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Sleep and Obesity 
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Rising global prevalence and incidence of obesity lead to increased cardiovascular-renal complications and can-
cers. Epidemiological studies reported a worldwide trend towards suboptimal sleep duration and poor sleep 
quality in parallel with this obesity epidemic. From rodents and human models, it is highly plausible that abnor-
malities in sleep, both quantity and quality, impact negatively on energy metabolism. While excess dietary in-
take and physical inactivity are the known drivers of the obesity epidemic, promotion of healthy sleep habits has 
emerged as a new target to combat obesity. In this light, present review focuses on the existing literature exam-
ining the relationship between sleep physiology and energy homeostasis. Notably, sleep dysregulation perturbs 
the metabolic milieu via alterations in hormones such as leptin and ghrelin, eating behavior, neuroendocrine 
and autonomic nervous systems. In addition, shift work and trans-meridian air travel may exert a negative influ-
ence on the hypothalamic-pituitary-adrenal axis and trigger circadian misalignment, leading to impaired glu-
cose tolerance and increased fat accumulation. Amassing evidence has also suggested that uncoupling of the 
circadian clock can increase the risk of adverse metabolic health. Given the importance of sleep in maintaining 
energy homeostasis and that it is potentially modifiable, promoting good sleep hygiene may create new ave-
nues for obesity prevention and treatment. 
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INTRODUCTION

The global prevalence of obesity has doubled since 1980, affect-
ing 107.7 million children and 603.7 million adults in 2015, with 
more than two-thirds of the United States population being either 
overweight or obese.1 This rapid surge in obesity is driven mainly 
by lifestyle factors such as physical inactivity, unhealthy dietary 
choices and patterns.2 Emerging evidence suggests that sleep dis-
turbances (e.g., suboptimal sleep duration, poor sleep quality, circa-
dian misalignment and insomnia), may contribute to obesity and 
type 2 diabetes mellitus (T2DM).2 Physiologically, sleep duration 
declines during transition from infancy, puberty to late adulthood.3 
Optimal sleep duration has been a matter of controversy but recent 
consensus of the American Academy of Sleep Medicine defines 

short sleep duration as < 8–10 hours and < 7 hours per day in ado-
lescents and adults aged 18–60 years respectively, considering the 
potential risks in association with the development of cardiometa-
bolic disease and death.4-6 Due to increasing demand from school, 
work and leisure activities2, along with the prevalent usage of Inter-
net and electronic devices, there is a global phenomenon for a shift 
in both adolescents and adults to have shorter sleep duration com-
pared to a few decades ago. Based on the 2014 U.S. Behavioral Risk 
Factor Surveillance System, more than one-third of adults were 
short sleepers, particularly prevalent in those who were young, 
obese (body mass index [BMI] ≥ 30 kg/m2) or with low socioeco-
nomic and education status.7 In China, a meta-analysis of 17 cross-
sectional population-based studies reported that every one in six 
adults had insomnia, which was again more commonly seen in 
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young individuals.8 Paradoxically, long sleep duration ( > 9 hours 
per day) was also observed in 23%–37% of the general population 
in developed countries9, and a meta-analysis of 137 prospective co-
hort studies reported a dose-response relationship with incident 
cardiovascular disease and death, attesting a U-shaped relationship 
between sleep duration and health outcomes across all age groups.10,11 
Alarmingly, poor sleep quality (defined as global Pittsburgh Sleep 
Quality Index score > 5) was also independently associated with 
an increase in BMI and worse glycemic control.6 Given that obesity 
is closely linked to multiple chronic diseases, notably diabetes and 
cancer which are the leading causes of morbidities and mortality in 
many parts of the world12, the perplexing relationship between 
sleep and energy metabolism call for more research and clinical at-
tention, as sleep is an essential part of life and a potentially modifi-
able behavioral risk factor for metabolic health. Here, we review 
some of the important findings in this field, and discuss the mecha-
nisms linking sleep, energy metabolism and obesity. 

SLEEP AND NEUROHORMONAL 
DYSREGULATION

Sleep and satiety
The appetite center, located at the ventromedial and arcuate nu-

clei of the hypothalamus, is regulated by hormones including leptin 
and ghrelin. Leptin is an adipocyte-derived hormone which sup-
presses appetite, whilst ghrelin is mainly a stomach-derived hunger-
promoting peptide.13,14 High total energy and fat intake, night-time 
snacking and binge eating tendencies have been reported to be as-
sociated with sleep curtailment.15,16 The potential mechanisms me-
diating the effects of sleep debt on obesity are complex, which in-
clude alterations in eating behavior (e.g., skipping meals, snacking, 
and irregular meal times), increased ghrelin to leptin ratio and acti-
vation of hedonic pathways.15,17,18 Several small scale experimental 
studies involving the healthy population (number of subjects, 11 to 
26 in each study) examined the effect of sleep restriction on dietary 
intake and patterns under the controlled environment, which in-
cluded objective sleep measurements and planned meals in both 
phases of short and habitual sleep.19,20 Sleep restriction was report-
ed to be associated with an increase in total energy, total fat and sat-
urated fatty acids intake19, as well as high consumption of carbohy-

drate-rich night-time snacks.20 These were accompanied by a lack 
of compensatory increase or even with a reduction in 24-hour en-
ergy expenditure, leading to positive energy balance.19,20 In keeping 
with these findings, an inverse relationship between sleep duration 
and total energy and macronutrient intake was evident in epidemi-
ological cohorts.15,17,21,22 In a meta-analysis of 14,906 Europeans 
from the Cohorts for the Heart and Aging Research in Genomic 
Epidemiology Consortium, younger people (aged 20–64 years) 
with short sleep duration were independently associated with high-
er relative saturated fatty acids intake, whereas older women (aged 
65–80 years) with similar exposure demonstrated higher relative 
carbohydrate, lower relative total fat and polyunsaturated fatty acids 
consumption.22 In the 2005–2010 U.S. National Health and Nutri-
tion Examination Survey involving 15,199 community-dwelling 
adults, short sleepers reported frequent snacking and increased to-
tal glucose intake.17 Similarly, amongst 2,828 Chinese adults, those 
with less than 7-hour sleep had excess fat intake than the group 
with 7- to 9-hour sleep.21 

Accumulating evidence suggests that sleep disruption may inter-
fere with the feeding and satiety signals at the hypothalamic feeding 
circuits.23 A shift towards increased hunger in short sleepers was 
driven by decreased leptin level with or without a concomitant 
change in the diurnal rhythm amplitude of leptin, increased ghrelin 
level or both.24,25 In healthy young adults with stable caloric intake 
and activity levels, 6 days of sleep restriction (4 hours in bed per 
night) was independently associated with a 26% reduction in leptin 
than sleep extension (12 hours in bed per night), on top of a flat-
tened diurnal profile of leptin secretion.25 In the prospective Wis-
consin Sleep Cohort Study involving 1,024 healthy adults, com-
pared with those with 8-hour of sleep, short sleepers (5-hour of 
sleep per day) had a 16% decrease in leptin and 15% increase in 
ghrelin level.24 Interestingly, diminished activity of the appetitive 
desire and food stimulus evaluation regions within the frontal, in-
sular and cingulate cortices, along with enhanced activity of amyg-
dala are other plausible pathways linking sleep curtailment to obe-
sity.26-28 The disrupted neural circuits led to hedonic hunger and 
preferences for highly palatable and rewarding energy-dense food26-28, 
albeit with inter-individual variation in the magnitude of change in 
eating behavior proportional to the severity of sleep curtailment.26 
On the other hand, short sleepers have prolonged wakefulness that 
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promotes obesogenic eating behavior e.g., meal-skipping, frequent 
snacking and increase intake of low-quality diet.17,29,30 Late-time eat-
ing, which was defined as caloric intake after 8:00 PM, also signifi-
cantly predicted an increase in BMI, suggesting that eating late at 
night may lead to obesity.29 Moreover, decreased nocturnal ghrelin 
levels were found in men with insomnia compared with their age- 
and body weight-matched healthy control (n = 25), while no differ-
ence of leptin levels was found between groups.31

Sleep and growth hormone-insulin like growth factor-1 
axis

The growth hormone (GH)-insulin like growth factor-1 (IGF-1) 
axis also plays a role in the regulation of adiposity and glucose ho-
meostasis. Under a normal sleep/wake cycle, there is a spontane-
ous nocturnal GH pulse during the restorative slow wave sleep 
(SWS) that occurs within the first 3 hours of sleep, with both dem-
onstrating a dose-dependent relationship.32 Increasing evidence 
suggests that there are biological interactions of GH/IGF-1 axis 
with sleep dysregulation. Sleep curtailment and late chronotype are 
associated with suppressed GH and IGF-1 pulsatility, followed by a 
compensatory increase in IGF-binding protein 3 (IGFBP-3) level 
via the negative feedback loop.33 In a 4-year prospective cohort 
study of normoglycemic adults, low circulating IGF-1 level had a 
50% excess risk of developing either impaired glucose tolerance or 
T2DM, consequent to decreased peripheral insulin sensitivity and 
hyperinsulinemia.34 In the Danish-Monitoring Trends in Cardio-
vascular Diseases study, after a mean follow-up of 15 years, either a 
low IGF-1 or high IGFBP-3 level was independently associated 
with a relative risk (RR) of 1.94–2.22 of incident coronary heart 
disease, after adjustment for other cardiovascular risk factors.35 Sev-
eral mechanisms were postulated to explain the pleiotropic effects 
of GH/IGF-1 axis on the retardation of atherosclerosis e.g., re-
duced systemic and vascular oxidative stress (low interleukin-6 and 
tumor necrosis factor-alpha levels), decreased aortic stiffness and 
control of de novo hepatic lipid metabolism.35,36 

In contrast to the aforementioned findings, another experimental 
sleep restriction (4 hours in bed per night for six consecutive 
nights) study involving 11 healthy young men revealed a biphasic 
pattern of nocturnal GH release, with the first pulse occurred at 
3-hour prior to the sleep onset and the second peak corresponded 

to the usual circadian rhythm as seen during the sleep extension 
period (12 hours in bed per night for a week).32 This prolonged ex-
posure to elevated GH level may interact with the hunger-promot-
ing ghrelin centrally or stimulate peripheral glucose and lipid catab-
olism, resulting in insulin resistance and positive energy balance.37 

These findings were supported by some but not all observational 
studies, which reported a U-shaped relationship between IGF-1 to 
IGFBP-3 ratio, anthropometric traits (e.g., BMI and waist circum-
ference) or risk of metabolic syndrome.38,39 To this end, a better un-
derstanding of the cellular-microenvironment interactions and 
their downstream signaling cascades integrating sleep, GH/IGF-1 
axis and metabolic functions is warranted.

Sleep and hypothalamic-pituitary-adrenal axis
Sleep disturbances, including short sleep, sleep debt, and circadi-

an misalignment, may also disrupt glucose homeostasis and cause 
metabolic perturbations via other hormonal and cellular signaling 
cascades.23,24,40 In a pilot study conducted in 11 healthy young men, 
decreased glucose tolerance, increased evening cortisol level and 
sympathetic over-activity were observed after sleep restriction (4 
hours in bed per night for six consecutive nights) compared with 
the measurements taken after a sleep-restorative period (12 hours 
in bed per night for seven consecutive nights), indicating that sleep 
debt had a detrimental effect on glucose metabolism and endo-
crine function.40

The bidirectional relationships between sleep and the activity of 
hypothalamic-pituitary-adrenal (HPA) axis may exert negative 
metabolic consequences. Dysregulation of the HPA axis and its cir-
cadian rhythm can mediate the impact of sleep disturbances on 
cardiometabolic risk, mainly via the actions of two counter-regula-
tory hormones, namely the glucocorticoids and catecholamines. 
Physiologically, cortisol level peaks after 30–45 minutes of awaken-
ing (defined as cortisol awakening response [CAR]), followed by a 
sharp decline over the next 3 hours, more gradual decline over the 
rest of the day, and reaching nadir during the first half of sleep cy-
cle.41 Existing studies examining the associations between sleep and 
circadian variability of cortisol secretion is inconclusive, due to dif-
ferences in the sleep measurements (actigraphy/polysomnography 
vs. self-reported sleep parameters), definitions used for sleep dura-
tion and quality, and the number of real-time sampling points for 
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modelling of 24-hour cortisol profile. Several reports indicated that 
short sleepers have flattened diurnal cortisol slope and raised eve-
ning cortisol followed by an aggravated CAR, yielding an increase 
in total daily cortisol secretion which ends up in a state of hyper-
cortisolism and catabolism.42-44 In school-age children, high CAR 
and subsequent diurnal cortisol level were inversely associated with 
short sleep duration, low sleep efficiency and low frequency of 
SWS.45,46 Conversely, two other studies found no association be-
tween objective sleep duration and salivary awakening cortisol44 or 
24-hour urinary cortisol level.47 Poor sleep quality has been report-
ed to be an independent stressor for excess cortisol and catechol-
amines secretion, particularly with greater magnitude in adoles-
cents at late puberty.42,44 Increased HPA axis activation has also 
been reported in subjects with insomnia.48,49 Furthermore, it has 
been suggested that a gender difference on this stress reaction relat-
ed to sleep disturbances which may be modulated by the type of 
sleep disorders involved, calling for more studies to investigate the 
impact of sex hormones on sleep and energy balance.44,50 

Sympathetic over-activity may also contribute to the neurohor-
monal dysregulation linking sleep curtailment to energy imbalance. 
In addition to a 1.5-hour delay in the nocturnal nadir of cortisol 
level, experimental sleep restriction with 4 hours in bed per night 
for six consecutive nights in healthy volunteers had shown a con-
comitant 24-hour lowering of heart rate variability (measured by 
the autocorrelation coefficient of consecutive interbeat intervals) 
especially during awakening, which reflected an increase in cardiac 
sympathetic activity and/or diminished vagal tone, compared with 
sleep extension phase (12 hours in bed per night for seven consec-
utive nights).25 Physiologically, sleep onset is associated with de-
creased catecholamines release, reaching a nocturnal nadir an hour 
into a restful sleep.51 Amongst short sleepers, the secretion of nor-
epinephrine was pathologically elevated during early awakening in 
early morning, between 3:00 AM and 6:00 AM, with epinephrine 
showing a similar trend.44,51 Furthermore, patients with mild to 
moderate hypertension with acute sleep restriction reported an 
early morning elevation in blood pressure (systolic blood pressure 
of 7 mmHg and diastolic blood pressure of 4 mmHg) and heart 
rate (5.5 beats per minute) with potential risk of silent cardiovascu-
lar event, as sequelae of their blunted nocturnal dipping related to a 
surge in norepinephrine release.52 

SLEEP, OBESITY AND DIABETES

Multiple studies have consistently demonstrated significant asso-
ciations between sleep curtailment with decreased resting and 
postprandial energy expenditure (~5% and 20%, respectively), in-
creased appetite and insulin resistance in general population.2,11 In 
addition, a randomized cross-over study demonstrated a 30% de-
crease in the intracellular insulin sensitivity within adipocytes from 
the subcutaneous fat samples of seven healthy adults collected after 
sleep restriction compared with after normal sleep.53 It has also 
been demonstrated that short sleep duration is associated with ath-
erogenic dyslipidemia.54,55 Once obesity sets in, there may be a vi-
cious cycle as obesity associated comorbidities such as obstructive 
sleep apnea may further compromise sleep quality in affected indi-
viduals (Fig. 1). Taken together, evidence to date suggests that 
sleep curtailment affects the resiliency of neurohormonal stress re-
sponse and predisposes to metabolic disturbances with possible 
long-term cardiovascular risk. Besides sleep curtailment, there have 
been a wealth of clinical evidence supporting the association of 
sleep disturbances, both quantity and quality, with obesity and dia-
betes (Tables 1 and 2).11,56-103 However, the associations of insom-
nia with obesity and glucose metabolism is under debate.

