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ABSTRACT
Objective To investigate the efficacy and feasibility of 
a self- management programme incorporating a sleep 
intervention for improving diabetes outcomes.
Design A single- arm pre- test and post- test study was 
conducted within a community setting in Hiroshima, 
Japan.
Participants Participants were aged 52–74 years and 
diagnosed with type 2 diabetic nephropathy stages 1–3.
Interventions Participants received self- management 
education from nurses for 6 months. First, the nurses 
assessed their sleep conditions using insomnia scales 
and a sleep metre. Then, the participants learnt self- 
management to increase their physical activity and 
improve their sleep condition. They also implemented diet 
therapy and medication adherence.
Outcome measures Physiological indicators, subjective 
and objective indicators of sleep quality, self- management 
indicators, quality of life (QOL) and feasibility were 
evaluated. To confirm the efficacy of intervention, Freidman 
tests, analysis of variance, Wilcoxon signed- rank test 
and t- test were performed. Pearson’s correlations were 
analysed between activities and sleep condition.
Results Of the 26 enrolled participants, 24 completed 
the programme and were analysed. Among them, 15 
participants (62.5%) had sleep disorders caused by 
multiple factors, such as an inappropriate lifestyle and 
physical factors that interfere with good sleep. Although 
insomnia scales did not change for the sleep disorders, 
their subjective health status improved. Regarding 
indicators related to diabetes management, lifestyles 
improved significantly. Haemoglobin A1c, body mass index, 
systolic blood pressure, non- high- density lipoprotein- 
cholesterol and QOL also improved. All participants except 
one were satisfied with the programme. However, use 
of the sleep metre and nurses’ consultation about sleep 
disturbance were not well evaluated.
Conclusions This programme was effective in improving 
diabetes status, lifestyle and behaviour changes. However, 
its effect on sleep condition was limited because of its 
complexity. A simple and novel approach is needed to 
strengthen the motivation for sleep behaviour change and 
to increase programme efficacy and feasibility.

Trial registration number UMIN000025906.

INTRODUCTION
The relationship between sleep disorders and 
impaired glucose tolerance (IGT) is receiving 
expanded consideration globally due to the 
negative health outcomes.1–3 Previous studies 
have reported that sleep disorders may disturb 
glucose homeostasis in complex ways, such 
as by inducing excessive secretion of stress 
hormones, which in turn are emphatically 
related to obesity and type 2 diabetes mellitus 
(DM).4 5 As DM and IGT are associated with 
a higher risk of developing cardiovascular 
disease and death, prevention and manage-
ment of these health problems are important 
public health goals. Studies have shown that 
the prevalence of obstructive sleep apnoea 
(OSA) in patients with diabetes is estimated 
to be 23%–48%.6 7 Patients with OSA and type 
2 DM are at increased risk of diabetic periph-
eral neuropathy,8 restless legs syndrome9 and 
frequent urination due to hyperglycaemia.10 
Furthermore, in patients with type 2 DM, 
the occurrence of OSA is associated with 
increased oxidative and nitrosative stress as 

Strengths and limitations of this study

 ► To identify the potential sleep disorders, we used a 
sleep metre for objective assessment in addition to 
subjective sleep assessment measures.

 ► We developed a comprehensive self- management 
programme incorporating a sleep intervention as 
sleep disorders have serious consequences for di-
abetes mellitus management.

 ► Our limitations relate to statistical power, as this 
project was a pilot study; a small sample size and 
a non- controlled study design were implemented.
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well as impaired microvascular regulation.8 Hence, it is 
plausible that OSA complicating type 2 DM could facil-
itate the development and progression of microvascular 
complications including diabetic nephropathy.

Epidemiological studies have also found sleep distur-
bances in patients with diabetes to be correlated with not 
only glycaemic control but also lower self- care adherence 
and quality of life (QOL).11 12 Therefore, we focused on 
sleep disorders as these are serious problems in patients 
with diabetes, including diabetic nephropathy and often 
need to be addressed by non- pharmacological interven-
tions such as sleep management.

