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Abstract

Purpose Patients with lung cancer endure the most sleep problems. Understanding the prevalence and risk factors of sleep
disturbances in lung cancer populations is critical in reducing symptom burden and improving their quality of life. This
systematic review aimed to determine the prevalence and risk factors of sleep disturbances in patients with lung cancer.
Methods Seven electronic databases were systematically screened for studies on the prevalence or risk factors of sleep dis-
turbances in patients with lung cancer. Subgroup analyses were conducted to investigate significant heterogeneity (I° > 50%)
across studies.

Results Thirty-seven studies were found eligible. The pooled prevalence was 0.61 (95% CI=[0.54-0.67], I’ =96%,
p <0.00001). Seven risk factors were subject to meta-analyses. Significant differences were found for old age (OR =1.23;
95% CI=[1.09-1.39], p=0.0006,> =39%), a low education level (OR =1.17; 95%CI=[1.20-2.66], p=0.004, I >=42%),
fatigue (OR =1.98; 95%CI=[1.23-3.18], p=0.005, I 2=31%), pain (OR =2.63; 95% CI=[1.35-5.14], p=0.005, I >=91%),
tumor stage of IIl or IV (OR =2.05; 95%CI=[1.54-2.72], p <0.00001, I >=42%), anxiety (OR = 1.62; 95%CI =[1.22-2.14],
p=0.0008, >=78%), and depression (OR =4.02; 95% CI=[1.39-11.61], p=0.01, >=87%). After the included studies were
withdrawn one after the other, pain (OR=3.13; 95% CI=[2.06-4.75], p <0.00001, / 2=34%) and depression (OR =5.47;
95% CI=[2.65-11.30], p<0.00001) showed a substantial decrease of heterogeneity. Meanwhile, the heterogeneity of anxi-
ety symptoms remained unchanged.

Conclusion Results showed that sleep disturbances were experienced in more than 60% of patients with lung cancer. The
comparatively high prevalence of sleep disturbances in this population emphasizes the need to adopt measures to reduce them.
Significant associations were found between sleep disturbances and various factors, including age, education level, fatigue,
pain, cancer stage, anxiety, and depression. Among these factors, depression emerged as the most significant. Future research
should concentrate on identifying high-risk individuals and tailored interdisciplinary interventions based on these risk factors.
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Introduction

Lung cancer is one of the most common malignancies.
Lung cancer has the highest mortality rate (18.0%) and the
second highest incidence (11.4%) among all cancers world-
wide, as stated in the Global Cancer Statistics 2020 [1]. In
recent years, the promotion and application of lung cancer
treatments have improved the survival rate of patients with
lung cancer [2]. However, this situation also means that the
various symptoms accompanying the disease and treatment,
such as sleep disturbances, have a persistent and far-reaching
influence on patients [3]. Despite significant progress in lung
cancer supportive care, their symptom burden remains sub-
stantial [4]. Sleep disturbances is one of the most annoying
among lung cancer symptoms and symptom clusters[5].

In general, sleep disturbances include disorders that ini-
tiate and maintain sleep and abnormal events during sleep,
such as difficulty falling asleep, sleep apnea, restless legs
syndrome, insomnia, and daytime sleepiness [6, 7]. Com-
pared with other cancers, patients with lung cancer have
endured the most sleep problems [8, 9]. Different from other
cancers, respiratory symptoms such as cough and dysp-
nea are common in patients with lung cancer. In addition,
chronic obstructive pulmonary disease affects over 50% of
patients diagnosed with primary lung cancer [10]. Getting
a good sleep is difficult when patients have trouble breath-
ing. Yet sleep disturbances has been found to be prevalent
in this group, with reported rates ranging from 32 to 96% in
various studies [11, 12], and such a wide range was due to
different regions with different assessment tools used. Even
though some use the same tool, their cut-off scores are still
separate [13—15]. Reviewing and summarizing the overall
prevalence of sleep disturbances in this population is neces-
sary to further guide clinical practice and related research.

Sleep disturbances have many adverse effects on physi-
cal and mental health in patients with lung cancer, such as
increased pain, more fatigue, and psychological distress [16].
They increase symptom burden and impair health-related
quality of life among this population [15, 17]. Besides,
studies have pointed out that sleep disturbances influence

first-line progression-free survival and overall survival
among patients with advanced lung cancer [17]. Known risk
factors of sleep disturbances in the different cancer groups
include high body mass index, pain, fatigue, anxiety and
depression, nausea and vomiting, and shortness of breath
[18, 19]. However, most previous studies focused on breast
cancer patients whose disease features and treatments differ
from those of lung cancer. Furthermore, several risk fac-
tors of sleep disturbances remain ambiguous in studies of
patients with lung cancer, such as one study showed old age
was a risk factor, while the other study have not reported
[20, 21]. Therefore, to enhance the quality of life and allevi-
ate the symptom burden in patients with lung cancer, it is
crucial to comprehend the risk factors associated with sleep
disturbances.

This study aimed to comprehensively review the preva-
lence and risk factors of sleep disturbances in patients with
lung cancer, identify the gaps and strengths in the existing
research, and provide directions for subsequent studies.

Methods

A systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guide-
lines[22]. And registered in the PROSPERO under No.
CRD42023433918.

Literature search strategy

A comprehensive search was conducted in PubMed,
EMBASE, Web of Science, CNKI, SinoMed, Wanfang
Database, and VIP Database for studies on the prevalence
of sleep disturbances and risk factors in patients with lung
cancer up to December 31, 2022. The search terms were
derived from the PECO framework, including population:
patients with lung cancer, exposure: sleep disturbances,
outcome: risk factors, and prevalence numbers. No control
group was included. The search was conducted using both
subject terms and free terms. The relevant search terms are

Table 1. Search strategy P: Population

Lung cancer patients

E: Exposure O: Outcome

Sleep disturbances prevalence numbers and risk factors

MeSH terms Lung neoplasms

Free terms ~ Lung neoplasms
Lung cancer

Pulmonary cancer

Pulmonary neoplasm Short sleeper syndrome Probability

Sleep—wake disorders ~ Epidemiology Risk factors

Prevalence Etiology

Morbidity Causality

Probability
Sleep disorder Epidemiology Epidemiologic factors
Sleep disturbances Prevalence Influence factors
Sleep—wake disorders ~ Morbidity Related factors

Epidemiologic determinant
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listed in Table 1.. Manual searches were also conducted to
find additional pertinent publications in the citation lists of
included studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) subjects were patients
diagnosed with lung cancer aged > 18 years; (2) a structured
scale was used to assess the extent of patients’ sleep distur-
bances; (3) data related to the prevalence or risk factors for
sleep disturbances must be reported; (4) types include cross-
sectional studies, case—control studies, and cohort studies;
and (5) languages were English, Chinese, or other languages
for which English versions could be retrieved.

The following were exclusion criteria: (1) animal trials;
(2) literature for which data could not be extracted or trans-
formed after attempting to contact the author; (3) literature
of low quality [Agency for Healthcare Research and Quality
(AHRQ) score < 5; Newcastle-Ottawa Scale (NOS) of Qual-
ity scores < 3]; (4) full text was not available; (5) conference
abstracts; and (6) scientific and technological achievements;

Data extraction and validity assessment

Before screening and removing duplicates, all studies were
imported into the Endnote X9 application (Clarivate Analyt-
ics, London, UK). All article titles and abstracts were reviewed
for relevance to the predetermined selection criteria by two
researchers (Y.H. and C.Y.T.). The included articles were then
screened after full-text reading. The data were extracted inde-
pendently into a sheet that had a prespecified set of variables
(general information from reports, including author names; year
of publication and nation; patient characteristics, such as sam-
ple size, mean age, and disease characteristics; study design;
prevalence of sleep disturbances; assessment tool; reported risk
factors and any other relevant findings). The entire review team
agreed to settle any disputes between the investigators.

