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Introduction

Cancer-related fatigue is a common and painful side effect 
that occurs over the course of cancer treatment [1]. The clinical 
guidelines of the National Comprehensive Cancer Network   
defines cancer-related fatigue as a distressing, persistent, sub-
jective sense of physical, emotional, and/or cognitive tired-
ness or exhaustion related to cancer or cancer treatment that 
is not proportional to recent activity and interferes with usual 
functioning [2]. Numerous studies report that approximately 
30%-60% of cancer patients experience moderate or worse 
levels of cancer-related fatigue symptoms, leading some  
patients to stop their cancer treatment [3]. Cancer-related 
fatigue can occur before the commencement of cancer treat-
ments and it tends to increase during the process of radio-
therapy or chemotherapy [4,5]. 

Cancer-related fatigue typically improves within a year  
after the completion of cancer treatments; however, 25%-30% 
of patients continue to experience these symptoms for sev-
eral years after the successful completion of cancer treatments 

[6,7]. Cancer-related fatigue manifests through diversified 
physical, psychological, and emotional clinical symptoms,  
affecting the overall quality of life of cancer patients [7,8].  

Cancer-related fatigue can be affected by diverse demo-
graphic, medical, psychosocial, behavioral, and biological 
factors [9]. The underlying mechanisms of cancer-related  
fatigue are associated with abnormal cytokine control, hor-
monal secretion of hypothalamus-pituitary gland-adrenal 
gland axis, and 5-hydroxytryptophan neurotransmitter con-
trol [10]. The precise physiological mechanism that induces 
cancer-related fatigue is not fully understood; however, psy-
chological factors, such as depression and anxiety, and socio-
cultural factors, such as biorhythm, act together with these 
physiological factors [11]. 

The aim of this study is to explore whether the cancer-relat-
ed fatigue may be the most important factor for the quality of 
life of cancer patients. We sought to examine cancer-related 
fatigue by confirming its correlation with clinical indices, 
including depression, anxiety, insomnia, quality of life, dys-
functional belief on sleep, and sleep structure. Moreover, 
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we sought to examine the pathway by which cancer-related  
fatigue interacts with these clinical indices to affect the quality 
of life of patients with cancer.

Materials and Methods
 
1. Patients 

This study was conducted on all patients capable of com-
pleting a questionnaire and interview at their initial exami-
nation among the patients who visit the sleep clinic for can-
cer patients of Asan Medical Center between December 1, 
2018, and January 31, 2020. Patients who could not complete 
the questionnaire or be interviewed due to any communica-
tion disability were excluded from the study. Patients with 
accompanied mental disorders, such as delusion or psycho-
sis, were also excluded.   

2. Study design  
The questionnaire included the Insomnia Severity Index 

(ISI), Patient’s Health Questionnaire-9 (PHQ-9), Fear of Pro-
gression (FoP), State subcategory of State and Trait Anxiety 
Inventory (STAI), Cancer related Dysfunctional Beliefs about 
Sleep (C-DBS), WHO-5 questionnaire, Pain Numeric Rating 
Scale (Pain NRS), and Fatigue Numeric Rating Scale (Fatigue 
NRS), which patients were required to complete at their ini-
tial examination. 

The results were assessed by reviewing the medical  
records of the patients who visited the Cancer Stress and Sleep 
Clinic of Asan Medical Center between December 1, 2018 and 
January 31, 2020. Sleep structure was assessed using time to 
bed, sleep onset, and wake; sleep onset latency (SL); total 
time in bed (TIB); total time in bed during 24 hours (TIB/d); 
and total time in bed during the daytime (TIB/daytime). In  
addition, demographic data, including the sex, age, type and 
stage of cancer diagnosis, current status of treatment (anti-
cancer treatments, radiotherapy, immunotherapy, and/or 
hormonal therapy), medical history of surgery over the last 3 
months, and other medications, was analyzed. 

