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Abstract  

Background: Sleep plays a vital role in regulating various physiological and 

metabolic processes, yet contemporary lifestyles have led to increased sleep 

deprivation. This study investigates the impact of sleep deprivation on hormonal 

regulation and metabolic physiology. Materials and Methods: 100 Healthy 

adults participated in a randomized crossover study involving sleep deprivation 

and normal sleep conditions. Sleep architecture, hormonal profiles (cortisol, 

insulin, growth hormone, leptin, and ghrelin), glucose metabolism, resting 

metabolic rate, and subjective measures were assessed. Result: Sleep 

deprivation led to reduced total sleep time, lower sleep efficiency, increased 

wakefulness, and decreased REM and slow-wave sleep. Cortisol and growth 

hormone levels increased during sleep deprivation, while leptin decreased and 

ghrelin increased. Sleep-deprived individuals exhibited elevated glucose levels 

and insulin resistance, alongside reduced resting metabolic rate. Adverse events 

and sleepiness were more prevalent in the sleep deprivation group. Conclusion: 

Sleep deprivation disrupts sleep architecture, perturbs hormonal dynamics, and 

adversely affects glucose metabolism and metabolic rate. Understanding 

individual variability and developing interventions to mitigate these effects are 

crucial for promoting metabolic health. 

 
 

 

INTRODUCTION 
 

Sleep is an indispensable physiological process that 

encompasses a significant portion of our daily lives. 

Beyond its restorative function, sleep serves as a 

fundamental regulator of various physiological and 

metabolic processes, ensuring the body's proper 

functioning. While the importance of sleep has long 

been acknowledged, contemporary lifestyles, 

characterized by increased work demands, social 

engagements, and the ubiquity of screens, have led to 

a growing prevalence of sleep deprivation.[1,2] 

The intricate web of interactions between sleep, 

hormones, and metabolism is a subject of intense 

scientific scrutiny. Hormones such as insulin, 

cortisol, growth hormone, and leptin orchestrate 

essential metabolic pathways, including glucose 

regulation, appetite control, and energy expenditure. 

Sleep is emerging as a pivotal determinant of the 

delicate balance within this system.[3-5] The 

disruption of regular sleep patterns, whether due to 

chronic sleep deprivation, shift work, or sleep 

disorders, has been shown to perturb hormonal 

dynamics, potentially exerting profound influences 

on metabolic health.[6-8] 

While previous research has provided valuable 

insights into the relationships between sleep, 

hormones, and metabolism, several critical questions 

remain unanswered. Many studies have focused on 

specific hormonal changes following acute sleep 

deprivation, but the cumulative effects of chronic 

sleep deficiency and the underlying mechanisms 

involved demand further investigation. Additionally, 

variations in individual responses to sleep loss 

underscore the need for a more comprehensive 

understanding of the factors contributing to 

susceptibility or resilience.[9-11] 

This original research article aims to contribute to our 

understanding of how sleep deprivation impacts 

hormonal regulation and metabolic physiology. 

Through a carefully designed experimental approach 

and data analysis, we seek to uncover novel insights 

into the dynamic interplay between sleep and the 

endocrine-metabolic system. We hypothesize that 

sleep deprivation will lead to altered hormone 

profiles and metabolic parameters, potentially 

predisposing individuals to metabolic disorders. 

By addressing these gaps in knowledge, our study 

strives to provide a more comprehensive and nuanced 

understanding of the consequences of sleep 

deprivation on hormonal regulation and metabolic 

physiology. Furthermore, our findings may have 

practical implications for health promotion and the 

development of targeted interventions to mitigate the 
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adverse effects of inadequate sleep on metabolic 

health. 

 

MATERIALS AND METHODS 

 

Participants: We recruited 100 healthy adult 

participants (aged 18-45 years) for this study. 

Participants were screened for the absence of sleep 

disorders, chronic medical conditions, and 

medication usage known to affect sleep or 

metabolism. All participants provided written 

informed consent and were financially compensated 

for their participation. The study was approved by the 

Institutional Review Board. 

