Aerobic exercise affects sleep, psychological wellbeing and immune system
parameters among subjects with chronic primary insomnia

Shehab M Abd El-Kader', Osama H Al-Jiffri*

1. Department of Physical Therapy, Faculty of Applied Medical Sciences, King Abdulaziz University, Jeddah,
Saudi Arabia.

2. Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences, King Abdulaziz
University, Jeddah, Saudi Arabia.

Abstract

Background: Chronic primary insomnia is characterized by long-term difficulties in maintaining and initiating sleep, too
early waking up, poor mood, fatigue, impaired concentration and poor quality of life. Exercise training is recommended to
prevent and alleviate sleep disorders.

Objective: The aim of the study was to investigate the influence of aerobic exercise training on quality of sleep, psycho-
logical wellbeing and immune system among subjects with chronic primary insomnia.

Material and methods: Eighty previously sedentary subjects with chronic primary insomnia subjects enrolled in this study,
their age ranged from 35-56 years. All participants were randomly assigned to supervised aerobic exercise intervention
group (group A, n=40) or control group (group B, n=40). Polysomnographic recordings for sleep quality assessment,
Beck Depression Inventory (BDI), Profile of Mood States(POMS), Rosenberg Self-Esteem Scale (RSES), number of
CD3+,CD4+,CD8+ T cells count and CD4/CDS8 ratio were measured before and at the end of the study after six months.
Results: There was a significant increase in the total sleep duration, sleep efficiency and sleep onset latency in group(A)
after six months of aerobic exercise training, while, wake time after sleep onset and rapid eye movement (REM) latency
significantly reduced after six months of aerobic training compared with values obtained prior to aerobic exercise training.
Also, the mean values of BDI, POMS, CD3 count, CD4 count and CD8 count decreased significantly and the mean value
of RSES significantly increased in group (A) after the aerobic exercise training, while the results of the control group were
not significant. Moreover, there were significant differences between both groups at the end of the study.

Conclusion: Exercise training can be considered as a non-pharmacological modalty for modifying sleep quality, psycholog-
ical wellbeing and immune system among subjects with chronic primary insomnia.
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Introduction

Chronic primary insomnia is characterized by long-term
difficulties in maintaining and initiating sleep, too eatly
waking up, poor mood, fatigue, impaired concentration
and poor quality of life'. Insomnia is a prevalent sleep
disorder affecting 15%-22% of worldwide population
with huge adverse impact on the general health ©*.
Insomnia is associated with psychosocial and occu-
pational impairments include cognitive deficits, poor
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mood, daytime fatigue and poor quality of life’. Many
previous studies proved an association between sleep
difficulties and immune system dysfunctions among
depressed subjects ' !'; lower NK cell activity '* and
significantly reduced levels of immune cells .
Medication is the common line of treatment for insom-
nia even it is usually associated with many side effects
and higher rate of mortality '*. In addition, behavioral
and cognitive therapies are the common nonpharmaco-
logical interventions for insomnia treatment ' '°. While,
exercise training is another alternative treatment for in-
somnia which is effective and low cost 7. Many studies
reported reduced severity of insomnia following exer-
cise training '*%.

Exercise plays a protective role against changes in the
immune system that improve body efficiency for wound
healing, reduction in risk for cancer and progression of

tumor®’. Exercise training interventions in previous-
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ly sedentary individuals have been shown to enhance
T-cell proliferative capacity >

The aim of the study was to investigate the effects of
aerobic exercise training on the quality of sleep, psy-
chological wellbeing and immune system among sub-
jects with chronic primary insomnia.

Patients and methods

Subjects

Eighty previously sedentary subjects having chronic
primary insomnia for longer than six months, their age
ranged from 35-56 years and participated in this study.
Exclusion criteria included history of use of psycho-
therapeutic drugs, shiftwork, exercise training for more

than one day /week, smoking, alcohol abuse, major
psychiatric disorders and caffeine intake more than 300
mg/day. Participants were enrolled in either an aerobic
exercise intervention group (group A) who participated
in the exercise intervention conducted three times per
week for six months or non-physical activity interven-
tion control group(group B). The CONSORT diagram
outlining the details of the screening, run-in and rand-
omization phases of the study and reasons for partic-
ipant exclusion can be found in figure (1). Informed
consent was obtained from all participants. This study
was approved by the Scientific Research Ethical Com-
mittee, Faculty of Applied Medical Sciences at King
University.
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Figure (1): Subjects screening and recruitment CONSORT diagram.

