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UW-Madison Rhesus Monkey Calorie Restriction Study
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Distinguish the fasting-dependent and calorie-dependent effects of 
CR on metabolic health, fitness, and longevity 



Body composition outcome of three modes of calorie restriction



Glucose tolerance is improved in all CR models



Fasting is required to improve insulin sensitivity



Fasting is required for the distinct fuel utilization pattern in CR-fed 
mice



Fasting promotes the unique metabolomic signature in CR mice

Liver



Skeletal MuscleLiver

Fasting promotes the unique metabolomic signature in CR mice



Fasting alone recapitulates the CR response
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Over 90% of differentially expressed genes 
(DEGs) are the same between CR and TR.al

Less than10% of 
DEGs were changed 
between TR.al and 

CR!



Fasting is necessary for CR-induced improvement in 
insulin sensitivity



Fasting is necessary for CR-induced improvements in frailty



Fasting is necessary for CR-induced improvements in lifespan

Median Lifespan = 850 days

Median Lifespan = 776 days

Median Lifespan = 1022 days

30%
-9%



Summary



Chronic Fasting model vs Non-fasting model



Glucose tolerance is affected by fasting duration



Insulin sensitivity is only observed after a prolonged fast in 
CR mice



CR animals are adapted to maintain tight blood levels 
during a prolonged fast



Insulin levels may be dependent on time of feeding
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Is circulating insulin level dependent on the time of first feeding?

CR mice fed at 6-7pmCR mice fed at 6-7am
Morning Fed Night Fed



Night-fed CR mice had similar improvements in glucose tolerance 
as morning fed CR mice



Insulin sensitivity was also only observed after a 20hr of 
fast



CR animals have adapted to maintain tight blood glucose 
levels during a prolonged fast



Insulin levels are dependent on time of day for AL mice



Insulin levels are dependent on time of day and time of 
feeding for CR mice
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Genetic/pharmacological inhibition of mTORC1 extends 
lifespan

Pan and Finkel, JBC 2017 Review 



Hepatic mTORC1 activity is regulated by the fed/fasted 
state



Hepatic mTORC1 activity is regulated by the fed and 
fasted state
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Hepatic mTORC1 activity is regulated by the fed and fasted 
state



Summary
CR mice maintain tight blood glucose levels during a prolonged fast
1. CR mice have improved glucose tolerance compared to AL mice during a 24hr fast
2. CR mice have a unique response to insulin at different fasting durations
3. CR mice suppress hepatic glucose production during a fast

Insulin is required for the tight regulation of glucose level in CR mice
1. CR mice do not have improved insulin sensitivity until a 20hr fast 
2. Insulin is required for the tight regulation of glucose homeostasis in CR mice
3. Insulin secretion/clearance is shifted to match that of time of day and feeding schedule

mTORC1 activity is mediated by the fed and fasted stated
1. AL and CR mice have the same hepatic mTORC1 when feeding status is the same
2. Suppression of hepatic mTORC1 activity is not required to elicit the CR effect
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