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Abstract

Objectives

Excessively short and long sleep durations are associated with type 2 diabetes, but there is
limited information about the association between sleep quality and diabetes. Accordingly,
the present study was performed to investigate this relationship.

Materials and methods

The subjects were 3249 patients with type 2 diabetes aged 20 years or older. Sleep quality
was assessed by using the Pittsburgh Sleep Quality Index (PSQlI). A higher global PSQI
score indicates worse sleep quality, and a global PSQI score >5 differentiates poor sleepers
from good sleepers.

Results

The mean global PSQI score was 5.94 + 3.33, and 47.6% of the patients had a score of 6 or
higher. Regarding the components of the PSQl, the score was highest for sleep duration,
followed by subjective sleep quality and then sleep latency in decreasing order. When the
patients were assigned to HbA1c quartiles (< 6.5%, 6.6—7.0%, 7.1-7.8%, and > 7.9%), the
top quartile had a significantly higher global PSQI score than the other quartiles. The top
HbA1c quartile had a sleep duration of only 6.23 + 1.42 hours, which was significantly
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shorter than in the other quartiles. Also, sleep latency was 25.3 £ 31.8 minutes in the top
quartile, which was significantly longer (by approximately 20 minutes) than in the other quar-
tiles. When analysis was performed with adjustment for age, gender, BMI, smoking, and
other confounders, the global PSQI score was still significantly higher and sleep duration
was shorter in the top HbA1c quartile (HbA1c > 7.9%).

Conclusions

Japanese patients with type 2 diabetes were found to have poor subjective sleep quality
independently of potential confounders, especially those with inadequate glycemic control.
Impairment of sleep quality was associated with both increased sleep latency and a shorter
duration of sleep.

Introduction

Both short and long sleep durations are associated with an increased risk of mortality, and a
U-shaped association between sleep duration and mortality has been reported [1-4]. In recent
years, U-shaped associations have been demonstrated between sleep duration and the risk of
various lifestyle-related diseases, such as obesity [5], hypertension [6], coronary heart disease
(CHD) [7], and atherosclerosis [8].

Poor sleep and insomnia with a short sleep duration are associated with an increased risk of
diabetes [9-13]. In addition, emerging data have suggested the association of a long sleep dura-
tion with the risk of developing diabetes [11, 14]. Moreover, a number of epidemiological stud-
ies have revealed that difficulty with initiating or maintaining sleep is associated with a
significantly increased risk of type 2 diabetes (T2DM) [14-17].

Sleep disorders are not only a risk factor for the onset of diabetes, but also have a great
impact on patients with T2DM. Sleep disorders are more common in diabetic patients than in
non-diabetic controls (33.7% vs. 8.2%; P < 0.01) [18]. The Pittsburgh Sleep Quality Index
(PSQI) which is a self-rated questionnaire is widely used to assesses sleep quality [19]. More
than half of all patients with diabetes are “poor sleepers” and patients with T2DM are more
likely to have high scores on the PSQI [20]. Even when polysomnography data were adjusted
for age, gender, and the apnea-hypopnea index, patients with diabetes and insomnia showed
worse sleep efficiency than those without diabetes [21]. Furthermore, poor sleep was reported
to be highly prevalent among T2DM patients and was inversely associated with the quality of
life [22].

Moreover, the duration of sleep was reported to show an association with glycemic control
in T2DM [23]. However, glycemic control may not only be affected by the quantity of sleep,
but also by the quality of sleep. It was previously demonstrated that the majority of T2DM
patients have poor quality sleep [24], and a relationship between poor sleep quality and higher
glucose levels has been reported in diabetes [25-28]. However, most of these studies were per-
formed in western countries and had a small samples size, while there have only been a few
large-scale investigations of the sleep quality of T2DM patients in Asia, especially in Japan
[29,30]. Therefore, the association between sleep quality and glycemic control remains
unclear.
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Accordingly, the aims of the present study were to investigate the quality of sleep among
Japanese T2DM patients in Kanagawa who participated in the SOREKA study, and to assess
the association between sleep quality and glycemic control.

Materials and methods
Subjects

The Sleep and Food Registry in Kanagawa is a multicenter prospective study designed to inves-
tigate the influence of modern treatment on the prognosis of patients with diabetes attending
teaching hospitals certified by the Japan Diabetes Society or certified diabetes clinics in Kana-
gawa Prefecture, Japan (UMIN Clinical Trial Registry 000014318). Subjects were recruited
from July 2014 to March 2016 at affiliated hospitals in Kanagawa Prefecture. A total of 4241
patients with diabetes or metabolic/endocrine diseases aged 20 years or older were registered
for the baseline survey and were informed about the objectives of this study. Subjects were
excluded if they fitted any of exclusion criteria 1) patients with drug-induced diabetes or ste-
roid treatment; 2) patients with history of diabetic ketoacidosis or diabetic coma within 6
months prior to study entry; 3) patients receiving renal replacement therapy; 4) patients before
or after surgery; 5) female patients who were pregnant or breast-feeding; 6) patients with other
serious diseases in addition to diabetes, such as advanced malignancy, severe infection, severe
trauma, and decompensated liver cirrhosis; and 7) other patients who were judged to be inap-
propriate for the study by the physicians, resulting in 3511 patients with T2DM being eligible.
Among them, 137 patients were excluded because of failure to complete the questionnaire and
80 patients were excluded because of no HbAlc data, after which the remaining 3294 patients
with T2DM were enrolled. Written informed consent was obtained from all participants. The
PSQI questionnaire was performed and laboratory data were obtained within one month of
enrollment. Each institutional ethics committees approved this study, which was performed in
accordance with the Declaration of Helsinki. (Protocol: http://dx.doi.org/10.17504/protcols.io.
irged3w)

Clinical evaluation and laboratory measurements

Participants answered a questionnaire about demographic characteristics, medical history, and
health-related habits at each annual examination. Sleep quality was measured by using the
Pittsburgh Sleep Quality Index (PSQI), which is a validated self-rated questionnaire that
assesses sleep quality and sleep disturbance over a 1-month period [19]. The 19 items in the
index generate seven component scores that reflect problems in the following areas: subjective
sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of
sleep medications, and daytime dysfunction. The scores for these seven components are
totaled to obtain a global score with a range of 0-21 points. A higher global PSQI score indi-
cates worse sleep quality, and a global PSQI score > 5 has a diagnostic sensitivity of 89.6% and
specificity of 86.5% for differentiating poor sleepers from good sleepers. The Japanese version
of the PSQI has an overall reliability coefficient of 0.77 [31]. We assessed the global PSQI score
and also the scores of the 7 components, which were determined by using a four-grade system
(0, 1, 2, and 3) [19]. Subjective sleep quality was assigned a score of 0-3 points (0 = very good
sleep quality; 1 = fairly good sleep quality; 2 = fairly bad sleep quality; and 3 = very bad sleep
quality), as was sleep latency (time required to go to sleep each night and frequency of falling
asleep within 30 minutes) and sleep duration (0 = sleep duration >7 hours; 1 = 6- <7 hours;

2 =5-<6 hours; and 3 = <5 hours). Habitual sleep efficiency was also assigned a score of 0-
3points (ratio of hours asleep to hours in bed: 0 = >85%; 1 = 75-84%; 2 = 65-74%; and 3 =
<65%), as was sleep disturbance (trouble sleeping for some reason and the frequency).
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Furthermore, the use of sleep medication was assigned a score of 0-3points (0 = not used dur-
ing the past month; 1 = used less than once a week; 2 = used once or twice a week; and
3 = used three or more times a week), as was daytime dysfunction (frequency of difficulty stay-
ing awake while driving, eating meals, or engaging in social activity and frequency of lacking
enough enthusiasm to get things done).

