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Abstract

Purpose: Approximately 30-70% of patients with cancer reportedly experience insomnia-induced pain. Progressive
muscle relaxation (PMR) is a widely used relaxation technique to help people experiencing insomnia. However, PMR
involves an added burden for patients with cancer as their disease progresses. Therefore, the authors created a simple
PMR. This study assessed improvement in sleep quality associated with simple PMR for patients with cancer.
Methods: Patients with cancer hospitalized for treatment underwent one day of intervention with PMR and one control
day. The measurement indicators were the Japanese version of the Pittsburgh Sleep Quality Index, the Oguri-Shiraka-
wa-Azumi Sleep Inventory MA Version (OSA), and interviews.

Results: The analysis included ten participants with a mean age of 58 years. Scores for OSA sleepiness on rising (P=
0.003) and sleep initiation/maintenance (P=0.012) differed significantly between the PMR and control days. A content
analysis of the interview recordings extracted four major classifications, such as “my sleep quality improved” and “my
sleep quantity improved.”

Conclusions: The results suggest that even a single session of simple PMR may improve sleep in patients with cancer,
such as with falling asleep and maintaining sleep.
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1. Introduction

In 2019, approximately 17 million people worldwide
were newly diagnosed with cancer, which has increased
annually.! Many patients with cancer experience mental
and physical pain,? including pain induced by insom-
nia,>® which affects 30-702% of patients with cancer.®!!
Chronic, persistent insomnia triggers malaise *!> and
reduces the patient’s quality of life (QOL).'*>"* Further,
insomnia has been linked to depression,”'® anxiety,” and
reduced immunity.!* Therefore, helping patients with
cancer obtain good-quality sleep is crucial for maintain-
ing and improving their QOL.

Progressive muscle relaxation (PMR), developed by
Dr. Edmund Jacobson, is a relaxation technique that
combines repeated, systematic tension and relaxation of
muscles with breathing techniques.!® Bernstein and
Borkovec combined the 108 muscles and muscle groups
of Jacobson’s technique and reduced it to 16, making it
more usable.'® The 16-muscle PMR technique developed
by Bernstein and Borkovec is widely used.!®

Multiple studies have demonstrated that PMR is
effective for improving pain,'” nausea and/or vomit-
ing,'®20 fatigue,” anxiety,””** depression,** and QOL %
among patients with cancer. The sleep-related effects of
PMR have been identified in studies conducted with
patients who have undergone lung resection,” those with
chronic obstructive pulmonary disease,* those with
cancer undergoing chemotherapy,” pregnant women,*
and healthy individuals.”® Other studies have combined
PMR for patients with cancer with other techniques, such
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as cognitive behavioral therapy.’**® However, the

16-muscle PMR involves an added burden for patients
with cancer as their disease progresses.* Therefore, the
authors created a simple 7-muscle PMR,* its effects on
sleep in patients with cancer have not been clarified.

PMR is simple to learn and provides an easy feeling
of relaxation.'® Therefore, assessing PMR-associated
improvement in sleep quality among patients with cancer
could lead to the application of PMR for patients with
cancer suffering from insomnia. This could help main-
tain or improve their QOL. Thus, this study assessed
improvement in sleep quality associated with simple
PMR for patients with cancer.

2. Methods

2.1. Participants
2.1.1. Inclusion criteria

Participants comprised Japanese patients aged > 20
years who were hospitalized in departments of gastroen-
terological surgery or radiology. They had obtained per-
mission from their attending physician and head ward
nurse to participate. Further, they had been notified of
having cancer, insomnia, stable physical symptoms, and
a stable mental state. Additionally, they self-reported
having the required strength and desire to perform PMR.

2.1.2. Participant selection procedure

2.1.2.1. Head ward nurses were asked to list patients
who met the inclusion criteria. Permission to undergo
the study intervention was granted by attending physi-
cians via the head ward nurses.

2.1.2.2. A ward nurse who was not a researcher was
asked to confirm the participant’s intention to receive an
explanation of the study.

