Epidemiology/Health Services Research
O R I G I N A L

A R T I C L E

Impact of Sleep Duration on Obesity and
the Glycemic Level in Patients With Type
2 Diabetes
The Fukuoka Diabetes Registry
TOSHIAKI OHKUMA, MD1
HIROKI FUJII, MD1
MASANORI IWASE, MD, PHD1,2
YOHEI KIKUCHI, MD1
SHINAKO OGATA, MD1
YASUHIRO IDEWAKI, MD1

HITOSHI IDE, MD1
YASUFUMI DOI, MD, PHD1
YOICHIRO HIRAKAWA, MD3
UDAI NAKAMURA, MD, PHD1
TAKANARI KITAZONO, MD, PHD1

OBJECTIVEdFew studies are currently available regarding the inﬂuence of sleep duration on
glycemic control in diabetic patients. The objective of the current study was to examine the
relationship between sleep duration, obesity, and the glycemic level in type 2 diabetic patients.
RESEARCH DESIGN AND METHODSdA total of 4,870 Japanese type 2 diabetic
patients aged $20 years were divided into six groups according to their self-reported sleep
duration: less than 4.5 h, 4.5–5.4 h, 5.5–6.4 h, 6.5–7.4 h, 7.5–8.4 h, and more than 8.5 h.
The associations of sleep duration with obesity and the HbA1c levels were examined in a crosssectional manner.
RESULTSdThe HbA1c levels showed a quadratic association with sleep duration; namely, a
shorter or longer sleep duration was associated with a higher level compared with a sleep duration of 6.5–7.4 h (P for quadratic trend ,0.001). This association remained signiﬁcant after
adjusting for potential confounders, including the total energy intake and depressive symptoms.
Furthermore, additional adjustments for obesity, which also showed a U-shaped relationship
with sleep duration, did not attenuate the U-shaped sleep-HbA1c association. A signiﬁcant interaction between sleep duration and age or the use of insulin was observed for the HbA1c levels.
CONCLUSIONSdSleep duration was shown to have U-shaped associations with obesity and
the HbA1c levels in type 2 diabetic patients, independent of potential confounders, and therefore
may be an important modiﬁable factor for the clinical management of patients with type 2
diabetes.
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A

n increasing prevalence of type 2
diabetes and its complications, including macro- and microvascular
diseases, is a growing public health concern in both developing and developed
countries (1). This is probably because of
population growth, aging, and the increasing prevalence of obesity, which results from environmental factors such as
urbanization, physical inactivity, and the
increased consumption of food. More