Blood samples were collected from an antecubital vein. HbA1lc was measured by high-per-
formance liquid chromatography and the plasma glucose level was measured by the glucose
oxidase method.

Statistical analysis

All data were analyzed by cross-sectional manner. Results are reported as the mean + SD, the
median (25-75% inter-quartile range), or as numbers with percentages. Differences in the
mean values and proportions of the characteristics of the subjects were assessed by ANOVA or
the x2 test, as appropriate. Comparisons among 3 or more categories were performed with
one-way ANOVA and the Tukey multiple comparison method. Univariate and multivariate
linear regression analyses were performed to assess the relation between the PSQI global score
and HbA1c or between sleep duration and HbAlc after adjustment for confounders. A two-
sided p value <0.05 was considered to indicate statistical significance. All statistical analyses
were performed using SPSS version 24.0 for Windows (IBM Corporation, NY, USA).

Results

Baseline characteristics of the 3294 patients with T2DM are shown in Table 1. Their median
age was 65 years (interquartile range: 55-72 years), median BMI was 24.6 kg/m” (22.1-28.0 kg/
m?), and median HbAlc was 7.1% (6.6-7.9%). These results suggested that the subjects were
typical Japanese patients with T2DM [32]. Many patients had coexisting hypertension and/or
dyslipidemia, and the prevalence of diabetic complications was higher than reported previ-
ously [33].

Tables 2, 3 and 4 display the results of the PSQIL The mean global PSQI score was
5.94 + 3.33, and 47.6% of the patients had a score of 6 or higher, indicating poor sleep quality.
Regarding the components of the PSQI, the score was highest for C3 (sleep duration), followed
by C1 (subjective sleep quality) and then C2 (sleep latency) in decreasing order. The mean (+
standard deviation) sleep duration was 6.40 + 1.28 hours, mean sleep efficiency was
89.3 + 12.3%, and mean sleep latency was 22.0 + 24.3 minutes. When the patients were assigned
to HbAlc quartiles (< 6.5%, 6.6-7.0%, 7.1-7.8%, and > 7.9%; Table 2), the top quartile had sig-
nificantly higher BMI and a higher percentage of current smokers. While there was no differ-
ence in the incidence of hypertension among the quartiles, dyslipidemia was more frequent in
the top quartile. The prevalence of diabetic complications increased across the quartiles as
HbAL increased. Comparison of the PSQI data revealed that the global score was 5.6-5.8 in the
3 quartiles with an HbAlc < 7.8%, and there was no significant difference of the global score
among these quartiles. In contrast, the global PSQI score of the top quartile with the highest
HbAlc (> 7.9%) was 6.50 £ 3.49, which was significantly higher than in the other quartiles.
This quartile included a significantly larger percentage of patients with a global PSQI score > 6
who were judged to have poor sleep quality. Regarding the components of the PSQI (C1-C7),
the score was highest for C3, followed by C1 and then by C2 in all 4 quartiles. The top quartile
(HbAlc > 7.9%) had significantly higher scores for all of these components than the other 3
quartiles. There was no difference of sleep duration among the 3 lower quartiles with an
HbA1lc < 7.8%, but the sleep duration of the top quartile (HbAlc > 7.9%) was only 6.23 + 1.42
hours and was significantly shorter than in the other quartiles. There were no differences of
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Table 1. Baseline characteristics.

n 3294

Age (years) 65 (55-72)
Gender (male/female) 2012/ 1282
Body mass index (kg/nm) 24.6 (22.1-28.0)
Estimated duration (years) 11 (5-17)
Current smoker (%) 21.9

Alcohol (%) 53.1
Hypertension(%) 62.3
Dyslipidemia(%) 74.0
HbA1c(%) 7.1 (6.6-7.9)
Blood glucose(mg/dl) 143 (117-185)
Treatment—no medication(%) 11.1
Treatment—OHA only(%) 60.1
Treatment—Insulin or GLP-1(%) 28.8
Neuropathy(%) 433
Nephropathy(%) 12.4
Retinopathy(%) 23.6

Macro angiopathy(%) 19.5

Values were expressed as median (inter-quartile range, 25-75%) or the percentage.

Neuropathy: the presence of the subjective symptom (palsy, pain etc), or the weakening of Achilles tendon reflex,
sense of vibration, or sensory nurve conduction velocity.

Nephropathy: Diabetic nephropathy stage 3, 4 or 5.

Retinopathy: simple, preproliferactive or proliferactive diabetic retinopathy.

Macro angiopathy: Ischemic heart disease, cerebral infarction, and arteriosclerosis obliterans

The value of blood glucose was for reference purpose because we did not fix previously when blood examination was
checked in a day.

https://doi.org/10.1371/journal.pone.0191771.t1001

sleep efficiency among the quartiles. Sleep latency was approximately 20 minutes in the lower 3

quartiles (HbAlc < 7.8%), and there was no difference of sleep latency among these quartiles as
was the case for sleep duration. However, sleep latency was 25.3 + 31.8 minutes in the top quar-
tile (HbAlc > 7.9%), and it was significantly longer than in the other quartiles.

Correlate poor glycemic control

As shown in Table 5, multivariate analysis of factors influencing the global PSQI score revealed
that the age, sex, BMI, and smoking were significant determinants of the score. The presence of
diabetic neuropathy also affected the global score. When analysis was performed with adjust-
ment for these factors, the global PSQI score of the top quartile (HbAlc > 7.9%) was still signif-
icantly higher than the scores of the other 2 quartiles (6.6-7.0%, 7.1-7.8%). As shown in

Table 6, sleep duration was influenced by age, sex, and the estimated duration of diabetes. Anal-
ysis with adjustment for these factors revealed that the sleep duration was likely to be shorter in
patients from the top quartile (HbAlc > 7.9%). Notably, the sleep duration of the top quartile
was significantly shorter than that of the bottom quartile with the lowest HbAlc (< 6.5%).

