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Abstract: Introduction: Short sleep duration has been implicated in an increased body mass
index (BMI), potentially through disruptions in appetite-regulating hormones, such as
leptin and ghrelin. Methods: This systematic review and meta-analysis aimed to examine
the effects of sleep deprivation on circulating levels of these hunger hormones and their
possible role in obesity. Six randomized controlled trials (RCTs) involving 141 participants
were included in the analysis, with sleep deprivation typically manipulated through
restricting sleep by 4–5 h or keeping participants awake for 24 h. Data on leptin and ghrelin
levels were extracted from blood samples, and statistical analysis was conducted using a
random-effects model. Results: The results revealed no significant changes in ghrelin (SMD:
−0.27, 95% CI: −1.00, 0.46, p = 0.4712) or leptin (SMD: 0.10, 95% CI: −0.22, 0.42, p = 0.5266)
levels following sleep deprivation, contrary to prior studies suggesting a link between sleep
loss and altered appetite regulation. Significant heterogeneity was observed for ghrelin
levels (I2 = 83.83%, p < 0.001), but not for leptin (I2 = 21.86%, p = 0.4049). Variations in
study design, including differences in blood sampling timing and participant BMI, may
explain this variability. Conclusions: These findings suggest that, at least in the short
term, sleep deprivation does not consistently affect leptin and ghrelin levels. Given the
complex relationship between sleep and appetite regulation, future research should focus
on standardized study designs, participant characteristics, and more precise measurements
to further explore these mechanisms.
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1. Introduction
Short sleep duration has been linked to increased body mass index in many studies.

The cause of this relationship may be due to neuroendocrine changes, which can impact
appetite cravings, which could ultimately lead to weight gain and obesity. Sleep depri-
vation can potentially lead to weight gain and obesity through the regulation of appetite
hormones [1].

Good sleep is essential for our health and well-being. It is a restorative process
that helps with brain function and physical health. Sleep is also critically involved in
our metabolism, appetite regulation, immune and hormone function, and cardiovascular
system [2]. A third of adults in the United States say that they routinely sleep less than the
recommended amount [3].

Sleep deprivation refers to “abnormal sleep conditions that exhibit deficient sleep
quantity, structure, and/or quality [4].” Partial sleep deprivation can be defined as less than
6 h of sleep in a 24 h period, and total sleep deprivation is 0 h of sleep in a 24 h period [5].
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Both forms of sleep deprivation have been shown to have negative consequences on
appetite regulation and hunger hormones.

Sleep deprivation can also impact blood glucose values, particularly in individuals
with diabetes that may cause issues with blood glucose management. Indeed, previous
studies have found that poor sleep quality or sleep deprivation cause greater variability in
blood glucose values in individuals with type 1 diabetes mellitus [1].

Research has suggested that sleep duration can directly impact appetite by regulating
our hunger hormones [6]. Many studies have investigated this relationship between sleep
and appetite regulation [7–9]. Appetite hormones such as leptin and ghrelin act on the
arcuate nucleus (ARC) in order to manage our appetite and our energy expenditure [6].

Leptin is called the “satiety hormone.” An increase in adipose deposits associated
with positive energy balance will increase leptin production, and this in turn signals to the
hypothalamus to reduce nutrient intake and increase energy expenditure [6,10,11].

Ghrelin is called the “hunger hormone.” It is secreted from the stomach and released
into the bloodstream, similar to leptin [10,11]. Ghrelin has been found to have an inverse
relationship with BMI, where it is upregulated in malnourished states such as anorexia
nervosa and is downregulated in obesity [11]. The downregulation of ghrelin in obesity
can suggest a potential sensitivity to ghrelin because of feelings of hunger and overeating.

Sleep loss has been linked to changes in these appetite hormones. This is because sleep
plays a major role in energy homeostasis [12]. Leptin and ghrelin work together as a sort of
feedback loop to control energy homeostasis and maintain body weight [13]. If this loop is
disrupted, it can lead to conditions such as obesity or anorexia [12].

