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Abstract: Although sleep quality disorders can have a negative effect on postural control, studies
about this subject are scarce. The aim of this study is to assess the differences in standing posture
performance during dual tasking between healthy young adults with a good and poor sleep quality.
Thirty-five healthy participants (23.09 ± 3.97 years) performed a postural task (standing posture
single task ((ST)) and a dual task (DT): quiet standing while performing a concurrent cognitive task,
while the total excursion of the center of pressure (TOTEX CoP), the displacement anterior–posterior
(CoP-AP) and medial–lateral (CoP-ML), the mean total velocity displacement of CoP (MVELO
CoP) and ellipse sway area (CEA) were measured with a force plate. After assessing the sleep
quality with the Pittsburgh Sleep Quality Index, they were divided into two groups (good ((n = 21))
and poor ((n = 14)) sleep quality) to establish comparisons. This study revealed no significant
differences in TOTEX CoP, CoP-ML, CoP-AP, MVELO CoP, and CEA among both sleep quality
groups. In conclusion, differences in the sleep quality (good or poor sleep quality) among young
adults appear not to be a relevant factor in the CoP variation, but the DT versus ST can compromise
postural control performance independently of the sleep quality.
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1. Introduction

Postural control results from the complex integration of the central nervous system
with the visual, vestibular, proprioceptive, and musculoskeletal systems. Maintaining
adequate postural control during quiet standing or walking is fundamental to perform
daily life activities and preventing injuries or falls. During quiet standing, the center of
pressure (CoP) is constantly readjusted to achieve human balance and to counteract the
sway of the body; for this reason, CoP is the measure more used to assess postural sway
during static postural control [1].

Postural control integrates the postural orientation and postural equilibrium, these
processes are fundamental requirements to stabilize the body and to maintain balance in an
upright stance, and thus it is very important for successful performance of movements [2].
The quiet standing position is a complex task that involves the integration of multiple
body segments, musculoskeletal and proprioceptive systems with the aim to regulate
balance while staying upright in a static position. The standing posture is a requisite
basic to perform different tasks, from reaching to locomotion [3]. The posture provides
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the mechanical support and anticipatory postural adjustments necessary for performing
movements with an adequate support [4,5].

In daily life, it is common to perform activities in which a postural task (e.g., quiet
standing or walking) is executed concurrently with a secondary task (motor or cognitive
task). The relationship between attention and postural control is an increasing area of study
that has revealed important aspects of the cognitive processing role in postural control. The
most used methodology to ascertain its relationship is the dual-task paradigm, in which
the postural control (primary task) and a secondary task are performed simultaneously [6].

The postural control system declines with age [7,8] and clinical conditions (e.g., Parkin-
son’s disease, multiple sclerosis) [9,10]. During dual-task performance it is expected to
observe some changes in CoP behavior; these changes are more evident in the elderly,
where they are characterized by higher values of sway area and center of pressure velocity
during dual tasks, comparatively to young adults [11]. Recently sleep quality has been an
object of study in the performance of postural control. Changes in sleep quality seem to
have a negative impact on postural control performance [12] and result in higher gait vari-
ability during cognitive dual tasking compared to single tasking (e.g., only walking) [13].
In those with clinical conditions (e.g., fibromyalgia) there is also a decline in postural
performance and fall risk compared to healthy people related to sleep quality [14]. Thus,
evidence suggests that sleep quality disorders can modify the efficacy of task execution or
motor response during dual-task performance.

Good sleep quality can be considered a predictor of physical and mental health,
wellness, and vitality [15]. Therefore, sleep is essential for health, and insufficient sleep
duration, irregular timing of sleep, poor sleep quality, and circadian/sleep disturbances can
cause disorders in people’s health [16]. Essential sleep duration conditions differ across the
lifespan and from person to person. For healthy people and people without sleep disorders,
the recommendation is 7 to 9 h of sleep per night in adults aged 18 to 64 years [17].

Sleep quality is an unclear term but, in scientific research, the Pittsburgh Sleep Quality
Index (PSQI) provides a measure of global sleep quality, including subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping
medication and daytime dysfunction [18,19].