Discussion

In this study, the PSQI was used to examine the quality and quantity of sleep in 3294 Japanese
patients with T2DM, revealing that their subjective sleep quality was poor and sleep duration
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Table 2. The clinical characteristics and the global PSQI score according to HbAlc.

n
BMI (kg/mm)

Current Smoker (%)
Alcohol (%)
Hypertension (%)
Dyslipidemia (%)
Neuropathy (%)
Nephropathy (%)
Retinopathy (%)
Macro angiopathy (%)
Global score

Global score 26 (%)
C1

Cc2

C3

C4

C5

C6

C7

Sleep duration(hours)
Sleep efficiency(%)

Sleep latency(minutes)

All

3294
25.3+4.8
21.9

53.1

62.3

74.0

43.3

12.4

23.6

19.5

5.94 £3.33
47.6

1.14 £0.69
0.88+0.93
1.51+0.83
0.62+ 1.02
0.84+ 0.55
0.38+0.96
0.58+0.71
6.40+ 1.28
89.3+12.3
22.0+24.3

~6.5% 6.6~7.0% 7.1~7.8% 7.9%~ P

820 795 824 855

24.6+4.7 24.6+4.3 25.4+4.7 26.7+5.1 <0.001
21.6 19.7 19.2 28.3 <0.001
54.4 55.1 49.9 53.6 0.159
60.1 60.3 64.3 64.3 0.101
69.6 72.6 77.7 76.0 0.001
31.4 37.2 45.4 58.7 <0.001
10.1 10.7 14.2 14.4 0.010
17.1 19.1 25.4 32.1 <0.001
16.6 18.6 20.0 22.1 0.032
5.81 £3.29 5.59 £3.18 5.83 £3.30 6.50+3.49 <0.001
46.3 43.9 46.6 53.4 0.001
1.13 +0.68 1.05 £0.65 1.09+ 0.65 1.27+£0.76 <0.001
0.86+0.91 0.80+ 0.88 0.87+0.92 0.99+ 1.00 <0.001
1.47+0.81 1.47+0.81 1.49+ 0.83 1.59+0.87 0.009
0.58+ 0.98 0.58+0.98 0.64+ 1.04 0.66+ 1.05 0.233
0.81+ 0.56 0.80+ 0.56 0.83+0.53 0.91+ 0.56 <0.001
0.46+ 1.05 0.38+0.94 0.35+0.91 0.35+0.93 0.050
0.51+0.70 0.52+ 0.68 0.54+ 0.69 0.74+0.76 <0.001
6.50+1.18 6.46+ 1.20 6.44+ 1.30 6.23+ 1.42 <0.001
89.4+11.9 89.9+11.9 89.2+12.9 88.6+ 14.3 0.189
21.1£ 20.8 19.6+ 18.7 21.5%£22.7 25.3+31.8 <0.001

Values are expressed as means+SD or the percentage.

Cl:subjective sleep quality, C2:sleep latency, C3:sleep duration, C4:habitual sleep efficiency, C5:sleep disturbance, C6:use of sleep medication, C7:daytime dysfunction

One-way ANOVA was performed. Comparison of Global score = 6 was performed by x2 test.

https://doi.org/10.1371/journal.pone.0191771.t1002

was short. In particular, subjective sleep quality was worse in the patients with poor glycemic
control (defined by an HbAlc > 7.9%) and their sleep duration was also very short. The same
findings were obtained by analysis with adjustment for confounders.

There have been several previous reports about the association between type 2 diabetes and
sleep in Japanese patients. A study of 4870 Japanese patients with T2DM revealed a U-shaped
association between sleep duration and the HbAlc level [23]. In addition, a study of 724 Japa-
nese patients with T2DM and no history of cardiovascular disease demonstrated progression
of arteriosclerosis in patients with poor sleep quality [34], suggesting a link between sleep and
the development of diabetic complications. The amount of sleep that is necessary varies widely
from person to person. A few studies have investigated factors such as sleep latency and sleep
efficiency when examining how people assess their own sleep quality and whether or not these
factors are linked to glycemic control, but hardly any large-scale studies of this kind have been
carried out. Therefore, we examined the nature of sleep in Japanese patients with T2DM and
assessed their subjective sleep quality and its relationship to HbAlc by using the PSQI, a ques-
tionnaire with verified reliability and validity that is designed to obtain information regarding
the quality and quantity of sleep.

The mean sleep duration was 6.40 + 1.28 hours. The 2011 Survey of Time Use and Leisure
Activities performed by the Ministry of Internal Affairs and Communications demonstrated
that Japanese people have an average sleep duration of 7 hours and 42 minutes[35]. In addi-
tion, the average sleep duration of people living in Kanagawa Prefecture was 7 hours and 31
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Table 3. The distribution of C1-C7 according to HbAlc.

All ~6.5% 6.6~7.0% 7.1~7.8% 7.9%~
Cl 0 488 (14.8%) 121 (14.8%) 136 (17.1%) 123 (14.9%) 108 (12.6%)
1 1961 (59.5%) 497 (60.6%) 491 (61.8%) 516 (62.6%) 457 (53.4%)
2 742 (22.5%) 178 (21.7%) 157 (19.7%) 169 (20.5%) 237 (27.8%)
3 104 (3.2%) 24 (2.9%) 11 (1.4%) 16 (1.9%) 53 (6.2%)
c2 0 1391 (42.2%) 349 (42.6%) 356 (44.8%) 354 (43.0%) 332 (38.8%)
1 1151 (34.9%) 295 (36.0%) 285 (35.8%) 278 (33.7%) 292 (34.2%)
2 501 (15.2%) 121 (14.8%) 109 (13.7%) 136 (16.5%) 135 (15.8%)
3 252 (7.6%) 40 (4.9%) 45 (5.7%) 56 (6.8%) 96 (11.2%)
c3 0 503 (15.3%) 128 (15.6%) 122 (15.3%) 125 (15.2%) 128 (15.0%)
1 852 (25.9%) 219 (26.7%) 220 (27.7%) 225 (27.3%) 188 (22.0%)
2 1712 (52.0%) 433 (52.8%) 413 (51.9%) 417 (50.6%) 448 (52.5%)
3 228 (6.9%) 40 (4.9%) 40 (5.0%) 57 (6.9%) 91 (10.6%)
c4 0 2379 (72.2%) 599 (73.0%) 585 (73.6%) 589 (71.5%) 606 (70.8%)
1 3(0.1%) 2(0.2%) 0 (0.0%) 0 (0.0%) 1(0.1%)
2 713 (21.6%) 183 (22.3%) 172 (21.6%) 174 (21.1%) 183 (21.5%)
3 200 (6.1%) 36 (4.4%) 38 (4.8%) 61 (7.4%) 65 (7.6%)
C5 0 795 (24.1%) 212 (25.9%) 215 (27.0%) 191 (23.2%) 177 (20.7%)
1 2256 (68.5%) 559 (68.2%) 530 (66.7%) 581 (70.5%) 585 (68.5%)
2 228 (6.9%) 44 (5.4%) 45 (5.7%) 49 (5.9%) 90 (10.5%)
3 16 (0.5%) 5 (0.6%) 5 (0.6%) 3 (0.4%) 3 (0.4%)
c6 0 2809 (85.3%) 678 (82.7%) 674 (84.8%) 712 (86.4%) 744 (87.0%)
1 62 (1.9%) 16 (2.0%) 23 (2.9%) 13 (1.6%) 10 (1.2%)
2 74 (2.2%) 16 (2.0%) 18 (2.3%) 24 (2.9%) 16 (1.9%)
3 350 (10.6%) 110 (13.4%) 80 (10.1%) 75 (9.1%) 85 (9.9%)
c7 0 1769 (53.7%) 489 (59.6%) 456 (57.4%) 457 (55.5%) 366 (42.9%)
1 1198 (36.4%) 261 (31.8%) 272 (34.2%) 296 (35.9%) 369 (43.1%)
2 276 (8.4%) 56 (6.8%) 59 (7.4%) 61 (7.4%) 100 (11.7%)
3 52 (1.6%) 14 (1.7%) 8 (1.0%) 10 (1.2%) 20 (2.3%)

https://doi.org/10.1371/journal.pone.0191771.t003

minutes, which was the shortest reported among all 47 prefectures in Japan. Thus, the mean
sleep duration of the patients with T2DM (6.40 + 1.28 hours) was much shorter than that of
the general population, even in Kanagawa Prefecture. The sleep duration of the top HbAlc

quartile was significantly shorter than in the other quartiles, and this was compatible with a

Table 4. Distribution of sleep duration according to HbAlc.

