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Background
Physical activity has been shown to positively affect sleep performance and is increasingly 
acknowledged as an evidence-based, non-pharmacologic intervention for insomnia. 
Physically active individuals report better sleep quality, fewer sleep disorders, and reduced 
daytime fatigue and sleepiness.

Objective
This review provides an overview of different physical therapies to improve sleep quality 
in patients with insomnia. It seeks to understand whether irisin, a molecular mediator of 
exercise, may be involved in improving sleep quality. This article examines the documented 
impact of exercise on sleep quality and the possible involvement of myokine irisin.

Conclusion
Based on the literature reviewed, exercise appears to be a promising non-pharmacological 
option for treating insomnia and improving sleep quality in adults. Overall, current 
data indicate that irisin, produced during physical activity, may be one of the molecular 
mediators involved in this process. However, further studies are needed to better clarify its 
specific regulatory role on sleep.

1. INTRODUCTION

Insomnia is defined as difficulty in sleep initiation and/or 
maintenance and is often considered within the spectrum of 
psychosomatic disorders. A  clinical diagnosis requires the 
presence of significant daytime discomfort resulting from 
these sleep difficulties occurring at least three nights per 
week, for a minimum duration of 3 consecutive months.1,2 
Insomnia is characterized by decreased cognitive perfor-
mance, fatigue, and altered mood, and may present as a pri-
mary condition or alongside high rates of comorbidity with 
illnesses such as cancer, hypertension, and psychiatric con-
ditions, including anxiety and depression.2 Sleep quality is 
a pivotal parameter for evaluating the severity of insomnia 
and is assessed in conjunction with onset latency, duration, 
and efficiency of sleep. Methods of measuring sleep quality 
can be categorized as subjective or objective. Among sub-
jective tools, the widely used Pittsburgh Sleep Quality Index 
provides a measure of overall sleep quality through sleep 
parameters such as latency, duration, habitual efficiency, 
and disturbances. The Insomnia Severity Index is a relia-
ble instrument used to measure insomnia severity. A total 
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score of 8 or higher indicates some level of insomnia, scores 
ranging from 15 to 21 denote moderate insomnia, while val-
ues between 22 and 28 suggest severe insomnia.3 Objective 
measures, such as polysomnography, provide the most com-
plete and accurate information on the architecture and dis-
tribution of sleep phases, including total sleep time, sleep 
efficiency, and wake time after sleep onset.4,5

Interestingly, studies excluding pharmacological therapy 
for insomnia have increased in recent years, highlighting 
the beneficial effects of exercise on sleep quality, psycho-
logical well-being, and immune function in various popula-
tions, including those with chronic primary insomnia. Ezati 
et al.6 reported that an 8-week aerobic exercise intervention 
improved all components of sleep, with significant changes 
in sleep duration occurring after 4 weeks. Increasing exer-
cise intensity from mild-to-moderate enhanced all compo-
nents of sleep quality, and aerobic exercise reduced total 
fatigue scores, even during midterm time-points between 
4 and 8  weeks of intervention.6 Similarly, other studies 
have revealed that early evening exercise can improve sleep 
quality,7 and moderate evening physical exercise may ben-
eficially influence sleep.8 However, further investigation is 
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needed to study the influence of exercise performed at dif-
ferent times of day on sleep quality.

In addition, aerobic exercise training has demonstrated 
antidepressant effects, mediated by nightly increases in 
non-rapid eye movement (NREM) sleep, decreases in REM 
sleep, and alterations of slow-wave sleep through ele-
vated body temperature.6,9 Studies have also shown a sig-
nificant increase in total sleep duration, efficiency, and 
onset latency after 6  months of aerobic training, as well 
as reduced awake time after sleep onset and REM latency 
in patients with chronic primary insomnia.10 Aerobic exer-
cise led to a reduction in Beck Depression Inventory and 
Profile of Mood States scores and an increase in Rosenberg 
Self-Esteem Scale scores in patients with chronic primary 
insomnia, demonstrating a strong impact on psychological 
well-being.10 Furthermore, Singh et al.11 observed a decrease 
in subjective sleep quality and depression in depressed 
individuals with insomnia after a 10-week randomized con-
trolled trial of a supervised weight-training program con-
ducted 3 times a week.11

