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Introduction
Insomnia is a very common disorder 
worldwide and its prevalence is estimated 
at about 30% the population.[1] The 
prevalence of insomnia increases with age, 
with a prevalence of up to 60% reported 
in the elderly.[1,2] Insomnia can reduce 
the quality of life, cause dysfunction 
in daytime activities, and diminish 
memory and focus. Furthermore, it can 
cause depression, anxiety, and metabolic 
syndromes.[2,3] According to the ICSD3, 
insomnia is diagnosed whenever the subject 
or his/her parents or caregiver, report at 
least one of the following symptoms for 
at least 3 nights per week for 3 months[3]: 
(a) difficulty in sleep initiation, (b) 
difficulty of sleep in the absence of the 
parent or caregiver, (c) early wakening 
in the morning, (d) resistance against 
in‑time sleeping, and (e) difficulty in sleep 
persistence.

Cognitive behavioral therapy (CBT) 
is the first line in the treatment of 
insomnia. Medication is only prescribed 
where CBT is not successful or not 
applicable.[3] Both CBT and medication 
have some disadvantages. CBT is an 
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Background: Insomnia affects the daily activities of the sufferers and reduces attention and memory. 
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expensive treatment and is not applicable 
to all patients. Long‑term treatment with 
sleep medication for insomnia can have 
side effects such as chronic fatigue, 
vertigo (and its consequences such as 
fracture), cognitive distortion in old‑aged 
cases,[4] drug dependency, daytime 
drowsiness, etc.[1] Therefore, miscellaneous 
non‑pharmacological treatments have been 
suggested for insomnia. Exercise therapy 
can be a promising alternative treatment 
due to its low costs, availability, and 
self‑reliance.[4]

A number of previous studies have examined 
the impact of exercise therapy on insomnia. 
Mourady et al. (2017)[3] performed research 
on 141 pregnant women using Insomnia 
Severity Index (ISI) and Pittsburgh sleep 
quality index (PSQI) questionnaires to 
evaluate the correlation between exercise 
and insomnia, depression and anxiety. 
The results showed that physical activities 
have positive effects on the health‑related 
quality of life.[3] In a study conducted by 
Karimi et al.[5] (2016), the interventions 
were aerobic exercise (walking) for half an 
hour, three days a week, and the study was 
conducted on 46 elderly people (including 
23 in the case group and 23 in the control 
group). It was shown that the sleep quality 
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of individuals measured by the Pittsburgh questionnaire 
in the case group significantly improved compared to the 
control group.

However, as noted in various references, there is still 
insufficient evidence to prove the positive effects of 
exercise therapy on insomnia, and therefore this issue 
needs further investigation (based on the 2017 European 
Guideline and the 2017 ACSM Guideline.[4,6] Moreover, 
there has been very limited experimental investigation on 
the effects of “resistance exercise” training on sleep in 
patients with insomnia. To the author’s knowledge, the 
effect of simultaneous aerobic and resistance exercises on 
insomnia has not been studied before. The purpose of this 
study is to address these gaps by evaluating the effects of 
a 12‑week combined aerobic‑resistance exercise program 
on insomnia symptoms, as measured by the PSQI. The 
research procedure and results are outlined in the following 
sections.

Participants and Methods
The present research is an interventional randomized 
clinical trial (RCT), which was carried out on visitors to 
the sleep clinic of Hazrat Rasool‑e‑Akram Hospital (in 
Tehran, Iran) between 2018 and 2019. The inclusion 
criteria were: (a) confirmed diagnosis of insomnia by 
psychiatrist in accordance with ICSD3, (b) systolic blood 
pressure less than 180 and diastolic blood pressure less 
than 100 (the same criteria is used for individuals who 
take blood pressure drugs), (c) habitual daily exercise 
of less than 30 min. a day, prior to the intervention, 
and (d) interest in participation in this study. Exclusion 
criteria were: (a) previous cardiopulmonary history, (b) 
uncontrolled respiratory disease, (c) uncontrolled 
diabetes, (d) inability to participate in regular exercise (for 
any reason), and (e) prevalence of other sleep disorders 
affiliated with psychiatric disorders (e.g., Schizophrenia, 
bipolar disorder, etc.) or medical disease.[2] The information 
about the diseases for exclusion criteria is derived from the 
questions in the demographic section at the beginning of 
our questionnaire.