All ~6.5% 6.6~7.0% 7.1~7.8% 7.9%~ P

n 3294 820 795 824 855

<3h 12 1 2 2 7 0.078
>3to<4h 41 10 8 4 19 0.009
>4to<5h 175 45 31 33 66 0.001
>5t0 <6 h 640 154 141 154 191 0.056
>6to <7h 1067 261 289 259 258 0.194
>7to <8h 856 227 223 218 188 0.015
>8to<9h 381 91 95 102 93 0.578
>9to<10h 85 23 27 16 19 0.354
>10h 37 11 5 7 14 0.192

https://doi.org/10.1371/journal.pone.0191771.1004
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Table 5. Univariate and multivariate linear regression analyses of clinical variables and the global PSQI score.

Univariate P Multivariate P
B B
Age(year) -0.032 <0.001 -0.018 0.001
Gender 0.634 <0.001 0.714 <0.001
Duration(years) -0.013 0.097
BMI(kg/m?) 0.069 <0.001 0.037 0.005
Alcohol -0.240 0.040 -0.062 0.624
Smoking 0.624 <0.001 0.596 <0.001
Hypertension 0.007 0.953
Dyslipidemia 0.349 0.008 0.219 0.107
Neuropathy 0.356 0.003 0.370 0.003
Nephropathy 0.032 0.856
Retinopathy 0.124 0.381
Macro angiopathy 0.123 0.404
HbAlc ~6.5% -0.693 <0.001 -0.327 0.054
6.6~7.0% -0.907 <0.001 -0.539 0.002
7.1~7.8% -0.673 <0.001 -0.461 0.006
7.9%~ reference reference

https://doi.org/10.1371/journal.pone.0191771.t005

Table 6. Univariate and multivariate linear regression analyses of clinical variables and sleep duration.

Univariate P Multivariate P
B B
Age(year) 0.027 <0.001 0.021 <0.001
Gender -0.154 0.001 -0.136 0.014
Duration(years) 0.020 <0.001 0.008 0.017
BMI(kg/m*) -0.031 <0.001 -0.009 0.137
Alcohol 0.036 0.429
Smoking -0.180 0.001 -0.053 0.417
Hypertension 0.120 0.009 0.015 0.805
Dyslipidemia -0.073 0.150
Neuropathy 0.048 0.294
Nephropathy 0.116 0.090
Retinopathy 0.079 0.145
Macro angiopathy 0.230 <0.001 0.077 0.258
HbAlc ~6.5% 0.267 <0.001 0.168 0.024
6.6~7.0% 0.344 <0.001 0.137 0.071
7.1~7.8% 0.212 0.001 0.070 0.362
7.9%~ reference reference

Gender: male = 0, female = 1

Alcohol, Hypertension, Dyslipidemia, Neuropathy, Macro angiopathy: yes = 1, no = 0
Nephropathy (diabetic nephropathy stage 3,4 or 5): yes = 1,no = 0

Retinopathy (simple, preproliferative or proliferative diabetic retinopathy): yes =1, no =0

B: regression coefficient

https:/doi.org/10.1371/journal.pone.0191771.t006

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 8/14


https://doi.org/10.1371/journal.pone.0191771.t005
https://doi.org/10.1371/journal.pone.0191771.t006
https://doi.org/10.1371/journal.pone.0191771

@° PLOS | ONE

Sleep quality and glycemic control in Japanese type 2 diabetes

previous report [23]. Excessively short or long sleep duration has been reported to increase
HbAlc and affect sleep quality [36]. The distribution of sleep duration in our subjects per
HbA1lc quartile is shown in Table 4, while the number of subjects (%) with each PSQI item is
displayed in Table 3. In all 4 quartiles, almost the same percentage of subjects had a score of 0
points for C3 (= sleep duration > 7 hours). However, a significantly higher percentage of sub-
jects with higher HbA1c levels had a score of 3 points (< 5 hours) (p < 0.001). Thus, a certain
percentage of T2DM patients are long sleepers while a larger proportion of patients in the top
quartile were found to be short sleepers in this study, which may explain the reduction of
mean sleep duration.

In the present study, the mean global PSQI score of the T2DM patients was 5.94 + 3.33 and
47.6% of them had a global score of 6 or higher. According to a study of the general population
in Japan, 26.4% of males and 31.1% of females have a global PSQI score of 6 or higher [37], so
our results suggest that T2DM patients have poor sleep quality.

We found that the global PSQI score was significantly higher in the top HbAlc quartile
(> 7.9%) than in the other quartiles, and a significantly larger proportion of the patients this
quartile had a global score of 6 or higher. When the scores for each component of the PSQI
were compared, all 4 quartiles showed the highest score for C3 (sleep duration), followed by
C1 (subjective sleep quality) and then C2 (sleep latency) in decreasing order. Although there
were only a few study for T2DM considered in C1-C7 respectively of PSQI, Lou et al. reported
that the highest PSQI score was observed for C2, followed by C5 and then C1 in decreasing
order in a study of 944 patients with T2DM in China [22]. Thus, the results differed from
those of the current study, which suggested that reduced sleep quality of Japanese patients with
T2DM was mainly related to long sleep latency and short sleep duration. In practice, the quar-
tile of patients with the highest HbAlc (> 7.9%) had significantly higher scores for C3, C1,
and C2, the 3 components for which all 4 quartiles showed high scores in this study.

The present study revealed that the top quartile with the highest HbA1c level had a high
global PSQI score, a short sleep duration, and a large BMI. The mechanisms underlying these
findings may be as follows. First, a short duration of sleep causes an increase in the secretion of
ghrelin, a hormone that increases appetite, and a decrease in the secretion of leptin, a hormone
that suppresses appetite. Recently, another study showed that short sleep duration reduced gut
hormones (PYY and GLP-1). These changes can increase food intake, which in turn may pro-
mote obesity and lead to the deterioration of glycemic control [5, 38]. Second, our study
showed that the proportion of patients with diabetic complications increased along with an
increase in HbAlc. Patients with high HbA1c levels tended to have more symptoms of hyper-
glycemia (such as thirst and nocturia) and more neuropathic pain [39], either of which could
result in a short sleep duration and poor sleep quality. Third, reduction in the duration of
sleep leads to elevation of the levels of cortisol, IL-6, and TNFao, resulting in activation of the
sympathetic nervous system that promotes insulin resistance [40, 41]. Fourth, sleep depriva-
tion can reduce QOL and interfere with daytime activities, as well as preventing patients from
following their diet and exercise regimens. However, further investigations should be per-
formed to confirm these findings and the underlying mechanisms.