Insomnia is a common sleep problem worldwide and affects 
15% of the Chinese population.8 It is defined as difficulty in initiat-
ing sleep (DIS), difficulty in maintaining sleep (DMS) and/or early 
morning awakening (EMA) at least three times per week with as-
sociated impairment of daytime functioning.104 Nonrestorative 

Figure 1. Association between sleep, obesity, cardiovascular risks and possible 
underlying neurohormonal dysregulation. LDL, low-density lipoprotein.

 Sleep

 Leptin

Ghrelin

Genetic & 
environmental

factors

Obesity

 Cortisol Sympathetic activity

LDL-cholesterol
Apolipoprotein B




Cardiovascular diseasesSleep apnea



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 8  |  http://www.jomes.org

Ta
bl

e 
1. 

Cl
in

ica
l s

tu
di

es
 e

xa
m

in
in

g 
th

e 
as

so
cia

tio
n 

be
tw

ee
n 

sle
ep

 d
ur

at
io

n 
w

ith
 o

be
sit

y a
nd

 d
ia

be
te

s 

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

Sl
ee

p 
du

ra
tio

n 
an

d 
ov

er
w

ei
gh

t/o
be

sit
y

   A
ya

s e
t a

l. (
20

03
)11

Pr
os

pe
ct

ive
 (m

ea
n 

 
fo

llo
w

-u
p:

 1
0 

yr
)/ 

th
e 

Un
ite

d 
St

at
es

Fe
m

al
e 

m
ar

rie
d 

re
gi

st
er

ed
 n

ur
se

s 
fro

m
 th

e 
Nu

rs
es

’ H
ea

lth
 S

tu
dy

 
(n

=7
0,

02
6)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/d
ay

Re
fe

re
nc

e:
 8

 h
r/d

ay

Se
lf-

re
po

rte
d 

sle
ep

 d
ur

at
io

n
40

–6
5,

 0
%

Ne
w

-o
ns

et
 o

be
sit

y
   S

ho
rt 

sle
ep

: R
R,

 1
.1

8;
 9

5%
 C

I, 0
.9

6–
1.

44
   L

on
g 

sle
ep

: R
R,

 1
.2

9;
 9

5%
 C

I, 1
.0

5–
1.

59
   P

at
el

 e
t a

l. (
20

06
)56

Pr
os

pe
ct

ive
 st

ud
y  

(fo
llo

w
-u

p:
 1

6 
yr

)/ 
th

e 
Un

ite
d 

St
at

es

Fe
m

al
e 

nu
rs

es
 fr

om
 th

e 
Nu

rs
es

’ 
He

al
th

 S
tu

dy
 (n

=6
8,

18
3)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s: 
 

≤5
, 6

, 7
, 8

, a
nd

 ≥
9 

hr
/

da
y

Re
fe

re
nc

e:
 7

 h
r/d

ay

Se
lf-

re
po

rte
d

39
–6

5,
 0

%
Ne

w
-o

ns
et

 o
be

sit
y

   S
le

ep
 d

ur
at

io
n 

≤5
 h

r/d
ay

: H
R,

 1
.1

5;
 9

5%
 C

I, 1
.0

4–
1.

27
   S

le
ep

 d
ur

at
io

n 
6 

hr
/d

ay
: H

R,
 1

.0
6;

 9
5%

 C
I, 1

.0
1–

1.
12

   S
le

ep
 d

ur
at

io
n 

≥9
 h

r/d
ay

: H
R,

 1
.0

3;
 9

5%
 C

I, 0
.9

3–
1.

14
≥1

5 
kg

 w
ei

gh
t g

ai
n

   S
le

ep
 d

ur
at

io
n 

≤5
 h

r/d
ay

: H
R,

 1
.2

8;
 9

5%
 C

I, 1
.1

5–
1.

42
   S

le
ep

 d
ur

at
io

n 
6 

hr
/d

ay
: H

R,
 1

.1
0;

 9
5%

 C
I, 1

.0
4–

1.
17

   S
le

ep
 d

ur
at

io
n 

≥9
 h

r/d
ay

: H
R,

 1
.0

4;
 9

5%
 C

I, 0
.9

2–
1.

16
   C

ha
pu

t e
t a

l. (
20

08
)57

Pr
os

pe
ct

ive
 st

ud
y  

(fo
llo

w
-u

p:
 6

±0
.9

 
yr

)/C
an

ad
a

Ge
ne

ra
l p

op
ul

at
io

n 
fo

rm
 th

e 
Qu

eb
ec

 
Fa

m
ily

 S
tu

dy
  

(n
=2

76
; n

on
ob

es
e:

 n
=2

24
)

Sh
or

t s
le

ep
: 5

–6
 h

r/d
ay

Lo
ng

 sl
ee

p:
 9

–1
0 

hr
/d

ay
Re

fe
re

nc
e:

 7
–8

 h
r/d

ay

Se
lf-

re
po

rte
d

21
–6

4,
 4

2.
4%

W
ei

gh
t g

ai
n

   S
ho

rt-
du

ra
tio

n 
sle

ep
er

s g
ai

ne
d 

1.
84

 kg
; 9

5%
 C

I, 1
.0

8–
2.

61
   L

on
g-

du
ra

tio
n 

sle
ep

er
s g

ai
ne

d 
1.

49
 kg

; 9
5%

 C
I, 0

.9
2–

2.
48

Ne
w

-o
ns

et
 o

be
sit

y
   S

ho
rt-

du
ra

tio
n 

sle
ep

er
s: 

OR
, 1

.2
7;

 9
5%

 C
I, N

S
   L

on
g-

du
ra

tio
n 

sle
ep

er
s: 

OR
, 1

.2
1;

 9
5%

 C
I, N

S
   L

óp
ez

-G
ar

cía
 e

t a
l. 

(2
00

8)
58

Pr
os

pe
ct

ive
 st

ud
y  

(fo
llo

w
-u

p:
 2

 yr
)/

Sp
ai

n

El
de

rly
 p

op
ul

at
io

n 
(n

=3
,2

35
)

Sl
ee

p 
du

ra
tio

n 
w

as
 ca

te
-

go
riz

ed
 as

: ≤
5, 

6, 
7, 

8, 
9,

 
an

d 
≥1

0 
hr

/d
ay

Re
fe

re
nc

e:
 7

 h
r/d

ay

In
te

rv
ie

w
M

al
e,

 7
1.

6±
8.

0;
  

fe
m

al
e,

 7
2.

1±
7.

6,
 

43
.6

%

OR
s o

f o
be

sit
y

   S
le

ep
 ≤

5 
hr

: O
R,

 1
.3

3;
 9

5%
 C

I, 1
.0

0–
1.

77
   S

le
ep

 8
 h

r: 
OR

, 1
.3

9;
 9

5%
 C

I, 1
.1

1–
1.

75
OR

s o
f s

ev
er

e 
ob

es
ity

   S
le

ep
 ≤

5 
hr

: O
R,

 2
.0

8;
 9

5%
 C

I, 1
.3

1–
3.

32
   S

le
ep

 8
 h

r: 
OR

, 1
.8

2;
 9

5%
 C

I, 1
.2

1–
2.

73
   S

le
ep

 9
 h

r: 
OR

, 1
.5

7;
 9

5%
 C

I, 1
.0

0–
2.

47
W

ei
gh

t g
ai

n 
≥5

 kg
   I

n 
w

om
en

 sl
ee

pi
ng

 ≤
5 

hr
: O

R,
 3

.4
1;

 9
5%

 C
I, 1

.3
4–

8.
69

   I
n 

w
om

en
 sl

ee
pi

ng
 8

 h
r: 

OR
, 3

.0
3;

 9
5%

 C
I, 1

.2
9–

7.
12

   I
n 

w
om

en
 sl

ee
pi

ng
 9

 h
r: 

OR
, 3

.7
7;

 9
5%

 C
I, 1

.5
5–

9.
17

   I
n 

to
ta

l o
r m

en
: n

o 
sig

ni
fic

an
t f

in
di

ng
s

   S
tra

ng
es

 e
t a

l. (
20

08
)59

Pr
os

pe
ct

ive
 st

ud
y  

(fo
llo

w
-u

p:
  

19
97

–1
99

9 
to

 
20

03
–2

00
4)

/th
e 

Un
ite

d 
Ki

ng
do

m

W
hi

te
-c

ol
la

r B
rit

ish
 ci

vil
 se

rv
an

ts
 

fro
m

 th
e 

W
hi

te
ha

ll I
I S

tu
dy

 
(n

=1
0,

30
8)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

No
rm

al
 sl

ee
p:

 7
 h

r/d
ay

Se
lf-

re
po

rte
d

35
–5

5,
 7

2.
1%

Ch
an

ge
s i

n 
BM

I
   S

ho
rt 

sle
ep

: β
, –

0.
06

; 9
5%

 C
I, –

0.
26

–0
.1

4
Ch

an
ge

s i
n 

W
C

   S
ho

rt 
sle

ep
: β

, 0
.4

4;
 9

5%
 C

I, –
0.

23
–1

.1
2

Ne
w

-o
ns

et
 o

be
sit

y
   S

ho
rt 

sle
ep

: O
R,

 1
.0

5;
 9

5%
 C

I, 0
.6

0–
1.

82
   N

ish
iu

ra
 e

t a
l. (

20
10

)60
Pr

os
pe

ct
ive

 st
ud

y  
(fo

llo
w

-u
p:

 4
 yr

)/ 
Ja

pa
n

No
no

be
se

 J
ap

an
es

e 
m

al
e 

w
or

ke
rs

 
(n

=2
,6

32
)

Sh
or

t s
le

ep
: <

6 
hr

/d
ay

No
rm

al
 sl

ee
p:

 7
–7

.9
 h

r/
da

y

Se
lf-

re
po

rte
d

40
–5

9,
 1

00
%

Ne
w

-o
ns

et
 o

be
sit

y
   S

ho
rt 

sle
ep

: O
R,

 2
.4

6;
 9

5%
 C

I, 1
.4

1–
4.

31

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  9

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   W
at

an
ab

e 
et

 a
l. 

(2
01

0)
61

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 1

 yr
)/ 

Ja
pa

n

Em
pl

oy
ee

s f
or

 a
n 

el
ec

tri
c p

ow
er

  
co

m
pa

ny
 (n

=2
3,

21
2)

Sl
ee

p 
du

ra
tio

n 
w

as
 ca

te
-

go
riz

ed
 a

s: 
<5

, 5
– <

6,
 

6–
<7

, 7
– <

8,
 8

– <
9,

 
an

d 
≥9

 h
r/d

ay
Re

fe
re

nc
e:

 7
– <

8 
hr

/d
ay

Se
lf-

re
po

rte
d

39
.8

±9
.6

, 8
6.

3%
W

ei
gh

t g
ai

n
   M

al
e 

w
ith

 sl
ee

p 
<5

 h
r/d

ay
: β

, 0
.0

16
; 9

5%
 C

I, 0
.0

24
–0

.1
46

; P
<0

.0
1

   M
al

e 
w

ith
 sl

ee
p 

<5
 h

r/d
ay

: β
, 0

.0
13

; 9
5%

 C
I, 0

.0
01

–0
.0

61
; P

=0
.0

4
   M

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: β

, 0
.0

18
; 9

5%
 C

I, 0
.0

79
–0

.3
40

; P
<0

.0
1

Ne
w

-o
ns

et
 o

be
sit

y
   M

al
e 

w
ith

 sl
ee

p 
<5

 h
r/d

ay
: O

R,
 1

.9
1;

 9
5%

 C
I, 1

.3
6–

2.
67

   M
al

e 
w

ith
 sl

ee
p 

5–
6 

hr
/d

ay
: O

R,
 1

.5
0;

 9
5%

 C
I, 1

.2
4–

1.
80

   N
o 

sig
ni

fic
an

t a
ss

oc
ia

tio
n 

be
tw

ee
n 

sle
ep

 d
ur

at
io

n 
an

d 
w

ei
gh

t g
ai

n 
or

 o
be

sit
y w

as
 fo

un
d 

fo
r w

om
en

.
   I

ta
ni

 e
t a

l. (
20

11
)62

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 7

 yr
)/ 

Ja
pa

n

W
or

ke
rs

 in
 a

 lo
ca

l g
ov

er
nm

en
t  

or
ga

ni
za

tio
n 

(n
=2

2,
74

3)
Sh

or
t s

le
ep

: <
5 

hr
/d

ay
No

rm
al

 sl
ee

p:
 5

–7
 h

r/d
ay

Se
lf-

re
po

rte
d

NS
, 9

5.
4%

Ne
w

-o
ns

et
 o

be
sit

y
   M

al
e 

su
bj

ec
ts

 w
ith

 sh
or

t s
le

ep
: R

R,
 1

.2
0;

 9
5%

 C
I, 1

.0
9–

1.
32

   F
em

al
e 

su
bj

ec
ts

 w
ith

 sh
or

t s
le

ep
: R

R,
 1

.7
1;

 9
5%

 C
I, 1

.1
1–

2.
87

   L
yy

tik
äi

ne
n 

et
 a

l. 
(2

01
1)

63
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 5
–7

 yr
)/

Fin
la

nd

M
id

dl
e-

ag
ed

 m
un

ici
pa

l e
m

pl
oy

ee
s 

fro
m

 th
e 

He
lsi

nk
i H

ea
lth

 S
tu

dy
 

(n
=7

,0
27

)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/d
ay

Re
fe

re
nc

e:
 7

 h
r/d

ay

Se
lf-

re
po

rte
d

40
–6

0,
 1

8.
5%

W
ei

gh
t g

ai
n 

≥5
 kg

   F
em

al
e 

w
ith

 sh
or

t s
le

ep
: O

R,
 1

.4
2;

 9
5%

 C
I, 1

.0
1–

2.
01

   F
em

al
e 

w
ith

 lo
ng

 sl
ee

p:
 O

R,
 1

.3
0;

 9
5%

 C
I, 0

.9
7–

1.
76

   M
al

e 
w

ith
 sh

or
t s

le
ep

: O
R,

 0
.8

8;
 9

5%
 C

I, 0
.4

4–
1.

74
   M

al
e 

w
ith

 lo
ng

 sl
ee

p:
 O

R,
 1

.0
6;

 9
5%

 C
I, 0

.4
8–

2.
32

   K
ob

ay
as

hi
 e

t a
l. 

