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Sleep Changes Across the Human Lifespan 

Ohayon et al. SLEEP, 2004 
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Wright & Frey  (2008) Age Related Changes in Sleep and 
Circadian Physiology: From Brain Mechanisms to Sleep Behavior.  
In  A.Y. Avidan, and C. Alessi: Geriatric Sleep Disorders. 



1) significance - Metabolic dysregulation and disease 

• Prevalence of chronic metabolic disorders such as obesity and type 
2 diabetes has increased rapidly over the past 30 years reaching 
world-wide epidemic proportions 



Prevalence of obesity among adults 
aged 65 and over, by sex: United 
States, 2007–2010 

CDC/NCHS, National Health and Nutrition Examination Survey, 2007‒2010 



Rate per 100 of Civilian, Noninstitutionalized Population with 
Diagnosed Diabetes, by Age, United States, 1980–2011 

CDC National Health Interview Survey 
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1) significance - Metabolic dysregulation and disease 

• Prevalence of chronic metabolic disorders such as obesity and type 
2 diabetes has increased rapidly over the past 30 years reaching 
world-wide epidemic proportions 

• Obesity, diabetes and the metabolic syndrome have large economic 
and qualilty of life burdens  

• Healthy People 2020 goals are to reduce the prevalence of obesity 
and diabetes 



Overweight and obesity substantially raise the risk for  
 

• Cardiovascular diseases 
• Hypertension 
• Hyperlipidemia 
• Osteoarthritis 
• Sleep apnea 
• Depression 
• Diabetes 
• Cancer 
• Urinary Incontinence  



Diabetes substantially raises the risk for 

• Heart disease and stroke 
• Kidney damage 
• Blindness 
• Neuropathy 
• Urinary Incontinence 
• also evidence for Wernicke-Korsakoff syndrome - delirium 



How sleep and circadian disruption  
may lead to metabolic disease 

Modified from Depner et al., Curr Diab Rep. 2014;14(7):507.  

Disrupted central and peripheral rhythms 
/clock function  



2) State-of-the Art Knowledge 
 
Do age related changes in sleep and circadian rhythms 
contribute to metabolic dysregulation and disease 
 •Sleep disorders – yes 
•Short (and sometimes long) sleep duration – yes ? 
•Sleep architecture / fragmentation – yes ? 
•Sleep and circadian timing – yes 
•Circadian misalignment/shift work - ? 



• 1506 community dwelling 55-84 years old; phone survey 
• Obesity and diabetes, were associated with sleep-related problems 

such as breathing pauses, snoring, daytime sleepiness, restless legs. 



Wrist actigraphy  
5.2 (0.9 SD) nights in 3055 men (age: 67–96 years) participating in the 
Osteoporotic Fractures in Men Study (MrOS) 
4.1 (0.8 SD) nights in 3052 women (age: 70–99 years) participating in the 
Study of Osteoporotic Fractures (SOF) 
Subgroup of 2862 men and 455 women also underwent PSG for OSA 









3053 men (mean age 76.4 years) and 2985 women (mean age 
83.5 years) mean 5.2 and 4.1 actigraphic sleep data days  
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(n = 23,458; 51.8%) (n = 13,848; 30.6%) 



(n = 6,883; 15.2%)  
 

(n = 1,136; 2.5%) 
 



N=1567, Massachusetts Male Aging Study without diabetes at 
baseline (1987–1989; aged 40-70) were followed until 2004 for 
development of diabetes 



Basic Research 





Mice deficient in the circadian 
transcription factor 
BMAL1  
 
Reduced lifespan 
Display various symptoms of 
premature aging  
• Sarcopenia 
• Cataracts 
• Less subcutaneous fat 
• Organ shrinkage 
• Increased oxidative stress 
• Diabetes (Marcheva et al 

Nature 2010) 



Aging and sleep deprivation induce the unfolded protein response in 
the pancreas: implications for metabolism 
1.Nirinjini Naidoo1,2,*, James G. Davis3,4, Jingxu Zhu2,  Maya Yabumoto2,  
2.Kristan Singletary2, Marishka Brown2, Raymond Galante2, Beamon 
Agarwal3,4,†and Joseph A. Baur3,4,* Volume 13, Issue 1, pages 131–141, February 2014 

• Adaptive arm of the unfolded protein response in pancreatic cells 
• Upregulated during SD in young mice 
• Reduced in older mice 

• Maladaptive arm (pro-apoptotic) upregulated in older mice  
  

http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/acel.2014.13.issue-1/issuetoc


3) knowledge gaps 
•Mechanisms by which sleep deficiency and circadian 
disruption contribute to metabolic dysregulation and 
disease in older adults 
• Age related changes in sleep structure (e.g., slow wave 

sleep, sleep fragmentation), sleep duration, untreated 
sleep disorders 

• Age related changes in circadian timing, circadian 
amplitude, disrupted central and peripheral clocks 

• Vulnerable time for development of metabolic dis (young 
adult, middle-age, older age) 



3) knowledge gaps 
•Sex differences? 

• Menopause 
• Sleep disorders 
• Health behaviors  

•Bi-directional effects (metabolic disorders impacting 
sleep and circadian) 

•Sleep and circadian countermeasure/treatments to 
treat age related metabolic dysregulation 
• When is it optimal or too late to intervene to prevent 

versus manage disease 
 



Do age related changes 
in sleep structure 
contribute to metabolic 
dysregulation? 



Total growth hormone in older men 
reduced to 30% of levels in young men 

Higher Plasma IGF-1 Levels Are 
Associated With Increased Delta 
Sleep in Healthy Older Men 
Patricia N. Prinz, Karen E. Moe, Eric M. Dulberg, Lawrence H. Larsen, 
Michael V. Vitiello, Bert Toivola and George R. Merriam   
 

Age-adjusted IGF levels in 
healthy senior men co-vary 
significantly with SWS  

J Gerontol A Biol Sci Med Sci(1995) 50A (4): M222-M226.  



4)research opportunities 
• Understanding mechanisms of how age related changes in 

sleep & circadian rhythms impact metabolic health & disease 
• How do central and peripheral clocks contribute to age-

related changes in metabolic health? 
• Vary by organ? Reversible? 

• Biomarkers   
• Hormonal / sympathetic 

• hgh, IGF-1, appetitive hormones 
• Chronic sympathetic activation and reduced tissue responsiveness 

• Nutrition intake / Energy expenditure/ resting metabolic rate 
• Physical Activity (exercise, non-exercise, sedentary time) 
• Sarcopenia 



4)research opportunities 
•Work hours  

• Metabolic dysregulation and disease in shift work (aging working 
population) 

•Sex differences 
• Role of sex hormones (estrogen, testosterone, sex related sleep 

disorders, mech prior slide)   

•Bi-directional effects  
• The effect of chronic metabolic disorders on sleep 
• The effect of sleep and circadian disruptions on worsening of 

chronic metabolic disorders 

•Development of treatment strategies 
 



How do age related changes in sleep and 
circadian rhythms lead to metabolic disease? 

Modified from Depner et al., Curr Diab Rep. 2014;14(7):507.  

Disrupted central and peripheral rhythms 
/clock function  





N=3576, aged 71.6 
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