There is a lack of studies among young adults and healthy people on the postural
control and quality of sleep in dual-task performance; therefore, the aim of this study is to
assess differences in standing posture performance (CoP) during cognitive dual tasking
between healthy young adults with a good and poor sleep quality. A secondary aim is to
analyze the differences in CoP among single and cognitive dual tasking within each sleep
quality group.

2. Materials and Methods

After checking the eligibility criteria, thirty-five young adults were recruited. The
inclusion criteria for this study were: healthy young adults (18–35 years). Exclusion criteria
included: (1) diseases or injuries that affect the musculoskeletal, nervous, and/or cardiores-
piratory system, (2) being on medication, (3) recent surgeries (within less than two months)
that interfere with gait, (4) visual impairment or vision not corrected to normal vision,
(5) vestibular disorders.

All procedures were conducted in compliance with the Declaration of Helsinki and, af-
ter a detailed description of the objectives and research methodology, all subjects that agreed
to participate read and signed informed consent. This study was approved by the Ethics
Committee of the Polytechnic Institute of Coimbra (approval number: 27_CEPC2/2019,
and date of approval 26 November 2019).

Sleep quality was assessed using the PSQI. It is a valid and reliable instrument used
to assess the quality and patterns of sleep with the advantage of allowing differentiation
between good and poor adult sleepers. It differentiates “poor” from “good” sleep by
measuring the seven domains (subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime
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dysfunction). To each component is assigned a score between 0 to 3, with 0 being the very
good sleep and 3 very bad sleep, where a total equal to or less than 5 points means a good
sleep quality and values greater than 5 correspond to poor sleep quality [18].

After assessing sleep quality, the thirty-five healthy young adults (23.09 ± 3.97 years)
were divided into two groups: the good sleep quality group (n = 21) and the poor sleep
quality group (n = 14).

A Bertec® force plate, model FP4060-07-1000 (Bertec Corporation, 6171 Huntley Road,
Suite J Columbus, OH 43229, USA) with a maximum capacity of 5000 N was used to mea-
sure total excursion of the center of pressure (TOTEX CoP—unit in mm), the displacements
of the center of pressure in medial–lateral (CoP-ML—unit in mm) and anterior–posterior
(CoP-AP—unit in mm) directions, the mean total velocity displacement of CoP ((MVELO
CoP—unit in mm/s) and 95% confidence ellipse sway area (CEA—unit in mm2). The
force plate data were filtered using a 50 Hz low-pass filter, 6th Butterworth and they were
processed after the assessment with a Matlab routine (version R2020b, Mathworks, Inc.,
Natick, MA, USA).

All participants underwent anthropometric measurements (weight and height) before
performing tasks. Then, they were instructed to stand as still as possible in a quiet standing
position while focusing on a point at eye-level of the participants (single task—standing
posture) for 60 s [20].

The dual task consisted of keeping a quiet standing position while performing a
concurrent cognitive task—arithmetic or memory tasks (cognitive dual task) on their
smartphone for 60 s. The arithmetic task consisted of a sum or subtraction calculation with
one or two digits (e.g., 6 + 20 = ?; 9 + ? = 58). The memory task consisted of memorizing
three elements (number, color of the number and image) and then repeating the memorized
elements for a few seconds. For each participant, the cognitive task was chosen randomly.
The cognitive task performance on the baseline (sitting in the chair while cognitive task
performing) and on the dual task (quiet standing position while performing a concurrent
cognitive task) was estimated by the number of correct responses in each task.

Each participant repeated each task once, with a one minute rest period between the
tasks. No priority was given to cognitive and standing postural tasks. The participants
were instructed to use their personal smartphone and hold it in the usual way while
performing the cognitive task.

The statistical analysis was conducted using IBM-SPSS 25.0 software. Quantitative
descriptive data related to sample characteristics are reported as mean ± SD (standard
deviation). Homogeneity of variances and normality of the distribution of the parameters
was tested with the Levene’s and Shapiro–Wilk tests, respectively. Some outcomes were not
normally distributed; thus, the data were presented as the median and interquartile range
(IQR). The differences between groups with different sleep quality scores were assessed
through the Mann–Whitney U test. The differences in dual-task performance within each
group were analyzed with the related samples Wilcoxon signed-rank test. The statistical
significance level was set at p < 0.05.

