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Abstract
Purpose Fatigue is a common problem among rectal cancer patients and can affect their quality of life. This study conducted a
systematic review to better understand changes in fatigue severity in rectal cancer patients before, during, and after they undergo
therapy.
Methods We used preset keywords to search the Cochrane Library, the Cumulative Index to Nursing and Allied Health Literature
(CINAHL), PubMed, and ProQuest databases for relevant studies published between 2000 and 2018, and data analysis was
performed using Comprehensive Meta-Analysis (CMA) software (version 2.2.048) and SPSS software (version 19.0). In total,
nine articles with complete data were included in our meta-analysis.
Results Fatigue conditions were compared before the start of therapy (baseline) and at 1 month (time 1), 3 months (time 2),
6 months (time 3), and 12 months (time 4) after the start of therapy. The standardized mean differences (SMDs) of the pooling
effects size were 1.013 (95% confidence interval (CI) 0.217–1.810), − 0.551 (95% CI − 0.647 to − 0.456), − 0.330 (95% CI −
0.427 to − 0.233), and − 0.149 (95% CI − 0.221 to − 0.078), respectively. Subsequent analysis with a linear mixed effect model
revealed that the estimate of the time variable was − 0.226 (p = 0.047), which indicates that the severity of fatigue varies over time
and over the course of treatment. The results reveal that fatigue affects rectal cancer patients even before they start therapy.
Conclusion Although fatigue worsened during the first month after cancer therapy, it gradually improved thereafter.
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Introduction

Fatigue is a physical and mental symptom that often affects
cancer patients during the course of their disease or treatment.
Over 75% of cancer patients suffer from fatigue [1], including
feeling weak or heavy-limbed and/or being unable to execute
daily activities or maintain focus. This cancer-related fatigue
is not simply the feeling of fatigue; it may not be directly

associated with the patient’s activity level, and it cannot be
relieved with rest or sleep. As a result, fatigue can be even
more troubling for cancer patients than pain or nausea [2]. At
present, many types of cancer are not immediately fatal, but
patients may nonetheless suffer from a morbid chronic fatigue
known as cancer-related fatigue, which can disrupt or delay
therapy [3, 4]. Despite the seriousness of the condition, fatigue
has been overlooked as a quality of life indicator in the past,
and fatigue can even severely affect cancer prognosis [5].

Rectal cancer patients also often commonly experience fa-
tigue, which can lead to vertigo, tiredness, or exhaustion dur-
ing therapy [6]. Nevertheless, for the most part, fatigue in
rectal cancer patients remains underestimated and improperly
treated. When fatigue is detected early and treated properly,
the discomfort experienced by cancer patients can be relieved
and their quality of life can be improved [7].

The forms of treatment for rectal cancer are manifold and
complex and can have a strong impact on fatigue [7]. The
conventional first-line treatment for non-metastatic rectal can-
cer is surgical resection. Tumors that are smaller in size and
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located higher in the rectum can be successfully resected, at
which point the rectum can be directly reconnected to the
colon. However, rectal cancers that are within 7 cm of the
anus require abdominal-perineal resection, which means that
a colostomy, a surgical procedure that creates a stoma through
the abdominal wall, will be required afterwards. The latest
treatment methods allow tumors which are located approxi-
mately 5 cm from the anus to be resected with a higher chance
of retaining the anus [8]. Furthermore, neoadjuvant concurrent
chemoradiotherapy (CCRT) can be administered before surgi-
cal resection to shrink the tumor and increase the chance of
success. Patients receiving neoadjuvant CCRT must undergo
radiotherapy and concurrent chemotherapy for about 5 weeks.
Surgical resection is then performed following assessment,
between 1 and 2 months after the patient receives neoadjuvant
CCRT [9]. A complete round of treatment generally includes
four rounds of chemotherapy [10]. Post-surgical adjuvant
CCRT is available to patients who cannot receive radical sur-
gery due to poor physical condition or multiple comorbidities.
Depending on the pathologic stage and other risk factors, pa-
tients that did not undergo adjuvant radiotherapy before sur-
gery may be eligible for chemotherapy and radiotherapy to
reduce the chance of local recurrence [11].

Only by understanding the changes in the fatigue of rectal
cancer patients throughout their treatment can we assist pa-
tients with the discomfort brought on by fatigue as well as
provide more active fatigue care treatments to improve their
quality of life. The objective of this meta-analysis was to not
only gain an in-depth understanding of the severity of fatigue
that rectal cancer patients suffer from at different points before
and after therapy but also to explore the severity of fatigue
during each stage of therapy.

