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Circadian rhythms play a crucial role in regulating various physiological
functions of the human body and can impact the ability tasks. The aim of this
study was to investigate the effect of time of day on static and dynamic balance
using the cognitive task approach. We recruited 24 elderly men who performed
both static and dynamic balance tests with and without cognitive dual tasks.
Our statistical analysis, using a significance level of 0.05, revealed significant
differences in the parameters of the 95% confidence ellipse, length of path, and
average velocity of the center of pressure when performing the dual task
compared to normal walking. However, these variables did not significantly
differ at different times of the day. Interestingly, our results showed that the
center of pressure fluctuations in closed eyes and different times of the day did
not have a significant difference. Overall, our findings suggest that healthy
elderly individuals are at similar risk of falling during different hours of the day.
Nonetheless, the simultaneous execution of dual cognitive tasks leads to
balance disruption in both eyes-arm closed positions.
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Abstract

Circadian rhythms play a crucial role in regulating various physiological functions of the
human body and can impact the ability tasks. The aim of this study was to investigate the
effect of time of day on static and dynamic balance using the cognitive task approach.
We recruited 24 elderly men who performed both static and dynamic balance tests with
and without cognitive dual tasks. Our statistical analysis, using a significance level of 0.05,
revealed significant differences in the parameters of the 95% confidence ellipse, length
of path, and average velocity of the center of pressure when performing the dual task
compared to normal walking. However, these variables did not significantly differ at
different times of the day. Interestingly, our results showed that the center of pressure
fluctuations in closed eyes and different times of the day did not have a significant
difference. Overall, our findings suggest that healthy elderly individuals are at similar risk
of falling during different hours of the day. Nonetheless, the simultaneous execution of
dual cognitive tasks leads to balance disruption in both eyes-arm closed positions.
Keywords: Balance, Circadian rhythm, Cognitive task, Elderly

Extended Abstract

Introduction

Rapid population aging presents challenges, such as reduced physical strength in the
elderly, affecting mobility and daily activities. The increased elderly population also leads
to a shortage of young caregivers. Falls are a major health concern in this demographic,
with 30-35% of over-65s experiencing at least one fall annually, rising to 50% by age 80.
Early identification of those at risk can prevent falls and subsequent injuries, often leading
to loss of independence. Optimal postural balance is crucial for movement and needs
accurate measurement. Balance disorders, a common precursor to falls, have many risk
factors, classified as internal (e.g., muscle weakness) and external (e.g., time of day).
Various biological rhythms in the human body, some environmentally influenced, others
autonomous, affect our ability to perform motor tasks. For example, circadian rhythms,
driven by factors like daylight and social interactions, control many physiological functions

over a 24-hour period.
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Simultaneously performing multiple tasks can disrupt elderly individuals’ walking.
Maintaining and dividing attention between tasks is vital, especially as cortical areas
responsible for balance control can dysfunction with age. Systematic balance assessment
is necessary, with posturography often used to quantify postural sway.

Previous studies on the effect of circadian rhythm on postural balance have mainly
focused on younger people. Some suggest postural balance is better in the morning.
Given the need for reliable measures to identify fall risks and evaluate balance
intervention programs, this study aims to investigate the effect of time of day on balance
in the elderly, considering open and closed eyes and cognitive tasks. This is the first study
investigating these factors in healthy elderly, assuming a gradual deterioration of postural
balance throughout the day.

Methodology

This study is a descriptive-analytical research conducted on elderly individuals at Mehr
Retired Center of Kerman. The study was conducted over three days at specific times
(07:30 in the morning and 17:00 in the evening). The participants were healthy, male,
aged 60-70 years, with no history of lower limb fractures, no use of walking aids, no
movement restrictions in hip, thigh, knee, and ankle joints, and a minimum score of 25 in
Messi’s chronotype and sleep questionnaire. They also had the ability to understand
verbal and cognitive commands applied during the testing process.

After checking all the criteria for entering and leaving the study, 60 people had the
necessary conditions to participate in the study, out of which 24 people were randomly
selected and entered the study. The sample size was determined using Gpower software
with an effect size of 0.25, an error of a = 0.05, and a statistical power of 80%. The
subjects were randomly divided into three groups of eight people. Each person was
assigned a number, and people were assigned to groups using a lottery.

