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Abstract

Purpose Sleep problems are very common in people with diabetes. The aim of this study was to assess the association of
the combination of self-reported sleep duration and sleep quality on quality of life (QOL) in Chinese patients with type 2
diabetes mellitus (T2DM).

Methods We analyzed the community-based cross-sectional data of 798 patients with T2DM in Xiamen, China, in 2016.
Sleep duration was measured as self-reported average sleep time during the previous month. Sleep quality was evaluated as
self-rated reports. QOL was assessed by the Diabetes-specific Quality of Life (DSQL), with scores <40 and > 80 set as cut-
off values for differentiating good, fair, and poor QOL. Ordinal logistic regression was performed to model the associations
of QOL with sleep duration, sleep quality, and their combined effects by adjusting for certain covariates.

Results The separate associations of sleep duration and sleep quality in relation to QOL in T2DM patients were significant
(P <0.05). After controlling for sleep quality, there was no significant correlation between sleep duration and QOL. The
combined analysis suggested that the association of sleep duration with QOL in T2DM patients was sleep quality-dependent.
Longer sleep duration was associated with higher odds ratios (ORs) of better QOL for patients who reported fair sleep quality
and good sleep quality, but no such trend was observed for patients who reported poor sleep quality (P> 0.05). Excessive
sleep duration (>9 h per day) was detrimental to QOL in T2DM only when they reported poor sleep quality.

Conclusions Specific disparities exist in the association of sleep quality with sleep duration and QOL in T2DM patients.
Failures to take into account the effect of sleep quality when evaluating the impact of sleep on QOL significantly bias the
results. It is important to integrate duration and quality of sleep as a composite sleep index when assessing sleep of patients
with T2DM.
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Introduction

With the rise in the older population and unhealthy life-
styles, diabetes has become one of the primary risk factor
for death worldwide, especially in China [1]. The Interna-
tional Diabetes Federation (IDF) estimated that the number
of people with diabetes in China reached 114.4 million in
2017, with type 2 diabetes mellitus (T2DM) being predomi-
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nant [2]. Compared with the general population, people with
T2DM report poorer quality of life (QOL) due to functional
decline and disability [3—5]. QOL is one of the most impor-
tant indexes in individuals with T2DM, as it reflects the
physical and social function as well as the emotional health.
Therefore, improvements in QOL represent a major goal of
health interventions. Even more compelling evidence of this
association was provided by a prospectively followed cohort
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study that revealed a strong relation between worse QOL and
mortality in patients with T2DM [6].

Previous studies have indicated that QOL in adults with
T2DM can be significantly influenced by certain medical
interventions and by lifestyle and educational interven-
tions, such as insulin use, glycemic control, smoking ces-
sation, weight control, and psychologically health [7-12].
Insufficient sleep and poor sleep quality are very common
in people with T2DM [13-15]. Even after controlling for
age, race, education, body mass index (BMI), and diabetes-
related distress, poor sleep is significantly correlated with
worse QOL in T2DM [16].

Sleep, as a part of a healthy lifestyle, plays an important
role in sustaining good health. Sufficient sleep of good qual-
ity plays an important and effective role in preventing mental
disorders, chronic health conditions, and cardiovascular dis-
ease and even death [17]. Although ethnic differences in the
risk of poor sleep are frequently reported [18], sleep duration
and sleep quality have not been well studied in the Chinese
T2DM population. Furthermore, there is increasing evidence
that the effectiveness of strategies for the prevention and
control of T2DM varies with ethnicity [19, 20]. However,
many studies have failed to consider the potential interac-
tion between the duration and quality of sleep. People with
enough sleep usually experience good sleep quality [21].
When analyzing the correlation between diabetes and sleep,
it is insufficient to consider sleep duration alone and the
individual and combined effects of sleep duration and sleep
quality on QOL in T2DM patients remain to be established.

Therefore, using the data from a representative cross-
sectional survey conducted in Xiamen, China, we assessed
the separated associations of self-reported sleep duration
and quality with QOL in T2DM patients. Furthermore, the
association of the combination of sleep duration and sleep
quality on diabetes-specific QOL was explored.