Materials and methods

Empirical literature search

We performed a systematic literature search of articles pub-
lished between 2000 and 2018 on four databases: the
Cochrane Library, the Cumulative Index to Nursing and
Allied Health Literature (CINAHL), PubMed, and ProQuest.
Our search focused on four groups of keywords: rectal cancer/
cancer of the rectum, before neoadjuvant therapy/neoadjuvant
chemoradiotherapy/neoadjuvant chemotherapy/neoadjuvant
radiotherapy/surgery, after neoadjuvant therapy/neoadjuvant
chemoradiotherapy/neoadjuvant chemotherapy/neoadjuvant
radiotherapy/surgery, and fatigue/tiredness/lack of energy.
Our search was limited to studies that were published in
English and involved humans. Studies were excluded from
our meta-analysis if they (1) involved subjects aged 18 or
under, (2) involved subjects with recurrent rectal cancer, or
(3) were argumentative or retrospective in nature. Finally,

we used retrospective literature and our search results to look
for other study papers that fit our criteria.

Evaluating the quality of literature

The articles identified through the search were evaluated by
two reviewers using appraisal criteria for non-randomized ex-
perimental studies from the Joanna Briggs Institute [12]. The
appraisal criteria included nine assessment items: whether the
sample was representative of patients in the population as a
whole, whether the patients were at a similar point in the
course of their condition/illness; whether bias had been mini-
mized in selecting cases and controls, whether confounding
factors had been identified and whether the strategies used to
address them had been explained; whether outcomes were
assessed using objective criteria; whether follow-up was car-
ried out over a sufficient time period; whether the outcomes of
people who withdrew were described and included in the
analysis, whether outcomes were measured in a reliable
way; and whether appropriate statistical analysis was per-
formed. The results of each assessment were either yes, no,
unclear, or not applicable. An article was only awarded 1 point
if the result of an assessment item was yes; no points were
awarded for any other result. Only articles with a total score of
4 or higher were included in our analysis. To determine the
degree of consistency between the assessments of the two
reviewers, the Kappa coefficient of agreement was calculated
using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

Data analysis

Data analysis was performed using Comprehensive Meta-
Analysis (CMA) software, version 2.2.048, and SPSS soft-
ware, version 19.0 (SPSS Inc., Chicago, IL, USA). Before
analyzing the results, we tested the heterogeneity of the col-
lected articles using the Cochran’s Q test to determine whether
a fixed or random effect model should be used in calculating
pooling effect sizes. We then conducted a sensitivity analysis
to determine whether the elimination of any article would
have an impact on the overall results. We used standardized
mean differences (SMDs) and 95% confidence intervals to
determine the statistical effects. If the 95% confidence inter-
vals did not include 0, then the results were deemed to have
statistical meaning. We also used a forest plot to display
pooling effect sizes and 95% confidence intervals. Finally,
we used a linear mixed effect model to examine changes in
the severity of fatigue at different time points, as follows. The
baseline time point was before the start of therapy; the other
time points were 1 month after the start of therapy (time 1),
3 months after the start of therapy (time 2), 6 months after the
start of therapy (time 3), and at the end of therapy (time 4; i.e.,
12 months after the start of therapy).
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Results

Number and quality of studies included
in the meta-analysis

We obtained a total of 831 studies from the four databases.
Repetition led to the elimination of 432 studies. After reading
the titles and abstracts of the remaining 399 studies, we select-
ed and read 100 candidate studies in their entirety. Upon so
doing, 91 more studies were eliminated for the following rea-
sons: 24 already involved interventions to deal with fatigue,
13 focused on non-rectal or multiple cancers, five used a
cross-sectional design with single time points, 38 involved
cancer therapies that had already begun, two examined pa-
tients with recurrent rectal cancer, six were systematic re-
views, and three were not written in English or their full text
could not be accessed. In the end, our meta-analysis included
nine articles (Table 1), each of which had a quality assessment
score between 6 and 8 points (Table 2). The Kappa coefficient
of consistency between the two reviewers was 0.821
(p < 0.001). Table 3 displays the complete data presented by
studies included in the meta-analysis. Although a total of nine
studies were included in our meta-analysis, the time points at
which each study collected their data varied. There were four

groups for the comparison between the baseline and time 1, 3
groups for the comparison between the baseline and time 2, 12
groups for the comparison between the baseline and time 3,
and eight groups for the comparison between the baseline and
time 4.

