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Purpose: To examine the associations between gait speed and sleep quality in first-year
university students, according to gender.

Methods: In this cross-sectional study, we recruited 193 first-year university students [mean
agetstandard deviation (SD): 19.6+1.1 years; mean height: 178.0+10.5 cm; mean weight:
74.0£11.0 kg; 26.9% women). Sleep quality was assessed using the Pittsburgh Sleep Quality
questionnaire, with a lower score indicating “better” sleep quality. Gait speed was measured
using the Zebris pressure platform. The associations were examined with generalized linear
models and multiple regression analysis.

Results: In the unadjusted model, faster participants had significantly “better” sleep quality
(p=-3.15, 95% CI —3.82 to —2.47, p<0.001). When the model was adjusted for sex, age,
body-mass index, self-rated health, smoking status, and psychological distress, faster parti-
cipants remained having “better” sleep quality (f=—2.88, 95% CI —3.53 to —2.22, p<0.001).
Conclusion: This study shows that sleep quality can be predicted by gait speed in the first-
year university students.
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Introduction
Adequate sleep is one of the most important aspects of health.'™ This statement
does not surprise, since people spend almost one-third of their lifetime sleeping.” It
has been documented, that problems related to sleep quality mainly affect approxi-
mately 40% of young adults.® Specifically, poor sleep quality may lead to health-
related issues, including mental disorders’ or delinquent behaviors.®
Biomechanical characteristics of the gait reflect walking and moving patterns and
can manifest health conditions.”'® Since both sleep quality and gait are major
contributors to health, one could expect that they influence each other.'' Previous
evidence has highlighted, that the association between sleep quality and gait is
bidirectional.'”>”"” For example, a study by Goldman et al'? has shown, that the
gait speed of those who sleep less than 6 hours per night is 3.5% slower, compared to
those who sleep 6-8 hours. A similar association has been confirmed by other
researchers in older individuals.'> In clinical practice, poor sleep efficiency and
greater sleep fragmentation were associated with the progression of step-width
variability and a more rapid deterioration in gait for patients suffering from
Parkinson’s disease.'* Sleep quality has also been associated with daily energy
expenditure,’” and daily energy expenditure has been highly associated with gait
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demands.'® Recently, a study by Liu et al'' has shown that
gait can reveal sleep quality by using a machine learning
model and Microsoft Kinect sensors in healthy students
without disabilities.

According to the aforementioned, the associations
between sleep quality and gait have been mostly conducted
adults, >3 14-16

while studies in young adults are lacking.'

among older
17,18

patients, and general
population,
In general, sleeping problems start to occur in young
adulthood,"® following several lifestyle changes of living
home, going to university, and being independent.*'
Therefore, the main purpose of the study was to examine
the associations between gait speed and sleep quality in first-
year university students, according to gender. We hypothe-
sized, that “slower” individuals would have “poorer” sleep
quality, compared to those walking “faster”. Also, women
would experience more sleeping problems, while men would
walk “faster”. If the associations were significant, this would
imply that sleep quality might be predicted by the level of
gait speed and that future interventions aiming to improve

sleep quality should also take gait speed into account.

Materials and Methods
Study Participants

In this cross-sectional study, we recruited a convenient sam-
ple of first-year university students from the Faculty of
Kinesiology, University of Zagreb, Croatia. The total num-
ber of undergraduate first-year students at the time of

measurement at the Faculty of Kinesiology was 230. By
using a 95% confidence interval of 95% and a margin of
error of 3%, the appropriate sample size was calculated to be
190. The recruitment of the study participants is presented in
Figure 1.Finally, 193 students had the questionnaires ful-
filled and gait speed measured and were enrolled in future
analyses. All students had to be healthy and without sleeping
problems at the time of measurements, which was addition-
ally explored by questionnaires. Before the study began, all
participants had given a written informed consent to partici-
pate in the study. The procedures were anonymous and
performed by the Declaration of Helsinki and approved by
the Ethical Committee of the Faculty of Kinesiology,
University of Zagreb, Croatia (Ethical code number: 2021).

