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ABSTRACT

Objectives: To compare physical activity, postural
stability, and muscle strength in Saudi adolescents
with normal and poor sleep quality.

Methods: This cross-sectional study investigated 62
Saudi adolescents between December 2017 and April
2018 at Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia. Participants were classified
into 2 equal groups; one with normal sleep (NS)
and the other with poor sleep (PS). TecnoBody
balance system was used to measure postural stability,
ActiGraph to assess physical activity, and hand
dynamometer and pinch gauge to assess hand grip
and key pinch strength respectively.

Results: At low platform stability, PS group showed
poorer postural stability indices than NS group either
with eyes opened or closed (p<0.05). ActiGraph
data revealed that the physical activity parameters
including the total steps count, total activities count,
activity rate, and the vigorous activity time were
significantly lower in PS group (p<0.05). The PS
group had significantly more total sedentary time
than the NS group. Muscle strength parameters did
not show any significant difference between groups

(»>0.05).

Conclusion: Poor sleep significantly impaired postural
stability and physical activity in Saudi adolescents.
However, poor sleep had no effect on their isometric
muscle strength.
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Saudi Arabian adolescents have greater levels of poor sleep
quality than adolescents from other countries. They also
delay weekend sleep and rise times longer.! Poor sleep quality
can affect wakefulness, cognitive ability, motor performance,
and postural control.? Aguiar and Barela’ demonstrated
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that poor sleep quality affects driving through reaction
time and eye-hand coordination, and increases body sway,
thereby affecting postural stability. Bromley et al* reported
that people with insufficient sleep complained of daytime
sleepiness and decreased physical activity levels. Few studies
have investigated the effects of poor sleep quality on muscle
strength and body performance, and the results are conflicting.
One study reported that total sleep deprivation had no effect
on the muscle strength of the right- and left-hand grips or the
leg and back musculature. Conversely, another study showed
that weight-lifting performance decreased in participants
with partial sleep deprivation.” Fullagar et al® have reported
that poor sleep quality negatively affects muscle strength,
speed, and power.

Despite being a large field and important for human
health and growth, sleep medicine studies are limited.
Furthermore, the effects of poor sleep quality on the human
body are unclear. The goal of our study was to compare
physical activity level, postural stability, and isometric muscle
strength in Saudi adolescents with normal and poor sleep

quality.

Methods. A convenience sample of 62 Saudi
adolescents (boysand girls) aged 12-15 years participated
in this cross-sectional study after obtaining written
informed consent. The participants were recruited from
the primary and intermediate governmental and private
schools in the Eastern Region of Saudi Arabia between
December 2017 and April 2018.

We initially screened 200 adolescents for eligibility.
Based on the Pittsburgh Sleep Quality Index (PSQI),
110 adolescents were eligible to participate. However,
48 were excluded because they either did not meet the
inclusion criteria or refused to participate. The exclusion
criteria included 1) a history of musculoskeletal, neural,
visual, vestibular, mental, or psychological disorders;
2) diabetes mellitus; 3) obesity and underweight
based on the Centers for Disease Control/World
Health Organization (CDC/WHO) body mass index
(BMI) classification. Based on the remaining eligible
adolescents’ sleep status (PSQI results), they were
divided into one group of 31 students with normal sleep
quality (NS) and another equally homogenous group
with poor sleep quality (PS). This study was approved
by the Institutional Review Board (IRB) committee at
Imam Abdulrahman Bin Faisal University, Dammam,
Saudi Arabia.
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work was not supported or funded by any drug company.

NC
OPEN ACCESS


http://www.smj.org.sa/index.php/smj/index

Sleep quality in Saudi adolescents .... Al-Rasheed & Ibrahim

We assessed sleep quality and distinguished poor
sleep quality from normal sleep quality using the PSQ],
which is a self-reported questionnaire that assesses
sleep quality over a one-month period. It consists of 24
questions covering 7 sleep areas: subjective sleep quality,
sleep latency, sleep duration, regular sleep efficiency,
sleep disturbances, the use of sleep medication, and
daytime dysfunction. A PSQI score >5 indicates the
participant has poor sleep quality. The PSQI has been
validated and is reliable in its English and Arabic
versions.”

