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Abstract
Aim  Diabetes and aging are both well-established risk factors for insomnia. Therefore, we investigated the changes in subjec-
tive sleep quality in relation to clinical backgrounds and age in patients with type 2 diabetes mellitus (T2DM).
Methods  This cross-sectional study included 380 participants with T2DM who were between 18 and 79 years of age from 
our outpatient clinics. Individuals with any symptoms and medical histories associated with obstructive sleep apnea (OSA) 
were excluded from the interview and analyses. Data were collected using self-administered questionnaires, namely the 
Pittsburgh Sleep Quality Index (PSQI) and the Morning-Evening Questionnaire (MEQ), as well as medical records and 
blood samples. We performed stratified analyses according to age decades.
Results  The number of patients in the age groups (in years) was as follows: < 50 (n = 69), 50–60 (n = 52), 60–70 (n = 138), 
and 70–80 (n = 121). PSQI score was highest in the < 50 group (4.99 ± 2.40), and significantly decreased with age (p < 0.05). 
Body mass index (BMI) was also highest in the < 50 group (25.5 ± 4.8 kg/m2), and markedly decreased with age (p < 0.01). 
Interestingly, BMI was significantly correlated with the PSQI score (rs = 0.157, p < 0.05). We also found that younger patients 
had shorter sleep duration, stronger daytime sleepiness, and a tendency for the evening type.
Conclusion  Younger T2DM patients had poorer sleep quality and higher BMI. Our findings suggest that insomnia should be 
accounted for as a potential comorbidity when examining or treating patients with T2DM and obesity even in the younger 
population.
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Introduction

The prevalence of insomnia has been increasing on a global 
scale in modern society [1]. In Japan, it has been reported 
that one in five adults exhibit symptoms associated with such 
disorders [2]; they are also well known to cause loss of work 
productivity, impaired cognitive function, mental deficits, 
and reduced quality of life [3].

Recent epidemiologic [4] and laboratory [4, 5] studies 
have revealed that chronic insomnia is an additional factor 

contributing to abnormal glucose tolerance development [6]. 
Consequently, adding to social and psychological problems, 
insomnia has piqued interest as a potential factor underpin-
ning the onset of type 2 diabetes mellitus (T2DM).

At the same time, patients with diabetes are known to 
have poor sleep quality due to the presence of comorbidities 
and changes in the balance of hormones and in the activ-
ity of sympathetic tones [6–9], and the prevalence rate of 
insomnia is 2–4 times higher than that in patients without 
diabetes [10, 11]. However, accumulating evidence strongly 
suggests an association between diabetes and insomnia. In 
general, aging has been identified as the most significant 
factor affecting sleep, followed by physiological changes in 
sleep architecture, unemployment, lack of habitual exercise, 
poor perceived health, and psychological stress [12].

However, to date, only a limited number of reports have 
focused on the relationship between age and sleep quality 
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in patients with T2DM. Therefore, in the present study, we 
aimed to investigate the changes in subjective sleep quality 
according to age and clinical background in patients with 
T2DM using validated questionnaires.

Materials and methods

Study design and population

We conducted a cross-sectional study using self-adminis-
tered questionnaires between November 2015 and December 
2016, and between August and October 2019 in our outpa-
tient clinics in Japan. The study was registered with the Uni-
versity Hospital Medical Information Network Clinical Trial 
Registry (UMIN000019329), a non-profit organization in 
Japan that meets the requirements of the International Com-
mittee of Medical Journal Editors. The study was approved 
by the Medical Ethics Committee of Toho University Omori 
Medical Center, Japan (Approval no. #M19093; Approval 
date: August 29, 2019). This study was conducted accord-
ing to the Declaration of Helsinki and current legal regula-
tions in Japan. Prior to enrollment in the survey, all eligible 
participants were informed about this study in written form, 
and the answer to the questionnaire was considered consent 
to enrollment.