3. Results
3.1. Sample Characteristics

Table 1 shows the participants’ characteristics. There was no difference between the
good and poor sleep quality groups for anthropometric characteristics (p > 0.05). There was
a significant difference in the total score of the PSQI between the good (3.78 ± 1.40 points)
and poor (8.29 ± 2.05 points) sleep quality groups (p < 0.001).

The cognitive task performance on the baseline (sitting while performing cognitive
task) and on the dual task (maintaining a quiet standing position while performing a
concurrent cognitive task) did not differ between good and poor sleep quality groups or
within each group (p > 0.05).
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Table 1. Anthropometrics characteristics and total PSQI score of the total sample and sleep quality
groups (mean ± SD).

Variables Sample n = 35 Good Sleep Quality Group
(n = 21)

Poor Sleep Quality Group
(n = 14)

Age (years) 23.09 ± 3.97 22.38 ± 4.20 24.14 ± 3.48
Height (m) 1.71 ± 0.10 1.73 ± 0.08 1.68 ± 0.12
Weight (Kg) 73.53 ± 15.96 74.32 ± 13.35 72.34 ± 19.74

BMI (Kg/m2) 25.07 ± 4.41 24.86 ± 3.72 25.37 ± 5.40
PSQI total 5.40 ± 2.91 3.78 ± 1.40 1 8.29 ± 2.05 1

BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index. 1 p < 0.01 between two sleep quality groups using
Mann–Whitney U test.

3.2. Postural Outcomes
3.2.1. CoP among Good Sleep and Poor Sleep Quality Groups

There were no significant differences in the total excursion of the center of pressure,
in the displacements of the center of pressure in anterior–posterior and medial–lateral
directions (statokinesigram in Figure 1), in the mean total velocity displacement of CoP,
and in the 95% confidence ellipse sway area during standing posture between the good
sleep and poor sleep quality groups (p > 0.05). CoP data (median, IQR) and statistical
comparisons among groups (Mann–Whitney U test, p-value) during standing posture
(single task) are summarized in Table 2.
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Table 2. Comparisons of center of pressure (CoP) behavior among good and poor sleep quality groups during standing
posture task (single task), median (IQR).

Outcomes Good Sleep Quality Group
(n = 21)

Poor Sleep Quality Group
(n = 14) p-Value 1

TOTEX CoP (mm) 2449.8 (2217.4–2665.8) 2376.9 (2104.1–3032.7) 0.814
CoP-AP (mm) 1848.3 (1684.6–2010.7) 1801.4 (1613.0–2267.9) 0.840
CoP-ML (mm) 1215.7 (1125.3–1347.9) 1224.7 (1034.1–1582.1) 0.762

CEA (mm2) 215.7 (106.9–386.3) 234.7 (114.2–361.7) 0.762
MVELO CoP (mm/s) 490.0 (443.5–533.2) 475.4 (420.8–606.5) 0.814

TOTEX CoP, total excursion of the center of pressure; CoP-AP, displacement of the center of pressure in anterior–posterior direction;
CoP-ML, displacement medial–lateral direction; MVELO CoP, mean total velocity displacement of CoP; CEA, 95% confidence ellipse sway
area. 1 Mann–Whitney U test.

The area of the confidence ellipse during single and cognitive dual tasking was
lower in the good sleep quality group (ST—median: 215.7 ((106.9–386.3))mm2; DT—
552.1 ((235.0–1029.6))mm2) in comparison to the poor sleep quality group (ST—median:
234.7 ((114.2–361.7))mm2; DT—726.5 ((493.9–1448.2))mm2), but this difference was not
significant (p > 0.05).
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During dual-task performance (quiet standing position while concurrently performing
a cognitive task) there were no significant differences in all CoP variables between the
good and poor sleep quality groups (p > 0.05). The statokinesigram representative of the
displacement of the center of pressure in anterior–posterior and medial–lateral directions
between the sleep quality groups during cognitive dual tasking is illustrated in Figure 2.
The CoP data (median, IQR) and statistical comparisons between sleep quality groups
(Mann–Whitney U test, p-value) during dual tasking are shown in Table 3.
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Table 3. Comparisons of CoP behavior among good and poor sleep quality groups during quiet standing position while
performing a cognitive task (dual task), median (IQR).