Heterogeneity test, sensitivity analysis, and pooling
effect size of baseline and time 1

The heterogeneity test revealed statistically significant differ-
ences (p < 0.001) among the four studies, with the percentage
of variation due to heterogeneity (I2) calculated at 96.78%.
This indicates that these four studies share a high degree of
heterogeneity; thus, we adopted the random effect model.
Sensitivity analysis results (Figs. 1 and 2) revealed that elim-
inating the data from Pucciarelli [15] led to a significant
change in the mean effect value; it soared to 1.013. This indi-
cates that Pucciarelli [15] was significantly different from the
other studies, and that the data contains influential extreme
values. As a result, we eliminated Pucciarelli [15] and then
re-analyzed the pooling effect size to enhance the accuracy of
our meta-analysis. Overall, the SMD of the pooling effect size
was 1.013, and the 95% confidence interval ranged from
0.217 to 1.810, which reveals that the fatigue experienced

Table 1 Research design of study articles included in the meta-analysis

First author,
year, country

Research
design

Age of patients (years) Stage of
rectal cancer

Type of cancer treatment Tool

Li, 2014 [13]
China

longitudinal ≤ 60: 20/42 patients (47.6%) > 60:
22/42 patients (52.4%)

– Radical surgery followed by
adjuvant treatment

Cancer Fatigue Scale (CFS)

Park, 2009
[14]

USA

Prospective Median 56.7 (range 21.3–78.7) II and III Neoadjuvant treatment plus
radical

surgery followed by
adjuvant treatment

MD Anderson Symptom
Inventory (MDASI) fatigue
score

Pucciarelli,
2011 [15]

Italy

Multicenter
prospective

Median 64.0 (range 29.0–83.0) II and III Neoadjuvant treatment plus
radical surgery followed
by adjuvant treatment

EORTC QLQ-C30 fatigue score

Couwenberg,
2018 [16]

Netherlands

Prospective Median 65.0 (range 26.0–87.0) I–IV Neoadjuvant treatment plus
radical surgery followed
by adjuvant treatment

EORTC QLQ-C30 fatigue score

Schmidt, 2005
[17]

Germany

Prospective Median 65.3
(range 31.0–90.0)

I–IV Radical surgery followed by
adjuvant treatment

EORTC QLQ-C30 fatigue score

Zhang, 2016
[18]

China

Longitudinal
prospective

≤ 65: 380/852 patients (44.6%) > 65:
472/852 patients (55.4%)

I–IV Radical surgery followed by
adjuvant treatment

EORTC QLQ-C30 fatigue score

Grumann,
2001 [19]

Germany

Prospective AR mean: 61.4 APE mean: 62.2 I–III Radical surgery followed by
adjuvant treatment

EORTC QLQ-C30 fatigue score

Monastyrska,
2016 [20]

Poland

Prospective APR mean: 64.5 LAR mean: 65.2 II and III Radical surgery followed by
adjuvant treatment

EORTC QLQ-C30 fatigue score

Herrle, 2016
[21]

Germany

Longitudinal 63.2 ± 11.5 (range 30.0–84.0) I–IV Neoadjuvant treatment plus
radical surgery followed
by adjuvant treatment

EORTC QLQ-C30 fatigue score
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by patients at time 1 was much more severe than the fatigue
that they experienced at baseline (p = 0.013) (Fig. 3).

Heterogeneity test, sensitivity analysis, and pooling
effect size of baseline and time 2

The heterogeneity test did not reveal any statistically signifi-
cant differences (p = 0.689) among the three studies, with the
percentage of variation due to heterogeneity (I2) calculated at
0.00%. This indicates that no heterogeneity exists among
these three studies; thus, we adopted the fixed effect model.
Sensitivity analysis results (Fig. 2) showed that the research
data did not contain extreme values that impacted the mean
effect value; therefore, all three studies were included in
pooling effect size analysis. The SMD of the pooling effect
size was − 0.551, and the 95% confidence interval ranged
from − 0.647 to − 0.456, which reveals that the fatigue expe-
rienced by patients at time 2 was much less severe than the
fatigue experienced by patients at baseline (p < 0.001) (Fig. 3).

