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Aerobic exercise modulates cytokine profile and sleep quality in elderly
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Abstract

Background: Sleep disturbance is a major problem for older adults which can be exacerbated by increased inflammation as ag-
ing is associated with increased circulating pro-inflammatory and lower anti-inflammatory cytokines. There is a need to develop
alternative medicine techniques to help improve sleep quality in the eldetly.

Objective: To investigate the effects of aerobic exercise training on the sleep quality and inflammatory cytokines in elderly
subjects.

Material and methods: Forty previously sedentary elderly subjects participated in this study, their age ranged from 61- 67 years.
All subjects were randomly assigned to supervised aerobic exercise intervention group (group A, n=25) or control group (group
B, n=25). Polysomnographic recordings for sleep quality assessment, intetleukin- 6 (IL-6), tumor necrosis factor- alpha (TNF-a)
and interleukin-10 (IL-10) were measured before and after 6 months at the end of the study.

Results: There was a significant increase in total sleep duration, sleep efficiency and sleep onset latency in group(A) after 6
months of aerobic exercise training, while, wake time after sleep onset and rapid eye movement (REM) latency significantly re-
duced after 6 months of aerobic training compared with values obtained prior to aerobic exercise training. Also, the mean values
of TNF- o and IL-6 decreased significantly and the mean value of 1L-10 significantly increased in group (A) after the aerobic
exercise training, however 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 modality for modifying sleep quality and inflamma-
tion among elderly.
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Introduction

Aging sleep disturbance is a common problem reported by
39-75% of older persons'?. Sleep disturbance may result
in fatigue, emotional distress, difficulty with concentra-
tion and memory, daytime dysfunction and an increased
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risk of falls; it has a negative impact on morbidity, mortal-
ity and quality of life**. However, sleep disturbance is not
an inevitable part of aging’. The most frequent changes
in sleep caused by aging are increases in the frequency
nighttime awakenings and arousals and a decrease in the
time spent in deep sleep’. Additional changes in sleep can
also include increases in stages 1 and 2 sleep time, de-
creases in stages 3 and 4 sleep time, decreases in rapid eye
movement (REM) sleep, increases in sleep fragmentation,
decreases in total sleep time, decreases in sleep efficiency
and increases in sleep disturbances™’.

Because sleep complaints and sleep-related problems in-
crease with age, it is possible that they are promoted by
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low-grade systemic inflammation present in older indi-
viduals®. Indeed, this age-dependent pro-inflammatory
state may be associated with several pathophysiological
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conditions associated with sleep complaints'’, such as

sleep disturbance' ", in addition to many other age-relat-
ed diseases, such as arteriosclerosis, dementia, osteoporo-
sis, cancer'* and obesity"”. Taken together, these factors
can contribute to a poor quality of life for elderly indi-

viduals.

Because sleep complaints and sleep-related problems in-
crease with age, it is possible that they are promoted by
low-grade systemic inflammation present in older indi-
viduals'®. Indeed, this age-dependent pro-inflammatory
state may be associated with several pathophysiological
conditions associated with sleep complaints'’, such as
sleep disturbance'™"

Sleep disturbance should be recognized and managed
with either pharmacological or non-pharmacological
treatment. Lower physical activity level was found to be
a significant risk factor for insomnia®. Previous studies
have reported that moderate-intensity exercise, such as
Tai Chi or yoga may improve sleep quality”®. In addi-
tion, participation in a regular exercise program can also
have positive effects on sleep quality*, mood®, and cog-
nitive abilities®. A meta-analysis of 12 studies indicates
that regular exercise increases total sleep time”. In addi-
tion, epidemiological data based on self-reports consis-
tently support the view that acute and chronic exercise
promotes sleep®.

Most studies examining the effects of exercise on sleep
have focused on young good sleepers or fit athletes™?.
The limited data available in older adults also indicate
an association between physical activity levels and sleep

qu ahty3()

activity level can improve sleep quality in older adults™™".