Moreover, in DM management, exercise therapy has 
led to improvement in insulin resistance, advancement 
of glucose uptake by muscle contraction during exercise, 
enhancement of lipid abnormalities from the norm and 
cardiopulmonary function, and improvement of subjec-
tive well- being and self- esteem.13 14 In this context, it 
can be anticipated that increasing physical activity may 
improve the sleep quality of patients with diabetes.15 16

Regarding interventions for sleep disorders, several 
studies suggest that significant changes in sleep disor-
ders of chronic primary insomnia are introduced by 
non- pharmacological approaches.17 These approaches 
include interventions such as sleep hygiene education, 
relaxation, stress management and cognitive therapy.17 18 
These interventions function as self- management educa-
tion for patients with DM and may improve their life-
style, subjective insomnia evaluation indices and blood 
glucose levels.19 However, few studies consider non- 
pharmacological treatments in patients with diabetes, 
including diabetic nephropathy, by screening for sleep 
disorders using both subjective and objective assessment 
as well as by analysing the factors that interfere with sleep.

Nonetheless, few DM programmes include most appro-
priate improvement strategies, depending on the conse-
quences of an assessment of the types and causes of sleep 
disorders. As yet, there are no reports discussing which of 
the multiple subjective and objective evaluation tools are 
most suitable for sleep disorders.

Therefore, this study, as a pilot, aims to evaluate the 
efficacy of a diabetes self- management programme incor-
porating sleep disorder assessment and education as well 
as the feasibility of the programme.

METHODS
Study design
This was a pilot, open- label, single- arm, pre- and post- 
design study conducted among outpatients with diabetic 
nephropathy at a community setting in Hiroshima Prefec-
ture, Japan.

Participants
Participants were aged >20 and <74 years old and were diag-
nosed with type 2 DM, including diabetic nephropathy.

The inclusion criteria were as follows: (1) diabetic 
nephropathy stages 1–3 (estimated glomerular filtration 

rate; eGFR) >30 mL/min/1.73 m2),20 (2) undergoing 
treatment for DM on an outpatient basis and (3) insured 
by National Health Insurance living in Hiroshima City; 
Union National Health Insurance, the insurer of Japan 
Health Insurance Association, Hiroshima chapter; and 
the National Federation of Health Insurance Societies of 
Hiroshima living in Hiroshima Prefecture.

Patients were excluded if any of the following criteria 
presents: (1) presence of type 1 or secondary DM; (2) 
currently hospitalised; (3) undergoing renal replace-
ment therapy or planning to begin renal replacement 
therapy within the next 6 months; (4) pregnant at the 
time of the study; (5) in terminal stages; (6) cognitively 
impaired (score <20/30 on the revised version of Hasega-
wa’s Dementia Scale21; (7) judged by the nurses/primary 
physicians to be unable to implement any kind of activity 
required in this study; or (8) already registered in other 
clinical trials. Patients who were on any kind of sleep 
medication or psychotropic drugs were not excluded.

As this was an exploratory pilot study, sample size calcu-
lation was not performed.

Recruitment and registration
Participants were introduced to the study by the primary 
physicians. They were checked for eligibility by the 
nurses, who obtained informed consent and registered 
the patients for this study between January and December 
2017.

Evaluation of outcomes and data collection schedule
To evaluate the efficacy and feasibility of the programme 
incorporating sleep disorder assessment and strength-
ening exercises, the following parameters were assessed:

 ► Physiological indicators: body mass index (BMI), 
systolic blood pressure (SBP), diastolic blood pres-
sure, haemoglobin A1c (HbA1c), eGFR, non- high- 
density lipoprotein- cholesterol (non- HDL- c) and 
triglycerides.

 ► Subjective measurement of sleep quality using the 
following: (1) the Insomnia Severity Index, Japa-
nese version (ISI), to evaluate the severity of primary 
insomnia (cut- off point >8)22; (2) the Pittsburgh Sleep 
Quality Index, Japanese version (PSQI), to collect 
information on various domains of sleep including 
sleep latency, sleep length, sleep efficiency, sleep diffi-
culty, use of sleeping pills, difficulty in waking during 
the day and secondary insomnia such as OSA (cut- off 
point >6)23; and (3) the Japanese version of Epworth 
Sleepiness Scale (JESS), to evaluate the excessive 
daytime sleepiness (cut- off point >11).24