recently, it has been reported that the habitual sleep duration has decreased (2)
as a result of the modern lifestyle and
24-h society, and epidemiological evidence has suggested that this is associated
with adverse consequences such as obesity or weight gain (3,4), hypertension
(5), cardiovascular diseases (6,7), and increased mortality (6). The negative impacts of prolonged sleep duration on
these outcomes have also been described
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(3–7), thus suggesting that there is a
U-shaped relationship between sleep duration and health disorders. A possible association between an inadequate sleep
duration and the development of type 2
diabetes among nondiabetic subjects has
been described as well (8–14), but epidemiological evidence concerning the relationship between sleep duration and
glycemic control or obesity among diabetic patients is scarce (15–17). Furthermore, to the best of our knowledge, no
study has so far examined this relationship among diabetic patients in Asia, despite the fact that racial differences have
been suggested in the association between
sleep and diabetes (12,18). In this context, the objective of the current study
was to investigate the association of sleep
duration with the HbA1c levels, as well as
with obesity, which is the major factor related to poor glycemic control, among
Japanese type 2 diabetic patients.
RESEARCH DESIGN AND
METHODS
Study subjects
The Fukuoka Diabetes Registry is a multicenter prospective study designed to
investigate the inﬂuence of modern treatments on the prognoses of diabetic patients regularly attending teaching
hospitals certiﬁed by the Japan Diabetes
Society or certiﬁed diabetes clinics in
Fukuoka Prefecture, Japan (UMIN Clinical Trial Registry 000002627). A total of
5,131 diabetic patients aged 20 years or
older were registered between April 2008
and October 2010. The exclusion criteria
were 1) patients with drug-induced diabetes or undergoing steroid treatment; 2)
patients under renal replacement therapy;
3) patients with serious diseases other
than diabetes, such as advanced malignancies, decompensated liver cirrhosis,
etc.; and 4) patients unable to visit diabetologists regularly. After excluding 261
subjects with type 1 diabetes, the remaining 4,870 subjects (2,775 males, 2,095 females) were enrolled in this cross-sectional
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study. This study was conducted with the
approval of the Kyushu University Institutional Review Board, and written informed consent was obtained from all of
the participants.
Clinical evaluation and laboratory
measurements
Participants completed a self-administered questionnaire covering their sleep
duration, duration of diabetes, alcohol
intake, smoking habits, physical activity
level, diet, and depressive symptoms.
Sleep duration was self-reported and assessed by an answer to the question,
“How long is your habitual sleep duration, including naps?” The subjects were
divided into six groups according to their
sleep duration: less than 4.5 h, 4.5–5.4 h,
5.5–6.4 h, 6.5–7.4 h, 7.5–8.4 h, and more
than 8.5 h. Alcohol intake and smoking
habits were classiﬁed as either current use
or not. Subjects engaging in sports regularly during their leisure time were deﬁned as the regular exercise group. The
dietary survey was conducted using a
brief-type self-administered diet history
questionnaire regarding the food frequency of 58 items (BDHQ; Gender Medical Research Inc., Tokyo, Japan). The
validity of ranking the energy-adjusted intakes of many nutrients has been studied
previously in an adult Japanese population (19). The presence of depressive
symptoms was assessed by using the Center for Epidemiologic Studies Depression
Scale (CES-D) (20), and subjects who
scored more than 16 out of 60 points
were deﬁned as having depressive symptoms. The subjects were categorized as either taking insulin therapy or not. BMI
was calculated from the height and
weight, and obesity was deﬁned as a
BMI $25 kg/m2. Blood was collected by
venipuncture. HbA1c was determined by
high-performance liquid chromatography
(Tosoh Corporation, Tokyo, Japan).
Statistical analysis
The differences in the mean values or
proportions of the characteristics of the
studied subjects were tested by an ANOVA
or x2 test, as appropriate. The age- and
sex-adjusted or multivariate-adjusted
odds ratios (ORs) and their 95% CIs for
obesity were calculated using a logistic
regression model. The HbA1c values were
log-transformed for the statistical analyses
because of their skewed distribution. The
age- and sex-adjusted or multivariateadjusted mean values for log-transformed
HbA1c were calculated by an ANCOVA,
612
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back-transformed, and reported as adjusted geometric means and their 95%
CIs. The age- and sex-adjusted partial regression coefﬁcients and their 95% CIs for
log-transformed HbA1c were determined
using a multiple regression analysis. The
quadratic trends of each value across sleep
duration categories were tested using a
quadratic regression analysis. The effect of
the interaction between sleep duration and
other confounding factors on the HbA1c
levels was examined by adding an interaction term to the statistical model. All analyses were performed using the SAS
software package version 9.2 (SAS Institute
Inc., Cary, NC). Values of P , 0.05 were
considered to be statistically signiﬁcant in
all analyses.
RESULTSdTable 1 shows the characteristics of the studied subjects. The mean
age, the proportion of male patients, duration of diabetes, and total energy intake
increased as sleep duration became longer. Current smokers and current drinkers showed no statistically signiﬁcant
differences between sleep-duration categories. Short sleepers tended to exercise
less and have depressive symptoms,
whereas long sleepers were likely to be
insulin users. The BMI and the proportions of obese subjects decreased in association with increases in sleep duration.
As shown in Table 2, the age- and sexadjusted ORs for obesity tended to increase in subjects with a shorter or longer
sleep duration, compared with those
with a sleep duration of 6.5–7.4 h. The
U-shaped relationship between sleep duration and obesity was substantially unchanged, even after controlling for age,
sex, duration of diabetes, total energy intake, current smoking, current drinking,
regular exercise, use of insulin, and depressive symptoms.
Figure 1 depicts the age- and sexadjusted geometric mean values of
HbA1c according to sleep duration, with
mean levels of 7.57% (95% CI 7.42–7.73)
for subjects sleeping less than 4.5 h,
7.41% (7.33–7.50) for 4.5–5.4 h, 7.36%
(7.30–7.41) for 5.5–6.4 h, 7.31% (7.26–
7.36) for 6.5–7.4 h, 7.37% (7.31–7.43)
for 7.5–8.4 h, and 7.46% (7.37–7.56)
for those sleeping more than 8.5 h. Both
subjects with a short and long sleep duration had higher HbA1c levels compared
with subjects sleeping for 6.5–7.4 h (P
for the quadratic trend ,0.001), thus indicating an association occurring in a
U-shaped fashion. This relationship remained signiﬁcant after adjusting for the

