and Depression Scale; MD—mean difference

Note. Weight is indicated in percentage.

Note. For exercise capacity, heterogeneity was x?=5.31, df = 6 (p = 0.5), and I> = 0%, and test for overall effect was Z = 2.03 (p = 0.04). Exercise
capacity was measured using six--minute walk distance, which evaluates the distance walked (in meters) by a patient on a hard, level surface in 6
minutes.

Note. For dyspnea, heterogeneity was x2 = 2.74, df = 2 (p = 0.25), and I> = 27%, and test for overall effect was Z = 1.44 (p = 0.15). Dyspnea was
measured using the Borg scale, which measures dyspnea severity on a scale ranging from 0 to 20. Higher scores on the Borg scale indicate greater
dyspnea severity.

Note. For anxiety, heterogeneity was %2 = 0.06, df =2 (p=0.97), and I> = 0%, and test for overall effect was Z = 2.21 (p = 0.03). For depression, het-
erogeneity was 2 = 3.94, df = 2 (p = 0.14), and I> = 49%, and test for overall effect was Z= 1.26 (p = 0.21). Anxiety and depression were measured
using HADS, which has 7 items each for anxiety and depression. Each item was scored on a 4-point scale ranging from O (not at all) to 3 (very much
s0), with potential total subscale scores for anxiety or depression ranging from 0 to 21. Higher scores on the HADS anxiety subscale and the HADS
depression subscale indicate higher levels of anxiety or depression, respectively.
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low heterogeneity in dyspnea (I* = 27%), so the fixed
effects model was selected for this analysis. Results
showed that the dyspnea score was not statistically
significant after the intervention (MD = -0.76; 95% CI
[-1.8, 0.27]; p = 0.15).

Anxiety: Three studies (Chen et al., 2015; Coats et
al., 2013; Olivier et al., 2018) reported the effect of the
intervention on anxiety. There was no heterogeneity
in anxiety (I* = 0%), so the fixed effects model was
selected for this analysis (MD = -1.06; 95% CI [-2,
-0.12]; p = 0.03). Results showed that home-based
exercise training could improve anxiety in patients
with lung cancer.

Depression: Three studies (Chen et al., 2015; Coats
et al., 2013; Olivier et al., 2018) reported the effect
of the intervention on depression. Analysis of these
three studies demonstrated evidence of moderate
heterogeneity (I* = 49%), so the fixed effects model
was selected for this analysis. Results showed that
depression was not significantly different after the
intervention (MD = -0.67; 95% CI [-1.71, 0.37]; p =
0.21).

HRQOL: Five studies (Andersen et al., 2011, 2013;
Arbane et al., 2011; Coats et al., 2013; Granger et al.,
2013) reported the effect of the intervention on
HRQOL, measured with the EORTC QLQ-C30. To
analyze appetite loss, a random effects model was
used on the basis of the high heterogeneity (I*=
84%). Analysis for other domains employed a fixed
effects model because the heterogeneity was less than
50%. Results showed that the intervention signifi-
cantly improved emotional functioning (MD = 8.77;
95% CI [2.02, 15.51]; p = 0.01) and insomnia (MD =
-13.33; 95% CI [-20.21, —6.44]; p = 0.0001). However,
there were significant differences in the following
domains:

m  Global health status (MD = 1.21; 95% CI [-4.81,

7.22]; p = 0.69)

m Physical functioning (MD = 2.06; 95% CI [-4.52,
8.63]; p=0.54)

m  Role functioning (MD = 1.23; 95% CI [-9.1, 11.57];
p=0.82)

m  Cognitive functioning (MD = 4.76; 95% CI [-2.07,
11.58]; p = 0.17)

m Social functioning (MD = 3.81; 95% CI [-2.84,
10.47]; p = 0.26)
Fatigue (MD = 3.66; 95% CI [-4.14, 11.46]; p = 0.36)
Nausea and vomiting (MD = -3.3; 95% CI [-7.69,
1.08]; p=0.14)
Pain (MD = 0.63; 95% CI [-6.71, 7.97]; p = 0.87)
Dyspnea (MD = -7.69; 95% CI [-16.14, 0.77]; p =
0.07)
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m  Appetite loss (MD = -17.22; 95% CI [-36.25,1.8];p =
0.08)

m  Constipation (MD = 1.22; 95% CI [-4.13, 6.56]; p =
0.66)
Diarrhea (MD = —4.7; 95% CI [-11.57, 2.17]; p = 0.18)
Financial difficulties (MD = -1.51; 95% CI [-8.73,
571 p = 0.68)

