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Outline

• Global Epidemics –

– DM (Type 2), Obesity & Sleep problems

• Sleep and diabetes risk, illustrations by

– Seep duration 

– sleep disturbances

– sleep disorders

– Circadian rhythm and sleep regularity

• Globalization and urbanization – East vs West

• From Adult to children – future Pandemics



Factors contributing to diabetes

Sleep

Psychopathology

Diet

Lifestyle factors 
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Globalization
The epidemics of diabetes, 

obesity & sleep 
deprivation

Yoon KH et al. Lancet 2006Kopelman 2000
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Laboratory study: 

11 healthy, young & lean subjects

Pre-test

8hr sleep

(3 nights ) 

Sleep-debt

4hr sleep

(6 nights ) 

Recovery phase

12hr sleep

(7 nights ) 

Spiegel et al. Lancet 1999

Sympathovagal balance

Evening cortisol balance



EPIDEMIOLOGY: LONGITUDINAL 
DATA ON SLEEP, OBESITY & DM

Sleep duration, Sleep disturbances & DM risk 



Adult data: 
short sleep duration & obesity

Cappuccio FP et al. Sleep 2008



Epidemiological data
on sleep & DM risk



Meta-analysis of prospective studies on sleep 
duration & DM risk (Adult) 

Cappuccio FP. et al Diabetes Care 2010



Meta-analysis of prospective studies on sleep 
duration & DM risk (Adult) 

Cappuccio FP. et al Diabetes Care 2010



Meta-analysis of prospective studies on 
insomnia & DM risk (Adult)

Cappuccio FP. Et al Diabetes Care 2010



Risk of DM increased with duration 
of FU

Cappuccio FP. Et al Diabetes Care 2010

Difficulty in initiating sleep

Short sleep duration

Long sleep duration

Difficulty in maintaining sleep



Points to note when interpreting the 
epidemiological data of sleep duration & DM

1. Most prospective studies did not have serial  measurements
during the follow-up period

– Is there any difference in risk between those having transient and 
persistent short/ long sleep duration?

2. Measurement tools: 
– Based on self reported questionnaires

– Mostly Lack of objective sleep measurement

3. Confounding factors:
– Most studies adjusted common factors such as BMI, alcohol

– BUT other important confounding variables were not measured: 
OSAS, Depression



A study of the joint effect of insomnia & 
sleep duration on diabetes

• N=1741, randomly selected

• Measurements: overnight 
PSG, fasting glucose, self 
reported questionnaires

• Results adjusted for AHI, Dx 
of depression

interaction of insomnia and 
short sleep duration in 
predisposing risk of DM 

• Limitation: cross-sectional 
study

Vgontzas A et al. Diabetes Care 2009



Sleep duration & DM in rural 
population of lean body built

• > 1400 adults in rural China

• Relatively lean Chinese (mean BMI: men- 21.7, 
women 22.0; % of total fat: men- 7.7, female 
14.6)

• Findings: 

– Sleep duration <7 hrs associated with higher 
HOMA in women, adjusted for BMI & total fat

Liu R et al. Sleep Medicine in press



Magnitude of sleep debt / sleep 
disturbances on DM control



Magnitude of effect of sleep 
curtailment

• In patients without diabetic complication

– A perceived sleep debt of 3 hours per night 
predict an increase in HbA1c of 1.1%

• Among patients with at least 1 complication

– A 5-point increase in PSQI (sleep quality)
predicted an increase in HbA1c of 1.9%

• Effects comparable to those of widely use oral 
anti-diabetic agents

Knutson KL, et al. Arch Intern Med 2006



Short sleep duration & HbA1c

• 394 DM patients in HK

• Mean age: 54 years old, 59% men

• 17.5% had sleep duration< 7hr during 
weekdays

• sleep duration< 7hr during weekdays was 
associated with an increased HbA1c 
(regression coefficient=0.45, p=0.007) with 
adjustment for age and gender 

Kong A & Wing et al. Submitted



POSSIBLE MECHANISMS MEDIATING THE EFFECT 
OF SLEEP CURTAILMENT/ DISTURBANCES ON 
OBESITY & DM RISK



Possible mechanisms mediating sleep 
duration/disturbances & diabetes risk

Sleep curtailment/ 
Sleep disturbances

sympathetic
drive

HPA 
activation

Confounding 
(Depression)

Diabetes Risk

Ghrelin & 
appetite 

regulation

Altered glucose 
metabolism

Weight gain

Adapted from Knutson KL et al. Sleep Med Rev 2007

1 2 5

↑appetite & caloric intake, 
↓ physical exercise

SWS 
suppression

3

Inflammatory 
pathway

4 6



1 & 2. ↑ Sympathetic drive & cortisol

Laboratory study: 