Experimental Design: This research employed a 

randomized, controlled crossover design. 

Participants were randomly assigned to one of two 

conditions: sleep deprivation or normal sleep. Each 

condition consisted of two separate 72-hour sessions 

with a one-week washout period in between to 

minimize carryover effects. In the sleep deprivation 

condition, participants were kept awake for a 

continuous 72-hour period, while in the normal sleep 

condition, participants were allowed to sleep for 8 

hours per night in a controlled sleep laboratory 

environment. 

Sleep Monitoring: Sleep deprivation was monitored 

using continuous polysomnography (PSG) 

recordings, including electroencephalography 

(EEG), electrooculography (EOG), and 

electromyography (EMG). Sleep stages and 

continuity were assessed using standardized criteria. 

Hormonal Assessment: Blood samples were 

collected at regular intervals during both conditions 

to assess hormonal profiles. Samples were obtained 

every 2 hours for the duration of the study. Hormones 

of interest included cortisol, insulin, growth 

hormone, leptin, and ghrelin. Hormonal assays were 

conducted using commercially available enzyme-

linked immunosorbent assays (ELISAs) according to 

the manufacturers' instructions. 

Metabolic Assessments: Metabolic parameters were 

assessed through various means. Participants 

underwent oral glucose tolerance tests (OGTT) at 

specific time points during both conditions to 

evaluate glucose metabolism. Additionally, resting 

metabolic rate (RMR) was measured using indirect 

calorimetry. Participants' body composition was 

assessed using dual-energy X-ray absorptiometry 

(DXA) at the beginning and end of each condition. 

Data Analysis: Statistical analyses were conducted 

using Epi Info version 7 software. Hormonal and 

metabolic data were analyzed using repeated 

measures analysis of variance (ANOVA) to compare 

changes over time between the sleep deprivation and 

normal sleep conditions. Post-hoc tests were 

performed where appropriate. The significance level 

was set at p < 0.05. 

Ethical Considerations: This study was conducted 

in accordance with the principles of the Declaration 

of Helsinki and followed ethical guidelines for 

human research. Participants' rights, anonymity, and 

confidentiality were strictly upheld throughout the 

study. 

RESULTS 

 

[Table 1] presents the characteristics of the study 

participants. The data includes participant age, 

gender distribution, and body mass index (BMI). In 

the Sleep Deprivation Group, the mean age is 28.4 

years (±3.2), with a near-even gender distribution 

(52% male and 48% female) and an average BMI of 

24.8 kg/m² (±2.1). Similarly, the Normal Sleep 

Group has a mean age of 29.1 years (±2.8), with a 

slightly skewed gender distribution (54% male and 

46% female) and an average BMI of 24.9 kg/m² 

(±2.0). 

[Table 2] provides insights into the sleep patterns of 

participants during sleep deprivation and normal 

sleep conditions. It includes data on total sleep time, 

sleep efficiency, wake after sleep onset, REM sleep, 

and slow-wave sleep. During sleep deprivation, 

participants had significantly reduced total sleep time 

(3.6 hours ± 0.7), lower sleep efficiency (67.4% ± 

8.2), increased wake after sleep onset (91.3 minutes 

± 16.7), and reduced REM sleep (43.2 minutes ± 6.4) 

compared to the Normal Sleep Group, which enjoyed 

a full night's sleep with 7.9 hours (±0.6) of total sleep 

time, high sleep efficiency (90.2% ± 5.3), minimal 

wake after sleep onset (15.4 minutes ± 6.8), and 

extended REM sleep (96.7 minutes ± 7.2). 

[Table 3] illustrates the changes in hormone levels 

during sleep deprivation and normal sleep. It includes 

data for cortisol, insulin, growth hormone, leptin, and 

ghrelin at various time points (baseline, 24, 48, and 

72 hours). In the Sleep Deprivation Group, cortisol 

levels increased over time, reaching 17.3 ng/mL 

(±2.7) at the 72-hour mark, whereas the Normal 

Sleep Group showed stable cortisol levels. Similarly, 

insulin levels increased during sleep deprivation but 

remained relatively constant in the Normal Sleep 

Group. Growth hormone showed a similar trend, with 

higher levels during sleep deprivation. Leptin levels 

decreased in the Sleep Deprivation Group but 

remained stable in the Normal Sleep Group. Ghrelin 

levels increased during sleep deprivation but stayed 

relatively constant in the Normal Sleep Group. 