Materials and methods
Study population

We carried out a cross-sectional survey among five sub-
districts in Xiamen, China, in 2016. In total, 800 T2DM
patients aged 184 years who were local residents were
enrolled in the study using a multi-stage stratified sampling
procedure. Using a self-designed questionnaire, patient
information (sociodemographic characteristics, living hab-
its, and quality of life) was obtained through face-to-face
interviews. Complete data were obtained for 798 patients.
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Quality of life assessment

The main primary outcome in the present study was the
diabetes-specific QOL measured according to the Diabetes-
specific Quality of Life (DSQL), which is a validated scale
designed for Chinese patients with T2DM [22]. The Cron-
bach’s alpha of DSQL is 0.95, and the split-half reliability of
DSQL is 0.91. The scale consists of 24 questions with four
dimensions which reflect the QOL status of patients in terms
of physiology, psychology, sociology, and therapy. The sum
of DSQL scores ranges from 24 to 120 points, higher scores
represent poorer QOL. The DSQL scores were classified as
follows: ‘poor QOL (> 80),” ‘fair QOL (40-79),” and ‘good
QOL (<40).

Key variables

The factors of interest were sleep duration and sleep qual-
ity. Information on sleep duration was obtained from the
responses to questions about usual sleep duration per day
(including night and daytime sleep). The results for sleep
duration were rounded up to the nearest whole hour clas-
sified as follows: ‘<6 h per day’, ‘7-8 h per day’(reference
group), and ‘>9 h per day.” We further considered sleep
quality as a potential modifier of the association between
sleep duration and QOL. Information on sleep quality was
measured by asking ‘What is the quality of your sleeping
recently?” with the choice of five different answers: ‘poor,’
‘rather poor,” ‘fair,” ‘rather good,” and ‘good.” We furthered
categorized sleep quality as ‘poor sleep quality (poor or
rather poor; reference group),” ‘fair sleep quality (fair),” and
‘good sleep quality (rather good or good).” The covariates
in the study included demographic characteristics, early-life
health behaviors, type of medication, comorbidities, compli-
cations, and hemoglobin Alc (HbAIc) levels. Demographic
characteristics included sex, age educational level, and BMI.
Early-life health behaviors included smoking and drinking
(alcohol) habits. As diabetes duration plays a major role in
the QOL of diabetes patients [23, 24], we also evaluated the
effects of both sleep duration and sleep quality in relation to
different diabetes duration classified as follows: ‘<5 years’
(reference group), ‘5-10 years’, and ‘> 10 years.’

Statistical analysis

First, we summarized the characteristics of the T2DM
patients according to QOL status using Chi-squared tests.
Ordinal logistic regressions were then performed without
considering the interactions and QOL status was then mod-
eled according to diabetes duration only, sleep duration only,
sleep quality only, diabetes duration and sleep duration,
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diabetes duration and sleep quality adjusting for the covari-
ates mentioned previously (models 1-6, respectively).
Finally, in model 7, we further considered the interaction of
the two sleep parameters (duration and quality). ORs were
calculated using the function for linear combinations of coef-
ficients, where the sleep duration “7-8 h per day’ and poor
sleep quality were viewed as reference categories. All the
analyses were performed using SAS V.9.4 (SAS Institute
Inc., Cary, North Carolina, USA).

The seven regression models were expressed as follows:

Model 1: logit (QOL) ~ Diabetes duration + covariates;
Model 2: logit (QOL) ~ Sleep duration + covariates;
Model 3: logit (QOL) ~ Sleep quality + covariates;
Model 4: logit (QOL) ~ Diabetes duration + sleep dura-
tion + covariates;

Model 5: logit (QOL) ~ Diabetes duration + sleep qual-
ity + covariates;

Model 6: logit (QOL) ~ Diabetes duration + sleep dura-
tion + sleep quality + covariates;

Model 7: logit (QOL) ~ Diabetes duration + sleep
duration + sleep quality + sleep duration X sleep qual-
ity + covariates;

Results
Basic characteristics of T2DM patients

The basic characteristics of the 798 diabetes patients
included in this study are shown according to the QOL in
Table 1. As diabetes duration advanced, the diabetes-specific
QOL increased (P =0.001). The patients who were female
with longer sleep duration, better sleep quality, and suffered
from fewer comorbidities and complications presented sig-
nificantly higher rates of better QOL. Furthermore, those
who reported no medication use or ‘pills only’” showed bet-
ter QOL.