above-mentioned confounders (Table 2).
Furthermore, additional adjustment for
obesity did not attenuate sleep-HbA1c
association.
In addition, the interaction analyses
between sleep duration and possible confounding factors on the HbA1c levels were
conducted (Table 3). A signiﬁcant interaction was observed between patients being stratiﬁed into a younger group (,70
years) and an older group ($70 years) (P
for interaction = 0.02). On the other
hand, there was no signiﬁcant interaction between sleep duration and sex, the
presence or absence of obesity, regular
exercise, and depressive symptoms. However, a signiﬁcant interaction was also
observed between subjects based on
their use of insulin therapy (P for interaction ,0.001).
Finally, we tested the quadratic
trends for all of the associations in the
current study by modeling sleep duration
as a continuous variable instead of as a
category and found similar results (P for
the quadratic trend ,0.001 for all the
analyses in Table 2).
CONCLUSIONSdThe present analysis demonstrated that both a short and
long sleep duration relative to the intermediate sleep duration were signiﬁcantly
associated with higher HbA1c levels in
Japanese type 2 diabetic patients. This association remained signiﬁcant even after
adjusting for confounding factors, including the total energy intake, regular exercise, depressive symptoms, and obesity.
To the best of our knowledge, this is the
ﬁrst large-scale epidemiological study to
indicate that there is a U-shaped curvilinear relationship between sleep duration
and glycemic level in type 2 diabetic patients.
There have been an increasing number of epidemiological studies that have
examined the link between sleep duration
and the development of type 2 diabetes.
Several large-scale studies have reported
an association between a short sleep
duration and a higher risk for diabetes
(8–14). With regard to a long sleep duration, habitual long sleep was also found to
increase the risk for type 2 diabetes
(8,10–13). Recently, a meta-analysis of
the various prospective studies revealed
an increased risk of the development of
type 2 diabetes both in subjects with a
short sleep duration (#5 to 6 h per night,
relative risk 1.28, 95% CI 1.03–1.60) and
in those with a long sleep duration (.8 to
9 h per night, relative risk 1.48, 95% CI
care.diabetesjournals.org
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Table 1dThe clinical characteristics of the studied subjects according to sleep duration
Sleep duration (h)
,4.5

