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Abstract
Background: Sleep disorders have a signi�cant impact on physical and mental health among aged population. This study was
aimed to determine the relationship between different levels of physical activity (PA) and domains of sleep status in aged
population in Birjand, Iran.

Methods: This descriptive-analytical study was performed on 1740 individuals ≥60 years in urban and rural regions of Birjand.
Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire (LAPAQ), a sociodemographic and a sleep status
questionnaire were used to collect data. Analyses of variance (ANOVA), univariate, multiple linear and logistic regressions were
used to analyze the data.

Results: The mean age of the participants was 69.73±7.56 years. About 54.08% of participants had low PA. People with
moderate to high PA had higher sleep quality, sleep satisfaction and sleep e�ciency compared to inactive people (p<0.05); but
PA was signi�cantly inversely related to sleep duration.

According to univariate linear regression model, both low and moderate to high PA were good predictors of sleep quality, sleep
e�ciency. Moderate to high PA predicted high sleep satisfaction and sleep duration in the participants (p<0.05).

Conclusions: Physical activity, particularly at moderate to high levels, results in higher quality, satisfaction and e�ciency of
sleep in the elderly. The most in�uential factor on the relationship between PA and sleep is depressed mood. Therefore, in
using the PA to improve sleep status of the elderly it is recommended to also focus on reducing the depression.

Background
Aging is associated with major changes in the sleep quality, sleep structure, and circadian rhythm (sleep and wakefulness) [1].
Results of scienti�c research have reported signi�cant changes in the structure of sleep in the aging process, including
changes in the ratio of sleep spent in different stages [2, 3], increased sleep disorders [3, 4], decreased sleep quality [5],
decreased sleep e�ciency and increased early morning wakefulness [6].

It is estimated that 30-45% of the world's population suffers from insomnia and with increasing the age, this rate also
increases [7]. Half of the elderly (50%) complain of the problems associated with going to sleep or maintaining sleep [8]. The
prevalence of sleep disorders in the Iranian elderly is estimated around 48.9% [9]. Sleep accounts for about one-third of daily
activity [10], and studies have shown that short sleep duration is associated with obesity, type 2 diabetes, hypertension, and
cardiovascular diseases [11, 12]. Sleep disorders in older population may lead to depression, deterioration of balance which
can result in falls, memory disorders, irritability, poor quality of life, mood swings, and anxiety [13, 14]. All of these conditions
destroy the functional ability and can cause dependency to others [15, 16]. Pharmacological approaches have been the main
solution to solve the sleep problems, but they are not always effective or safe [10] and may have common side effects such as
drowsiness, restlessness, and interactions with other drugs [17]. Recently, non-pharmacological interventions have been
proposed as a better method in the treatment of sleep disorders with more durability and less side effects [18, 19].

Among the non-pharmacological treatments for sleep disorders, regular Physical Activity (PA) causes relaxation and an
increase in central body temperature which is known as a good method to start and maintain the sleep [19]. Various
mechanisms that describe the relationship between exercise and sleep such as thermoregulation, anxiolytic and
antidepressant, body restoration and levels of serotonins and adenosine have been explored [20].

According to World Health Organization (WHO) guidelines, seniors with age 65 years and older are recommended to perform at
least 150 minutes of moderate-intensity PA per week or at least 75 minutes of high-intensity aerobic exercise per week [21].
Regular PA reduces the incidence of cardiovascular, metabolic and musculoskeletal disorders, improves sleep and overall
health and decreases the mortality [22, 23]. The results of studies have shown the relationship and positive effect of PA on
sleep in the elderly [19, 24–27]. Zar et al. examined the relationship and effectiveness of physical activity on the sleep quality
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in postmenopausal women, the results of which showed that the sleep quality of active postmenopausal women was better
than other women (24). Therefore, PA is a cheap, easy, accessible and simple way to improve the sleep [6].

Numerous studies investigated the relationship between PA and sleep on different age groups, but studies in the older
population are limited. It is important to consider that decrease in quality and satisfaction of sleep in the old ages, has adverse
effects on the physical and mental health and recovery of various illnesses. After a comprehensive literature review, it was
discovered that there is not such research conducted in Iran. Therefore, the present study is designed to examine the
relationship between different levels of PA and domains of sleep status (duration, e�ciency, satisfaction and quality) in
Birjand using the Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire (LAPAQ) for the �rst time in the
Iranian elderly.