Separated association of sleep duration and quality
with QOL in T2DM patients

The ORs of QOL across different levels of diabetes duration,
sleep duration, and sleep quality are shown in Table 2. As
expected, ORs of better QOL decreased as diabetes dura-
tion increased in all the models in which diabetes duration
was considered as a predictor (models 1, 4, 5, and 6). Fur-
thermore, ORs of better QOL increased as sleep quality
improved in all the models in which sleep quality was con-
sidered as a predictor (models 3, 5, and 6). This trend was
consistent in model 2 and model 4 when the sleep duration
improved. However, after controlling for sleep quality, there

was no significant correlation between sleep duration and
QOL in model 6.

Association of the combination of sleep duration
and quality with QOL in T2DM patients

The interaction of sleep duration and sleep quality was
included in model 7 (Table 3). Patients who reported “7-8 h
per day’ sleep duration and poor sleep quality were set as the
reference group. In general, better sleep quality was associ-
ated with higher ORs of better QOL among diabetes patients
with the same sleep duration. In addition, longer sleep dura-
tion was associated with higher ORs of better QOL among
patients who reported fair and good sleep quality, but no
such trend was observed for patients who reported poor sleep
quality (P> 0.05). Among all the groups, poor sleep quality
with *>9 h per day’ sleep duration had the least ORs of bet-
ter QOL, although this association is failed to reach the level
of statistical significance (ORs 0.16, 95% CI10.01-1.71).

Discussion

In this cross-sectional survey, the total rate of good QOL
was only 12.03% among a population of local household-
registered adults with T2DM in Xiamen, China. The low
QOL score among patients with T2DM identified in the cur-
rent study is consistent with previous findings in China and
other countries [7, 22].

In an effort to improve the QOL of T2DM patients in
Chinese adults, the association of the separation and com-
bination of sleep duration and sleep quality with the QOL
were assessed, when controlling for diabetes duration, sex,
age, educational level, BMI, smoking and drinking (alco-
hol) habits, type of medication, comorbidities, complica-
tions, and HbAIc level as potential confounders. Longer
sleep duration and good sleep quality were separately found
to be associated with good QOL. Moreover, assessment of
the combined effects of sleep duration and sleep quality on
QOL in the current study suggested the existence of sleep
quality-specific disparities in the association between sleep
duration and QOL in T2DM patients. These findings suggest
that sleep duration as well as sleep quality exert a combined
influence on diabetes-specific QOL.

In the current study, we found that nearly half (49.12%) of
the diabetes patients reported the extremes of sleep duration
(<6 or >9) and more than a half (60.3%) of the patients had
sleep quality problems. Previous studies have shown that
45-67% of T2DM patients suffer from poor sleep [25-27].
Furthermore, a national survey conducted in China in 2013
showed that 49.3% of T2DM patients reported poor sleep
quality [28]. Poor sleep is associated with problems of
mobility, pain/discomfort, and anxiety/depression [29-31].

@ Springer



3126

Quality of Life Research (2018) 27:3123-3130

Table 1 Basic characteristics of
798 diabetes patients according
to the quality of life

@ Springer

Characteristic

Diabetes-specific quality of life 7 P value

Poor Fair Good

Total, N (%)

Sex, N (%)
Female
Male

Age group (years), N (%)
<60
>60

Educational level, N (%)
None/primary
Secondary
Tertiary

BMI (kg/m?), N (%)
Underweight (< 18.5)
Normal (18.5-23.0)
Overweight (>23.0-27.0)
Obese (>27)

Smoking habit, N (%)
Smoker
Non-smoker

Alcohol drinking, N (%)
Drinker

Non-drinker

Duration of diabetes (years), N (%)

<5
5-10
>10

Sleep duration (hours), N (%)

<6
7-8
>9
Sleep quality, N (%)
Poor
Fair
Good
Type of medication, N (%)
None
Pills only
Insulin only
Pills and insulin
Comorbidities, N (%)
None
1-2 diseases
>3 diseases
Complications, N (%)
None
>1
HbAlc level, N (%)
<7%
>7%

35(4.39) 667 (83.58) 96 (12.03)

3.83 0.050"
11 (3.11)  294(83.05)  49(13.84)
24 (5.41)  373(84.01) 47 (10.59)
0.71 0.399
12(531)  189(83.63)  25(11.06)
23(4.02) 478 (83.57)  71(1241)
0.65 0.420
13 (4.63)  236(83.99)  32(11.39)
17 (443)  322(83.85)  45(11.72)
5(3.76)  109(81.95) 19 (14.29)
0.06 0.814
1 (4.55) 20 (90.91) 1 (4.55)
12(4.17)  240(83.33) 36 (12.50)
13(3.69) 296 (84.09) 43 (12.22)
9(6.62) 111(81.62)  13(11.76)
0.93 0.335
5(3.52)  117(82.39) 20 (14.08)
30 (4.57)  550(83.84) 76 (11.59)
0.96 0.328