A significant finding from related studies indicates 
that aerobic training improved immune function among 
patients with chronic primary insomnia. Woods et al.12 
reported that a 6-month program of supervised aero-
bic exercise, consisting of 30-min brisk walking sessions 
3  times per week, enhanced T-cell proliferation in previ-
ously sedentary older adults,12 while Karacabey et al.13 con-
cluded that regular and moderate aerobic training exerted 
beneficial effects on the immune system by increas-
ing immunoglobulin (Ig) levels (IgA, IgG, and IgM).13 
Buyukyazi et al.14 similarly reported higher baseline levels 
in natural killer cell percentages and serum IgA and IgM 
concentrations among elderly male athletes performing 
regular aerobic exercise.10,14

The study by King et al.15 showed that moderate-intensity 
resistance exercise can have positive effects on vari-
ous aspects of sleep quality, such as the transition from 
stage1  to  stage 2 sleep and a reduction in the number of 
awakenings during this stage.15 Reid et al.15 further demon-
strated that a 6-week program of moderate aerobic train-
ing and sleep hygiene education was effective in improving 
self-reported sleep quality, mood, and quality of life in older 
individuals with insomnia, with an increase in sleep dura-
tion of 1.25 h, higher than what has been reported for other 
non-pharmacological treatments.12,16

2. CIRCADIAN RHYTHMS AND INSOMNIA

Circadian rhythms are intrinsic, approximately 24-h cycles 
in physiological and behavioral processes, regulated by 
endogenous molecular clocks. The master circadian pace-
maker in mammals is in the suprachiasmatic nucleus (SCN) 
of the hypothalamus, which synchronizes peripheral clocks 
throughout the body.17,18 These rhythms play a fundamental 
role in regulating the sleep–wake cycle, hormone secretion, 
metabolism, and mood.

Circadian rhythms are modulated by core clock genes, 
including the brain and muscle ARNT-like1 (BMAL1) gene. 
These genes establish stable circadian rhythms through 
transcription-translation negative feedback loops and other 
regulatory interactions that stabilize the system.19-22 Almost 
all cells in the body express these clock genes, and many 
are capable of sustaining autonomous circadian rhythms 
in isolated preparations, including tissue slices and cell 
cultures.23

Sleep problems are commonly considered a manifesta-
tion of circadian disruption.23 Sleep is influenced by both 
homeostatic sleep pressure and circadian timing. Biological 
rhythms are entrained by environmental cues, especially 
light.23 Disruption of the light-dark cycle alters clock gene 
expression in the prefrontal cortex and hippocampus, con-
tributing to mood and behavioral disorders.24

One of the population’s most vulnerable to circa-
dian disruption is shift workers. Shift work refers to 
any work schedule that occurs outside of the standard 
7 a.m.–6 p.m. window25 and includes permanent night 
shifts, early morning shifts, or rotating schedules, which 
are common in healthcare, emergency services, transport, 
and hospitality.26 Such schedules disrupt the body’s internal 
clock, often resulting in shortened sleep duration, increased 
sleep latency, and insomnia.27

Another widespread form of circadian disruption is social 
jetlag, a discrepancy between an individual’s endogenous 
biological rhythm and their social demands. This condi-
tion typically manifests as delayed sleep and wake times on 
weekends relative to weekdays and has been associated with 
insomnia, impaired sleep quality, and mood disorders.28

3. THE POTENTIAL ROLE OF THE 
EXERCISE-MIMETIC IRISIN IN IMPROVING SLEEP 
QUALITY

Irisin is a novel exercise-induced myokine that exerts plei-
otropic effects on the body’s metabolism.29 Several clinical 
studies have evaluated whether sleep disturbances affect 
circulating irisin levels. In a study of patients with rheu-
matoid arthritis, reduced concentrations of irisin were 
associated with poor sleep quality.30 In obstructive sleep 
apnea (OSA), a condition characterized by disrupted sleep 
and often associated with obesity, decreased irisin con-
centrations have been observed and found to correlate 
inversely with disease severity.31 In addition, elevated irisin 
levels have been linked to enhanced daytime sleepiness in 
patients with OSA.32