Participants included in the study were individuals with 
T2DM who were between 18 and 79 years of age. Exclu-
sion criteria were as follows: known obstructive sleep apnea 
(OSA); night shift work; use of any sleep or psychiatric 
agents in the past 12 months; history of a coexisting dis-
order likely to disturb the quality of sleep; history of type 
1 diabetes or secondary forms of diabetes; ketoacidosis; 
coma; myocardial infarction, unstable angina, or stroke in 
the past 6 months; severe infection; perioperative period; 
severe trauma; and considered unsuitable to participate in 
the study for medical reasons. We screened 2450 patients 
with T2DM in our outpatient clinics and selected individu-
als who met the inclusion criteria based on their medical 
records. Eligible patients (n = 480) were distributed two 
types of validated questionnaires from their physicians: the 
Pittsburgh Sleep Quality Index (PSQI) and the Morning-
Evening Questionnaire (MEQ). The PSQI is a previously 
validated tool containing seven components: (1) sleep qual-
ity, (2) sleep latency, (3) sleep duration, (4) sleep efficiency, 
(5) sleep disturbance, (6) use of sleep medication, and (7) 
daytime dysfunction [13, 14]. Each component was scored 
on a range of 0–3, with a possible total score range of 0–21. 
A higher score indicated poorer sleep quality, and a score 
of > 5 was considered the threshold for poor sleep quality 
[13, 14]. MEQ is used for the assessment of circadian typol-
ogy. It is composed of five items with a total score range of 
4–25. Individuals are assigned to one of the three possible 

circadian typologies: 4–11 for the evening type, 12–17 for 
the neither type, and 18–25 for the morning type [15]. The 
questionnaires were distributed by the physicians at each 
outpatient visit, and patients answered either at the clinic 
or at home (n = 472). Biological data were collected and 
assayed at local hospital laboratories, and anthropometric 
data were measured by nurses at the time of distributing the 
questionnaire. Other clinical information such as treatment, 
medical history, and social background were derived from 
medical records.

Statistical analysis

In the stratified analysis, eligible participants (n = 380) were 
categorized by age into four groups according to patients 
who were (1) less than 50 years (< 50), (2) between 50 and 
60 years, (3) between 60 and 70 years, and (4) between 70 
and 80 years. Analyses were performed using Statcel (OMS, 
Saitama, Japan) and JMP® 15 (SAS Institute Inc., Cary, NC, 
USA). Differences in continuous variables except for sleep 
parameters were evaluated using one-way ANOVA, and dif-
ferences in categorical variables were assessed using the 
χ2 test. Subjective sleep parameters were assessed using 
ANCOVA. The model was adjusted for the following covari-
ates that could have potentially impacted the results: sex, 
duration of diabetes, and glycated hemoglobin (Hb)A1c. 
Associations between values were assessed using the Spear-
man’s rank correlation. Data are shown as mean ± stand-
ard deviation. Statistical significance was defined as a P 
value < 0.05.

Results

Demographics

As shown in Fig. 1, 2450 patients with T2DM were screened 
in our outpatient clinics, and 480 were selected for the study; 
among them 472 returned the filled questionnaire. Partici-
pants who answered insufficiently (n = 66) or met the exclu-
sion criteria (n = 26) were excluded from the analysis. Con-
sequently, the final number of eligible participants was 380; 
they were divided into four age groups by decade: < 50 years 
(n = 69), 50–60 years (n = 52), 60–70 years (n = 138), and 
70–80 years (n = 121). Table 1 summarizes the general char-
acteristics of all participants and that after stratification by 
age decade.

Questionnaire results

Table  2 and Fig.  2 show the results of the PSQI and 
MEQ. The PSQI score was highest in patients < 50 years 
(4.99 ± 2.40), and significantly decreased with age to 
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4.15 ± 2.34 in the group of 70–80 years (P < 0.05). The num-
ber of patients with poor sleep quality (PSQI score > 5) was 
similar among groups.