Many recent research studies have discovered that after just one night of inadequate
sleep, circulating ghrelin levels increase, while leptin levels decrease [14–16]. However,
these findings are inconsistent through a variety of different study designs [17]. Research
has shown that there is a link between sleep loss and obesity [18], but there have been
inconsistent results regarding its impact on the hunger hormones leptin and ghrelin in
laboratory studies, most likely due to variations in study design.

Therefore, a primary aim for this review is to determine the role sleep loss plays on
the regulation of hunger hormones leptin and ghrelin. The objectives of the current study
were (1) to examine the effects of sleep deprivation on the circulating levels of appetite-
regulating hormones, specifically leptin and ghrelin, and (2) to assess the potential role
of sleep deprivation in the pathophysiology of obesity through its effects on appetite-
regulating hormones.

2. Materials and Methods
2.1. Study Selection

This systematic review was conducted using Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [19]. Databases including PubMed,
CINAHL, and Google Scholar were searched for primary studies. A detailed search
strategy is depicted in Figure 1.

2.2. Inclusion and Exclusion Criteria

Studies were included if they (1) recruited participants that were 18 years or older;
(2) were randomized controlled trials (RCTs) published in peer-reviewed journals with
at least 10 participants per experimental group; (3) were published in English; (4) were
published within the last 10 years (2013–2023); (5) experimentally manipulated sleep
duration in study participants; and (6) measured leptin and ghrelin levels by blood samples.
Studies were excluded if they (1) included participants with sleep disorders such as sleep
apnea, insomnia, narcolepsy, sleepless leg syndrome, or any others that impact sleep
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duration; (2) used drugs or medications for sleep deprivation; (3) included participants with
acute or chronic medical conditions that could impact sleep duration; (4) were narrative
or systematic reviews or animal studies. This review has been submitted to Prospero for
registration. Details provided in Figure S1.

Figure 1. Search selection.

2.3. Data Extraction

Relevant data extracted for investigation included the first authors’ first and last name,
article title and year published, number of participants, age and gender of participants, BMI,
study design, methods used to evaluate sleep duration (survey, questionnaire, polysomnog-
raphy), methods used to experimentally manipulate sleep duration, and methods used to
evaluate leptin and ghrelin levels (ELISA, radioimmunoassay).

2.4. Risk of Bias

Research articles were assessed for bias using the Evidence Analysis Library Worksheet
and Quality Criteria Checklist (QCC) created by the Academy of Nutrition and Dietet-
ics [20]. Only articles that received a positive rating were included in this meta-analysis.

2.5. Statistical Analysis

All data was organized into RStudio and was analyzed using the metafor package
Version 2024.12.1 [21]. All data was analyzed using a random effects model, mearing
standardized mean differences and 95% confidence intervals. A random-effects model
allows for heterogeneity by assuming underlying effects follow a normal distribution [22].
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Standard deviations were reported in all six studies; therefore, the standard deviations
from the pre-test values were used. Effect sizes from repeated measures were calculated
using the following equation [23]:

dIG =

(
Mpost − Mpre

)
SDpre

3. Results
Of the six studies assessed for final analysis, five included data on leptin levels and

all six on changes in ghrelin levels. Sample sizes ranged from 12 to 44 participants. All
studies were classified as randomized crossover trials. Trial duration varied from 10 days
to 15 weeks. Sleep was mainly restricted by about 4–5 h, with one study restricting sleep
all night, keeping participants up for 24 h. A descriptive summary of study characteristics
can be found in Tables 1 and 2.

Table 3 shows the risk of bias assessment conducted for all studies. All studies
presented low risk in terms of selection bias, missing data, randomization process, factors
other than the intervention that may influence outcome, and measurement of the outcomes.

Five studies including 105 participants were analyzed to determine the effect sleep
deprivation would have on the hunger hormones ghrelin and leptin. Significant hetero-
geneity was found for ghrelin (I2 = 83.83%, p < 0.001), and non-significant heterogeneity
was found for leptin (I2 = 21.86%, p = 0.4049). Using a random-effects model, the results
showed that there are no statistically significant changes in ghrelin levels after a night of
restricted sleep, nor in leptin levels after a night of restricted sleep.