. There is also evidence that increasing physical

For example, in sedentary older adults, a 16 week pro-
gram of mild to moderate intense physical activity im-
proved self-rated sleep quality*’. In another study, expo-
sure to daily physical and social activity for just 2 weeks
also had positive effects on sleep quality in older adults™.
Furthermore, in older adults with depression, progressive
weight training significantly improved measures of both
subjective sleep quality and depression®. Moreover, mod-
erate training may reduce resting plasma concentrations
of pro-inflammatory cytokines and increase anti-inflam-
matory cytokines, consequently improving the quality of
sleep'®.
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The aim of the study was to investigate the effect of aer-
obic exercise training on the sleep quality and inflamma-
tory cytokines in elderly subjects.

Patients and methods

Subjects

Fifty healthy community dwelling sedentary men and
women who were 61 years or older with symptoms of
difficulty falling asleep and/or staying asleep, given the-
opportunity to sleep, accompanied by impairment in
daytime functioning for at least 3 months. In addition,
participants were required to be independent in activities
of daily living and without significant cognitive deficits
and have a sleep efficiency (SE) less than 80% and/or
awaken earlier than desired if before 6 AM and a total
sleep time of less than 6.5 hours; Also, sedentary, defined
as participation in exercise of mild to moderate intensity
for less than 30 min per day and less than 2 times per
week on a regular basis. Exclusion criteria included his-
tory of major psychiatric disorder as mania or alcohol
or substance abuse or other neurological disorders, sig-
nificant depressive symptoms, serious medical conditions
or cardiopulmonary disease that contraindicate exercise,
current use or use within the past month of psychoactive,
hypnotic, stimulant or analgesic medications, shift work
or other types of self-imposed irregular sleep schedules,
smoking or caffeine consumption greater than 300 mg
per day. This study used a randomized parallel pre-post
design. Participants were randomly assigned to either an
aerobic exercise intervention group (group A) who par-
ticipated in the exercise intervention conducted 3 times
per week for 6 months or non-physical activity interven-
tion and control group(group B) who received no train-
ing intervention and asked to follow their usual life style.
This study was approved by the Ethical Committee for
Scientific Research, Faculty of Applied Medical Scienc-
es, King Abdulaziz University. All participants provided
written informed consent.

Measurements and procedures

A. Sleep measures: All participants underwent poly-
somnographic (PSG) recording before and after the ex-
ercise training, For the pre-intervention assessment, PSG
recording was performed over 2 nights. The first night
served as an adaption night; 48 hour later, the partici-
pants returned for another night of PSG recording, The
post-training PSG assessment occurred at least 30 hours
after the last exercise session. The participants arrived at
the sleep laboratory at 21:00; the PSG recording started
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and finished according to each volunteer’s habitual sleep
schedule. The room used for the recordings had a large
comfortable bed, acoustic isolation, and controlled tem-
perature and light. Recordings were conducted by a trained
sleep technician using a digital system (Philips-Respiron-
ics, USA). The following parameters were analyzed: (a)
total sleep time (in min), defined as the actual time spent
asleep; (b) sleep latency (in min), defined as the time from
lights out until the onset of three consecutive epochs of
stage 1 or deeper sleep; (c) sleep efficiency, defined as the
percentage of total recording time spent asleep; (d) wake
after sleep onset (in min), defined as the total time scored
as wakefulness between sleep onset and final awakening;
(e) sleep stages 1, 2, 3, and 4 as well as REM sleep as
percentages of total sleep time; and (f) latency to REM,
defined as the time from sleep onset until the first epoch
of REM sleep™.

B. Inflammatory cytokines assessment: Blood sam-
ples were collected from the antecubital vein after a 12-
hour fasting, the blood samples were centrifuged at + 4
°C (1000 = g for 10 min). Interleukin-6 (IL-6) and In-
terleukin-10 (IL-10) levels were analyzed by “Immulite
2000”immunassay analyzer (Siemens Healthcare Diag-
nostics, Deerfield, USA). However, tumor necrosis fac-
tor-alpha (TNF-a) was measured by ELISA kits (ELX
50) in addition to ELISA microplate reader (ELX 808;
BioTek Instruments, USA).
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C. Aerobic exercise training program: Patients in
group (A) were submitted to a 40 min aerobic session
on a treadmill (the initial, 5-minute warm-up phase per-
formed on the treadmill at a low load, each training ses-
sion lasted 30 minutes and ended with 5-minute recovery
and relaxation phase) either walking or running, based on
heart rate, until the target heart rate was reached, accord-
ing to American College of Sport Medicine guidelines.
The program began with 10 min of stretching and was
conducted using the maximal heart rate index (HRmax)
estimated by: 220-age. First 2 months = 60—70% of HR-
max, second 4 months = 70-80% of HRmax34.