(2
01

2)
64

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 3

 yr
)/ 

Ja
pa

n

He
al

th
y p

op
ul

at
io

n 
(n

=1
1,

13
6)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s: 
≤5

, 6
, 7

, 
an

d 
≥8

 h
r/d

ay
Re

fe
re

nc
e:

 7
 h

r/d
ay

Se
lf-

re
po

rte
d

≥2
0,

 4
4.

0%
W

ei
gh

t g
ai

n
   S

le
ep

 ≤
5:

 β
 co

ef
fic

ie
nt

, 0
.0

3;
 9

5%
 C

I, 0
.0

3–
1.

1;
 P

=0
.0

2
   S

le
ep

 ≥
8:

 β
 co

ef
fic

ie
nt

, 0
.0

1;
 9

5%
 C

I, –
0.

03
–0

.1
; P

=0
.3

4
Ne

w
-o

ns
et

 o
be

sit
y

   S
le

ep
 ≤

5:
 O

R,
 1

.5
; 9

5%
 C

I, 1
.1

–2
.0

   S
le

ep
 ≥

8:
 O

R,
 1

.3
; 9

5%
 C

I, 0
.9

–1
.8

   Y
ie

ng
pr

ug
sa

w
an

 e
t a

l. 
(2

01
2)

65
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 4
 yr

)/
Th

ai
la

nd

Di
st

an
ce

 le
ar

ne
rs

 a
t S

uk
ho

th
ai

  
Th

am
m

at
hi

ra
t O

pe
n 

Un
ive

rs
ity

 
(n

=6
0,

56
9)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s 
<6

, 6
, 7

, 
8 

an
d 

≥9
 h

r/d
ay

;
Sh

or
t s

le
ep

: <
6 

hr
/d

ay
Lo

ng
 sl

ee
p:

 ≥
9 

hr
/d

ay
Re

fe
re

nc
e:

 7
 h

r/d
ay

Se
lf-

re
po

rte
d

35
.6

 (2
0–

49
), 4

5.
2%

Ov
er

w
ei

gh
t

   F
em

al
e 

w
ith

 sh
or

t s
le

ep
: O

R,
 1

.3
3;

 9
5%

 C
I, 1

.1
8–

1.
51

   F
em

al
e 

w
ith

 lo
ng

 sl
ee

p:
 O

R,
 1

.2
2;

 9
5%

 C
I, 1

.0
7–

1.
39

   M
al

e 
w

ith
 sh

or
t s

le
ep

: O
R,

 1
.1

3;
 9

5%
 C

I, 1
.0

0–
1.

28
   M

al
e 

w
ith

 lo
ng

 sl
ee

p:
 O

R,
 1

.0
3;

 9
5%

 C
I, 0

.9
1–

1.
16

Ne
w

-o
ns

et
 o

be
sit

y
   F

em
al

e 
w

ith
 sh

or
t s

le
ep

: O
R,

 1
.4

9;
 9

5%
 C

I, 1
.3

2–
1.

68
   F

em
al

e 
w

ith
 lo

ng
 sl

ee
p:

 O
R,

 1
.3

6;
 9

5%
 C

I, 1
.2

0–
1.

53
   M

al
e 

w
ith

 sh
or

t s
le

ep
: O

R,
 1

.3
6;

 9
5%

 C
I, 1

.2
1–

1.
52

   M
al

e 
w

ith
 lo

ng
 sl

ee
p:

 O
R,

 1
.1

6;
 9

5%
 C

I, 1
.0

3–
1.

30
   N

ag
ai

 e
t a

l. (
20

13
)66

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 1

1 
yr

)/
Ja

pa
n

Ge
ne

ra
l p

op
ul

at
io

n 
(n

=9
,6

58
)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/d
ay

Re
fe

re
nc

e:
 7

 h
r/d

ay

Se
lf-

re
po

rte
d

40
–7

9,
 N

S
W

ei
gh

t g
ai

n 
≥5

 kg
   T

ot
al

 su
bj

ec
ts

 w
ith

 sh
or

t s
le

ep
: O

R,
 0

.9
3;

 9
5%

 C
I, 0

.7
3–

1.
20

   T
ot

al
 su

bj
ec

ts
 w

ith
 lo

ng
 sl

ee
p:

 O
R,

 1
.0

5;
 9

5%
 C

I, 0
.9

1–
1.

20
   B

M
I ≥

25
 kg

/m
2  w

ith
 sh

or
t s

le
ep

: O
R,

 0
.8

6;
 9

5%
 C

I, 0
.5

8–
1.

29
   B

M
I ≥

25
 kg

/m
2  w

ith
 lo

ng
 sl

ee
p:

 O
R,

 1
.3

6;
 9

5%
 C

I, 1
.0

9–
1.

70
Ne

w
-o

ns
et

 o
be

sit
y

   S
ho

rt 
sle

ep
: O

R,
 1

.0
8;

 9
5%

 C
I, 0

.7
7–

1.
51

   L
on

g 
sle

ep
: O

R,
 1

.0
6;

 9
5%

 C
I, 0

.8
6–

1.
29

Ta
bl

e 
1. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 10  |  http://www.jomes.org

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   O
hk

um
a 

et
 a

l. (
20

13
)67

Cr
os

s-
se

ct
io

na
l 

st
ud

y/
Ja

pa
n

Ja
pa

ne
se

 p
at

ie
nt

s w
ith

 T
2D

M
 

(n
=4

,8
70

)
Sl

ee
p 

du
ra

tio
n 

w
as

  
ca

te
go

riz
ed

 a
s: 

 
<4

.5
, 4

.5
–5

.4
, 5

.5
–6

.4
, 

6.
5–

7.
4,

 7
.5

–8
.4

, a
nd

 
≥8

.5
 h

r/d
ay

;
Re

fe
re

nc
e:

 6
.5

–7
.4

 h
r/d

ay

Se
lf-

re
po

rte
d

≥2
0,

 5
7%

OR
s (

95
%

 C
Is)

 fo
r o

be
sit

y
   S

le
ep

 <
4.

5 
hr

/d
ay

: O
R,

 1
.7

8;
 9

5%
 C

I, 1
.2

6–
2.

52
   S

le
ep

 ≥
8.

5 
hr

/d
ay

: O
R,

 1
.2

4;
 9

5%
 C

I, 0
.9

7–
1.

58
P f

or
 q

ua
dr

at
ic 

tre
nd

: <
0.

00
1

   S
ay

ón
-O

re
a 

et
 a

l. 
(2

01
3)

68
Pr

os
pe

ct
ive

 st
ud

y 
(m

ed
ia

n 
fo

llo
w

-u
p:

 
6.

5 
yr

)/S
pa

in

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
SU

N 
M

ed
ite

rra
ne

an
 C

oh
or

t (
n=

10
,5

32
)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s 
<5

, 
5–

<7
, 7

– <
8,

 ≥
8 

hr
/

ni
gh

t; 
Re

fe
re

nc
e:

 7
– <

8 
hr

/d
ay

Se
lf-

re
po

rte
d

39
±1

2,
 N

S
Ne

w
-o

ns
et

 o
be

sit
y

   T
ot

al
 w

ith
 sl

ee
p 

<5
 h

r/n
ig

ht
: H

R,
 1

.9
4;

 9
5%

 C
I, 1

.1
9–

3.
18

   M
al

e 
w

ith
 sl

ee
p 

<5
 h

r/n
ig

ht
: H

R,
 2

.0
9;

 9
5%

 C
I, 1

.1
8–

3.
69

   F
em

al
e 

w
ith

 sl
ee

p 
<5

 h
r/n

ig
ht

: H
R,

 1
.2

6;
 9

5%
 C

I, 0
.4

4–
3.

57
   T

ot
al

 w
ith

 sl
ee

p 
≥8

 h
r/n

ig
ht

: H
R,

 1
.1

3;
 9

5%
 C

I, 0
.8

9–
1.

43
   M

al
e 

w
ith

 sl
ee

p 
≥8

 h
r/n

ig
ht

: H
R,

 0
.8

8;
 9

5%
 C

I, 0
.6

4–
1.

21
   F

em
al

e 
w

ith
 sl

ee
p 

≥8
 h

r/n
ig

ht
: H

R,
 1

.4
3;

 9
5%

 C
I, 0

.9
7–

2.
10

   X
ia

o 
et

 a
l. (

20
13

)69
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 7
.5

 yr
)/

th
e 

Un
ite

d 
St

at
es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Na

tio
na

l 
In

st
itu

te
s o

f H
ea

lth
-A

AR
P 

Di
et

 a
nd

 
He

al
th

 S
tu

dy
 (n

=8
3,

37
7)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s  
<5

, 5
–6

, 7
–8

, ≥
9 

hr
/

da
y; 

Re
fe

re
nc

e:
 7

–8
 h

r/d
ay

Se
lf-

re
po

rte
d

51
–7

2,
 5

1.
8%

W
ei

gh
t g

ai
n 

≥5
 kg

   M
al

e 
w

ith
 sl

ee
p 

<5
 h

r/d
ay

: O
R,

 1
.2

7;
 9

5%
 C

I, 1
.0

7–
1.

52
   F

em
al

e 
w

ith
 sl

ee
p 

<5
 h

r/d
ay

: O
R,

 1
.3

0;
 9

5%
 C

I, 1
.1

2–
1.

51
   M

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.1
6;

 9
5%

 C
I, 0

.9
9–

1.
36

   F
em

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.0
2;

 9
5%

 C
I, 0

.8
8–

1.
17

Ne
w

-o
ns

et
 o

be
sit

y
   M

al
e 

w
ith

 sl
ee

p 
<5

 h
r/d

ay
: O

R,
 1

.4
5;

 9
5%

 C
I, 1

.0
6–

1.
99

   F
em

al
e 

w
ith

 sl
ee

p 
<5

 h
r/d

ay
: O

R,
 1

.3
7;

 9
5%

 C
I, 1

.0
4–

1.
79

Sl
ee

p 
du

ra
tio

n 
≥9

 h
r/d

ay
   M

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.1
2;

 9
5%

 C
I, 0

.8
4–

1.
49

   F
em

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 0

.9
1;

 9
5%

 C
I, N

S
   V

go
nt

za
s e

t a
l. (

20
14

)70
Pr

os
pe

ct
ive

 st
ud

y  
(to

ta
l f

ol
lo

w
-u

p:
 7

.5
 

yr
; w

om
en

: 4
.5

 yr
; 

m
en

: 1
0.

5 
yr

)/ 
th

e 
Un

ite
d 

St
at

es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Pe

nn
 

St
at

e 
Co

ho
rt 

(n
=8

15
)

Sl
ee

p 
du

ra
tio

n 
w

as
 ca

te
-

go
riz

ed
 as

 ≤
5, 

5–
6, 

6–
7,

 
≥7

 h
r/n

ig
ht

;
Re

fe
re

nc
e:

 ≥
7 

hr
/n

ig
ht

Se
lf-

re
po

rte
d 

(su
bj

ec
tiv

e)
 a

nd
 

PS
G 

(o
bj

ec
tiv

e)

48
.9

±1
3.

4,
 5

0.
5%

Ne
w

-o
ns

et
 o

be
sit

y
   S

ub
je

ct
ive

 sl
ee

p 
du

ra
tio

n 
≤5

 h
r/n

ig
ht

: O
R,

 1
.0

8;
 9

5%
 C

I, 0
.4

8–
2.

41
   O

bj
ec

tiv
e 

sle
ep

 d
ur

at
io

n 
≤5

 h
r/n

ig
ht

: O
R,

 0
.5

1;
 9

5%
 C

I, 0
.2

2–
1.

18

   G
ut

ié
rre

z-R
ep

iso
 e

t a
l.  

(2
01

4)
71

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 1

1 
yr

)/
Sp

ai
n

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Pi

za
rra

 
co

ho
rt 

st
ud

y (
n=

1,
14

5)
Sh

or
t s

le
ep

: ≤
7 

hr
/n

ig
ht

 
No

rm
al

 sl
ee

p:
 ≥

8 
hr

/n
ig

ht
Se

lf-
re

po
rte

d
18

–6
5,

 3
8.

8%
OR

s o
f b

ec
om

in
g 

ob
es

e 
in

 su
bj

ec
ts

 w
ith

 sh
or

t s
le

ep
   A

t t
he

 6
-y

r f
ol

lo
w

-u
p:

 O
R,

 1.
99

; 9
5%

 C
I, 1

.1
2–

3.
55

   A
t t

he
 1

1-
yr

 fo
llo

w
-u

p:
 O

R,
 2.

73
; 9

5%
 C

I, 1
.4

7–
5.

04
   K

im
 e

t a
l. (

20
15

)72
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 2
.6

 yr
)/

Ko
re

a

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
 

AR
IR

AN
G 

St
ud

y (
n=

3,
86

2)
Sh

or
t s

le
ep

: <
6 

hr
/d

ay
Lo

ng
 sl

ee
p:

 ≥
10

 h
r/d

ay
Re

fe
re

nc
e:

 6
–7

.9
 h

r/d
ay

Se
lf-

re
po

rte
d

40
–7

0,
 4

1.
1%

Ne
w

-o
ns

et
 m

et
ab

ol
ic 

sy
nd

ro
m

e
   S

ho
rt 

sle
ep

: O
R,

 1
.4

1;
 9

5%
 C

I, 1
.0

6–
1.

88
   L

on
g 

sle
ep

: O
R,

 0
.6

8;
 9

5%
 C

I, 0
.3

9–
1.

17
Hi

gh
 W

C
   S

ho
rt 

sle
ep

: O
R,

 1
.3

0;
 9

5%
 C

I, 0
.9

8–
1.

69
   L

on
g 

sle
ep

: O
R,

 0
.9

7;
 9

5%
 C

I, 0
.6

2–
1.

50

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)

Ta
bl

e 
1. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  11

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   Z
ha

ng
 e

t a
l. (

20
15

)73
Cr

os
s-

se
ct

io
na

l 
st

ud
y/

Ch
in

a
Sc

ho
ol

-a
ge

d 
ch

ild
re

n 
(n

=3
,0

86
)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s: 
≤8

.0
0,

 
8.

01
–9

.0
0,

 9
.0

1–
10

.0
0,

 
an

d 
>1

0 
hr

/n
ig

ht
;

Re
fe

re
nc

e:
 >

10
 h

r/n
ig

ht
Sl

ee
p 

co
m

pe
ns

at
ed

 g
ro

up
: 

(w
ee

ke
nd

 [o
r h

ol
id

ay
] 

sle
ep

 d
ur

at
io

n–
w

ee
kd

ay
 

sle
ep

 du
ra

tio
n)/

w
ee

kd
ay

 
sle

ep
 d

ur
at

io
n×

10
0%

 
≥1

0%
Re

fe
re

nc
e:

  
no

nc
om

pe
ns

at
ed

 g
ro

up

Se
lf-

re
po

rte
d

7–
14

, 5
2.

1%
Ri

sk
 o

f b
ei

ng
 o

ve
rw

ei
gh

t/o
be

se
   W

ee
kd

ay
s s

le
ep

 ≤
8.