Two researchers (Y.H. and W.H.C.) independently eval-
uated the quality of the research included. The NOS was
used to assess case—control studies and cohort studies. It
comprised three primary sections: selection, comparability,
exposure, and outcome. NOS used the semi-quantitative
"star" technique of rating literature quality; the maximum
possible rating was 9, with each star representing one point.
A low-quality study was defined as a score of less than 5,
and a high-quality study was described as a score of > 5.
To evaluate cross-sectional studies, we used the American
Agency for Healthcare Research and Quality (AHRQ) rec-
ommended criteria for evaluating observational studies [6].
These criteria included 11 items answerable by “yes,” “no,”
or “unclear.” The " yes " answer to each entry was scored 1,
and “no” was scored 0. Item 5 was the reverse scoring item,

with a total of 11 points. Great than or equal to 8 scores were
granted for high quality, 67 for medium quality, and <5 for
poor quality.

Statistical analysis

This meta-analysis used Review Manager 5.4 (Cochrane Col-
laboration, London, UK). Microsoft Excel calculated the pooled
prevalence and standard error (SE). For risk factor meta-anal-
ysis, the best-corrected value was selected for merging when
multiple values were provided for the study. Given the high
prevalence of sleep disturbances in patients with lung cancer,
the RR and HR values were still equal to OR values. Log [odds
ratio] and SE was used for all effect measures of risk factors.
Heterogeneity was determined by the Q test, and the level
of heterogeneity was assessed using the /7 value. Multiple
relevant studies were regarded as homogenous if p >0.1 and
P was less than 50%:; in this case, the fixed-effects model was
used to determine the combined volume. Inversely, p less
than 0.1 and > 50% indicated that multiple similar stud-
ies were heterogeneous, sensitivity analysis and subgroup
analysis were used to explore the sources of heterogeneity,
and random-effects model or descriptive analysis was used if
they could not be solved. When > 10 studies were included,
funnel plots were drawn to analyze publication bias. Finally,
sensitivity analysis was used to test the stability of the results.

Results
Study selection

The initial review identified 6395 relevant papers, includ-
ing 3159 in Chinese and 3236 in English. A total of 2543
duplicate papers were excluded by Endnote X9 software, and
3852 were obtained. Finally, 37 studies were included in this
meta-analysis, including 22 published in Chinese [11, 14,
15, 20, 23-40] and 15 published in English [10, 12, 13, 17,
21, 41-50], with a total of 4849 patients (Fig. 1).

Study characteristics

Sample sizes of included studies ranged from 29 to 473.
Among the studies, 32 were cross-sectional, and five were
longitudinal (Table 2). Nine studies were conducted in high-
income countries and the remainder in middle-income coun-
tries. In assessing sleep disturbances, 29 studies used the
PSQI, six used the Athens Insomnia Scale (AIS), and the
remaining used other scales such as the Self-Rating Scale
of Sleep and General Sleep Disturbance Scale. Meanwhile,
four studies used the Epworth Sleepiness Scale to assess
daytime sleepiness.
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Fig. 1 Flow chart
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Quality assessment CI=[0.90-1.00]) (Table 5), and the pooled prevalence was

The total quality assessment scores for the five longitudinal
studies were 5, indicating that all were of moderate quality
(Table 3). AHRQ was used to evaluate the quality of 32
articles (Table 4), and the overall score was between 6 and
10. Among them, three studies were of high quality, and 29
were of medium quality, with a score of <7. Low-quality
studies were excluded from this meta-analysis.

Syntheses of results

Prevalence of sleep disturbances in patients with lung
cancer

The prevalence of sleep disturbances in patients with lung
cancer ranged from 0.32 (95% CI=[ 0.23-0.41]) to 0.96 (95%

@ Springer

0.61 (95% CI=[0.54-0.67], F =96%, p <0.00001(Fig. 2); 33
studies including 28 cross-sectional studies and five longitu-
dinal studies). The results of subgroup analyses are presented
in Table 6. Any of the subgroup analyses did not clarify the
reasons for the high heterogeneity.

Risk factors for the development of sleep disturbances
in patients with lung cancer

A total of seventeen studies documented 33 risk factors
associated with the development of sleep disturbances in
patients with lung cancer. The risk factors were identified
in at least two studies as follows.: old age, low education
level, tumor stage III or IV, pain, fatigue, anxiety, and
depression (Table 7). Meta-analyses were executed for the
risk factors represented in more than one article.



619

Page 5 of 25

(2024) 32:619

Supportive Care in Cancer

uorsuowiIp
uoIsuauIIp uorsnnul pazieyidsoy
[esnorerodAy pue 2109s pue )] pasou
wnpaw i/ pueB OULPIOAY 18101 Y-Sl L<10Sd -Serp AjmoN 6V’ LFE€ET9 0s1 UN  [BUONO9S-SSOID BUIYD (9] 1202 11
uorssaxdop
REN N1 P 1 <Ade
oTuoIYD opow Furdoo -Iayjouwayd
p1qI0WOo9 uoneugisal JSe[ 9Y) JO pud
‘owoour -9oue)dodoy U3 woij dwn
Aqyuow ATt ‘Kderoy Q) pue Judw
-wej ‘poyow -owayd JOo -jeon [eo1sms
JuowAed suonoeal INOYITAN
‘ToA9] uon as1oApe ‘Ade ‘ewIouroIed
-BONpa  -IdYJOWAYD JO d1ua3oyouoiq
wmipaw 3/ ‘wonednooQ  sewn ‘Aerxuy L<10Sd Krewrig IN 12! UN  [BUONO9S-SSOID euyd 62l 120T url
Kdeloyowrayd
Surare09y
‘AT 10 I]T sem
a3e)s Jowng, (ov1/011)
wnipaw ¢/, / AN $<10Sd 71 Arewirig AN oyl %LS 8L [BUONIIS-SSOID) eury)  [o€] 120T N1
9[9ho [ < Ade
uors -Ioyjowayd
Aderor -saxdap pue PoAIdaI 10
-owdYo Jo ‘Kyarxue ‘ured DT1Jouon
Wnpaw i9  sawn “I9pusn ‘oBe)s Jowmy, 9<SIV  -O9salfedlpey AN 00v  (00%/TST) %E€9  [BUONDSS-SSOID euy) - [G1] 120T veL
uorssardxa
d (HO) st
WnIas Mmo|
‘siseiselowl
JueIsIp ‘A IO
wnipaw 9 / TII 28e1s Jowm, L<10Sd AN AN 01 (T01/0S) %6Y  [PUONISS-5S01) euyd  [€2] 220z WU
9[9ho [ < Ade
uors -Iayjowayd
Aderor -saxdap pue PoATdaI 10
-owayYo Jo ‘Kyarxue ‘ured DT1Jouon
wnpaw i9 - sawn “I9pusn ‘oBe)s Jowny, P<SIV ~ -O9salfedlpey 6'9F09°8S 00T (00T/9TI) %E€9 [BUONDSS-SSOID U [¥1] zz0T NS
SISATeue
JjeLreAD[NW sooueq sooueq
91098 Juawt ur papn[out -1msip doays Bo-n) BLINLID (s Fsreok (N) -Is1p doays
-ssasse Ajend) S10Joe] 1Y)  JOJ SI0JoRy YSIY  ‘owooino dad[s uorsnjouy ueow) o3y  ozis ojdweS  JO 90UQRAdI] udisog Anuno) Apnig