Methods

Measurements

The following measurements were taken before the
study and after 6 months at the end of the study.

A. Sleep measures: All participants underwent pol-
ysomnographic (PSG) recording before and after the
exercise training. For the pre-intervention assessment,
PSG recording was performed over 2 nights. The room
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used for the recordings had a large comfortable bed,
acoustic isolation, and controlled temperature and light.
Recordings were conducted by a trained sleep techni-
cian using a digital system (Philips-Respironics, USA)*.

B. Flow cytometry analysis: The human leukocyte
differentiation antigens CD3, CD4 and CD8 (Beckman
Coulter, Marseille, France) Five microliters of appro-
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priate monoclonal antibody was added to 50 pl. of a
whole-blood sample and incubated for 15 minutes at
room temperature. Thereafter, the erythrocytes were ly-
sed with 125 pL. of a lysing solution, OptiLyse C, for 10
minutes. The samples were analyzed by flow cytometry
using Cytomics FC 500 and CXP software (Beckman
Coulter).

C. Psychological well-being: The Rosenberg Self-Es-
teem Scale (RSES) was used to measure self-esteem
which consisted of 10 items answered on a 4-point Lik-
ert scale. The RSES higher scores means greater self-es-
teem. The Profile of Mood States (POMS) was used
to measure mood disturbances, POMS consists of 65
items on a 5-point Likert scale. However, the Beck De-
pression Inventory (BDI) was used to measure depres-
sion, which includes 21 items. The BDI higher scores
mean higher depressive symptoms level *.

Procedures

Following the previous evaluation, all patients will be
divided randomly into the following groups:

1. The training group (Group A) received aerobic ex-
ercise training for six months on the treadmill (Enraf
Nonium, Model display panel Standard, NR 1475.801,
Holand) which was conducted according to recom-
mendation of aerobic exercise application approved by

the American College of Sports Medicine ». Training
program will include 5 minutes for warming —up in the
form of range motion and stretching exercises, 30 min-
utes of aerobic exercise training with intensity equal 60-
70% of the individual maximum heart rate followed by
cooling down for 10 minutes ( on treadmill with low
speed and without inclination). Participants had 3 ses-
sions /week for 6 months with close supervision of
physical therapist.

2. The control group (Group B) received no exer-
cise intervention.

Statistical analysis

The mean values of the investigated parameters ob-
tained before and after six months in both groups were
compared using paired "t" test. Independent "t" test
was used for the comparison between the two groups

(P<0.05).

Results

The two groups were considered homogeneous regard-
ing the demographic variables. The mean age of the
group (A) was 51.27 £ 5.32 year, and the mean age of
group (B) was 52.64 £ 4.81 year. There was no signifi-
cant differences in age, body mass index (BMI), systolic
blood pressure, diastolic blood pressure and maximum
heart rate between both groups (table 1).

Table 1: Baseline characteristics of study participants.

Characteristic Group (A) Group (B) Significance
Age (years) 51274532 52.64+4.81 P>0.05
Gender (male/female) 14/26 12/28 P>0.05
BMI (kg/m?) 27.13+3.65 25.98+3.37 P>0.05
SBP (mmHg) 14826 +9.14 145.75+10.29 P>0.05
DBP (mmHg) 87.12+5.28 86.53 +4.76 P>0.05
HR,.. (beat/min) 152.74 £10.91 15435+ 12.62 P>0.05

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR max: Maximum heart rate.