 ► Objective measurement of sleep quality: a sensor mat- 
type sleep metre (NEMURI SCAN NN-1310; Para-
mount bed Co) was used to distinguish between sleep 
and wakefulness. Although the measured activity is 
different between whole body movements and wrist 
movements, this actigraphy device can measure 
sleep/wake states with almost the same accuracy as 
wrist actigraphy.25 26 Moreover, this actigraphy device 
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can be placed under the bed or mattress and can be 
easily used at home. This device records total sleep 
time, time in bed, sleep latency, sleep efficiency, 
wakefulness after sleep onset, number of out- of- bed 
instances, respiratory event index, periodical body 
movement index, activity score, respiratory rate, heart 
rate, sleep/wake log (graph showing sleep and wake 
patterns are colour coded). It then evaluates sleep on 
a scale from 1 to 4 (good), where 3 implies ‘no abnor-
mality’, 2 implies ‘attention required’, and 1 implies 
‘improvement required’. A score of 2 or less implies a 
possible sleep disorder (online supplemental file 1).

 ► Self- management behaviour: the nurses asked the 
participants for the frequency of blood pressure (BP) 
and body weight self- monitoring, diet (prioritising 
vegetable consumption, etc) and activity/exercise. 
The participant’s activity/exercise level was measured 
as the total number of steps per day using a pedom-
eter (Lifecorder GF, Suzuken Co, Japan).

 ► Health- related QOL: EuroQOL- 5D- 5L, Japanese 
version, was administered to evaluate the overall 
outcome of this programme.27 This questionnaire 
evaluates five items (mobility, self- care, usual activi-
ties, pain/discomfort and anxiety/depression), with 
each item evaluated on a scale of 1–5 (no problems, 
slight problems, moderate problems, severe problems 
and extreme problems). For the subjective health 
status included in the EuroQOL tool, the participants 
make a self- assessment of their health on a scale from 
0 (worst condition) to 100 (best condition). The 
EuroQOL- 5D- 5L was scored using tariffs.

During the 6- month intervention period, physiolog-
ical and self- management indicators were collected every 
3 months, while data regarding other variables were 
collected at baseline and at 6 months.

Definition of sleep disorder
Sleep disorders include seven major categories in the 
International Classification of Sleep Disorders- Third 
Edition: insomnia, sleep- related breathing disorders, 
central disorders of hypersomnolence, circadian rhythm 

sleep–wake disorders, sleep- related movement disorders, 
parasomnias and other sleep disorders.28 In this study, we 
defined patients with sleep disorders as those having been 
diagnosed with a sleep disorder at a specialist clinic and/
or those having awareness of their insomnia for more than 
1 month and meeting at least one criteria (ISI >8 points, 
PSQI >6 points, JESS >11 points) on the sleep question-
naire or via the sleep metre’s comprehensive judgement.

Self-management intervention programme incorporating 
sleep improvement and activity/exercise enhancement
Figure 1 describes the framework of the intervention 
programme in this study. The programme was originally 
designed for patients to acquire skills for self- management 
of diabetic nephropathy.29 The programme was imple-
mented for 6 months and monitored via face- to- face and 
telephonic interviews.

After patient enrolment, the nurses performed a 
comprehensive assessment of laboratory test results; phys-
ical conditions; lifestyle practices such as diet, activities/
exercise, drug adherence, alcohol, smoking, and psycho-
social status of the participants; they also discussed the 
aggravating factors of DM. The nurses also explained 
the stage of diabetic nephropathy, treatment goals of the 
stage and self- management using educational textbooks 
created by the authors of this study. The nurses and the 
participants jointly set the monthly goals and action plans 
for behavioural changes. The nurses educated the partici-
pants on various self- monitoring methods (measurement 
and evaluation of BP and body weight).30

With regard to increasing physical activity, the nurses 
introduced the participants to a fitness club if the 
participant did not have medical risks based on initial 
assessment by a primary physician. If a participant had 
medical risks for attending a fitness club or refused to 
attend, the nurses prescribed tailored exercises based 
on their physical tolerance and preference. For all 
participants, the nurses lent a pedometer and asked 
them to account for their activity for 1 week on baseline 
measurements. Visits to the fitness club were scheduled 
once a week during the first 3 months, with attendance 

Figure 1 Framework of the intervention programme.
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being voluntary after this period. At the fitness club, a 
health fitness trainer held classes, approximately 60 min 
in duration, which involved walking, stretching, squat-
ting and gymnastics (exercise intensity was about 3–5 
metabolic equivalents).