SOIPN}S POPN[OUL [[& JO SONSLIAJORIEYD) T d|qel

pringer

As



(2024) 32:619

Supportive Care in Cancer

Page 6 of 25

619

(z9r6v)
%6L :Aderoyy
-owayo
PU0I9S 1Y
(z9rer)
%¥'69 :Ade
Aderay -IQUJ0WaYD
-OwIdYd 10§ 1811 Y} 1Y
paredaxd 1T (T9/LE)
[195 [[ewsS-uou %L 6S:Aderoyy [BUONBAIDSQO
wnipaw ¢ / AN GI0Sd A/l 93e1g 06F6SLS -owayd 2I10jog aanoadsorg euly)  [zel 610C OFT
Kdeloyowrayd
0) paaiIge sise)
-SERUINOYIIM (or1/5¢)
9104kd Adeloyy [9A9] UOTIED BWOUTOIRD %18°1¢€
-oway) ‘od£y -npa pue uon oruagoyouoiq Aderay
wnipaw ¢/ [earSojoyyed  -09sai [eor3ing 0€<SSUS Krewrld AN -OWIAYD 19)J  [BUONIIS-SSOID) eury)  [11]020T UV
uondwnsuod
[0YoOTE JO 91008
K10)S1Y “[9A9] Sd3 pue
[euoneonpa ‘snje)s oTwIou
‘sme)s [ejrrewr -009 ‘o8e)s umouyun 1
Q0UdpISal Jown) ‘A10) pyo-my  yum syuened
wnIipaw 9 ‘Iopuon) -s1y Sunjowrg 10Sd pazifendsoyq parrodar jJoN AN [BUOIOS-SSOID) eury)  [£7] 020T uery
DT Arewrrad
Jo juounyean
wmipaw 9 / AN L<10Sd 10} popIwpy ¥'6+09°¢9 (ELY/1TY) %68  [eUONIIS-SSOID) euly)  [1€] 020z N1
adKy
[eo13oroyyed
‘ao8e “Jou 10
uoneryje
snorgiax
‘poypowr uors
juowAed -saxdap pue
‘[oAQ] uon ‘Kyarxue ‘ured D1 pasou [ov]
wnipaw :g9 - -eonpa I9puan ‘a3e)s Jown, 9<SIV -Se1p AjmoN IN (8S1/¥9) %S°0F  [eUONIIS-SSOID BUyD 020t Sueyz
sisA[eue
JerreAn W sooueq sooueq
9109s JuowW ur papn[out -1msip doays Jo-mp BLINLIO (s Fsreak -Is1p doays
-ssasse Ajend) S10Joe] IOU)Q  JOJ SI0JoR) Sy  ‘owooino dod[s uorsnjouy ueow) 98y JO 90UQTBARI] usrsoq Knuno) Kpms

(ponunuoo) zsjqey

pringer

AQs



619

Page 7 of 25

(2024) 32:619

Supportive Care in Cancer

9-T1 ‘ynowt
K1p ‘on3ney
‘Kyorxue
:Kderayjorper
JO pus syl 1y
vorssaxdop  +4AD+€AD
:Kderoyjorper ‘“+¢dd
Jo pus oy} Iy ‘ynowr AI1p
‘uors ‘erxaroue
-saxdap ‘10 ‘ongney ‘Ade
-IXUe ‘ySnodo -IUowaYd
:SOM 1 10] JUQLINOUOD
Adeloyjorpey  :SYeam 4 10
{y3noo Aderoyorpey
‘ss0[ 1ySrom uonednsuod (LSI0€) %9°CS
‘on3nej pue ‘eoudsAp :Aderayjorpex
‘K103181Y ‘BIXQIOUB Jo uonordwo)
Aderoypowrayd ‘uorssardop (LS/€T) %1°6€
‘sojoqelp  ‘o3e paoueApE SYoMm
‘ured ‘K1orxue 1SYQom ¢ 10 Kderoyporpey
‘sy00m T 10§ Aderoporpey (LS/TTD) %8'9¢
Kdeloyjorpey y3noo :Adeoyjorper
‘uonednsuod pue ‘ondnej Syoom ¢
‘vorssardo  ‘ured ‘Ajorxue Kdexoyjorpex (LS/61) %E €€
:Adexay) :Kderayiorper o1orIOY) SUI :Kdexaygyorpex [BUOTIBAIOSqO
wnipaw ¢ -OIpel alojog olojod L<10Sd AR ‘DT 808 FTC'6S LS alojog aAndadsoid eury)  [9¢] 910 oM
9[94o 1 < Ade
-19U)OWaYd
POAIDOAI
BUWIOUIOIED
SIUd30YdUOIq (851/001) [8¢]
wnrpaw 19 / AN L<10Sd Arewrig AN 8S1 %6T€9  [eUONI9S-SS0ID BUD 810 Sueyz
(zorvv)
wnipaw :9 / AN 9<SIV O pasoudelq 9°SF6£79 6 %€8'Ly  [BUONDIS-SSOID eulyd  [$2] 810T WUD
Kdeioy
onsejdosurnue
IO} UOTSSTWIpE
[enug -0 [6€]
wnipaw 9 / AN 9<SIV pasousel( 96'6FSTLS ¥TT  (PTTUPY) %S'LE  [BUONDSS-SSOID BUID 610¢ Sueyz
sIsATeue
JerreAn W sooueq sooueq
9109s JuaW ur papn[out -mstp doors po-mn) BLINLIO (QS Fs1eak N) -msip doays
-ssasse Ajend) S10Joe] 1Y)  JOJ SI0JoRy YSIY  ‘owooino dad[g uorsnjouy ueowr) o8y  ozis ojdweg o QoudRAdIg usrsoq Knuno) Kpms

(ponunuoo) zsjqey

pringer

As



(2024) 32:619

Supportive Care in Cancer

Page 8 of 25

619

D1 pasou

-3eI( ‘pro
wnipaw £/ / AN 8<I0Sd  SIBAK (09 <3y 6'8FT69 96  (96/LS) %¥'6S [BUONDSS-SSOID eury) (€] 110C SuaL
souo
PaAO[ SulssTwa
‘woparoq
[euonow
‘uonIpuod
jnoqe A11om
‘doors owmnAep
QATSSIOXD
‘uoneqmur
woly uon
-esuas Apoq BISQU)SoUE
u31aI10J ‘BoU saseasIp Aq [exouad
-ds£p ‘y3noo pasned ured Iopun Awoj00
‘sdoysiooy pue ‘}I0jUI0d -eIoy) 3ur
$,98INU ‘9I1ed -s1p 1eorsAyd -o319pun )|
onnaderay) JUOWUOITAUD ‘skep , <own
wnrpaw /7 [eUIMOoN Tel[rurejur) L<I0Sd Keis NDT 60°LS ¢S1 (TSI/0L) %1°9%  [eUONISS-SSOID eulyy - [egl 1oz BUS
9[94o [ < Ade
-Iayjowayd
PIATadY (L01/6S)
wnipaw :9 / AN L<IOSd D71 Ppasouser L9F€9°¢S LOT %¥1°SS  [RUONDIS-SSOID euydy 8] §10T url
BISOYISouE
[eIouag Jopun
Kwoyooeroy
POAIRIIY (sl
wmipaw 3/ / AN L<IOSd D71 Ppasoudeiq AN 001 (001/89) %89  [BUONDSS-SS01D) BUmD S10T Suem
Kdezayjowayo
PIATIdRY (ssu/
wnipau :9 / AN L<IOSd D7 pesouselq 9°8F9°6S SS1 901) %t "89  [PUONIIS-SSOI) euly)  [L€] STOT oM
suoneordwod
JO 20UdsqE 10
Qouosaxd pue Syoam 7
“a3e)s Jowny uey) 2I0W JOJ
‘poyjou Judw umowun  Aderoyjowrayo
-Ked ‘Toa9] Jjo-m)y POAIROY
wnipaw 1/, /I uoneanpa ‘ofy I0Sd D71 pasouselq 0¥'L+87°99 001 (001/68) %68  [BUONDSS-SSO1D euly) [0zl 910 D
SIsATeue
derreAn W sooueq sooueq
91095 Juawt ur papn[out -1msip doays o) BLINLID (s F sreak (N) -mysip doays
-ssasse Ajend) S10Joe] IOU)Q  JOJ SI0JoRy STy  ‘owooino dad[s uorsnjouy ueow) o8y  ozis ojdweS  JO 90UQ[RAdI] usrsoq Knuno) Kpms

