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ABSTRACT
Insomnia is commonplace in the general population. Poor sleep quality leads to various health dysfunctions and compromises the 
well-being of the affected individuals. Non-pharmacologic approaches should be considered the first-line treatment as suggested by 
various guidelines. Among others (e.g., sleep hygiene, cognitive-behavioral therapy, light therapy), appropriate physical activity seems 
to be promising in treating and preventing sleep disturbance development. We found that improvement in a particular objective 
and subjective sleep quality parameters may be attributed to appropriate physical activity. When further analyzing the activity, light-
intensity aerobic exercises and resistance training reduced insomnia symptoms. High-intensity interval training also showed a positive 
effect on the improvement in depressive symptoms. Regarding mind-body practices, current evidence is insufficient to conclude. 
However, it was documented that stress, depression, and anxiety reduction, can improve well-being.
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1. INTRODUCTION

Insomnia is characterized by difficulty falling asleep, interrupted 
sleep, and/or early awakening. The International Classification 
of Sleep Disorders, 3rd edition (ICSD 3) divides insomnia into 
acute and chronic (> three months, at least three times a week) 
[1]. The prevalence of sleep induction or retention disorders is 
estimated at 30% – 48% [2]. Good sleep quality is associated with 
better performance, physical and psychological well-being [3]. 
Primary insomnia cannot be attributed to an existing medical, 
psychiatric, or environmental cause. Psychological symptoms 
such as irritability, anxiety, and depression are more common 
in people with insomnia. A decreased concentration, less 
productivity, and poorer health are also observed [4]. Conversely, 
sleep disturbances may result in various dysfunctions, e.g., 
hypertension [5], weakened immunity [6], cognitive decline [7], 
and other different health problems [8].

In light of the potential side effects of commonly used sleep-
promoting medications, increased attention is paid to non-
pharmacologic approaches [9]. One of the promising non-
pharmacologic approaches to improving sleep quality is physical 
exercise [10]. WHO guidelines address regular physical activity 
as an indisputable part of a ´healthy lifestyle´. It may improve 
health in patients presenting with various chronic disorders, 
such as obesity, cardiovascular diseases, diabetes, cancer, anxiety, 
and depression [11]. Physical activity can also contribute to the 
maintenance of physical and mental well-being [12]. Despite 
the variety of proven and potential health benefits of exercise, 
the ´pandemic of physical inactivity´ has become a reality as a 
consequence of a sedentary lifestyle. A recent meta-analysis by 
Li and coworkers, including 23 trials with 1269 patients who 
received exercise therapy, reported a significant effect on the 
treatment of primary insomnia [13].
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Sleep and exercise show a mutual relationship in terms of sleep 
quality and physical performance. Various descriptions of how 
regular exercise influences sleep comprise effects on endocrine, 
metabolic and immune systems, and thermoregulatory changes 
[14]. Recently, awareness has been paid to exercise-related 
hippocampal neurogenesis. During this process, new neurons 
are born to be integrated into the hippocampus. One of the 
essential molecules mediating this process is known as the brain-
derived neurotrophic factor (BDNF) [15]. This morphological 
and functional plasticity theory may provide a better insight into 
how physical activity can promote brain function. Erickson and 
colleagues, in their study, reported positive effects of aerobic 
exercise on increased hippocampal volume and cognitive 
function improvement, e.g., enhanced spatial memory after 
seven weeks of an aerobic exercise program [16]. Notably, 
exercise-related hippocampal neurogenesis might contribute 
to better understanding the antidepressant effects of exercise. 
In summary, physical activity exerts various neurochemical 
changes positively affecting well-being and the ability to cope 
with stressful encounters, e.g., due to the transient increase of 
cortisol and plasma β-endorphin levels [17, 18]. This review 
aims to discuss current literature regarding different types of 
physical activities/exercises in relation to sleep quality.