Outcomes Good Sleep Quality Group
(n = 21)

Poor Sleep Quality Group
(n = 21) p-Value 1

TOTEX CoP (mm) 2648.5 (2421.0–3058.1) 2497.5 (2364.8–3307.0) 0.946
CoP-AP (mm) 2010.2 (1843.0–2347.0) 1924.4 (1765.0–2457.8) 0.866
CoP-ML (mm) 1292.9 (1189.5–1412.7) 1266.8 (1190.5–1817.5) 0.736
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CoP-ML, displacement medial–lateral direction; MVELO CoP, mean total velocity displacement of CoP; CEA, 95% confidence ellipse sway
area. 1 Mann–Whitney U test.

3.2.2. CoP Comparisons among ST and DT within Each Sleep Quality Group

Within each group, between single and dual-task performance, there was a significant
difference (p < 0.05) in the total excursion of the center of pressure, in the displacements
of the center of pressure in the anterior–posterior and the medial–lateral directions, in the
mean total velocity displacement of CoP and the 95% confidence ellipse sway area. These
data are summarized in Table 4.

Table 4. Comparisons of postural outcomes between single and dual-task conditions within good sleep quality group and
poor sleep quality group, median and p-values.

Outcomes Good Sleep Quality Group
(n = 21) ST vs. DT p-Value 1 Poor Sleep Quality Group

(n = 14) ST vs. DT p-Value 1

TOTEX CoP (mm) 2449.8 vs. 2648.5 0.002 2376.9 vs. 2497.5 0.001
CoP-AP (mm) 1848.3 vs. 2010.5 0.001 1801.4 vs. 1924.4 0.002
CoP-ML (mm) 1215.7 vs. 1292.9 0.008 1224.7 vs. 1266.8 0.002

CEA (mm2) 215.7 vs. 552.1 0.000 234.7 vs. 726.5 0.002
MVELO CoP (mm/s) 490.0 vs. 529.7 0.002 475.4 vs. 499.5 0.001

TOTEX CoP, total excursion of the center of pressure; CoP-AP, displacement of the center of pressure in anterior–posterior direction;
CoP-ML, displacement medial–lateral direction; MVELO CoP, mean total velocity displacement of CoP; CEA, 95% confidence ellipse sway
area; ST, single-task; DT, dual task. 1 Related samples Wilcoxon signed-rank test.
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4. Discussion

This study investigated the differences in static postural control between good and poor
sleep groups during a single task (quiet standing position) and cognitive dual task (quiet
standing position while performing a concurrent cognitive task), in healthy young adults.

The current study results showed that variability of the center of pressure during
single and dual tasks does not differ between good and poor quality sleep groups in healthy
young adults. As such, it is suggested that in this study sample sleep quality does not
compromise the total excursion of the center of pressure, the displacements of the center
of pressure in anterior–posterior and medial–lateral directions, the mean total velocity
displacement of CoP, and the 95% confidence ellipse sway area during the static postural
control (standing posture) and the dual-task performance.

Although these results were not significant, which challenges comparison, concerning
the 95% area of the confidence ellipse during single and cognitive dual tasking we found
a lower CEA in subjects that show a good sleep quality compared to the poor sleep
quality group. The reduced area postural sway in the good quality group can suggest an
effectiveness of postural control and lower risk of fall. Previous studies demonstrate that a
greater 95% confidence ellipse area can be associated with an ineffectiveness of postural
stability [21] and a fall history in older people [22].

There are few studies comparing groups with different sleep quality in postural control
performance or/and during dual-task performance. A study that assessed the static and
dynamic postural control performance under conditions that alter sensory inputs (e.g., eyes
open or closed, rigid or soft surface), between higher and lower sleep quality groups
using the PSQI and an actigraphy to evaluate the sleep quality in healthy young adults
also found no significant differences in static postural control (eyes open—firm surface,
eyes closed—firm surface, eyes open—foam surface conditions) between the sleep quality
groups. However, in the static postural test with eyes closed on a foam surface, they found
a significant difference between groups (lower sleep quality group with worse performance
in static postural control). During dynamic postural control, they found that the lower
sleep quality group presented a worse performance in postural control than the higher
sleep quality group in most dynamics tests [12].