All

4.5–5.4

5.5–6.4

6.5–7.4

7.5–8.4

$8.5

P value

N
4,870
163
530
1,228
1,342
1,141
466
Age (years)
66 6 10
63 6 11
64 6 11
64 6 10
65 6 10
68 6 9
70 6 9
Male (%)
57
44
49
55
57
61
67
Duration of diabetes
(years)
16 6 10
15 6 10
15 6 11
15 6 10
15 6 10
17 6 11
18 6 11
Total energy intake
(kcal/day)
1,688 6 495 1,639 6 541 1,631 6 518 1,683 6 470 1,705 6 502 1,696 6 485 1,716 6 517
Current smoker (%)
19
24
17
20
18
17
19
Current drinker (%)
39
29
39
41
39
39
40
Regular exercise (%)
70
59
65
67
73
73
70
Depressive symptoms (%)
9
26
13
7
7
8
9
Insulin user (%)
28
26
27
26
28
29
34
BMI (kg/m2)
23.8 6 3.8
25.3 6 4.4
24.8 6 4.5
23.9 6 3.8
23.6 6 3.8
23.4 6 3.4
23.4 6 3.5
Obese (%)
31
44
43
32
28
27
27

,0.001
,0.001
,0.001
0.03
0.09
0.10
,0.001
,0.001
0.047
,0.001
,0.001

Values are expressed as means 6 SD or the percentages. Obesity is deﬁned as a BMI $25 kg/m2.

1.13–1.96) (21). Especially in Japanese
persons without a family history of diabetes, those with a sleep duration of #5 h
were more likely to develop diabetes, and
this increased risk was more than 5 times
that of patients with a sleep duration of 7
h in an occupational-based 4-year prospective study (14). Taken together, these
ﬁndings indicate that both a short and
long sleep duration increase the risk of
type 2 diabetes, thus suggesting that there
is a U-shaped relationship between sleep
duration and incidence of type 2 diabetes.
On the other hand, few epidemiological
studies have reported an association between sleep duration and glycemic control
among diabetic patients. A cross-sectional
study among 161 African American type 2

diabetic patients revealed that higher natural log of HbA1c levels were correlated
with a shorter weekly sleep duration (r =
20.17, P = 0.03) (15), whereas sleep duration measured by wrist actigraphy
showed no clear association with glycemic
control in type 2 diabetic patients, although those studies included fewer
than 50 subjects (16,17). The differences
in sleep duration-glycemic level association among diabetic patients in these studies might be partly explained by the
methods used to measure sleep duration,
as well as the small sample sizes. The
current study demonstrated that a selfreported short or long sleep duration
was signiﬁcantly associated with higher
HbA1c levels, even after adjustment for

confounding factors. In addition, our
ﬁndings also revealed a U-shaped relationship between sleep duration and obesity,
which has been shown in healthy subjects
(3,4), but this relationship has never been
reported previously in diabetic patients.
There are several potential mechanisms through which the relationship
between sleep loss and higher glycemic
level may be mediated. Sleep curtailment
decreases the satiety hormone leptin and
increases the appetite-stimulating hormone ghrelin (4,22), which may lead to
an increase in appetite (22), hunger
(22,23), and energy intake (23), and consequently lead to obesity and an elevated
glycemic level. Because short sleep duration is strongly related to obesity, obesity

Table 2dAdjusted ORs (95% CIs) for obesity and the adjusted geometric means (95% CIs) of HbA1c according to sleep duration
Sleep duration (h)
,4.5
ORs for obesity
Age and sex
adjusted
Multivariate
adjusted
HbA1c (%)
Multivariate
adjusted
Multivariate
(+ obesity)
adjusted

4.5–5.4

5.5–6.4

6.5–7.4

7.5–8.4

$8.5

P for
quadratic
trend

1.80 (1.28–2.53) 1.83 (1.48–2.27) 1.15 (0.97–1.37)

1 (referent)

1.07 (0.89–1.28) 1.27 (0.99–1.62) ,0.001

1.78 (1.26–2.52) 1.80 (1.45–2.24) 1.14 (0.95–1.35)

1 (referent)