The sample size is chosen to be 16 for each of the 
intervention and control groups. The choice of the sample 
size is based on the formulation presented in Röhrig 
et al.,[7] with a confidence coefficient of 0.95, a power of 
0.8 and using mean and standard deviations employed in 
similar studies (e.g.,[7,8]). Participants include 12 men and 
20 women, with an average age of 43.7 years.

Ethical considerations included the following: (a) 
interventions were performed after obtaining the consent 
of patients, (b) patients were assured that their information 
would not be disclosed, (c) the objectives and procedure of 
the interventions were elaborated for the patients, and (d) 
the ethics committee code IRCT20100623004251N12 was 
acquired from the Iranian registry of clinical trials.

Study procedure

The research procedure is outlined in Figure 1. Both 
the intervention and control groups were first asked to 
complete PSQI and demographic questionnaires. The 
content of the demographic questionnaire was the patient’ 
age, sex, and somatic disease. Then the 10‑RM was 
determined for the intervention group, and the group 
received adequate training on the aerobic and resistance 
exercises. Patients were followed up 4 and 8 weeks after 
the start of the study and 10‑rm was measured again. At 
the end of the 12‑week intervention period, both control 
and intervention groups filled the PSQI questionnaire 
again. The PSQI forms were filled in presence of a doctor 
to ensure that the evaluation results are not affected by 
ambiguity in the questionnaire.

The PSQI questionnaire employed in this study for the 
evaluation of sleep quality, is a self‑report questionnaire that 
assesses sleep quality over a 1‑month time interval. 
The measure consists of 19 individual items, creating 
7 components that produce one global score, and takes 
5–10 min. to complete.PSQI has internal consistency 
and a reliability coefficient (Cronbach’s alpha) of 0.83 
for its seven components. The PSQI components are: (a) 
“Subjective sleep quality,” (b) “Sleep latency,” (c) 
“Sleep duration,” (d) “Sleep efficiency,” (e) “Sleep 
disturbance,” (f) “Use of sleeping medication,” and (g) 
“Daytime dysfunction.”

Each item is weighted on a 0–3 interval scale. The global 
PSQI score is then calculated by totaling the seven 
component scores, providing an overall score ranging 
from 0 to 21, where lower scores denote a healthier sleep 
quality. The cutoff score for PSQI defining cases of poor 
sleep quality is 6 or more.[9]

Interventions

Resistance exercises were scheduled for three sessions 
a week (even or odd days) in a duration of 12 weeks, 
resulting in a total of 36 sessions. The focus of the 
resistance exercise was on the major muscle groups. Each 
session included three movements for the upper limbs 
and three movements for the lower limbs. According to 
the 10‑RM of each individual, either dumbbell or pulley 
exercises were assigned. Patients with lower strength, 
exercised with the dumbbells that had the weight variability 
up to 4 kg. Patients with higher strength, on the other hand, 
performed the pulley exercises in sport clubs.

The intensity of the exercises was 50% 10‑RM in the 
first 4 weeks, 60% 10‑RM in the second 4 weeks, and 
70% 10‑RM in the third 4 week.[10] Patients performed 
three sets of exercises in the first two weeks of each 
4 week period, 10 times each; while in the second two 
weeks of each 4 week period, they performed three sets 
of exercises, 12 times each. The patients had 30 second 
rests in‑between sets, and 1 min. rests in‑between different 
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exercises. Patients were instructed to perform warming 
up and cooling down stretching exercises for 10 min. 
before and after the exercises, respectively. The aerobic 
exercises were designed in the form of medium intensity 
walking (60% heart rate reserve or positive talk test) for 
three days a week in‑between the resistance exercises 
days. The walking duration was set at 30 min. in the first 
4 weeks, 45 min. in the second 4 weeks and 60 min. in 
the third 4 weeks.[6‑14] After each exercise session, patients 
record the time and intensity of their exercise in a logbook 
designed for this purpose. The patients were contacted on 
a weekly basis in order to make sure they abide by the 
exercise plan.