Another study analyzed the relationship between gait performance and sleep behavior
during single tasks and dual tasks in older adults. It was found that a lower sleep efficacy
was associated with decreased gait speed and increased gait variability during cognitive
DT (walking while concurrently performing a cognitive task) but found no correlations
between sleep and gait measures during the single task (walking only) [13]. Our study
found, within each group, the worst results in the total excursion of the center of pressure,
in the displacements of the center of pressure in the anterior–posterior and medial–lateral
directions, in the mean total velocity displacement of CoP, and the 95% confidence ellipse
sway area during the cognitive dual task compared to the single task, regardless of the
sleep quality. An explanation for this may be that the performance decrements during
the cognitive dual task could be related to the prioritization task and the individual’s
skills to allocate their cognitive resources [6,23]; in this case, the participants could be
more involved in the cognitive task performance than in maintaining balance in the quiet
standing posture.

In challenging postural conditions (reduced base support, vision deprivation, cogni-
tive load) the velocity of CoP increases but the CoP displacements decrease during dual
tasking, likely due to enhanced lower limb stiffness in healthy adults [24]. Similarly, our
results showed an increase in the mean total velocity displacement of CoP of healthy young
adults while performing a cognitive task when compared to the single postural task, using
a relatively easy postural task (quiet standing position with eyes open) and a cognitive task
with some load.

Most studies attempt to establish associations between sleep quality and cognitive
or school performance. In our case, there were no differences between good and poor
sleep quality groups or within each group regarding cognitive task performance. Similarly,
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other authors showed that there was no association between sleep quality and cognitive
performance (working memory, executive functions and procedural learning) in healthy
young adults [25]. Contrarily, other research showed a strong association between worse
school performance and sleep disturbances (poor sleep quality, insufficient duration sleep
and sleepiness) [26], emphasizing the importance of sleep in cognitive functioning, in the
performance of cognitive–motor dual tasks and in daily life conditions. Furthermore, it
showed an association between sleep disturbances (e.g., a higher number of awakenings)
and a detriment of dual-task performance in children [27].

The current study has some strengths and weaknesses. A major strength was that
static postural control was measured objectively in single and dual tasks in the different
sleep quality groups. Our study contributed more information about the comparisons
between sleep quality and dual-task performance in healthy young adults. Relative to the
task choice, we used a smartphone to allow performing dual tasks because we wanted to
reproduce the usual situations of daily life; in this case, the dual task was to keep a quiet
standing position while the participant played a cognitive game on the smartphone. Our
results represented the assessment of sleep quality and postural control in the cognitive dual
task in healthy individuals, contrary to other studies that describe postural stability after
sleep deprivation and/or with visual manipulation [28–30]. Thus, our results characterize
the real environment and add information about the normal sleep condition (normal sleep
night) and its influence on postural control in dual tasking in healthy young adults.

A limitation was the sample size was not large enough to create different sleep quality
groups with a greater sample number and to facilitate adequate statistical power. Some
studies analyze the sleep quality in sleep privation conditions, and they find that alterations
in sleep quality and pattern during consecutive days can affect balance [31,32]. We used
the PSQI to assess the subjective sleep quality during the previous month only and the
results of total score PSQI in the global sample (n = 35) approached a better sleep quality
than poor sleep quality, and this can have contributed to no difference in postural control
between sleep quality groups.

We suggest a better understanding of the influence on sleep quality in postural control
performance during dual tasking because sleep can steady and improve the consolidation
of gross motor tasks in healthy adults, despite the fact this association among learning and
sleep parameters is still controversial [33].

5. Conclusions

Good or poor sleep quality in healthy young adults appears not to be a relevant
factor influencing CoP variation. However, intra-group changes were observed in all CoP
variables in a study during cognitive dual tasking versus single task performance and
this suggests that while performing dual tasks the postural control is negatively affected,
resulting in a greater oscillation and compromising the postural control independently of
the sleep quality.
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