1.09 (0.90–1.31) 1.24 (0.97–1.58) ,0.001

7.55 (7.41–7.70) 7.43 (7.35–7.51) 7.37 (7.32–7.43) 7.31 (7.26–7.36) 7.35 (7.30–7.41) 7.43 (7.35–7.52) ,0.001

7.52 (7.38–7.67) 7.40 (7.32–7.48) 7.38 (7.32–7.43) 7.32 (7.28–7.37) 7.36 (7.31–7.41) 7.43 (7.34–7.52)

0.004

The numbers in parentheses represent 95% CIs. Obesity is deﬁned as a BMI $25 kg/m . Multivariate adjustment was made for age, sex, duration of diabetes, total
energy intake, current smoking, current drinking, regular exercise, insulin use, and depressive symptoms.
2
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Figure 1dThe age- and sex-adjusted geometric mean values of HbA1c according to sleep duration in Japanese type 2 diabetic patients. *P , 0.05; **P , 0.01 vs. sleep duration of 6.5–7.4 h
per day.

is generally considered to confound the
association between sleep deprivation
and an elevated glycemic level. In the current study, however, the HbA1c levels signiﬁcantly increased in both short and
long sleepers in comparison with moderate sleepers, even after adjusting for total
energy intake and obesity. These ﬁndings
raise the possibility that mechanisms
other than those related to these factors
may underlie the association between
sleep curtailment and dysregulated
glucose metabolism. The other possible
reasons may include changes in counterregulatory hormones and proinﬂammatory cytokines. Sleep restriction was
previously reported to be signiﬁcantly associated with increases in cortisol (24),
interleukin 6, and tumor necrosis factora (25). These changes may contribute to
insulin resistance. The sympathetic nervous system is activated by sleep deprivation (24), and it may also play a role in the
relationship between reduced sleep and
glucose intolerance via impaired insulin
secretion and insulin resistance. In addition to these pathways, a decrease in brain
glucose utilization after sleep deprivation
might lead to an increase in the glycemic
level (26).
On the other hand, the mechanisms
underlying the association between a long
duration of sleep and a higher glycemic
level are unclear. Depression and physical
inactivity were associated with long sleep
614
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in the Nurses’ Health Study II (27), as well
as in the current study (Table 1), and may
have confounded the association. In the
current study, however, signiﬁcant increases in the HbA1c levels in subjects
with long sleep duration were demonstrated even after controlling for depression and regular exercise, which indicates
the presence of other contributing mechanisms. Sleep-disordered breathing (SDB),
characterized by repetitive episodes of upper airway obstructions or partial collapses that occur during sleep, may also have
confounded the association. Snoring, a
characteristic symptom of SDB, has also
been shown to be associated with a selfreported long sleep duration (more than 9
h) compared with a normal sleep duration
(7 to 8 h) (27). SDB may lead to insulin
resistance and glucose intolerance through
the activation of the sympathetic nervous
system, hypothalamic-pituitary axis, and
inﬂammatory pathways as a consequence
of chronic intermittent hypoxia and sleep
fragmentation (28). The prevalence of SDB
was shown to be high (ranging from 58%
to 86%) (28) even among relatively lean
Japanese type 2 diabetic patients (45%)
(29), and the severity of SDB was associated with poor glycemic control (28). Restless legs syndrome (RLS), a condition
characterized by unpleasant leg sensations
that usually occur mostly during sleep and
make individuals want to constantly move
their legs, has also been associated with a