Sleep Quality

Sleep quality was assessed using the Pittsburgh Sleep
Quality
questions.*> Each component is scored on a scale from 0

Index, a questionnaire composed of 19
to 3, where the lower value denotes no problems, while the
higher value denotes worsening problems. When certain
questions are combined, they create 7 major components
in the following order: (1) subjective sleep quality, (2)
sleep latency, (3) sleep duration, (4) sleep efficiency, (5)
sleep disturbances, (6) use of sleeping medications and (7)
daytime dysfunction. All seven components are then
summed up to create a scale from 0 to 21 points.”> The
reliability of the Pittsburgh Sleep Quality Index in our
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Assessed for eligibility

(n=230)
Excluded (n=37)
» [1 Did not complete gait
assessment (n=27)
[1 Were absent (n=10)
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[ Excluded from analysis (give reasons)

Figure | A flowchart diagram on the recruitment of the study participants.
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study was satisfactory (Cronbach’s 0=0.77). Before enter-
ing the study, each participant was instructed not to con-
sume alcohol at minimum of 48 h before the testing.

Gait Speed

To assess gait speed, we used a pressure platform (ZEBRIS
company, FDM; GmbH, Munich, Germany; the number of
sensors: 11,264; sampling rate: 100 Hz; sensor area: 149 cm x
54.2 cm). The procedure of measuring gait speed has been
described previously.” In brief, the walkway was 10.5 m in
length (1.5 m platform and 4.5 m custom-designed dense
material before and after the platform). The protocol consisted
of a set of instructions to participants to walk at a preferred
speed and to look straight forward across the platform being
barefoot and without targeting the platform. When the partici-
pants finished walking across a 10.5 m walkway, they needed
to turn around for 180° and continue to walk over the platform
until they reached the end of the walkway. The aforementioned
protocol was repeated once again with a total of 6 trials across
the platform. If we detected obvious gait deviations, we dis-
carded the trials and repeated the protocol.” Of note, all
measurements of gait speed were undertaken at the same
time for 5 days (between 9:00 and 11:00 h).

Covariates

Self-rated health was assessed using a one-item question:
“How would you rate your health?” with the following
answers: (1) very poor, (2) poor, (3) fair, (4) good, and (5)
excellent.** Smoking status was categorized as (1) non-
smoker, (2) former smoker, and (3) present smoker. To
assess the level of psychological distress, we used
Kessler’s six-item questionnaire with the following ques-
tions: (1) “How often during the past 30 days did you feel
nervous?”, (2) “How often during the past 30 days did you
feel hopeless?”, (3) “How often during the past 30 days
did you feel restless or fidgety?”, (4) “How often during
the past 30 days did you feel so depressed that nothing
could cheer you up?”, (5) “How often during the past 30
days did you feel that everything was an effort?” and (6)
“How often during the past 30 days did you feel
worthless?”.?° Each question is scored from 0 (none of
the time) to 4 (all of the time). Scores of each question are
summed up between 0 and 24, with a lower score indicat-
ing a lower level of psychological distress.”> Height and
weight were objectively measured by using an anthropo-
metric kit and digital scale. Body-mass index was calcu-
lated using following formula: [weight(kg)/height(m?)].

Data Analysis

Basic descriptive statistics are presented as mean and SD for
numerical and as percentages for categorical values. The
Kolmogorov—Smirnov test showed that the data were normally
distributed. Differences between men and women were exam-
ined using a Student’s #-test for independent samples or a chi-
square test. Pearson’s coefficient was used to calculate the
correlations between gait speed and sleep quality. The associa-
tions between gait speed and sleep quality were calculated with
generalized linear models and multiple regression analysis.
The dependent variable was sleep quality (score from 0-21)
and the independent variable was gait speed. Sex, age, body-
mass index, self-rated health, smoking status, and psychologi-
cal distress served as covariates in the adjusted model. Beta
coefficients () with 95% CI were used to present the associa-
tions between sleep quality and gait speed. The significance
was set at p<0.05. The Statistical Packages for Social Sciences
version 24. (IBM Corporation, Chicago, I1) was used to calcu-
late the data.