Statistical analyses

The data was then analyzed using appropriate statistical 
tests, as described in the following. Normality of 
the data distribution were initially checked using 
Kolmogorov‑‑Smirnov test. Since not all the data 
distributions were normal, non‑parametric equal tests were 
used (i.e., Wilcoxon and Mann–Whitney statistical test). 
The significance level was determined at P < 0.05. The 
mean and standard deviation value of the PSQI sub and 
total scores were employed as the descriptive statistics. 
The data analysis was performed by SPSS statistic 
software (version 21 IBM Corp., Armonk, NY, USA).

Results
The PSQI test results are presented in Table 1. As 
demonstrated, the pretest sub and total scores of PSQI 
are not statistically different between the intervention and 
control groups, as P pretest is consistently above 0.05. In 
the intervention group, “subjective sleep quality,” “sleep 
duration,” “sleep efficiency,” and “daytime dysfunction” 
sub‑scores, and the “total PSQI score” were significantly 
improved during the intervention. Changes in these scores 
were not statistically significant in the control group. 
The “sleep latency,” “sleep disturbance,” and “use of 
sleep medication” sub‑scores did not change significantly 
in the before and after PSQI measurements in both the 
intervention and control groups.

Discussion
The main objective of this research was to analyze the 
effect of simultaneous resistance and aerobic exercises 
on sleep quality in patients with insomnia. The results 
showed that there was a significant difference between 
the two groups at posttest stage regarding the elements of 
subjective sleep quality, sleep duration, sleep disturbance, 
use of sleep medication, daytime dysfunction, and general 
quality of sleep, while none of the PSQI parameters is 
significantly changed in the control group. This shows 
the effectiveness of exercise on improving symptoms of 
insomnia. The results also showed that “sleep latency” and 
“use of the sleep medication” are not significantly altered 
by exercise therapy.

Our results are consistent with Ferris et al.,[15] King et al.,[16] 
and Li et al.[17] that supported the effectiveness of physical 
activity on quality of sleep. In addition, Mercier et al.[18] 
reported that 6 weeks aerobic exercise was effective in 
improving the quality of sleep of the adult. Comparing the 
results of the present studies with previous studies [see 
Table 2], it should be noted that the results of previous 
studies on the effect of exercise on sleep quality variables 
are very different and sometimes contradictory to each 
other. These differences make it difficult to provide a single 
picture on the effect of exercise on patients’ sleep quality 
using a review of previous studies. However, paying 
attention to the details of previous studies can provide the 
basis for achieving some key results.

Several reasons can be given to justify the difference 
between the results of the present studies and some 
previous studies. First, some researchers have studied the 
effects of “short‑term” exercise on insomnia, while others 
have addressed the impacts of “long‑term” exercise. The 
present study can be categorized under the second group, 
as the interventions lasted for a period of 12 weeks. This 
can cause some disagreements between the results of the 
present research and those concerned with short‑term 
exercise interventions. As indicated by the meta‑analysis 
of Kredlow et al.,[19] short‑term exercise has little effect on 

Figure 1: The study procedure flowchart
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parameters such “sleep duration,” “sleep latency” (Kredlow 
et al.[19] In contrast, long‑term exercise has a moderate 
to high effect on the total PSQI score and a moderate to 
very high effect on all PSQI subgroups. The results of the 

current study are in general agreement with this conclusion, 
except for the “sleep latency,” “sleep disturbance,” and 
“use of sleep medication” sub‑scores, for which we have 
found no significant change with exercise intervention.

Table 1: Mean score of the elements of PSQI before and after intervention
Parameter Intervention group Control group Mann‑Whitney

Mean (SD) pretest Mean (SD) posttest P Mean (SD) pretest Mean (SD) posttest P
Subjective 
sleep quality

2.13 (0.62) 1.63 (0.50) 0.024 2.38 (0.72) 2.25 (0.68) 0.576 P pretest=0.253
P posttest=0.009
P delta=0.0307

Sleep latency 1.8 (0.81) 1.13 (1.2) 0.074 2.00 (1.03) 1.88 (1.2) 0.889 P pretest=0.538
P posttest=0.0805

P delta=0.0077
Sleep 
duration

2.38 (0.72) 1.50 (0.89) 0.007 2.25 (1.00) 2.13 (0.96) 0.577 P pretest=0.950
P posttest=0.040
P delta=0.0031

Sleep 
efficiency

1.63 (1.02) 0.63 (0.89) 0.008 1.38 (1.02) 1.25 (1.13) 0.767 P pretest=0.544
P posttest=0.105