2. PHYSICAL ACTIVITIES

Physical activity-based treatment approaches and protocols

Physical activity can be defined as any bodily motion produced 
by the action of skeletal muscles that expends energy and 
can be performed in the way of transportation, as part of 
work, housework, leisure activities, or when participating in 
exercise or sports [11]. Exercise as a component of physical 
activity is usually planned, structured, and repetitive. It can 
further be characterized by its type, duration, frequency, and 
intensity. Regarding the intensity of physical activity, metabolic 
equivalents (METs) are commonly used in epidemiological 
research to assign an intensity category to a specific physical 
activity. One MET can be defined as an energy cost while sitting 
quietly (resting metabolic rate) and is equivalent to a caloric 
consumption of 1kcal/kg/hour. Guidelines from the American 
College of Sports Medicine and the American Heart Association 
recommend using the following reference thresholds: 1.5 to 
3.0 METs for light, 3.0 to 6.0 METs for moderate, and >6.0 
METs for vigorous intensities. Concerning an individual’s 
cardiorespiratory fitness, a commonly used measure is a scale 
of 0–10, where 0 is sitting, and 10 represents the highest level of 
effort possible [19]. Being aware of simplification and potential 
overlap, we categorized different physical activities according to 
their types and intensities.

Exercise to prevent and treat insomnia

The role of physical activity in insomnia treatment

Light intensity physical activities do not substantially raise 
heart or breathing rates and energy expenditure. These may 

include, e.g., walking, pilates, or stretching exercises. Hartescu et 
al. conducted a randomized controlled trial (RCT) in a sample 
of inactive people with insomnia, exploring the effect of brisk 
walking on self-reported outcomes. At six months post-baseline, 
the authors reported that the increased physical activity group 
significantly reduced insomnia symptoms compared to the 
control group, where participants maintained their lifestyle as 
usual [20]. Chen and colleagues, in their systematic review with 
meta-analysis from 2020, documented an improvement in sleep 
quality in individuals practicing pilates-based exercised. On the 
other hand, the effect on reducing the use of sleep-promoting 
medications was not supported by evidence according to their 
study [21]. Two RCTs documented the beneficial effects of 
pilates on sleep quality [22, 23]. Pa and coworkers conducted a 
study exploring the effects on reducing sleep difficulties in older 
adults with cognitive decline and sleep complaints. According to 
their results, a combination of light cognitive exercises together 
with light-intensity activities, such as stretching, was reported to 
be superior to moderate or high-intensity workouts [24].
Resistance training increases strength without significantly 
changing peak oxygen consumption [25]. Exemplary activities 
would be, e.g., weight-lifting, body-weight workouts, or resistance 
band exercises. In their systematic review from 2018, Kovacevic 
and coworkers made an effort to determine both the acute and 
chronic effects of resistance training on sleep characteristics. 
According to their findings, regular resistance training improved 
sleep quality, with further benefits of combining with aerobic 
exercise. As regards the acute effects of resistance exercise on 
sleep quality, the evidence was inconsistent [26]. In their RCT, 
D‘Aurea et al. compared the effects of stretching (group 1) and 
resistance exercise (group 2) on chronic insomnia. Both exercise 
types were similarly effective in improving subjective and 
objective sleep parameters, while both approaches were found 
superior to the control group (group 3) [27]. A combination of 
resistance training, walking, and social activity for seven weeks 
improved sleep in older adults more than in a regular care 
control group. It also showed no significant same‐day effects of 
resistance training on sleep architecture [28].
High-intensity interval training (HIIT) is a cardiovascular 
exercise defined by short bursts of repeated vigorous activity 
that consists of short periods of rest or low-intensity exercise 
for body recovery. Jurado-Fascoli et al., in their RCT, observed 
improved objective sleep quality parameters, like total sleep 
time, sleep efficiency, and sleep interruptions after 12 weeks of 
HIIT training [29]. In their community-based study, Bullock 
and coauthors found HIIT inferior for improving sleep in 
insomniacs compared with moderate-intensity or stretching 
exercises. HIIT after eight weeks of training showed a positive 
effect on the improvement in depressive symptoms, sleep 
quality, and cardiorespiratory adaptation [30]. A study with 
middle-aged men showed that practicing HIIT close to bedtime 
reduced sleep quality in the first three hours [31].
Aerobic exercise is a moderate-intensity physical activity 
associated with cardiovascular conditioning. It can include 
activities like jogging, hiking, or dancing. Reid KJ et al. 
randomized individuals older than 55 years to either group 
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with aerobic physical exercise or control group with no physical 
activity. After 16 weeks of the training program, the authors 
assessed the study participants for sleep problems. This study 
concluded that subjects in the active group improved their sleep 
quality, efficiency, latency, duration, and daytime dysfunction. 
This group also showed less symptoms of depression, sleeping 
during the day, and increased vitality [32]. Ezati and colleagues 
did not find a positive effect of 4 weeks of aerobic exercise on 
sleep duration among university students. However, eight weeks 
of training positively affected all components of sleep [33]. 
Another relevant RCT showed that moderate-intensity aerobic 
exercise in patients with chronic primary insomnia decreased 
presleep anxiety and increases sleep [34]. A RTC by Hartescu 
with colleagues showed that more than 150 min of moderate – 
to vigorous-intensity physical activity per week for six months 
decreased severe insomnia symptoms [35]. Two studies 
documented that moderate-intensity exercise 90 minutes before 
bed by young and healthy men did not negatively impact sleep 
quality [36, 37].
Mind-body exercises have also been studied for the treatment 
of sleep disturbances. Notably, the mechanisms for improving 
sleep quality are different.
Yoga, in its traditional ancient Indian conception, is more way 
of living, also consisting of nutrition, lifestyle advices, and 
meditation. The Western version, sometimes called ’postural 
yoga’ is a form of mind-body exercise. There are various yoga 
styles, e.g., Hatha, Vinyasa, Bikram, Ashtanga, Acroyoga, 
and many others, [38] with various intensities [39]. Postural 
yoga consists of changing static and dynamic positions with a 
specific breathing pattern. Concerning yoga practice in women 
with sleep problems, Wang and coauthors documented an 
improvement in sleep quality [40]. In their systematic review, 
Crammer and colleagues reported moderate evidence for yoga 
practice-related short-term effects on relieving symptoms of 
depression [41]. Yoga has also been documented to be beneficial 
in improving sleep quality in the elderly (aged ≥ 60 years) [42], 
patients with malignancy [43], and in postmenopausal women 
[44]. As reported by Innes and Selfe, yoga may improve in 
older women with restless legs syndrome [45]. On the other 
hand, European guidelines for the diagnosis and treatment of 
insomnia do not recommend yoga to treat insomnia because 
of poor evidence [46]. Regarding possible adverse effects of 
yoga, musculoskeletal injuries were reported, mainly when 
practicing without supervision [47]. In their systematic review 
with meta-analysis from 2019, Tang and coworkers concluded 
walking to be superior to yoga in reducing sleep disturbance in 
cancer patients [48]. In 2019, Kreutz and colleagues compared 
RCTs reporting sleep outcomes of patients after breast cancer 
treatment, following different mind-body and physical exercises. 
They included 22 studies with 2107 participants and reported 
improved subjective sleep outcomes after both physical and 
mind-body exercises. On the other hand, a positive impact on 
objective sleep measures was not documented [49].
Tai Chi, a mind-body exercise rooted in traditional Chinese 
martial art, is nowadays popular in Western society. Tai Chi 
exercise can vary from low to moderate intensities and can 