4. PRECLINICAL DATA

Recently, studies conducted on mouse models have sug-
gested that short-term irisin treatment reduced depres-
sion-  and anxiety-like behavior.33 Since the negative 
relationship between anxiety and sleep quality is 
well-established, irisin may potentially improve sleep qual-
ity by reducing depressive and anxious behaviors. Study 
outcomes were derived from the forced swim test and tail 
suspension test, which are among the most commonly used 
methods for assessing depressive-like behavior and screen-
ing antidepressant drugs.33 In both tests, the duration of 
immobility was recorded as an indicator of behavioral 
despair, which is a condition characterized by the animal’s 
total absence of movement, including climbing, swimming, 
escaping, or scratching.34-37 The results of the investiga-
tion demonstrated that the immobility duration was sig-
nificantly reduced in irisin-treated animals compared with 
the controls. Furthermore, in the forced swim test, the iri-
sin-treated mice displayed pronounced swimming activity 
and reduced immobility time in the short-term protocol 
compared with the long-term protocol (25% vs. 18%).38 
Long-term irisin administration also suggested a poten-
tial anxiolytic effect, as evidenced by a decreasing trend in 
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the duration spent in the inner zone of the Open Field Test 
arena.38 Considering that depression may be exacerbated or 
caused by anxiety disorders,39 the effect of once-daily short-
term systemic irisin administration on anxiety was also 
evaluated using the elevated plus maze tool. In this test, 
animals were placed at the intersection of the four arms 
of the maze, and the number of entries and duration spent 
in each arm were recorded. Irisin treatment significantly 
increased both the number of entries and the time spent 
in the open arms, indicating that the irisin-treated mice 
were more inclined to explore open spaces compared to the 
control group. In addition, the study showed that systemic 
administration of irisin, which can cross the blood-brain 
barrier,40,41 significantly increased the expression of perox-
isome proliferator-activated receptor-gamma coactivator 
1-alpha (PGC-1α) and fibronectin Type III domain-contain-
ing protein 5 (FNDC5), the precursor of irisin, in both the 
hippocampus and prefrontal cortex. Thus, it is plausible to 
hypothesize that activation of the FNDC5/irisin pathway in 
the brain areas primarily involved in mood regulation may 
contribute to the antidepressant- and anxiolytic-like effects 
of irisin.

Wang and Pan42 demonstrated that irisin levels decreased 
in the brains of rats exposed to chronic unpredictable 
stress, a widely used rodent depression model. Furthermore, 
they showed that subcutaneous administration of irisin 
for 14  days reduced chronic unpredictable stress-induced 
behavioral deficits by modulating energy metabolism in the 
prefrontal cortex.42 Similarly, Siteneski et al.43 demonstrated 
that irisin, when injected directly into the cerebral lat-
eral ventricles, reduced depressive-like behaviors in young 
healthy male mice subjected to stress situations. This effect 
was attributed to the modulation of brain gene expression, 
including brain-derived neurotrophic factor (BDNF), PGC-1α, 
and FNDC5.43 However, further investigations are needed 
to better clarify the molecular mechanisms through which 
irisin influences depression- and anxiety-like behaviors, as 
well as its potential role in improving sleep in humans.44

In a separate cardiac ischemia-reperfusion model, mela-
tonin administration conferred cardioprotection by reduc-
ing oxidative stress and inflammation while also increasing 
mRNA expression of cardiac irisin.45-47

Further mechanistic insight was provided by Ouyang 
et  al.,48 who demonstrated that combining melatonin and 
irisin produced additive improvement in cardiac function by 
suppressing a pathway implicated in cellular apoptosis and 
oxidative injury.49 These converging findings underscore 
irisin’s role as a downstream effector of melatonin across 
multiple physiological systems.