Results

Basic descriptive statistics are presented in Table 1 (mean
age+SD: 19.6£1.1 years; mean height: 178.0+£10.5 cm;
mean weight: 74.0£11.0 kg; 26.9% women). Men were
taller, heavier, and had higher body-mass index values,
compared to women. A higher prevalence of men was
categorized as ‘smokers’, while women had significantly
higher levels of psychological distress. Also, women
experienced poorer sleep quality, compared to men. No
significant differences in self-rated health and gait speed
between the sexes were observed.

The associations between gait speed and sleep quality
are presented in Table 2. In the unadjusted model, faster
participants had significantly “better” sleep quality (=
—3.15, 95% CI —3.82 to —2.47, p<0.001). Among covari-
ates put separately into the model, being a woman, being
a smoker, and having higher psychological distress were
all associated with “poorer” sleep quality. When the model
was adjusted for sex, age, body-mass index, self-rated
health, smoking status, and psychological distress, faster
participants remained to have “better” sleep quality (f=
—2.88, 95% CI —3.53 to —2.22, p<0.001). Unadjusted
Pearson’s coefficient revealed a moderate correlation
between gait speed and sleep quality (+=—0.55, p<0.001).
When the correlation was adjusted for sex, age, body-mass
index, self-rated health, smoking status, and psychological
distress, gait speed remained moderately correlated to
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Table | Basic Descriptive Statistics of the Study Participants (N=193)
Study Variables Total (N=193) Men (N=141) Women (N=52) p-value*
MeantSD MeantSD MeanitSD
Age (years) 19.6x1.1 19.6x1.0 19.5+1.5 0816
Height (cm) 178.0£10.5 181.4£9.7 168.6£6.1 <0.001
Weight (kg) 74.0£11.0 78.8+8.4 61.0£5.4 <0.001
Body-mass index (kg/m?) 23.1%2.1 23.7%1.9 21.5£1.7 <0.001
Self-rated health (scale 1-5) 4.2+0.7 4.3+0.7 4.2+0.8 0.838
Smoking status (% of “yes”) 1.4 12.8 7.7 <0.001
Psychological distress (scale 0-24) 5.8%3.6 5.4+33 7.0+4.0 0.004
Sleep quality (scale 0-21) 9.0£4.0 8.614.0 10.1+4.1 0.026
Gait speed (km/h) 4.1+£0.7 4.1+£0.7 4.0+0.8 0.536
Note: *Denotes differences between sexes; p<0.05.
Table 2 The Associations Between Gait Speed and Sleep Quality (N=193)
Study Variables Model I* Model 2*+*
p 95% CI p-value p 95% ClI p-value
Gait speed (km/h) -3.15 —3.82 to —2.47 <0.001 —2.88 —3.53 to —2.22 <0.001
Sex (1=men; 2=women) 1.45 0.19 to 2.72 0.025 0.85 —0.34 to 2.05 0.162
Age (years) 0.40 —0.10 to 0.90 0.117 0.03 —0.38 to 0.43 0.896
Body-mass index (kg/m?) 0.04 —0.23 to 0.32 0.751 0.0l —0.24 to 0.26 0.950
Self-rated health (scale |-5) —-0.59 —1.36 to0 0.18 0.131 0.08 —0.58 to 0.74 0.8I13
Smoking status (% of “yes”) 1.36 —0.01 to 2.74 0.050 0.88 —0.22 to 1.99 0.117
Psychological distress (scale 0—24) 0.37 0.22 to 0.52 <0.001 0.25 0.11 to 0.40 <0.001

Notes: *Model |: examine the associations between gait speed and sleep quality, where sex, age, body-mass index, self-rated health, smoking status, and psychological
distress were entered separately into the model; **Model 2: examine the associations between gait speed and sleep quality-adjusted for sex, age, body-mass index, self-rated

health, smoking status, and psychological distress; p<0.05.

sleep quality (=—0.43, p<0.001). Of note, “slower” gait
speed was correlated with “poorer” subjective sleep qual-
ity (=—0.36, p<0.001), “longer” sleep latency (r=—0.40,
p<0.001), “shorter” sleep duration (=—0.58, p<0.001),
“poorer” sleep efficiency (r=—0.34, p<0.001), “having
more” sleep disturbances (=—0.40, p<0.001), “using”
sleeping medications (=—0.21, p<0.001) and “greater”
daytime dysfunction (7=—0.60, p<0.001).