Mutual correlations among the clinical indices, including 
depression, anxiety, insomnia, dysfunctional thinking on 
sleep, and fear of cancer progression; sleep-related indices; 
cancer-related fatigue; and quality of life were analyzed to 
examine the risk factors that affect the quality of life and  
fatigue symptoms of cancer patients.   

3. Assessment tools 
The PHQ-9 was used to assess depression symptoms [12]. 

This is a self-report type questionnaire of nine questions,  
including unpleasantness, depression, insomnia, fatigue, 
loss of appetite, feeling of guilt, degradation of concentra-

tion, delay in mental exercises, and thoughts on suicide/
self-infliction. The STAI was used to assess anxiety [13]. 
This is a self-report type questionnaire composed with a 
4-point Likert scale that includes questions on the state and 
traits of anxiety. In this study, items of the subordinate cat-
egory for the state of anxiety were used. The ISI was used to  
assess insomnia-related anxiety [14]. This includes seven 
self-report type questions on insomnia symptoms. Each 
question is measured using a 0-4 point Likert scale; higher 
scores indicate more severe insomnia symptoms. The C-
DBS was used to assess dysfunctional thinking about sleep 
in cancer patients [15]. This is composed of two questions: 
“My immune system will have serious problems if I don’t 
go to sleep at a certain time” (Q1-immune) and “If I don’t 
sleep well at night, my cancer may recur or metastasize” (Q2-
recurrence). Patients are instructed to score their responses 
from 0-10 for each question. The sum of the scores is calcu-
lated as the C-DBS score. The FoP questionnaire was used to 
assess the extent of fear towards the aggravation of patients 
with chronic diseases [16]. This is composed of 43 questions 
that are grouped into subcategories relating to ‘anxiety’ and 
‘adaption.’ Each question is measured with score in the range 
of 1-5 points. The Korean translated version of the FoP Ques-
tionnaire Short Form (FoP-Q-SF), which is composed of 12 
questions, was used [17,18]. 

The WHO-5 Questionnaire was used to assess the qual-
ity of life of patients [19]. This is composed of five questions 
that are scored in the range of 0-5. The sum of the scores is 
calculated and multiplied by 4 to provide an overall quality 
of life score (0-100). The Fatigue NRS [20,21] and the Pain 
NRS [22] were used to assess cancer-related fatigue and pain, 
respectively.    

4. Statistical analysis 
Spearman’s correlation analysis was performed to assess  

the correlation between the self-report questionnaires (PHQ-
9, ISI, STAI, FoP, and C-DBS). Additional correlation analyses 
were performed to measure the association between sleep 
indices (SL, TIB/d, TIB/daytime) the self-report question-
naires. Patients were divided into groups based on their  
Fatigue NRS scores; one group included those who reported 
extensive fatigue (scores of 8-10, accounting for the top 25% 
of patients) and one group included those without exten-
sive fatigue (scores of 0-7, accounting for the bottom 75% of  
patients). Student’s t test and chi-square test were performed 
to analyze the differences questionnaire scores, sleep indices, 
and other clinical indices between groups. 

To assess the factors associated with differences in qual-
ity of life, patients were divided into groups based on their 
WHO-5 Questionnaire scores; one group included those who 
reported low quality of life (scores of 0-12, accounting for 
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the bottom 25% of patients) and one group included those 
who reported high quality of life (scores of 16-80, accounting 
for the top 75% of patients). Student’s t test and chi-square 
test were performed to analyze the differences question-
naire scores, sleep indices, and other clinical indices between 
groups.  

We hypothesized that TIB/daytime would be associated 
with cancer-related fatigue or quality of life. To confirm this 
hypothesis, comparative analysis (t test and chi-square test) 
was performed on the self-report questionnaire scores, can-
cer-related fatigue, and quality of life between patients with 
a TIB/daytime > 30, > 60, and > 120 minutes. 