Sensitivity Analysis

To assess the stability of the meta-analysis, a sen-
sitivity analysis was conducted. For dyspnea, the
heterogeneity significantly decreased (I* = 0%) when
the Coats et al. (2013) study was removed, demon-
strating that it was the main source of heterogeneity.
In addition, the adjusted pooled estimates changed
significantly (MD = -1.4; 95% CI [-2.81, 0.01]; p =
0.05). Similarly, the heterogeneity of depression sig-
nificantly decreased (I* = 0%) when the Olivier et al.
(2018) study was removed. In addition, the adjusted
pooled estimates changed significantly (MD = -1.33;
95% CI [-2.56, —0.1]; p = 0.03). Removal of the Arbane
et al. (2011) study significantly decreased the hetero-
geneity of the appetite loss domain of the EORTC
QLQ-C30 (I* = 0%), demonstrating that it was the
main source of heterogeneity. However, the adjusted
pooled estimates did not experience a significant
change (MD = -8; 95% CI [-19.14, 3.14]; p = 0.16).

Discussion

The results of the analysis indicate that home-based
exercise training can improve exercise capacity and
anxiety. However, it does not improve dyspnea,
depression, or HRQOL. Ten studies (RCTs and non-
RCTs) involving a total of 453 participants were
included in the current systematic review. The home-
based exercise training in the studies selected for
inclusion involved aerobic training, resistance train-
ing, and breathing exercises. The frequency of exercise
training ranged from once daily to once weekly.

Lung cancer is associated with impaired lung
function and symptoms of lower exercise capacity.
A prospective study by Kasymjanova et al. (2009)
demonstrated that advanced stage lung cancer signifi-
cantly reduced exercise capacity after chemotherapy.
Exercise capacity is an independent predictor of sur-
vival in patients with lung cancer, with a 13% reduction
in the risk of death when the 6MWD increases by 50 m
(Jones et al., 2012). Exercise training may improve the
skeletal muscle function of patients and effectively
reduce oxidative stress in the body to increase exer-
cise capacity (Mercken et al., 2005; Spruit et al., 2013).
The current meta-analysis showed that home-based
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TABLE 3. Effects of Home-Based Exercise Training Intervention on Health-Related Quality of Life

Preintervention Postintervention

x|

Study SD Total X SD Total Weight MD 95% Cl

Andersen etal., 2011 33 11.75 16 0 11.75 16 37.3 -33 [-41.14, -24.86]
Andersen etal., 2013 21 34 27 11 21 27 32 -10 [-25.07,5.07]
Coatsetal., 2013 13.9 22.3 13 8.3 20.7 13 30.7 -5.6 [-22.14,10.94]
Random effects model - - 56 - - 56 100 -17.22 [-36.25, 1.8]

Andersen etal., 2011 92 20.75 16 100 16.75 16 27.3 8 [-5.07,21.07]
Andersen etal., 2013 84 16 27 86 17 27 60.1 2 [-6.81,10.81]
Coatsetal., 2013 66.6 32.6 13 79.1 25.8 13 9.1 12.5 [-10.1,35.1]

Grangeretal., 2013 66.7 20.4 4 183 34.6 5 815 6.6 [-29.72,42.92]
Fixed effects model - - 60 - - 61 100 4.76 [-2.07,11.58]

Andersen etal., 2011 0 11.75 16 0 11.75 16 43.1 0 [-8.14,8.14]
Andersen etal., 2013 7 17 27 7 17 27 34.8 0 [-9.07,9.07]
Coatsetal., 2013 5.6 13 13 111 16.4 13 221 5.5 [-5.88, 16.88]
Fixed effects model = = 56 = = 56 100 1.22 [-4.13, 6.56]