2.1.2.3. If a participant granted permission to receive an
explanation of the study, a researcher visited the partici-
pant and explained the study using a form. If the partici-
pant provided consent, the participant signed a consent
form and was enrolled as a study participant. The
researcher also confirmed that the participant met the
inclusion criteria.

2.2. Data collection period
We collected data from August to November 2021.

2.3. Intervention procedure (see Fig. 1)

2.3.1. Participants were assigned to Group A or B in the
order they provided consent. Group A underwent one
PMR day followed by one control day. Group B under-
went one control day followed by one PMR day. There
was only one simple PMR intervention for patients with
cancer because previous research® indicated that it is dif-
ficult for patients with cancer to continue PMR for 30
minutes. The reasons for this include disease progres-
sion and treatment side effects. Therefore, a single,
15-minute intervention was considered to lead to clinical
use as the intervention potentially improved sleep.

Day 1 Day?2 Day3

(Assignment)

Group A o O

Group B O o
(Instruments)

PSQI ©

OSA (the following morning) ©

© 0

Semi-structured interview

Fig. 1 Study protocol
@ : PMR day, O: Control day, ©: Assessment day

PMR: Progressive Muscle Relaxation
PSQI: The Japanese version of Pittsburgh Sleep Quality Index
OSA: OSA sleep inventory MA version

2.3.2. On the first day of the study, researchers explained
to participants the PMR procedure, how it is performed,
and key points, followed by a PMR demonstration. Par-
ticipants assumed a supine position in bed and performed
PMR with a portable CD player (with earphones). PMR
was performed according to a simplified PMR CD cre-
ated by the authors (Prem Promotions Inc., Tokyo,
Japan).*® PMR involves a method that repeats the tension
and relaxation of the skeletal muscles of 16 muscle
groups (forearms/upper arms, lower legs/thighs, but-
tocks, lower back, abdomen, chest, shoulders, neck [back
neck, right neck, left neck, front neck], face [forehead/
around the eyes/mandible]). The duration of method is
approximately 30 minutes.'® However, the simple PMR
created by the authors repeats the tension and relaxation
of the skeletal muscles of seven muscle groups (fore-
arms/upper arms, lower legs/thighs, chest, shoulders,
face [forehead/around the eyes/mandible]). It takes
approximately 15 minutes. The 7-muscle PMR content
and procedure were as follows: breathing techniques —
muscle tension and relaxation (forearms/upper arms,
lower legs/thighs, chest, shoulders, face [forehead/
around the eyes/mandible]) — breathing techniques.

2.3.3. PMR was performed for approximately 15 minutes
during the one-hour period, ranging from at least one
hour after dinner to bedtime (7:30-8:30 PM).

2.3.4. Participants who were using hypnotics were told
to continue taking them as normal.

2.4. Instruments
2.4.1. Basic participant characteristics

Through interviews with patients with cancer, we
obtained information regarding their sex, age, diagnosis,
major symptoms, treatment, and medication.

2.4.2. Japanese version of the Pittsburgh Sleep Quality
Index

The Japanese version of the Pittsburgh Sleep Qual-

ity Index (PSQI)—a Japanese translation of a question-

naire developed and standardized at the University of

Pittsburgh to assess sleep quality—has been proved to be
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reliable (Cronbach’s alpha=0.77) and valid.’**” The
PSQI comprises 18 questions about sleep habits and
quality in the previous month assessed with a Likert
scale. The index comprises seven factors: sleep quality,
sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbance, use of sleeping medication, and day-
time dysfunction. Each factor is scored from 0 to 3, with
these scores summed to yield a total PSQI score of 0-21.
A higher score represents more disordered sleep.