self-reported long duration of sleep compared with normal sleep duration (27).
This syndrome may have also contributed
to the impaired glucose metabolism via the
activation of the hypothalamic-pituitaryadrenal axis and sympathetic nervous system (30). RLS was also associated with
poor sleep quality (31) and was highly
prevalent in type 2 diabetic patients
(17.7%) compared with nondiabetic control subjects (5.5%) (32). Patients with
RLS had a signiﬁcantly higher glycemic
level than healthy control subjects (30).
However, although subjects with SDB or
RLS may have a longer self-reported sleep
duration, it was reported that the polysomnography-measured sleep duration
was shorter in subjects with SDB than in
those without SDB, and the actigraphymeasured sleep duration was not different
between those with and without SDB (33).
This suggests that the subjects with SDB or
RLS might spend more time in bed, but
not sleep. Therefore, it is probable that
these disorders may confound the association not just in subjects with longer sleep
duration but also in those with short or
intermediate sleep duration, depending
on the methods used to measure the duration of sleep. It is also possible that a decline in cerebral and systemic glucose use
(34) and counter-regulatory hormone release during sleep (35) may explain the
association between the elevation of the
HbA1c levels and extended sleep. Another
possibility is the confounding effect of
other unmeasured factors or diseases,
which lead to extended sleep duration.
Further research into potential mechanisms mediating the effect of long sleep
duration on the elevated glycemic level is
needed.
The current study indicated no interactions between the various confounding
factors and sleep duration on the HbA1c
levels, with the exceptions of age and the
use of insulin. The association of long
sleep duration with the HbA 1c levels
seemed to be attenuated in subjects aged
less than 70 years and in those with insulin therapy. The mechanisms responsible for this attenuation remain to be
elucidated, because the association between long sleep duration and higher glycemic level was not fully explained by the
current study, as mentioned above. However, an age-related decline in insulin sensitivity and insulin secretion (36) may
affect the association between sleep duration and glycemic level in older patients.
In addition, insulin therapy may somehow weaken the inﬂuence of longer sleep
care.diabetesjournals.org
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4.5–5.4
Sleep duration (h)

5.5–6.4
6.5–7.4
7.5–8.4
$8.5

0.01 (20.02 to 0.03)
0.03 (0.01–0.05)
0.02 (0.00–0.04)
0.03 (0.00–0.05)
0.02 (20.01 to 0.05)
0.02 (0.00–0.03)
0.02 (0.01–0.04)
0.01 (20.02 to 0.04)
0.01 (20.04 to 0.07)
0.02 (0.01–0.04)
0.00 (20.02 to 0.03)
0.02 (0.01–0.04)
0.02

0.63

0.99

0.42

0.92

,0.001

P for quadratic
P for
trend
interaction

0.06
,0.001
0.04
,0.001
0.01
0.02
,0.001
0.15
0.62
,0.001
0.03
0.001

Table 3dThe age- and sex-adjusted partial regression coefﬁcients (95% CIs) of log-transformed HbA1c according to sleep duration by the presence or absence of
confounding factors

,4.5

Age #69 years
0.04 (0.01–0.06)
0.01 (0.00–0.03)
0.01 (0.00–0.02)
0 (referent) 0.00 (20.01 to 0.01)
Age $70 years
0.04 (0.00–0.07)
0.01 (20.01 to 0.04) 0.00 (20.02 to 0.02) 0 (referent) 0.01 (0.00–0.03)
Male
0.02 (20.01 to 0.06) 0.01 (20.01 to 0.02) 0.01 (0.00–0.02)
0 (referent) 0.01 (20.01 to 0.02)
Female
0.04 (0.01–0.07)
0.02 (0.00–0.04)
0.00 (20.01 to 0.02) 0 (referent) 0.01 (0.00–0.03)
Obesity (+)
0.05 (0.01–0.08)
20.01 (20.04 to 0.01) 20.01 (20.03 to 0.01) 0 (referent) 0.00 (20.02 to 0.02)
Obesity (2)
0.01 (20.01 to 0.04) 0.02 (0.00–0.04)
0.01 (0.00–0.02)
0 (referent) 0.01 (0.00–0.02)
Regular exercise (+)
0.03 (0.01–0.06)
0.02 (0.00–0.03)
0.01 (20.01 to 0.02) 0 (referent) 0.01 (0.00–0.03)
Regular exercise (2)
0.03 (20.01 to 0.07) 0.00 (20.02 to 0.03) 0.00 (20.02 to 0.03) 0 (referent) 20.01 (20.03 to 0.02)
Depressive symptoms (+) 20.01 (20.07 to 0.04) 20.01 (20.05 to 0.04) 20.02 (20.06 to 0.03) 0 (referent) 20.03 (20.07 to 0.02)
Depressive symptoms (2) 0.04 (0.02–0.07)
0.01 (0.00–0.03)
0.01 (0.00–0.02)
0 (referent) 0.01 (0.00–0.02)
Insulin use (+)
0.05 (0.01–0.09)
0.03 (0.01–0.06)
0.01 (20.02 to 0.03) 0 (referent) 20.01 (20.03 to 0.02)
Insulin use (2)
0.03 (0.01–0.06)
0.01 (20.01 to 0.02) 0.01 (0.00–0.02)
0 (referent) 0.01 (0.00–0.02)