Building on these interactions, recent evidence high-
lights the broader coordination of melatonin, exercise, 
and irisin. Exercise activates the BMAL1-PGC-1α4-FNDC5 
axis, promoting irisin release and linking muscle activ-
ity with mitochondrial regulation, circadian signaling, 
and thermogenesis.50,51 Melatonin reinforces this signa-
ling by modulating BMAL1 and peripheral clock genes, 
thereby amplifying irisin’s effects in metabolic tissues. 
Moreover, irisin stimulates BDNF expression, enhanc-
ing synaptic plasticity and neurogenesis—effects shared 
by melatonin in central nervous and chronobiological 
domains.42,52 These intersecting pathways suggest that 
melatonin and exercise may co-regulate irisin’s endocrine 
and neuromodulatory roles, promoting homeostasis at 
molecular, systemic, and behavioral levels. While direct 
tri-directional feedback between these agents remains 
under-characterized, existing data strongly support their 

mutual reinforcement through overlapping transcriptional 
and signaling networks.

5. EXERCISE MODALITIES AND THEIR IMPACT 
ON SLEEP

5.1. YOGA

Yoga is an ancient Eastern discipline that originated 
in India. Conventionally, Indian yoga integrates multi-
ple domains—including ethical principles, physical pos-
tures, and spiritual practices—aimed at harmonizing mind 
and body, enhancing mental well-being, and fostering 
self-awareness.53,54 A yoga trial involving breast cancer sur-
vivors with chronic fatigue demonstrated that yoga was safe 
and effective in improving fatigue severity, depression, and 
sleep quality.55 There is growing evidence that yoga can help 
to reduce the negative effects of cancer treatment, such as 
fatigue, anxiety, and sleep difficulties.56-58 In a meta-analysis 
that examined the effects of yoga intervention on sleep in 
breast cancer patients,59 it significantly increased sleep qual-
ity. In a study by Carson et al.,60 a group-based yoga interven-
tion, consisting of 120-min sessions once per week, reduced 
the frequency of sleep disturbances after 1 month.60 More 
recent studies reported that individualized yoga interven-
tions—60 min, 3 times per week—can improve sleep-related 
scores on the European Organization for Research and 
Treatment of Cancer Quality-of-Life Questionnaire-Core 
30 after 8 weeks.59 Similar results were reported by Yagli and 
Yulger61 and Rao et al.,62 whose studies concluded that yoga 
reduces fatigue, depression, and pain, while supporting 
routine functioning and improving quality of life in cancer 
patients.61,62 A clinical trial reported significant improve-
ments in insomnia and sleep parameters—such as reduced 
wake time after sleep onset and improved sleep efficiency—
in individuals undergoing a yoga program.58 Moreover, yoga 
participants reduced their use of sleep medication by 21%, 
while control participants showed a 5% increase.58

A systematic review and meta-analysis by Wang et al.63 
demonstrated that yoga intervention offers benefits over 
non-active controls in managing sleep disturbance.63 Only 
one study has examined the impact of yoga training on iri-
sin levels. Conducted in obese adults aged 40–50, the study 
found that yoga significantly increased circulating irisin 
levels compared to a non-trained control group.64

5.2. TAI CHI

Tai chi is an ancient martial art that combines physical 
movements with relaxation techniques. It originated dur-
ing the late Ming and early Qing Dynasties and has since 
gained global popularity, with over 5 million practitioners 
in the United States alone.65 Increasing evidence highlights 
the beneficial effects of tai chi on sleep quality and insom-
nia. A meta-analysis by Han et al.66 highlighted that tai chi 
significantly improved insomnia symptoms compared to 
exercise and health education alone. Subgroup analyses 
suggested it was as effective as cognitive behavioral ther-
apy.67 Similarly, another meta-analysis focusing on univer-
sity students reported that tai chi enhanced sleep quality, 
although general aerobic exercise had a slightly greater 
effect.68

Vanderlinden et al.69 reported a higher proportion of par-
ticipants achieving good sleep in tai chi groups compared to 
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those performing other single exercise types, such as yoga, 
brisk walking, pilates, or cycling.69 These results support tai 
chi as an effective exercise modality for enhancing sleep 
quality, particularly in older populations.