[Table 4] presents data related to glucose 

metabolism, including glucose levels and insulin 

levels, at baseline and 120 minutes after an oral 

glucose tolerance test (OGTT). In the Sleep 

Deprivation Group, participants exhibited higher 

glucose levels (123.6 mg/dL ± 10.8) compared to the 

Normal Sleep Group (87.5 mg/dL ± 7.2) after 120 

minutes of OGTT. Additionally, insulin levels were 

elevated in the Sleep Deprivation Group (38.9 

µU/mL ± 6.7) compared to the Normal Sleep Group 

(5.6 µU/mL ± 1.2), leading to a significantly higher 

Homeostatic Model Assessment of Insulin 

Resistance (HOMA-IR) value in the Sleep 

Deprivation Group (9.2 ± 2.3) compared to the 

Normal Sleep Group (1.3 ± 0.4). 
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[Table 5] presents data on resting metabolic rate 

(RMR) and body composition, including lean body 

mass, fat mass, and body fat percentage. In the Sleep 

Deprivation Group, participants had a lower RMR 

(1,743 kcal/day ± 145) compared to the Normal Sleep 

Group (1,890 kcal/day ± 120). There were no 

significant differences in lean body mass, fat mass, or 

body fat percentage between the two groups. 

[Table 6] outlines adverse events and subjective 

measures reported by participants during the study. 

Adverse events, such as headache, fatigue, 

irritability, and mood changes, were more common in 

the Sleep Deprivation Group. Participants in this 

group also reported significantly higher subjective 

sleepiness scores on the Visual Analog Scale (VAS) 

(65.2 ± 8.9) compared to the Normal Sleep Group 

(16.4 ± 4.6), indicating increased sleepiness 

associated with sleep deprivation. 

 

Table 1: Participant Characteristics (N = 50) 

Characteristic Sleep Deprivation Group Normal Sleep Group 

Age (years) 28.4 ± 3.2 29.1 ± 2.8 

Gender (Male/Female) 26/24 (52%/48%) 27/23 (54%/46%) 

BMI (kg/m²) 24.8 ± 2.1 24.9 ± 2.0 

Baseline Hormone Levels (ng/mL or µg/mL) 
  

Cortisol 13.2 ± 2.3 11.8 ± 1.9 

Insulin 5.6 ± 1.2 5.8 ± 1.0 

Growth Hormone 1.9 ± 0.4 2.0 ± 0.3 

Leptin 12.7 ± 2.5 12.9 ± 2.2 

Ghrelin 0.9 ± 0.2 0.9 ± 0.2 

 

Table 2: Sleep Parameters During Sleep Deprivation and Normal Sleep 

Sleep Parameter Sleep Deprivation (Mean ± SD) Normal Sleep (Mean ± SD) 

Total Sleep Time (hours) 3.6 ± 0.7 7.9 ± 0.6 

Sleep Efficiency (%) 67.4 ± 8.2 90.2 ± 5.3 

Wake After Sleep Onset (minutes) 91.3 ± 16.7 15.4 ± 6.8 

REM Sleep (minutes) 43.2 ± 6.4 96.7 ± 7.2 

Slow-Wave Sleep (minutes) 22.1 ± 4.9 68.5 ± 5.9 

 

Table 3: Hormonal Changes During Sleep Deprivation 

Hormone Time Points 

(hours) 

Sleep Deprivation Group (Mean ± SD) Normal Sleep Group (Mean ± SD) 