3(231)  110(84.62) 17 (13.08)
32(479)  557(83.38) 79 (11.83)
1170  <0.0017"
9(3.49)  205(79.46) 44 (17.05)
6(2.48)  210(86.78)  26(10.74)
20(6.71) 252 (84.56) 26 (8.72)
1539  <0.001°"
22(7.36) 252 (84.28) 25 (8.36)
12(2.96)  340(83.74) 54 (13.30)
1 (1.08) 75 (80.65) 17 (18.28)
32.18  <0.001°
22(10.53) 176 (84.21) 11 (5.26)
8(2.92)  232(84.67)  34(12.41)
5(1.59)  259(82.22)  51(16.19)
2250  <0.001°"
1(3.33) 18 (60.00) 11 (36.67)
15(2.94)  431(8434)  65(12.72)
4(12.12) 25 (75.76) 4(12.12)
15(6.70) 193 (86.16) 16 (7.14)
1929  <0.001°
8(2.56)  251(80.19) 54 (17.25)
18(4.92)  312(85.25) 36 (9.84)
9(7.56) 104 (87.39) 6 (5.04)
38.61 <0.001""
11(1.94) 469 (82.86)  86(15.19)
24(10.34) 198 (84.34) 10 (4.31)
0.36 0.551
20 (4.53)  388(84.29)  59(11.18)

15 (4.28) 279 (83.08) 37 (12.63)

“P<0.05, " P<0.01,

P<0.001
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Table 2 Odds ratios (95% confidence intervals (CI)) obtained from multivariable adjusted ordinal logistic models (models 1-6)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Diabetes duration

<5 years 1.00 1.00 1.00 1.00

5-10 years 0.83 (0.51, 1.35) 0.83 (0.51, 1.35) 0.88 (0.54, 1.43) 0.86 (0.53, 1.41)

> 10 years 0.58 (0.35, 0.96) 0.59 (0.36, 0.98) 0.60 (0.36, 0.99) 0.60 (0.36, 0.99)
Sleep duration

<6h 0.55 (0.36, 0.85) 0.56 (0.36, 0.87) 0.80 (0.50, 1.28)

7-8h 1.00 1.00 1.00

>9h 1.47 (0.81, 2.64) 1.49 (0.83, 2.70) 1.40 (0.77, 2.56)
Sleep quality

Poor 1.00 1.00 1.00

Fair 2.89 (1.64, 5.10) 2.85(1.61,5.03) 2.56 (1.41,4.64)

Good 3.76 (2.14, 6.62) 3.74 (2.13,6.59) 3.19 (1.73,5.88)

Covariates: sex, age, educational level, BMI, smoking habits, alcohol drinking habits, type of medication, comorbidities, complications, and

HbA, level
Dependent variable: DQOL (poor, fair, and good)

Table 3 Odds ratios (95% CI) obtained from multivariable adjusted
ordinal logistic models regressing QOL against sleep duration and
sleep quality (model 7) and accounting for their interaction

Sleep quality Sleep duration

<6h 7-8h >9h
Poor 0.73 (0.28, 1.90) 1.00 0.16 (0.01, 1.71)
Fair 1.99 (0.72,5.56) 1.98 (0.77, 5.14) 4.67 (1.32, 16.48)
Good 1.84 (0.61,5.58) 3.03(1.20,7.67) 3.85(1.31,11.28)

Covariates: diabetes duration, sex, age, educational level, BMI, smok-
ing habits, alcohol drinking habits, type of medication, comorbidities,
complications, and HbA | level

Dependent variable: DQOL (poor, fair, and good)

The consistently high proportions of patients reporting poor
sleep in these studies highlight the seriousness of sleep prob-
lems experienced among the population in China and that
this issue remains to be solved effectively. There is evidence
to show poor sleep quality are potential risk factors for insu-
lin resistance, glucose intolerance, and metabolic syndrome
[32]. Thus, it is important for primary care physicians to
have a high degree of suspicion of an underlying sleep dis-
order in patients with diabetes.