The 2014 American Diabetes Association guidelines proposed that the glycemic control tar-
get for preventing microangiopathy should be to maintain an HbAlc level < 7.0%. If a patient
has a history of severe hypoglycemia or has progression of complications, the target is to main-
tain an HbAlc < 8.0% [42]. In Japan, the 2013 Kumamoto Declaration of the Japan Diabetes
Society also proposed that the glycemic control target for preventing complications is to main-
tain an HbAlc < 7.0%. If maintaining tight control is difficult due to factors such as hypogly-
cemia and adverse reactions, the glycemic control target is shifted to maintaining an
HbAlc < 8.0%. It would also seem to be desirable to at least aim for an HbAlc level < 8.0% in
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order to prevent marked impairment of sleep quality. Conversely, interventions that improve
sleep like treatment with hypnotic drugs might be expected to also improve glycemic control.
The relation between use of hypnotic drugs to improve sleep and glucose tolerance has been
examined in the past [43]. For example, suvorexant (an orexin receptor antagonist) was
reported to improved glucose tolerance in a mouse model of T2DM [44]. If the same effect is
observed in humans, it could be a promising treatment option for T2DM patients with sleep
disorders. However, when ramelteon (a selective melatonin receptor agonist) was administered
to 32 Japanese T2DM patients for 3 months, there was no change in HbAlc [45]. When the
incidence of T2DM was examined in 45000 Taiwanese persons, patients using zolpidem were
found to have a 45% higher risk of T2DM [46]. Accordingly, further studies on this issue seem
to be required. There were several limitations of the present study. First, it was a cross-sectional
study, rather than a prospective investigation. Second, the data were subjective, being based on
answers to a questionnaire. Because we did not perform objective assessment using a method
like polysomnography, the actual sleep duration and depth of sleep were not measured. Third,
we were unable to examine the influence of sleep apnea syndrome [47] and restless leg syn-
drome [48], both of which are known to be common in patients with T2DM. A high proportion
of patients with OSA or restless leg syndrome are poor sleepers with a PSQI >5 [49]. There
have been reports that the majority of patients with sleep apnea syndrome are obese [50], and
that a relation between AHI and HbA1c is observed in T2DM patients [51]. Since BMI was sig-
nificantly higher in the top-quartile patients with HbAlc > 7.9% in this study, many patients
with OSA may have been included in that quartile. However, even when data obtained by poly-
somnography were adjusted for age, gender, and AHI, subjects with diabetes and insomnia had
a lower sleep efficiency than those without diabetes [52]. In order to determine the possible
influence of OSA or restless leg syndrome on our results, we are planning to perform polygra-
phy or polysomnography and the PSQI in T2DM patients in the future. Fourth, although the
quality index (PSQI) that we used in the present study has been widely employed to assess sleep
quality and was previously validated [19], it was reported that the PSQI score does not always
accurately classify patients into good sleepers and poor sleepers, with a discrepancy between
complaints about sleep and the actual results of PSG [53]. It was also reported that PSG reveals
a decrease in total sleep duration and/or sleep efficiency in patients with insomnia, but this is
not due to longer sleep latency and is mainly related to longer periods of wakefulness after sleep
onset [54]. Ideally, sleep should not only be assessed by subjective measures such as the PSQI
that we used, but also by objective methods. Finally, mental illnesses such as depression and
schizophrenia show a higher prevalence in patients with diabetes [55, 56]. Although it is likely
that such mental illnesses could contribute to sleep disorders, we were unable to screen patients
for mental illness by detailed review of the medical records or identify symptoms of depression
by using the Center for Epidemiologic Studies Depression Scale.

In conclusion, we investigated the pattern of sleep in 3294 Japanese patients with T2DM.
We found that the patients had a shorter duration of sleep than the general population and
poor subjective sleep quality, especially those with poor glycemic control characterized by an
HbAlc > 7.9%. Reduction of sleep quality was associated with both an increase in sleep latency
and a shorter duration of sleep. Because diabetes and sleep seem to have interacting influences
based on various factors, it is important for patients to get adequate sleep in order to support
the management of diabetes.
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(XLSX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 10/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191771.s001
https://doi.org/10.1371/journal.pone.0191771

@° PLOS | ONE

Sleep quality and glycemic control in Japanese type 2 diabetes

Acknowledgments

This work was conducted independently; no company or institution supported it financially.
We appreciate Mrs. Yamagiwa, Morimoto, Utsugi and Seki for secretarial assistance.

Members of the Japan Epidemiology Collaboration on Occupational Health Study Group
are: R Sakamoto, K Takahashi, J Suzuki, M Matsuura Shinoda, T Masutani, M Takahashi, E
Nara, H Ouki, Yokohama City University Medical Center, Yokohama, Japan; M Waseda,
Waseda Medical Clinic, Fujisawa Japan; H Danno, S Tanaka, Kanazawa Medical Clinic, Yoko-
hama, Japan; H Tsuchiya, Yokosuka City Hospital, Yokosuka, Japan; T Takano, Fujisawa City
Hospital, Fujisawa, Japan; E Shigematsu, Yokohama Medical Center, Yokohama, Japan; J
Nagakura, Yata Ikeda Clinic, Mishima, Japan; Y Okamoto, Seikyo Totsuka Clinic, Yokohama
Japan; M Takai, Takai Medical Clinic, Kamakura, Japan; F Minagawa, Minagawa Medical
Clinic, Yokohama, Japan; M Ishikawa, Ishikawa Medical Clinic, Yokohama, Japan; M Kane-
shiro and T Asakura, Kaneshiro Medical Clinic, Sagamihara, Japan; T Isozaki, Koiso Clinic,
Yokosuka, Japan; A Takahashi, Takahashi Medical Clinic, Fujisawa, Japan; S Nakajima and Y
Hamamoto, Nakajima Medical Clinic, Yokosuka, Japan; K Hoshino, Hoshino Medical Clinic,
Fujisawa, Japan; K Shinoda, Konandai Medical Clinic, Yokohama, Japan; Y Ishihara and M
Ishihara, Fureai Medical Clinic, Yokohama, Japan; T Kawata, Idogaya Kens Clinic, Yokohama,
Japan; Y Noguchi, Fureai Yokohama Hospital; Yokohama, Japan; Y Yamada, International
University of Health and Welfare Atami Hospital, Atami, Japan; U Osada, Saiseikai Yokohama
Nanbu Hospital, Yokohama, Japan; Y Terauchi, Department of Endocrinology and Metabo-
lism, Yokohama City University School of Medicine, Yokohama, Japan.

Author Contributions
Conceptualization: Rika Sakamoto, Tadashi Yamakawa, Jun Suzuki.

Formal analysis: Rika Sakamoto, Tadashi Yamakawa, Kenichiro Takahashi, Minori Matsuura
Shinoda, Kentaro Sakamaki, Tomohide Masutani, Jo Nagakura.

Investigation: Rika Sakamoto, Tadashi Yamakawa, Kenichiro Takahashi, Jun Suzuki, Minori
Matsuura Shinoda, Hirosuke Danno, Hirohisa Tsuchiya, Manabu Waseda, Tatsuro Takano,
Fuyuki Minagawa, Masahiko Takai, Tomohide Masutani, Jo Nagakura, Erina Shigematsu,
Masashi Ishikawa, Shigeru Nakajima.

Project administration: Tadashi Yamakawa.
Supervision: Tadashi Yamakawa.
Writing - original draft: Rika Sakamoto, Tadashi Yamakawa.

Writing - review & editing: Tadashi Yamakawa, Kazuaki Kadonosono, Yasuo Terauchi.