The pooled effect sizes of both primary outcomes are shown in Figures 2 and 3.
The standard mean deviations (SMDs) of both ghrelin (SMD: −0.27, 95% CI: −1.00, 0.46,
p = 0.4712), and leptin (SMD: 0.10, 95% CI: −0.22, 0.42, p = 0.5266) show that there is no
significant difference in changes in hormone levels after sleep deprivation.

 

Figure 2. Forest plot of the effects of sleep deprivation on ghrelin levels [16,17,24–26].
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Figure 3. Forest plot of the effects of sleep deprivation on leptin levels [16,17,24–26].

Table 1. Baseline characteristics of studies included in the meta-analysis. Data is presented as
mean ± SD.

Author (Year) Age (Years) Participants Sex (Number of M/F) BMI (kg/m2)

Broussard (2016) [25] 23.5 ± 0.7 19 19/0 23.1 ± 0.4

Hanlon (2016) [24] 23.4 ± 0.8 14 11/3 23.9 ± 0.7

Hart (2014) [26] 41.7 ± 10.3 12 0/12 31.0 ± 4.2

Markwald (2013) [17] 22.4 ± 4.8 16 8/8 22.9 ± 2.4

Van Egmond (2023) [16] 24.9 ± 2.9 44 24/20 27.4 ± 6.4

Table 2. Outcome measures of studies included in the meta-analysis. Data is presented as mean ± SD.

Author (Year) Group Leptin Ghrelin

Broussard (2016) [25] Sleep-Deprived
Control

3.8 ± 3.1 ng/mL
3.6 ± 2.6 ng/mL

704 ± 227 pg/mL
658 ± 235 pg/mL

Hanlon (2016) [24] Sleep-Deprived
Control

9.5 ± 2.7 ng/mL
9.5 ± 2.4 ng/mL

790 ± 458 pg/mL
732 ± 303 pg/mL

Hart (2014) [26] Sleep-Deprived
Control

36.3 ± 13.1 ng/mL
35.9 ± 12.3 ng/mL

379.4 ± 103 pg/mL
404.7 ± 140.6 pg/mL

Markwald (2013) [17] Sleep-Deprived
Control

6.7 ± 5.1 ng/mL
5.5 ± 5.2 ng/mL

660.2 ± 235.4 pg/mL
794.6 ± 233.8 pg/mL

Van Egmond (2023) [16] Sleep-Deprived
Control

17.3 ± 2.6 ng/mL
18.6 ± 2.8 ng/mL

839.4 ± 77.5 pg/mL
741.4 ± 63.2 pg/mL
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Table 3. Descriptive summary of studies included in the meta-analysis.

Author
(Year) Study Design Sleep

Restriction Control Duration Outcomes Results Risk
of Bias

Broussard
(2016) [25]

Randomized
Crossover Trial 4.5 h 8.5 h 6 weeks Leptin,

Ghrelin
Leptin no change
Ghrelin increased low

Hanlon
(2016) [24]

Randomized
Crossover Trial 4.5 h 8.5 h 6 weeks Leptin,

Ghrelin
Leptin no change
Ghrelin increased low

Hart (2014)
[26]

Randomized
Crossover Trial 5 h 9 h 2 weeks Leptin,

Ghrelin
No significant

changes low

Markwald
(2013) [17]

Randomized
Crossover Trial 5 h 9 h 15 days Leptin,

Ghrelin Ghrelin decreased low

Van
Egmond

(2023) [16]

Randomized
Crossover Trial 0 h 8 h 2 weeks Leptin,

Ghrelin
Leptin decreased
Ghrelin increased low

4. Discussion
The purpose of the current study was to determine the effect sleep deprivation has

on circulating levels of the hunger hormones leptin and ghrelin via meta-analysis. There
is no significant evidence that sleep deprivation plays a role in raising or lowering circu-
lating hunger hormones. These results are surprising because of the amount of research
suggesting that hunger hormones may play a role in the relationship between sleep loss
and obesity.

Results from the Broussard et al. study, Hanlon et al. study, and Van Egmond et al.
study found that ghrelin levels increased after a night of sleep deprivation [16,24,25].
Results from the Hart et al. study and Markwald et al. study show that ghrelin levels
decrease after a night of sleep deprivation [17,26,27]. Significant variability is found in the
studies that were selected for this meta-analysis. The heterogeneity score for ghrelin was
considerable, with a high percentage (I2 = 93.36%). This indicates that results from these
studies were not similar enough to determine reliable conclusions.