00
 h

r/n
ig

ht
: O

R,
 1

.9
95

; 9
5%

 C
I, 0

.9
17

–4
.2

19
   W

ee
ke

nd
s s

le
ep

 ≤
8.

00
 h

r/n
ig

ht
: O

R,
 2

.6
91

; 9
5%

 C
I, 1

.5
13

–4
.7

85
   L

on
g 

ho
lid

ay
s s

le
ep

 ≤
8.

00
 h

r/n
ig

ht
: O

R,
 2

.9
21

; 9
5%

 C
I, 1

.6
30

–5
.3

23
   S

le
ep

 co
m

pe
ns

at
io

n 
du

rin
g 

w
ee

ke
nd

s: 
OR

, 1
.1

97
; 9

5%
 C

I,  
1.

00
4–

1.
49

3
   S

le
ep

 co
m

pe
ns

at
io

n 
du

rin
g 

ho
lid

ay
s: 

OR
, 1

.3
09

; 9
5%

 C
I,  

1.
05

2–
1.

63
0

Sl
ee

p 
du

ra
tio

n 
an

d 
ris

k o
f d

ia
be

te
s

   A
ya

s e
t a

l. (
20

03
)11

Pr
os

pe
ct

ive
 (m

ea
n 

 
fo

llo
w

-u
p:

 1
0 

yr
)/

th
e 

Un
ite

d 
St

at
es

Fe
m

al
e 

m
ar

rie
d 

re
gi

st
er

ed
 n

ur
se

s 
fro

m
 th

e 
Nu

rs
es

’ H
ea

lth
 S

tu
dy

 
(n

=7
0,

02
6)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/d
ay

Re
fe

re
nc

e:
 8

 h
r/d

ay

Se
lf-

re
po

rte
d

40
–6

5,
 0

%
Ne

w
-o

ns
et

 sy
m

pt
om

at
ic 

di
ab

et
es

   S
ho

rt 
sle

ep
: R

R,
 1

.3
4;

 9
5%

 C
I, 1

.0
4–

1.
72

   L
on

g 
sle

ep
: R

R,
 1

.3
5;

 9
5%

 C
I, 1

.0
4–

1.
75

   M
al

lo
n 

et
 a

l. (
20

05
)74

Pr
os

pe
ct

ive
 (m

ea
n 

fo
llo

w
-u

p:
 1

2 
yr

)/
Sw

ed
en

Ge
ne

ra
l p

op
ul

at
io

n 
(n

=1
,1

70
)

Sh
or

t s
le

ep
: ≤

5 
hr

/n
ig

ht
Lo

ng
 sl

ee
p:

 ≥
9 

hr
/n

ig
ht

Re
fe

re
nc

e:
 5

–8
 h

r/n
ig

ht

Se
lf-

re
po

rte
d

45
–6

5,
 4

7.
0%

Ne
w

-o
ns

et
 d

ia
be

te
s

   M
al

e 
w

ith
 sh

or
t s

le
ep

: R
R,

 2
.8

; 9
5%

 C
I, 1

.1
–7

.3
   F

em
al

e 
w

ith
 sh

or
t s

le
ep

: R
R,

 1
.8

; 9
5%

 C
I, 0

.5
–6

.8
   M

al
e 

w
ith

 lo
ng

 sl
ee

p:
 N

S
   F

em
al

e 
w

ith
 lo

ng
 sl

ee
p:

 R
R,

 2
.9

; 9
5%

 C
I, 0

.6
–1

5.
0

   Y
ag

gi
 e

t a
l. (

20
06

)75
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 1
5–

17
 

yr
)/t

he
 U

ni
te

d 
St

at
es

M
en

 fr
om

 th
e 

M
as

sa
ch

us
et

ts
 M

al
e 

Ag
in

g 
St

ud
y w

ith
ou

t d
ia

be
te

s 
(n

=1
,1

39
)

Av
er

ag
e 

sle
ep

 d
ur

at
io

n 
w

as
 d

ivi
de

d 
in

to
: ≤

5,
 6

, 
7,

 8
, a

nd
 >

8 
hr

/n
ig

ht
;

Re
fe

re
nc

e:
 7

 h
r/n

ig
ht

Se
lf-

re
po

rte
d

40
–7

0,
 1

00
%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
le

ep
 ≤

5 
hr

/n
ig

ht
: R

R,
 1

.9
5;

 9
5%

 C
I, 0

.9
5–

4.
01

   S
le

ep
 >

8 
hr

/n
ig

ht
: R

R,
 3

.1
2;

 9
5%

 C
I, 1

.5
3–

6.
37

Fu
rth

er
 a

dj
us

te
d 

fo
r t

es
to

st
er

on
e

   S
le

ep
 ≤

5 
hr

/n
ig

ht
: R

R,
 1

.5
1;

 9
5%

 C
I, 0

.7
1–

3.
19

   S
le

ep
 >

8 
hr

/n
ig

ht
: R

R,
 2

.8
1;

 9
5%

 C
I, 1

.3
4–

5.
90

   G
an

gw
isc

h 
et

 a
l. 

(2
00

7)
76

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 8

-1
0 

yr
)/

th
e 

Un
ite

d 
St

at
es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Fir

st
  

Na
tio

na
l H

ea
lth

 a
nd

 N
ut

rit
io

n 
 

Ex
am

in
at

io
n 

Su
rv

ey
 I (

n=
8,

99
2)

Sh
or

t s
le

ep
: ≤

5 
hr

/n
ig

ht
Lo

ng
 sl

ee
p:

 ≥
9 

hr
/n

ig
ht

Re
fe

re
nc

e:
 7

 h
r/n

ig
ht

Se
lf-

re
po

rte
d

32
–8

6,
 3

7%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

ho
rt 

sle
ep

: O
R,

 1
.4

7;
 9

5%
 C

I, 1
.0

3–
2.

09
   L

on
g 

sle
ep

: O
R,

 1
.5

2;
 9

5%
 C

I, 1
.0

6–
2.

18
   H

ay
as

hi
no

 e
t a

l.  
(2

00
7)

77
Pr

os
pe

ct
ive

 st
ud

y 
(m

ed
ia

n 
fo

llo
w

-u
p:

 
4.

2 
yr

)/J
ap

an

As
ia

n 
w

or
ke

rs
 fr

om
 H

ig
h-

ris
k a

nd
 

Po
pu

la
tio

n 
St

ra
te

gy
 fo

r  
Oc

cu
pa

tio
na

l H
ea

lth
 P

ro
m

ot
io

n 
St

ud
y (

n=
6,

50
9)

Sh
or

t s
lee

p: 
sle

ep
 du

ra
tio

n 
<6

 h
r/d

ay
Lo

ng
 sl

ee
p:

 ≥
9 

hr
/d

ay
Re

fe
re

nc
e:

 6
–7

 h
r/d

ay

Se
lf-

re
po

rte
d

38
.2

 (1
9–

69
), 7

3.
9%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
ho

rt 
sle

ep
: H

R,
 1

.1
5;

 9
5%

 C
I, 0

.7
6–

1.
74

   L
on

g 
sle

ep
: H

R,
 1

.0
3;

 9
5%

 C
I, 0

.6
2–

1.
70

   B
ei

hl
 e

t a
l. (

20
09

)78
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 5
 yr

)/t
he

 
Un

ite
d 

St
at

es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
In

su
lin

Re
sis

ta
nc

e 
At

he
ro

sc
le

ro
sis

 S
tu

dy
 

(n
=9

00
)

Sh
or

t s
le

ep
: ≤

7 
hr

/n
ig

ht
Lo

ng
 sl

ee
p:

 ≥
9 

hr
/n

ig
ht

Re
fe

re
nc

e:
 8

 h
r/n

ig
ht

Se
lf-

re
po

rte
d

40
–6

9,
 4

3.
3%

Ne
w

-o
ns

et
 d

ia
be

te
s

   N
on

-H
isp

an
ic 

w
hi

te
s a

nd
 H

isp
an

ics
 w

ith
 sh

or
t s

le
ep

: O
R,

 2
.3

6;
 9

5%
   

CI
, 1

.1
1–

5.
00

   N
on

-H
isp

an
ic 

w
hi

te
s a

nd
 H

isp
an

ics
 w

ith
 lo

ng
 sl

ee
p:

 O
R,

 2
.1

5;
 9

5%
 

CI
, 0

.5
0–

9.
30

   A
fri

ca
n 

Am
er

ica
n 

w
ith

 sh
or

t s
le

ep
: O

R,
 0

.6
3;

 9
5%

 C
I, 0

.1
4–

2.
90

   A
fri

ca
n 

Am
er

ica
n 

w
ith

 lo
ng

 sl
ee

p:
 O

R,
 0

.3
9;

 9
5%

 C
I, 0

.0
2–

7.
19

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)

Ta
bl

e 
1. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 12  |  http://www.jomes.org

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   C
ha

pu
t e

t a
l. (

20
09

)79
Lo

ng
itu

di
na

l s
tu

dy
 

(m
ea

n 
fo

llo
w

-u
p:

 
6.

0±
0.

9 
yr

)/C
an

ad
a

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Qu

eb
ec

 
Fa

m
ily

 S
tu

dy
 (n

=2
76

)
Sh

or
t s

le
ep

: ≤
6 

hr
/n

ig
ht

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/n
ig

ht
Re

fe
re

nc
e:

 7
–8

 h
r/n

ig
ht

Se
lf-

re
po

rte
d

21
–6

4,
 4

2.
4%

Ne
w

-o
ns

et
 T

2D
M

 o
r I

GT
   S

ho
rt 

sle
ep

: O
R,

 2
.4

2;
 9

5%
 C

I, 1
.4

9–
3.

33
   L

on
g 

sle
ep

: O
R,

 2
.3

1;
 9

5%
 C

I, 1
.4

1–
3.

15
   X

u 
et

 a
l. (

20
10

)80
Pr

os
pe

ct
ive

 st
ud

y 
(fo

llo
w

-u
p:

 6
 yr

)/t
he

 
Un

ite
d 

St
at

es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Na

tio
na

l 
In

st
itu

te
s o

f H
ea

lth
-A

m
er

ica
n 

 
As

so
cia

tio
n 

of
 R

et
ire

d 
Pe

rs
on

s D
ie

t 
an

d 
He

al
th

 co
ho

rt 
(n

=1
64

,3
99

)

Av
er

ag
e 

sle
ep

 d
ur

at
io

n 
w

as
 d

ivi
de

d 
in

to
: <

5,
 

5–
6,

 7
–8

, a
nd

 ≥
9 

hr
/

ni
gh

t;
Re

fe
re

nc
e:

 7
–8

 h
r/n

ig
ht

Da
y n

ap
pi

ng
 w

as
  

ca
te

go
riz

ed
 a

s: 
no

ne
, 

<1
 h

r, a
nd

 ≥
1 

hr
/d

ay
;

Re
fe

re
nc

e:
 n

on
e

Se
lf-

re
po

rte
d

50
–7

1,
 5

6.
8%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
le

ep
 <

5 
hr

/n
ig

ht
: O

R,
 1

.3
4;

 9
5%

 C
I, 1

.2
0–

1.
50

   S
le

ep
 5

–6
 h

r/n
ig

ht
: O

R,
 1

.0
6;

 9
5%

 C
I, 1

.0
1–

1.
11

   S
le

ep
 ≥

9 
hr

/n
ig

ht
: O

R,
 1

.0
9;

 9
5%

 C
I, 0

.9
7–

1.
22

   D
ay

 n
ap

pi
ng

 <
1 

hr
/d

ay
: O

R,
 1

.2
3;

 9
5%

 C
I, 1

.1
8–

1.
29

   D
ay

 n
ap

pi
ng

 ≥
1 

hr
/d

ay
: O

R,
 1

.5
5;

 9
5%

 C
I, 1

.4
5–

1.
66

Ho
ur

s o
f d

ay
 n

ap
pi

ng
×n

ig
ht

 sl
ee

p 
on

 d
ia

be
te

s: 
P<

0.
00

01
;

   a
m

on
g 

pa
rti

cip
an

ts
 w

ith
 n

o 
na

pp
in

g,
 o

nl
y s

ho
rt 

ni
gh

t s
le

ep
in

g 
w

as
  

as
so

cia
te

d 
w

ith
 h

ig
he

r o
cc

ur
re

nc
e 

of
 d

ia
be

te
s (

OR
, 1

.3
2)

, w
he

re
as

 
am

on
g 

th
os

e 
w

ith
 ≥

1 
hr

 o
f n

ap
pi

ng
, b

ot
h 

lo
ng

 (O
R,

 1
.5

5)
 a

nd
 sh

or
t 

(O
R,

 1
.7

8)
 sl

ee
pi

ng
 w

as
 a

ss
oc

ia
te

d 
w

ith
 h

ig
he

r r
isk

.
   K

ita
 e

t a
l. (

20
12

)81
Pr

os
pe

ct
ive

,  
oc

cu
pa

tio
na

l-b
as

ed
 

st
ud

y (
fo

llo
w

-u
p:

 4
 

yr
)/J

ap
an

Lo
ca

l g
ov

er
nm

en
t e

m
pl

oy
ee

s 
(n

=3
,5

70
)

Sh
or

t s
le

ep
: ≤

5 
hr

/d
ay

Re
fe

re
nc

e:
 >

7 
hr

/d
ay

Se
lf-

re
po

rte
d

35
–5

5,
 7

9.
0%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
ho

rt 
sle

ep
: O

R,
 5

.3
7;

 9
5%

 C
I, 1

.3
8–

20
.9

1

   v
on

 R
ue

st
en

 e
t a

l. 
(2

01
2)

82
Pr

os
pe

ct
ive

 st
ud

y 
(m

ea
n 

fo
llo

w
-u

p:
 

7.
8 

yr
)/G

er
m

an
y

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
 

Eu
ro

pe
an

 P
ro

sp
ec

tiv
e 

In
ve

st
ig

at
io

n 
in

to
 C

an
ce

r a
nd

 N
ut

rit
io

n-
Po

ts
da

m
 

St
ud

y (
n=

23
,6

20
)

Sh
or

t s
le

ep
: <

6 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

9 
hr

/d
ay

Re
fe

re
nc

e:
 7

–<
8 

hr
/d

ay

Se
lf-

re
po

rte
d

35
–6

5,
 3

8.
6%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
ho

rt 
sle

ep
: H

R,
 1

.0
6;

 9
5%

 C
I, 0

.8
0–

1.
40

   L
on

g 
sle

ep
: H

R,
 1

.0
5;

 9
5%

 C
I, 0

.8
2–

1.
33

   H
ol

lid
ay

 e
t a

l. (
20

13
)83

Pr
os

pe
ct

ive
 st

ud
y 

(m
ea

n 
fo

llo
w

-u
p:

 
2.

3 
yr

)/A
us

tra
lia

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
45

 a
nd

 
Up

 S
tu

dy
 (n

=2
12

,3
88

)
Av

er
ag

e 
sle

ep
 d

ur
at

io
n 

w
as

 ca
te

go
riz

ed
 a

s: 
<6

, 
6–

<7
, 7

–<
8,

 8
–<

9,
 

9–
<1

0,
 a

nd
 ≥

10
 h

r/
da

y;
Re

fe
re

nc
e:

 7
–<

8 
hr

/d
ay

Se
lf-

re
po

rte
d

≥4
5,

 4
7.

