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Abstract 
Several risk factors for insomnia in cancer patients have been recognized, including chronic pain and treatment with opioid. 
Although associations between insomnia and central sensitization were previously reported in patients with chronic non-cancer 
pain, those have not been elucidated among cancer survivors undergoing opioid therapy for chronic cancer pain. To investigate 
the associations between insomnia and central sensitization among cancer survivors undergoing opioid therapy for chronic 
cancer pain, consecutive patients undergoing chemotherapy with chronic cancer pain under opioid therapy on an outpatient 
basis were enrolled from September 2019 to August 2020 and answered questions from the Athens Insomnia Scale (AIS) for 
assessing insomnia. Pain characteristics, including pain intensity, neuropathic pain, central sensitization assessed using the 
central sensitization inventory (CSI), opioid use disorder, and pain-related psychological symptoms were also examined. Uni- and 
multivariate regression analyses were performed to elucidate correlations between the AIS score and these pain characteristics. 
Of 44 enrolled patients, 20 patients completed to answer all questions. Insomnia was identified in 9 patients (45%). Although AIS 
scores showed no significant associations with pain intensity, neuropathic pain, opioid use disorder, or psychological symptoms, 
multivariate regression analysis revealed that CSI scores showed a positive relationship with AIS scores (P = .004). Discrimination 
was assessed using linear regression analysis which confirmed a significant association between the AIS and CSI scores (P = .002). 
Insomnia appears to be associated with central sensitization in cancer survivors with chronic cancer pain under opioid therapy.

Abbreviations: AIS = Athens Insomnia Scale, BMI = body mass index, CSI = central sensitization inventory, DN4 = Douleur 
neuropathique 4, DSM-V = diagnostic and statistical manual of mental disorders, ECOG = eastern cooperative oncology group, 
NRS = numerical rating scale, OME = oral morphine equivalents, PCS = pain catastrophizing scale, PS = performance status, 
SRQ-D = self-rating questionnaire for depression, STAI-1 = state-trait anxiety inventory 1, VIF = variance inflation factor.
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1. Introduction
A high prevalence of insomnia is a serious concern among cancer 
survivors.[1] Several risk factors for insomnia in cancer patients 
have been recognized, including younger age, chronic pain, and 
treatment with opioid, delirium, depression, or anxiety.[1,2] On 
the other hand, in patients with chronic non-cancer pain, sleep 
disturbance reportedly correlated with central sensitization.[3–7] 
Although an association between insomnia and central sensi-
tization is strongly expected in cancer survivors having with 
chronic cancer pain, the association has not been examined well.

Since the prevalence’s of both chronic pain[8,9] and high-dose 
opioid use for chronic pain[10] were reportedly high in cancer 
survivors compared to the general population, elucidation of the 

detailed associations between insomnia and central sensitization 
could contribute to better treatments for insomnia in cancer sur-
vivors undergoing opioid therapy for chronic cancer pain. To 
identify the association, we prospectively examined insomnia 
with these pain characteristics in cancer survivors in the present 
study.

2. Methods

2.1. Ethics

This prospective observational study was approved by the Ethics 
Committee at Hyogo College of Medicine (Ethical Committee 
number 3296) on 9 September 2019. Written informed consent 

This study was supported by the institutional budget.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.
a Department of Anesthesiology and Pain Medicine, Hyogo Medical University 
(Formerly Hyogo College of Medicine), School of Medicine, Nishinomiya, Hyogo, 
Japan, b Department of Pharmacy, Hyogo Medical University Hospital, Hyogo, Japan.

*Correspondence: Munetaka Hirose, Department of Anesthesiology and Pain 
Medicine, Hyogo Medical University (Formerly Hyogo College of Medicine), 
School of Medicine, 1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan 
(e-mail: mhirose@hyo-med.ac.jp).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Akui C, Kimura T, Hirose M. Associations between 
insomnia and central sensitization in cancer survivors undergoing opioid therapy 
for chronic cancer pain: A STROBE-compliant prospective cohort study. Medicine 
2022;101:38(e30845).

Received: 18 April 2022 / Received in final form: 30 August 2022 / Accepted: 
31 August 2022

http://dx.doi.org/10.1097/MD.0000000000030845

https://orcid.org/0000-0003-1291-2827
mailto:mhirose@hyo-med.ac.jp
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Akui et al. • Medicine (2022) 101:38 Medicine

for study participation was obtained from all participants. This 
study was conducted in accordance with the principles of the 
Declaration of Helsinki.

2.2. Patients

Participants were consecutive cancer survivors undergoing 
chemotherapy on an outpatient basis from September 2019 
to August 2020 at the chemotherapy center in Hyogo Medical 
University Hospital. Eligibility criteria for the present study 
were chronic cancer pain ≥3 months in duration with opioid 
treatments in this cohort. We excluded patients <20 years old 
and those who could not answer questions for the assessment of 
pain characteristics.

2.3. Data collection

To achieve the purpose of this study, namely the associations 
between insomnia and central sensitization, we prospectively 
obtained clinical data of age, sex, body mass index (BMI), and 
eastern cooperative oncology group (ECOG) ‐ performance sta-
tus (PS) in addition to information on insomnia, central sensiti-
zation, and pain characteristics.

