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Learning Objectives
• Explain the relationships between sleep, obesity, and 

chronic diseases
• Epidemiological evidence
• Clinical intervention studies

• Describe mechanisms by which sleep influences obesity 
and chronic disease risk

• Short & long-term effects of sleep restriction
• Patterns of sleep

• Discuss influence of diet on sleep



Hirshkowitz et al., Sleep Health 2015;1:40-3.



Sleep Duration in Males vs Females:
Weekdays vs Weekends

Weekdays Weekends

In general, females report 20 minutes longer sleep than males 
across the lifespan & fewer report short sleep duration

Cao & Yang, Sleep Epidemiol 2022;2:100026.



Rising prevalence of short sleep in US adults

Age-adjusted prevalence of 
sleeping ≤6 h/night:
• 1985: 22.3% 
• 2012: 29.2%

Age-adjusted prevalence of 
sleeping 7-8 h/night:
• 1985: 65.9%
• 2012: 62.8%

Ford et al. Sleep 2015;38:829-32.



Increased odds
of developing 

obesity in   
short sleepers
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Increased subclinical atherosclerotic burden 
associated with poor sleep

Dominguez et al., J Am Coll Cardiol 2019;73:134-44.



Increased odds of CVD in individuals with 
sleep problems: NHANES 2005-2008
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Increased risk of all-cause/CVD mortality in short 
& long sleepers, NHANES 2005-2014

Jin et al. Frontiers Pub Health 2002; July 15.



Associations between Life’s Simple 7 
and sleep quality in women

Women who slept 
≥7 h/night have 
higher LS7 scores 
and are more likely 
to meet >4 metrics

Makarem et al. Sleep Health 2019;5:501-8.



Poor sleep is associated with poor dietary 
intakes in women

Predictor Outcome Β (SE) p-value
Sleep quality 
(PSQI >5 vs. ≤5)

Food weight 79.6 (49.1) 0.106
Added sugars 3.41 (1.57) 0.031

% Unsaturated fats -1.41 (0.50) 0.005
Energy intake 108 (82) 0.184

Sleep onset latency 
(≤ 15 m vs. > 60 m)

Food weight 235.2 (79.6) 0.003
Added sugars 2.97 (2.59) 0.252

% Unsaturated fats -0.95 (0.83) 0.253
Energy intake 426 (132) 0.001

Insomnia 
(Yes vs. No)

Food weight 116.0 (48.8) 0.018
Added sugars 1.87 (1.58) 0.235

% Unsaturated fats -1.25 (0.50) 0.013
Energy intake 205 (81) 0.012

*PSQI: Pittsburg Sleep Quality Index; SOL: Sleep Onset Latency; ISI: Insomnia Severity Index
**Models are adjusted for age, BMI, race/ethnicity, education, and health insurance status

Zuraikat et al. JAHA 2020;9:e014587.



Developing Life’s Essential 8

Duration
≥7h/night
<9h/night

Duration
Insomnia
OSA
Sleepiness

Duration
Efficiency
OSA
Sleepiness

Score 3 +
Stable duration
Stable bedtime

Makarem et al. JAHA, in press.



Findings from epidemiological 
studies

• Short sleepers have risk of obesity than 
adequate sleepers

• Short & disordered sleep is associated with 
higher CVD risk

• Poor sleep is associated with lifestyle 
behaviors that predict greater CVD risk

But what about causality?

14



Factors 
influencing 

risk of obesity 
& its 

comorbities

Fruhbeck et al. Lancet Diab Endocrinol 2018;6:164-6. 



Effects of sleep restriction on energy 
balance & food intake regulation

Hormone & RMR fMRI
metabolite Self-selected Self-selected 
measurements food intakeControlled food intake

feeding
DAY    1 2 3 4 5 6

0700 2200    0100                0500  0700

Habitual 
sleep

Short sleep



Sleep restriction alters neuronal 
responses to foods

Food>Nonfood Restricted Sleep • Food stimuli increased regional 
brain activity in the OFC, insula, 
and regions of the basal ganglia 
and limbic system after 
restricted sleep

• Restricted sleep induces a state 
of greater responsiveness to 
food stimuli and heightened 
awareness of the rewarding 
properties of food

St-Onge et al.,  Am J Clin Nutr 2012;95:818-24.



How does the brain respond to food 
stimuli in the sleep restricted state?

• Unhealthy foods activate the areas of the brain 
associated with reward and hedonic functions
• Restricting sleep can increase salience of unhealthy food
• Restricting sleep promotes hedonic hunger

• During habitual sleep, up-regulation of the cognitive 
control centers
• Could signify improved food restraint behavior



How does sleep influence homeostatic 
controls of food intake?
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• Increase tended to be greatest for calorie-dense high 
carbohydrate foods

• Increase in appetite for fruits and vegetables of lesser magnitude

Spiegel et al., Ann Intern Med 2004;141:846-50.