3%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

le
ep

 <
6 

hr
: H

R,
 1

.2
9;

 9
5%

 C
I, 1

.0
8–

1.
53

   S
le

ep
 ≥

10
 h

r: 
HR

, 1
.0

3;
 9

5%
 C

I, 0
.8

8–
1.

19

   G
ut

ié
rre

z-R
ep

iso
 e

t a
l. 

(2
01

4)
71

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 1

1 
yr

)/
Sp

ai
n

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Pi

za
rra

 
co

ho
rt 

st
ud

y (
n=

1,
14

5)
Sh

or
t s

le
ep

: ≤
7 

hr
/n

ig
ht

Re
fe

re
nc

e:
 ≥

8 
hr

/n
ig

ht
Se

lf-
re

po
rte

d
18

–6
5,

 3
8.

8%
Ne

w
-o

ns
et

 d
ia

be
te

s
   A

t t
he

 6
-y

r f
ol

lo
w

-u
p,

 sh
or

t s
le

ep
: O

R,
 1.

96
; 9

5%
 C

I, 1
.1

0–
3.

50
   A

t t
he

 1
1-

yr
 fo

llo
w

-u
p,

 sh
or

t s
le

ep
: O

R,
 1

.2
8;

 9
5%

 C
I, 0

.6
0–

2.
69

   H
ei

an
za

 e
t a

l. (
20

14
)84

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 8

 yr
)/ 

Ja
pa

n

W
or

ke
rs

 (n
=3

8,
98

7)
Av

er
ag

e 
sle

ep
 d

ur
at

io
n 

w
as

 ca
te

go
riz

ed
 a

s: 
<5

.5
, 5

.5
– <

6.
5,

 6
.5

–
<7

.0
, 7

.0
–7

.5
, >

7.
5–

8.
0,

 o
r >

8.
0 

hr
/d

ay
;

Sh
or

t s
le

ep
: <

5.
5 

or
 5

.5
–

<6
.5

 h
r/d

ay
;

Re
fe

re
nc

e:
 7

.0
–7

.5
 h

r/d
ay

Se
lf-

re
po

rte
d

18
–8

3,
 6

4.
2%

Ne
w

-o
ns

et
 d

ia
be

te
s

   S
le

ep
 <

5.
5 

hr
: O

R,
 1

.5
3;

 9
5%

 C
I, 1

.1
9–

1.
97

   S
le

ep
 5

.5
– <

6.
5 

hr
: O

R,
 1

.2
5;

 9
5%

 C
I, 1

.1
0–

1.
42

   S
le

ep
 >

8 
hr

/d
ay

: O
R,

 1
.0

3;
 9

5%
 C

I, 0
.8

1–
1.

30
   I

n 
ag

e 
≤4

5 
yr,

 sl
ee

p 
<5

.5
 h

r: 
OR

, 1
.6

1;
 9

5%
 C

I, 1
.0

8–
2.

42
   I

n 
ag

e 
46

–5
9 

yr,
 sl

ee
p 

<5
.5

 h
r: 

OR
, 1

.5
6;

 9
5%

 C
I, 1

.1
0–

2.
22

   I
n 

ag
e 

≥6
0 

yr,
 sl

ee
p 

<5
.5

 h
r: 

OR
, 1

.7
2;

 9
5%

 C
I, 0

.7
5–

3.
92

   L
ou

 e
t a

l. (
20

15
)85

Pr
os

pe
ct

ive
 st

ud
y 

(m
ed

ia
n 

fo
llo

w
-u

p:
 

5 
yr

)/C
hi

na

Ge
ne

ra
l p

op
ul

at
io

n 
(n

=1
1,

84
2)

Sh
or

t s
le

ep
: ≤

6 
hr

/n
ig

ht
Lo

ng
 sl

ee
p:

 ≥
8 

hr
/n

ig
ht

Re
fe

re
nc

e:
 6

–8
 h

r/n
ig

ht

Se
lf-

re
po

rte
d

44
.8

±1
4.

7,
 4

5.
4%

Ne
w

-o
ns

et
 T

2D
M

   S
ho

rt 
sle

ep
: R

R,
 1

.6
7;

 9
5%

 C
I, 1

.3
4–

2.
16

   L
on

g 
sle

ep
: R

R,
 1

.4
5;

 9
5%

 C
I, 1

.0
2–

1.
77

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)

Ta
bl

e 
1. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  13

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

De
fin

iti
on

 o
f s

le
ep

  
di

st
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   K
im

 e
t a

l. (
20

15
)72

Pr
os

pe
ct

ive
 st

ud
y 

(fo
llo

w
-u

p:
 2

.6
 yr

)/
Ko

re
a

Ge
ne

ra
l p

op
ul

at
io

n 
(n

= 
3,

86
2)

Sh
or

t s
le

ep
: <

6 
hr

/d
ay

Lo
ng

 sl
ee

p:
 ≥

10
 h

r/d
ay

Re
fe

re
nc

e:
 6

–7
.9

 h
r/d

ay
 

Se
lf-

re
po

rte
d

40
–7

0,
 4

1.
1%

Hi
gh

 b
lo

od
 g

lu
co

se
   S

ho
rt 

sle
ep

: O
R,

 1
.3

1;
 9

5%
 C

I, 0
.9

6–
1.

79
   L

on
g 

sle
ep

: O
R,

 0
.5

6;
 9

5 
CI

, 0
.2

9–
1.

04
   H

an
 e

t a
l. (

20
16

)86
Pr

os
pe

ct
ive

 S
tu

dy
 

(fo
llo

w
-u

p:
 3

–4
.7

5 
yr

)/C
hi

na

Re
tir

ed
 e

m
pl

oy
ee

s f
ro

m
 th

e 
 

Do
ng

fe
ng

-To
ng

ji c
oh

or
t (

n=
16

,3
99

)
Sl

ee
p 

du
ra

tio
n 

w
as

  
ca

te
go

riz
ed

 a
s: 

<7
, 

7–
<8

 (r
ef

er
en

ce
), 

8–
<9

, 9
– <

10
,  

an
d 

≥1
0 

hr
/n

ig
ht

;
af

te
rn

oo
n 

na
pp

in
g 

w
as

  
di

vid
ed

 in
to

: n
o 

na
pp

in
g 

(0
 m

in
, r

ef
er

en
ce

), 1
–3

0,
 

31
–6

0,
 6

1–
90

, a
nd

 >
90

 
m

in

Se
lf-

re
po

rte
d

62
.5

, 4
3.

2%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

le
ep

 <
7 

hr
/n

ig
ht

: H
R,

 0
.9

3;
 9

5%
 C

I, 0
.7

2–
1.

19
   S

le
ep

 ≥
10

 h
r/n

ig
ht

: H
R,

 1
.4

2;
 9

5%
 C

I, 1
.0

8–
1.

87
   N

ap
pi

ng
 >

90
 m

in
: H

R,
 1

.2
8;

 9
5%

 C
I, 1

.0
3–

1.
59

   S
le

ep
 d

ur
at

io
n 

≥1
0 

hr
/n

ig
ht

 a
nd

 n
ap

pi
ng

 >
60

 m
in

: H
R,

 1
.7

2;
 9

5%
 

CI
, 1

.0
3–

2.
85

Sl
ee

p 
du

ra
tio

n 
an

d 
gl

yc
em

ic 
co

nt
ro

l
   K

nu
ts

on
 e

t a
l. (

20
06

)87
Cr

os
s-

se
ct

io
na

l 
st

ud
y/

th
e 

Un
ite

d 
St

at
es

Af
ric

an
-A

m
er

ica
n 

w
om

en
 a

nd
 m

en
 

w
ith

 d
ia

be
te

s (
n=

16
1)

Pe
rc

ei
ve

d 
sle

ep
 d

eb
t: 

th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
w

ee
kd

ay
 sl

ee
p 

du
ra

tio
n 

an
d 

pr
ef

er
re

d 
sle

ep
  

du
ra

tio
n

Se
lf-

re
po

rte
d

57
±1

2,
 2

6.
1%

Gl
yc

em
ic 

co
nt

ro
l (l

nH
bA

1c
)

   S
le

ep
 d

eb
t i

n 
pa

tie
nt

s w
ith

ou
t d

ia
be

tic
 co

m
pl

ica
tio

ns
: β

, 0
.5

1;
 

P=
0.

04
   S

le
ep

 d
eb

t i
n 

pa
tie

nt
s w

ith
 1

 o
r m

or
e 

di
ab

et
ic 

co
m

pl
ica

tio
ns

:  
β,

 −
0.

00
5;

 P
=0

.8
5

   K
im

 e
t a

l. (
20

13
)88

Cr
os

s-
se

ct
io

na
l 

st
ud

y/
Ko

re
a

Ko
re

an
 p

at
ie

nt
s w

ith
 d

ia
be

te
s 

(n
=2

,1
34

)
Sl

ee
p 

du
ra

tio
n 

w
as

  
ca

te
go

riz
ed

 a
s: 

<6
, 6

, 7
, 

8,
 a

nd
 ≥

9 
hr

/d
ay

;
Re

fe
re

nc
e:

 7
 h

r/d
ay

Se
lf-

re
po

rte
d

61
.7

±1
2.

3,
 4

9.
9%

OR
 o

f h
ig

h 
Hb

A1
c (

≥7
.0

%
)

   T
ot

al
 w

ith
 sl

ee
p 

<6
 h

r/d
ay

: O
R,

 1
.1

5;
 9

5%
 C

I, 0
.8

5–
1.

60
   T

ot
al

 w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.3
8;

 9
5%

 C
I, 0

.9
3–

2.
03

   F
em

al
e 

w
ith

 sl
ee

p 
<6

 h
r/d

ay
: O

R,
 1

.4
6;

 9
5%

 C
I, 0

.9
6–

2.
21

   F
em

al
e 

w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.3
1;

 9
5%

 C
I, 0

.7
5–

2.
27

   A
ge

 <
65

 yr
 w

ith
 sl

ee
p 

<6
 h

r/d
ay

: O
R,

 1
.3

4;
 9

5%
 C

I, 0
.8

6–
2.

09
   A

ge
 <

65
 yr

 w
ith

 sl
ee

p 
≥9

 h
r/d

ay
: O

R,
 1

.3
3;

 9
5%

 C
I, 0

.8
4–

2.
41

   O
hk

um
a 

et
 a

l. (
20

13
)67

Cr
os

s-
se

ct
io

na
l 

st
ud

y/
Ja

pa
n

Ja
pa

ne
se

 p
at

ie
nt

s w
ith

 T
2D

M
 

(n
=4

,8
70

)
Sl

ee
p 

du
ra

tio
n 

w
as

 ca
te

-
go

riz
ed

 a
s: 

<4
.5

,  
4.

5–
5.

4,
 5

.5
–6

.4
,  

6.
5–

7.
4,

 7
.5

–8
.4

, a
nd

 
≥8

.5
 h

r/d
ay

Se
lf-

re
po

rte
d

≥2
0,

 5
7%

Ad
ju

st
ed

 g
eo

m
et

ric
 m

ea
ns

 (9
5%

 C
Is)

 o
f H

bA
1c

   S
le

ep
 <

4.
5 

hr
/d

ay
: 7

.5
2 

(7
.3

8–
7.

67
)

   S
le

ep
 6

.5
–7

.4
 h

r/d
ay

: 7
.3

2 
(7

.2
8–

7.
37

)
   S

le
ep

 ≥
8.

5 
hr

/d
ay

: 7
.4

3 
(7

.3
4–

7.
52

)
   P

 fo
r q

ua
dr

at
ic 

tre
nd

: 0
.0

04
   W

an
g 

et
 a

l. (
20

15
)89

Cr
os

s-
se

ct
io

na
l 

st
ud

y/
Ch

in
a

Pa
tie

nt
s w

ith
 d

ia
be

te
s f

ro
m

 th
e 

ba
se

lin
e 

su
rv

ey
 o

f t
he

 R
EA

CT
IO

N 
St

ud
y (

n=
56

,0
32

)

Sl
ee

p 
du

ra
tio

n 
w

as
  

ca
te

go
riz

ed
 a

s: 
<6

, 
6–

7.
9,

 8
–8

.9
, a

nd
 ≥

9 
hr

/n
ig

ht
;

Re
fe

re
nc

e:
 6

–7
.9

 h
r/n

ig
ht

Se
lf-

re
po

rte
d

Sl
ee

p 
<6

 h
r/n

ig
ht

: 
61

.2
±8

.8
, 3

7%
;

Sl
ee

p 
≥9

 h
r/n

ig
ht

: 
61

.4
±9

.7
, 3

8%
;

Re
fe

re
nc

e:
 

60
.5

±8
.8

, 3
9%

Po
or

 g
lyc

em
ic 

co
nt

ro
l (H

bA
1c

 ≥
7.

0%
)

   S
le

ep
 <

6 
hr

/n
ig

ht
: O

R,
 1

.0
9;

 9
5%

 C
I, 0

.9
9–

1.
21

   S
le

ep
 ≥

9 
hr

/n
ig

ht
: O

R,
 1

.1
1;

 9
5%

 C
I, 1

.0
5–

1.
18

   K
on

g 
et

 a
l. (

20
17

)90
Cr

os
s-

se
ct

io
na

l 
st

ud
y/

Ho
ng

 K
on

g
Ho

ng
 K

on
g 

Ch
in

es
e 

pa
tie

nt
s w

ith
 

T2
DM

 (n
=3

,5
08

)
Sl

ee
p 

du
ra

tio
n:

 th
e 

pe
rio

d 
be

tw
ee

n 
be

dt
im

e 
an

d 
w

ak
e-

up
 ti

m
e 

on
  

w
ee

kd
ay

s a
nd

  
w

ee
ke

nd
s

Se
lf-

re
po

rte
d

53
.9

±8
.7

, 5
9%

Sl
ee

p 
du

ra
tio

n 
di

ffe
re

nc
e 

be
tw

ee
n 

w
ee

kd
ay

s a
nd

 w
ee

ke
nd

s i
s c

ur
vi-

lin
ea

rly
 a

ss
oc

ia
te

d 
w

ith
 b

ot
h 

Hb
A1

c a
nd

 FP
G.

On
e 

ho
ur

 m
or

e 
sle

ep
 d

ur
in

g 
w

ee
ke

nd
s t

ha
n 

w
ee

kd
ay

s w
as

 a
ss

oc
ia

t-
ed

 w
ith

 a
 d

ec
re

as
e 

in
 H

bA
1c

 (–
0.

13
%

; 9
5 

%
 C

I, –
0.

24
 to

 –
0.

02
).

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s r

an
ge

, m
ea

n±
st

an
da

rd
 d

ev
ia

tio
n,

 o
r m

ea
n 

(ra
ng

e)
.