Methods

Study population
This study was carried out using the baseline data of Birjand Longitudinal Aging Study (BLAS), which is a cohort study with
the �rst phase began in 2018 and showed the health status of the elderly. In this study, the elderly living in urban and rural
areas of Birjand city were studied by multi-stage strati�ed cluster random sampling. The inclusion criterion for this study was
age ≥ 60 years and had the ability to participants. Those who were completely bedridden, very severe cognitive impairment
and Alzheimer’s disease that unable to communicate or had a very short life expectancy (less than 6 months) were excluded
from the study. Data of 1740 participants who completed the BLAS questionnaire were examined. Details of the sampling
method were discussed elsewhere [28].

Sociological variables, variables related to sleep and PA were examined. Age of the participants was divided into three
categories: 60-69 years, 70-79 years and ≥80 years. Data related to education, chronic diseases and smoking status were
collected from the participants. Wealth index was calculated using a factor analysis on ten dummy variables about household
assets. The �rst loading factor was considered as wealth index and it was categorized into �ve groups according to quintile
cutoff. Body mass index (BMI) was calculated by dividing the weight (kg) by square of height (in meter). The weight and height
was measured using standard instrument with precision of 0.1 kg and 0.5 centimeter, respectively. Depressed mood and
severity of depression was evaluated using the Persian version of Patient Health Questionnaire-9 (PHQ-9). The psychometric
properties of this questionnaire (PHQ-9) were assessed in Iran [29].

Sleep Status (outcome)
Multiple characteristics of sleep (duration, quality, satisfaction, and e�ciency) were assessed using seven selected questions
from the Pittsburgh Sleep Quality Index (PSQI). The PSQI is a standard questionnaire for assessing sleep quality in the past
month that has 18 questions with 7 scales. Hedayat et al. reported the validity of this questionnaire using the test-retest
method of 0.78 and the internal consistency method (Cronbach's alpha) of 0.86 [30]. Moreover, participants were asked if they
take regular naps. If they answered “yes”, then, they were asked, "How long is it?"

Sleep duration was calculated by reducing the time to falling asleep at night and the time of waking up in the morning. Then
the mean and standard deviation of sleep duration in minutes were calculated. The questions related to measuring sleep
quality and sleep satisfaction had four Likert type choices (very good, relatively good, relatively bad, and very bad); the last two
choices were considered poor sleep quality and sleep satisfaction.

Physical activity (exposure)
Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire (LAPAQ) was used to assess the PA. The LAPAQ with
23 questions examines the intensity and duration of daily activities such as walking outdoors, cycling, gardening, household
and sports activities during the previous two weeks. Moreover, at the end of the questionnaire, the respondents are asked
whether the activity pattern of the last two weeks represents the rest of the year. When this pattern does not re�ect the activity
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of the whole year, the participants answer the reasons. Later, the individual's PA is calculated and classi�ed according to the
scoring protocol which is explained in the study by Nam GB [31]. The total score of the LAPAQ for each activity in 2 weeks was
calculated by multiplying the frequency of the activity with the duration score. The total amount of PA was calculated by
summing the scores of the individual activities in the last two weeks (Met-minutes/week). In this study, PA status of
participants was classi�ed into three levels: totally inactive (less than 300 METs minutes per week), low PA (300-600 METs
minutes per week) and moderate to high PA (more than 600 METs minutes per week).

Stel et al. examined the validity of the LAPAQ vs. 7-day PA notebook and a 7-day pedometric recorded of steps and energy
expenditure. The LAPAQ was highly correlated to the 7-day diary (r=0.68, P<.001) and moderately with the pedometer (r=0.56,
P<.001). The repeatability of the LAPAQ was reasonably good (weighted kappa: 0.65-0.75) [32].

Statistical analysis
The collected data of BLAS were stored online in Endocrine and Metabolism Research Institute servers and in different �les
and the data related to each participant was stored under a unique code. All �les were merged after re�ning and coding. Data
analysis was performed using Stata version 12 software and p<0.05 was considered as signi�cant threshold. Mean standard
deviation and frequency statistical indices were used to describe the data. Analysis of variance (ANOVA) was used to compare
the average duration and e�ciency of sleep among the elderly with different levels of PA.

Then, univariate and multiple linear and logistic regression models were used to estimate sleep duration and e�ciency
according to different levels of PA and its outcomes. Moreover, the sleep quality and sleep satisfaction were de�ned as dummy
variables; very bad and bad quality vs. good and very good sleep quality also very unsatis�ed and unsatis�ed vs. satis�ed and
very satis�ed sleep satisfaction. Univariate and multiple regression models were utilized for assessment of the relation
between PA as ordinal variable and the sleep characteristics.