Heterogeneity test, sensitivity analysis, and pooling
effect size of baseline and time 3

The heterogeneity test revealed statistically significant differ-
ences (p = 0.001) among the 12 studies, with the percentage of
variation due to heterogeneity (I2) calculated at 65.94%. This
indicates that heterogeneity exists among these 12 studies;
thus, we adopted the random effect model. Sensitivity analysis

results (Fig. 2) showed that the research data did not contain
extreme values which significantly impacted the mean effect
value; thus, all of the studies were included in pooling effect
size analysis. The SMD of the pooling effect size was − 0.330,
and the 95% confidence interval ranged from − 0.427 to −
0.233, which reveals that the fatigue experienced by patients
at time 3 was greatly improved compared to the fatigue that
patients experienced at baseline (p < 0.001) (Fig. 3).

Heterogeneity test, sensitivity analysis, and pooling
effect size of baseline and time 4

The heterogeneity test did not reveal any statistically signifi-
cant differences (p = 0.574) among the eight studies, with the
percentage of variation due to heterogeneity (I2) calculated at
0.00%. This indicates that no heterogeneity exists among
these studies; thus, we adopted the fixed effect model.
Sensitivity analysis results (Fig. 2) showed that the research
data did not contain extreme values which significantly im-
pacted the mean effect value, so all eight of these studies were
included in pooling effect size analysis. The SMD of the
pooling effect size was − 0.149, and the 95% confidence in-
terval ranged from − 0.221 to − 0.078, which reveals that the
fatigue experienced by patients at time 4 was greatly improved
compared to the fatigue that patients experienced at baseline
(p < 0.001) (Fig. 3).

Results of pooling effect size and linear mixed effect
model

As described earlier, comparing fatigue conditions at time 1,
time 2, time 3, time 4, and baseline revealed significant dif-
ferences in the SMDs of pooling effect sizes. As shown in
Fig. 4, the severity of fatigue changed significantly over time.
In considering the heterogeneity among the different studies,
we weighted studies according to their importance and then
used a linear mixed effect model to analyze the severity of
fatigue experienced by rectal cancer patients at different time
points before, during, and after therapy. The dependent vari-
able of this model was the comparative effect size of fatigue
scores reported by the various studies at different time points
before and during therapy, while the independent variable was
time. The residual weights were the weighted percentages of
the various time points in the studies. In considering the het-
erogeneity among the different studies, we weighted studies
according to their importance and then used a linear mixed
effect model to analyze the severity of fatigue experienced by
rectal cancer patients at different time points before, during,
and after therapy. The estimate of the time variable was −
0.226 and was statistically significant (p = 0.047), which indi-
cates that, overall, the severity of fatigue changed over the
course of therapy.

Table 2 Quality scores of articles included in the meta-analysis

First author, Year Assessment item Total score

1 2 3 4 5 6 7 8 9

Li, 2014 [13] 0 1 1 0 1 1 0 1 1 6

Park, 2009 [14] 0 1 1 1 1 0 0 1 1 6

Pucciarelli, 2011 [15] 0 1 1 1 1 1 1 1 1 8

Couwenberg, 2018 [16] 0 1 1 1 1 1 0 1 1 7

Schmidt, 2005 [17] 0 1 1 1 1 1 0 1 1 7

Zhang, 2016 [18] 0 1 1 0 1 1 0 1 1 6

Grumann, 2001 [19] 0 1 1 1 1 1 0 1 1 7

Monastyrska, 2016 [20] 0 1 1 0 1 1 0 1 1 6

Herrle, 2016 [21] 1 1 1 0 1 1 0 1 1 7

JBI’s appraisal criteria for non-randomized experimental studies: 1: Is
sample representative of patients in the population as a whole? 2: Are
the patients at a similar point in the course of their condition/illness? 3:
Has bias been minimized in relation to selection of cases and of controls?
4: Are confounding factors identified and strategies to deal with them
stated? 5: Are outcomes assessed using objective criteria? 6: Was follow
up carried out over a sufficient time period? 7: Were the outcomes of
people who withdrew described and included in the analysis? 8: Were
outcomes measured in a reliable way? 9: Was appropriate statistical anal-
ysis used? Yes: 1 point, No: 0 points, Unclear: 0 points, Not applicable: 0
points
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Discussion

The results of our meta-analysis indicate that rectal cancer
patients experience different fatigue conditions before, during,
and after therapy. Although fatigue became more severe in the
first month after the start of cancer therapy, it gradually im-
proved and, at 3 months, 6 months, and 1 year after the start of
therapy, was less severe than it had been before the start of
therapy.