References

1. Hammond EC. Some Preliminary Findings on Physical Complaints from a ProspectiveStudy of
1,064,004 Men and Women. Am J Public Health Nations Health. 1964; 54:11-23. PMID: 14117648

2. Kripke DF, Simons RN, Garfinkel L, Hammond EC. Short and long sleep and sleeping pills. Is increased
mortality associated? Arch Gen Psychiatry. 1979; 36(1):103—16. PMID: 760693

3. Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. Mortality associated with sleep duration
and insomnia. Arch Gen Psychiatry. 2002; 59(2):131-6. PMID: 11825133

4. Tamakoshi A, Ohno Y, Group JS. Self-reported sleep duration as a predictor of all-cause mortality:
results from the JACC study, Japan. Sleep. 2004; 27(1):51—4. PMID: 14998237

5. Taheri S, Lin L, Austin D, Young T, Mignot E. Short sleep duration is associated with reduced leptin, ele-
vated ghrelin, and increased body mass index. PLoS medicine. 2004; 1(3):e62. https://doi.org/10.1371/
journal.pmed.0010062 PMID: 15602591

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 11/14


http://www.ncbi.nlm.nih.gov/pubmed/14117648
http://www.ncbi.nlm.nih.gov/pubmed/760693
http://www.ncbi.nlm.nih.gov/pubmed/11825133
http://www.ncbi.nlm.nih.gov/pubmed/14998237
https://doi.org/10.1371/journal.pmed.0010062
https://doi.org/10.1371/journal.pmed.0010062
http://www.ncbi.nlm.nih.gov/pubmed/15602591
https://doi.org/10.1371/journal.pone.0191771

@° PLOS | ONE

Sleep quality and glycemic control in Japanese type 2 diabetes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Ogawa Y, Kanbayashi T, Saito Y, Takahashi Y, Kitajima T, Takahashi K, et al. Total sleep deprivation
elevates blood pressure through arterial baroreflex resetting: a study with microneurographic technique.
Sleep. 2003; 26(8):986—9. PMID: 14746379

Ayas NT, White DP, Manson JE, Stampfer MJ, Speizer FE, Malhotra A, et al. A prospective study of
sleep duration and coronary heart disease in women. Arch Intern Med. 2003; 163(2):205-9. PMID:
12546611

Wolff B, Volzke H, Schwahn C, Robinson D, Kessler C, John U. Relation of self-reported sleep duration
with carotid intima-media thickness in a general population sample. Atherosclerosis. 2008; 196(2):727—
32. https://doi.org/10.1016/j.atherosclerosis.2006.12.023 PMID: 17289054

Ayas NT, White DP, Al-Delaimy WK, Manson JE, Stampfer MJ, Speizer FE, et al. A prospective study
of self-reported sleep duration and incident diabetes in women. Diabetes care. 2003; 26(2):380—4.
PMID: 12547866

Gottlieb DJ, Punjabi NM, Newman AB, Resnick HE, Redline S, Baldwin CM, et al. Association of sleep
time with diabetes mellitus and impaired glucose tolerance. Arch Intern Med. 2005; 165(8):863-7.
https://doi.org/10.1001/archinte.165.8.863 PMID: 15851636

Yaggi HK, Araujo AB, McKinlay JB. Sleep duration as a risk factor for the development of type 2 diabe-
tes. Diabetes care. 2006; 29(3):657—61. PMID: 16505522

Kita T, Yoshioka E, Satoh H, Saijo Y, Kawaharada M, Okada E, et al. Short sleep duration and poor
sleep quality increase the risk of diabetes in Japanese workers with no family history of diabetes. Diabe-
tes care. 2012; 35(2):313-8. https://doi.org/10.2337/dc11-1455 PMID: 22210572

Vgontzas AN, Liao D, Pejovic S, Calhoun S, Karataraki M, Bixler EO. Insomnia with objective short
sleep duration is associated with type 2 diabetes: A population-based study. Diabetes care. 2009; 32
(11):1980-5. https://doi.org/10.2337/dc09-0284 PMID: 19641160

Cappuccio FP, D’Elia L, Strazzullo P, Miller MA. Quantity and quality of sleep and incidence of type 2
diabetes: a systematic review and meta-analysis. Diabetes care. 2010; 33(2):414—20. https://doi.org/
10.2337/dc09-1124 PMID: 19910503

Kawakami N, Takatsuka N, Shimizu H. Sleep disturbance and onset of type 2 diabetes. Diabetes care.
2004; 27(1):282—3. PMID: 14694011

Nilsson PM, Roost M, Engstrom G, Hedblad B, Berglund G. Incidence of diabetes in middle-aged men
is related to sleep disturbances. Diabetes care. 2004; 27(10):2464—9. PMID: 15451917

Bjorkelund C, Bondyr-Carlsson D, Lapidus L, Lissner L, Mansson J, Skoog |, et al. Sleep disturbances
in midlife unrelated to 32-year diabetes incidence: the prospective population study of women in Goth-
enburg. Diabetes care. 2005; 28(11):2739-44. PMID: 16249549

Sridhar GR, Madhu K. Prevalence of sleep disturbances in diabetes mellitus. Diabetes research and
clinical practice. 1994; 23(3):183-6. PMID: 7924879

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry research. 1989; 28(2):193-213. PMID:
2748771

Luyster FS, Dunbar-Jacob J. Sleep quality and quality of life in adults with type 2 diabetes. Diabetes
Educ. 37(3):347-55. https://doi.org/10.1177/0145721711400663 PMID: 21467248

Budhiraja R, Roth T, Hudgel DW, Budhiraja P, Drake CL. Prevalence and polysomnographic correlates
of insomnia comorbid with medical disorders. Sleep. 2011; 34(7):859-67. https://doi.org/10.5665/
SLEEP.1114 PMID: 21731135

Lou P, QinY, Zhang P, Chen P, Zhang L, Chang G, et al. Association of sleep quality and quality of life
in type 2 diabetes mellitus: a cross-sectional study in China. Diabetes research and clinical practice.
2015; 107(1):69-76. https://doi.org/10.1016/j.diabres.2014.09.060 PMID: 25458325

Ohkuma T, Fuijii H, lwase M, Kikuchi Y, Ogata S, Idewaki Y, et al. Impact of sleep duration on obesity
and the glycemic level in patients with type 2 diabetes: the Fukuoka Diabetes Registry. Diabetes care.
2013; 36(3):611-7. https://doi.org/10.2337/dc12-0904 PMID: 23150286

Cunha MC, Zanetti ML, Hass VJ. Sleep quality in type 2 diabetics. Rev Lat Am Enfermagem. 2008; 16
(5):850-5. PMID: 19061021

Knutson KL, Ryden AM, Mander BA, Van Cauter E. Role of sleep duration and quality in the risk and
severity of type 2 diabetes mellitus. Arch Intern Med. 2006; 166(16):1768—74. https://doi.org/10.1001/
archinte.166.16.1768 PMID: 16983057

Trento M, Broglio F, Riganti F, Basile M, Borgo E, Kucich C, et al. Sleep abnormalities in type 2 diabetes
may be associated with glycemic control. Acta Diabetol. 2008; 45(4):225-9. https://doi.org/10.1007/
$00592-008-0047-6 PMID: 18685806

Knutson KL, Van Cauter E, Zee P, Liu K, Lauderdale DS. Cross-sectional associations between mea-
sures of sleep and markers of glucose metabolism among subjects with and without diabetes: the