Statistical analysis

The mean values of the investigated parameters obtained
before and after six months in both groups were com-
pared 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 64. 98 £ 4.15years, and the mean age of
group (B) was 65.72 £ 3.86years. There was no signifi-
cant differences in age, weight, height, body mass index
(BMI), waist circumference, hip circumference, systolic
blood pressure and diastolic blood pressurebetween both
groups (figure 1).

M Age (years)

m Weight (kg)BMI (kg/m2)SBP
(mmHg)DBP (mmHg)HRmax
(beat/min)

= BMI (kg/m?2)
M SBP (mmHg)
= DBP (mmHg)

W HRmax (beat/min)

Group (B)

Figure (1): Baseline characteristics of study participants.
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Regarding sleep quality parameter, there was a significan-  bic exercise training, while, awake time after sleep onset

tincrease in the total sleep duration, Sleep efficiency and and REM latency significantly reduced after 6 months of

Sleep onset latency in group(A) after 6 months of aero- aerobic training compared with values obtained prior to
aerobic exercise training (table 1).

Table 1: Mean value and significance of polysomnographic parameters, TNF-
a, IL-6 and IL-10 in group (A) before and after treatment.

Mean + SD t- value Significance
Before After
Totalssleep duration (min) 320.27 + 26.14 336.81 + 29.25% 8.24 0.006
Sleep efficiency (%) 72.31+10.28 81.24 + 11.47* 7.13 0.002
Sleep onset latency (min) 12.85+3.16 15.12+ 3.84% 6.91 0.018
Awake time after sleep onset (min) 77.56 + 12.49 63.44 + 10.23* 7.18 0.003
REM sleep latency (min) 80.26+ 13.41 65.12+ 11.37* 7.64 0.001
TNF-a (pg/mL) 5.14+1.48 3.25+1.21% 5.83 0.016
IL-6 (pg/mL) 2.73+0.97 1.64+0.75% 439 0.019
IL-10 (pg/ml) 6.12+1.25 8.34+ 1.63* 6.17 0.004

REM: rapid eye movements; TNF-a: tumor necrosis factor — alpha; IL-6: Interleukin-6; IL-10: Interleukin-
10; (*) indicates a significant difference between the two groups, P < 0.05.

Moreover, the mean values of TNF-o and IL-6 decreased however the results of the control group were not sig-
significantly and the mean value of IL-10 significantly in- nificant (table 2). Also, there were significant differences
creased in group (A) after the aerobic exercise training, between both groups at the end of the study (table 3).
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Table 2: Mean value and significance of polysomnographic parameters, TNF-a, IL-6 and IL-10 in
group (B) before and at the end of the study.
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Mean + SD t- value Significance
Before After

0.124

Total sleep duration (min) 325.19+28.25 318.65+28.72 1.95
0.061

Sleep efficiency (%) 74.23+£12.46 71.18+11.95 1.64
0.152

Sleep onset latency (min) 13.92+4.15 12.74 + 3.88 1.21
0.076

Awake time after sleep onset (min) 75.14+ 11.52 77.28 + 11.49 1.38
0.087

REM sleep latency (min) 78.68+ 12.66 79.56+ 12.41 1.16
0.319

TNF-0 (pg/mL) 471+ 1.53 4.95+1.62 0.87
0.173

IL-6 (pg/mL) 2.57+0.91 2.82+0.93 0.84
0.265

IL-10 (pg/ml) 6.44+ 137 6.27+1.35 0.92

REM: rapid eye movements; TNF-a: tumor necrosis factor —alpha; IL-6: Interleukin-6; IL-10: Interleukin-10.

Table 3: Mean value and significance of polysomnographic parameters, TNF-a, IL-6 and IL-10 in
group (A) and group (B) at the end of the study.