Insomnia in cancer survivors was assessed using the Japanese 
version of the Athens Insomnia Scale (AIS). Sleep difficulty 
increases the AIS score, with a final score ranging from 0 to 
24.[11,12]

The Central Sensitization Inventory (CSI) was used to assess 
symptoms associated with central sensitization in chronic pain 
patients.[13,14] The CSI contains 25 items, one of which directly 
relates to sleep conditions. Total CSI score ranges from 0 to 100. 
Higher CSI scores suggest abnormal and intense enhancement 
of pain by mechanisms in the central nervous system.[13]

Information on pain characteristics, including pain inten-
sity, neuropathic pain, durations of opioid use, opioid doses, 
opioid use disorder, and pain-related psychiatric symptoms, 
were obtained from all enrolled participants by completing 
the following questions. Pain intensity at rest and during 
movements was assessed using the numerical rating scale 
(NRS) score, ranging from 0 as “no pain” to 10 as “the worst 
imaginable pain”. Screening for neuropathic pain was per-
formed using the Douleur Neuropathique 4 (DN4) question-
naire.[15,16] DN4 scores (range, 0–10) represent the number of 
neuropathic pain symptoms. To diagnose opioid use disorder, 
we used the diagnostic criteria for substance use disorder in 
the 5th edition of the diagnostic and statistical manual of men-
tal disorders (DSM-V).[17] This criterion contains 11 items, 
and higher scores correspond to greater severity of opioid 
use disorder. Pain-related psychiatric conditions of pain cat-
astrophizing, depression, and anxiety were assessed using the 
Pain Catastrophizing Scale (PCS), Self-Rating Questionnaire 
for Depression (SRQ-D), and State-Trait Anxiety Inventory 1 
(STAI-1), with scores ranging from 0 to 52, from 0 to 36, and 
from 20 to 80, respectively.[18–20]

2.4. Sample size calculation

The sample size in this study was calculated using software (PS 
Power and Sample Size Calculations, version 3.0, Dupont WD 
and Plummer WD). The calculation was performed based on 
the assumption that a type I error had a probability of 0.05 
and power of 0.8. From previous studies,[12,14] the standard devi-
ations were 6 in the AIS score and 14 in the CSI score. The 
slope of the correlation coefficient between these two scores was 
assumed to be 0.35. Then, the sample size was estimated to be 
14 patients. In consideration of the potential for study dropouts, 
we enrolled 44 patients in the present study.

2.5. Statistics

Statistical testing was performed using JMS Pro version 14.2.0 
(SAS Institute Inc., Cary, NC). Values of P < .05 were consid-
ered to indicate statistical significance. Normality of data was 
assessed using the normal quantile plot.

Uni- and multivariate regression analyses were used to iden-
tify correlations between AIS scores and central sensitization. 
To exclude the confounding effects of CSI, we selected dura-
tion of opioid therapy, daily dose of opioid using oral morphine 
equivalents (OME), and each score of opioid use disorder, NRS 
at rest and during movements, DN4, PCS, SRQ-D, and STAI-1, 
as candidate variables for univariate analysis. If multicollinear-
ity was present between variables based on a variance inflation 
factor (VIF) <10, variables were deleted from the analysis.[21] 
A multivariate logistic regression model was built using those 
variables showing values of P < .05 from univariate analysis. To 
report the performance of multivariate regression modeling, dis-
crimination was assessed using the linear regression analysis.[21]

3. Results
Of forty-four enrolled patients, 10 patients refused to answer 
questions and 14 patients did not complete all questionnaires. 
Thereafter 20 patients completed to answer all questions 
in the present study. No data were missing in these patients. 
Table  1 shows the demographic characteristics of patients. 
Pathological insomnia, based on a cutoff AIS score of 6, was 
identified in 9 patients (45%). Central sensitization for pain 
(CSI score ≥ 40)[13,14] was detected in 2 patients (10%), opioid 
use disorder (opioid use disorder score ≥ 2)[17] in 1 patient (5%), 
and neuropathic pain (DN4 score ≥ 4)[15,16] in 1 patient (5%). 
Pain catastrophizing (PCS score ≥ 30),[20] depression (SRQ-D 
score ≥ 16),[18] and anxiety (STAI-1 score ≥ 40)[19] were identi-
fied in 3 (15%), 10 (50%), and 15 (75%) patients, respectively.

Since no multi-collinearity existed between candidate vari-
ables, the ten variables of central sensitization, duration of opioid 
therapy, daily dose of opioid, opioid use disorder, pain intensity 
at rest, pain intensity during movements, neuropathic pain, pain 
catastrophizing, depression, and anxiety were selected for uni-
variate analysis. In univariate analyses, scores for CSI and NRS 

Table 1

Demographic characteristics of patients.