Results from the forest plot for ghrelin were extremely variable. This could be because
there were many differences in study design. Blood samples in Van Egmond et al. were
taken at 7:30 a.m. for both study groups, whereas in Broussard et al., blood samples were
taken in 15–30 min intervals for 24 h starting the evening of the third night of each sleep
condition. Again, it is important to take note of differences in study design. In Van Egmond
et al., blood samples were taken after just a single night of sleep or sleep restriction, whereas
in Broussard et al., participants participated in four consecutive nights of adequate sleep or
sleep restriction [16,25]. Many of the studies also took blood samples in hourly [17,27] or
15–30 min intervals [24,25] and therefore used the mean of these values, rather than just a
single point in time [16,26]. These differences in timing of blood sampling may be causing
the significant amount of heterogeneity seen in the results of the forest plots for both leptin
and ghrelin.

Another thing to note is that people with obesity have higher circulating concentrations
of leptin. The leptin in your blood is directly proportional to adiposity [28]. High circulating
leptin levels can in turn cause leptin resistance [29]. Hart et al. had an average BMI of
(31.0 ± 4.2), and Van Egmond et al. had an average BMI of (27.4 ± 6.4), whereas all the
other studies had an average BMI that fell within the healthy BMI range of 18–24.9. The
baseline circulating leptin levels for Hart et al. were (35.9 ± 12.3) and for Van Egmond et al.
circulating levels were (18.6 ± 2.8). Baseline leptin levels increase with BMI. The variation
in BMI between studies could have contributed to the variability seen in the results.
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There are many strengths and limitations to this meta-analysis. A detailed search for
reputable articles was conducted, and the risk of bias was low for each article selected. This
is one of the first meta-analyses looking at the effects of sleep deprivation on circulating
leptin and ghrelin levels. All studies included in this meta-analysis were randomized
crossover trials, which can reduce variability in results because each participant acts as their
own control. A limitation of the study includes a low number of research articles found
for the meta-analysis. Only six studies fit the inclusion and exclusion criteria. Another
limitation was that many of the articles chosen had small experimental groups, with Hart
et al. having only 12 participants in total. There were also varying durations of study, with
four articles having durations of around 2 weeks and two articles having 6-week durations.
Sampling varied among the articles, with some samples being taken directly after a night
of sleep or sleep deprivation and some studies using averages of blood samples taken
frequently throughout a 24 h period.

For future research, it is important that studies examining the role of sleep deprivation
on hunger hormones and other parameters have not only similar designs, but also similar
durations, timing of measurements, and populations.

5. Conclusions
In conclusion, this meta-analysis aimed to evaluate the impact of sleep deprivation on

the circulating levels of hunger hormones, specifically leptin and ghrelin, and their potential
role in obesity. Despite the extensive research suggesting that sleep deprivation might
disrupt appetite regulation through these hormones, our findings indicate no significant
evidence that sleep loss directly alters the levels of either leptin or ghrelin. These results
were unexpected, given the established theoretical relationship between sleep duration,
hunger hormones, and obesity.

One possible explanation for the lack of consistent findings is the significant variability
in study designs, including differences in sample size, timing of blood sample collection,
and study duration. The considerable heterogeneity found in the ghrelin data further
suggests that the differences in methodology across studies may have influenced the
outcomes. Additionally, factors like BMI, which directly affects leptin levels, might also
contribute to variations in hormone responses to sleep deprivation.

While the current body of evidence does not support a clear link between sleep depriva-
tion and changes in hunger hormone levels, the complexity of this relationship underscores
the need for more rigorous, standardized studies in this field. Future research should
focus on controlling variables such as measurement timing, population characteristics, and
study design in order to clarify the role of sleep deprivation in appetite regulation and its
contribution to weight gain and obesity. Until then, further investigation is needed to fully
understand the neuroendocrine mechanisms through which sleep deprivation may affect
metabolism and body weight.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/obesities5020048/s1, Figure S1: PRISMA Checklist [30].
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