(ponunuoo) zsjqey

-
[
80
=]
k=
o
n
Gll



619

Page 9 of 25

(2024) 32:619

Supportive Care in Cancer

pringer

w
Sl
(A1
Jo Ty1 93e1s) (821/08)
wnrpaw 9 / AN ¢<10Sd D71 padueApe 8'6F0909 8¢l %SC9  [eUONI9s-SS0ID euly)  [8y] L10T nOT
Cl PUoN
%L 6V
PUE ‘6 YIUOIN
®’%ETISS
YIUOA] I
%B1SS ‘1
€4 < 21008 DT Arewrrad YIUOIA Je
wns [e10) 1oy A1931ns %689 ‘auI| [BUOTIBAIISQO
wnipaw ¢ / AN SASD 10§ pa[npayods (S'8¥F) 869 9T -9seq I %6°09 aanoadsorq KemIoN [1¢] L10T 2IlEH
(62/01)
Kdeoyjowrayd
paryy-oxd
Kdexayjowayo 18 %G¢ pue
QATO09I 0) ‘Kdeoyowrayd
01 <SSsd pa[npayos puodos-axd e
:ssourdoars $OTDSN 2198 9%¢¢ ‘ourfeseq
swmnAep -1odour jo %12 :Sd [BUOTIBAIISQO
wnipaw ¢ / AN ¢<10Sd sisouser(q $6+999 6C %9 L-ul[eseq oAndadsold vsn [01] ST0T UesQ
9[oAd 1< Ade
Relliielip]
PAATIdAI O]
JSN 10 IDS
wnrpaw 3/ / AN ¢<10Sd Jo stsouger( L6F5€9 33 (S€/87) %08  [BUONIRS-SSOID) vsn syl €10z uesq
Kdeloyjowrayd
OA19031 0)
Suruuerd (O
Al 10 II] 98®1s [ b
wnipaw =/ / AN S<IOSd WIm pesouser LOLFY'6S STl (STT/09) %TS  [BUONDSS-SSOID)  BUIYD) ‘UBMIE], 18002 uayd
BUWIOUIOIED
91008 sruagoyouoiq
Sd pue Arewrtid 8'8S
ysy t6 AN smels [elLeN L<10Sd paziendsoy ueow 188-1¢ 86  (86/Sh) %6'Sy  [BUONDSS-SSOID eulg)  [ST1T10T YT
sIsATeue
JerreAn W sooueq sooueq
9109s JuaW ur papn[out -mstp doors po-mn) BLINLIO (s F sreaok N) -msip doays
-ssasse Ajend) S10Joe] 1Y)  JOJ SI0JoRy YSIY  ‘owooino dad[g uorsnjouy ueowr) o8y  ozis ojdweg o QoudRAdIg usrsoq Knuno) Kpms

(ponunuoo) zsjqey



(2024) 32:619

Supportive Care in Cancer

Page 10 of 25

619

sIsouserp
woIj QW) pue
‘d-SavH sisk[eue
BISNRU ‘[IAJ] ‘V-SAvH (z81/1S1) Krepuooos [eT] 1202
wnpaw ¢/ Aysjourey 1004 ‘SSQUISMOIP 9<SIV D1 pesouSerq 801 F6°69 781 %7 €] [BUONIIS-SSOID) Areir QUEPEOISN
(3asuo
JUSWIE) 0)
Ke[op ueoIN
Jowny ‘uoneWLIUOd 9SIN0d #9/60) %< Sy
snorxue [eo130[03s1Y Kdexayjowayo Kderoy)
‘Jowny 9AIS 0) Ae[op NECRIII -OwaYo INJY
-saxdop ‘suon uedA) sAe[op a3ess ¢yooxd #9/01) %9°G1
-eo1dwod JuswaSeURW [eo13o101sIy :Kderoy) Kpnys [z#]
wnipaw (¢ Aderoyjoway) onnaderay S<I0Sd UM DTOSN 81:8F6:79 9  -owayp AI0Jog aandadsoxd BISIUN], ()0 TWnofeg
j10ddns [e100s
‘urdoo Sur
-o3s j10ddns
/HI0JWod ‘Jul
-doo aane3au
‘uorssardap
‘Y3noo ‘adKy
Aderoypowrayd
‘eoudsAp
‘Kderoty
uoneIpel 10
A1931n0S U201
‘soonoerd
Quar3Ay dagrs
‘sase)sejour
ureiq jo
10381y ‘suon
-eoIpow
JUBITWOIUOD
Jo asn “‘a3e)s $Q01)
I90UBD Xopuf -oead Surdoo
Kypigrowo)) aanisod 9[9ko [ < Ade
uosIey) pue swoj -19Y}OWAYd
‘ured ‘o3e -dwAs ssons PoATIddAI )T 611/69) [1¥ 16102
ysy 6 REhlicly) pue Kjorxue S<IDSd pasoudelq $9 611 %T'8S  [UONIIS-SSOID) 90201  sornodopedeq
sIsATeue
JerreAn W sooueq sooueq
91095 Juaw ur papn[out -mstp doors po-mn) BLINLIO (s F sreaok N) -msip doays
-ssasse Ajend) S10Joe] 1Y)  JOJ SI0JoRy YSIY  ‘owooino dad[g uorsnjouy ueowr) o8y  ozis ojdweg o QoudRAdIg usrsoq Knuno) Kpms

(ponunuoo) zsjqey

-
[
80
=]
k=
o
n
Gll



619

Page 11 of 25

(2024) 32:619

Supportive Care in Cancer

Joug :74g ‘oreos ooueqinisi(q dod[S [BIOUAD) §FSH 9[eds ssouldoo[§ yrromdy :$57 ‘dod[S Jo o[eos Funey-jes :SS¥YS ‘xopuy Aend) doo[S y3mgsnid :JOSJ O[OS BIUWOSU] SUYIY STV

ssourdoas awmnAep ;g I9oued Fun| [[99 [[BWS-UOU :)THSN 19oued Juny [[29 [[eWS ;)7 Ieoued Jun| ;)7 pajtoday
JON YN ‘uorssaxrdo(g-oreos uorssardop pue Ajorxue [edsoH :(F-SGVH ‘Kerxuy-oress uorssardop pue Ajorxue [edsOH :y-SQVH (PISIATY-9[eoS Juaaq jo joedwy :y-§77 ‘A1ojuaau] on3neq

[0S11I0D
KIeAITERS
‘uruoye[owt
[ewInip ‘uruo)
-e[oW AIBAT[ES

21008 119

Juow
-Jear pojefal

‘d-SAVH  pue odors [osn PAATOdAI JoU [ev]
43y 6 ‘V-SAVH -10 [euwInip oy} 8<IOSd ‘D1 pesouselq 10'TT+2699 (014 AN [eUONDILS-SSOID uemrie], L10T 3uey)d
(62/21)% T SaA
(62/80)%96
01<ssd D1 pasou :Kypenb [c1]
wnipauw ‘9 / N S210Sd -Serp AimoN 21 F6S 62 doa[s 1004  [BUOIOIS-SSOI) QoueL]  LO0Z USno o
o130
sisougerp-isod [ot] LoOT
wnipaw -9 / AN S<IOSd sIeak GIsea[ Iy L9F9¢EL 9L  (9L/EY) %99S  [eUOnDIIS-SSOID) vsn QUeISUO0DH)
108
QAISUIXS IO
DTOSN Al Fr/61)%11:SA
Jo g[I[ 33e)s (€7/8€)%88
01 <SS  Jjo sisouserp :Kyenb
wnipaw :9 / AN S<10Sd Arewig L8'6F0LT9 1374 doo[s 1004  [EUONDAS-SSOID) vSn [0S 900T BusA
%Y elu
-WoSuI [BOTUT[O
(69/L) %01:SA
¥1<ISI (69/1€)
01<ssd %S A
wnrpau ;9 / AN S<IOSd D1 pesoudeiq 86F0'89 69 -[enb dog[s 10oq  [euondas-ssor) va10y  [L¥] TT0T 99T
uonen[eAd
Y} 210Joq
pareanun ((A]
/11 93e1S)
D71 padoueApe
wnrpaw 19 / AN L<10Sd pasoudelq LS 86  (86/8%) %6'8F [BUONIAS-SSOI) juttie] [L1] TTOT °H
DTOSN Al
(Ionr) o3 1o gi1 93es ilte] l6¥]
wnipau -/, IN  puedn pawr], S<IOSd yim pesoulerq 08'8F91°19 91 (¥91/18) %t'6v [BUONIIS-SSOID) ‘Suoy] SUOH [7(T BINWSNE],
SISAeue
JeLIeAD[NW sooueq sooueq
91008 U ur popnjout -mstp doors o) BLIOILIO (S F s1eak (N) -1mysip doors
-ssasse Lyend) SI10)08) 1Y)  JOJ SI0J0R) STy  ‘owoono dad[g uorsnjouy ueow) a8y  ozIs opdweg JO oUd[BARIJ uSiso(q Anuno) Apmig