The study was approved by the ethics committee of Kerman University of Medical
Sciences. The participants completed a consent form for voluntary participation in the
test. The importance and how to carry out the research process was explained to the

subjects, but the main goal of the researcher to conduct the research remained hidden.
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To measure the fluctuations of the center of pressure in the static state (static balance)
of the patients, a foot scan RS Scan 9 device made in Belgium was used. The person
slowly stood on the device and their body oscillations were recorded for 5 seconds with
a sampling rate of 253 Hz. The average speed of the center of pressure oscillation, the
95% confidence ellipse (oscillation range), the length of the path with open and closed
eyes (three attempts of each condition) were recorded.

To measure dynamic balance, standing and walking time test was used with validity of
0.85 and reliability of 0.95. In this test, the person sits on a standard chair and after
hearing the movement command from the examiner, he must stand and walk a 3-meter
path as fast as possible; then turn around and sit on your seat. The individual’s best time
in these three tests was recorded as his record. The subjects performed both of the above
tests with and without performing the cognitive task (counting back 7 numbers between
90-150 while performing the walking movement task).

The extracted data were analyzed descriptively and inferentially by SPSS version 28
statistical software with a significance level of 0.05. The normality of data distribution was
checked using the Shapiro-Wilk test, and the homogeneity of variances was checked
using the Lune test. After confirming these presuppositions, the cross-sectional variance
analysis test was used to compare the information obtained at different times of the day
and in different states of recording the fluctuations of the center of pressure (static
balance) and the time of standing up and walking test (dynamic balance) with and without
homework Cognitive was used. The results showed a gradual deterioration with eyes
closed and also with the cognitive task.

Findings

Table 2 records the subjects’ physical and demographic characteristics. The Shapiro-Wilk
test results indicated the need for parametric statistics due to the natural distribution of
data in the morning and evening (p < 0.05).

Table 3 presents the cross-sectional variance analysis test results. For open-eye center
of pressure oscillations, significant differences were found in the 95% confidence ellipse
parameters (oscillation range) (p = 0.033), path length (p = 0.041), and average center of

pressure oscillation speed (p = 0.028) when performing a dual task compared to normal
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walking. However, these variables showed no significant difference at different times of
the day (07:30 and 17:00) (p = 0.05).

For closed-eye center of pressure oscillations at different times of the day and under the
influence of a cognitive dual task, no significant difference was observed. Similarly, the
standing and walking balance test results showed no significant difference at different
times of the day (p = 0.354) and under the influence of the dual cognitive task (p = 0.471).
No significant difference was observed in all mentioned parameters in the interaction
mode of time of day and state (under dual cognitive task) (p > 0.05).

Discussion and conclusion

This study aimed to examine the impact of the time of day (morning and evening) on the
balance of the elderly, both with open and closed eyes, using a cognitive task approach.
The key findings revealed that the time of day does not influence the static and dynamic
balance of the elderly. However, performing a cognitive task while walking can disrupt
static and dynamic balance, regardless of whether the eyes are open or closed.

The study’s results align with previous research that found no significant effect of the time
of day on the balance performance of healthy elderly individuals. This suggests that
despite physiological and functional factors being influenced by the circadian rhythm, the
balance of the elderly remains unaffected by the time of day.

Contrarily, some studies have shown a small but significant effect of the time of day on
the balance of the elderly. For instance, a meta-analysis by Alex |. Halpern et al. (2022)
found that elderly individuals’ balance improves in the evening. Similarly, Vasilios Milonas
et al. (2022) showed that healthy individuals have better balance performance at night,
while the elderly perform better during the day.

The current study’s results contradict these findings, possibly due to the lack of
homogeneity of the subjects in terms of chronotype. All the elderly participants in this
study were morning types, whereas previous research did not specify or control for this
factor. Other potential reasons for the discrepancy include differences in gender,
participant number, age range, societal culture, test accuracy and tools, testing hours,

and whether the test was continuous or discontinuous.
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The study concluded that if a cognitive task is performed simultaneously while walking,
the static and dynamic balance of the elderly is disturbed. This suggests that maintaining
and controlling the posture of the elderly while walking requires more cognitive effort.
Therefore, performing cognitive tasks while walking can disrupt their concentration and
attention resources.

These findings are consistent with a previous study by Razavi et al. (2016), which found
that the time of day has no significant effect on the dynamic balance of elderly women
under single and dual cognitive tasks. However, Anderson et al. (2016) argued that the
time of day should be considered an effective factor during the cognitive measurement of
the elderly.

The study also suggested that midday sleep might be one of the reasons for the lack of
difference in postural control in the morning and evening, as it can improve sensory
processes, movement performance, alertness, and memory formation. However, our
understanding of the effect of midday sleep on cognitive and motor performance remains

incomplete.
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