Logistic regression analysis was performed to assess the 
risk factors for cancer-related fatigue and quality of life. Odds 
ratio values were calculated with age, sex, cancer types, and 
psychiatric diagnosis as confounding factors. In addition, a 
hypothetic model of the underlying pathway of how cancer-
related fatigue affects quality of life was established using  
existing studies [23], and pathway analysis was executed. 
SPSS ver. 21.0 (IBM Corp., Armonk, NY) and AMOS was 
used for statistical and pathway analysis. Data were consid-
ered significant when p < 0.05. 

Results

Full patient demographics are described in Table 1. We 
found that 130 of 159 subjects (81.8%) were females and the 
mean age patients was 54.9 (standard deviation, 11.6) years. 
The proportion of cancer types were breast cancer (52.2%), 
lung cancer (8.8%), and pancreatic and biliary cancer (8.2%) 
in this patient cohort. Approximately one quarter of patients 
(25.2%) had undergone surgery during the last 3 months, 
and 8.2%, 28.3%, 30.2%, and 5.7% of patients were receiving 
radiotherapy, chemotherapy, hormonal therapy, and immu-
notherapy, respectively, at the time of the initial examination. 
Over half the patients reported insomnia (57.2%). Depres-
sion and acute stress reaction/adaption disorder were also 
reported in 22.6% and 7.5% patients, respectively. 

The correlations between sleep indices and self-report 
questionnaire scores are shown in Table 2. There were sig-
nificant negative correlations of age with depression, anxiety, 
and fear of progression. There were significant correlations  
between depression and insomnia, anxiety, FoP, and C-DBS 
(all p < 0.01). In addition, C-DBS was significantly correlated 
with insomnia, depression, anxiety, and fear of cancer pro-
gression (p < 0.01). TIB/d was correlated with depression 
and anxiety (both p < 0.01), and it showed that a reduction in 
physical activity and delay in mental exer cises are important 
characteristic of depression [24]. 

Comparative analysis of the questionnaire results, clinical 

Table 1.  Patient demographic and clinical characteristics

Variable Subjects (n=159)

Female sex 130 (81.8)
Age (yr) 54.84±11.55
Cancer type  
    Breast 83 (52.2)
    Lung 14 (8.8)
    Pancreatic and biliary tract 13 (8.2)
    Hematology 12 (7.5)
    Gastro-esophageal 9 (5.7)
    Gynecologic 8 (5.0)
    Urinary tract 6 (3.8)
    Colorectal 3 (1.9)
    Liver 2 (1.3)
    Others 9 (5.7)
Cancer stages  
    Stage Ⅰ 45 (28.3)
    Stage Ⅱ 41 (25.8)
    Stage Ⅲ 17 (10.7)
    Stage Ⅳ 30 (18.9)
    Not yet confirmed 26 (16.4)
Current cancer treatment 
    Radiotherapy  13 (8.2)
    Chemotherapy  45 (28.3)
    Hormone therapy  48 (30.2)
    Immune therapy  9 (5.7)
    Operation within 3 mo  40 (25.2)
Psychiatric diagnosis  
    Insomnia 91 (57.2)
    Depression 36 (22.6)
    Anxiety disorder/ 8 (5.0)
      Somatic symptom disorder
    Mixed anxiety and depressive disorder 4 (2.5)
    Acute stress reaction/Adjustment disorder 12 (7.5)
    No diagnosis 5 (3.1)
    Others 3 (1.9)
Rating scale scores  
    Insomnia Severity Index 16.29±6.70
    Patient Health Questionnaire-9 11.31±6.89
    State subcategory of State-Trait  42.27±11.82
      Anxiety Inventory 
    Fear of Progression 34.40±12.54
    Cancer-Related Dysfunctional  11.64±5.19
      Beliefs about Sleep 
    WHO-5 Questionnaire  29.11±22.17
    Pain (Numeric Rating Scale) 2.86±2.48
    Fatigue (Numeric Rating Scale) 5.90±2.54

Values are presented as number (%) or mean±standard deviation.



indices, and sleep-related indices between patients with low 
or high quality of life are shown in Table 3. There was no 
significant difference in the proportion of the patients diag-
nosed with metastatic cancer (stage 4), or the current cancer 
treatment between patients with low or high quality of life. 
There were significant differences in depression, anxiety, and 
FoP scores between the low and high quality of life groups (p 
< 0.001). Additionally, patients reporting a lower quality of 
life had relatively longer TIB/daytime and TIB/d.  