Regarding sleep quality parameter, there was a significant
increase in the total sleep duration, Sleep efficiency and
Sleep onset latency in group(A) after 6 months of aero-
bic exercise training, while, awake time after sleep onset
and REM latency significantly reduced after 6 months
of aerobic training compared with values obtained pri-
ot to aerobic exercise training(table 2). Moreover, the
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mean values of BDI, POMS, CD3 count, CD4 count
and CD8 count decreased significantly and the mean
value of RSES significantly increased in group (A) after
the aerobic exercise training, however the results of the
control group were not significant (table 3). Also, there
were significant differences between both groups at the
end of the study (table 4).
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Table 2: Mean value and significance of polysomnographic parameters, psychological

wellbeing parameters, CD3 count, CD4 count and CDS8 count in group (A) before and after

treatment.
Mean + SD t- Significance
Before After value g
P <0.
Total sleep 315.17 + 27.26 342.54 + 25.92% 10.13 0-05
duration (min)
Sleep P <0.05
. + 7. . +9.38* .
effictency (%) 69.53+7.14 80.61 +9.38 775
Sleep onset P <0.05
Awake time after P <0.05
sleep onset (min) 79.13 £ 8.95 64.25 + 6.42%* 7.27
REM sleep P <0.05
latency (min) 88.76 + 9.21 6932+ 7.11% 9.16
Self-esteem (RSES) 23.15%3.29 28.26 + 3.43* 6.51 P<0.05
Depression (BDI) 7.68 + 1.54 5.17+1.22% 525 P <0.05
Total mood P <0.05
disturbance (POMS) 2536+3.21 19.78 + 2.89* 6.47
CD3 count (10°/L) 1.88 = 0.92* 131 +0.83* 4.56 P<0.05
CD4 count (10°/L) 1.63 = 0.85* 1.29 + 0.74* 4.48 P <0.05
CDS8 count (10°/L) 0.91 = 0.26* 0.63 % 0.18% 435 P <0.05

REM: rapid eye movements; RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory; POMS: Profile of
Mood States; (*) indicates a significant difference between the two groups, P < 0.05.

Table 3: Mean value and significance of polysomnographic parameters, psychological
wellbeing parameters,CD3 count, CD4 count and CD8 count in group (B) before and at the end
of the study.

Mean + SD t- value Significance

Before After g
Total sleep 319.36 % 26.52 31428 +27.11 1.85 P>0.05
duration (min)
Sleep P>0.05
efficiency (%) 70.14 £ 6.93 68.75+7.13 1.54
Sleep onset P>0.05
latency (min) 12.26 £3.37 1098 +3.12 1.35
Awake time after P>0.05
sleep onset (min) 82.32+9.31 83.76 +9.81 1.74
REM sleep P>0.05
Self-esteem (RSES) 24.71 £3.45 23.26 +3.28 1.34 P>0.05
Depression (BDI) 7.35+1.82 8.22+1.93 1.17 P>0.05
Total mood
disturbance 2421 +3.37 26.43+ 3.75 1.36 P>0.05
(POMS) '
CD3 count (107L) 1.74 £ 0.92 1.92 +0.97 0.85 P>0.05
CD4 count (107L) 1.48 +0.85 1.52+0.86 0.78 P>0.05
CD8 count (107L) 1 9,87+ 032 0.94+0.35 0.67 P>0.05

REM: rapid eye movements; RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory; POMS: Profile of
Mood States.

1764 African Health Sciences, Vol 20 Issue 4, December, 2020



Table 4: Mean value and significance of polysomnographic parameters, psychological
wellbeing parameters,CD3 count, CD4 count and CD8 count in group (A) and group (B) at the

end of the study.

Mean + SD t Significance
Group (A) Group (B) value g

P>0.05
Total sleep 342.54 +25.92* 314.28 +27.11 8.54 ~
duration (min)
Sleep P <0.05

.61 £9.38* 157, .

efficiency (%) 80.61 +£9.38 68.75+7.13 6.26
Sleep onset P <0.05
Awake time after P <0.05
sleep onset (mm) 64.25 + 6.42%* 83.76 £ 9.81 6.15
REM sleep P <0.05
Self-esteem (RSES) 28.26 + 3.43% 23.26 +3.28 501 P <0.05
Depression (BDI) 517+ 1.22% 8.22+1.93 4.63 P <0.05
Total mood P <0.05
disturbance 19.78 + 2.89% 26.43+ 3.75 4.8
(POMS) ’ ’ '
CD3 count (10"/L) 1.31+0.83* 1.92 +0.97 3.61 P <0.05
CD4 count (10"/L) 1.29 + 0.74* 1.52 +0.86 3.57 P <0.05
CD8 count (10°L) 0.63 % 0.18* 0.94+0.35 3.46 P<0.05

REM: rapid eye movements; RSES: Rosenberg Self-Esteem Scale; BDI: Beck Depression Inventory; POMS: Profile of
Mood States; (*) indicates a significant difference between the two groups, P < 0.05.