Mean + SD t- value Significance
Group (A) Group (B)
Total sleep duration (min) 336.81+29.25% 318.65+28.72 9.13 0.004
Sleep efficiency (%) 81.24 + 11.47* 71.18+ 11.95 7.86 0.006
Sleep onset latency (min) 15,12+ 3.84* 12,74+ 3.88 7.65 0.012
Awake time after sleep onset (min) 63.44 + 10.23% 77.28 + 11.49 7.92 0.008
REM sleep latency (min) 65.12+ 11.37* 79.56 + 12.41 8.17 0.007
TNF-a (pg/mL) 325+ 1.21% 495+ 1.62 6.74 0.021
IL-6 (pg/mL) 1.64+ 0.75% 2.82+0.93 5.15 0.034
IL-10 (pg/ml) 8.34+ 1.63* 627+ 135 6.81 0.002

REM: rapid eye movements; TNF-a: tumor necrosis factor — alpha; IL-6: Interleukin-6; IL-10: Interleukin-10; (*)
indicates a significant difference between the two groups, P < 0.05.
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Discussion

Aging sleep disorder is an increasingly prevalent serious
problem that affects more than 20% and 30%, if older
adults in western countries™. Lack of sleep can affect an
individual’s quality of life, social interaction and mood™.
To date, the most common treatments for sleep disorders
remain pharmacological agents as several systematic re-
views have reported that hypnotics improve sleep quali-
ty”"?’. However, the increased risk of adverse events was
found to be statistically significant and poses potential
risks for older individuals for falls or cognitive impair-
ment”. Although research has found that pharmacolog-
ical treatment appears an effective treatment for sleep
disorders, evidence of its sustained efficacy is lacking®.
Moreover, non-pharmacological approaches have a long
history of treating sleep disorders, among which physical
exercise is increasingly regarded as an effective way*"*.
Concerning sleep quality parameter, there was a signifi-
cant increase in the total sleep duration, sleep efficiency
and sleep onset latency in group (A) after 6 months of
aerobic exercise training, while, awake time after sleep on-
set and REM latency significantly reduced after 6 months
of aerobic training compared with values obtained prior
to aerobic exercise training (table 2), these results are in

line with many previous studies* .

Reid et al. had Seventeen sedentary elderly subjects with
insomnia who had 16 weeks of aerobic physical activ-
ity. The clearly stated that physical activity improved
sleep quality on the global Pittsburgh Sleep Quality In-
dex (PSQI) score, sleep latency, sleep duration, daytime
dysfunction and sleep efficiency®. Where, Lira et al. con-
ducted a study on fourteen male sedentary, healthy, elderly
volunteers performed moderate training for 60 minutes/
day, 3 days/week for 24 week at a work rate equivalent to
the ventilatory aerobic threshold. They proved that sleep
parameters, awake time and REM sleep latency were de-
creased after 6 months exercise training in relation base-
line values*. In addition, Yang and colleagues completed
a systematic review with meta-analysis of six randomized
trials and provided data on 305 participants (241 female).
Each of the studies examined an exercise training pro-
gram that consisted of either moderate intensity aerobic
exercise or high intensity resistance exercise. The dura-
tion 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 sleepquality.
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Compared to the control group, the exercise group had
significantly reduced sleep latency and medication use®.
While, Chen and coworkers enrolled twenty-seven par-
ticipants in 12 weeks of Baduanjin exercise training, they
showed that overall sleep quality, subjective sleep quality,
sleep latency, sleep duration, sleep efficiency, and daytime
dysfunction significantly improved after 12 weeks of in-
tervention®. In addition, Santos et al. had twenty-two
male, sedentary, healthy, elderly volunteers performed
moderate training for 60 min/day, 3 days/week for 24
week at a work rate equivalent to their ventilatory aero-
bic threshold, their findings suggest that aerobic exercise
training increased aerobic capacity parameters, decreased
REM latency and decreased time awake*’. Moreover, Pas-
sos and colleagues concluded that a 4-month intervention
of moderate aerobic exercise delivered to twenty-one
sedentary participants with chronic primary insomnia had
polysomnographic data significantly improvements fol-
lowing exercise training, where total sleep time, sleep ef-
ficiency and rapid eye movements significantly increased.
In addition, sleep onset latency and wake time after sleep
onset significantly decreased following exercise training®.
Regarding the mechanism underlying the effect of exer-
cise on sleep, although the mechanisms by which training
can improve sleep quality are not well understood. It has
been proposed that exercise training improves sleep qual-
ity through increasing energy consumption, endorphin
secretion, or body temperature in a manner that facilitates

sleep for recuperation of the body*™!