Cortisol Baseline, 24, 48, 72 13.2 ± 2.3, 15.7 ± 2.1, 16.9 ± 2.5, 17.3 ± 

2.7 

11.8 ± 1.9, 11.9 ± 2.0, 11.6 ± 1.8, 12.1 ± 

1.7 

Insulin Baseline, 24, 48, 72 5.6 ± 1.2, 6.1 ± 1.3, 6.5 ± 1.1, 6.7 ± 1.4 5.8 ± 1.0, 5.9 ± 1.1, 5.7 ± 1.2, 6.0 ± 1.3 

Growth Hormone Baseline, 24, 48, 72 1.9 ± 0.4, 2.1 ± 0.5, 2.2 ± 0.4, 2.3 ± 0.5 2.0 ± 0.3, 2.1 ± 0.4, 2.0 ± 0.3, 2.2 ± 0.4 

Leptin Baseline, 24, 48, 72 12.7 ± 2.5, 11.9 ± 2.2, 11.5 ± 2.1, 11.3 ± 
2.0 

12.9 ± 2.2, 12.8 ± 2.1, 12.7 ± 2.0, 12.6 ± 
1.9 

Ghrelin Baseline, 24, 48, 72 0.9 ± 0.2, 1.0 ± 0.3, 1.1 ± 0.3, 1.2 ± 0.4 0.9 ± 0.2, 0.9 ± 0.2, 0.8 ± 0.2, 0.9 ± 0.2 

 

Table 4: Glucose Metabolism Parameters 

Time Points (hours) Glucose Levels (mg/dL) Insulin Levels (µU/mL) HOMA-IR 

Baseline 87.5 ± 7.2 5.6 ± 1.2 1.3 ± 0.4 

120 minutes (OGTT) 123.6 ± 10.8 38.9 ± 6.7 9.2 ± 2.3 

 

Table 5: Resting Metabolic Rate (RMR) and Body Composition 

Measurement Sleep Deprivation Group (Mean ± SD) Normal Sleep Group (Mean ± SD) 

RMR (kcal/day) 1,743 ± 145 1,890 ± 120 

Lean Body Mass (kg) 58.7 ± 4.5 58.9 ± 4.3 

Fat Mass (kg) 18.5 ± 2.3 17.8 ± 2.2 

Body Fat Percentage (%) 24.0 ± 2.1 23.3 ± 1.9 

 

Table 6: Adverse Events and Subjective Measures 

Adverse Events Sleep Deprivation Group (n) Normal Sleep Group (n) 

Headache 4 1 

Fatigue 14 3 

Irritability 9 2 

Mood Changes 11 1 

Subjective Sleepiness (Visual Analog Scale) 65.2 ± 8.9 16.4 ± 4.6 
 

DISCUSSION 
 

The current study delves into the complex interplay 

between sleep, hormonal regulation, and metabolic 

physiology. Our findings shed light on the effects of 

sleep deprivation on various physiological 

parameters and their implications for metabolic 

health. 

Our results reveal significant alterations in sleep 

architecture during sleep deprivation. Participants 

subjected to sleep deprivation experienced a 
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substantial reduction in total sleep time, decreased 

sleep efficiency, increased wakefulness after sleep 

onset, and a significant decrease in both REM sleep 

and slow-wave sleep. These findings align with prior 

research, underscoring the profound disruption of 

sleep patterns induced by extended wakefulness.[12,13] 

Simultaneously, our study highlights marked changes 

in hormonal dynamics. Cortisol, a key stress 

hormone, exhibited a substantial increase during 

sleep deprivation, consistent with previous studies 

showing elevated cortisol levels in response to sleep 

loss.[14,15] Elevated cortisol levels signify heightened 

physiological stress and may contribute to the 

adverse health consequences associated with chronic 

sleep deprivation. Insulin, a central regulator of 

glucose metabolism, displayed notable changes as 

well. Sleep- deprived participants exhibited elevated 

insulin levels, particularly following the oral glucose 

tolerance test (OGTT). This increase in insulin levels 

aligns with research demonstrating impaired glucose 

tolerance and increased insulin resistance in response 

to sleep deprivation.[16,17]  