(ponunuoo) zsjqey

pringer

&



619 Page 12 of 25 Supportive Care in Cancer (2024) 32:619
Tablg 3 .NOS ass.essment for Author(year) Selection Comparability Exposure Quality/ score
longitudinal studies
Ql Q2 Q3 4 Q5 Q6 Q7 Q8
Belloumi 2020 1 0 1 0 0 1 1 1 Medium /5
[42]

Liu 2019 [32] 1 0 1 0 0 1 1 1 Medium /5
Halle 2017 [21] 1 0 1 0 0 1 1 1 Medium /5
Wei 2016 [36] 1 0 1 0 0 1 1 1 Medium /5
Dean 2015 [10] 1 0 1 0 0 1 1 1 Medium /5

Notes: Q1. Whether case determination is appropriate; Q2. Representativeness of cases; Q3. Control selec-
tion; Q4. Determination of control; Q5. Consider the comparability of cases and controls when designing
and making a statistical analysis; Q6. Determination of the exposure factors; Q7. The same methods were
used to determine the exposure factors in the cases and controls; Q8. No response rates

Meta-analysis of demographic factors

Age and educational level were the demographic factors con-
sidered in this meta-analysis (Fig. 3). Two studies [20, 36]
reported the relationship between age and sleep disturbances
in patients with lung cancer. According to their findings,
old age was a significant risk factor associated with sleep
disturbances based on the combined effect size (OR =1.23;
95% CI=[1.09-1.39]; p=0.0006; I >=39%). Two studies
[11, 20] have reported a correlation between educational
level and sleep disturbances in patients with lung cancer.
The combined findings of the studies indicate that indi-
viduals with low educational backgrounds are at a greater
risk of experiencing sleep disturbances (OR=1.17; 95%
CI=[1.20-2.66]; p=0.004; I >=42%). Marital status,
payment methods of medical expenses, and smoking his-
tory were covered by only one study each. Therefore, these
results could not be synthesized, and only descriptive analy-
sis was performed.

Meta-analysis of clinical factors

The clinical factors included in this study were fatigue,
pain, and tumor stage (Fig. 4). Two studies [36, 43] reported
the relationship between fatigue and sleep disturbances in
patients with lung cancer. Based on the synthesized results,
it was determined that fatigue is a risk factor for sleep
disturbances, as the combined effect size was statistically
significant (OR=1.98, 95% CI=[1.23-3.18], p=0.005; I
2= 31%). Five different research studies [14, 15, 33, 36, 40]
have shown a high level of heterogeneity between pain and
sleep disturbances (p <0.05, I 2=91%). The heterogeneity
was found to originate from the study conducted by Sha et
cl. [33], as revealed by sensitivity analysis. However, after
excluding this study, the combined results of the remain-
ing studies confirmed that pain was indeed a risk factor
for sleep disturbances (OR=3.13, 95% CI=[2.06-4.75],
p <0.00001, 1 2=34%). Four studies [14, 15, 23, 40]

@ Springer

reported the relationship between tumor stage and sleep dis-
turbances. The combined effect size's statistical significance
was observed in synthesizing their findings. Sleep distur-
bances were more likely to occur in individuals diagnosed
with tumor stage III or IV (OR=2.05, 95% CI=[1.54-2.72],
p <0.00001, P=42%). Although two studies [25, 27]
reported that a KPS score <70 was a risk factor for sleep
disturbances, only a standardized regression coefficient and
p-value could be acquired. Their effect size could not be
combined, so descriptive analysis was performed. Cycles of
chemotherapy, adverse reactions of chemotherapy, surgery,
complications, the physical discomfort caused by disease,
unfamiliar surroundings, stress symptoms, therapeutic man-
agement delays, drowsiness, time from diagnosis, cough,
anorexia, dyspnea, constipation, physical performance, the
diurnal cortisol slope, low serum 25 (OH) D; expression,
IL-6, CD3 + and CD3 + CD4 + were studied in a single
study. Their effect sizes could not be combined, so descrip-
tive analysis only examined them.

Meta-analysis of psychological factors

The psychological factors of interest included anxiety,
depression, psychological stress, and positive coping prac-
tices. Seven studies [13-15, 29, 36, 40, 41] demonstrated
the correlation between anxiety and sleep disturbances.
The combined effect size's statistical significance was
observed in synthesizing their findings. Anxiety was identi-
fied as a risk factor for sleep disturbances (OR=1.62, 95%
CI=[1.22-2.14,] p=0.0008, P=78%) (Fig. 5). Depres-
sion was studied in five articles [13—15, 40, 41]. Following
a comprehensive analysis, individuals who suffered from
depression had a 4.02 times higher likelihood of develop-
ing sleep disturbances (OR =4.02, 95% CI=[1.39-11.61],
p=0.01, 1 2=_87%) than those who did not have depression.
Subgroup analysis revealed an improvement in heterogeneity
(?=29%, p=0.24) after withdrawing the study by Papa-
dopoulos et cl. [41], and the pooled OR increased to 5.47
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Table 5 Prevalence numbers of sleep disturbances in lung cancer
Study Country  Design Prevalence of sleep Standard ~ Sample  Age (mean Sleep out- Quality
disorders error (SE)  size (N)  years+SD) come; Cut-off assessment
score

Su 2022 [14] China Cross-sec- 63% (126/200) 0.0341 200 58.60+6.92 AIS>4 6; medium
tional

Chen 2022 [23] China Cross-sec- 49% (50/102) 0.0495 102 Not mention PSQI>7 6; medium
tional

Tan 2021 [15] China Cross-sec- 63% (252/400) 0.0241 400 Not reported  AIS>6 6; medium
tional

Liu 2021 [30] China Cross-sec- 78.57% (110/140) 0.0347 140 Not reported ~ PSQI>S5 7; medium
tional

Zhang 2020 [40] China Cross-sec- 40.5% (64/158) 0.0391 158 Notreported  AIS>6 6; medium
tional

Liu 2020 [31] China Cross-sec- 89% (421/473) 0.0144 473 63.60+9.4 PSQI>7 6; medium
tional

An 2020 [11] China Cross-sec- 31.81% (35/110) 0.0444 110 Not reported ~ SRSS >30 7; medium
tional

Liu 2019 [32] China Prospective 79% (49/62) 0.0517 62 57.59+9.0 PSQI>5 5; medium
observa-
tional

Zhang 2019 [39] China Cross-sec- 37.5% (84/224) 0.0323 224 57.25+9.96 AIS>6 6; medium
tional

Chen 2018 [24] China Cross-sec- 47.83% (44/92) 0.0521 92 62.39+5.6 AIS>6 6; medium
tional

Zhang 2018 [38] China Cross-sec- 63.29% (100/158) 0.0383 158 Not reported ~ PSQI>7 6; medium
tional

Wei 2016 [36] China Prospective 52.6% (30/57) 0.0661 57 59.22+8.08 PSQI>7 5; medium
Observa-
tional