In the past, researchers speculated that the invasion of can-
cer cells in the rectum of rectal cancer patients caused bleed-
ing, which led to anemia. Pre-treatment anemia prevented the
blood from transporting oxygen normally, thereby keeping the
bodies of these patients in an oxygen-deficient state that made
them tire easily and suffer from poor physical strength [22].
Although the mechanisms which underlie fatigue in cancer
patients are still not completely clear, it is certain that the
fatigue these patients experience is highly associated with
three processes induced by the pro-inflammatory signals and
cytokines of tumors: the hypothalamic–pituitary–adrenal
(HPA) axis suppressing cortisol secretion via important endo-
crine systems [23], hematopoietic stem cells being affected
and causing anemia [24], and the metabolism of neurotrans-
mitters (5-HT) changing [25]. A number of other major factors
also directly and indirectly cause fatigue in cancer patients,
such as the range of the tumor itself, the physical and mental
stress caused by cancer treatment, and any pre-existing pain,
sleep disorders, or depression. All of thesemay cause the body
to generate immune inflammation and neuroendocrine hor-
mone responses, which lead to fatigue-related symptoms
[26]. Our meta-analysis revealed that although rectal cancer
patients experienced a temporary increase in fatigue during
the first month of their treatment, the fatigue that they experi-
enced at 3 months, 6 months, and 12 months after the start of
therapy was less severe than the fatigue experienced before
the start of therapy.

Many studies have investigated cancer-related fatigue and
its factors, and they unanimously point out that fatigue is
common during cancer treatment. In addition to being a side
effect of cancer treatment, fatigue may also be associated with
the physiological and psychosocial state of the patient during
the treatment process [27–29]. In contrast, little research has
been done on post-diagnosis, pre-treatment fatigue.
Goedendorp et al. [30] evaluated fatigue in 179 cancer patients
before the start of treatment and discovered that approximate-
ly 1/4 of these patients already suffered from severe fatigue
caused by low physical activity, depression, and impaired
sleep and rest. These patients expressed that their fatigue
symptoms had existed as long as a year prior to their diagno-
sis. These and the immune inflammation and neuroendocrine
hormone responses generated by the body are highly associ-
ated with the symptoms of cancer-related fatigue [31].

When cancer patients are just starting cancer therapy, they
often display obvious fatigue, depression, and deteriorated
physical activity and function [32]. Research has shown that
the symptoms which result from a patient’s first round of
chemotherapy are often the most severe [33]. Surgery is the
primary treatment for rectal cancer; however, stage II and
stage III patients may also undergo pre-surgical CCRT to re-
duce the chance of recurrence, increase the resection rate, and
lower the likelihood that a permanent artificial anus will be
required. Pre-surgical CCRT can also reduce the likelihood
that post-surgical radiotherapy will cause acute intestinal tox-
icities such as intestinal fibrosis or intestinal stenosis [34].
When rectal cancer patients are just starting cancer therapy,
they experience various types of physical and mental stress,
which adds to their fatigue [35]. Our meta-analysis confirmed
that patients feel increased fatigue during the first month of
treatment, which is then significantly reduced later. Some
studies have also reported that, as cancer patients undergo
therapy, the generation or increased accumulation of metabol-
ic waste from damaged cells causes fatigue. However, this
fatigue is temporary and gradually dissipates during the course
of treatment [14, 36].

As fatigue is a common and serious problem for cancer
patients, methods which can effectively evaluate and treat this
condition would be extremely beneficial [37]. During treat-
ment, cancer patients often display symptoms of both fatigue
and depression. Although the mechanisms by which fatigue
and depression develop are different, fatigue can severely af-
fect the ability of cancer patients to enjoy everyday life.
Fatigue is often accompanied by depression, and a positive
correlation exists between the two. Depression also affects
the ability of patients to perform daily activities, which makes
it difficult to differentiate fatigue from depression. Thus, only
with comprehensive assessments can symptoms be confirmed
to be caused by cancer-related fatigue [38]. Consequently, the
fatigue in cancer patients is currently assessed using question-
naires with good credibility and validity. One assessment tool
specifically for fatigue in our meta-analysis was the Cancer
Fatigue Scale (CFS) [39], which is a self-reported assessment
scale for multiple aspects of fatigue and its symptoms.
Containing 15 assessment items divided into three subscales
(namely physical, affective, and cognitive), the CFS is a sim-
ple assessment scale and takes only 2 min to complete. It has
only a small number of question items, is easy to use, and has
high internal consistency with Cronbach’s α = .88 as well as
good construct validity and content validity [40]. However,
the CFS was developed for Japanese cancer patients, and it
cannot assess the degree to which fatigue interferes with the
daily activities of cancer patients. More cross-cultural studies
will be needed for verification [41].