A recent prospective clinical study evaluated the impact 
of tai chi on irisin levels and cognitive performance. The 
results showed a significant increase in irisin levels in the 
tai chi group over 6 months, in comparison with a non-ex-
ercising control group. Moreover, in the tai chi group at 
6  months, irisin levels correlated significantly with scores 
on the Auditory Verbal Learning Test-Delayed, a measure of 
memory function.70

However, despite its established benefits, findings 
from tai chi studies vary due to participant demographics 
(e.g., country or region) and differences in style, interven-
tion duration, frequency, and intensity.71 Further research 
is needed to deepen our knowledge of how these factors 
influence tai chi’s effectiveness in improving sleep quality 
among different populations.

5.3. RESISTANT TRAINING

Resistance training (RT) has been investigated for its poten-
tial to improve sleep quality and alleviate anxiety. Nine 
sessions of high-intensity RT conducted over 3 weeks signif-
icantly improved both sleep quality and anxiety symptoms 
compared to a control group.72 RT is known to improve mus-
cle strength and function and may also reduce inflammation 
and enhance sleep parameters across various age groups.73

Studies on cancer patients have yielded mixed results. 
Langlais et al.74 reported a beneficial effect of RT (−11.1%) 
in men with metastatic castration-resistant prostate can-
cer who participated in a combined aerobic and resistance 
exercise pilot intervention.74 Another study observed no 
improvement in the intervention group, although the con-
trol group experienced a decline in sleep quality.75 A third 
study, involving prostate cancer patients undergoing radio-
therapy, found that RT had a negative impact on sleep qual-
ity (12.5%).76 However, the average percentage difference 
across studies still suggested that RT may improve sleep 
quality (+0.3%) compared with the control groups (+8.1%).77

A previous systematic review suggested that RT could 
improve sleep quality, though it included heterogeneous 
populations and excluded cancer survivors, who may expe-
rience more severe sleep disturbances.78 Notably, only three 
studies assessed sleep quality using the Pittsburgh Sleep 
Quality Index; however, with mixed results.74-76

To explore potential mechanisms, one study investigated 
the effects of sleep deprivation-induced muscle atrophy in 
rats that had previously undergone RT.79 The study found 
that sleep deprivation caused muscle atrophy, likely due to 
elevated corticosterone and catabolic signaling. However, 
high-intensity RT performed beforehand helped reduce 
muscle loss.79

A study conducted in aging mice and humans found that 
circulating irisin levels increased alongside improvements 
in muscle strength following RT. In mice, irisin expression 
in the soleus muscle increased after 12 weeks of training. 
Similarly, in elderly humans, greater muscle strength was 
positively correlated with higher circulating irisin levels.80

A systematic review and meta-analysis examined the 
effects of chronic RT on circulating irisin in adults. It included 
randomized controlled trials measuring irisin levels after 
endurance training programs lasting at least 8 weeks. While 
the overall analysis of 282 individuals showed a non-signifi-
cant trend toward increased irisin levels, subgroup analyses 

revealed significant increases in older adults, particularly 
when the training program was progressively intensified.81

While these studies suggest that irisin may enhance mus-
cle function and physical well-being after RT, its role in sleep 
promotion remains underexplored. In the context of acute 
exercise, irisin has been shown to stimulate BDNF expres-
sion in the hippocampus.41 Likewise, another study has 
demonstrated that BDNF injected into the rat brain during 
wakefulness enhanced the depth of subsequent non-REM 
sleep.82 These results indicate that improved sleep quality 
following RT may be partially mediated by irisin-induced 
BDNF expression. However, it remains unclear whether cen-
trally or peripherally induced increases in irisin signaling 
can directly enhance sleep. Future mechanistic studies, in 
animal models treated with irisin and subjected to RT and/
or sleep deprivation, could provide valuable insights into 
the role of this myokine in RT-mediated sleep effects.