Discussion

Insomnia has significant negative impacts on mental
and physical health”, impair quality of life, and increase
healthcare costs’ and excessive daytime sleepiness *. It
can also impair the metabolic, endocrine, and immune
systems, among other deleterious effects”. However,
exercise promoted increased sleep efficiency and dura-
tion in populations suffering from chronic sleep com-
plaints**.  Concerning sleep quality parameter, the
results of the present study revealed that there was a
significant increase in the total sleep duration, sleep ef-
ficiency and sleep onset latency after 6 months of aero-
bic exercise training, while, awake time ater sleep onset
and REM latency significantly reduced after 6 months
of aerobic training compared with values obtained pri-
or to aerobic exercise training in patients with chronic
primary insomnia, these results are in line with many
previous studies.

Reid and colleagues had Seventeen sedentary elderly
subjects with insomnia who had 16 weeks of aerobic
physical activity. The clearly stated that physical activity
improved sleep quality on the global Pittsburgh Sleep
Quality Index (PSQI) score, sleep latency, sleep dura-
tion, daytime dysfunction and sleep efficiency **. Where,
Lira et al. conducted a study on fourteen male sed-
entary volunteers performed moderate training for 60
minutes/day, 3 days/week for 24 weeks at a work rate

equivalent to the ventilatory aerobic threshold. They
proved that sleep parameters, awake time and REM
sleep latency were decreased after 6 months exercise
training in relation baseline values”. Also, Yang and
colleagues completed a systematic review with me-
ta-analysis of six randomized trials and provided data
on 305 participants (241 female). Fach of the studies
examined an exercise training program that consisted
of either moderate intensity aerobic exercise or high in-
tensity resistance exercise. The duration of most of the
training programs was between 10 and 16 weeks. All
of the studies used the self-reported Pittsburgh Sleep
Quality Index to assess sleep quality. Compared to the
control group, the exercise group had significantly re-
duced sleep latency and medication use®. While, Chen
and coworkers enrolled twenty seven participants in a
12 weeks of exercise training, they proved that overall
sleep quality, subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, and daytime dysfunction sig-
nificantly improved after 12 weeks of intervention®. In
addition, Santos et al. had twenty-two male, sedentary
volunteers performed moderate training for 60 min/
day, 3 days/week for 24 week at a work rate equiva-
lent to their ventilatory aerobic threshold, their findings
suggest that aerobic exercise training increased aerobic
capacity parameters, decreased REM latency and de-

40

creased time awake™. Moreover, Passos and colleagues
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concluded that 4-month intervention of moderate aer-
obic exercise delivered to twenty-one sedentary partic-
ipants with chronic primary insomnia had polysom-
nographic data significantly improvements following
exercise training, where total sleep time, sleep efficiency
and rapid eye movements significantly increased. In ad-
dition, sleep onset latency and wake time after sleep

onset significantly decreased following exercise train-
s 4l

ing*.
Regarding, the mechanism underlying the effect of exer-
cise on sleep, although the mechanisms by which train-
ing can improve sleep quality are not well understood.
It has been proposed that exercise training improves
sleep quality through increasing energy consumption,
endorphin secretion, or body temperature in a manner
that facilitates sleep for recuperation of the body**. In
addition, some other mechanisms, such as an increas-
ing in energy consumption, endorphin secretion, body
temperature, are also beneficial to improve sleep qual-
ity®.  Moreover, moderate training may reduce resting
plasma concentrations of pro-inflammatory cytokines
and increase anti-inflammatory cytokines, consequently
improving the quality of sleep*.