Various quality of life questionnaires also encompass fa-
tigue in their subscales to examine physiological and psycho-
logical aspects of health. The studies examined in our meta-
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analysis used the fatigue score from the MD Anderson
Symptom Inventory (MDASI) and the European
Organization for Research and Treatment of Cancer

(EORTC). The MDASI was developed by the MD
Anderson Cancer Center to gauge the severity to which cancer
symptoms agitated cancer patients and affected their

Table 3 Summary of data presented by studies included in the meta-analysis

First author, Year Baseline Time 1 Time 2 Time 3 Time 4

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

Li, 2014 [13] 42 12.60 4.27 42 19.64 3.00

Park, 2009 [14], no-tumor downstaging 25 3.05 2.55 25 4.22 2.65

Park, 2009 [14], tumor downstaging 26 1.59 2.40 26 3.63 2.86

Pucciarelli, 2011 [15] 149 16.00 19.00 145 24.00 19.00 135 22.00 21.00 129 18.00 17.00

Couwenberg, 2018 [16] 247 22.10 23.00 234 35.60 25.90 224 31.40 25.40 190 24.00 22.10

Schmidt, 2005 [17], APR 46 30.43 24.44 46 46.71 23.28 46 40.56 34.25 46 37.37 25.47

Schmidt, 2005 [17], AR 203 30.25 31.09 203 46.15 29.26 203 38.10 25.81 203 34.20 25.44

Zhang, 2016 [18], personality of non-type D 665 22.90 21.10 665 25.70 22.10

Zhang, 2016 [18], personality of type D 187 44.30 28.60 187 61.00 31.80

Grumann, 2001 [19], APE 23 18.18 20.73 23 22.22 20.39 23 21.69 18.75

Grumann, 2001 [19], Low AR 15 14.53 21.94 15 26.98 20.77 15 26.98 23.35

Grumann, 2001 [19], High AR 35 19.35 26.75 35 28.13 26.92 35 29.86 27.43

Monastyrska, 2016 [20], APR 50 31.07 50 10.67

Monastyrska, 2016 [20], LAR 50 26.10 50 17.10

Herrle, 2016 [21] 120 24.40 120 38.00 120 31.10

Studies excluded (n = 91)

Already included interventions to deal 

with fatigue (n = 24)

Involved non-rectal or multiple cancers

(n = 13)

Employed a cross-sectional study design 

with single time points (n = 5)

Involved cancer therapies that had 

already begun (n = 38)

Involved recurrent rectal cancer (n = 2)  

Systematic review (n = 6)  

Not published in English or full-text could 

not be accessed (n = 3)

Total number of studies included in 

meta-analysis

(n = 9)

Full text of candidate articles 

reviewed 

(n = 100)

Records identified through database 

searches: (n = 831)

Cochrane Library (2000-2018), n = 0

CINAHL (2000-2018), n = 240

PubMed (2000-2018), n = 222

ProQuest (2000-2018), n = 369

Studies excluded

Did not examine fatigue in rectal cancer 

patients (n = 299)

Duplicates removed

(n = 432)

Titles and abstracts of initial articles

reviewed
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Fig. 1 PRISMA flow diagram
used in the identification and
selection of studies
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functionality and activities of daily life. It is a multidimension-
al symptom assessment tool containing 13 symptom items,
including pain, fatigue, nausea, disturbed sleep, distress/
feeling upset, shortness of breath, difficulty remembering, a
lack of appetite, drowsiness, dry mouth, sadness, vomiting,
and numbness/tingling. The MDASI has high internal consis-
tency (Cronbach’s α 0.76 to 0.91) and construct validity [42].
While it does not have many question items and is easy to
read, it only has one question item regarding fatigue (“Your
fatigue (tiredness) at its WORST?”) and lacks a multi-aspect
assessment of fatigue. The EROTC uses the QLQ-C30 ques-
tionnaire, which is a 30-item scale regarding quality of life.
The QLQ-C30 contains five functional scales and three symp-
tom scales, the latter of which includes fatigue, pain, and nau-
sea and vomiting. The internal consistency of the question-
naire is 0.72 [43], and there are three question items involving
fatigue (“Were you tired?”, “Have you felt weak?”, and “Do
you need rest?”). Knobel et al. found a high correlation be-
tween the item scores in the fatigue scale of the QLQ-C30 and

the Fatigue Questionnaire (FQ) (r = 0.67–0.75). However, for
cancer patients receiving palliative care, they observed a ceil-
ing effect that may prevent the detection of cancer patients
suffering from severe fatigue [44].