Screening, evaluation and intervention for sleep disor-
ders: three subjective assessment scales (ISI, PSQI and 
JESS) were administered for screening and evaluating 
the participants’ sleeping states. For those who were 
evaluated as having a sleep disorder on these scales and/
or those who had a BMI of 30 or more (high chance to 
have sleep apnoea syndrome (SAS)), a sleep metre was 
lent to them by the nurses with usage instructions, and 
they were asked to use the device for 1 week. After the 
sleep metre was returned, the conditions of the partici-
pant’s sleep disorders based on the subjective evaluation 
scale and the results of the sleep metre were explained 
to them by the nurses. The nurses used a researcher- 
developed textbook in which the pathology, factors 
causing sleep disorders and methods used to both deal 
with the problem as well as promote sleep hygiene were 
explained (online supplemental file 2). This textbook 
was developed based on a qualitative study.31 The partic-
ipants and the nurses then discussed how to solve the 
problem. The nurses contacted a specialist to evaluate 
those with moderate or higher levels of sleep disorders 
or suspected SAS. Those who were subjectively evaluated 
as not having any sleep disorders were also provided 
with prophylactic general sleep hygiene education using 
the textbook.

After the first session, the participants implemented 
the action plan and recorded their self- monitoring values 
in a notebook. The nurses evaluated the implementa-
tion of the action plan through face- to- face consultations 
(once every 2nd and 3rd month) and biweekly phone 
calls, proposing revisions to the implemented action plan 
when necessary.

Data analysis
SPSS software V.26.0 was used for analysis. Normality was 
confirmed for each item, descriptive statistics were calcu-
lated, and Freidman tests, analysis of variance, Wilcoxon 
signed- rank test and t- tests were performed (where 
appropriate) before and after the intervention. Pearson’s 
correlations between activities and sleep condition were 
analysed. The significance level was set at 5%.

Patient and public involvement
The educational textbook was developed based 
on patients’ priorities and patients’ experience by 
conducting qualitative research31. As this is a self- 
management programme, patients were asked to report 
their data and progress to the researchers. Further, 
patients evaluated the feasibility of the programme. 
However, they were not directly involved in the design 
and conception of the study.

RESULTS
Baseline characteristics of the participants
Twenty- nine participants were introduced by five 
primary physicians, among them 26 met the eligi-
bility criteria and were enrolled. Of the 26 patients, 
17 were male (65.4%), and the mean age was 65.7±6.0 
years. Two participants dropped out right after enrol-
ment. Therefore, only 24 participants completed the 
6- month programme and were included in the analysis 
(figure 2). Of the 24 participants, 15 (62.5 %) were 
classified as having sleep disorders. Eleven participants 
(45.8%) had sleep disorders based on any of the sleep 
questionnaires (ISI, PSQI, JESS). Eight had an ISI score 
of 8 or greater, nine had a PSQI score of 6 or greater, 
and two had a JESS score of 11 or greater. Moreover, 
13 out of the 15 (86.7%) participants who agreed to 
use a sleep metre had sleep disorders. However, four 
of them were not screened as having sleep disorders 
based on the sleep questionnaire (ie, those who were 
not aware that their sleep quality was poor indeed) 
(table 1). In contrast, two participants were screened 
as having sleep disorders on the sleep questionnaire 
but assessed as ‘no abnormality’ on the sleep metre. Of 
the three questionnaires, PSQI could identify the most 
sleep disorders and the identified sleep disorders that 
could not be extracted by other scales.

According to the nurses’ comprehensive assessment of 
15 participants, factors which disturbed sleep included 
inappropriate lifestyle behaviours such as intake of 
alcohol before going to bed, lack of activity during the 
daytime, and using a computer or smartphone before 
going to bed. We also found that most participants have 
several other physical conditions, like polyuria and pain. 
Suspected SAS and periodical limb movement disorders 
were also found in six and three participants, respectively.