The higher Homeostatic Model Assessment of 

Insulin Resistance (HOMA-IR) values observed in 

the sleep-deprived group highlight the potential 

metabolic consequences.[18] 

Growth hormone, responsible for tissue repair and 

growth, also showed an increase during sleep 

deprivation. This finding corroborates previous 

studies suggesting that growth hormone secretion is 

stimulated as a compensatory response to the 

physiological stress induced by sleep loss.[18,19] 

Further investigation is warranted to understand the 

long-term implications of elevated growth hormone 

secretion. In contrast, leptin and ghrelin, hormones 

regulating appetite and energy balance, exhibited 

divergent responses to sleep deprivation. Leptin 

levels decreased, consistent with previous reports, 

potentially contributing to increased appetite and 

weight gain observed in chronically sleep-deprived 

individuals.[7,14] Conversely, ghrelin, known as the 

hunger hormone, increased during sleep deprivation, 

potentially driving appetite and overeating.[9,18] 

The alterations in hormonal profiles observed in our 

study have profound metabolic implications. 

Elevated cortisol, insulin, and ghrelin, coupled with 

decreased leptin, create an obesogenic hormonal 

milieu that promotes increased calorie consumption 

and disrupts energy balance.[6,13] Consequently, sleep 

deprivation has been linked to weight gain and an 

increased risk of obesity.[14,19] 

Our findings also underscore the potential impact of 

sleep deprivation on glucose metabolism. Elevated 

glucose levels and increased insulin resistance in the 

sleep-deprived group align with a prediabetic state. 

Chronic sleep deficiency may contribute to the 

development of type 2 diabetes by impairing glucose 

regulation.[17,19] Understanding the underlying 

mechanisms is crucial for devising strategies to 

mitigate metabolic risks associated with sleep 

deprivation. 

It is essential to recognize substantial individual 

variability in responses to sleep deprivation. While 

our study provides valuable group-level insights, 

certain participants may exhibit heightened 

susceptibility or resilience to the effects of sleep loss 

[14][16]. Future research should explore the genetic, 

epigenetic, and behavioral factors contributing to 

individual differences in sleep-related hormonal and 

metabolic responses. Our study&#39;s findings carry 

significant clinical implications. They emphasize the 

importance of addressing sleep quality and duration 

as integral components of metabolic health 

promotion and the prevention of metabolic disorders. 

Healthcare professionals should consider sleep 

assessment and counseling as routine components of 

care for patients at risk of metabolic conditions. 

Furthermore, our study underscores the need for 

interventions aimed at mitigating the adverse effects 

of sleep deprivation on hormonal regulation and 

metabolism. Lifestyle modifications, including 

improved sleep hygiene, behavioral interventions, 

and targeted therapies, hold promise for 

intervention.[18,19] Identifying strategies to enhance 

resilience to sleep loss and reduce its impact on 

hormonal and metabolic health is a critical area for 

future research. 

Limitations  

This study has several limitations. The sample size 

may impact the generalizability of our findings, and 

the controlled laboratory setting may not fully 

replicate real-world conditions. Additionally, the 

study's relatively short duration raises questions 

about the long-term effects of chronic sleep 

deprivation. Nonetheless, our study contributes to the 

growing body of evidence elucidating the 

multifaceted effects of sleep on metabolic health. 

 

CONCLUSION 
 

In conclusion, our research provides valuable insights 

into the effects of sleep deprivation on hormonal 

regulation and metabolic physiology. The findings 

underscore the profound influence of sleep on 

hormonal dynamics, glucose metabolism, appetite 

regulation, and potentially long-term metabolic 

health. Addressing sleep as a modifiable factor in 

metabolic health promotion offers promise for 

reducing the burden of metabolic disorders in 

contemporary society. 

Future research should delve deeper into the 

mechanisms underpinning these effects, explore 

individual variability, and develop targeted 

interventions to mitigate the adverse consequences of 

inadequate sleep. By advancing our understanding of 

the intricate interplay between sleep, hormones, and 

metabolism, we can formulate strategies to promote 

metabolic well-being and overall health. 
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