2.4.3. Oguri-Shirakawa-Azumi Sleep Inventory MA Ver-
sion

The Oguri-Shirakawa-Azumi Sleep Inventory MA
Version (OSA sleep inventory MA version; OSA), devel-
oped by Yamamoto, Tanaka, Takase, Yamazaki, Azumi
and Shirakawa,’® is a subjective scale measuring the
sense of sleep. It assesses introspection regarding sleep
upon waking, primarily among middle-aged and older
adults. The inventory comprises 16 questions across five
factors: four questions on sleepiness on rising; five ques-
tions on sleep initiation/maintenance; two questions on
frequent dreaming; three questions on refreshment; two
questions on sleep duration.*® Questions for each of
these five factors are assessed on a four-point Likert
scale. With permission from Shirakawa,® we used an
OSA sleep introspection score conversion sheet to score
the questions. A higher score represents a better sense of
sleep.

2.4.4. Interview guide-based semi-structured interviews
(opinions regarding the effects of PMR on sleep)

On the final day of the study, interviews were con-
ducted based on an interview guide for roughly 10-15
minutes. The interview guide included content such as
physical condition, feelings, and sleep status before and
after PMR. Interviews were recorded with a digital voice
recorder with the participants’ permission.

2.5. Measurement timing and frequency

The measurements were implemented as follows.
First, the PSQI was conducted once on the first day of the
study. Second, the OSA was conducted twice—the
mornings following the PMR and control days, respec-
tively. Finally, semi-structured interviews were con-
ducted once on the third day of the study.

2.6. Analysis

For the PSQI, scores for the individual factors of
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbance, use of sleeping medication,
and daytime dysfunction (0-3 each) were added to yield a
total PSQI score. For the OSA scores, the PMR and con-
trol days were compared via a Mann-Whitney U test. S
tatistical analysis was performed with IBM SPSS Statis-
tics ver. 26.0, with p<<0.05 considered significant.

Verbatim interview transcripts were analyzed via
content analysis. These verbatim transcripts were used to
identify contexts that described the effects of PMR on
sleep; these contexts were defined as record units. If a
single context contained words describing different

effects, these effects were divided by type, and the con-
text was treated as multiple record units. Moreover,
codes were created to avoid changing the meanings of
the record units. The abstraction levels of the coded
record units were increased based on similarities in their
meanings. Subsequently, the coded record units were
classified. Throughout the analysis process, the collabo-
rators discussed their analyses until they reached a con-
sensus to ensure reliability.

2.7. Ethical considerations

This study was conducted with the approval of the
Gunma University Institutional Review Board (Approval
No. HS2018-258). Participants received written and oral
explanations of the import and methods of the study,
including the following: the voluntary nature of their par-
ticipation and their freedom to withdraw during the
study; anonymization of data obtained in the study; pro-
tection of privacy; the possibility of obtaining a sense of
relaxation from participating in the study; potential dis-
advantages and methods for dealing with them should
they arise. The intervention was performed after the
participants had signed the consent form.

3. Results

3.1. Participant characteristics (see Table 1)

Out of a total of 12 individuals, two withdrew from
the study due to feeling unwell. Thus, 10 participants
were involved in the final analysis—five men and five
women, with a mean age of 58.0 years (standard devia-
tion=13.2 years). Symptoms included pain and nausea
in five and two participants, respectively. Treatment
comprised radiotherapy for six participants, chemother-
apy for two participants, and chemoradiotherapy for two
participants. Of the 10 participants, seven had a total
PSQI score of seven or greater and had a poor sleep
assessment (cases A, B, C, D, F, G, and I). The PSQI
total score was highest in case I, who experienced nausea
during chemoradiotherapy, followed by case B, who
experienced pain during radiation therapy, and case F,
who was undergoing chemotherapy.

3.2. Assessments of sleep
3.2.1. OSA scores (see Table 2)

Sleepiness on rising (p=0.003) and sleep initiation/
maintenance (p=0.012) differed significantly between
the PMR and control days.