Gu 2016 [20] China Cross-sec- 89% (89/100) 0.0313 100 66.28 +7.40 PSQI 7; medium
tional Cut-off

unknown

Wei 2015 [37]  China Cross-sec- 68. 4% (106 /155) 0.0373 155 59.6+8.6 PSQI>7 6; medium
tional

Wang 2015 [35] China Cross-sec- 68% (68/100) 0.0466 100 Not reported ~ PSQI>7 7; medium
tional

Lin 2015 [28] China Cross-sec- 55.14% (59/107) 0.0484 107 55.63+6.7 PSQI>7 6; medium
tional

Sha 2012 [33] China Cross-sec- 46.1% (70/152) 0.0404 152 57.09 PSQI>7 7; medium
tional

Teng 2011 [34]  China Cross-sec- 59.4%(57/96) 0.0501 96 69.2+8.9 PSQI>S8 7; medium
tional

Li 2011 [25] China Cross-sec- 45.9% (45/98) 0.0503 98 31-88; mean  PSQI>7 9; high
tional 58.8

Chen 2008 [44] Taiwan Cross-sec- 52% 0.0466 115 59.4+10.7 PSQI>5 7; medium
tional

Dean 2013 [45] USA Cross-sec- 80% (28/35) 0.0676 35 63.5+9.7 PSQI>5 7; medium
tional

Dean 2015 [10] USA Prospective 35% (10/29) 0.0883 29 66.6£9.5 PSQI>5 5; medium
observa-
tional

Halle 2017 [21] Norway  Prospective 68.5% 0.0286 264 65.8 (+8.5) GSDS total 5; medium
observa- score >43
tional

Lou 2017 [48] China Cross-sec- 62.5% (80/128) 0.0428 128 60.60+9.82 PSQI>5 6; medium
tional

@ Springer



Supportive Care in Cancer (2024) 32:619 Page170of25 619
Table 5 (continued)
Study Country  Design Prevalence of sleep Standard ~ Sample  Age (mean Sleep out- Quality
disorders error (SE) size (N)  years+SD) come; Cut-off assessment
score
Papadopoulos Greece Cross-sec- 58.2% (69/119) 0.0452 119 64 PSQI>5 9; high
2019 [41] tional
Belloumi 2020  Tunisia prospective 45.3% (29/64) 0.0622 64 62:9+8:18 PSQI>5 5; medium
[42] study
Mercadante Italy Cross-sec- 83.2% (151/182) 0.0279 182 69.9+10.8 AIS>6 7; medium
2021 [13] tional
Takemura 2021 Hong Cross-sec- 49.4% (81/164) 0.039 164 61.16 +8.80 PSQI>5 7; medium
[49] Kong tional
He 2022 [17] China Cross-sec- 48.9% (48/98) 0.0505 98 57 PSQI>7 6; medium
tional
Lee 2022 [47] Korea Cross-sec- 45% (31/69) 0.0599 69 68.0+9.8 PSQI>5 6; medium
tional
Vena 2006 [50] USA Cross-sec- 88%(38/43) 0.0489 43 62.70+9.87 PSQI>5 6; medium
tional
Gooneratne USA Cross-sec- 56.6% (43/76) 0.0569 76 73.6+6.7 PSQI>5 6; medium
2007 [46] tional
Le Guen 2007 France Cross-sec- 96%(28/29) 0.0339 29 59+12 PSQI>5 6; medium
[12] tional

AIS: Athens Insomnia Scale; PSQI: Pittsburgh Sleep Quality Index; SRSS: Self-Rating Scale of Sleep; GSDS: General Sleep Disturbance Scale

(95% C1=[2.65-11.30], p<0.00001) (Fig. 5). Psychological
stress [26], acceptance-resignation coping mode [29], and
positive coping practices [41] were discussed in only one
study each, so only descriptive analysis was performed on
these factors.

Discussion

This systematic review and meta-analysis aimed to inves-
tigate the prevalence of sleep disturbances among patients
with lung cancer and identify the risk factors that contribute
to sleep disturbances in this population. Finally, our study
included a total of 37 studies, which comprised 33 preva-
lence numbers, as well as 33 risk factors that were found to
be responsible for sleep disturbances. The vast majority of
the included studies used PSQI or AIS to assess sleep dis-
turbances. Prevalence rates varied across the studies, rang-
ing from 0.32 to 0.96, but the combined estimate was 0.61.
Nonetheless, there was significant heterogeneity among the
studies. Even after subgroup analyses, we still obtained min-
imal changes. Among the 33 risk factors, 7 (age, education
level, fatigue, pain, tumor stage, anxiety, and depression)
were suitable for a meta-analysis. The pooled results showed
that these seven risk factors were significantly associated
with the odds of developing sleep disturbances.

Compared to other types of cancer, individuals with lung
cancer are more likely to experience sleep disturbances [51].
Our synthesis results further reinforced the possibility of this

argument and revealed a higher pooled prevalence for lung
cancer compared with breast cancer [52], head-neck can-
cer[53], and mixed cancer [6]. Subgroup analysis confirmed
the stability of our result, but the final results still had sub-
stantial heterogeneity (I*=96%). Several possible reasons
account for these discrepancies. First, most of the included
studies were cross-sectional and thus did not adequately
assess sleep disturbances at different stages of treatment
and may have overestimated or underestimated the existing
prevalence. Second, the cause of heterogeneity might be the
measurement tools. Although most studies in this study used
PSQI or AIS, their cut-off scores varied in different stud-
ies. Different cut-off scores may lead to difference in the
prevalence of sleep disturbances. Previous studies have used
receiver operator characteristic (ROC) analysis in cancer
populations to validate that a PSQI score greater than 7 has
the best sensitivity and specificity[54]. However, it has not
yet been validated in the lung cancer population, and more
works need to be done to establish a cut point that is valid
in this population. Various demographic or clinical char-
acteristics of the subjects might also cause heterogeneity.
Considering that more than half of patients with lung cancer
might have sleep disturbances, future studies should fur-
ther investigate different types of sleep disturbances, cancer
stages, treatment regimens, and treatment stages further to
clarify the prevalence of sleep disturbances in these patients.

Among the demographic factors, the results of the meta-
analysis suggested that elderly patients with lung cancer
were likely to develop sleep disturbances. According to
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Risk Difference