11 healthy subjects

Findings: 
• By ivGTT, glucose tolerance was lower in 

sleep-debt condition

• Insulin resistance was higher in sleep 
deprived conditions, and progressively 
increased with partial sleep loss

• Sleep deprivation is associated with 
higher sympathetic activities and higher 
evening cortisol

Pre-test

8hr sleep

(3 nights ) 

Sleep-debt

4hr sleep

(6 nights ) 

Recovery phase

12hr sleep

(7 nights ) 

Spiegel et al. Lancet 1999

Sympathovagal balance

Evening cortisol balance



Healthy middle age sleepers from community (N=114) FU for 3 yrs
Assessment:
Sleep log & 3-days actigraphy
Results:
High stability of sleep/wake pattern (r=0.6-0.79)
Objective sleep efficiency < 85% had a higher 24-hr urinary 
norepinephrine
urinary epinephrine & norepinephrine also had correlation with 
waist/hip ratio (0.29- 0.30, p<0.01)
Implications:
Poor sleep quality (no subjective complaints) had higher sympathetic 
activity



3. Effect of modulation of slow wave sleep 
on insulin sensitivity  

• Function of slow wave 
sleep: 

– Decrease brain glucose 
utilization

– Stimulation of growth 
hormone release

– Inhibition of 
corticotropic activity

– Decrease sympathetic 
nervous system

• SWS suppression 
(without disruption to 
other sleep stages/ 
shorten sleep duration)

Tasali E et al. PNAS 2008



4. Inflammatory pathway

• Sleep deprivation laboratory data: 

– Sleep deprivation resulted in ↑inflammatory 
markers ( IL-6)

Haack M, et al. Sleep 2007

• Chronic insomnia:

– Shifting of secretion pattern of IL6 and TNF
Vgontzas AN et al. Metabolism 2002 



Restriction of sleep on metabolic 

and endocrine function

 Ghrelin (gut-derived peptide) 

 Leptin (induces satiety)↓

 Change in appetite & hunger
Spiegel K et al. Ann Intern Med 2004

Taheri S et al. PLoS Med 2004

5. Sleep curtailment & Appetite regulation



6. Depression: ?mediating the relationship 
of sleep & diabetes risk

• Depression as a highly co-morbid condition of 
diabetes

• Longitudinal studies: depression is associated 
with a 60% increased risk of incident diabetes, 
effect independent of BMI

Mezuk B et al. Diabetes Care 2008



Diabetes-related distress, depression 
& Glycemic control

• Diabetes distress, as measured by Chinese version of diabetes 
Distress Scale (CDDS), was found to have high correlation 
with: 
– Diabetes distress: correlation with depression 0.511 (p<0.01)  

– HbA1c: correlation with diabetes distress 0.185 (p<0.05)

• Higher distress (depression)  poorer DM control (HbA1c)

Ting R… Wing YK et al. Diabetes Care 2011



6. Depression: mediating the relationship 
of sleep & diabetes risk

Sleep 
disturbances

Depression

Diabetes

? Antidepressant use
Behavioral: 

Physical inactivity
Caloric intake

Biological: 
HPA axis

Sympathetic drive
Inflammation

Disease burden

Lower socioeconomic class



LONG SLEEP DURATION & DM RISK



Long sleep duration & DM risk

• Possible factors mediating the association: 

– Depression 

– Lower socio-economic class
Patel SR et al. Sleep 2006

• Inflammatory markers & long sleep duration:

– Habitual long sleep duration was found to 
correlate with higher CRP & IL 6

Patel SR et al. Sleep 2009



Sleep disorders and DM



OSAS & DM



OSAS & insulin resistance

270 non-DM patients referred for PSG
Findings: 
1. OSA subjects were more insulin resistant (↑ level of fasting serum insulin) 
2. AHI & minimum SaO2 as independent determinants of insulin resistance 
3. Relationship between OSA & insulin resistance was also seen in non-obese

subjects 

Ip MS, et al. Am J Respir Crit Care Med 2002



OSAS & insulin resistance: replicated in 
pediatric population

• 94 obese children, mean age 12, 77.7% boy

• Underwent overnight PSG & metabolic studies

• OSA defined as AHI >1

Li AM et al. Pediatric Pulmonology 2006 



Childhood OSAS is associated with 
impaired glucose tolerance 

• 88 children (age 9-16), cross sectional survey

• Cases: OAHI ≥1; control: OAHI<1

Control (n= 60) Case (n= 28)