Two well trained research assistants conducted
all outcome measurements and were blinded to the
groups allocation. Measurements were performed
in strict sequence as follows: we obtained the height,
weight, and BMI of all participants using a comfortable
digital weight and height scale (Detecto PD300MHR,
USA). We obtained the postural stability measurements
using a ProKin 212 N (TecnoBody, Italy). This is a valid
and reliable device® that measures balance and postural
stability under dynamic stress. On this device, the foot
platform can tilt up to 15° from horizontal on all sides.
There are 50 levels of stability, levels 1-10 on a dynamic
platform and levels 10-50 on a static platform. Level 1
is considered the least stable, and level 50 is the most
stable.® We determined the anterior-posterior stability
index (APSI), medial-lateral stability index (MLSI), and
overall stability index (OSI) for all study participants
with their eyes opened and closed. We considered the
OSI to be the best measure of overall subject stability
on the platform. A high score meant impaired postural
stability, while a low score indicated normal postural
stability.” We tested the students’ postural stability at
dynamic levels 1, 5, and 10, which was suitable for the
abilities of our healthy adolescents. We based this testing
protocol on the TecnoBody manual and procedures
described by Ibrahim et al.’

Each level was composed of 2 trials with each trial
lasting 30 seconds. The participant rested for 5 min
between trial levels. We then used the mean of the 2
trials at each level to reduce the learning effects.

We measured hand grip and key pinch strength
with a hydraulic hand dynamometer and pinch gauge
(JAMAR Hand Evaluation Kit, Patterson Medical
Holdings, Inc., Canada), valid and reliable instruments.'
The adolescents rested for 1 minute after the postural
stability tests before we took the measurements, and
the researcher explained the measurement procedure to
the adolescents before the test. We conducted 3 trials
and recorded the highest result, which was expressed in
kilograms. There was a 30-seconds rest period between
trials to decrease the influence of fatigue.

We measured physical activity parameters using a
wrist ActiGraph (ActiGrapgh wGT3X-BT, Pensacola,
FL, USA), which is a valid and reliable device for
assessing physical activity and various sleep variables."
All adolescents wore the ActiGraph on their wrist for
4 consecutive days. As recommended in the literature,
we instructed the students to wear the accelerometer
(ActiGraph) on their dominant hand 24 hours/day,
removing it only during swimming, bathing, and
ablutions.

The ActiGraph wear-time requirement is 22 days
and 210 hours/day, and we excluded wear times less
than that from the analysis. The parameters presented in
Table 2 were recorded and analyzed for all participants.
In addition, the total wear time (min); average wear
time per day (min); total non-wear time (min); average
non-wear time per day (min) were recorded and
analyzed.

Statistical analysis. We performed the statistical
analyses using SPSS software version 20 (IBM Corp,
Armonk, NY). Independent t-test was used to compare
between the 2 groups for all continuous variables.
Statistical significance was indicated by a probability of
<0.05.

Table 1 - Comparing the postural stability indices in both groups at stability level 1 with eyes opened and closed

(Independent t-test).

Parameters Values (MeanSD) Sig. 95% confidence interval
NS group PS group Lower Upper
Level of stability 1 (eyes OSI 10.1+1.9 11.2+1.2 0.008* 0.31 1.93
opened) MLSI 8.1+1.5 8.7+ 1.1 0.042* 0.03 1.35
APSI 6.4+1.4 7.0+ 1.5 0.074 -0.07 1.40
Level of stability 1 (eyes OSI 119+ 1.6 129+0.8 0.003* 0.35 1.62
closed) MLSI 8.6+ 1.0 9.4+0.8 0.001* 0.35 1.26
APSI 7.8+1.7 8.6+1.2 0.024* 0.11 1.59

NS: normal sleep, PS: poor sleep, OSI: overall stability index, MLSI: medial-lateral stability index, APSI:
anterior-posterior stability index. *significant difference (p<0.05)
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Results. Sixty-two adolescents (25 males and
37 females) with a mean age of 13.24 + 0.82 years
participated in this study. The groups with normal and
poor sleep showed no significant differences in their
demographic or anthropometric characteristics.

No significant differences in the postural stability
parameters (eyes opened and closed) were recorded
between the NS and PS groups (p>0.05) at stability
levels 5 and 10. However, at stability level 1 (least
stable), all postural stability indices (except eyes-opened
APSI) were significantly higher (more impaired) in the
PS group than in the NS group (p<0.05) (Table 1).

No significant differences were found between the NS
and PS groups in the ActiGraph wear-time information
(p>0.05). Except for the total light and moderate
activity times, the physical activity parameters were
significantly lower in the PS group compared to the NS
group (p<0.05). The PS group had significantly more
total sedentary time than the NS group in conjunction
with significantly less total vigorous activity time than
the NS group (Table 2).

The isometric muscle strength parameters did not
significantly differ between the NS and PS groups
(»>0.05) (Table 3).