We next investigated the detailed sleep parameters 
by analyzing the seven components of the PSQI and 
circadian typology (Table  2). Our findings show that 
patients < 50 years had the most severe perception of short 
sleep duration and daytime dysfunction, which was com-
parable to PSQI scores and improved with age. Patients 
within this group could be categorized as the evening type; 
however, we found no substantial difference in circadian 
typology, which was evaluated by MEQ, between the 
groups (data not shown). All other parameters were not 
significantly different between groups.

Association between clinical characteristics 
and sleep parameters by age

BMI was the highest in patients who were < 50 years of 
age (28.4 ± 5.9 kg/m2), and it decreased significantly with 
age in patients who were in the 70–80-year age group 
(23.9 ± 4.4 kg/m2; P < 0.01). We next sought to determine 
a potential correlation between BMI and sleep parame-
ters. Indeed, our observations demonstrate that the PSQI 
score was significantly associated with BMI (rs = 0.157, 
P < 0.01) (Fig. 3).

480 were selected and distributed the 
questionnaires

472 answered the questionnaire

8 did not answer

66 insufficient answers
26 met exclusion criteria

380 eligible

<50 
n=69

50−60 
n=52

60−70 
n=138

70−80 
n=121

2450 type 2 diabetes patients were 
screened

Fig. 1   Flow diagram of patient population and final age groups (in 
years)

Table 1   Demographic characteristics of all participants stratified by age

Data are presented as mean ± SD. P values for differences among age groups were calculated by aχ2 test for categorical variables or bone-way 
ANOVA for continuous variables
BMI body mass index; HbA1c glycated hemoglobin A1c; NS not significant

All (n = 380) Age group (in years)

 < 50 (n = 69) 50–60 (n = 52) 60–70 (n = 138) 70–80 (n = 121) P

Female, n (%) 127 (33.3) 12 (17.4) 18 (34.6) 50 (36.2) 47 (38.8) 0.018a

Age, years 62.4 ± 11.6 42.9 ± 6.5 54.9 ± 2.8 64.9 ± 2.8 73.7 ± 2.7  < 0.01b

Duration of diabetes, years 12.6 ± 11.0 7.6 ± 8.6 9.2 ± 8.0 12.5 ± 9.5 17.0 ± 13.2  < 0.01b

BMI, kg/m2 25.5 ± 4.8 28.4 ± 5.9 26.3 ± 3.4 25.1 ± 4.2 23.9 ± 4.4  < 0.01b

HbA1c, % 7.19 ± 0.97 7.41 ± 1.44 7.26 ± 0.92 7.10 ± 0.86 7.11 ± 0.69 NSb

Plasma glucose, mg/dL 148.3 ± 43.2 148.2 ± 39.9 151.4 ± 50.8 143.6 ± 41.4 152.2 ± 43.4 NSb

Retinopathy
 Non-diabetic retinopathy, n (%) 244 (64.2) 53 (76.8) 29 (55.8) 85 (61.6) 77 (63.6)
 Simple diabetic retinopathy, n (%) 56 (14.7) 4 (5.8) 9 (17.3) 29 (21.0) 14 (11.6)
 Pre-proliferative diabetic retinopathy, n (%) 18 (4.7) 1 (1.4) 6 (11.5) 5 (3.6) 6 (5.0)
 Proliferative diabetic retinopathy, n (%) 23 (6.1) 6 (8.7) 5 (9.6) 6 (4.3) 6 (5.0)

Nephropathy
 Stage 1, n (%) 224 (58.9) 46 (66.7) 32 (61.5) 80 (58.0) 66 (54.5)
 Stage 2, n (%) 89 (23.4) 17 (24.6) 8 (15.4) 32 (23.2) 32 (26.4)
 Stage 3, n (%) 38 (10.0) 4 (5.8) 6 (11.5) 11 (8.0) 17 (14.0)
 Stage 4, n (%) 11 (2.9) 1 (1.4) 1 (1.9) 6 (4.3) 3 (2.5)
 Stage 5, n (%) 14 (3.7) 1 (1.4) 4 (7.7) 8 (5.8) 1 (0.8)
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Discussion

We performed a cross-sectional study to investigate the 
changes in subjective sleep parameters among patients 
with T2DM in association with age and clinical back-
grounds. Our findings demonstrate that the PSQI score, 
which is an indicator of poor sleep quality, was highest in 
the youngest patients and significantly decreased with age. 