P delta=3.633×10‑5

Sleep 
disturbance

1.38 (0.50) 1.38 (0.50) 1 1.00 (0.00) 1.00 (0.00) ‑ P pretest=0.008
P posttest=0.008

‑
Use of sleep 
medication

2.50 (1.03) 2.38 (1.02) 0.533 2.88 (0.34) 3.00 (0.00) 0.164 P pretest=0.332
P posttest=0.008
P delta=0.0529

Daytime 
dysfunction

2.06 (1.12) 1.31 (0.87) 0.018 2.69 (0.48) 2.38 (1.02) 0.572 P pretest=0.096
P posttest=0.001
P delta=0.0170

Summation 
of scores

13.94 (3.70) 9.94 (3.99) 0.009 14.56 (3.31) 13.88 (3.28) 0.553 P pretest=0.414
P posttest=0.007

P delta=2.050×10‑4

  Statistically Significant.   Statistically Significant

Table 2: Comparison of the results of this study with those of previous on the effect of ‘long‑term’ exercise intervention 
on symptoms of insomnia

PSQI parameters King et al. 
(2008)*[16]

Reid et al. 
(2010)[24]

Passos et al. 
(2011)[22]

Mercier et al., 
(2018)**[18]

D’Aurea et al. (2019)[8] Current study

Intervention
Type of exercise Aerobic Aerobic Aerobic Aerobic Resistance Stretching Combined 

aerobic‑resistance
Duration 12 months 16 weeks 6 months 6 weeks 4 months 4 months 3 months

Sleep duration (hours) 1.25 NS NR 0.69 1.2 1.6 0.8
Sleep latency (minutes) ‑5.2 ‑12.4 ‑8.4 ‑15.3 ‑47.5 ‑37.9 ‑26.4
Sleep efficiency (%) NR NR 7.4 9.6 19.5 13.3 12.2
PSQI scores

Subjective sleep quality NR ‑1.82 NR NR NR NR ‑0.5
Sleep latency NR ‑0.6 NR NR NR NR ‑0.8
Sleep duration ‑0.28 ‑0.9 NR NR NR NR ‑0.9
Sleep efficiency NR ‑0.5 NR NR NR NR ‑1.0
Sleep disturbance ‑0.16 ‑0.5 NR NR NR NR NS
Use of sleep medication NR ‑0.4 NR NR NR NR NS
Daytime dysfunction 0.13 ‑0.8 NR NR NR NR ‑0.8

Total ‑5.62 ‑2.11 NR ‑2 ‑5.3 ‑3.9 ‑4
NS: Change statistically not‑significant. NR: Not reported. *The study was conducted on individuals older than 55 years. **The study was 
conducted on cancer patients
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Second, in the present study, moderate‑intensity exercise 
was prescribed to patients with insomnia. “Exercise 
intensity” is a factor influencing outcomes. A study by 
Williams et al. (2014)[20] suggests that if children’s daily 
physical activity intensity increases from moderate to 
severe, sleep duration decreases, but sleep quality and sleep 
efficiency improves.

Another important factor is the “time” of daily exercise. 
Some studies, such as Yamanaka et al. (2015)[21] have 
concluded that daily exercise time has a significant effect 
on the nature of its effect on sleep. The study shows that 
exercise in the early morning hours improves the quality of 
sleep at night, because the time interval between exercise 
and sleep provides the opportunity to reduce the effect of 
stimulation of the sympathetic nervous system by exercise. 
Some studies, such as Passos et al.,[22] have rejected this 
and found no difference between the effects of daily 
exercise time on sleep quality. In the present study, daily 
exercise time was optional and no specific time for exercise 
was specified.

The nature of the target group also affects the results. 
For example, in adults, the effects of exercise on sleep 
quality are often more pronounced than in younger age 
groups (such as children and adolescents) (Dolezal et al., 
2017[23]). Some previous studies have focused on specific 
groups such as the elderly over 55 (King et al., 2008)[16] 
and cancer patients (Reid et al., 2010),[24] which differ from 
the present study.

In the present study, both the case and control groups used 
sleep‑related medications prescribed by the psychiatrist 
during the study, and in addition to medications, the 
case group performed strength and aerobic exercise for 
3 months, and whether exercise has affected the parameter 
of drug use in the PSQI questionnaire or not has not been 
evaluated.