Age (yr) 13.7 (10.4- 16.6) 12.3 (9.4- 15.3)

Male (%) 22 (36.7) 21 (75.0)**

BMI z-score 0.38 (-0.04- 0.80) 2.01 (0.98- 2.17)**

OAHI (/hr) 0.39 (0-0.69) 3.63 (2.11- 6.69) **

Fasting glucose (mmol/L) 4.70 (4.40- 4.98) 4.70 (4.60- 5.00)

Fasting insulin (mIU/L) 6.96 (4.84- 11.08) 10.26 (4.48- 13.40)

120min glucose  (mmol/L) 6.15 (5.43- 6.78) 6.60 (5.63- 7.68)*

AUC glucose (mmol/Lxmin) 841 (725- 897) 879 (792- 1033)*

HOMA-IR 1.42 (0.89- 2.42) 2.26 (0.97- 2.76)

Whole body insulin sensitivity index 131 (68- 186) 75 (57- 139)

IGT (n, %) 2 (3.3) 6 (21.4)

Li AM & Wing et al. submitted 2011 



Effect independent of BMI

Li AM & Wing et al. Submitted 2011 

Logistic regression analysis of the effect of PSG parameters adjusted for BMI, z-score, 
age, gender, and puberty upon prevalence of IGT



Childhood OSAS: also complicated by 
the obesity pandemics 
Dayyat E et al: (Sleep Medicine Clinics 2007): 

Spectrum of OSAS from predominant lymphadenopathy to obesity

Type I: 
Marked lymphadenoid 

hypertrophy

Type II:
Obesity 

? Similar to adult OSAS



Need for further research

• Increasing obesity epidemic  increasing 
OSAS?

• Need to look for ?Interactions of sleep 
duration/ sleep disturbances, obesity & OSAS 
on DM risk

• Childhood OSAS - ?IGT/DM



Current findings on associations of 
sleep disorders and DM 

Sleep disorders Associations with DM 

OSAS 

Adult +++

Children +

Restless legs syndrome +

Narcolepsy +/-



Sleep Irregularity/Circadian 
rhythm & metabolism



Secular changes of sleep patterns

Irregularity of sleep –
short sleep duration in weekdays, & 
compensation by longer sleep duration in 
weekends and holidays



6447 Questionnaires completed 
(70.3% Response Rate) 

Parental completion of 

sleep questionnaires

Wing YK et al. Pediatrics 2009

13 primary schools in HK 
(Shatin & Tai Po) 

Target population: 9172 children 
(Age range: 5-15 yrs old)



Result (1): Sleep durations vs. Age 



Result (2): Sleep duration & body 
weight
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Sleep durations - Interaction effect

Percentages of overweight/obesity as a function of 
weekday and weekend sleep durations – weekend 
compensation, but may ↑irregularity



Effect of irregular sleep: not only 
obesity, but also alter insulin

• 308 children (age 4-10 years of age) 

• Cross sectional study

• Findings: 

– Obese children has shorter sleep duration and had 
more variability at weekends

– Presence of short sleep & high variance in sleep 
duration was associated with altered insulin, LDL  
and high sensitivity C-reactive protein plasma 
levels. 

Spruyt K et al. Pediatrics 2011



Shift work & DM risk 

• 14 years prospective FU of > 7000 male workers, annual check 
up 

• Duration of shift work is positively associated with increase in 
HbA1c

• Dose response 

• Effect independent of BMI 

Suwazono Y et al. Chronobiol Int 2009



Circadian misalignment & DM risk: 
Laboratory evidence 

• Laboratory protocol by scheduling a recurring 
28-h “day” for 8 days 

• When the subjects ate and slept ~12h out of 
phase from their habitual times→ 
misalignment between behavioral cycles and 
endogenous circadian cycles: 
– Decreased leptin

– Insulin resistance

– Reversed daily cortisol rhythm
Scheer FAJL et al. PNAS 2009



Bass J et al. Science 2010

Central Clock

Peripheral Clocks 
regulating 

metabolism

Environmental 
clues



Clock Genes & DM risk



Urbanization 

24/7 society

Limited time, for unlimited tasks

http://www.pbase.com/accl/hong_kong


Asian university students has shorter 
sleep duration

Steptoe A et al, 2006



Late Bedtime in Asia Pacific

ACNielsen 2004



Short sleep time in Asia Pacific



DIABETES
2) PEDIATRIC POPULATION 



These epidemics also seen 
in children & adolescents: 
1) Overweight & obesity
2) Higher proportion of T2DM 