The analysis of clinical characteristics revealed that lower 
age was also associated with a higher BMI, indicating a 
relationship between sleep quality and BMI in patients 
with T2DM.

Aging has been identified as the most significant fac-
tor contributing to the development of insomnia [16]. The 
prevalence of this disease has been well known to increase 
with age [2, 16]. Changes in sleep architecture have been 
suggested as a potential reason, as older people have 

Table 2   Questionnaire results of all participants and age groups

Data are presented as mean ± SD. Data were adjusted for sex, duration of diabetes, and glycated hemoglobin A1c. P values were different among 
the age–decade groups. PSQI > 5 was considered the threshold for poor sleep quality
PSQI Pittsburgh Sleep Quality Index; MEQ Morning-Evening Questionnaire; NS not significant

All (n = 380) Age group (in years)

 < 50 (n = 69) 50–60 (n = 52) 60–70 (n = 138) 70–80 (n = 121) P

PSQI score 4.36 ± 2.31 4.99 ± 2.40 4.71 ± 2.08 4.12 ± 2.27 4.15 ± 2.34 0.0453
Male 4.36 ± 2.24 5.02 ± 2.41 4.59 ± 2.02 4.15 ± 2.23 4.00 ± 2.24
Female 4.00 ± 2.24 4.83 ± 2.44 4.94 ± 2.24 4.08 ± 2.37 4.38 ± 2.63
PSQI > 5, n (%) 98 (25.8) 23 (33.3) 17 (32.7) 29 (21.0) 29 (24.0) NS
Sleep quality 1.00 ± 0.60 1.00 ± 0.00 1.00 ± 0.00 1.28 ± 0.58 1.00 ± 0.00 NS
Sleep latency 0.78 ± 0.86 0.88 ± 0.88 0.79 ± 0.87 0.69 ± 0.85 0.81 ± 0.85 NS
Sleep duration 0.94 ± 0.87 1.12 ± 0.95 1.17 ± 0.83 0.91 ± 0.84 0.71 ± 0.80  < 0.01
Sleep efficiency 0.38 ± 0.77 0.45 ± 0.85 0.19 ± 0.52 0.33 ± 0.71 0.48 ± 0.87 NS
Sleep disturbance 0.77 ± 0.53 0.77 ± 0.53 0.94 ± 0.50 0.77 ± 0.49 0.70 ± 0.57 NS
Use of sleep medication 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 NS
Daytime dysfunction 0.47 ± 0.64 0.65 ± 0.76 0.58 ± 0.64 0.41 ± 0.59 0.41 ± 0.59  < 0.002
MEQ 58.1 ± 7.56 54.1 ± 7.74 58.3 ± 6.41 58.7 ± 7.41 59.8 ± 7.36  < 0.001

Fig. 2   PSQI scores relative to age. Average PSQI score decreased 
with age from 4.99 ± 2.40 in patients < 50 years of age to 4.15 ± 2.34 
in those aged 70 − 80 years. PSQI Pittsburgh Sleep Quality Index