Our results demonstrate that aerobic exercise training
led to decreased Beck Depression Inventory (BDI) &
Profile of Mood States (POMS) and increased Rosen-
berg Self-Esteem Scale (RSES) in patients with Chronic
Primary Insomnia. In this regard, some studies revealed
that the aerobic exercise training has a strong impact on
psychological wellbeing. Singh et al. found reductions
in subjective sleep quality and depression measures in
depressed subjects with insomnia after a 10-week ran-
domized control trial of a supervised weight-training
program conducted three times per week?. Buman and
coworkers observed a decrease in depressive symp-
toms after a 12-month intervention of moderate aer-
obic exercise and demonstrated antidepressant effect
of exercise is an important factor in improving sleep®’.
Passos and colleagues investigated the effects of a
6-month moderate aerobic exercise program on sleep
in patientswith chronic insomnia and found a signifi-
cant reduction in POMS-tension/anxiety scores as well
as improvements in sleep; however, these variables did
not correlate ®. Dunn et al. studied the dose response
relation of exercise and reduction in depressive symp-
toms in patients with mild to moderate major depres-
sion who exercised individually”. Mota-Pereira and
colleagues proved that a home-based exercise program
of 30-45 min/day walks, 5 days/week for three moths
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improved depression and functioning parameters in
treatment-resistant 150 patients with major depressive
disorder™. Meta-analyses from 2010 by Conn included
70 studies with 2679 clinically depressed subjects and
suggested that there was a moderate and statistically sig-
nificant effect size for exercise in treating depression’'.
Another review conducted for the Cochrane review
database, with 27 articles in total and 907 participants,
showed evidence suggesting exercise was effective in
the treatment of depression .

There are many possible explanations for the mecha-
nisms involve improvements in self-esteem and sleep
quality following exercise training, some of the main
biological mechanisms are reduced production of neu-
ro-inflammatory factors that affect the main neuro-im-
mune mechanisms potentially leading to symptoms
of depression-like behavior®
endorphins®, the modification in serotonin function

,lso release of Beta

proposed by excessive neurotrophins, especially Brain
Detived Neurotrophin Factor(BDNF) *".

A major finding of the present study proved that aero-
bic exercise training improved immune function among
patients with chronic primary insomnia. The results
of our study compatible with several previous studies
suggesting exercise training promote the modulation
of immune system markers. Woods et al. found that 6
months of supervised aerobic exercise training (com-
posed of 30-minutes of brisk walking 3 times/week) in
the elderly increased T-cell proliferation compared to
controls in previously sedentary elderly **. While, Kursat
et al. concluded that regular and moderate aerobic ex-
ercise on treadmill for 30 minutes has favorable effects
on the immune system by increasing immunoglobulines
(IgA, IgG and IgM levels) which are potent protective
factors™. Also, Buyukyazi proved that baseline NK cell
percentage, and serum IgA and IgM concentrations
were significantly higher among eleven elderly male ath-
letes performing regular acrobic exercise ®. The mecha-
nisms of exercise-induced immune changes in response
to exercise training include the blood concentration of
a number of stress hormones increase, including adren-
aline, noradrenaline, growth hormone, 3-endorphin and
cortisol®’. Moreover, another possible mechanisms of
exercise immune system modulating effects include in-
crease in the intetleukin -10 (IL-10)%* & decreased levels
of tumor necrosis factor-alpha (TNF-«), interleukin -6
(IL-6) and C-reactive protein(CRP) “*,

The present study has important strengths and limi-
tations. The major strength is the supervised nature
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of the study. However, all exercise sessions were su-
pervised. Moreover, the study was randomized; hence,
we can extrapolate adherence to the general popula-
tion. In the other hand, there were several limitations
to our study. First, our sample size was relatively small,
which may have limited our ability to detect differences
in our primary outcomes due to low statistical power.
The limited sample size also did not allow us to control
for many factors that may have impacted the results,
including medications, gender and race. Furthermore,
the 6-month intervention may have been too short to
improve other CVD risk factors and metrics related
to cardiovascular function. Finally, within the limit of
this study, aerobic exercise training is recommended for
modifying sleep quality, psychological wellbeing and
immune system among subjects with chronic primary
insomnia. Additional researches with larger study pop-
ulations and longer inerventions will be needed to more
thoroughly assess the biochemical and cardiovascular
benefits associated with exercise training in subjects
with chronic primary insomnia.

Conclusion

Exercise training can be considered as a non-pharma-
cological modality for modifying sleep quality, psycho-
logical wellbeing and immune system among subjects
with chronic primary insomnia.
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