Results
In the present study, the data gathered from 1740 old people were analyzed. The mean age of the participants was
69.73±7.56years. Of 1740 participants, 813 (46.72%) were in the age group of 60-69 and the majority of them (52.3%) were
women. Low PA was observed in 941 (54.08%) of the participants. Of all the participants, 893 (51.32%) individuals were
illiterate, 96 (5.52%) persons smoked and 311 (17.87%) persons had depressed mood (Table 1).
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Table 1
General characteristics of the participants.

    Total Participants

N=1740

Mean or Number SD or Percent

Age (years) 60 – 69 years 813 46.72%

70 – 79 years 613 35.23%

80+ years 314 18.05%

Sex Female 910 52.30%

Male 830 47.70%

Mean Years of schooling (SD( 3.717 4.806

Current Smoker No 1644 94.48%

Yes 96 5.52%

Depressed Mood (by PHQ-9) No 1429 82.13%

Yes 311 17.87%

Having Chronic Disease No 750 43.10%

Yes 990 56.90%

Mean BMI (SD) Kg/m2 25.99 5.27

SD: Standard Deviation, PHQ-9: Patient Health Questionnaire -9 items, BMI: Body Mass Index

Findings showed sleep duration, sleep quality, sleep satisfaction and sleep e�ciency signi�cantly differed in three groups of
the PA (p<0.05). This means that elderly with higher PA had higher sleep quality, sleep satisfaction and sleep e�ciency than
inactive participants; However, PA was inversely related to sleep duration, so that the elderly with moderate to high PA slept less
than other elderly (p<0.05) (Table 2).

Table 2  Domains of sleep status among different levels of physical activity.
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Total Participants

N=1740

Physical activity levels

Totally inactive

N=456(26.21%)

Low

N=941(54.08%)

Moderate to
vigerous

N=343(19.71%)

P
value

Mean
or
Number

SD or
Percent

Mean
or
Number

SD or
Percent

Mean
or
Number

SD or
Percent

Mean
or
Number

SD or
Percent

Mean Sleep Duration
minute (SD)

364.07 97.34 373.63 106.47 364.49 94.04 350.19 92.07 0.003

Sleep
Quality

Very bad 47 2.70 14 3.07% 25 2.66% 8 2.33% 0.023

Bad 333 19.14 105 23.03% 173 18.38% 55 16.03%

Good 1191 68.45 303 66.45% 655 69.61% 233 67.93%

Very good  169 9.71 34 7.46% 88 9.35% 88 9.37%

Sleep
Satisfying

Very
unsatis�ed

47 2.70 12 2.63% 28 2.98% 7 2.04% 0.008

unsatis�ed 335 19.25 102 22.37% 177 18.81% 56 16.33%

satis�ed 1178 67.70 308 67.54% 643 68.33% 227 66.18%

Very
satis�ed

180 10.34 34 7.46% 93 9.88% 53 15.45%

Mean Sleep E�ciency
score (SD)

91.97     11.32 90.21   14.74 92.59   9.77 92.62   9.71 <
0.001

SD: Standard Deviation

Univariate and multiple linear and logistic regression analysis were used to predict sleep characteristics according to different
levels of PA in the elderly. Referring to the Table 3, moderate to high PA predicted less sleep duration in the elderly. In model 3,
the elderly in the moderate to high PA group, signi�cantly slept less than other groups [B standardized = -0.083, p= 0.005].
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Table 3
Association of real sleep duration at night and physical activity in linear regression models

    β coe�cient SE β β

standardized

P value

Univariate Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) -9.141 5.539 -0.047 0.099

Moderate to High (N = 343) -23.447 6.938 -0.096 0.001

First Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) -7.730 5.558 -0.040 0.164

Moderate to High (N = 343) -20.460 7.044 -0.084 0.004

Second Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) -6.646 5.589 -0.034 0.235

Moderate to High (N = 343) -17.890 7.146 -0.073 0.012

Third Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) -7.702 5.594 -0.039 0.169

Moderate to High (N = 343) -20.232 7.205 -0.083 0.005

First Model: adjusted for age, sex, and education years

Second Model: First Model + current smoking + Body Mass Index

Third Model: Second Model + HX of chronic disease + depressed mood

According to the univariate model in Table 4, both low and moderate to high levels of PA predicted good sleep quality in the
elderly [OR 0.75 ,95% CI 0.58–0.98, p=0.035] [OR 0.64 ,95% CI 0.45–0.90, p=0.010]. With the inclusion of the depression
variable into the third model, the association between PA and quality of sleep disappeared (p>0.05).
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Table 4
Association of self-reported quality of sleep with physical activity in logistic regression

models

    Odds Ratio CI 95% OR P value

Univariate Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.755 0.581 – 0.980 0.035