3) Shorter sleep duration

9.24

8.74 *

Dollman, et al. 2007 *p<0.0001, 10-15 years old

Mercedes de Onis et al.Am J Clin Nutr 2010
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Liu X et al. Pediatrics 2005
Li & Wing et al. Pediatrics 2009
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Children in China & HK sleep less and have later bedtime 
than US children



Total sleep time (hours)

9.01
9.11

10

8.5

9

9.5

10

10.5

Hong Kong Asian

countries

US and

Europe

Shorter sleep duration: also found in 
toddlers in Asia 

2007-2008: a world-wide large scale questionnaire survey had been conducted. Sleep data of  
~30,000 children aged 0-3 years had been collected from 16 countries. 



http://www.gettyimages.com/detail/84955575/Illustration-Works
http://www.gettyimages.com/detail/78463297/Comstock-Images


Sleep 2008

Children data



Sleep duration & insulin resistance: also 
extend to adolescents

Javaheri S et al. J 
Pediatrics 2011

N= 387, mean age 
15.7±2.1

Findings: 

• “u-shape” relationship 
between sleep duration 
& HOMA

HOMA: Homeostasis model assessment, measure of insulin sensitivity in 

adult & children; increased with insulin resistance



What contributes to the short sleep 
duration/ irregular sleep pattern? 



Sharing our study result on children 
sleep/wake pattern

• Community-based study: 

• Participants: Over 4400 families (Father-
mother-child trios)

Zhang & Wing et al. J Pediatr 2010



School 

start time

Maternal 

Time in bed

Paternal 

Time in 

bed

Medi

a use

Home-

work

Structural equation modeling for children’s time in bed & its correlates

SES

Leisure 

activities

Zhang & Wing et al. J Pediatr 2010



A new trend of learning: 
weekly schedule of a 10-year old boy/girl in HK 

Mon Tue Wed Thurs Fri Sat Sun

0645 Wake up

0715 School bus

0800- 1530 School time Piano class

0930-1030

Violin class

1130-1230

Music 
theory

1000-
1100

1530- 1615 School bus English 
class

1500- 1700
1615-1700 TV/ Rest

1700-1900 Mandarin 
class

Swimming 
class

Math 
class

Swimming 
class

Calligraphy

1900-2000 Dinner

2000-2230 Homework

2230-2330 Bathing, “private time” : surfing internet…

2330/ 0000 Bedtime



Sleep curtailment: a family & community 
issue

Roles of parents in children’s sleep 
time: 

• Genetics

• Environment: 

– Share socioeconomic status 

– Activities:
• A modern trend for “intensive training” 

since early age with sacrifice of sleep for 
“higher achievement” 

Achievements

Diet & Exercise

Sleep



The Way Forward



“Better sleep, better health”

Emphasis the importance of sleep & recognize the 
adverse effect of sleep disorders, at multi-level: 

• Children

• Parents

• School/ workplaces

• Health care professionals

• Public education



For sleep curtailment…

• Adequate sleep for all 
age groups! 

– From children to elderly 

– Regular sleep-wake 
schedule

– Good balance between 
rest & activities 

IOM recommendation



Sleep education

• School Sleep education 

Australia: Moseley & Gradisar Sleep 2009

Japan: Shiga model

Hong Kong …….2012 



School-based specific intervention: 
successful pilot study in US

• US study

• A secondary school’s schedule was delayed by 30 minutes 
across all junior grades (N= 201) (8:00 to 8:30) 

• 3- months intervention

• Compared to baseline, significant improvement in 
adolescents’ sleep duration 

• Consequent enhancement of alertness, mental and physical 
health 



Does elongation of sleep duration help to lower 
adiposity gain?  

Control group
(7-8 hr sleep)

Short sleep 
duration

(≤6 hours)

Increase sleep to 
7-8 hr

Maintain short 
sleep duration 

habit

Baseline

Control group
(7-8 hr sleep)

Baseline

Year 6

Assessment
Chaput JP et al. Int J Obesity 2011



Result

Chaput JP et al. Int J Obesity 2011



For DM patients…

• For DM patients: 

– Aware of the high prevalence of various sleep 
disorders, & their detrimental effects on DM 
control

• Active screening & early detection!

– Identify potential confounding, e.g. depression

– Integrating management of sleep problems into 
diabetes care – OSAS, sleep duration and 
disturbances 



Public Health & Research directions

• Need integrated, concerted effort across countries –
healthy sleep as top priority .. 

• Research: 

– Need large scale, multiphase studies 

– Need intervention study

• Can we, sleep healthcare workers, contribute to 
decrease global obesity and diabetes epidemic?

• Young  children as the top priority of sleep 
education!
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