RR
, r

el
at

ive
 ri

sk
; C

I, c
on

fid
en

ce
 in

te
rv

al
; H

R,
 h

az
ar

d 
ra

tio
; O

R,
 o

dd
s r

at
io

; N
S,

 n
ot

 sp
ec

ifi
ed

; B
M

I, b
od

y m
as

s i
nd

ex
; W

C,
 w

ai
st

 ci
rc

um
fe

re
nc

e;
 T

2D
M

, t
yp

e 
2 

di
ab

et
es

 m
el

lit
us

; P
SG

, p
ol

ys
om

no
gr

ap
hy

; IG
T, 

im
pa

ire
d 

gl
uc

os
e 

to
le

r-
an

ce
; F

PG
, f

as
tin

g 
pl

as
m

a 
gl

uc
os

e.
 

Ta
bl

e 
1. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 14  |  http://www.jomes.org

Ta
bl

e 
2. 

Cl
in

ica
l s

tu
di

es
 e

xa
m

in
in

g 
th

e 
as

so
cia

tio
n 

be
tw

ee
n 

sle
ep

 q
ua

lit
y w

ith
 o

be
sit

y a
nd

 d
ia

be
te

s 

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

 
De

fin
iti

on
 o

f s
le

ep
 d

ist
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

Sl
ee

p 
qu

al
ity

 a
nd

 w
ei

gh
t g

ai
n/

ob
es

ity
   L

yy
tik

äi
ne

  
et

 a
l. 

(2
01

1)
91

Pr
os

pe
ct

ive
 st

ud
y (

fo
llo

w
-u

p:
 

5–
7 

yr
)/F

in
la

nd
M

id
dl

e-
ag

ed
 m

un
ici

pa
l  

em
pl

oy
ee

s f
ro

m
 th

e 
 

He
lsi

nk
i H

ea
lth

 S
tu

dy
 

(n
=7

,0
22

)

Tro
ub

le
 fa

llin
g 

as
le

ep
, w

ak
in

g 
up

 
se

ve
ra

l t
im

es
 p

er
 n

ig
ht

, t
ro

ub
le

 
st

ay
in

g 
as

le
ep

, o
r w

ak
in

g 
up

 e
ar

ly 
fe

el
in

g 
tir

ed
: t

he
 co

rre
sp

on
di

ng
 

sle
ep

 p
ro

bl
em

s 
≥1

5 
ni

gh
ts

 in
 th

e 
pa

st
 4

 w
ee

ks

Se
lf-

re
po

rte
d 

(th
e 

Je
nk

in
s 

Sl
ee

p 
 

Qu
es

tio
nn

ai
re

)

40
–6

0,
 1

8.
5%

W
ei

gh
t g

ai
n 

of
 ≥

5 
kg

   F
em

al
e 

w
ith

 tr
ou

bl
e 

fa
llin

g 
as

le
ep

: O
R,

 1
.4

9;
 9

5%
 C

I, 1
.0

9–
2.

03
   F

em
al

e 
w

ith
 w

ak
in

g 
up

 se
ve

ra
l t

im
es

 p
er

 n
ig

ht
: O

R,
 1

.3
4;

 9
5%

 C
I,  

 
1.

09
–1

.6
5

   F
em

al
e 

w
ith

 tr
ou

bl
e 

st
ay

in
g 

as
le

ep
: O

R,
 1

.2
9;

 9
5%

 C
I, 1

.0
2–

1.
62

   F
em

al
e 

w
ith

 w
ak

in
g 

up
 ti

re
d:

 O
R,

 1
.0

4;
 9

5%
 C

I, 0
.8

3–
1.

30
   M

al
e:

 N
S

   H
ua

ng
 e

t a
l. 

(2
01

3)
92

Cr
os

s-
se

ct
io

na
l s

tu
dy

/C
hi

na
Pa

tie
nt

s w
ith

 in
so

m
ni

a 
(n

=1
41

)
Sl

ow
 w

av
e 

sle
ep

 ti
m

e 
an

d 
ra

pi
d 

ey
e  

m
ov

em
en

t s
le

ep
 ti

m
e

PS
G

In
so

m
ni

a:
 

42
.2

±9
.8

, 4
4%

He
alt

hy
: 3

8.9
±1

2.4
, 

51
%

BM
I

   S
lo

w
 w

av
e 

sle
ep

 ti
m

e 
(m

in
): β

, –
0.

01
3;

 9
5%

 C
I, –

0.
02

6 
to

 –
0.

00
1;

 
P=

0.
04

3
   R

ap
id

 e
ye

 m
ov

em
en

t s
le

ep
 ti

m
e 

(m
in

): β
, 0

.0
07

; 9
5%

 C
I, –

0.
00

8 
to

  
0.

02
3;

 P
=0

.3
52

   P
icc

ol
o 

et
 a

l. 
(2

01
3)

93
Pr

os
pe

ct
ive

 st
ud

y (
fo

llo
w

-u
p:

 
4.

8±
0.

6 
yr

)/t
he

 U
ni

te
d 

St
at

es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Bo

st
on

 A
re

a 
Co

m
m

un
ity

 
He

al
th

 S
ur

ve
y (

n=
4,

14
5)

Re
st

le
ss

 sl
ee

p:
 e

xp
er

ie
nc

in
g 

 
re

st
le

ss
 sl

ee
p 

m
uc

h 
of

 th
e 

tim
e 

du
rin

g 
th

e 
pa

st
 w

ee
k

Se
lf-

re
po

rte
d

30
–7

9,
 N

S
Ne

w
-o

ns
et

 o
be

sit
y

   E
xp

er
ie

nc
in

g 
re

st
le

ss
 sl

ee
p:

 O
R,

 1
.6

6;
 9

5%
 C

I, 1
.1

0–
2.

49

   S
ive

rts
en

  
et

 a
l. 

(2
01

4)
94

Pr
os

pe
ct

ive
 st

ud
y (

fo
llo

w
-u

p:
 

11
 yr

)/N
or

w
ay

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
No

rd
-Tr

øn
de

la
g 

He
al

th
 

St
ud

ie
s (

n=
24

,7
15

)

In
so

m
ni

a:
 “o

fte
n”

 o
r “

al
m

os
t e

ve
ry

 
ni

gh
t”

 h
ad

 d
iff

icu
lti

es
 in

 in
iti

at
in

g 
or

 m
ai

nt
ai

ni
ng

 sl
ee

p 
in

 th
e 

pr
ec

ed
-

in
g 

m
on

th
, in

 a
dd

iti
on

 to
 re

po
rti

ng
  

im
pa

ire
d 

w
or

k p
er

fo
rm

an
ce

 ca
us

ed
 

by
 in

so
m

ni
a 

du
rin

g 
th

e 
pr

ec
ed

in
g 

ye
ar

Se
lf-

re
po

rte
d

32
–6

6,
 4

3.
1%

Ne
w

-o
ns

et
 o

be
sit

y
   I

ns
om

ni
a:

 O
R,

 1
.1

3;
 9

5%
 C

I, 0
.9

6–
1.

33

   V
go

nt
za

s  
et

 a
l. 

(2
01

4)
70

Pr
os

pe
ct

ive
 st

ud
y  

(to
ta

l f
ol

lo
w

-u
p:

 7
.5

 yr
;  

w
om

en
: 4

.5
 yr

; m
en

: 1
0.

5 
yr

)/t
he

 U
ni

te
d 

St
at

es

Ge
ne

ra
l p

op
ul

at
io

n 
(n

=8
15

)
In

so
m

ni
a:

 a
 co

m
pl

ai
nt

 o
f i

ns
om

ni
a 

w
ith

 a
 d

ur
at

io
n 

of
 ≥

1 
yr

Po
or

 sl
ee

p:
 a

 m
od

er
at

e-
to

-s
ev

er
e 

co
m

pl
ai

nt
 o

f d
iff

icu
lty

 fa
llin

g 
as

le
ep

, d
iff

icu
lty

 st
ay

in
g 

as
le

ep
, 

ea
rly

 m
or

ni
ng

 a
w

ak
en

in
g,

 o
r  

no
n-

re
st

or
at

ive
 sl

ee
p.

 N
or

m
al

 
sle

ep
: a

bs
en

ce
 o

f e
ith

er
 o

f t
he

se
 

tw
o 

ca
te

go
rie

s.

Se
lf-

re
po

rte
d

48
.9

±1
3.

4,
 5

0.
5%

Ne
w

-o
ns

et
 o

be
sit

y
   I

ns
om

ni
a 

w
ith

 a
dj

us
tm

en
t f

or
 su

bj
ec

tiv
e 

sle
ep

 d
ur

at
io

n:
 O

R,
 0

.4
8;

 
95

%
 C

I, 0
.1

5–
1.

53
   P

oo
r s

le
ep

 w
ith

 a
dj

us
tm

en
t f

or
 su

bj
ec

tiv
e 

sle
ep

 d
ur

at
io

n:
 O

R,
 1

.7
8;

 
95

%
 C

I, 1
.0

2–
3.

13
   I

ns
om

ni
a 

w
ith

 a
dj

us
tm

en
t f

or
 o

bj
ec

tiv
e 

sle
ep

 d
ur

at
io

n:
 O

R,
 0

.5
9;

 
95

%
 C

I, 0
.2

0–
1.

77
   P

oo
r s

le
ep

 w
ith

 a
dj

us
tm

en
t f

or
 o

bj
ec

tiv
e 

sle
ep

 d
ur

at
io

n:
 O

R,
 1

.7
6;

 
95

%
 C

I, 1
.0

3–
3.

00
   T

an
 e

t a
l. 

(2
01

5)
95

Cr
os

s-
se

ct
io

na
l s

tu
dy

/F
in

la
nd

Ov
er

w
ei

gh
t m

id
dl

e-
ag

ed
 

m
en

 (n
=2

11
)

OS
A:

 a
n 

AH
I o

f 5
 o

r g
re

at
er

 w
ith

 E
DS

 
or

 a
n 

AH
I o

f 1
5 

or
 g

re
at

er,
  

re
ga

rd
le

ss
 o

f a
ss

oc
ia

te
d 

sy
m

pt
om

s
In

so
m

ni
a:

 D
IS

 a
nd

/o
r D

M
S 

an
d/

or
 

NR
S,

 a
nd

 la
st

ed
 fo

r a
t l

ea
st

 1
 

m
on

th
 d

ur
in

g 
th

e 
la

st
 3

 m
on

th
s

Re
fe

re
nc

e:
 o

ve
rw

ei
gh

t p
ar

tic
ip

an
ts

 
fre

e 
fro

m
 a

ny
 sl

ee
p 

di
so

rd
er

s

Sp
ec

ia
lis

t  
ph

ys
ici

an
  

di
ag

no
sis

 
(th

ro
ug

h 
 

Vi
ta

lm
ed

 sl
ee

p 
qu

es
tio

nn
ai

re
 

an
d 

PS
G)

30
–6

5,
 1

00
%

BM
I

   R
ef

er
en

ce
, 1

5.
8±

4.
3;

 O
SA

, 1
9.

7±
6.

0 
(P

<0
.0

5)
; in

so
m

ni
a,

 1
8.

5±
5.

9;
 

OS
A+

in
so

m
ni

a,
 1

9.
7±

7.
1 

(P
<0

.0
5)

W
ai

st
 ci

rc
um

fe
re

nc
e 

(cm
)

   R
ef

er
en

ce
, 9

8.
0±

7.
6;

 O
SA

, 1
10

.4
±9

.0
 (P

<0
.0

5)
; in

so
m

ni
a,

 
10

6.
5±

10
.2

 (P
<0

.0
5)

; O
SA

+i
ns

om
ni

a,
 1

11
.4

±1
4.

7 
(P

<0
.0

5)
Fa

t m
as

s t
ru

nk
 (k

g)
   R

ef
er

en
ce

, 1
5.

8±
4.

3;
 O

SA
, 1

9.
7±

6.
0 

(P
<0

.0
5)

; in
so

m
ni

a,
 1

8.
5±

5.
9 

(P
<0

.0
5)

; O
SA

+i
ns

om
ni

a,
 1

9.
7±

7.
1 

(P
<0

.0
5)

Fa
t m

as
s a

nd
ro

id
 re

gi
on

 (k
g)

   R
ef

er
en

ce
, 2

.9
±0

.9
; O

SA
, 3

.7
±1

.1
 (P

<0
.0

5)
; in

so
m

ni
a,

 3
.5

±1
.2

 
(P

<0
.0

5)
; O

SA
+i

ns
om

ni
a,

 3
.8

±1
.4

 (P
<0

.0
5)

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  15

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

 
De

fin
iti

on
 o

f s
le

ep
 d

ist
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

Sl
ee

p 
qu

al
ity

 a
nd

 ri
sk

 o
f d

ia
be

te
s

   N
ils

so
n 

et
 a

l. 
(2

00
4)

96
Pr

os
pe

ct
ive

 st
ud

y (
m

ea
n 

 
fo

llo
w

-u
p:

 1
4.

8±
2.

4 
yr

)/ 
Sw

ed
en

He
alt

hy
 m

en
 fr

om
 th

e M
alm

o 
Pr

ev
en

tiv
e 

Pr
oj

ec
t 

(n
=6

,5
99

)

Sl
ee

p 
di

st
ur

ba
nc

es
: h

ad
 e

ith
er

 o
r 

bo
th

 p
os

iti
ve

 re
pl

y t
o 

di
ffi

cu
lty

 in
  

fa
llin

g 
as

le
ep

 o
r g

en
er

al
ly 

us
e 

sle
ep

in
g 

pi
lls

 m
or

e 
th

an
 3

 ti
m

es
 a

 
w

ee
k

Se
lf-

re
po

rte
d 

qu
es

tio
nn

ai
re

 
35

–5
1,

 1
00

%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

le
ep

 d
ist

ur
ba

nc
es

: O
R,

 1
.5

2;
 9

5%
 C

I, 1
.0

5–
2.

20

   B
jö

rk
el

un
d 

 
et

 a
l. 

(2
00

5)
97

Pr
os

pe
ct

ive
 st

ud
y (

fo
llo

w
-u

p:
 

32
 yr

)/S
w

ed
en

 
Sw

ed
ish

 w
om

en
 fr

om
 th

e 
Po

pu
la

tio
n 

St
ud

y o
f  

W
om

en
 in

 G
ot

he
nb

ur
g 

(n
=6

61
)

Sl
ee

p 
co

m
pl

ai
nt

s: 
sle

ep
 p

ro
bl

em
s 

(w
ith

ou
t s

pe
cif

ie
d 

tim
e 

fra
m

e)
 a

nd
/

or
 h

av
in

g 
co

ns
ul

te
d 

a 
do

ct
or

 fo
r 

sle
ep

 p
ro

bl
em

s a
nd

/o
r h

os
pi

ta
l a

d-
m

iss
io

n 
fo

r t
hi

s r
ea

so
n

Se
lf-

re
po

rte
d

70
–9

2,
 0

%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

le
ep

 co
m

pl
ai

nt
s: 

RR
, 1

.0
4;

 9
5%

 C
I, 0

.9
1–

1.
18

   M
al

lo
n 

et
 a

l. 
(2

00
5)

74
Pr

os
pe

ct
ive

 st
ud

y (
m

ea
n 

 
fo

llo
w

-u
p:

 1
2 

yr
)/S

w
ed

en
Ge

ne
ra

l p
op

ul
at

io
n 

(n
=1

,1
70

)
DI

S:
 h

ad
 se

ve
re

  d
iff

icu
lti

es
 (s

co
re

s 4
 

an
d 

5)
 in

 in
iti

at
in

g 
sle

ep
DM

S:
 h

ad
 se

ve
re

 d
iff

icu
lti

es
 (s

co
re

s 
4 

an
d 

5)
 in

 m
ai

nt
ai

ni
ng

 sl
ee

p

Se
lf-

re
po

rte
d 

(th
e 

Up
ps

al
a 

Sl
ee

p 
In

ve
nt

o-
ry

) 

45
–6

5,
 4

7.
0%

Ne
w

-o
ns

et
 d

ia
be

te
s

   M
al

e 
w

ith
 D

IS
: R

R,
 2

.4
; 9

5%
 C

I, 0
.7

–8
.6

   M
al

e 
w

ith
 D

M
S:

 R
R,

 4
.8

; 9
5%

 C
I, 1

.9
–1

2.
5

   F
em

al
e 

w
ith

 D
IS

: N
S

   F
em

al
e 

w
ith

 D
M

S:
 R

R,
 1

.8
; 9

5%
 C

I, 0
.5

–6
.0

   M
ei

sin
ge

r  
et

 a
l. 

