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INTRODUCTION: 

 There is little existing evidence that examines the combined effects of sleep deprivation 

and cold exposure on hormonal levels in humans.  In particular there is a dearth of information 

about the affects of sleep deprivation and acute cold exposure on the hormone leptin.  Leptin is a 

16kDa adipokine hormone that plays an important role in appetite regulation and also serves as 

in indicator of energy stores in humans.   Simon et al. (1998) demonstrated that in seven male 

subjects leptin levels were highest during nighttime sleep and reached a nadir in the afternoon 

while awake.  During noctural sleep deprivation of the same subjects Simon et al. demonstrated 

an increase in leptin levels during the night followed by a subsequent low point in the early 

morning hours.  Simon et al. also demonstrated that leptin levels were associated with 

fluctuations in body temperature.  Leptin and sleep deprivation have also been linked to obesity 

in both children and adults.  Cappucino et al. (2008) reported in a meta-analysis that lack of sleep 

or short sleep duration caused an increase in the hormone ghrelin that subsequently lead to a 

decrease in circulation leptin, which stimulated appetite.  Though there is no empirical finding 

that examines the affects of acute cold exposure on serum leptin levels, though acute cold 

exposure has been shown to influence other hormone levels.  In an experiment that investigated 

both sleep deprivation and acute cold exposure Caine-Bish et al. (2005) reported a main effect 

for time for the hormone norepinephrine.  This study involved 33 hours of sleep deprivation and 

and acute exposure to 12 degree Celsius air for a period of 180 minutes.  The authors concluded 

that the included stressors might not have been adequate to elicit a differential response by 

treatment.  Lappäluoto et al. (2008) demonstated 2 to 3 fold increases in norepinephrine levels 

during chronically administered acute cold exposure bouts.  It would appear that sleep 

deprivation is a modulator of serum hormone levels, and that acute cold exposure as an added 

stressor has the potential to further alter levels of circulating hormones.  The purpose of the 

present investigation will be to describe the combined effects of these two stressors, sleep 

deprivation and acute cold exposure, on the appetite regulating hormone leptin.  

METHODS: 



 Volunteers consisted of apparently healthy college aged males (n=8, age 22.8yrs±1.7, 

%BF 16.7±4.8, VO2 Max 43.8±7.9).   A within-subjects design was conducted over the course of 

2 trials each of 3 sequential days in length.  There was at least a one-week wash-out period 

between trials.  Participants were randomly assigned to an order of treatment, 53 hours of sleep 

deprivation (SDEP) vs. control (CON),  between each of the two trials.  Each of the three 

sequential days of testing involved a morning data collection period with three separate 

conditions: Baseline (BASE), Acute Cold Exposure (ACE) and Recovery (REC).   ACE 

consisted of exposure to 10 degree Celsius air for a two-hour period with limited clothing 

(shorts, gloves). During day 1 and day 3 blood was collected by a certified phlebotomist from the 

antecubital space during baseline, at the beginning and end of ACE and again at the end of REC. 

Analysis was performed for serum concentrations of Leptin during each of the conditions.  

Rectal Core Temperature (Tre) was recorded during all morning data collection periods. 

RESULTS: 

 Data analysis via Generalized Estimation Equations for serum leptin revealed significant 

main effects for Condition (p=0.039, Table 1) and Day (p=0.007, Table 2) was well as a 

significant interaction effect for Condition by Day (p<0.001, Fig 2) and a three-way interaction 

Treatment by Condition by Day (p=0.030, Fig 3).  Generalized estimation equation analysis also 

revealed a significant Treatment by Day interaction for Tre (p<0.001) (Fig 1) 

 

Table 1:  Serum Leptin (ng/ml) by Condition (BASE, ACE, 

REC)   

 

BASE 9333.38±2601.89    

      

ACE 8008.62±2207.77    

      

REC 6437.57±1543.78    

Table 1:  Serum Leptin Level in ng/ml by condition (Baseline, Acute 

Cold Exposure, Recovery).  Significant main effect for Condition 

(p=0.039). 

 

 



 

 

Table 2:  Serum Leptin (ng/ml) by Day (Day 1 vs. Day 3) 

      

Day 1  7036.61±1746.83   

      

Day 3  8726.68±2213.58   

Table 2: Serum Leptin Level in ng/ml by Day (Day 1 vs. Day 3). 

Significant main effect for Day (p<0.001). 

 

 

 



 

 

 



CONCLUSIONS: 

 These data suggest that the combination of sleep deprivation and cold exposure stress the 

body and elicit an increase in serum leptin levels.  This might be in part due to the increase in 

core temperature (Tre) that was noted under these conditions and the previously reported to 

relate to circulating leptin (Simon et al. 1998).  Another explanation might involve the body’s 

defense of core temperature under both sleep deprivation and cold stress.  Under conditions of 

great stress a physiological response curbing appetite and relying on stored energy might prove 

to be beneficial.  The energy that would be devoted toward digestion might instead be used in the 

maintenance of core temperature.  Nevertheless, the results suggest that the combination of these 

two stressors promotes increases serum leptin levels and thus a probable curbing of appetite.  

This finding is of value, especially to soldiers in the field who are probable candidates for both 

stressors.  For these individuals curbing of appetite could lead to weight loss and even possible 

lethargy which could negatively impact performance in the field.   
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