6. TIME AND CONSISTENCY OF PHYSICAL 
EXERCISE IN SLEEP QUALITY

An increasing number of studies have investigated the 
effects of late evening exercise, particularly whether it neg-
atively affects sleep. Several findings suggest that evening 
exercise can positively influence sleep, provided it is not 
performed too close to bedtime. However, a systematic 
review and meta-analysis found that acute evening exercise 
performed before bedtime does not disturb nighttime sleep 
in healthy, well-trained adults without sleep disorders.83. 
Specifically, high-intensity exercise performed 2  h before 
bedtime improved sleep, while intense exercise ending just 
1 h before bedtime delayed sleep onset and decreased sleep 
duration. In addition, among sedentary individuals, a sin-
gle session of intense exercise induced positive changes in 
nighttime sleep, stimulating sleep onset and lengthening 
sleep duration.83

In addition to influencing irisin levels, physical activ-
ity may serve as a non-photic circadian synchronizer, also 
known as a zeitgeber. Zeitgebers are external cues that 
synchronize the body’s internal biological clocks with the 
24-h light-dark cycle. While light remains the dominant 
zeitgeber, appropriately timed exercise can also shift circa-
dian phase and stabilize rhythm amplitude. Physical activ-
ity may stabilize the circadian system through feedback 
mechanisms involving the SCN—the brain’s master clock. 
Regular exercise helps to maintain high-amplitude circa-
dian rhythms, particularly by supporting clock gene expres-
sion in the SCN.84

For example, morning exercise tends to promote phase 
advancement—leading to earlier sleep onset—while late 
evening exercise may delay circadian phase depending 
on its intensity and timing. As such, it may be less bene-
ficial for sleep.85-90 The overall benefits of exercise timing 
may vary depending on an individual’s chronotype.84 Thus, 
exercise not only directly affects sleep architecture but also 
indirectly through circadian regulation. This temporal sen-
sitivity suggests that optimal sleep outcomes may depend 
on personalized timing of exercise.84 Understanding these 
mechanisms is particularly relevant for individuals with cir-
cadian rhythm disorders, such as shift workers or those with 
delayed sleep phase syndrome.84 Future studies should inves-
tigate how chronotype and habitual activity timing influ-
ence the circadian and sleep-enhancing effects of exercise.

Concerning the involvement of irisin in physical activ-
ity, based on the time of practice, it has been shown that 
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day-night fluctuation can influence its synthesis in humans. 
Anastasilakis et al.91 analyzed 122 young, healthy individuals 
exposed to a standard day–night cycle, who performed 30-min 
aerobic exercise under controlled nutritional conditions. They 
reported a clear circadian rhythm in irisin secretion, with 
peak levels occurring around 9:00 p.m. and the lowest early 
in the morning.91 Notably, the diurnal rhythm of circulating 
irisin followed an inverse pattern to serum cortisol levels, with 
no significant gender difference observed. Irisin levels were 
unaffected by dietary habits, but increased acutely following a 
30-min aerobic exercise.91 A key strength of the study—which 
was the first to highlight the circadian rhythm of irisin secre-
tion—was its relatively large, homogeneous sample of healthy 
individuals with similar age and body mass index.91 However, 
future studies are needed to demonstrate if and how exercise 
timing modulates irisin’s diurnal rhythm. Such investigations 
could help clarify whether evening peaks in irisin levels are 
predictive of its sleep-modulating effects.

Another unanswered question is whether the posi-
tive impact of exercise on sleep persists over time. While 
enhancement in sleep quality has been noted during 
post-intervention periods, results remain highly heteroge-
neous. A systematic review and meta-analysis of randomized 
controlled trials found that aerobic exercise increased sleep 
in cancer patients with sleep difficulties, and these bene-
fits were still evident at 3–6  months post-intervention.92 
However, high heterogeneity was reported at the 
post-intervention time point, and meta-regression analyses 
failed to identify the contributing factors.92 These persistent 
effects, along with the unexplained heterogeneity, highlight 
the need for further research into factors that influence the 
long-term impact of exercise on sleep quality.