(2
00

5)
98

Pr
os

pe
ct

ive
 st

ud
y (

m
ea

n 
 

fo
llo

w
-u

p:
 7

.5
 yr

)/G
er

m
an

y  
Ge

ne
ra

l p
op

ul
at

io
n 

(n
=8

,2
69

)
DI

S:
 o

fte
n 

ha
d 

tro
ub

le
 fa

llin
g 

as
le

ep
DM

S:
 o

fte
n 

w
ok

e 
up

 d
ur

in
g 

th
e 

ni
gh

t
Se

lf-
re

po
rte

d
25

–7
4,

 4
9.

9%
Ne

w
-o

ns
et

 d
ia

be
te

s
   M

al
e 

w
ith

 D
IS

: H
R,

 1
.1

0;
 9

5%
 C

I, 0
.5

9–
2.

03
   F

em
al

e 
w

ith
 D

IS
: H

R,
 1

.4
2;

 9
5%

 C
I, 0

.8
1–

2.
50

   M
al

e 
w

ith
 D

M
S:

 H
R,

 1
.6

0;
 9

5%
 C

I, 1
.0

5–
2.

45
   F

em
al

e 
w

ith
 D

M
S:

 H
R,

 1
.6

0;
 9

5%
 C

I, 1
.0

5–
2.

45
   H

ay
as

hi
no

  
et

 a
l. 

(2
00

7)
77

Pr
os

pe
ct

ive
 st

ud
y (

m
ed

ia
n 

 
fo

llo
w

-u
p:

 4
.2

 yr
)/J

ap
an

As
ia

n 
he

al
th

y w
or

ke
rs

 fr
om

 
Hi

gh
-ri

sk
 a

nd
 P

op
ul

at
io

n
St

ra
te

gy
 fo

r O
cc

up
at

io
na

l 
He

al
th

 P
ro

m
ot

io
n 

St
ud

y 
(n

=6
,5

09
)

DI
S:

 so
m

et
im

es
 o

r o
fte

n 
ha

d 
 

di
ffi

cu
lti

es
 in

iti
at

in
g 

sle
ep

in
g

DM
S:

 so
m

et
im

es
 o

r o
fte

n 
ha

d 
 

di
ffi

cu
lti

es
 m

ai
nt

ai
ni

ng
 sl

ee
pi

ng

Se
lf-

re
po

rte
d

38
.2 

(19
–6

9),
 73

.9%
Ne

w
-o

ns
et

 d
ia

be
te

s
   S

om
et

im
es

 D
IS

: H
R,

 1
.4

2;
 9

5%
 C

I, 1
.0

5–
1.

91
   O

fte
n 

DI
S:

 H
R,

1.
61

; 9
5%

 C
I, 1

.0
0–

2.
58

   S
om

et
im

es
 D

M
S:

 H
R,

 1
.3

1;
 9

5%
 C

I, 0
.9

7–
1.

76
   O

fte
n 

DM
S:

 1
.3

7;
 9

5%
 C

I, 0
.8

7–
2.

16
   K

ita
 e

t a
l. 

(2
01

2)
81

Pr
os

pe
ct

ive
,  

oc
cu

pa
tio

na
l-b

as
ed

 st
ud

y 
(fo

llo
w

-u
p:

 4
 yr

)/J
ap

an

Lo
ca

l g
ov

er
nm

en
t e

m
pl

oy
ee

s 
(n

=3
,5

70
)

An
y s

le
ep

 d
iff

icu
lti

es
 p

ar
tic

ip
an

ts
 

m
ay

 h
av

e 
ex

pe
rie

nc
ed

 ≥
3 

tim
es

 a
 

w
ee

k d
ur

in
g 

th
e 

pr
ev

io
us

 m
on

th
 in

 
sle

ep
 in

du
ct

io
n,

 a
w

ak
en

in
g 

du
rin

g 
th

e 
ni

gh
t, 

ea
rly

 m
or

ni
ng

 a
w

ak
en

-
in

g,
 se

lf-
pe

rc
ei

ve
d 

in
su

ffi
cie

nt
 

sle
ep

 d
ur

at
io

n,
 a

nd
 o

ve
ra

ll q
ua

lit
y 

of
 sl

ee
p

Se
lf-

re
po

rte
d 

qu
es

tio
nn

ai
re

35
–5

5,
 7

9.
0%

Ne
w

-o
ns

et
 d

ia
be

te
s

   A
w

ak
en

in
g 

du
rin

g 
th

e 
ni

gh
t: 

OR
, 5

.0
3;

 9
5%

 C
I, 1

.4
3–

17
.6

4
   S

el
f-p

er
ce

ive
d 

in
su

ffi
cie

nt
 sl

ee
p 

du
ra

tio
n:

 O
R,

 6
.7

6;
 9

5%
 C

I, 2
.0

9–
21

.8
7

   U
ns

at
isf

ac
to

ry
 o

ve
ra

ll q
ua

lit
y o

f s
le

ep
: O

R,
 3

.7
1;

 9
5%

 C
I, 1

.3
7–

10
.0

7

   P
icc

ol
o 

et
 a

l. 
(2

01
3)

93
Pr

os
pe

ct
ive

 st
ud

y (
m

ea
n 

 
fo

llo
w

-u
p:

 4
.8

±0
.6

 yr
)/ 

th
e 

Un
ite

d 
St

at
es

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
Bo

st
on

 A
re

a 
Co

m
m

un
ity

 
He

al
th

 S
ur

ve
y (

n=
4,

14
5)

Re
st

le
ss

 sl
ee

p:
 e

xp
er

ie
nc

in
g 

re
st

le
ss

 
sle

ep
 m

uc
h 

of
 th

e 
tim

e 
du

rin
g 

th
e 

pa
st

 w
ee

k

Se
lf-

re
po

rte
d

30
–7

9,
 N

S
Ne

w
-o

ns
et

 T
2D

M
   R

es
tle

ss
 sl

ee
p:

 O
R,

 1
.0

5;
 9

5%
 C

I, 0
.6

7–
1.

64

   S
ive

rts
en

  
et

 a
l. 

(2
01

4)
94

Pr
os

pe
ct

ive
 st

ud
y (

fo
llo

w
-u

p:
 

11
 yr

)/N
or

w
ay

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
No

rd
-Tr

øn
de

la
g 

He
al

th
 

St
ud

ie
s (

n=
24

,7
15

)

In
so

m
ni

a:
 “o

fte
n”

 o
r “

al
m

os
t e

ve
ry

 
ni

gh
t”

 h
ad

 d
iff

icu
lti

es
 in

 in
iti

at
in

g 
or

 m
ai

nt
ai

ni
ng

 sl
ee

p 
in

 th
e 

pr
ec

ed
-

in
g 

m
on

th
, in

 a
dd

iti
on

 to
 re

po
rti

ng
 

im
pa

ire
d 

w
or

k p
er

fo
rm

an
ce

 ca
us

ed
 

by
 in

so
m

ni
a 

du
rin

g 
th

e 
pr

ec
ed

in
g 

ye
ar

Se
lf-

re
po

rte
d

32
–6

6,
 4

3.
1%

Ne
w

-o
ns

et
 T

2D
M

   I
ns

om
ni

a:
 O

R,
 1

.0
7;

 9
5%

 C
I, 0

.8
2–

1.
41

(C
on

tin
ue

d t
o t

he
 ne

xt 
pa

ge
)

Ta
bl

e 
2. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 16  |  http://www.jomes.org

Au
th

or
 (y

ea
r)

Ty
pe

 o
f s

tu
dy

/ 
co

un
try

 o
r r

eg
io

n
St

ud
y p

op
ul

at
io

n 
 

(sa
m

pl
e 

siz
e)

 
De

fin
iti

on
 o

f s
le

ep
 d

ist
ur

ba
nc

es
M

et
ho

d 
of

 sl
ee

p 
as

se
ss

m
en

t
Ag

e 
(yr

) a
nd

  
m

al
e 

(%
)

Ou
tc

om
e

   L
ou

 e
t a

l. 
(2

01
5)

85
Pr

os
pe

ct
ive

 st
ud

y (
fo

llo
w

-u
p:

 
5 

yr
)/C

hi
na

Ge
ne

ra
l p

op
ul

at
io

n 
(n

=1
1,

84
2)

Po
or

 sl
ee

p:
 h

ad
 d

iff
icu

lti
es

 w
ith

  
in

iti
at

in
g 

an
d 

m
ai

nt
ai

ni
ng

 sl
ee

p 
≥8

 
da

ys
 p

er
 m

on
th

 o
n 

av
er

ag
e 

du
rin

g 
th

e 
pr

ev
io

us
 ye

ar

Se
lf-

re
po

rte
d

44
.8

±1
4.

7,
 4

5.
4%

Ne
w

-o
ns

et
 T

2D
M

   P
oo

r s
le

ep
 q

ua
lit

y: 
RR

, 1
.9

1;
 9

5%
 C

I, 1
.3

1–
2.

74
   P

oo
r s

le
ep

 q
ua

lit
y w

ith
 sh

or
t s

le
ep

 d
ur

at
io

n 
(≤

 6
 h

r/n
ig

ht
): R

R,
 6

.2
1;

 
95

%
 C

I, 2
.7

8–
11

.8
1

   L
ee

 e
t a

l. 
(2

01
6)

99
Pr

os
pe

ct
ive

 st
ud

y (
m

ed
ia

n 
 

fo
llo

w
-u

p 
pe

rio
d:

 2
.5

 yr
)/ 

Ko
re

a

Ge
ne

ra
l p

op
ul

at
io

n 
fro

m
 th

e 
fa

m
ily

 co
ho

rt 
st

ud
y i

n 
 

pr
im

ar
y c

ar
e 

(th
e 

FA
CT

S)
 

(n
=5

63
)

Po
or

 sl
ee

p 
qu

al
ity

: t
he

 sc
or

e 
of

 th
e 

PS
QI

 ≥
5

Se
lf-

re
po

rte
d

10
–7

5,
 4

5.
6%

Ne
w

-o
ns

et
 T

2D
M

   R
R,

 2
.6

4;
 9

5%
 C

I, 1
.0

3–
6.

78

Sl
ee

p 
qu

al
ity

 a
nd

 g
lyc

em
ic 

co
nt

ro
l

   K
nu

ts
on

 e
t a

l. 
(2

00
6)

87
Cr

os
s-

se
ct

io
na

l s
tu

dy
/ 

th
e 

Un
ite

d 
St

at
es

Af
ric

an
-A

m
er

ica
n 

w
om

en
 

an
d 

m
en

 w
ith

 d
ia

be
te

s 
(n

=1
61

)

M
od

ifi
ed

 P
SQ

I s
co

re
: P

SQ
I s

co
re

  
af

te
r r

em
ov

in
g 

th
e 

sle
ep

 d
ur

at
io

n 
co

m
po

ne
nt

 to
 a

ss
es

s s
le

ep
 q

ua
lit

y  
in

de
pe

nd
en

tly
 fr

om
 sl

ee
p 

qu
an

tit
y

Se
lf-

re
po

rte
d 

qu
es

tio
nn

ai
re

57
±1

2,
 2

6.
1%

Gl
yc

em
ic 

co
nt

ro
l (l

nH
bA

1c
)

   M
od

ifi
ed

 P
SQ

I s
co

re
 in

 p
at

ie
nt

s w
ith

ou
t d

ia
be

tic
 co

m
pl

ica
tio

ns
:  

β,
 −

0.
01

4;
 P

=0
.1

6
   M

od
ifi

ed
 P

SQ
I s

co
re

 in
 p

at
ie

nt
s w

ith
 a

t l
ea

st
 1

 d
ia

be
tic

  
co

m
pl

ica
tio

ns
: β

, 0
.0

43
; P

=0
.0

02
   W

an
 M

ah
-

m
oo

d 
et

 a
l. 

(2
01

3)
10

0

Cr
os

s-
se

ct
io

na
l s

tu
dy

/Ir
el

an
d

Ca
uc

as
ia

n 
pa

tie
nt

s w
ith

 
T2

DM
 (n

=1
14

)
Po

or
 sl

ee
p 

qu
al

ity
: t

he
 sc

or
e 

of
 P

SQ
I 

>5
Se

lf-
re

po
rte

d 
qu

es
tio

nn
ai

re
NS

, 5
4.

4%
Lo

g 
Hb

A1
c

   P
oo

r s
le

ep
 q

ua
lit

y: 
β,

 0
.0

38
; P

=0
.8

26

   C
ho

 e
t a

l. 
(2

01
4)

10
1

Cr
os

s-
se

ct
io

na
l s

tu
dy

/K
or

ea
Pa

tie
nt

s w
ith

 T
2D

M
 (n

=6
14

)
Sl

ee
p 

ap
ne

a:
 S

DQ
-S

A 
≥3

6 
fo

r m
al

es
 

an
d 

≥3
2 

fo
r f

em
al

es
;

Po
or

 sl
ee

p:
 P

SQ
I s

co
re

 ≥
5

In
so

m
ni

a:
 a

ny
 d

iff
icu

lty
 in

 fa
llin

g 
as

le
ep

, m
ai

nt
ai

ni
ng

 sl
ee

p,
 e

ar
ly 

m
or

ni
ng

 w
ak

in
g,

 a
nd

  
no

n-
re

st
or

at
ive

 sl
ee

p 
oc

cu
rri

ng
 a

t 
le

as
t t

hr
ee

 ti
m

es
 p

er
 w

ee
k o

ve
r t

he
 

pr
ec

ed
in

g 
m

on
th

Se
lf-

re
po

rte
d 

qu
es

tio
nn

ai
re

s
59

.7
±1

1.
1,

 6
2.