Andersen etal., 2011 0 25 16 0 8.25 16 28.4 0 [-12.9,12.9]
Andersen etal., 2013 23 29 26 14 25 26 21.8 -9 [-23.72,5.72]
Coatsetal., 2013 8.3 15.1 13 2.8 9.6 13 49.9 -5.5 [-15.23,4.23]
Fixed effects model - - 59 - - &3 100 -4.7 [-11.57,2.17]

Andersen etal., 2011 50 16.75 16 33 16.75 16 53.1 -17 [-28.61,-5.39]
Andersen etal., 2013 44 & 27 48 32 27 23.8 4 [-13.34,21.34]
Coatsetal., 2013 30.5 30 13 30.5 223 13 17.3 0 [-20.32,20.32]
Grangeretal., 2013 26.7 28.9 4 &3 23.6 5 5.8 6.6 [-28.47,41.67]
Fixed effects model - - 60 - - 61 100 -7.69 [-16.14,0.77]

Andersenetal., 2011 88 20.75 16 92 10.5 16 35 4 [-7.39, 15.39]

Andersen etal., 2013 79 20 24 92 13 24 49.9 13 [3.46,22.54]

Coatsetal., 2013 62.5 221 13 65.2 28 13 12.1 2.7 [-16.69, 22.09]
Continued on the next page
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TABLE 3. Effects of Home-Based Exercise Training Intervention on Health-Related Quality of Life (Continued)

Preintervention Postintervention

x|

Study SD Total X SD Total Weight MD 95% ClI

Grangeretal., 2013 48.3 19 4 66.7 39.1 5 3 18.4 [-20.6,57.4]
Fixed effects model - - 57 - - 58 100 8.77 [2.02, 15.51]

Andersenetal., 2011 22 19.5 16 33 22.25 16 28.9 11 [-3.5,25.5]

Andersen etal., 2013 40 29 23 33 25 23 24.8 -7 [-22.65, 8.65]
Coatsetal., 2013 213 15.3 13 26.8 16 13 42 5.5 [-6.53,17.53]
Grangeretal., 2013 44.4 26 4 422 31.8 B 43 -2.2 [-39.96, 35.56]
Fixed effects model - - 56 - - 57 100 3.66 [-4.14,11.46]

Andersen etal., 2011 0 16.75 16 0 8.25 16 62.2 0 [-9.15,9.15]
Andersen etal., 2013 11 23 27 7 21 27 37.8 -4 [-15.75,7.75]
Coatsetal., 2013 0 0 13 2.8 9.6 13 - - -

Fixed effects model - - 58 - - 56 100 -1.51 [-8.73,5.71]

Andersen etal., 2011 67 14.5 16 67 18.75 16 26.8 0 [-11.61,11.61]
Andersen etal., 2013 59 21 26 65 19 26 30.5 6 [-4.89, 16.89]
Arbane etal., 2011 74.7 27.3 22 68.2 15.3 22 21.1 -6.5 [-19.58, 6.58]
Coats etal., 2013 51.3 18 13 54 18.2 13 18.7 2.7 [-11.21, 16.61]
Grangeretal., 2013 63.3 24 4 71.7 29.8 5 29 8.4 [-26.75,43.55]
Fixed effects model - - 81 - - 82 100 1.21 [-4.81,7.22]

Andersen etal., 2011 17 11.75 16 0 11.75 16 715 -17 [-25.14, -8.86]
Andersen etal., 2013 25 31 27 20 32 27 16.8 -5 [-21.81,11.81]
Coatsetal., 2013 22.2 29.6 13 19.4 22.3 13 11.7 -2.8 [-22.95, 17.35]
Fixed effects model - - 56 - - 56 100 -13.33 [-20.21, -6.44]

Andersen etal., 2011 0 16.75 16 0 8.25 16 22.9 0 [-9.15,9.15]
Andersen etal., 2013 9 14 26 5 10 26 43.9 -4 [-10.61, 2.61]
Coatsetal., 2013 6.9 13.2 13 2.8 6.5 13 30 -4.1 [-12.1,3.9]
Grangeretal., 2013 233 19 4 13.3 18.2 5 3.2 -10 [-34.52,14.52]