The numbers in parentheses represent 95% CIs. Obesity is deﬁned as a BMI $25 kg/m2. Adjustment was made for age and sex.
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on the glycemic control in type 2 diabetic
patients.
The strengths of the current study
include the inclusion of a sufﬁcient number of type 2 diabetic patients with a wide
range of ages. Furthermore, we took into
consideration various potential confounding factors, such as the total energy
intake and presence of depressive symptoms. Although these factors were closely
associated with both sleep duration and
metabolic risk factors, few prior epidemiological studies have used them as confounders. It is probable that adjustment
for the total energy intake may be overadjusting, because it may be part of the
causal pathway between sleep duration
and poor glycemic control. However,
adjustment for this factor would likely
bias our results toward the null hypothesis of no association. In addition, we also
demonstrated signiﬁcant associations of
sleep duration and HbA1c levels in the
analyses stratiﬁed by potential risk factors. Therefore, the present results may
have higher accuracy with regard to the
relationship between sleep duration and
HbA1c levels, and may be more easily generalized in clinical settings, at least in Japanese people.
Nevertheless, some limitations should
be discussed. First, we evaluated sleep
duration by a self-reported questionnaire,
as has been done in many prior epidemiological studies, so sleep was not measured objectively. However, several
studies that compared the self-reported
sleep duration with sleep duration assessed by polysomnography or actigraphy
have been reported (37–39). A study
among 36 insomniacs reported that a signiﬁcant difference was not observed between the self-reported sleep duration
and sleep duration assessed by polysomnography or actigraphy (37). Another
study showed a moderate correlation
(r = 0.57) between the self-reported and
actigraphy-evaluated sleep duration in 49
blind subjects (38). A recent analysis
from the Coronary Artery Risk Development in Young Adults (CARDIA) Sleep
Study comparing the self-reported sleep
duration with sleep duration measured by
actigraphy in over 600 healthy adults also
indicated a moderate correlation (r = 0.45)
(39). Second, we did not study the quality
of sleep. A previous study showed that the
majority of type 2 diabetic patients had
poor sleep quality (40), and a relationship
between poor sleep quality and higher
glycemic levels in diabetic patients has
been reported (15–17). Furthermore, we
DIABETES CARE, VOLUME 36, MARCH 2013
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could not assess the presence of sleep disorders such as SDB or RLS. Given the high
prevalence of these disorders among diabetic patients and their relationship with
metabolic disorders, the lack of measurements may be a major limitation. Third,
we cannot prove the existence of a causeand-effect relationship because of the
cross-sectional design of our study. Finally, there may be other confounding factors besides those used in the current
study.
In conclusion, the current study is the
ﬁrst epidemiological study to demonstrate the U-shaped associations of sleep
duration with obesity and glycemic level
in patients with type 2 diabetes. Our ﬁndings suggest that patients with either a short
or long sleep duration should be considered high-risk patients for poor glycemic
control, and this may have important
implications for the clinical management
of diabetes.
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