Participants, n = 20

Age, years 63 ± 12 
Female/Male, n (%) 6/14 (30.0/70.0)
BMI, kg·m–2 21.4 ± 2.9
Cancer type: breast cancer/lung cancer/malignant mesothelioma/

myeloma/ovarian cancer/pancreatic cancer/rectal cancer, n (%)
2/6/7/1/1/2/1 (10.0/30.0/

35.0/5.0/5.0/10.0/5.0)
ECOG PS: 0/1/2/3/4, n (%) 14/4/1/0/1 

(70.0/20.0/5.0/0.0/5.0)

Data represents mean ± SD.
BMI = body mass index, ECOG = eastern cooperative oncology group, PS = performance status, SD = standard deviation.
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at rest were significantly associated with AIS scores (Table 2). 
Multivariate regression analysis was performed using these vari-
ables, confirming CSI score as an independent risk factor for 
insomnia in cancer survivors under opioid treatment for chronic 
cancer pain (Table 2). Linear regression analysis confirmed a sig-
nificant correlation between AIS and CSI scores (standardized 
beta = 0.646, coefficient of determination = 0.417, P = .002) 
(Fig. 1).

4. Discussion
In the present study, we examined AIS scores, revealing that 
the prevalence of insomnia was 40% in cancer survivors 
undergoing opioid therapy for chronic cancer pain. The 
prevalence of insomnia in cancer survivors is also reportedly 
around 40%.[22,23] Cancer survivors show a higher prevalence 
of chronic pain than the general population, at around 30% 
to 50%.[9,10] Since chronic pain is known to be one risk fac-
tor for insomnia in palliative care patients,[1,2] high prevalence 
of insomnia in cancer survivors with chronic cancer pain is 
reasonable.

Increases in AIS score were significantly associated with 
increases in CSI scores, which represent central sensitization 
in the present study. Central sensitization is one of the mecha-
nisms underlying the development and maintenance of chronic 
cancer pain in cancer survivors.[24] Central sensitization is 
defined as increased responsiveness of nociceptive neurons in 
the central nervous system to normal or subthreshold afferent 

inputs,[25] and the consensus is that hyperexcitability of the 
central nervous system is the key mechanism in central sensi-
tization.[26] Given that sleep disturbance reportedly correlated 
with central sensitization in patients with chronic non-cancer 
pain,[3–7] it would be plausible that the present study showed 
a significant association between AIS and CSI scores, suggest-
ing that central sensitization might correlate with insomnia in 
cancer survivors.

The prevalence of opioid use disorder among participants in 
the present study was 5%, almost the same as the prevalence 
of opioid misuse among cancer survivors (3.0%–3.5%) in the 
United States.[27] Although opioid use disorder was previously 
suggested to correlate with sleep disturbance,[28] the present 
study showed no clear associations between these factors.

There are several limitations that need to be considered in 
this study. First, the study cohort in this investigation comprised 
only a small number of patients. Although insomnia reportedly 
correlated with pain intensity, neuropathic pain, and psychiatric 
states in patients with chronic non-cancer pain,[29–32] insomnia 
showed no significant associations with these pain character-
istics among cancer survivors in this study. Further study is 
needed to clarify these associations in larger cohorts in future. 
A secondary limitation was that all participants were receiving 
different chemotherapies for different types of cancer. Since 
both chemotherapy and breast or lung cancer are prone to cause 
insomnia,[1,6] eligibility criteria for study participants need to be 
more carefully restricted in future research.

5. Conclusion
A significant association likely exists between insomnia and 
central sensitization among cancer survivors undergoing opioid 
therapy for chronic cancer pain.
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Table 2

Uni- and multivariate regression analyses of central sensitization with pain characteristics for Athens Insomnia Scale scores.

Pain characteristics 

Univariate analysis Multivariate analysis

Standardized Beta P Standardized Beta P 

CSI score 16.0 [14.0–26.8] 0.646 .002** 0.566 .004**

Duration of opioid therapy, months 6.0 [1.9–11.8] 0.064 .790 – –
Daily doses of opioid, OME (mg) 30 [18–56] –0.001 .997 – –
Opioid use disorder score 0 [0–0] –0.439 .053 – –
NRS at rest 2.0 [0.3–3.0] 0.472 .036* 0.339 .065
NRS during movement 3.0 [2.0–6.5] 0.353 .127 – –
DN4 score 1 [1.0–2.0] 0.438 .053 – –
PCS 13.5 [7.0–26.5] –0.135 .570 – –
SRQ-D 15.5 [12.3–19.0] 0.142 .549 – –
STAI-1 41.0 [37.8–

44.43
0.099 .677 – –

Data represents median [25th–75th percentile].
CSI = central sensitization inventory, DN4 = Douleur neuropathique 4 questionnaire, NRS = numerical rating scale, OME = oral morphine equivalents, PCS = pain catastrophizing scale, SRQ-D = self-rating 
questionnaire for depression, STAI, state-trait anxiety inventory.
Statistical significances are defined at 
*P < .05 and 
**P < .01 using regression analysis.

Figure 1. Association between insomnia and central sensitization in chronic 
cancer pain among cancer survivors. AIS = Athens Insomnia Scale, CSI = 
central sensitization inventory.
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