To understand the characteristics of participants with 
sleep disorders, we compared their baseline data with 
those without sleep disorders (table 2). Although the 
divided sample size was small and difficult to compare, 
the results showed that participants with sleep disorders 
had higher BMI, BP and lipid profile, and lower renal 
function and subjective health status at baseline.

Efficacy of the programme (one-way analysis)
To examine programme efficacy, baseline conditions 
were compared with outcomes during the 3rd and 6th 
months of intervention (table 3, figure 3). BMI, SBP, 

Figure 2 Flow diagram of the participants.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-045783 on 21 S

eptem
ber 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2020-045783
http://bmjopen.bmj.com/


5Sakamoto R, et al. BMJ Open 2021;11:e045783. doi:10.1136/bmjopen-2020-045783

Open access

non- HDL- c and HbA1c improved significantly (p<0.05). 
Renal functions (eGFR) did not change. QOL score 
and subjective health status also improved significantly 
(p<0.05). Considering the sleep questionnaires, there 
was no significant difference between the scores before 
and after the intervention (median (IQR)=1 (1–2), 
2 (1–2.25), respectively, p=0.317, Z=–1.000). Activity 
levels measured by steps were maintained but did not 
show any significant improvement (p=0.271). Changes 
in all self- management behaviours improved signifi-
cantly (p<0.05).

One participant started while another was being 
tapered off antihypertensive medication during the 
study. There was no change in the prescription for hypo-
glycaemic drugs. One participant was being tapered off 
insulin. However, no participant had started taking sleep 
medication during the study.

To examine how the increase in exercise improved 
sleep status, we analysed the relationship between them 
at the end of the 6- month programme for all 24 partici-
pants (figure 4). The results showed that the ISI score and 
exercise level (number of steps per day) were moderately 
negatively correlated (r=0.395, p=0.056). In other words, 
the greater the amount of exercise, the lower the severity 
of insomnia and the better the quality of sleep. There 
were positive relationships among the PSQI (degree of 
sleep disorder) score, JESS (sleepiness in the daytime) 
score, scores on the sleep metre and exercise frequency, 
but these were not statistically significant.

Feasibility of the programme
All participants except one (96%) were satisfied with this 
programme, the nurses’ intervention and the fitness club 
for those who attended it. In contrast, the use of the sleep 

Table 1 Assessment results of the participants’ sleep at baseline n=24

Number of people with 
sleep disorders n (%)

Applicable to sleep disorder on other scales Not applicable to sleep 
disorders on any other scales Total numberISI PSQI JESS Sleep metre

ISI (≤8 points) 6 (75.0) 2 (25.0) 8 (100.0) 0 (0.0) 8 (100.0)

PSQI (≤6 points) 6 (66.7) 1 (11.1) 7 (77.8) 2 (22.2) 9 (100.0)

JESS (≤11 points) 2 (100.0) 1 (50.0) 2 (100.0) 0 (0.0) 2 (100.0)

Sleep metre (≤2 points) 8 (61.5) 7 (53.8) 2 (15.4) 4 (30.8) 13 (100.0)

Of the 26 who agreed to participate in the study, 2 could not be evaluated for sleep because they declined immediately after consent.
ISI, Insomnia Severity Index; JESS, Japanese version of Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.

Table 2 Comparison of baseline feature in groups with and without sleep disorders

Mean±SD

Sleep disorders (n=15) Without sleep disorders (n=9)