Continued on the next page
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TABLE 3. Effects of Home-Based Exercise Training Intervention on Health-Related Quality of Life (Continued)

Preintervention Postintervention

x|

Study SD Total X SD Total Weight MD 95% Cl

Fixed effects model - - 59 - - 60 100 -3.3 [-7.69, 1.08]

Andersenetal., 2011 8 16.75 16 17 25 16 24.8 9 [-5.75,23.75]
Andersen etal., 2013 22 26 26 15 21 26 32.7 -7 [-19.85, 5.85]
Coatsetal., 2013 11.1 16.4 13 11.1 14.8 13 374 0 [-12.01, 12.01]
Grangeretal., 2013 23.3 22.3 4 36.7 27.4 5 5.1 134 [-19.07,45.87]
Fixed effects model - - 59 - - 60 100 0.63 [-6.71,7.97]

Andersen etal., 2011 70 13.5 16 73 15 16 44.2 3 [-6.89, 12.89]
Andersen etal., 2013 73 20 27 76 20 27 38 3 [-7.67,13.67]
Coatsetal., 2013 73.3 313 13 733 30.6 13 7.6 0 [-23.79,23.79]
Grangeretal., 2013 89.3 13 4 85.3 18.5 ) 10.2 -4 [-24.62, 16.62]
Fixed effects model - - 60 - - 61 100 2.06 [-4.52,8.63]

Andersen etal., 2011 67 25 16 67 25 16 35.6 0 [-17.32,17.32]
Andersen etal., 2013 63 34 26 66 25 26 40.6 3 [-13.22,19.22]
Coats etal., 2013 69.4 32.4 13 73.6 30.5 13 18.2 4.2 [-19.99, 28.39]
Grangeretal., 2013 86.7 21.7 4 73.3 43.5 B 5.6 -13.4 [-57.06, 30.26]
Fixed effects model - - 59 - - 60 100 1.23 [-9.1,11.57]

Andersenetal., 2011 92 16.75 16 100 12.5 16 42.2 8 [-2.24,18.24]
Andersen etal., 2013 81 23 26 85 18 26 35.1 4 [-7.23, 15.23]
Coatsetal., 2013 88.9 16.4 13 83.3 21.3 13 20.7 -5.6 [-20.21,9.01]
Grangeretal., 2013 60 38.4 4 70 34.2 ) 1.9 10 [-38.11,58.11]
Fixed effects model - - 59 - - 60 100 3.81 [-2.84,10.47]

Cl—confidence interval; MD—mean difference

Note. Weight is indicated in percentages.

Note. Health-related quality of life was measured using the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-
Core 30, which uses a scale of 0-100; for the 5 functional domains and global health status, O indicates the lowest level of function and 100 the high-
est level of function; for the remaining items, O indicates the lowest level of symptoms and 100 the highest level of symptoms.

Note. Heterogeneity for each category was as follows: appetite loss (2 = 12.75, I> = 84%, p = 0.002); cognitive functioning (x> = 1.07, > = 0%, p =
0.78); constipation (x?= 0.7, I>= 0%, p = 0.7); diarrhea (y*> = 0.86, 1> = 0%, p = 0.65); dyspnea (x> = 5.41, I> = 45%, p = 0.14); emotional functioning
(x2=2.04,1>= 0%, p = 0.56); fatigue (x> = 2.95, I>= 0%, p = 0.4); financial difficulties (> = 0.28, I*= 0%, p = 0.6); global health status (x*=2.33, I* =
0%, p=0.68); insomnia (x>=2.77, 1> = 28%, p = 0.25); nausea and vomiting (x> = 0.87, I>= 0%, p = 0.83); pain (x> = 3.2, I = 6%, p = 0.36); physical
functioning (x* = 0.43, I = 0%, p = 0.94); role functioning (x> = 0.55, I = 0%, p = 0.91); and social functioning (x> = 2.3, I>= 0%, p = 0.51).
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exercise training can significantly increase the 6 MWD
in patients with lung cancer. Similar to findings in the
study by Claes, Buys, Budts, Smart, and Cornelissen
(2017), exercise capacity increased with home-based
exercise interventions.