3.2.2. Interview results and participants’ opinions of the
effects of PMR on sleep (see Table 3)

Content analysis yielded 51 record units, 44 codes,
10 minor classifications, and 4 major classifications. The
four major classifications were as follows: “my sleep
quality improved”; “my sleep quantity improved”; “I have
a sense of mental and physical calmness”; “PMR does not
seem to affect my sleep.”
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Table 1 Participant characteristics
Case Gender Diagnosis Symptoms Treatment PSQI total score

A Male Prostate cancer None Radiotherapy 7

B Female Colorectal cancer Pain Radiotherapy 14

C Female Cholangiocarcinoma Pain Chemotherapy 7

D Male Esophageal cancer Pain Radiotherapy 9

E Female Cervical cancer Nausea Chemoradiontherapy 4

F Female Pancreatic cancer None Chemotherapy 12

G Male Pharyngeal cancer Pain Radiotherapy

H Male Pelvic chondrosarcoma Pain Radiotherapy 3

1 Female Cervical cancer Nausea Chemoradiontherapy 17

J Male Colorectal cancer Numbness Radiotherapy 4
PSQI: Japanese version of Pittsburgh Sleep Quality Index
Table 2 OSA scores on the PMR day and the control day

PMR day Control day
n=10 n=10 P Value
Median (range) Median (range)

Sleepiness on rising 21.0 (10-35) 15.0 (0-29) 0.003 **
Sleep initiation/maintenance 18.0 ( 0-32) 11.0 (0-32) 0.012*
Frequent dreaming 29.0 ( 8-32) 23.5 (8-32) 0.355
Refreshment 21.5 (11-34) 21.0 (0-34) 0.082
Sleep duration 20.0 ( 9-34) 20.0 (0-34) 0.925
OSA: OSA sleep inventory MA version PMR: Progressive Muscle Realaxation **p<0.01. *P<0.05.

The Mann-Whitney U test was used.

Table 3 Participants’ opinions of the effects of PMR on sleep

Nunmer of codes ( ), n=10

Major classification Minor classification

Examples of participants’ opinions

I can fall asleep easily

My sleep quality improved (21)

I feel refreshed when I wake up

I went to bed right away. I was watching TV, and it was 9:00 PM. I think I fell asleep
before 10:00 PM. (Case: E)

1 slept well and thought, ‘Oh, I'm up’, so I feel like I woke up feeling pretty good.
(Case: E)

I feel extended sleep

My sleep quantity improved (7)
I wake up less frequently during the
night

T usually wake up before 4:00 AM, but I slept until about 5:00, so I felt like even 1
hour makes a difference. (Case: I )

1 usually go to the bathroom more often, but I felt like I didn’t go as many times.
(Case: B)

1 feel relaxed

I have a sense of mental and physical
calmness (9)
My body feels warm

1 felt more relaxed than usual. (Case: G)

My body felt warm. Normally, I am always oversensitive to the cold. That’s why I
felt that my blood circulation was good. (Case: C)

1 feel no change in sleep
PMR does not seem to affect my sleep
(7) Idon’t know whether PMR will help

me sleep if I only do it once

To be honest, I don’t think I fell asleep much differently from usual. (Case: G)

PMR: Progressive Muscle Relaxation

4. Discussion

4.1. Assessment of sleep in patients with cancer

The participants’ total PSQI score at baseline was
3-17, signifying that they assessed their sleep quality as
poor. This result aligns with the previous finding that
patients with cancer have poor sleep quality.®"" Previous
studies have also found that sleep disorder in patients
with cancer is affected by chemotherapy,*® radiotherapy,®
and symptoms such as pain.!! This study’s participants
were affected by radiotherapy and chemotherapy and
experienced symptoms such as pain. The study’s findings
suggest that the participants’ poor assessments of their
sleep quality were affected by their treatment and symp-

toms.