With regard to QOL in T2DM, we observed that longer
sleep duration and good sleep quality were significantly
associated with an improvement in QOL. Previous studies
have indicated an inverse U-shaped relationship between
sleep duration and QOL in T2DM patients, which implies
that QOL can be detrimentally affected by short sleep dura-
tion, as well as long sleep duration [33-36]. In our study,
comparatively speaking, we did not found an inverse
U-shaped association between sleep duration and QOL.

Patients with sleep duration >9 h per day also showed a
higher OR of improved QOL. It can be speculated that the
conflicting results obtained in the current study may be due
to the failure of those studies to consider the potential con-
founding effects of sleep quality. Nevertheless, the conclu-
sive nature of our evidence may be limited by the small
sample size of patients with long sleep duration.

The evaluation of sleep requires full consideration of
sleep quantity and sleep quality. Epidemiological and experi-
mental studies have shown that reductions in the both the
quantity and quality of sleep impair metabolic control and
increase the severity of T2DM [35, 37]; this association is
also supported by the current study. Without adjusting for
sleep quality as a confounding factor, longer sleep duration
was found to be associated with higher QOL. After control-
ling for sleep quality, sleep duration was not significantly
associated with DSQL, a finding that is consistent with those
of two other studies in China [38, 39].

To preclude the interactively confounding effects, we
further explored the associations of the combination of
sleep duration and sleep quality in relation to QOL in
T2DM patients. The results suggested that the associa-
tion of sleep duration with QOL in T2DM patients varied
with sleep quality. For patients with poor sleep quality, no
category of sleep duration was found to be related to QOL.
However, each category of sleep duration showed signifi-
cant associations with QOL among the patients report-
ing fair and good sleep quality. Longer sleep duration had
higher ORs of better QOL for patients who reported fair
and good sleep quality, while an inverse U-shaped trend
was observed for patients who reported poor sleep quality,
although this effect was not statistically significant. Com-
pared with other studies, our results showed that excessive
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sleep duration was detrimental to QOL in T2DM patients
only when they reported poor sleep quality. The com-
bined effect of sleep duration and sleep quality suggests
the importance of ensuring good sleep quality as well as
adequate sleep duration. The conflicting evidence for the
correlation of sleep duration and QOL in T2DM patients
may be due to the failure of some studies to take the effect
of sleep quality into consideration [33, 34, 40].

Patients with longer duration of diabetes have a higher
rate of poor glycemic control because the function of insu-
lin secretion has been uncontrolled over a longer period
time [41]. In the current study, we also identified a rela-
tionship between diabetes duration and sleep. Consid-
ering the more frequent sleep problems and poor QOL
in patients with longer diabetes duration, we have made
particular efforts to control for the confounding effect of
diabetes duration in the present study.

As far as we know, this is the first representative popu-
lation-based study to assess the combined effects of sleep
duration and sleep quality on QOL in T2DM patients
in China. Nevertheless, some limitations should also be
acknowledged. First, the cross-sectional survey study
design limits our ability to draw causal inferences. Sec-
ond, the data for sleep quality were obtained self-reported
by the patients rather than the validated instrument Pitts-
burgh Sleep Quality Index (PSQI) in other studies. This
was determined by more than one-third of participants
reported none/primary educated and more than 70% of
participants are elderly in our study. After a pilot study, we
found that these patients were hard to understand or com-
plete PSQI in a face-to-face interview setting. So, in view
of the testability of PSQI, we determined to use simple
questions considering trade-off between validity and aca-
demic authority. Moreover, many studies have confirmed
the acceptable of self-reported sleep quality [30, 42—45].
Nevertheless, future studies using the PSQI are still war-
ranted. Third, we were unable to include some well-known
significant risk factors of diabetes management, such as
obstructive sleep apnoea (OSA) and depression, in our
study.

In conclusion, in this sample of Chinese adults with
T2DM, sleep quality as well as sleep duration were found
to be positively correlated with a higher QOL. More
importantly, there are sleep quality-specific disparities in
the association between sleep duration and QOL in T2DM
patients. Failure to take into account the effect of sleep
quality when evaluating the impact of sleep on QOL may
be detrimental to the QOL of T2DM patients. Therefore,
measures need to be taken to target specific aspects of
sleep to improve the QOL of T2DM patients in China. In
addtion, it is important to integrate duration and quality
of sleep as a composite sleep index when assessing sleep
of patients with T2DM.
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