also be suitable for middle-aged or older individuals [50]. Tai 
chi is widely used as a complementary treatment for different 
conditions. A favorable impact of Tai chi has also been 
documented on psychological well-being, including reduced 
stress and depression [51]. As reported in two recent systematic 
reviews with meta-analyses, Tai Chi exercise may positively 
affect sleep quality [52, 53]. Concerning possible adverse effects 
of meditative movement therapies, short term symptoms of 
anxiety may be reported initially [54].

Future Perspectives

A matter of debate is the potential harming effect of exercising 
before bedtime. According to sleep hygiene, [55] exercise close 
to bedtime is not recommended. Regarding vigorous exercise, 
a systematic review and meta-analysis conducted by Stutz et al. 
support this recommendation [56]. However, their review does 
not support the hypothesis that evening exercise, in general, has 
a negative impact on sleep quality. To this end, it seems that one 
should evaluate the appropriateness of evening exercise case by 
case.

Conclusions

The exercise intervention represents a safe and widely accessible 
health-promoting activity. In addition to various physical and 
mental benefits, regular exercise seems to be a good alternative 
treatment option to improve sleep quality. There is no optimal 
general recommendation as regards a specific physical activity 
type. Every individual should perform activities/exercises that 
fit in their lifestyle and preferences.
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