Before discussing how exercise timing affects sleep, it 
is important to consider the circadian regulation of key 
exercise-related molecules, such as irisin. Irisin expres-
sion is regulated by circadian rhythms. The master clock, 
located in the SCN of the hypothalamus, synchronizes 
peripheral cellular clocks to maintain internal temporal 
homeostasis.93 Among these peripheral mechanisms, the 
BMAL1-PGC-1α4-FNDC5/irisin axis has emerged as a key 
pathway linking circadian timing to metabolic adaptations. 
FNDC5/irisin expression follows a circadian rhythm that is 
transcriptionally driven by the core clock gene BMAL1 and 
the muscle-specific coactivator PGC-1α4.94-97

BMAL1 stimulates FNDC5 transcription in a manner pro-
portional to its concentration by binding to E-box motifs 
in the FNDC5 promoter. Overexpression of BMAL1 signifi-
cantly increases FNDC5/irisin levels, whereas its silencing 
leads to their suppression.98-101 This finding has been con-
firmed in human plasma samples, where participants in the 
evening group had significantly higher irisin concentration 
than those in the morning group following an RT proto-
col. Similarly, muscle FNDC5/irisin levels exhibit circadian 
rhythmicity in mammals, in agreement with findings that 
show strength and training adaptations tend to be greater 
in the evening.50,102-104

Taken together, the BMAL1-PGC-1α4-FNDC5/irisin axis 
represents a central molecular mechanism through which 
circadian timing modulates training outcomes and systemic 
energy regulation.93

7. GENDER DIFFERENCE IN SLEEP QUALITY

Sex-based differences in sleep disorders have been widely 
reported across clinical and epidemiological studies. 
Insomnia is approximately 1.4  times more prevalent in 

women than in men.105 Female populations throughout 
certain stages in their life span may be more susceptible 
to insomnia. Hormonal changes—particularly involving 
follicle-stimulating hormones, luteinizing hormones, and 
progesterone—may significantly influence women’s sleep 
patterns106, especially during adolescence,107 pregnancy, 
postpartum period,108 or menopause phase. Elevated 
levels of estrogen and progesterone, especially during 
the early luteal phase, have been linked with increased 
wakefulness and impaired sleep quality.109 Estrogen and 
progesterone influence neurochemical transmission by 
enhancing wake-promoting pathways and suppressing 
sleep-promoting neurotransmitters.110 Despite recent 
insights from Andersen et al.111 on the effect of hormonal 
fluctuations on sleep in women, there remains a lack of 
studies exploring how physical activity interventions can 
be tailored to hormonal cycles to optimize sleep outcomes.

Moreover, challenges such as assessing hormone lev-
els throughout the menstrual cycle and the prevalence of 
gynecological conditions—such as endometriosis, dysmen-
orrhea, and abnormal uterine bleeding—make it difficult to 
assess their combined impact on sleep quality in women 
with insomnia.

Exercise-related sleep outcomes also differ across age 
groups. For example, a meta-analysis by Rubio-Arias 
et al.112 found that aerobic exercise improved sleep quality 
in middle-aged women.112 Similarly, another meta-analysis 
revealed that programmed aerobic exercise improved 
the sleep quality of pregnant women.113 Interestingly, the 
comparative effectiveness of aerobic exercise versus gen-
eral exercise was minimal, and opposite trends emerged in 
middle-aged pregnant women, suggesting that certain exer-
cise modalities may affect this group differently.112,113

While aerobic exercise is generally considered the most 
effective for enhancing sleep quality, the potential superior-
ity of lower-intensity modalities—such as yoga, tai chi, and 
relaxation training—especially in pregnant women, war-
rants further investigation.113 The impact of yoga on sleep 
quality and insomnia in women may also vary by age. A sys-
tematic review indicated that yoga did not improve insom-
nia severity in peri- and postmenopausal women.63,112

These gender- and age-related variations in response to 
exercise highlight the need for further research to deter-
mine which modalities and intensities are the most effec-
tive in enhancing sleep quality among different female 
populations. Moreover, with regard to a possible interac-
tion between sex hormones and irisin, independent of the 
level of physical exercise, it is currently unclear whether the 
mechanism of irisin increase could be related to changes in 
estrogen and progesterone levels. It is known that in women 
aged between 41 and 82, irisin levels correlate negatively 
with age, suggesting that irisin decreases simultaneously 
with the reduction in estrogen levels.114 With greater cer-
tainty, it can only be hypothesized that the loss of muscle 
mass in menopausal women may be one of the reasons for 
the decline in irisin levels.