Moderate to High (N = 343) 0.637 0.451 – 0.899 0.010

First Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.802 0.614 – 1.046 0.103

Moderate to High (N = 343) 0.710 0.498 – 1.012 0.058

Second Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.803 0.616 – 1.048 0.107

Moderate to High (N = 343) 0.717 0.503 – 1.023 0.067

Third Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.902 0.680 – 1.196 0.475

Moderate to High (N = 343) 0.944 0.649 – 1.373 0.763

First Model: Adjusted for age and sex

Second Model: First Model + BMI + chronic disease

Third Model: Second Model + depressed mood

According to the univariate model in Table 5, moderate to high PA was a predictor of high sleep satisfaction in the elderly [OR
0.67, 95% CI 0.48– 0.95, p=0.026]. With the inclusion of the depression variable into the third model, the association between
PA and sleep satisfaction disappeared [OR 0.90, 95%CI 0.62 –1.33, p = 0.610].
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Table 5
Association of sleep satisfaction with physical activity in logistic models

    Odds Ratio CI 95% OR P value

Univariate Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.836 0.643 – 1.086 0.180

Moderate to High (N = 343) 0.675 0.478 – 0.953 0.026

First Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.883 0.676 – 1.153 0.361

Moderate to High (N = 343) 0.744 0.521 – 1.061 0.102

Second Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.865 0.659 – 1.134 0.293

Moderate to High (N = 343) 0.705 0.490 – 1.015 0.060

Third Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.965 0.721 – 1.285 0.806

Moderate to High (N = 343) 0.905 0.617 – 1.328 0.610

First Model: Adjusted for age and sex

Second Model: First Model + education year + wealth index

Third Model: Second Model + depressed mood

Finally, the results of this study showed that according to the univariate model low and moderate to high PA predicted good
sleep e�ciency in the elderly. [OR 0.68, 95% CI 0.51–0.89, p=0.007], [OR 0.63, CI 0.46–0.95, p=0.026] According to model 1, low
PA was a good predictor of sleep e�ciency in older adults [OR 0.72, 95%CI 0.54–0.96, p=0.026]. With the inclusion of the
depression variable into the model, the relationship between PA and sleep e�ciency disappeared [OR 0.78, 95% CI 0.58 –1.04,
p = 0.089]. For more information please refer to Table 6.
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Table 6
Association of habitual sleep e�ciency and physical activity in logistic models

    Odds Ratio CI 95% OR P value

Univariate Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.679 0.513 – 0.898 0.007

Moderate to High (N = 343) 0.663 0.461– 0.953 0.026

First Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.723 0.543 – 0.963 0.026

Moderate to High (N = 343) 0.743 0.509 – 1.083 0.123

Second Model

Physical Activity Inactivate (N = 456) Reference

Low (N = 941) 0.776 0.579 – 1.040 0.089

Moderate to High (N = 343) 0.881 0.599 – 1.296 0.520

First Model: Adjusted for age and sex

Second Model: First Model + depressed mood

Discussion
Interpretation of �ndings

The aim of this study was to determine the relationship between different intensity of PA and sleep status among the elderly in
Birjand. The �ndings showed that there is a signi�cant difference in most domains of sleep status between physically active
and inactive participants. In other words, active elderly had better sleep quality, sleep satisfaction and sleep e�ciency than
inactive elderly. These results are consistent with the �ndings of other studies [33-35]. It seems that many physiological
changes during PA (e.g., increased body temperature and melatonin secretion, improved heart rate and immune function) could
potentially promote sleep and reduce depressive symptoms [34]. 

The results of this study showed that with increasing levels of PA, the quality of sleep increases. This is consistent with results
of some studies [24, 25, 33, 34, 36]. These �ndings support the importance of maintaining daily levels of PA to improve sleep
quality in the elderly. On the other hand, our �ndings were in contrast to the results of Sahin et al. and Wu et al. [5, 37]. This
difference may be due to differences in study design, PA and sleep measurement tools, and the lack of control over potential
confounders. 

Most previous research has focused on the relationship between PA and sleep quality; however, the relationship between PA
and sleep duration was examined in this study. Our Findings showed the level of PA was inversely related to duration of
sleep. Kredlow et al. in their meta-analysis study, found the effect of exercise on sleep duration in the elderly to be signi�cant
but small [35]. The results of our study contradict the �ndings of some studies that found high PA leads to longer sleep
duration [10, 36, 38, 39]. The differences may be due to differences in the type of measurement tools, PA leveling, the average
age of participants and differences between place of residence (nursing homes or community). Moreover, as the population of
our study were a mixed of rural and urban residents, it is possible that more physically active older adults lived in rural
regions and these individuals usually start to gardening at early morning. In order to assess this theory, we compared the level
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of PA in urban and rural region and we found the elderly lived in rural region were signi�cantly more physically active (data was
not showed).