n   n   

Age 15 64.4±.8.0 9 67.8±4.7

Physiological indicators

  BMI 15 26.3±6.2 9 23.7±2.3

  SBP (mm Hg) 12 140.0±10.4 8 136.0±19.0

  DBP (mm Hg) 12 78.4±14.0 8 71.9±6.5

  eGFR (mL/min/1.73 m2) 15 64.5±22.5 9 67.6±9.3

  Triglyceride (mg/dL） 14 191.6±121.7 9 148.3±88.7

  non- HDL- c (mg/dL） 14 146.9±41.1 9 126±19.6

  HbA1c (%) 15 8.0±1.0 9 8.0±1.4

QOL

  EuroQOL- 5D- 5L (score) 15 0.83±0.12 9 0.90±0.09

  Subjective health status (%) 15 69.9±17.2 9 83.9±12.4

Number of steps per day 11 6819.7±2399 9 8915.3±3022.5

Quality of sleep

  ISI (score) 15 8.4±3.8 9 3.1±2.2

  PSQI (score) 15 6.2±2.2 9 2.7±1.9

  JESS (score) 15 5.2±3.5 8 3.8±2.2

BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, haemoglobin A1c; HDL- c, high- density 
lipoprotein- cholesterol; ISI, Insomnia Severity Index; JESS, Japanese version of Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; 
QOL, quality of life; SBP, systolic blood pressure.
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metre and the consultation that the nurse gave regarding 
sleep disorders were negatively evaluated (they were eval-
uated as ‘useful’ by 36% and 30%, respectively).

Attending a fitness club was highly evaluated based on 
the free comments, as the participants acquired exercise 
habits and had fun learning the correct techniques of 
doing the exercises. Participants who underwent sleep 
assessment and consultation were more likely to acknowl-
edge the importance of awareness and understanding of 
their sleep conditions and how they were related to DM. 
For instance, one participant reported that his snoring 
disappeared. In contrast, most participants tended to make 
negative comments stating that the use of the sleep metre 
was bothersome and difficult to implement, and that they 
were likely to discontinue its use. Some participants were 
frustrated and refused to change their behaviours, saying 
“even if you point out the sleep problem, there is no need 
to change now, because there is no discomfort.”

DISCUSSION
In this pilot study, we aimed to evaluate the efficacy of 
the self- management programme for diabetes by incorpo-
rating measures aimed at improving sleep and increasing 
physical activity. Moreover, to detect the persons who had 

sleep disorders, we applied three subjective question-
naires and an objective sleep metre for sleep assessment.

We found that 62.5% of the participants had sleep disor-
ders, which was higher than the previously reported studies 
involving patients with diabetes.32 33 It is important to note 
that our study is different from these previous studies, since 
these evaluated sleep disorders using subjective surveys. 
However, in this study, sleep disorders were objectively eval-
uated as well. For instance, a few participants were not aware 
that they had insomnia, which was determined only through 
objective evaluation using a sleep metre. A previous study 
reported that patients with diabetes may have difficulty in 
perceiving sleep disorders due to neuropathy.34 Therefore, 
our results suggest that it is useful to identify high- risk indi-
viduals with sleep disorders and recommend that a sleep 
metre needs to be used first before administering the ques-
tionnaires. When individuals refuse to use a sleep metre, 
the PSQI, which broadly identifies insomnia, should be 
administered. As a majority of the participants in this study 
negatively evaluated the use of sleep metres, medical profes-
sionals will need to emphasise the importance of objective 
assessment.

In terms of preventing aggravation of the early stage of 
diabetic nephropathy, the physiological and behavioural 
results of this study suggest that this integrated programme 