4.2. Assessments of the effects of simple PMR on sleep in

patients with cancer

Scores for the OSA factors of sleepiness on rising
and sleep initiation/maintenance were significantly
higher on the PMR day than on the control day. Further,
participants provided the following positive opinions
regarding the effects of PMR on sleep: “My sleep quality
improved”; “My sleep quantity improved”; “I have a
sense of mental and physical calmness.” These results
were similar to previous studies indicating that sleep dis-
order improved following PMR.?'*" Other studies have
demonstrated that systolic blood pressure, diastolic blood
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pressure, and heart rate decreased following PMR.!¥
PMR provides a sense of relaxation through the repeated
intentional tensing and relaxing of skeletal muscles.'
The improvement in sleep quality observed in this study
was likely due to a state of parasympathetic dominance.
Additionally, the PMR CD which we created and used in
the intervention was a simplified version of a PMR ses-
sion that lasted only 15 minutes (Prem Promotions Inc.,
Tokyo, Japan). Nevertheless, even simplified PMR was
found to improve sleep quality for patients with cancer.

However, as seen in the major classification (“PMR
does not seem to affect my sleep”) and its minor classifi-
cations (“I feel no change in sleep” and “I don’t know
whether PMR will help me sleep if I only do it once”),
participants also voiced negative opinions. Case G stated
that, after implementing PMR, “[He] felt more relaxed
than usual” but that “To be honest, [he does not] think
[he] fell asleep much differently from usual.” They did
not feel the effects of PMR on sleep. Previous studies
reported that sleep quality improved when PMR was per-
formed for five days?” or three months.?! The lack of
effects on sleep may have been at least partially due to
the brevity of the PMR intervention time.

4.3. Nursing support with PMR to improve sleep quality
in patients with cancer

Patients with cancer experience physical, mental,
social, and spiritual anguish,® causing them immense
stress.*” Consequently, patients with cancer are pre-
sumed to be in a state of tension in which the sympa-
thetic nervous system is constantly predominant.

In our study, participants performed PMR only once
for roughly 15 minutes. However, even with only this
simple PMR intervention, patients with cancer gave
scores on sleepiness on rising and sleep initiation/main-
tenance that were significantly higher on the PMR day
than after the control day. Moreover, the participants
voiced affirmative opinions: “My sleep quality improved”
and “My sleep quantity improved.” Cases B and I, whose
PSQI total scores were particularly high and sleep
assessments were poor, also expressed that their sleep
quantity improved.

These results suggest that the application of PMR
can improve sleep quality for patients with cancer who
are troubled by insomnia. Another affirmative opinion
voiced by participants was “I have a sense of mental and
physical calmness.” Cases F, whose PSQI total scores
were high and sleep assessments were poor, stated as fol-
lows: “I feel like my body has been a little less tense.”
This opinion suggests that PMR gives patients with
cancer a sense of relaxation. By incorporating PMR ses-
sions into their lives, patients with cancer may reduce
their tension and sleep better.

Nevertheless, participants also voiced a negative
opinion: PMR does not seem to affect my sleep. Per-
forming PMR daily can provide a relaxation response.'®
This finding suggests that obtaining sleep-related effects
from PMR requires patients with cancer to practice it
consistently. However, PMR involves an added burden
for patients with cancer as their disease progresses.**

Enabling patients with cancer to continue PMR by reduc-
ing their burden may require developing PMR techniques
that can be performed within a short period.

5. Conclusion

This study assessed improvements in sleep quality
associated with simple PMR for patients with cancer.
Patients with cancer had poor sleep ratings before the
intervention. OSA sleepiness on rising (P = 0.003) and
sleep initiation/maintenance (p = 0.012) significantly
improved with just one PMR session. The interview
survey also revealed additional effects of PMR. The
results suggest that even a single session of simple PMR
may improve sleep, such as falling asleep and maintain-
ing sleep, in patients with cancer. This study will help
establish a simple and sustainable PMR technique in
clinical practice.

6. Study limitations and future research directions

This study’s small sample size and the absence of a
washout period may prevent its results from being gener-
alizable. Future studies should include larger sample
sizes and establish a washout period to enable a proper
assessment of the effects of PMR on sleep in patients
with cancer.
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