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 12/14


http://www.ncbi.nlm.nih.gov/pubmed/14746379
http://www.ncbi.nlm.nih.gov/pubmed/12546611
https://doi.org/10.1016/j.atherosclerosis.2006.12.023
http://www.ncbi.nlm.nih.gov/pubmed/17289054
http://www.ncbi.nlm.nih.gov/pubmed/12547866
https://doi.org/10.1001/archinte.165.8.863
http://www.ncbi.nlm.nih.gov/pubmed/15851636
http://www.ncbi.nlm.nih.gov/pubmed/16505522
https://doi.org/10.2337/dc11-1455
http://www.ncbi.nlm.nih.gov/pubmed/22210572
https://doi.org/10.2337/dc09-0284
http://www.ncbi.nlm.nih.gov/pubmed/19641160
https://doi.org/10.2337/dc09-1124
https://doi.org/10.2337/dc09-1124
http://www.ncbi.nlm.nih.gov/pubmed/19910503
http://www.ncbi.nlm.nih.gov/pubmed/14694011
http://www.ncbi.nlm.nih.gov/pubmed/15451917
http://www.ncbi.nlm.nih.gov/pubmed/16249549
http://www.ncbi.nlm.nih.gov/pubmed/7924879
http://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.1177/0145721711400663
http://www.ncbi.nlm.nih.gov/pubmed/21467248
https://doi.org/10.5665/SLEEP.1114
https://doi.org/10.5665/SLEEP.1114
http://www.ncbi.nlm.nih.gov/pubmed/21731135
https://doi.org/10.1016/j.diabres.2014.09.060
http://www.ncbi.nlm.nih.gov/pubmed/25458325
https://doi.org/10.2337/dc12-0904
http://www.ncbi.nlm.nih.gov/pubmed/23150286
http://www.ncbi.nlm.nih.gov/pubmed/19061021
https://doi.org/10.1001/archinte.166.16.1768
https://doi.org/10.1001/archinte.166.16.1768
http://www.ncbi.nlm.nih.gov/pubmed/16983057
https://doi.org/10.1007/s00592-008-0047-6
https://doi.org/10.1007/s00592-008-0047-6
http://www.ncbi.nlm.nih.gov/pubmed/18685806
https://doi.org/10.1371/journal.pone.0191771

@° PLOS | ONE

Sleep quality and glycemic control in Japanese type 2 diabetes

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Coronary Artery Risk Development in Young Adults (CARDIA) Sleep Study. Diabetes care. 2011; 34
(5):1171-6. https://doi.org/10.2337/dc10-1962 PMID: 21411507

Tsai YW, Kann NH, Tung TH, Chao YJ, Lin CJ, Chang KC, et al. Impact of subjective sleep quality on
glycemic control in type 2 diabetes mellitus. Fam Pract. 2011; 29(1):30-5. https://doi.org/10.1093/
fampra/cmr041 PMID: 21795758

Narisawa H, Komada Y, Miwa T, Shikuma J, Sakurai M, Odawara M, et al. Prevalence, symptomatic
features, and factors associated with sleep disturbance/insomnia in Japanese patients with type-2 dia-
betes. Neuropsychiatr Dis Treat. 2017; 13:1873-80. https://doi.org/10.2147/NDT.S134814 PMID:
28765709

Yoda K, Inaba M, Hamamoto K, Yoda M, Tsuda A, Mori K, et al. Association between Poor Glycemic
Control, Impaired Sleep Quality, and Increased Arterial Thickening in Type 2 Diabetic Patients. Plos
One. 2015; 10(4).

Doi Y, Minowa M, Uchiyama M, Okawa M, Kim K, Shibui K, et al. Psychometric assessment of subjec-
tive sleep quality using the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J) in psychiat-
ric disordered and control subjects. Psychiatry research. 2000; 97(2—-3):165-72. PMID: 11166088

Kobayashi M, Yamazaki K, Hirao K, Oishi M, Kanatsuka A, Yamauchi M, et al. The status of diabetes
control and antidiabetic drug therapy in Japan—a cross-sectional survey of 17,000 patients with diabe-
tes mellitus (JDDM 1). Diabetes research and clinical practice. 2006; 73(2):198—204. https://doi.org/10.
1016/j.diabres.2006.01.013 PMID: 16621117

Ministry of Health, Labour and Welfare National health and nutrition examination survey, 2007. http://
www.mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-kekka-01.pdf

Osonoi Y, Mita T, Osonoi T, Saito M, Tamasawa A, Nakayama S, et al. Poor sleep quality is associated
with increased arterial stiffness in Japanese patients with type 2 diabetes mellitus. BMC endocrine dis-
orders. 2015; 15:29. https://doi.org/10.1186/s12902-015-0026-1 PMID: 26084960

Survey of Time Use and Leisure Activities performed by the Ministry of Internal Affairs and Communica-
tions, 2011. http://www.stat.go.jp/data/shakai/2011/index.htm

Lee SW, Ng KY, Chin WK. The impact of sleep amount and sleep quality on glycemic control in type 2
diabetes: A systematic review and meta-analysis. Sleep medicine reviews. 2017; 31:91-101. https://
doi.org/10.1016/j.smrv.2016.02.001 PMID: 26944909

Doi Y, Minowa M, Uchiyama M, Okawa M. Subjective sleep quality and sleep problems in the general
Japanese adult population. Psychiatry Clin Neurosci. 2001; 55(3):213-5. https://doi.org/10.1046/].
1440-1819.2001.00830.x PMID: 11422846

Hibi M, Kubota C, Mizuno T, Aritake S, Mitsui Y, Katashima M, et al. Effect of shortened sleep on energy
expenditure, core body temperature, and appetite: a human randomised crossover trial. Sci Rep. 2017;
7:39640. https://doi.org/10.1038/srep39640 PMID: 28071649

Dyck PJ, Davies JL, Wilson DM, Service FJ, Melton LJ, O’Brien PC. Risk factors for severity of diabetic
polyneuropathy—Intensive longitudinal assessment of the Rochester Diabetic Neuropathy Study
cohort. Diabetes care. 1999; 22(9):1479-86. PMID: 10480512

Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and endocrine function. Lancet.
1999; 354(9188):1435-9. https://doi.org/10.1016/S0140-6736(99)01376-8 PMID: 10543671

Vgontzas AN, Zoumakis E, Bixler EO, Lin HM, Follett H, Kales A, et al. Adverse effects of modest sleep
restriction on sleepiness, performance, and inflammatory cytokines. J Clin Endocrinol Metab. 2004; 89
(5):2119-26. https://doi.org/10.1210/jc.2003-031562 PMID: 15126529

Standards of Medical Care in Diabetes-2016: Summary of Revisions. Diabetes care. 2016; 39 Suppl 1:
S4-5.

Tan X, van Egmond L, Chapman CD, Cedernaes J, Benedict C. Aiding sleep in type 2 diabetes: thera-
peutic considerations. Lancet Diabetes Endocrinol. 2017.