1%
Po

st
pr

an
di

al
 g

lu
co

se
   S

le
ep

 a
pn

ea
 sc

or
e 

(S
DQ

-S
A)

: r
=0

.1
00

, P
=0

.0
32

Hb
A1

c
   N

o 
sig

ni
fic

an
t a

ss
oc

ia
tio

n 
be

tw
ee

n 
Hb

A1
c v

al
ue

s a
nd

 p
oo

r s
le

ep
, 

in
so

m
ni

a

   N
ef

s e
t a

l. 
(2

01
5)

10
2

Cr
os

s-
se

ct
io

na
l s

tu
dy

/th
e 

Ne
th

er
la

nd
s

Du
tc

h 
ad

ul
ts

 w
ith

 T
1D

M
 

(n
=2

67
) o

r T
2D

M
 (n

=3
61

), 
(to

ta
l n

=6
28

)

Po
or

 sl
ee

p 
qu

al
ity

: P
SQ

I s
co

re
 >

5
Se

lf-
re

po
rte

d 
qu

es
tio

nn
ai

re
T1

DM
: 4

7±
16

, 4
1%

T2
DM

: 6
2±

9,
 5

4%
M

os
t r

ec
en

t H
bA

1c
, %

 (m
m

ol
/m

ol
)

   I
n 

T1
DM

, g
oo

d 
sle

ep
 q

ua
lit

y v
s. 

po
or

 sl
ee

p 
qu

al
ity

: 7
.5

±0
.9

 (5
8±

10
) 

vs
. 7

.5
±1

.1
 (5

9±
12

), P
=0

.6
8;

   I
n 

T2
DM

, g
oo

d 
sle

ep
 q

ua
lit

y v
s. 

po
or

 sl
ee

p 
qu

al
ity

: 7
.1

±1
.3

 (5
4±

14
) 

vs
. 7

.3
±1

.3
 (5

7±
14

), P
=0

.0
9

   O
so

no
i e

t a
l. 

(2
01

5)
10

3
Cr

os
s-

se
ct

io
na

l s
tu

dy
/J

ap
an

Pa
tie

nt
s w

ith
 T

2D
M

 (n
=7

24
)

Po
or

 sl
ee

p 
qu

al
ity

: P
SQ

I s
co

re
 ≥

9
Av

er
ag

e 
sle

ep
 q

ua
lit

y: 
PS

QI
 sc

or
e 

6–
8

Go
od

 sl
ee

p 
qu

al
ity

: P
SQ

I s
co

re
 ≤

5

Se
lf-

re
po

rte
d 

qu
es

tio
nn

ai
re

57
.8

±8
.6

, 6
2.

9%
Fa

st
in

g 
bl

oo
d 

gl
uc

os
e 

(m
g/

dL
)

   G
oo

d 
sle

ep
: 1

32
±3

1;
 a

ve
ra

ge
 sl

ee
p:

 1
36

±3
1;

 p
oo

r s
le

ep
: 1

41
±3

2 
(P

>0
.0

5)
Hb

A1
c (

%
)

   G
oo

d 
sle

ep
: 6

.9
±1

.0
; a

ve
ra

ge
 sl

ee
p:

 7
.1

±1
.1

; p
oo

r s
le

ep
: 7

.1
±0

.8
; 

(P
>0

.0
5)

Va
lu

es
 a

re
 p

re
se

nt
ed

 a
s r

an
ge

 o
r m

ea
n±

 st
an

da
rd

 d
ev

ia
tio

n.
OR

, o
dd

s r
at

io
; C

I, c
on

fid
en

ce
 in

te
rv

al
; N

S,
 n

ot
 sp

ec
ifi

ed
; P

SG
, p

ol
ys

om
no

gr
ap

hy
; B

M
I, b

od
y m

as
s i

nd
ex

; O
SA

, o
bs

tru
ct

ive
 sl

ee
p 

ap
ne

a;
 A

HI
, a

pn
ea

 h
yp

op
ne

a 
in

de
x; 

ED
S,

 e
xc

es
siv

e 
da

yt
im

e 
sle

ep
in

es
s; 

DI
S,

 d
iff

icu
lty

 in
 in

iti
at

in
g 

sle
ep

; D
M

S,
 d

iff
icu

lty
 in

 m
ai

nt
ai

ni
ng

 s
le

ep
; N

RS
, n

on
re

st
or

at
ive

 s
le

ep
; R

R,
 re

la
tiv

e 
ris

k; 
HR

, h
az

ar
d 

ra
tio

; T
2D

M
, t

yp
e 

2 
di

ab
et

es
 m

el
lit

us
; P

SQ
I: 

th
e 

Pi
tts

bu
rg

h 
Sl

ee
p 

Qu
al

ity
 In

de
x; 

SD
Q-

SA
, t

he
 S

le
ep

 D
iso

rd
er

s 
Qu

es
tio

nn
ai

re
 

Sl
ee

p 
Ap

ne
a 

su
bs

ca
le

; T
1D

M
, t

yp
e 

1 
di

ab
et

es
 m

el
lit

us
.

Ta
bl

e 
2. 

Co
nt

in
ue

d 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  17

sleep (NRS) is also suggested by the International Classification of 
Sleep Disorders as a subtype of insomnia.104 

Although the pathophysiology of insomnia is still not fully un-
derstood, it has long been considered to be a disorder of hyper-
arousal during both daytime and nighttime, which is associated 
with increased activation of whole-body and brain metabolism, hy-
peractivity of HPA axis and hormonal dysregulation.49 A study in-
volving 1,042 monozygotic and 828 dizygotic twin pairs demon-
strated a 10% phenotypic correlation between insomnia and obesi-
ty, suggesting a shared genetic mechanism that underlies these con-
ditions.105 However, the findings about this association were incon-
sistent in other clinical studies, which mostly reported either no as-
sociation or an inverse relationship between insomnia and BMI. In 
a cross-sectional study conducted in 211 Finnish men aged 30–65 
years, among the overweight or obese participants (n = 163), those 
with insomnia (n = 40) had higher fat mass in the trunk and an-
droid regions than the group without sleep disorder (n = 76, 
P< 0.05), but no between-group differences in BMI or total fat 
mass.95 There was also no difference in BMI when comparing 141 
Chinese patients with primary insomnia with 55 healthy volunteers 
(22.54 ± 2.76 kg/m2 vs. 22.84 ± 3.28 kg/m2, P= 0.526).92 However, 
this study found that among patients with insomnia, there was a 
significant negative correlation between the amount of SWS and 
BMI after controlling for potential confounders (β, –0.013; 95% 
confidence interval [CI], –0.026 to –0.001; P= 0.043), suggesting 
that impaired sleep quality in subjects with insomnia may be the 
culprit linking insomnia with obesity. By contrast, some researchers 
had reported positive relationships between insomnia and obesity 
indices. The prospective Helsinki Health Study which included 
7,022 middle-aged respondents demonstrated that DIS (odds ratio 
[OR], 1.65; 95% CI, 1.22–2.22) and DMS (OR, 1.41; 95% CI, 
1.13–1.75) were associated with a weight gain of 5 kg or more after 
5 to 7 years of follow-up, being more evident in women than in 
men.91 In the prospective Penn State Cohort involving 815 non-
obese adults with a follow-up duration of 7.5 years, a moderate to 
severe complaint of any DIS, DMS, EMA, or NRS was associated 
with an increased incidence of obesity (OR, 1.76–1.78), while in-
somnia tended towards significance after adjusted for sleep dura-
tion, emotional stress, and other potential confounders.70 Another 
prospective study conducted in Norwegian population (n = 24,715) 

reported that insomnia was associated with an 18% increased risk 
(95% CI, 1.06–1.33) of incident obesity after 11 years of follow up, 
which was independent of baseline demographics, anxiety and de-
pression. However, this association was negated when further ad-
justed for other comorbidities, such as angina, T2DM and hyper-
tension (OR, 1.09; 95% CI, 0.97–1.24).94 Taken together, these in-
conclusive results may be related to the adoption of different defini-
tions of insomnia and obesity. 

Although conflicting results have been reported for obesity, it ap-
pears that most studies support an association between insomnia 
and diabetes risk. In a meta-analysis of 107,756 participants from 
13 independent cohorts, those with insomnia had stronger associa-
tion with incident diabetes (DIS: RR, 1.57; 95% CI, 1.25–1.97; 
DMS: RR, 1.84; 95% CI, 1.39–2.43), compared with participants 
with short sleep duration of ≤ 5–6 hours per night (RR, 1.28; 95% 
CI, 1.03–1.60).106 In another larger meta-analysis of nearly 1.1 mil-
lion participants from 36 studies, insomnia (RR, 1.38; 95% CI, 
1.18–1.62) and its subtypes (DIS: RR, 1.55; 95% CI, 1.23–1.95; 
DMS: RR, 1.72; 95% CI, 1.45–2.05) also demonstrated an inde-
pendent association with excess risk of developing diabetes.107 

Short sleep duration with coexistent insomnia may further ag-
gravate the risk of future diabetes. In the Penn State Cohort of 
1,741 participants, participants with insomnia and sleep curtail-
ment ( < 5-hour per day) had an OR of 2.95 (95% CI, 1.24–7.03) 
for diabetes after adjustment for age, race, sex, BMI, smoking, alco-
hol use, depression and sleep-disordered breathing, compared with 
those who had > 6-hour sleep per day and without insomnia.108 
Conversely, in the retrospective Freiburg Insomnia Cohort involv-
ing 328 patients with primary insomnia (203 women and 125 
men; mean age, 44.3 ± 12.2 years), those with concomitant short 
sleep duration did not have increased risk of T2DM (OR, 1.39; 
95% CI, 0.34–5.67 for first night of short sleep and OR, 2.30; 95% 
CI, 0.48–10.96 for second night of short sleep), perhaps due to a 
small number of patients with T2DM (n = 9).109 Indeed, there are 
possible pathogenetic mechanisms underpinning the link between 
insomnia and risk of diabetes, including reduction of glucose toler-
ance40, alteration of HPA axis and sympathetic nervous system110, 
and elevated markers of chronic inflammation.111 Hence, well-de-
signed studies with sufficient sample size are required to unravel 
the relationship between insomnia and diabetes. 
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SLEEP AND GENES REGULATING THE 
CIRCADIAN CLOCK

Clock genes may play a key role in linking sleep and the effect of 
circadian disruptions on metabolic functions.23 A central clock 
which is located within the suprachiasmatic nuclei of the hypothal-
amus orchestrates the environmental light/dark cycles with human 
physiology and behavior. Genetic or environmental perturbations 
of this synchronized molecular mechanism can lead to metabolic 
disturbances. In the core clock mechanism, the brain and muscle 
Arnt like protein-1 (BMAL1)/circadian locomotor output cycles 
kaput (CLOCK) heterodimer binds to the E-box elements in the 
promoter regions of Per and Cry genes, thus activating their tran-
scription proteins with feedback inhibition on the BMAL1/
CLOCK.112 Six hours of sleep curtailment was sufficient to reduce 
BMAL1 binding to the E-box elements of Per gene.23 Other impor-
tant regulators that integrate the effects of circadian clock on meta-
bolic pathways include the clock-controlled genes and certain tran-
scription factors e.g., REV-ERBα, retinoid-related orphan receptor 
α, and peroxisome proliferator-activated receptor α.2,113 These genes 
can also be categorized by type of regulations e.g., circadian cycle 
only (BMAL1), sleep-wake cycle only (Homer1a) or both (Per). 
Hence, the effects of sleep on gene expression, subsequent epigen-
etic modifications and metabolic perturbations require further 
translational research to improve our understanding about the 
genes involved and the details of the regulation.23 

Coordination of the sleep/wake cycle as well as the metabolic 
and fasting/feeding cycle are all essential to maintain a normal cir-
cadian oscillatory system for healthy bodily functions. Glucose ho-
meostasis is regulated by both the central clock that synchronizes 
sleep and feeding, and peripheral tissue clocks that coordinate one’s 
behavior with glucose synthesis and utilization.114 When BMAL1/
CLOCK heterodimer colocalizes with the pancreatic transcription 
factor pancreatic and duodenal homeobox 1 on the regulatory sites 
of beta-cell cycling genes, pancreatic beta-cell maturation is en-
hanced with possible pulsatile insulin secretion according to the 
circadian rhythmicity.114 Similarly, BMAL1-ablation in mice reduc-
es insulin exocytosis from pancreatic beta-cell, resulting in hyper-
glycemia.23 Based on the genome-wide association studies, individ-
uals with T2DM and melatonin receptor 1B (MTNR1B) risk allele 

may have high melatonin level that interacts with dietary intake, 
with subsequent impairment in glucose metabolism and increased 
risk of T2DM.23 

Conditions that are often associated with circadian misalignment 
are shift work and trans-meridian air travel (jet lag). Shift work can 
desynchronize the central and peripheral circadian clocks, which 
further perturbs the glucose metabolism by decreasing insulin sen-
sitivity, independent of sleep curtailment.23,115 In healthy adults, 
3-week sleep curtailment with concomitant circadian misalignment 
is demonstrated to reduce the resting metabolic rate and impair 
pancreatic beta-cell secretion.116 In mice model, chronic jet lag dis-
rupts the circadian cycle by uncoupling the central and peripheral 
clocks in the adipose tissue, and triggers leptin resistance leading to 
development of obesity, an effect independent of other risk fac-
tors.117 In the large prospective Nurses’ Health Study 2, early chro-
notype combined with increasing years of rotating night shift work 
aggravated diabetes risk, even after adjustment for patients’ attri-
butes, family history of diabetes, diet, physical activity and self-re-
ported sleep duration.118 Interestingly, late chronotype alone pre-
dicted a 51% (hazard ratio, 1.51; 95% CI, 1.13–2.03) excess risk of 
developing T2DM, which was attenuated by longer night shift ex-
posure, presumably due to less interference to the “usual” circadian 
rhythm.118 These findings support the notion that chronotype-
adapted work schedules can possibly reduce the circadian misalign-
ment and prevent future cardiometabolic risk.

The circadian clock has been demonstrated to regulate the diur-
nal fluctuations of certain human metabolites such as the fatty acids 
and amino acids, independent of the fasting/feeding cycle.119 In the 
first human metabolomics study conducted during a 48-hour 
sleep/wake cycle, 27 of the 171 measured metabolites (e.g., fatty 
acids, tryptophan, taurine, and serotonin) were significantly elevat-
ed with sleep curtailment.120 This creates novel opportunities for 
potential therapeutic intervention targeting the key clock-regulated 
metabolic pathways and application of these noninvasive biomark-
ers for disease prediction and monitoring. 

CONCLUSION

Good sleep hygiene is crucial to maintain optimal functions of 
the neuroendocrine and appetite regulation systems. To date, there 



Ding C, et al.  Sleep and Obesity

J Obes Metab Syndr 2018;27:4-24 http://www.jomes.org  |  19

is clear evidence in support of a causal relationship between sleep, 
circadian misalignment and cardiometabolic risk. Thus, health pro-
motion campaigns should look beyond conventional strategies by 
emphasizing the pivotal role of improving sleep environment to 
curb the obesity epidemic. Nonetheless, there is a pressing need for 
future research to delineate the molecular intersections between 
sleep, circadian clock and metabolic pathways, as well as to explore 
potential preventive and therapeutic approaches to optimize sleep 
and circadian rhythm in predisposed individuals. 
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