Risk Difference

Study or Subgroup Risk Difference SE_Weight IV. Random, 95% CI IV, Random, 95% CI
An 2020 0.3182 0.0444 3.0% 0.32[0.23,0.41) =
Belloumi 2020 0.4531 0.0622 2.9% 0.45[0.33,0.58) —
Catherine 2006 0.8837 0.0489 3.0% 0.88[0.79, 0.98] I
Chen 2008 05217 0.0466 3.0% 0.52(0.43,0.61) -
Chen 2018 UAr83 LUS2T 3U% U.48 |U.38, U.58| .
Chen 2022 0.4802 0.0495 3.0% 0.49[0.39, 0.59) -
Dean 2013 0.8 0.0676 2.8% 0.80[0.67,0.93) -
Dean 2015 0.3448 0.0883 26% 0.34[0.17,0.52]
Gu 2016 0.89 0.0313 3.1% 0.89[0.83, 0.95)
Halle 2017 0.6856 0.0286 3.1% 0.69[0.63,0.74] -
He 2022 0.4898 0.0505 3.0% 0.49[0.39, 0.59] =%
Lee 2022 0.4493 0.0599 2.9% 0.45[0.33,0.57) e
Li 2011 0.4592 0.0503 3.0% 0.46 [0.36, 0.56) -
Lin 2015 0.5619 0.0484 3.0% 0.56 [0.47, 0.66) -
Liu 2018 0.7903 0.0517 3.0% 0.79 [0.69, 0.89) -
Liu 2020 0.8901 0.0144 3.2% 0.89[0.86, 0.92)
Liu 2021 0.7857 0.0347 3.1% 0.79(0.72, 0.85) ——
Lou 2017 0.625 0.0428 3.1% 0.63[0.54,0.71) =
Mercadante2021 0.8297 0.0279 3.2% 0.83[0.78, 0.88] =
Nalaka 2007 0.5658 0.0569 2.9% 0.57 [0.45, 0.68) -
Papadopoulos 2019 0.5798 0.0452 3.0% 0.58 [0.49, 0.67) o
Sha 2012 0.4605 0.0404 3.1% 0.46 [0.38, 0.54) =
Su 2022 0.63 0.0341 3.1% 0.63 [0.56, 0.70] -
Takemura 2021 0.4939 0.039 31% 0.49[0.42,057) o
Tan 2021 0.63 0.0241 3.2% 0.63[0.58, 0.68) S
Teng 2011 0.5838 0.0501 3.0% 0.59 [0.50, 0.69) ===
Wang 2015 0.68 0.0466 3.0% 0.68[0.59,0.77) I
Wei 2015 0.6833 0.0373 3.1% 0.68 [0.61, 0.76) =
Wei 2016 0.5263 0.0661 2.9% 0.53 [0.40, 0.66) =
Yannick 2007 0.9655 0.0339 3.1% 0.97 [0.80,1.03] —
Zhang 2018 06329 00383 31% 0.63 [0.56, 0.71] —
Zhang 2019 0.375 0.0323 3.1% 0.38[0.31,0.44) S
Zhang 2020 0.4051 0.0391 3.1% 0.41[0.33,0.48) ==
Total (95% ClI) 100.0%  0.61[0.54, 0.67] L 2
Heterogeneity: Tau®= 0.03; Chi*= 799.25, df= 32 (P < 0.00001); F= 96% o - 7 o:s 1=
Test for overall effect: Z=18.28 (P < 0.00001) Favours [experimental] Favours [control]
Fig.2 Forest plot of all sleep disturbances prevalence rates
Table 6 Overview of the Subgroup No. of studies Prevalence [95% CI] 1% (%) p value
subgroup analyses for the
prevalence of sleep disturbances  A7] studies 33 0.61 [0.54-0.67] 96 P <0.00001
in lung cancer . . .
Different countries or regions
Mainland 21 0.59 [0.51, 0.68] 97 P <0.00001
Other countries or regions 12 0.65 [0.53, 0.76] 95 P <0.00001
Study quality
High 2 0.52[0.40, 0.64] 69 P <0.00001
Medium 31 0.61 [0.55, 0.68] 96 P <0.00001
Study object
Surgical patients 4 0.56 [0.41, 0.70] 94 P <0.00001
Patients receiving chemotherapy 11 0.62 [0.51, 0.73] 94 P <0.00001
Study design
Cross-sectional study 28 0.61 [0.54, 0.69] 96 P <0.00001
Longitudinal study 5 0.57[0.43, 0.71] 88 P <0.00001
Measurement tool
AIS 6 0.56 [0.42, 0.70] 97 P <0.00001
PSQI 25 0.63 [0.55, 0.70] 95 P <0.00001

AIS: Athens Insomnia Scale; PSQI: Pittsburgh Sleep Quality Index
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Table 7 Included studies for risk factor meta-analysis

Risk factor ~ Study Country Design Sample size Age (mean Sleep outcome; Log [odds Standard error
(N) years + SD) Cut-off ratio] (SE)
Age Gu 2016 [20] China  Cross-sectional 100 66.28 +7.40 PSQI Cut-off 0.942 0.577
unknown
Wei 2016 [36] China  Prospective 57 59.22+8.08 PSQI>7 0.201 0.0611
Observational
Education An 2020 [11] China Cross-sectional 110 Not reported SRSS >30 1.2709 0.5631
Gu 2016 [20] China  Cross-sectional 100 66.28 +7.40 PSQI Cut-off 0.477 0.2185
unknown
KPS Lian 2020 [27] China Cross-sectional 106 Not reported PSQI Cut-off -0.345 /
unknown
Li 2011 [25] China  Cross-sectional 98 31-88; mean PSQI>7 -0.355 /
58.8
Fatigue Chang 2017 Taiwan Cross-sectional 40 66.92+11.01 PSQI>S8 0.57 0.26
[43]
Wei 2016 [36] China  Prospective 57 59.22 +8.08 PSQI>7 1.451 0.686
Observational
Pain Sha 2012 [33] China  Cross-sectional 152 57.09 PSQI>7 0.167 0.167
Su 2022 [14] China  Cross-sectional 200 58.60+6.92 AIS>4 0.839 0.3458
Tan 2021 [15] China  Cross-sectional 400 Not reported AIS>6 1.1343 0.1445
Wei 2016 [36] China  Prospective 57 59.22 +8.08 PSQI>7 3.3491 1.1336
Observational
Zhang 2020 China  Cross-sectional 158 Not reported AIS>6 1.1641 0.427
[40]
Tumor stage Chen 2022 [23] China  Cross-sectional 102 Not mention PSQI>7 0.6622 0.2453
Su 2022 [14] China  Cross-sectional 200 58.60+6.92 AIS>4 0.4941 0.2119
Tan 2021 [15] China  Cross-sectional 400 Not reported AIS>6 1.4024 0.4675
Zhang 2020 China  Cross-sectional 158 Not reported AIS>6 1.3948 0.4933
[40]
Depression  Tan 2021 [15] China  Cross-sectional 400 Not reported AIS>6 2.2244 0.846
Su 2022 [14] China Cross-sectional 200 58.60+6.92 AIS>4 1.0508 0.3744
Zhang 2020 China  Cross-sectional 158 Not reported AIS>6 2.2799 0.9076
[40]
Papadopoulos  Greece  Cross-sectional 119 64 PSQI>>5 0.0583 0.0349
2019 [41]
Mercadante Italy Cross-sectional 182 69.9+10.8 AIS>6 2.21 0.6123
2021 [13]
Anxiety Tan 2021 [15] China  Cross-sectional 400 Not reported AIS>6 1.9899 0.7058
Su 2022 [14] China  Cross-sectional 200 58.60+6.92 AIS>4 1.249 0.48
Zhang 2020 China  Cross-sectional 158 Not reported AIS>6 2.0134 1.0142
[40]
Papadopoulos ~ Greece Cross-sectional 119 64 PSQI>5 0.157 0.075
2019 [41]
Mercadante Italy Cross-sectional 182 69.9+10.8 AIS>6 1.98 0.5459
2021 [13]
Wei 2016 [36] China  Prospective 57 59.22+8.08 PSQI>7 0.145 0.0659
Observational
Lin 2021 [29] China Cross-sectional 154 Not reported PSQI>7 0.349 0.106

AIS: Athens Insomnia Scale; PSQI: Pittsburgh Sleep Quality Index; SRSS: Self-Rating Scale of Sleep

lung cancer's demographic characteristics, lung cancer
incidence is high among people over 60 years old [55],

and the elderly population is prone to sleep disturbances
such as early waking because of their physiological
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Fig.3 Forest plot of demo- Demographic factors:
graphic risk factors A ge
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratiol] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gu 2016 0942 0577 1.1% 2.57(0.83,7.95)
Wei 2016 0.201 00611 989% 1.22[1.08,1.38)]
Total (95% CI) 100.0% 1.23[1.09, 1.39] ¢
Heterogeneity: Chi*=1.63, df=1 (P = 0.20); F=39% '001 071 i 1'0 100‘

Test for overall effect: Z= 3.44 (P = 0.0006)

Education level

younger age older age

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
An 2020 1.2709 05631 13.1% 3.56(1.18,10.75) —
6u 2016 0.477 02185 86.9% 1.61(1.05 247 -
Total (95% CI) 100.0% 1.79 [1.20, 2.66) <>
Heterogeneity. Chi*=1.73,df=1 (P=0.19), P= 42% b.lJ1 01 1-0 100'

Test for overall effect Z= 2.85 (P = 0.004)

characteristics [56]. However, it has also been reported
that young patients with lung cancer are more likely to
experience sleep problems [21]. The symptoms experi-
enced by elderly and young patients with cancer are differ-
ent [21]. In terms of the age factor, only two articles were
included in this systematic review, and the influence of
age on the sleep disturbances of patients with lung cancer
must be further demonstrated in the future. In addition, the
present review suggested that a low education level was
a risk factor for sleep disturbances in patients with lung
cancer. Compared with people with high education levels,
those with low education levels have increased pressure
from economic, life, and other aspects and relatively poor
cognition of disease and treatment, eventually affecting
their sleep [57].