Results of this meta-analysis demonstrate that
home-based exercise training does not improve dys-
pnea. In contrast, the study by Bernardi, Pomidori,
Cassutti, and Cogo (2018) showed that home-based
exercise training could reduce the patient’s perception
of dyspnea. The difference in results may be because
the Bernadi et al. (2018) study used a metronome
to maintain the walking speed, and the intervention
effect was more significant. In the current meta-
analysis, only three studies (Brocki et al., 2014; Coats
et al., 2013; Hoffman et al., 2014) reported the out-
come of dyspnea, and the sample size was smaller. In
addition, in the study by Brocki et al. (2014), 43% of
patients completed home-based exercise training. In
the study by Coats et al. (2013), the recruitment rate
was 50%, and the completion rate was 81%. Although
all patients completed home-based exercise training
in the study by Hoffman et al. (2014), it was a feasi-
bility study involving only five patients. The small
sample size and the different completion rates may
affect the results of quantitative synthesis, and the
current analysis of dyspnea should be interpreted
with caution.

Following the sensitivity analysis on dyspnea, the
current authors discovered that the study by Coats et
al. (2013) was a source of heterogeneity. The home-
based exercise training in the Coats et al. (2013) study
was performed preoperatively and the length of the
intervention was shorter (four weeks); both of these
characteristics differ from the other two studies that
reported the outcome of dyspnea (Brocki et al., 2014;
Hoffman et al., 2014).

Patients with lung cancer generally have psycho-
logical problems, such as anxiety and depression,
which may limit their ability to exercise and may
impair their HRQOL (Chen et al., 2015; Liberati et al.,
2009). The current meta-analysis employed HADS to
assess anxiety and depression. Exercise training may
reduce sympathetic nerve excitability and relieve anx-
iety and depression (Chen, Huang, Chien, & Cheng,
2017). The findings of the current meta-analysis show
that home-based exercise training reduces anxiety.
These results are similar to those from a study by
Blacklock, Rhodes, Blanchard, and Gaul (2010) show-
ing that exercise training could reduce anxiety.

However, the current authors did not observe a
significant difference in depression. In the study by
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Chen et al. (2015), the participants received a walking
exercise booklet, and 26 of 58 participants completed
the intervention. In addition, three patients could not
tolerate the moderate-intensity exercises during the
first and second weeks, which has a negative impact
on the fidelity of the intervention and possibly weak-
ens the intervention effect. When the Olivier et al.
(2018) study was omitted from the sensitivity analysis
for depression, the results changed into a significant
difference (p = 0.03). One of the potential explana-
tions for this change is that participants in the Olivier
et al. (2018) study had lung cancer and malignant
pleural mesothelioma treated with chemotherapy,
and only 47 of 243 eligible patients agreed to partic-
ipate and finished the home-based exercise training.
In addition, the approaches to follow-up may also be
the cause of heterogeneity. Home visits were used for
supervision in the Olivier et al. (2018) study, whereas
telephone calls were used in the two other studies
measuring depression (Chen et al., 2015; Coats et al.,
2013). Additional high-quality RCTs are needed to
verify the impact of home-based exercise training on
depression.

Patients with lung cancer have a high symptom
burden, with fatigue, pain, insomnia, and poor QOL
(Mercadante et al., 2017; Morrison et al., 2017).
Patients with lung cancer undergoing chemother-
apy experience appetite loss, diarrhea, nausea, and
vomiting (Ponticelli et al., 2017). These symptoms
not only affect patients’ physical and mental health
but also increase their financial burden. The current
meta-analysis showed that home-based exercise
training can improve the domains of emotional
functioning and insomnia. Mercadante et al. (2017)
reported that sleep quality is closely related to emo-
tional functioning. Hartescu, Morgan, and Stevinson
(2015) found that exercise improved insomnia and
mood outcomes. Exercise may improve sleep through
regulating proinflammatory cytokines, but other
related mechanisms need additional research (Sprod
et al., 2010).