Importantly, both estrogen and irisin act on shared sys-
tems: they protect the bones, reduce inflammation, and 
influence the brain. Estrogen suppresses sleep-active ven-
trolateral pre-optic nucleus neurons by downregulating 
prostaglandin D2,115 promotes sleep recovery, and inter-
acts with kisspeptin, neurokinin B, and dynorphin neu-
ron networks to regulate REM and NREM sleep.116 These 
effects are complemented by irisin’s influence on circadian 
gene expression and its shared activation of intracellular 
pathways.
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8. METHODOLOGICAL CHALLENGES

Many studies lacked well-defined control groups, failing 
to establish a sufficient baseline for comparison. In several 
trials, control groups received interventions such as sleep 
education, sleep hygiene training, or group recreational 
activities, which may have introduced non-specific benefits 
of confounding variables. Alternatively, waiting list control 
designs may have acted as nocebo conditions, in which par-
ticipants anticipate negative outcomes, potentially skewing 
results.117 There is a critical need to develop more robust 
and standardized control conditions for sleep research.

Despite noticeable impacts observed on subjective 
sleep outcomes, physical exercise has not consistently 
demonstrated benefits on physiological sleep parameters 
in healthy adults. For example, a meta-analysis of 
22  randomized controlled trials comprising 1806 partic-
ipants found that exercise significantly improved sleep 
efficiency, but did not statistically significantly affect sleep 
onset latency, wake after sleep onset, or total sleep time.118 
In such cases, subjective assessment tools, such as sleep 
questionnaires, may offer more sensitive detection of per-
ceived improvements in sleep quality.

Although polysomnography is still considered the gold 
standard for objective sleep evaluation, some meta-anal-
yses suggest combining it with subjective assessments, 
as actigraphy may be less reliable for detecting wake 
episodes.83

9. CONCLUSION

Exercise represents a promising non-pharmacological alter-
native for improving sleep quality and managing insom-
nia in adult patients. However, more studies are necessary 
to address the gaps in understanding of the specific role 
of exerkine irisin on sleep. Moreover, assuming that irisin 
is one of the molecular mediators of exercise in enhanc-
ing sleep quality, an unanswered question still concerns 
the optimal time window for performing physical activity, 
considering the day-night rhythm of irisin secretion, with 
maximum levels in the evening. While aerobic exercise 
remains the most consistently effective modality, RT may 
have unique benefits in preserving muscle function under 
sleep deprivation and promoting irisin release. Mind-body 
approaches, such as yoga and tai chi, offer promising alter-
native interventions, especially for older individuals or 
those with limited mobility, with early evidence suggesting 
these may also moderately elevate irisin levels. However, 
further studies should clarify whether irisin production 
induced by muscle contraction to promote sleep is impaired 
by sleep disturbances, which are very common in today’s 
restless lifestyle.

Future research should prioritize clarifying irisin’s 
mechanistic role in sleep through human trials with 
molecular endpoints, developing chronotype-specific and 
hormone-informed exercise prescriptions, standardizing 
measurement protocols for irisin and sleep quality, and 
evaluating long-term adherence and durability of effects 
through longitudinal designs. It will be relevant to investi-
gate whether evening exercise, coinciding with the natural 

peak of irisin, results in better sleep outcomes than morn-
ing exercise, test how menstrual cycle phases influence iri-
sin’s role in sleep improvement, and examine the impact 
of different exercise modalities on irisin secretion patterns 
and sleep quality in menopausal women. A  priority for 
future research could also be to evaluate whether combin-
ing chronotherapy and exercise potentiates irisin-related 
sleep benefits.

From a clinical perspective, several actionable insights 
emerge. Clinicians should encourage moderate-intensity 
aerobic exercise, such as brisk walking, for individuals 
with chronic insomnia, ideally 2–3 h before bedtime. For 
postmenopausal women, RT may be particularly benefi-
cial by promoting sleep and preserving musculoskeletal 
health. For pregnant women, prenatal yoga and low-im-
pact aerobic activity could offer both sleep and metabolic 
benefits.

Finally, the recommended clinical approach for peo-
ple experiencing circadian rhythm disorders may benefit 
from activities such as evening exercise and mindful-
ness-based practices, such as yoga or tai chi, which can 
help realign the circadian rhythm and manage anxiety 
and insomnia.
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