We have shown sex differences:

• Men have increase in appetite-stimulating hormone 
ghrelin

• Women have reduction in satiety-inducing hormone 
glucagon-like peptide 1



Sleep restriction increases food intake
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Impact of sleep restriction on 24-hour 
energy expenditure

Shechter et al., Am J Clin Nutr 2013;98:1433-9.



Acute sleep restriction reduces physical 
activity

• Men spent either 4 or 8 h in bed for 2 nights
• Energy expenditure was measured by actigraphy during 

outpatient (day 1) and inpatient (day 2) days

Schmid et al., Am J Clin Nutr 2009;90:1476-82.

8 h in bed
4 h in bed



Evidence of causality: 
Sleep restriction

2-week inpatient intervention:
• N=12 (9 M)
• Age 26.5±5.8 y
• BMI 24.6±3.7 kg/m2

• Habitual sleep 7.4±1.0 h
-SR=4.3±0.4 h/night
-HS=8.0±0.5 h/night

No difference in energy expenditure
Difference in energy intake between 
conditions: 
• 257 kcal/d

Difference in change in body weight:
• 0.5 kg Covassin et al. J Am Coll Cardiol 2022;79:1254-65



Meta-analysis of randomized clinical 
trials of sleep restriction: Body weight

The authors concluded that “findings suggest a 

potential relationship with weight gain. However, it 

is unclear whether the degree of net effect, if any, 

may be observed over longer periods. None of the 

included studies that reported food intake went 

beyond 3 weeks in duration.”

Capers et al. Obes Rev 2015;16:771-82.



Effect of longer, milder sleep restriction on 
body weight

• Young, healthy males, age 20-30 y, BMI 19-26 kg/m2

• Randomized to maintain regular sleep (7-7.5 h/night) or 
restrict their sleep by 1.5 h for 3 weeks
• Actual restriction 1 h:13 min-1 h:30 min

Short sleep
Habitual sleep

Robertson et al., Metabolism 2013;62:204-11.



Next step: 
What is the impact of ‘life-like’ sleep 

restriction conditions?

• To establish if there is a causal relation between 
sustained, mild sleep restriction (SR) and obesity risk 
using a randomized crossover clinical intervention

• 2 phases of 6 weeks with either habitual (adequate) sleep or sleep 
reduced by 1.5 h (delayed bedtimes)

• Participants have adequate sleep duration, >7 h/night, at 
screening

• Determine effects of SR on body weight, body composition, and 
other lifestyle behaviors



Mild Sleep Restriction Increases Body Weight

• Sleep restriction results more eating occasions and longer 
eating window

• This is associated with higher energy intakes and worse diet quality
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Sleep restriction increases sedentary behavior 
& light physical activity in men and women
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Zuraikat et al. Circulation 2021;143:O35.



Impact of Sleep Restriction on Moderate-to-
Vigorous Physical Activity in Men and Women

Increased by 1.1±0.4 min/d 
over 6 wk in SR relative to AS 
(P<0.01)
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Higher blood pressure in women undergoing 
short sleep duration

The effects of sleep restriction on 24-h systolic blood pressure 
were almost twice as high in post-menopausal compared to pre
menopausal women

St-Onge et al. Am Heart J 2020;223:12-22.
Makarem et al. Hypertens 2021;77:e50-2.

-



Sleep restriction increases hematopoeisis

McAlpine et al. J Experimental Med 2022;219:e20220081.



Impact of short & catch-up sleep on 
cardiometabolic risk factors

Lasselin et al. Brain Behav Immun 2015;47:93-9.



Impact of short & catch-up sleep on food intake

No evidence of acclimation from 
repeated exposures to sleep 
restriction, regardless of the number 
of recovery nights

Spaeth et al. Nutrients 2020:12:2694.



Dietary intakes across different categories 
of sleep variability in MESA

Diet
Outcome

Sleep Duration SD P-value 
for trend≤ 60 min

(n=673)
61-90 min
(n=529)

91-120 min
(n=392)

> 120 min
(n=311)

aMed Score 4.27 ± 1.82 4.08 ± 1.86 4.11 ± 1.81 4.05 ± 1.80 <0.01

Fruits 1.34 ± 0.98 1.31 ± 1.08 1.31 ± 1.08 1.28 ± 1.09 0.002

Vegetables 1.18 ± 0.85 1.17 ± 0.87 1.19 ± 0.89 1.23 ± 0.95 0.212
Whole 
grains 0.63 ± 0.50 0.60 ± 0.48 0.59 ± 0.49 0.56 ± 0.52 <0.001