. Moreover, mod-
erate training may reduce resting plasma concentrations
of pro-inflammatory cytokines and increase anti-inflam-
matory cytokines, consequently improving the quality of

sleep®™.

Our results demonstrate that aerobic exercise training
causes reduction in TNF-« and IL-6 levels, in addition
to increase in IL-10 level which suggests that exercise
training can reduce inflammation in elderly individuals
with more significant changes following aerobic exercise
training, Regarding the aerobic exercise training, our re-
sults agreed with several studies have shown that aerobic
exercise promotes the modulation of inflammation®°.
Several large cohort studies have found a relationship be-
tween self-reported physical activity levels and systemic
markers of inflammation: higher levels of physical activ-
ity are coupled to lower levels of circulating inflammato-
ry markers in eldetly individuals®. While, Nicklas et al.
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showed that regular aerobic exercise training was efficient

0 How-

in lowering IL-6 levels even without weight loss
ever, Kohut et al. reported that 10-months of aerobic
exercise significantly reduces serum inflammatory media-
tors in older adults®’. In addition, Bote et al. demonstrat-
ed that 8-months (2 sessions/week, 60-min/session) of
aquatic-based exercise training tempered neutrophil acti-
vation (chemotaxis) and decreased systemic levels of IL.-8
and noradrenalin compared to controls. In addition,
Ploeger et al. who reported that moderate aerobic exer-
cise training has been recommended as an anti-inflam-
matory therapy®. Where, Gatta and co-workers examined
the expression of cytokines at both rest and following a
bout of isokinetic exercise performed before and after
12 weeks of resistance exercise training in 8 young and 8
elderly. They stated that expression of pro-inflammatory
cytokines MCP-1, IL-8 and IL-6 increased substantially
after acute exercise. By contrast, the expression of the
anti-inflammatory cytokines II.-4, IL.-10 and IL-13 in-
creased only slightly (or not at all) after acute exercise.
These responses were not significantly different between
young and elderly men, either before or after 12 weeks
of exercise training, They concluded that, regular exercise
training might help to normalize this inflammatory re-
sponse in the elderly®. Moreover, Santos et al. stated the
levels of 11.-6 and TNF-« and the ratio of TNF-o/I1.-10
were decreased, whereas IL.-10 levels were increased after
24 weeks moderate aerobic training.*’

The three possible mechanisms of exercise anti-inflam-
matory effects include reduction in visceral fat mass65;
reduction in the circulating numbers of pro-inflammato-

66

ry monocytes®® and an increase in the circulating numbers

of regulatory T cells®’
show that cardiorespiratory fitness is associated with re-
duced low grade inflammation that may in part be me-

diated by enhancing the ability of immune cells to sup-

. Moreover, Hong and colleagues

press inflammatory responses via adrenergic receptors®.
The training-induced sleep changes associated with an
improvement in the inflammatory profile, demonstrat-
ed by a significant decrease in the level of inflammatory
cytokines which were sufficient to improve global sleep
phases as older individuals may demonstrate elevated in-
flammatory cytokines concentrations, which can increase
non-rapid eye movement (NREM) sleep by impairing a
subset of sleep-related neurons in the preoptic area/basal
forebrain'®!*.
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The current study has important strengths and limita-
tions. The major strength is the supervised nature of the
study. All exercise sessions were supervised essentially
100%. Moreover, the study was randomized; hence, we
can extrapolate adherence to the general population. In
the other hand, the major limitations is only elderly en-
rolled in the study, so the value of this study only related
to this age group , also small sample size in both groups
may limit the possibility of generalization of the find-
ings in the present study. Finally, within the limit of this
study, exercise training is recommended for improving
sleep quality and modulation of low grade systemic in-
flammation among elderly. Further researches is needed
to explore the impact of other therapeutic modalities on
quality of sleep and other biochemical parameters among
elderly.

Conclusion

Exercise training can be considered as a non-pharmaco-
logical modality for modifying sleep quality and inflam-
mation among elderly.
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