Table 3 Changes in outcomes

Mean±SD

n Baseline 3rd month 6th month P value

Physiological indicators

  BMI 24 25.3±5.2 24.7±5.2 24.2±5.1 <0.001*

  SBP (mm Hg) 20 138.4±14.1 129.3±15.5 125.8±15.4 0.009†

  DBP (mm Hg) 20 75.8±11.8 70.4±8.1 73.2±11.9 0.156†

  eGFR (mL/min/1.73 m2) 24 65.7±18.4 – 63.0±13.1 0.886‡

  Triglyceride (mg/dL） 23 174.0±110 – 165.2±78.5 0.976‡

  non- HDL- c (mg/dL） 23 138.8±35.3 – 122.3±30.5 0.017§

  HbA1c (%) 24 8.0±1.2 7.4±1.1 7.0±0.9 <0.001*

Number of steps per day 20 7762.8±2831.9 7597.4±3509.1 7247.8±3331.5 0.271†

QOL

  EuroQOL- 5D- 5L (score) 24 0.86±0.11 – 0.89±0.12 0.031§

  Subjective health status (%) 24 75.1±16.8 – 80.9±14.5 0.016§

Quality of sleep

  ISI (score) 24 6.4±4.2 – 6.4±4.8 1.000§

  PSQI (score) 24 4.9±2.7 – 5.5±3.4 0.207§

  JESS (score) 23 4.7±3.2 – 4.5±3.2 0.739§

*Friedman test.
†ANOVA.
‡Wilcoxon signed- rank test.
§T- test.
ANOVA, analysis of variance; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; 
HbA1c, haemoglobin A1c; HDL- c, high- density lipoprotein- cholesterol; ISI, Insomnia Severity Index; JESS, Japanese version 
of Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; QOL, quality of life; SBP, systolic blood pressure.
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was effective, except for use in sleep interventions due 
to the small sample size. Our pilot study found that all 
the participants showed significant improvements in 
self- management activities by eating healthy meals, exer-
cising and self- monitoring. This resulted in a significant 
improvement in BMI, SBP and HbA1c, which further 
decreases the future development of vascular complica-
tions.35 Subsequently, patients’ QOL scores and subjective 
assessment of health improved significantly. However, few 
patients with type 2 DM felt the disease- specific distress 
to maintain self- management of DM throughout their 
lives.36 37 The structured behavioural self- management 
education evaluated in this study might have improved 
the participants’ subjective rating of health.37

Regarding the relationship between exercise frequency 
and changes in sleep state, ISI scores decreased (improved) 
and sleep metre score increased (improved), as exercise 
frequency increased. This result indicated that, as expected, 
increasing exercise frequency contributed to improvements 
in sleep condition, although statistically significant improve-
ments were not observed in the quality of sleep itself. Many 
studies have reported the positive relationship between exer-
cise and quality of sleep by improving the symptoms seen in 
respiratory- related sleep disorders. Moreover, continuous 
exercise and weight loss were found to improve glycaemic 
control.13 38 These positive effects might have been affected 
by peer support and group dynamics based on the comments 
of participants who used the fitness club.39 Therefore, in a 
diabetes self- education programme incorporating sleep 

improvement, performing periodical exercise by enrolling 
in fitness clubs may be beneficial.

In this study, the participants’ evaluation of sleep assess-
ment and nurses’ consultation for sleep improvement 
were poorly evaluated, and the results did not support 
sleep improvement. The participants in this study had 
poor glycaemic control compared with patients with type 
2 DM with sleep disorders which is consistent with other 
interventional studies.19 40 Additionally, although there 
was a high prevalence of sleep disorders in this popula-
tion and multiple sleep- inhibitory factors such as suspi-
cion of SAS, pain and unhealthy lifestyles were present 
in patients with sleep disorders, most participants did not 
recognise that they had sleep disorders or that it could 
aggravate DM. Therefore, there was a need for sleep 
assessment, motivating tailored education and referral to 
a specialist. Since DM with sleep disorders have several 
risks, this programme needs to be implemented for a 
longer period of time, with the content taught in the 
following order—DM education first, followed by sleep 
education/problem- solving, which will be more realistic 
and acceptable.

Limitations
As this project was a pilot study, a small sample size 
and a non- controlled study design were implemented, 
which made it difficult to analyse with strong statistical 
power. Besides, due to the small sample size, we cannot 
compare the sleep intervention effect itself as the physical 

Figure 3 Changes in self- management behaviours. Note: Friedman test.
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indicators and QOL of participants as a group improved 
significantly. Additionally, this was a community- based 
study (local government project) with a complex protocol, 
which led to missing out certain existing data, making the 
statistical comparison difficult. In the future, it is neces-
sary to simplify and verify the programme’s effect on a 
larger population as well as account for the prevalence of 
sleep disorders in the analysis. Moreover, this study had 
an intervention period of 6 months; hence, it is recom-
mended to establish a longer term intervention and moni-
toring period because the unpredictability of the factors 
can hinder sleep in patients with diabetes to completely 
identify the impacts of this programme. Also, further 
research with a large sample size should be conducted to 
evaluate the effectiveness of the intervention.