In this study, the elderly who had higher PA were more satis�ed with their sleep. This �nding is in line with the results of Jacobs
et al.' and Park et al.'s studies [40, 41]. However, the hypothesis regarding the association between the demographic variables
(e.g., age, gender, and race) and poor satisfaction with sleep was not supported and PA was subcategory of health behavior
and had no relationship with sleep satisfaction in Abraham et al. study [42]. Health care providers need to identify poor sleep
satisfaction in the elderly and address non-pharmacological methods, especially exercise, to improve sleep because seniors
rarely discuss sleep complaints during routine clinic visits, and may incorrectly use over-the-counter (OTC) prescription sleep
medications [43].

The results of this study indicated that the elderly with high PA, had high sleep e�ciency which is in line with the result of
Kredlow et al.' and Zar et al.' studies [24, 35]. But Murry et al. found that a moderate to vigorous PA and time spent outdoors
had a signi�cant effect on predicting total sleep time but had no effect on predicting sleep e�ciency. Women may spend more
time outdoors in the afternoon and spend more time in bed but have less sleep e�ciency [10]. The differences in �ndings may
be due to differences in the mean age of the study population, PA and sleep measurement tools and the effect of outdoor
activity time factor on sleep e�ciency in Murry study [10].

According to our �ndings, it seems that the most in�uential factor on the relationship between PA and sleep in the elderly was
depressed mood. Therefore, it is more likely that by reducing depression, PA has a positive effect on sleep status. As observed
in most regression tables, the relationship between PA and sleep characteristics disappeared with the entry of the depressed
mood variable into the models. Some studies have shown the positive effects of aerobic exercise on sleep quality and the
relationship between reducing depressive symptoms and improving sleep quality [20]. Gar�led et al. found that in the group
with elevated depressive symptoms only, physical activity was positively associated with sleep duration in models adjusted for
all covariates (age, sex, wealth, ethnicity, smoking, alcohol consumption, BMI, long-standing illness) across low, moderate and
high PA groups, in comparison to the sedentary group[38]. Silva et al. and Hsu et al. found a negative effect of depression on
sleep quality and PA in the elderly [44, 45]. According to the Diagnostic and Statistical Manual of Mental Disorders[1], a change
in sleep status is one of the criteria for diagnosing depression. A signi�cant number of depressed patients complain of a
general deterioration in their sleep. Furthermore, some review studies have shown that PA reduces depression symptoms in the
old people [44]. Among the most-accepted explanations for the bene�ts of physical exercise in treating depression are the
increases in the release of neurotransmitters such as serotonin, noradrenaline, and dopamine [46], as well as endorphins,
which promote a general feeling of well-being, relieving depression and producing a feeling of content and of willingness to do
things [47].

Strengths and limitations

Our study has several strengths and limitations. This study is part of the �rst phase of the BLAS and has a su�cient sample
size with representative sample for older population, which allows us to conduct a comprehensive analysis. We examined the
relationship between different levels of PA with domains of sleep status using the LAPAQ for the �rst time in Iranian elderly. We
used the valid instruments for evaluation of PA and sleep status among aged people.

 The �rst limitation of this study is that we did not exclude people who were diagnosed with sleep disorders or those taking
sleeping medications. The other limitation is the very frail and completely bedridden older adults might not be able to
participate in study. Our analysis was limited to cross-sectional data, and we did not examine the longitudinal nature of the
relationship between PA and sleep domains.

[1] DSM-V-tr, 2014

Conclusions
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Physical activity, particularly moderate to high PA, results in higher sleep quality, sleep satisfaction and sleep e�ciency in the
elderly. The most in�uential factor on the relationship between PA and sleep in the elderly is depressed mood. Therefore,
targeting depression is important approach in designing interventional programs to use PA in addressing sleep disorders
among old people. Designing interventional studies also are recommended to compare the effect of various physical activities
on sleep dimensions in the elderly, especially in those with depression. Finally, it is recommended to conduct similar research in
other parts of the country to better understand physical activity and other non-pharmacological interventions (e.g., sleep
hygiene education, hypnotherapy, cognitive-behavioral therapy, massage, music, acupoints massage), to improve the sleep
status in elderly with cultural and geographical differences.
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