To confirm the difference in the questionnaire results and 
clinical indices in accordance with TIB/daytime, we com-
pared the TIB/daytime in the low and high quality of life 
groups by creating subgroup analyses of patients based on 
their reported TIB/daytime, using 30, 60, and 120 minutes as 
cutoff points for each subgroup. The existing literature does 
not specify cutoff points for TIB/daytime; therefore, these 
were created based on generally recommended daytime nap 
times.

Logistic regression analysis (Table 4) showed that meta-
static cancer diagnosis or status of cancer treatments did 
not significantly affect the quality of life. Among variables, 
only depression (p < 0.001), anxiety (p < 0.001), and fear of 
cancer progression (p < 0.001), fatigue (p=0.027), and TIB/d 
(p=0.037) were significant predicting variables for low qual-
ity of life of patients. Finally, we performed a pathway analy-
sis using our final model hypothesis that referenced an exist-
ing pathway analysis study [23] on dysfunctional belief on 
sleep, fear of cancer progression, and insomnia (Fig. 1).   

The pathway analysis (Fig. 2) confirmed that depression 
was a risk factor for quality of life (p < 0.001), and depression 
also was an overall risk factor for insomnia, cancer-related 
fatigue, quality of life, and TIB/daytime (all, p < 0.001). Con-
trary to the hypothesis, cancer-related fatigue was not a risk 
factor for the quality of life (p=0.537). The pathway analy-

sis also confirmed the results of the existing study that fear 
of cancer progression affects dysfunctional belief on sleep, 
which in turn aggravates insomnia [23]. 

Discussion

In this study, we observed that cancer patients’ depression, 
rather than cancer-related fatigue, influenced their quality 
of life, though we hypothesized that cancer-related fatigue 
symptoms, influenced by depression, anxiety, insomnia, 
quality of life, dysfunctional belief on sleep, and sleep struc-
ture, might be the most important factor for quality of life. In 
addition, patients’ fatigue, insomnia, and decreased daytime 
activities (increased TIB/d) were influenced by patients’  
depressive symptoms, but those variables cannot have a  
direct impact on their quality of life.

1. Role of cancer-related fatigue among the factors that  
affect the patients’ quality of life 

We found significant differences in self-reported scores 
for depression, anxiety, insomnia, dysfunctional thinking on 
sleep, fear of cancer progression, and pain between patients 
reporting low or high cancer-related fatigue. In contrast, only 
self-reported scores of depression, anxiety, and fear of cancer 
progression were significantly different between high and 
low quality of life groups. This was also shown in the logistic 
regression analysis. 

Moreover, we found a significant correlation between 
cancer-related fatigue and quality of life in this study. This 
suggests that cancer-related fatigue may have an indirect 
mediating effect in the processing of pain, insomnia, and 
dysfunctional belief on sleep, which effects quality of life. 
Our pathway analysis confirmed that insomnia and depres-