Tsuneki H, Kon K, Ito H, Yamazaki M, Takahara S, Toyooka N, et al. Timed Inhibition of Orexin System
by Suvorexant Improved Sleep and Glucose Metabolism in Type 2 Diabetic db/db Mice. Endocrinology.
2016; 157(11):4146-57. https://doi.org/10.1210/en.2016-1404 PMID: 27631554

Tsunoda T, Yamada M, Akiyama T, Minami T, Yoshii T, Kondo Y, et al. The Effects of Ramelteon on
Glucose Metabolism and Sleep Quality in Type 2 Diabetic Patients With Insomnia: A Pilot Prospective
Randomized Controlled Trial. J Clin Med Res. 2016; 8(12):878-87. https://doi.org/10.14740/
jocmr2754w PMID: 27829954

Lin CL, Yeh MC, Harnod T, Lin CL, Kao CH. Risk of Type 2 Diabetes in Patients With Nonapnea Sleep
Disorders in Using Different Types of Hypnotics: A Population-Based Retrospective Cohort Study. Med-
icine (Baltimore). 2015; 94(38):e1621.

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 13/14


https://doi.org/10.2337/dc10-1962
http://www.ncbi.nlm.nih.gov/pubmed/21411507
https://doi.org/10.1093/fampra/cmr041
https://doi.org/10.1093/fampra/cmr041
http://www.ncbi.nlm.nih.gov/pubmed/21795758
https://doi.org/10.2147/NDT.S134814
http://www.ncbi.nlm.nih.gov/pubmed/28765709
http://www.ncbi.nlm.nih.gov/pubmed/11166088
https://doi.org/10.1016/j.diabres.2006.01.013
https://doi.org/10.1016/j.diabres.2006.01.013
http://www.ncbi.nlm.nih.gov/pubmed/16621117
http://www.mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-kekka-01.pdf
http://www.mhlw.go.jp/bunya/kenkou/eiyou09/dl/01-kekka-01.pdf
https://doi.org/10.1186/s12902-015-0026-1
http://www.ncbi.nlm.nih.gov/pubmed/26084960
http://www.stat.go.jp/data/shakai/2011/index.htm
https://doi.org/10.1016/j.smrv.2016.02.001
https://doi.org/10.1016/j.smrv.2016.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26944909
https://doi.org/10.1046/j.1440-1819.2001.00830.x
https://doi.org/10.1046/j.1440-1819.2001.00830.x
http://www.ncbi.nlm.nih.gov/pubmed/11422846
https://doi.org/10.1038/srep39640
http://www.ncbi.nlm.nih.gov/pubmed/28071649
http://www.ncbi.nlm.nih.gov/pubmed/10480512
https://doi.org/10.1016/S0140-6736(99)01376-8
http://www.ncbi.nlm.nih.gov/pubmed/10543671
https://doi.org/10.1210/jc.2003-031562
http://www.ncbi.nlm.nih.gov/pubmed/15126529
https://doi.org/10.1210/en.2016-1404
http://www.ncbi.nlm.nih.gov/pubmed/27631554
https://doi.org/10.14740/jocmr2754w
https://doi.org/10.14740/jocmr2754w
http://www.ncbi.nlm.nih.gov/pubmed/27829954
https://doi.org/10.1371/journal.pone.0191771

@° PLOS | ONE

Sleep quality and glycemic control in Japanese type 2 diabetes

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Pamidi S, Aronsohn RS, Tasali E. Obstructive sleep apnea: role in the risk and severity of diabetes.
Best Pract Res Clin Endocrinol Metab. 2010; 24(5):703—15. https://doi.org/10.1016/j.beem.2010.08.
009 PMID: 21112020

Merlino G, Fratticci L, Valente M, Del Giudice A, Noacco C, Dolso P, et al. Association of restless legs
syndrome in type 2 diabetes: a case-control study. Sleep. 2007; 30(7):866—71. PMID: 17682657

Veauthier C. Poor versus good sleepers in patients under treatment for sleep-related breathing disor-
ders: better is not good enough. Neuropsychiatr Dis Treat. 2014; 10:131-3. https://doi.org/10.2147/
NDT.S58970 PMID: 24465130

West SD, Nicoll DJ, Stradling JR. Prevalence of obstructive sleep apnoea in men with type 2 diabetes.
Thorax. 2006; 61(11):945-50. https://doi.org/10.1136/thx.2005.057745 PMID: 16928713

Tahrani AA, Ali A, Stevens MJ. Obstructive sleep apnoea and diabetes: an update. Curr Opin Pulm
Med. 2013; 19(6):631-8. https://doi.org/10.1097/MCP.0b013e3283659da5 PMID: 24048079

Budhiraja R, Roth T, Hudgel DW, Budhiraja P, Drake CL. Prevalence and polysomnographic correlates
of insomnia comorbid with medical disorders. Sleep. 2011; 34(7):859-67. https://doi.org/10.5665/
SLEEP.1114 PMID: 21731135

Unruh ML, Redline S, An MW, Buysse DJ, Nieto FJ, Yeh JL, et al. Subjective and objective sleep quality
and aging in the sleep heart health study. J Am Geriatr Soc. 2008; 56(7):1218-27. https://doi.org/10.
1111/j.1532-5415.2008.01755.x PMID: 18482295

Gooneratne NS, Bellamy SL, Pack F, Staley B, Schutte-Rodin S, Dinges DF, et al. Case-control study
of subjective and objective differences in sleep patterns in older adults with insomnia symptoms. J
Sleep Res. 2011; 20(3):434—44. https://doi.org/10.1111/j.1365-2869.2010.00889.x PMID: 20887395

Anderson RJ, Freedland KE, Clouse RE, Lustman PJ. The prevalence of comorbid depression in adults
with diabetes: a meta-analysis. Diabetes care. 2001; 24(6):1069-78. PMID: 11375373

Cohen D, Stolk RP, Grobbee DE, Gispen-de Wied CC. Hyperglycemia and diabetes in patients with
schizophrenia or schizoaffective disorders. Diabetes care. 2006; 29(4):786-91. PMID: 16567816

PLOS ONE | https://doi.org/10.1371/journal.pone.0191771 January 24, 2018 14/14


https://doi.org/10.1016/j.beem.2010.08.009
https://doi.org/10.1016/j.beem.2010.08.009
http://www.ncbi.nlm.nih.gov/pubmed/21112020
http://www.ncbi.nlm.nih.gov/pubmed/17682657
https://doi.org/10.2147/NDT.S58970
https://doi.org/10.2147/NDT.S58970
http://www.ncbi.nlm.nih.gov/pubmed/24465130
https://doi.org/10.1136/thx.2005.057745
http://www.ncbi.nlm.nih.gov/pubmed/16928713
https://doi.org/10.1097/MCP.0b013e3283659da5
http://www.ncbi.nlm.nih.gov/pubmed/24048079
https://doi.org/10.5665/SLEEP.1114
https://doi.org/10.5665/SLEEP.1114
http://www.ncbi.nlm.nih.gov/pubmed/21731135
https://doi.org/10.1111/j.1532-5415.2008.01755.x
https://doi.org/10.1111/j.1532-5415.2008.01755.x
http://www.ncbi.nlm.nih.gov/pubmed/18482295
https://doi.org/10.1111/j.1365-2869.2010.00889.x
http://www.ncbi.nlm.nih.gov/pubmed/20887395
http://www.ncbi.nlm.nih.gov/pubmed/11375373
http://www.ncbi.nlm.nih.gov/pubmed/16567816
https://doi.org/10.1371/journal.pone.0191771