Nuts/Seeds 0.33 ± 0.35 0.27 ± 0.34 0.26 ± 0.34 0.23 ± 0.30 <0.01

Legumes 0.15 ± 0.17 0.17 ± 0.23 0.17 ± 0.21 0.16 ± 0.23 0.802

Red meat 0.24 ± 0.19 0.22 ± 0.20 0.25 ± 0.21 0.24 ± 0.20 0.090

Fish 0.15 ± 0.15 0.16 ± 0.20 0.17 ± 0.16 0.20 ±0.20 <0.01

Alcohol 3.41 ± 9.32 3.17 ± 7.84 2.69 ± 5.60 2.70 ± 6.18 0.873

MUFA 14.33 ± 4.01 14.14 ± 3.94 14.23 ± 4.05 14.45 ± 4.04 0.358
Saturated 
fat 10.41 ± 3.21 10.52 ± 3.06 10.16 ± 3.18 10.60 ± 3.22 0.043

Energy 
intake 1692 ± 770 1688 ± 775 1735 ± 869 1778 ± 914 0.01

Diet variables energy adjusted as: servings/1000 kcal (fruits, vegetables, whole grains, nuts/seeds, legumes, red meat, fish), 
%kcal (MUFA, SFA), g/1000 kcal (alcohol)

Zuraikat et al. Circulation 2021;143:MP05.



High sleep variability & short sleep duration 
associated with reduced weight loss
• Participants in PREDIMED-Plus, a Mediterranean diet 

intervention with vs without caloric restriction
• Adults, 55-75 y, with BMI 27-40 kg/m2
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Papandreou et al. Int J Obes 2020;44:330-9.



Sleep stability & body composition 

N=36 women
Age ≥20 y
BMI 20-33 kg/m2

Habitual sleep ≥7 h/night
Undergoing 6-wk period of 
maintained adequate sleep with 
prescribed bed and wake times 
based on usual habits
Grouped by change in bedtime 
variability from screening

   
 

    

  

   

   

    
    

    

    

    

    

    

    

    

    

    

    

    

St-Onge et al. Int J Obes 2020;44:1803-6.



Sleep is Integral to Good Lifestyle Habits 
Compatible With Cardiovascular Health

1/18/19, 11'44 AMToo Much or Too Little Sleep Linked to Increased Risk of Cardiovascular Disease and Death [image] | EurekAlert! Science News

Page 1 of 2https://www.eurekalert.org/multimedia/pub/187473.php

Too Much or Too Little Sleep Linked to
Increased Risk of Cardiovascular Disease
and Death (IMAGE)
EUROPEAN SOCIETY OF CARDIOLOGY

Disclaimer: AAAS and EurekAlert! are not responsible for the accuracy of news releases
posted to EurekAlert! by contributing institutions or for the use of any information
through the EurekAlert system.

CAPTION
This is a take home image from accompanying editorial on the link between sleep and risk
of cardiovascular disease and death.

CREDIT
European Heart Journal

USAGE RESTRICTIONS
Please credit the European Heart Journal

Wang et al, Eur Heart J 2018;0:1-10.

Lifestyle choices:



Food intake during a controlled diet 
vs ad lib diet when sleep is sufficient

Nutrient content Controlled diet Ad lib diet

Energy, kcal 2055 2518
Protein, %En 17 14
Carbohydrates, %En 53 54.6
Fat, %En 31 32.7

Saturated fat, %En 7.5 10

St-Onge et al. J Clin Sleep Med 2016;12:19-24.



Sleep after a controlled diet 
vs ad lib diet

Sleep parameter Controlled 
diet Ad lib diet P

value
-

Total sleep time, min 453.5 ± 44.4 455.1 ± 30.2 0.86

Stage 1, min 52.3 ± 21.8 56.2 ± 18.8 0.18

Stage 2, min 240.3 ± 42. 9 245.8 ± 35.5 0.45

Slow wave sleep, min 29.3 ± 13.9 24.6 ± 12.8 0.043

Rapid-eye movement sleep, 
min 91.6 ± 17.8 96.4 ± 18.2 0.19

Sleep onset latency, min 16.9 ± 11.1 29.2 ± 23.1 0.0085

Arousals 143.2 ± 52.1 143.4 ± 51.9 0.98

St-Onge et al. J Clin Sleep Med 2016;12:19-24.



Relation between diet and sleep after 
a day of ad lib intakes

St-Onge et al. J Clin Sleep Med 2016;12:19-24.