Aside from the scales used in this meta-analysis, clinical
studies have also used a linear scale called the visual analogue
fatigue scale (VAFS) to evaluate the fatigue conditions of
cancer patients. This scale involves a straight horizontal line
10 cm in length. The left end of the line is 0, indicating a
complete absence of fatigue, whereas the right end of the line
represents the severest fatigue imaginable. Patients mark
where the level of fatigue they feel on the line. It is the sim-
plest method of measurement and can be used to monitor a
patient’s fatigue throughout the day, thereby giving an under-
standing of the changes in the patient’s fatigue at any time
[45]. Another scale is the multidimensional fatigue inventory
(MDI), which uses five dimensions, namely, general fatigue,
physical fatigue, reduced motivation, reduced activity, and
mental fatigue, to perform a comprehensive and effective

First author 

Statistics with study removed
SMD (95% CI) 

with study removedSMD
Lower

limit

Upper 

limit

Sensitivity analysis of baseline and Time 1 fatigue data
Li [41] 0.246 -0.555 1.047

Pucciarelli [13] 1.013 0.217 1.810

Park [28], no-tumor downstaging 0.719 -0.655 2.092

Park [28], tumor downstaging 0.611 -0.660 1.882

Random effects 0.646 -0.340 1.633

Test for overall effect: Z = 1.284, p = .199

Sensitivity analysis of baseline and Time 2 fatigue data
Couwenberg [42] -0.553 -0.687 -0.420

Schmidt [43], APR -0.539 -0.639 -0.438

Schmidt [43], AR -0.570 -0.696 -0.443

Fixed effects -0.551 -0.647 -0.456

Test for overall effect: Z = -11.284, p < .001

Sensitivity analysis of baseline and Time 3 fatigue data
Zhang [44], personality of non-type D -0.364 -0.427 -0.301

Zhang [44], personality of type D -0.291 -0.374 -0.209

Grumann [45], APE -0.337 -0.438 -0.235

Grumann [45], High AR -0.331 -0.433 -0.229

Grumann [45], Low AR -0.323 -0.422 -0.225

Pucciarelli [13] -0.335 -0.443 -0.227

Monastyrska [46], APR -0.321 -0.422 -0.221

Monastyrska [46], LAR -0.329 -0.432 -0.226

Herrle [47] -0.336 -0.444 -0.229

Couwenberg [42] -0.324 -0.431 -0.218

Schmidt [43], APR -0.331 -0.434 -0.228

Schmidt [43], AR -0.340 -0.451 -0.229

Random effects -0.330 -0.427 -0.233

Test for overall effect: Z = -6.521, p < .001

Sensitivity analysis of baseline and Time 4 fatigue data
Grumann [45], APE -0.148 -0.221 -0.076

Grumann [45], High AR -0.138 -0.212 -0.065

Grumann [45], Low AR -0.142 -0.214 -0.070

Pucciarelli [13] -0.157 -0.236 -0.079

Herrle [47] -0.149 -0.227 -0.071

Couwenberg [42] -0.171 -0.254 -0.088

Schmidt [43], APR -0.141 -0.215 -0.067

Schmidt [43], AR -0.153 -0.237 -0.070

Fixed effects -0.149 -0.221 -0.078

Test for overall effect: Z = -3.959, p < .001

pre post

Fig. 2 Sensitivity analysis of
fatigue data before, during, and
after therapy. Blue square SMD of
single study;— 95% CI; red dia-
mond combined effect size after
meta-analysis. SMD, standardized
mean difference; 95% CI, 95%
confidence interval; CT, chemo-
therapy; RT, radiotherapy; AR,
anterior resection; APE,
abdominoperineal extirpation;
APR, abdominoperineal resec-
tion; LAR, low anterior resection
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evaluation of the severity of fatigue symptoms in cancer pa-
tients and the severity of its impact on the daily activities and
abilities of cancer patients [46]. Other scales include the Piper
Fatigue Scale (PFS), the Fatigue Symptom Inventory (FSI),
and the Functional Assessment of Cancer Therapy-Fatigue
scale (FACT-F), which have been employed by different stud-
ies to assess the severity of fatigue in cancer patients [47].