Significant improvements were not observed in
other domains of the EORTC QLQ-C30. The studies
by Andersen et al. (2011, 2013) examined participants
who for the most part were not eligible for surgery
and who in general had more advanced disease and
a worse prognosis. Arbane et al. (2011) reported only
global health status, and Granger et al. (2013) did not
report the domains of insomnia, appetite loss, con-
stipation, diarrhea, and financial difficulties. These
studies may affect the results of quantitative synthe-
sis. Larger multicenter parallel RCTs are needed to
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verify the impact of home-based exercise training on
HRQOL.

These studies have significant heterogeneity in
the types of patients included (e.g., stage of cancer,
treatment approaches), which requires caution in
explaining the results. Because the included studies
described lung cancer staging more broadly and the
number of studies included was small, additional
analysis was not conducted on patients with dif-
ferent stages of lung cancer. It is hoped that more
studies will further investigate the impact of home-
based exercise training on lung cancer at different
stages.

Limitations

This systematic review and meta-analysis has sev-
eral limitations. Because of the lack of RCTs on this
subject, non-RCTs were included; these are more
easily biased and may have affected the validity and
reliability of the results. In addition, the sample size
of 453 participants was generally smaller than that
of other reviews, which could limit the analytical
power. Differences in intervention methods, partici-
pants, and research designs inevitably led to clinical
heterogeneity. Additional studies will need to be con-
ducted to investigate this question. There also is no
assessment of publication bias because of the small
number of studies included. However, the novelty of
the research field (the oldest article was published
in 2011), with the addition of the differences in the
results, suggests that publication bias did not likely
influence results.

Implications for Nursing

Patients with lung cancer are at risk not only for
symptom burden but also for comorbid conditions,
which seriously impair the quality of life (Brunelli,
Kim, Berger, & Addrizzo-Harris, 2013). The current
meta-analysis showed that home-based exercise
training may have beneficial effects on exercise capac-
ity and anxiety. Nurses should examine the benefits
of home-based exercise training and consider this
intervention for patients. In the lung cancer setting,
the effectiveness of the intervention appears to be
highly influenced by the clinical features of partici-
pants (e.g., age, cancer type, cancer stage, treatment
approaches) and follow-up methods.

When setting up a stronger and more effective
nursing rehabilitation model, there are several factors
that should be taken into account to maximize the
results. The home-based interventions should be tai-
lored toward the various physical states of individuals
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m Home-based exercise training in patients with lung cancer may
have beneficial effects on exercise capacity and anxiety.

m Home-based exercise training may not be effective for dyspnea,
depression, or health-related quality of life.

m Fora stronger and more effective care model, the home-based ex-
ercise training protocol should be tailored to the various presenta-
tions of lung cancer survivorship to maintain or improve function.

with lung cancer to maintain and improve function.
For older patients with advanced lung cancer, a tol-
erable training method, such as walking, should be
chosen. For patients with early-stage lung cancer
and better physical status, a combination of multiple
exercise methods, such as aerobic training, resistance
training, and breathing exercises, should be chosen.
In addition, nurses can send audiovisual materials
about exercise training through the Internet; these
materials should be designed to help patients with
lung cancer learn more about exercises at home, so
that they can maintain healthy behavior and pro-
mote rehabilitation. The approaches to follow-up in
this review involved home visits, telephone calls, and
logbooks. Future research may focus on follow-up
methods using the Internet to observe the exercise
training of the patient in a timely manner and to
improve the effects of the intervention on patients
(Inskip et al., 2018).

Conclusion

This meta-analysis demonstrated that home-based
exercise training may provide benefits for exercise
capacity and anxiety. However, there were no signif-
icant improvements noted in dyspnea, depression,
or HRQOL. Exercise is one of the key components of
the current management of lung cancer, and patients
should be encouraged to adhere to exercise training
at home. Therefore, more high-quality RCTs on this
topic should be included to further investigate the
effects of home-based exercise training.
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