The unique aspects of the present work are threefold. First, 
in the present study, a combination of aerobic and strength 
exercises were performed as interventions and it was 
shown that compared to the control group, it significantly 
improves the sleep quality of insomnia patients. The 
exercise program was also defined as progressive with 
the development of skeletal muscles. The combination 
of aerobic and strength exercises in the present studies 
is considered as an innovation and in previous studies, 
intervention are either only as aerobic exercise (such as 
King et al., 2008,[16] Reid et al., 2010,[24] and Passos et al., 
2011[22]) or just strength training (such as D’Aurea et al., 
2019).[8]

Second, in the present study, in addition to the beginning of 
the interventions, at the end of the first month and the end 
of the second month, physical evaluation was performed 
and the individuals’ strength and musculoskeletal 
development were assessed. This was done to evaluate the 

effect of exercise on muscles and their respiratory system 
and the necessary preparation for more intense exercise in 
the next month, and in this respect was superior to previous 
similar studies.

Third, in this study, weekly contact with individuals in both 
case and control groups ensured the correct progress of the 
exercises. Also, PSQI questionnaires were completed in 
the presence of a physician so that the evaluation results 
were not affected by the ambiguities of the examiner. These 
measures are rarely observed in similar studies.

There are numerous studies in which the mechanism of 
the effect of exercise on sleeping quality is addressed, 
researchers have not yet converged to a single mechanism. 
There are several hypotheses about the mechanism, 
including increase in the adenosine as a result of appropriate 
variations in the circadian rhythm,[25] and excretion of the 
growth hormone that eventually leads to the improvement 
of sleep quality and prevents daytime dysfunction.[26] 
There is some evidence suggesting that reduction in 
body temperature in the evening is an initiation for the 
night sleep.[27,28] Exercising activates the hypothalamus 
heat regulation and reduces the body temperature. 
The thermogenic effects of the exercises might be an 
acceptable justification for improvement of sleep latency.[29] 
Furthermore, the effect of exercise on reduction of anxiety 
is reported in the literature,[30] and anxiety is one of the 
causes of insomnia. Hence, some studies have reported that 
exercising can improve sleep quality through reduction of 
anxiety.[31] Exercising can also increase the metabolism of 
brain serotonin by increasing the release of tryptophan.
[32] This is important as one of the causes of insomnia is 
decreased serotonin activity.[33]

Limitations of the Present Study and Suggestions 
for Future Studies
This study was faced with limitations such as lack of 
follow‑up after the 12 weeks of interventions due to 
concerns about the number of people under study, lack of 
segregation of patients with various mental disorders such 
as depression, anxiety and so on. One of the problems of 
the present study was to attract patients and to motivate 
them to participate and stay in the study, because due 
to insufficient sleep, patients had daily dysfunction and 
lack of appetite for daily work and encouraging them to 
do 12 weeks of exercise was difficult. Inactivity was 
another important problem that was associated with most 
of the participants in this study, and teaching them sports 
movements was a very basic concept. Despite providing 
these trainings, the lack of a history of sports activities also 
led to errors in sports movements and the resulting injuries, 
which made it difficult to continue studying some of the 
participants.

In future research, it is suggested that the effectiveness of 
aerobic and resistance exercise on sleep quality in patients 
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with insomnia with a larger sample size, and also, patients 
with various mood disorders be examined separately by 
type of disease and in addition to increasing the duration 
of intervention, Follow‑up of quarterly, 6‑month and even 
more effects of interventions. On the other hand, according 
to the results of this study, which showed the subjective 
effects of aerobic and strength training on sleep quality in 
patients with insomnia by the Pittsburgh questionnaire, it is 
suggested that the sleep status of these patients be examined 
more broadly by objective tests such as polysomnography 
and Actigraphy

Conclusions
Insomnia is the second most common complaint after pain 
in the primary care setting. Insomnia causes high costs for 
the individual and the community due to the decline in 
daily functioning. Drug therapy as the first line of treatment 
has many side effects and CBT as the second line of 
treatment is costly and time consuming. According to this 
study, the quality of sleep can be improved by performing 
organized physical activities that consist of a combination 
of aerobic and resistance exercises. The results supported 
the effectiveness of the physical activities on the quality of 
sleep.
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