Table 2.  Spearman’s correlation coefficients of each variable

Variable Age WHO-5 PHQ-9 ISI STAI-S FoP C-DBS Pain Fatigue TIB/d

Age 1.000      
WHO-5 0.043 1.000
PHQ-9 –0.172* –0.648** 1.000        
ISI –0.030  –0.179* 0.405** 1.000       
STAI-S –0.161* –0.694** 0.590** 0.171* 1.000      
FoP –0.402** –0.420** 0.565** 0.194* 0.571** 1.000     
C-DBS –0.140  –0.172* 0.290** 0.330** 0.195* 0.277** 1.000    
Pain –0.090 –0.163* 0.282* 0.171* 0.231** 0.342** 0.246** 1.000  
Fatigue –0.208** –0.350** 0.480** 0.358** 0.327** 0.308** 0.251** 0.288** 1.000 
TIB/d –0.121 –0.211* 0.311** 0.059 0.221** 0.189* 0.043 0.163 0.081 1.000

C-DBS, Cancer-Related Dysfunctional Beliefs about Sleep; FoP, Fear of Progression; ISI, Insomnia Severity Index; PHQ-9, Patient Health 
Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inventory; TIB/d, Time in Bed during 24 hours, WHO-5, World Health 
Organization-5 well-being index. *p < 0.05, **p < 0.01.
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Table 3.  Comparison of self-reported questionnaire scores and sleep indices between the low and high quality of life groups

Variable WHO-5 top 75% (n=114) WHO-5 bottom 25% (n=45) p-value

Cancer stage    
    Stage Ⅰ 35 (30.7)  10 (22.2)  0.027* 
    Stage Ⅱ 32 (28.1)  9 (20.0)  
    Stage Ⅲ 14 (12.3)  3 (6.7)  
    Stage Ⅳ 21 (18.4)  9 (20.0)  
    Not yet confirmed 12 (10.5)  14 (31.1)  
    Stage IV vs. Others  21 (18.4)/93 (81.6)  9 (20.0)/36 (80.0)  0.819 
History of cancer treatment   
    Radiotherapy 11 (9.6)  2 (4.4)  0.231 
    Chemotherapy 29 (25.4)  16 (35.6)  0.202 
    Hormone therapy 39 (34.2)  9 (20.0)  0.079 
    Immune therapy 6 (5.3)  3 (6.7)  0.494 
    Operation within 3 mo 28 (24.6)  12 (26.7)  0.783 
History of hormone therapy   
    Breast cancer with radiotherapy 37 (32.5)  8 (17.8)  0.124 
    Breast cancer without radiotherapy 29 (25.4)  11 (24.4)  
    Others 48 (42.1)  26 (57.8)  
Cancer-related fatigue   
    High 28 (24.6)  20 (44.4)  0.014* 
    Low 86 (75.4)  25 (55.6)  
Time in bed during daytime (min)   
    ≤ 30 vs. > 30  45 (45.5)/54 (54.5)  10 (25.0)/30 (75.0)  0.026* 
    ≤ 60 vs. > 60   57 (57.6)/42 (42.4)  16 (40.0)/24 (60.0)  0.060 
    ≤ 120 vs. > 120   69 (69.7)/30 (30.3)  20 (50.0)/20 (50.0)  0.028* 
Age (yr) 55.0±11.9 54.4±10.8 0.786
Sex   
    Male 21 (18.4) 8 (17.8) 0.925
    Female 93 (81.6) 37 (82.2) 
Rating scale scores   
    ISI 16.4±6.4 16.0±7.4 0.773 
    PHQ-9  9.3±6.0 16.5±6.2 < 0.001*
    STAI-S 38.5±10.4 52.0±9.6 < 0.001*
    FoP 32.0±11.6 40.6±12.9 < 0.001*
    WHO-5 Questionnaire 38.2±19.6  6.1±4.9 < 0.001*
    C-DBS 11.3±4.9 12.6±5.9 0.141 
    Pain (Numeric Rating Scale)  2.8±2.5  3.0±2.6 0.548 
    Fatigue (Numeric Rating Scale)  5.6±2.4  6.6±2.7 0.040*
Sleep parameters   
    Bedtime 10.6±1.0 10.9±1.2 0.296 
    Sleep onset time 11.8±1.7 12.0±1.6 0.481 
    Wake up time  6.8±1.3  7.0±1.6 0.289 
    Sleep onset latency  1.3±1.2  1.2±1.2 0.731 
    Time in bed  8.1±1.6  8.2±1.4 0.814 
    Time in bed during 24 hr 10.2±3.5 12.0±4.1 0.019* 
    Time in bed during daytime  2.1±2.8  3.6±3.8 0.021* 