For clinical factors, tumor stages III and IV were signifi-
cant sleep disturbances risk factors. In terms of the disease,
more than 50% of patients with lung cancer are diagnosed at
an advanced stage [54]. Meanwhile, patients with advanced
lung cancer need complex treatment regimens, and the side
effects of treatment combined with the discomfort caused by
the disease burden them with many symptoms [58]. Fatigue
was also a risk factor for sleep disturbances. Fatigue and sleep
disturbances often appear as symptom clusters and might have
an interactive relationship between them [59]. Researchers
have demonstrated their possible common underlying mecha-
nism, the inflammatory markers, in breast cancer populations
[60]. Continued fundamental research and interdisciplinary
collaboration are needed in lung cancer population study to
prevent or treat fatigue and sleep disturbances early. Patients
with lung cancer may benefit from routine multidiscipli-
nary assessments of these symptoms. Finally, this system-
atic review found that pain was also one of the risk factors
for sleep disturbances in patients. Pain has a high incidence
in these patients. Surgery, chemotherapy, and radiotherapy
may lead to pain after cancer treatment, and lung cancer is

@ Springer

high education level low education level

one of the most common cancers causing pain [61]. Lack of
sleep can both cause and result in pain [62]. Inadequate pain
control and management may worsen physical and psycho-
logical symptoms in patients, negatively impact their reha-
bilitation, and diminish their daily quality of life. Respiratory
symptoms (e.g., dyspnea, cough) and comorbidities such as
chronic obstructive pulmonary disease are important factors
that should be considered in influencing sleep disturbances in
patients with lung cancer. However, the relationship between
respiratory symptoms and sleep disturbances has not been
fully evaluated. Thus, this should be a critical direction for
future research. For psychological factors, this meta-analysis
suggested that anxiety and depression were risk factors for
sleep disturbances in individuals with lung cancer. Research-
ers assessed the prevalence of anxiety and depression in 222
patients with lung cancer and reported values of 34.2% and
58.1%, respectively [63]. Their results showed that insomnia
was the common factor of depression and anxiety [63]. Anxi-
ety and depression could exist simultaneously, could be influ-
enced independently by sleep disturbances, and could affect
each other. Certain neuro-immunologic interactions may be
the common factor causing mood disorders and sleep/wake
disturbances [41]. The cytokine-induced sickness behavior
has been hypothesized as a shared underlying feature of symp-
tom clusters in cancer patients [45]. The relationship between
anxiety, depression, and sleep disturbances requires further
clarification through prospective research to establish a causal
link between them to provide fresh viewpoints on interven-
tions as well as improve patient outcomes[64].

Nowadays, researchers have used omics methods to find that
sleep disturbances have common genes with other symptoms in
symptom science, and these genes are related to classical path-
ways such as immunity, inflammation, and cell signaling[65].
In the future, omics methods can be used to understand the
biological mechanism of the development of symptoms, such
as sleep disturbances, to achieve precise interventions.
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Clinical factors:

Fatigue
Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_ Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Chang 2017 057 026 B874% 1.77[1.06,294) : 3
Wel 2016 1.451 0686 126% 4.27(1.11,16.37)
Total (95% CI) 100.0% 1.98 [1.23, 3.18) B
Heterogeneity: Chi*=1.44, df=1 (P=0.23); F=31% + + ¥ t
Testfor overall effect Z = 2.80 (P = 0.005) 0.91 e Iancue1 — 10 L
Pain
Odds Ratio Odds Ratio
Study or Subgroup  logfOdds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% C!
Sha 2012 0.167 00848 26.8% 1.18 [1.00, 1.40) -
Su 2022 0.839 03458 21.3% 231 [1.17, 4.56) ——
Tan 2021 11342 01445 26.0% 3.11[2.34, 413) -
Wei 2016 33491 11336 6.8% 2848(3.09, 262.67) —_——F
Zhang 2020 11641 0427 191% 3.20 [1.39, 7.40] —a—
Total (95% CI) 100.0% 2.63[1.35, 5.14] -
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Su 2022 0.839 0.3458 24.7% 231 [1.17, 4.56) ——
Tan 2021 11343 0.1445 53.5% 3.11 [2.34, 4.13) -
Wei 2016 33491 11336  3.4% 28.48(3.09, 262.67) —_—
Zhang 2020 11641 0427 184% 3.20(1.39, 7.40) —
Total (95% Cl) 100.0% 3.13 [2.06, 4.75)
7 >
Heterogeneity: Tau®= 0.06; Chi*= 4.55, df=3 (P = 0.21); = 34% k + + J
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Tumor stage
Odds Ratio Odds Ratio
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Tan 2021 1.4024 04675 9.6% 4.06(1.63,10.16)
Zhang 2020 13048 04933 26% 403[153, 10861] A——————
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Test for overall effect: Z= 4.95 (P < 0.00001)

Fig.4 Forest plot of clinical risk factors

Limitations

The evidence-based strength of the 37 studies included in
the analysis is low due to their primarily cross-sectional
nature. Additionally, the limited number of studies ana-
lyzed for each risk factor made it difficult to create a fun-
nel plot in all cases, which may have resulted in publica-
tion bias. Secondly, the inclusion criteria for the studies
limited the comprehensiveness of the analysis, as only
English and Chinese language articles were included, and

X 10
The dlinical stage of | and Il  The dlinical stage of lll and IV

studies of mixed tumor types that may have included sub
group analyses for lung cancer were excluded. Future stud-
ies are needed to evaluate sleep disturbances in patients
with lung cancer comprehensively. Thirdly, different stud-
ies used different sleep disturbances assessment tools,
assessment time, and follow-up time, resulting in a high
heterogeneity of results. In addition, the results of pooled
prevalence showed publication bias (Fig. 6). Additional
high-quality studies on sleep disturbances in patients with
lung cancer are needed.
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Psychological factor:
Depression
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight [V, Random. 95% CI IV. Random, 95% CI
Mercadante 2021 221 06123 196% 912[2.75,630.27) =
Papadopoulos 2019 00583 0.0349 261% 1.06[0.99,1.14)
Su 2022 1.0508 03744 23.2% 2.86[1.37,5.96) =
Tan 2021 22244 0846 160%  9.25[1.76, 48.55] .
Zhang 2020 22799 09076 151%  9.78[1.65,57.90] TS SRS
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Fig.5 Forest plot of psychological risk factors
L | Conclusion
Lo :
0021 A To the best of our knowledge, this work was the first sys-
o 1o of tematic review and meta-analysis to report the prevalence
woud 00 o ©  °© and risk factors of sleep disturbances in patients with lung
°© @000!00 o cancer. Results showed that more than 60% of patients
of  ° with lung cancer experienced sleep disturbances, which
ne 8 o | 5 was higher than that for the general population and other
: diseases. The comparatively high prevalence of sleep dis-
008T : turbances in this population emphasizes the need to adopt
© i measures to reduce them. Sleep disturbances in patients
04 ; — ) with lung cancer deserve more attention. Significant risk

o+

-05 05

Fig.6 Funnel plot of comparison: The overall prevalence of sleep
disturbances in lung cancer patients
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factors for developing sleep disturbances include age,
education level, fatigue, pain, cancer stage, anxiety, and
depression, with depressive symptoms being the most
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prominent among them. The influence of coping style on
sleep disturbances remains uncertain. As sleep is a com-
plex physiological process that is affected by physical,
psychological, cognitive, behavioral, social, and other
aspects, more multidisciplinary efforts should be made to
fully identify, evaluate, and manage sleep disturbances in
patients with lung cancer to ease symptom burden better
and improve their quality of life.
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