Discussion. The PS group had poorer postural
stability indices than the NS group only at stability

level 1 (lowest stability; both eyes opened and closed).
This agrees with Karita et al'* who found significant
balance and postural stability impairments in a
group they examined that worked overtime and had
insufficient sleep. Furtado et al* have also reported that
a group with poor sleep quality performed significantly
worse on a balance test than a group with normal sleep
quality, both with their eyes opened or closed. They
suggested the poor performance of the PS group at the
low stability level might be due to an increased demand
for attention and alertness, which are reduced in
people with poor sleep quality."'? Furtado et al' further
suggests that all stability indices are poorer when the
eyes are closed due to the lack of visual input to the
brain sensory integration regions. In addition, they
proposed that these brain regions are directly affected
in people who have not slept for 24 hours (acute sleep
deprivation).

ActiGraph data revealed that all physical activity
parameters including total steps, total activity counts,
and activity rate were significantly lower in the PS group
compared to the NS group. Furthermore, we found that
the time spent on sedentary activities was significantly
higher in the PS group than in the NS group, while
the time spent on vigorous activities was significantly
higher in the NS group than in the PS group. Bromley
et al* have reported similar findings. In this study, they

Table 2 - Comparing the ActiGraph physical activities in both groups (independent t-test).

Parameters Values (Mean+SD) Sig. 95% confidence interval
NS group PS group Lower Upper
Total steps (counts) 48155 + 13262 40405 + 10861 0.015* -13908 -1592
Total activity (counts) 20173167 + 5475834 17019919 + 4635836 0.017* -5730846 -575651
Activity rate (count/minute) 3938 + 749 3329 + 716 0.002* -982 -237
Total sedentary time (minutes) 3073 + 471 3380 + 503 0.016* 60 555
Total light time (minutes) 1269 + 280 1180 + 300 0.231 -236 58
Total moderate time (minutes) 631 + 240 539 + 178 0.092 -199 15
Total vigorous time (minutes) 57 +52 26 26 0.004* -52 -11

NS: normal sleep, PS: poor sleep. *significant difference (p<0.05)

Table 3 - Comparing the isometric muscle strength in both groups (Independent t-test).

Parameters Values (Kilogram) (Mean+SD) Sig.  95% confidence interval
NS group PS group Lower Upper
Hand grip strength (dominant) 20.1+8.8 21.0 £+ 4.6 0.59 -2.6 4.5
Hand grip strength (non-dominant) 18.5+7.9 19.5 + 4.1 0.52 -2.2 4.2
Key pinch strength (dominant) 3.8+3.0 3.6+1.1 0.81 -1.3 1.0
Key pinch strength (non-dominant) 3.7+3.2 3.3+0.89 0.51 -1.6 0.8

NS: normal sleep, PS: poor sleep. *significant difference (p<0.05).
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compared physical activity parameters in children who
slept <9 hours/day with those of children who slept 210
hours/day. The total physical activity was significantly
lower in the children who slept <9 hours/day compared
to those who slept =210 hours/day. In addition, the
children who slept <9 hours/day spent more time in
sedentary activity compared to those who slept more
(p<0.01).

The decreased level of physical activity associated with
poor sleep quality is believed to be due to a combination
of multiple factors. Bromley et al* proposed that poor
sleep quality can increase overnight energy expenditure
by 20% to 30%, causing a reduced metabolic rate in the
early morning. The lowered physical activity level may
be attributable to this reduced early morning metabolic
rate. In addition, Chennaoui et al'* have reported that
sleep deprivation can increase insulin resistance and
reduce glucose tolerance, precipitating body weakness
and a reduction in overall physical activity level.
Chennaoui et al" have also recorded a reduction in
VO2 max in association with sleep deprivation.

Muscle strength data showed no significant
differences between the PS and NS groups for any of
the isometric muscle strength parameters. In agreement
with our results, Bambaeichi et al”® found no significant
effect on isometric muscle strength over the course of
the day after a sleep duration of 2.5 hours per night.
Contradicting our results, a review article by Fullagar et
al® reported that poor sleep quality negatively affected
a weightlifting task, possible due to an associated
impairment in mood state. They concluded that the
effect of poor sleep quality on muscle strength was
still not clear, and in general, the mechanisms behind
muscle strength changes associated with poor sleep
quality remain unexplained.

Study limitations. First, the sample was a convenience
sample and limited to a small number of adolescents.
The participants were only recruited from schools in the
Eastern Province, which could affect the generalizability
of the results to the entire Kingdom.

In conclusions, we can conclude that poor sleep
quality significantly impairs postural stability only at
the lowest platform stability level. Poor sleep quality also
significantly impairs some physical activity parameters.
However, it had no effect on isometric muscle strength.
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