Values are presented as number (%) or mean±standard deviation. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; FoP, Fear of 
Progression; ISI, Insomnia Severity Index; PHQ-9, Patient Health Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inven-
tory; WHO-5, World Health Organization-Five Well-Being Index. *t test, p < 0.05.



sion symptoms act as risk factors for fatigue symptoms. In 
addition, the effects of fear of cancer progression and dys-
functional thinking on sleep on insomnia are consistent 
with the results of previous studies [23]. Although fatigue 
symptoms were correlated with quality of life, our analysis 
revealed that they did not act as a direct risk factor for qual-
ity of life. In contrast, depression symptoms were shown to 
act as the significant overall risk factor for insomnia, fatigue 
symptoms, and quality of life. Furthermore, pain scores were 
correlated with other self-reported indices; however, it was 
not a direct risk factor for cancer-related fatigue. Precau-
tions are required when interpreting this result because most 
patients who participated in this study did not report pain 
as the main symptom when visiting our Clinic. Pain scores 
were not significantly different between patients with high 
and low quality of life scores. 

The results in this study that illustrated that cancer-related 
fatigue do not act as a direct risk factor on the quality of life 
in patients is in contrast to previous studies [25]; however, 
these results should be interpreted cautiously. First, there are 
the limitations to the Fatigue NRS used in this study because 

it displays the extent of fatigue that the patient experiences 
subjectively rather than being an objective index of cancer-
related fatigue. Nonetheless, it is advantageous in a clinical 
setting because it generates a specific and definitive assess-
ment for the cancer patient’s fatigue symptoms using a single 
question assessment. Therefore, the development of clinical 
indices or assessment tools that can more objectively reflect 
patients’ fatigue symptoms is important for future studies.  

2. Relationship between cancer-related fatigue and TIB/d, 
and the effect of depression symptoms on quality of life 

Next, we performed a pathway analysis using TIB/d as 
the dependent variable. We hypothesized that this more  
objectively reflected cancer-related fatigue symptoms than 
the Fatigue NRS. This analysis confirmed that cancer-relat-
ed fatigue (as measured by TIB/d) is not a direct risk fac-
tor for the quality of life. However, this could also suggest 
that TIB/d cannot be used as an objective index to represent  
fatigue symptoms. 

Accordingly TIB/d did not display significant correla-
tion with fatigue symptoms. In contrast, we confirmed that 

Table 4.  Risk factors related to lower quality of life (WHO-5 Questionnaire bottom 25%) group in cancer patients

Variable
                       Unadjusted                      Age, sex adjusted              Multivariablea) adjusted

 OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age 1.00 (0.97-1.03) 0.784 
Sex 1.04 (0.42-2.57) 0.925      
History of cancer treatment        
    Radiotherapy 0.44 (0.09-2.05) 0.293  0.44 (0.09-2.09) 0.301  0.45 (0.09-2.31) 0.340 
    Chemotherapy 1.62 (0.77-3.40) 0.204  1.68 (0.78-3.61) 0.182  1.44 (0.61-3.39) 0.408 
    Hormone therapy 0.48 (0.21-1.10) 0.083  0.43 (0.18-1.02) 0.057  0.70 (0.25-1.94) 0.490 
    Immune therapy 1.29 (0.31-5.38) 0.731  1.27 (0.30-5.33) 0.747  1.56 (0.35-7.06) 0.561 
    Operation within 3 mo 1.12 (0.51-2.45) 0.783  1.11 (0.50-2.45) 0.796  1.21 (0.50-2.93) 0.673 
Cancer stage Ⅳ 1.11 (0.46-2.64) 0.819  1.11 (0.44-2.78) 0.820  0.70 (0.23-2.11) 0.530
Rating scale scores        
    ISI 0.99 (0.94-1.05) 0.772  0.99 (0.94-1.05) 0.777  0.99 (0.93-1.05) 0.715 
    PHQ-9 1.19 (1.12-1.27) < 0.001 1.19 (1.12-1.28) < 0.001 1.22 (1.13-1.32) < 0.001
    STAI-S 1.15 (1.10-1.21) < 0.001 1.17 (1.11-1.24) < 0.001 1.19 (1.11-1.26) < 0.001
    C-DBS 1.05 (0.98-1.13) 0.142  1.05 (0.98-1.13) 0.148  1.06 (0.98-1.14) 0.122 
    FoP 1.06 (1.03-1.09) 0.000  1.07 (1.03-1.11) 0.000  1.07 (1.03-1.11) 0.000 
    Pain (Numeric Rating Scale) 1.04 (0.91-1.20) 0.545  1.04 (0.91-1.20) 0.557  1.03 (0.89-1.20) 0.693 
    Fatigue 1.16 (1.01-1.34) 0.042 1.16 (1.00-1.35) 0.043 1.20 (1.02-1.41) 0.027
Sleep parameters        
    Time in bed during 24 hr 1.17 (1.05-1.32) 0.006  1.17 (1.04-1.31) 0.008  1.15 (1.01-1.31) 0.037 
    TIB daytime > 30 min 3.06 (1.27-7.33) 0.012  3.03 (1.26-7.28) 0.014  2.84 (1.08-7.42) 0.034 
    TIB daytime > 60 min 2.29 (1.06-4.94) 0.036  2.26 (1.04-4.90) 0.039  1.79 (0.76-4.22) 0.181 
    TIB daytime > 120 min 2.52 (1.17-5.43) 0.018  2.45 (1.13-5.32) 0.023  1.80 (0.75-4.34) 0.190 
C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; CI, confidence interval; FoP, Fear of Progression; ISI, Insomnia Severity  
Index; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9; STAI-S, State subcategory of State-Trait Anxiety Inventory; TIB, time in bed; 
WHO-5, World Health Organization-Five Well-Being Index. a)Multivariable: age, sex, cancer type, psychiatric diagnosis.
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depression symptoms are a risk factor for increased TIB/d. 
These data are in line with previous studies showing that 
depression symptoms are associated with reduced daytime 
activities [26]. Taken together, these results cannot confirm 
whether all fatigue symptoms and TIB/d were direct risk 
factors for reduced quality of life in patients with cancer. 
Nonetheless, interpretation of the results should be consid-
ered carefully because of the limitations of the Fatigue NRS. 
Furthermore, TIB/d may not be an appropriate index to  
objectively reflect fatigue symptoms in patients with cancer. 
Therefore, an objective assessment tool for fatigue symptoms 
cancer patients should be developed for future studies. 

The pathway analysis revealed that depression symptoms 
in patients with cancer have an overall effect on quality of 

life, insomnia, fatigue symptoms, and a reduction in the 
daytime activities. Another pathway analysis was executed 
for each of the groups with depression symptoms that are 
above (PHQ-9 score, > 9) or below (PHQ-9 score, ≤ 9) the 
cutoff-point. This analysis confirmed that fatigue symptoms 
remain in the patient group without depression and interact 
with insomnia and dysfunctional beliefs about sleep. Inter-
estingly, the effects of the fatigue symptoms were not present 
in the patient group with depression together with a marked 
reduction in the daytime activities. 