Sleep parameter Fiber, g Sugar, %En Non-sugar/non-
fiber CHO, %En

Saturated 
fat, %En

Stage 1, 
% sleep time

                -0.19 ± 0.07 0.08 ± 0.17 0.04 ± 0.03 0.03 ± 0.21

Slow wave sleep, 
% sleep time

 0.26 ± 0.11 -0.18 ± 0.25 -0.04 ± 0.04 -0.71 ± 0.32

Arousals -0.11 ± 0.81 4.34 ± 1.86 0.66 ± 0.31 2.17 ± 2.40

Data suggest that a high-fiber diet, with low intake of sugars, is associated with
better sleep depth and architecture
Could diet improve sleep in those with sleep disorders??



Adherence to Mediterranean Diet 
associated with sleep quality at 1 y

      

 

     

     

     

     

 

     

     

     

     

 

     

     

     

     

 

     

     

     

     

 

     

     

     

     

Zuraikat et al. Nutrients 2020;12:2830.



Odds ratio for associations between 
Mediterranean diet score and sleep: 
MESA Exam 5 

Alternate 
Mediterranean 
Diet Score

Sleep duration 
6-7 h/night vs 

<6 h/night

      Sleep duration 
7-8 h/night vs  

<6 h/night

      
 

Sleep duration  
>8 h/night vs   

<6 h/night

     Insomnia 
Symptoms vs 

None

Moderate-High 
Score

Model 1 1.30 (1.03-1.63) 1.05 (0.82-1.34) 0.83 (0.60-1.14) 0.81 (0.67-0.97)
Model 2 1.32 (1.05-1.66) 1.05 (0.82-1.34) 0.84 (0.61-1.16) 0.81 (0.68-0.98)
Model 3 1.38 (1.07-1.78) 1.05 (0.80-1.38) 0.97 (0.68-1.40) 0.82 (0.67-1.00)
Model 4 1.43 (1.08-1.88) 1.05 (0.78-1.40) 0.95 (0.64-1.42) 0.85 (0.68-1.06)

Model 1 is adjusted for age, sex, race/ethnicity
Model 2 is additionally adjusted for education
Model 3 is additionally adjusted for cigarette smoking, intentional exercise, and total energy intake
Model 4 is additionally adjusted for BMI, hypertension, diabetes, depressive symptoms, AHI, anti
depressant and anti-psychotic medications, insomnia symptoms or sleep duration

Castro-Diehl et al. Sleep 2018;41:zsy158.

-



Odds ratio for associations between change 
in Mediterranean diet score and sleep: 
MESA Exams 1 & 5 

Alternate 
Mediterranean 
Diet Score

Sleep duration 
6-7 h/night vs <6 

h/night

      Sleep duration 
7-8 h/night vs 

<6 h/night

      Sleep duration 
>8 h/night vs 

<6 h/night

      
  

Insomnia 
Symptoms vs 

None

No change vs 
decrease

Model 1 1.05 (0.77-1.45) 1.11 (0.79-1.54) 1.08 (0.71-1.65) 0.64 (0.49-0.83)
Model 2 1.07 (0.78-1.47) 1.10 (0.79-1.54) 1.09 (0.71-1.68) 0.64 (0.49-0.83)
Model 3 1.04 (0.74-1.45) 1.13 (0.80-1.60) 1.13 (0.72-1.80) 0.65 (0.50-0.85)
Model 4 0.98 (0.68-1.40) 1.06 (0.73-1.55) 0.96 (0.57-1.61) 0.61 (0.45-0.82)

Increase vs 
decrease

Model 1 1.35 (1.04-1.75) 1.30 (0.98-1.71) 1.04 (0.72-1.50) 0.90 (0.73-1.11)
Model 2 1.36 (1.05-1.76) 1.29 (0.98-1.71) 1.04 (0.72-1.50) 0.90 (0.73-1.11)
Model 3 1.30 (0.99-1.71) 1.26 (0.94-1.69) 1.18 (0.80-1.75) 0.90 (0.72-1.12)
Model 4 1.34 (0.99-1.80) 1.30 (0.95-1. 79) 1.15 (0.74-1.77) 0.92 (0.72-1.17)

Castro-Diehl et al. Sleep 2018;41:zsy158.



Biological plausibility for diet impact on 
sleep
• Tryptophan: 

• Essential amino acid
• Primary substrate for 

melatonin synthesis
• Carbohydrates and gut 

microbiome involved in Trp
metabolism

• Various dietary nutrients 
involved in enzymatic 
conversions of Trp to 
melatonin

Cofactor 
Vitamin B6

Cofactor 
Vitamin B6

Cofactor 
Magnesium

Cofactor 
Vitamin B5

Zuraikat et al. Ann Rev Nutr 2021;41:309-32.



Cycles of lifestyle behaviors & health

Improved 
cardiometabolic 
health

Increased 
cardiometabolic 
risk

Zuraikat et al. Ann Rev Nutr 2021;41:309-32.
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