Limitations

The process from initial diagnosis to treatment is very lengthy
for rectal cancer patients. The causes of fatigue in these pa-
tients are numerous and complex, and our meta-analysis did
not control all of the factors that may exacerbate fatigue.
Malnutrition and anemia are particularly common in rectal
cancer patients during therapy and may contribute to fatigue.
In another aspect, whether rectal cancer patients undergo
Enhanced Recovery after Surgery (ERAS) before they receive
therapy may also affect the severity of fatigue during therapy.
However, none of the nine articles included in our meta-
analysis mentioned whether any of the research participants
underwent ERAS or how the participants were nutrition-wise,
and only one article had a rectal cancer patient with anemia.
Thus, it was difficult to control the malnutrition or anemia
conditions of the samples in the meta-analysis. We therefore
suggest that more articles be collected in future studies to
understand the crucial factors of heterogeneity and that sub-
group analysis be performed to control the malnutrition and

First author

Statistics

SMD (95% CI)
SMD

Lower

limit

Upper 

limit
Weight

Difference between baseline and Time 1 fatigue data
Li [41] 1.855 1.356 2.354 32.54

Park [28], no-tumor downstaging 0.450 0.038 0.861 33.93

Park [28], tumor downstaging 0.767 0.330 1.204 33.53

Random effects 1.013 0.217 1.810 100.00

Test for overall effect: Z = 2.494, p = 0.013

Difference between baseline and Time 2 fatigue data
Couwenberg [42] -0.549 -0.687 -0.412 48.53

Schmidt [43], APR -0.681 -1.002 -0.361 8.91

Schmidt [43], AR -0.526 -0.673 -0.380 42.56

Fixed effects -0.551 -0.647 -0.456 100.00

Test for overall effect: Z = -11.284, p < 0.001

Difference between baseline and Time 3 fatigue data
Zhang [44], personality of non-type D -0.130 -0.206 -0.053 13.98

Zhang [44], personality of type D -0.551 -0.704 -0.397 11.06

Grumann [45], APE -0.196 -0.609 0.216 4.07

Grumann [45], High AR -0.327 -0.667 0.013 5.32

Grumann [45], Low AR -0.582 -1.130 -0.035 2.61

Pucciarelli [13] -0.299 -0.471 -0.126 10.32

Monastyrska [46], APR -0.462 -0.753 -0.170 6.43

Monastyrska [46], LAR -0.360 -0.646 -0.074 6.57

Herrle [47] -0.288 -0.471 -0.106 9.93

Couwenberg [42] -0.383 -0.519 -0.247 11.79

Schmidt [43], APR -0.331 -0.628 -0.034 6.30

Schmidt [43], AR -0.273 -0.413 -0.132 11.61

Random effects -0.330 -0.427 -0.233 100.00

Test for overall effect: Z = -6.664, p < 0.001

Difference between baseline and Time 4 fatigue data
Grumann [45], APE -0.177 -0.589 0.235 3.02

Grumann [45], High AR -0.388 -0.731 -0.044 4.34

Grumann [45], Low AR -0.549 -1.092 -0.006 1.74

Pucciarelli [13] -0.111 -0.284 0.062 17.10

Herrle [47] -0.151 -0.331 0.029 15.82

Couwenberg [42] -0.084 -0.227 0.058 25.25

Schmidt [43], APR -0.278 -0.572 0.017 5.91

Schmidt [43], AR -0.138 -0.276 0.000 26.82

Fixed effects -0.149 -0.221 -0.078 100.00

Test for overall effect: Z = -4.087, p < 0.001

pre post

Fig. 3 Forest plots illustrating
differences in fatigue before,
during, and after therapy. Blue
square SMD of single study; —
95% CI; red diamond combined
effect size after meta-analysis.
SMD, standardized mean differ-
ence; 95% CI, 95% confidence
interval; CT, chemotherapy; RT,
radiotherapy; AR, anterior resec-
tion; APE, abdominoperineal ex-
tirpation; APR, abdominoperineal
resection; LAR, low anterior
resection
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anemia conditions of the samples in the meta-analysis. This
will give a better understanding of the fatigue conditions in
rectal cancer patients prior to therapy. Furthermore, due to the
co-existence and mutual influence of fatigue and depression in
cancer patients, we could not verify whether the rectal cancer
patients involved in our meta-analysis had been correctly
assessed as having cancer-related fatigue.

Conclusions

The results of our meta-analysis indicate that fatigue may
appear in rectal cancer patients at the time of diagnosis and
also during the cancer treatment period. Most notably, the
severity of fatigue peaks around 1 month after the start of
therapy. We must give fatigue the attention it deserves and
use a standardized treatment process to effectively reduce its
severity and improve the quality of life for cancer patients.
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