We hypothesized that this is caused by depression over-
whelming the fatigue symptoms, which causes a mask-
ing effect on the interaction among other factors. This is 
consistent with the results of existing studies showing that  

Fig. 1.  Pathway analysis hypothesis model. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; Fatigue (NRS), Fatigue Numeric 
Rating Scale; FoP, Fear of Progression; ISI, Insomnia Severity Index; Pain (NRS), Pain Numeric Rating Scale; PHQ-9, Patient Health Ques-
tionnaire-9; STAI, State-Trait Anxiety Inventory; WHO-5 QoL, WHO-5 Questionnaire.   

Pain (NRS)

State
subcategory

of STAI

C-DBS Fatigue (NRS) WHO-5 QoLFoP ISI

PHQ9

Fig. 2.  Pathway analysis result. C-DBS, Cancer-Related Dysfunctional beliefs about Sleep; Faigue (NRS), Fatigue Numeric Rating Scale; 
FoP, Fear of Progression; ISI, Insomnia Severity Index; Pain (NRS), Pain Numeric Rating Scale; PHQ-9, Patient Health Questionnaire-9; 
STAI, State-Trait Anxiety Inventory; TIB/d, time in bed during 24 hours; WHO-5 QoL, WHO-5 Questionnaire.
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depression symptoms impart a greater influence on qual-
ity of life in cancer patients [27,28]. Therefore, assessment 
and therapeutic intervention of the depression symptoms in  
patients with cancer would lead to more effective outcomes in  
improving patients’ quality of life. However, we should con-
sider that cancer patients suffer from depression frequently 
with fatigue, insomnia, or anxiety as co-morbidities simulta-
neously [29]. Sometime, it is not easy to discriminate those 
symptoms, and we should manage those symptoms at the 
same time. In this study we tried assessing each symptom 
separately using specific rating scales, and exploring which 
symptom is most powerful predictor for patients’ quality of 
life. In clinical practice, it is needed to measure and manage 
patients’ various psychiatric symptoms for improving cancer 
patients’ quality of life.

There are some limitations of this study. First, the analysis 
was executed within the patients with cancer alone; there-
fore, comparative analysis with a normal control group was 
not executed. Furthermore, this was a retrospective cross-
sectional study via review of medical records; therefore, pre-
cautions are necessary in the interpretation of causal relation-
ships among the relevant factors. Second, the total number 
of patients in this study was low and insufficient to execute 
various subordinate group analyses. Females accounted for 
the majority of patients and breast cancer accounted for more 
than half of the types of the cancers included in this study. 
Therefore, generalizing and applying the results of the analy-
ses to the entire population should be undertaken cautiously. 
Third, the results in this retrospective medical record review 
study cannot be generalized into all cancer patients. This 
study was performed in a single hospital despite the center. 
In addition, in this study over half of subjects were breast 
cancer patients, but other various types of cancers were also 
included. We can speculate that the influence of patients’  
depression or cancer-related fatigue on their quality of life 
can be varied in different cancer types. However, we could 
not perform subgroup analysis in each individual cancer 
type. Fourth, in this study, we could not consider other phys-

ical symptoms which were reported to be related with cancer 
patients’ quality of life such as nausea, vomiting, hot flushes, 
or alopecia. Finally, the use of more objective assessment 
tools, such as more accurate fatigue measures and records 
on the movement activities via Actigraphy or Polysomnog-
raphy would have provided more accurate information on 
the cancer-related fatigue, sleep states, or daytime activities.  

In conclusion, we confirmed that cancer-related fatigue is a 
common and painful side effect experienced by patients with 
cancer during treatment. Furthermore, depression, anxiety, 
insomnia, and dysfunctional thinking on sleep can act as risk 
factors for cancer-related fatigue. Interestingly, cancer-relat-
ed fatigue itself does not act as a direct risk factor for qual-
ity of life; however, a cautious interpretation of the results is 
required because of limitations in the assessment tools for 
measuring fatigue symptoms. Accordingly, the development 
of assessment tool specific for cancer-related fatigue would 
be important for future studies. Additionally, we confirmed 
that depression symptoms act as an important risk factor in 
the quality of life of patients with cancer.  
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