Fig. 3   Correlation between PSQI score and BMI. The PSQI score 
was significantly correlated with the BMI. The P value indicates 
statistical significance using Spearman’s correlation analysis. PSQI 
Pittsburgh Sleep Quality Index; BMI body mass index
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considerably reduced amounts of deep sleep, also known as 
slow-wave sleep [9, 12, 17]. Conversely, a decrease in the 
duration and frequency of deep sleep contribute to a change 
in sleep architecture and disturb sleep maintenance in older 
people. [12]. In addition to alterations in sleep architecture, 
an exacerbation of health conditions and psychological 
stress are known to contribute to a deterioration in sleep 
quality, which in turn can lead to insomnia among older 
people. Contrary to previous reports, we found that younger 
patients had poorer sleep quality than older ones (Fig. 2). In 
relation to the discordance, we noted that younger patients 
had higher BMIs. It is well known that obesity strongly con-
tributes to incident diabetes, especially in Asian populations 
[18, 19]. In this regard, the association between high BMI 
and diabetes was reported to be stronger among younger 
patients as compared to older ones [18, 20]. Moreover, the 
average BMI in patients with T2DM was shown to be higher 
among younger individuals [20], which is consistent with 
our results (Table 1). Interestingly, we found that the PSQI 
score was significantly correlated with BMI. Obesity is a 
well-established risk factor for OSA [21]. Recent reports 
have demonstrated that the prevalence of OSA increases 
with an increase in BMI [22]. In particular, the Asian 
population has been known to have a stronger relationship 
between BMI and OSA than the European population due to 
the difference in maxillofacial anatomy [21]. Consequently, 
compared to Europeans, even a mild increase in body weight 
may have a stronger impact on the incidence of OSA. In 
addition, patients with T2DM have a high prevalence rate of 
OSA (40–60%) [22]. In support of these reports, our patients 
had a strong perception of short sleep duration and daytime 
dysfunction (Table 2), and these symptoms are in accord-
ance with those of OSA [22]. Thus, even though our study 
excluded patients diagnosed with OSA, the markedly poor 
sleep quality in young participants may indicate the presence 
of such sleep problems.

Although obesity is strongly associated with the onset of 
OSA and diabetes, it is known that OSA itself may contrib-
ute to insulin resistance by initiating systematic inflamma-
tion [23], which in turn facilitates the progression of glucose 
abnormality [1, 24]. Moreover, poor sleep habits have been 
suggested to induce hyperphagia and obesity by changing 
the balance of appetite-regulating hormones [25, 26]. The 
link between T2DM, OSA, and obesity highlights the impor-
tance of a healthy lifestyle including regular sleep habits, a 
balanced diet, and exercise.

Our study has several limitations. First, we only enrolled 
a small number of Japanese participants from a single uni-
versity hospital. Accordingly, our findings may not be appli-
cable to all patients with T2DM. Second, we excluded par-
ticipants who used sleep agents for insomnia and those who 
were over 80 years of age or could not answer the question-
naire due to severe dementia. As mentioned above, a strong 

relationship between insomnia and aging or dementia is well 
established. Thus, there is a possibility that the results of 
our study may have been altered due to the exclusion of the 
highest-risk group. Third, we derived data associated with 
treatment, medical history, and social backgrounds from 
medical records; however, we could not exclude unknown 
dementia, psychiatric conditions, diabetic neuropathy, or 
social perspectives that may have affected sleep quality. 
Fourth, sleep quality, which is represented by PSQI scores, 
has been suggested to be influenced by sleep duration, which 
changes with lifestyle, job, sex, and other factors. In this 
study, patients in the youngest group had a significantly 
shorter sleep duration, which could have contributed to the 
marked increase in the PSQI scores. Therefore, the influence 
of a shorter sleep duration, especially in younger patients, 
might not have been assessed while evaluating inherent sleep 
quality. Moreover, since the PSQI score is influenced by 
many factors, a multivariate analysis and an analysis sepa-
rated by sex are necessitated. Fifth, sleep measures were 
assessed using only subjective tools; no objective tools such 
as polysomnography or actigraphy were used. Therefore, we 
were unable to objectively evaluate the presence of OSA. To 
address these limitations, future studies with a larger sample 
size and a multicenter approach with objective sleep assess-
ments are needed.

Conclusions

Our stratified analysis demonstrated an improvement in 
sleep quality with age in patients with T2DM. Therefore, 
when examining or treating patients with T2DM and obesity, 
insomnia should be accounted for as a potential comorbidity 
even in the young population.
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