CONCLUSION
We conducted a self- management programme for the 
patients with diabetic nephropathy (up to the third stage) 
aimed at improving sleep and increasing physical activity. 
BMI, SBP, HbA1c, QOL scores and subjective health 
perceptions of all patients improved significantly after the 
intervention. As for sleep- related evaluation indicators, 
there were some participants who showed improvement 
on objective evaluation by the sleep metre but remained 

unchanged when the subjective evaluation index was used. 
While the direct impacts of sleep intervention were not 
observed in these results, the necessity of this programme 
was highlighted, allowing us to consider approaches to 
improve it for its full- scale implementation in the future.
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Evaluation of a sleep metre result (Example) 
- Created based on the company’s format (NEMURI SCAN NN-1310; Paramount bed Co., Ltd) 
- Evaluation criteria are set by Paramount bed Co., Ltd. 
- We converted A to 4, B to 3, C to 2, and D to 1, for calculation purpose. 
- Total evaluation reflects the worst evaluation item among all items. 
 

Date: XX, XX, 20XX   Mr. xxxx.   

Total Evaluation: D (Improvement required)  

 

Sleep index Value Evaluation Criteria 

Total sleep time 6h 16min B The total amount of time you actually 
slept from bedtime to wake-up time. 
A: >6.5h, ＜8h,  
B: >6h, <6.5h or >8 h, <9h 
C: >5h, <6h or >9, <10 
D: <5h or >10 

Total time in bed 8h 13min B The total amount of time from bedtime 
to wake-up time. 
Criteria: Same as the total sleep time 

Time for bed 
 (bedtime) 

22:49 reference Time you laid on bed 

Wake-up time 7:03 reference Time you left from bed 

Sleep latency 23.4min C The time it took from bedtime to falling 
asleep. 
A: <10min, B: >10min, <20min,  
C: >20min, <30min, D: >30min 

Sleep efficiency 76.2% C Percentage of time actually asleep from 
bedtime to wake up. 
(Total sleep time / Total time in bed x 100 
[%]) 
A: >95%, B: >85%, <95% 
C: >75%, <85%, D: <75% 

Wakefulness 
after sleep onset 

92.1min D The total amount of time you woke up in 
the middle of your sleep between falling 
asleep and waking up. 
A: <10min, B: >10min, <20min 
C: >20min, <40min, D: >40min 

Number of out-
of-bed instances 

1.5 times C The number of times you have left from 
bed for toilet, etc.  
A: 0 time, B: <1 time,  
C: >1 time, <2 times, D: >2 times 
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Let’s check if you have sleep problems（Physical aspect） 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evaluate your 
quality of sleep Check your symptoms related to sleep 

Epworth Sleepiness Scale

（JESS） Insomnia Severity Index（ISI） 
Pittsburgh Sleep  

Quality Index（PSQI） 

If you are considered to have insomnia by PSQI, ISI, JESS and/or dissatisfied with your sleep, 

use the sleep schedule method and methods we advise to improve your lifestyle. If your sleep 

condition does not improve, please consider visiting a sleep specialist.  

>6 
High 

possibility 

0 - 7 
No 

disturban

ce 

8 - 14 
Mild 

15 – 21 
Moderate 

>22 
Severe 

0 - 10 
Normal 

11 – 15 

Moderate  

>16 
excessive 

Suspected sleep-related movement 

disorders    Refer to the specialist of 

sleep disorder 

Evaluation by the sleep meter 

Respiratory disorder 

index >15 

Respiratory disorder index <15  

Periodic body movement index <15 

 

Periodic body movement 

index >15 

Suspected sleep apnea syndrome (SAS) 

Refer to specialists 

<5  
Low 

possibility 

If you are assessed for low possibility of having insomnia by PSQI, ISI, JESS 

#1 If PSQI Q6 answer is “fairly bad” or “very bad”    Cognitive Behavioral Therapy  

#2 Having Insomnia but other reasons     Try to resolve psychosocial problems 

 (Our nurses can provide a counseling and/or introduce proper services. 

If the answer to PSQI Q5 is in parallel with looking back and improving your lifestyle habits, 
you better to do as the followings. 

 Wake up for toilet →Possibility of benign prostatic hyperplasia and urinary tract infection     
Assess your medication (ex. Diuretic), visit your home doctor, Urologist.  

 Breathing difficulty, snoring, coughing when sleeping→Possibility of cardiovascular / 

respiratory disease and/or sleep apnea syndrome (SAS)     Visit a sleep, cardiology, or 

respiratory specialist. 

 Often have nightmares→Possibility of sleep apnea syndrome, REM sleep behavior disorder, 

suppressed emotions, etc.    Visit a sleep specialist 

 

 →
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