Discussion

The main purpose of the study was to examine the asso-
ciations between gait speed and sleep quality in first-year
university students. The main findings are: 1) women
experience “poorer” sleep quality, compared to men; 2)
gait speed is significantly associated with sleep quality and
its components, that is “faster” participants have “better”
sleep quality and 3) even after adjusting for potential
covariates, similar associations between gait speed and
sleep quality remain.

Our results are in line with previous findings conducted

1718 and older

adults.'>"? Specifically, a study by Liu et al'' has presented

among young adults,'’ general population

a new method for evaluating sleep quality in university stu-
dents. By using Microsoft Kinect system to measure gait
characteristics, the correlations between gait and sleep quality
were high (»=0.78), indicating that human health status may be
predicted by using Microsoft Kinect. Another walking inter-
vention study conducted among Japanese general population
has shown, that walking improves global Pittsburgh Sleep
Quality Index score, sleep latency (in minutes), sleep duration
(in hours), perceived sleep quality and daily disturbance
factor.' In the same study, similar improvements were
observed in both exercising and non-exercising group, pointing
out that non-intentional light physical activity, such as walking,
may have beneficial effects on sleep.'® Similar associations

have been obtained for older adults,'*"?

where short nighttime
sleep and disrupted sleep are associated with poorer neuromus-
cular performance and more functional limitations. Finally,

studies conducted in clinical practice among cataract patients
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have shown, that both sleep quality and gait significantly
improved after the surgery, highlighting the importance of
targeting both parameters, when improving overall health
status.'>'¢

Both sleep quality and gait have been consistently asso-
ciated with health.> *'° However, the mechanism underlying
the associations between sleep quality and gait is still
unknown. It has been reported that the control of the gait is
under automatic and higher executive control systems,*®
where sleep abnormalities lead to more gait deviations, sub-
sequently leading to slower processing and alternations in
gait patterns.”” Another explanation points out that gait neu-
roanatomical regions and sleep-regulation centers are con-
nected by different nuclei areas controlling gait, including the
pontine tegmentum, the pedunculopontine nucleus, and the
medial medulla.”® Nevertheless, “poor” sleep quality and
“slower” gait speed (<1 m/s) increase the risk of morbidity
and premature mortality,'® and intervention studies aiming
to improve one health indicator would indirectly affect the
other one and vice versa.

This study is not without limitations. First, we used a cross-
sectional design, so we cannot exclude the possibility of
reverse causality, that is, “slow” gait speed led to “poor”
sleep quality. Second, we used subjective measures to assess
sleep quality and general health. Self-report measures tend to
lead to considerable measurement error, recall bias and social
desirability effect,”’ and therefore there is a possibility of
common method bias which may have resulted in bias away
from the null. Moreover, students completed the questionnaires
at the individual level, referring to the students’ individual
perception of sleep quality. Third, no sleeping diaries were
assessed prior the testing. However, one criterium for entering
the study was to have healthy sleeping patterns, so we believe
that none of the participants suffered from sleeping problems.
Fourth, we only recruited the first-year university students with
more than 70% men, which might have influenced the results.
Finally, an early morning testing could have induced a a night
of poor sleep in evening types. However, they were instructed
not to consume any alcohol 48 h prior the testing. Also, no oral
or written exams had been performed at the time of testing, so
we can rule out studying late at night. Moreover, daily faculty
obligations usually start at 8:00 am for all students, and we can
speculate that evening type students had already adjusted their
sleeping patterns, according to faculty timetable. Therefore,
future research should use a longitudinal, population-based
design with objective methods (by using actigraphy or poly-
somnography to assess sleep duration and sleep quality and
more detailed medical check-up to assess general health) and

greater age range, to explore the associations between gait
speed and sleep quality.

Conclusions

This study shows a significant association between sleep
quality and gait in healthy first-year university students,
according to gender, Also, no significant differences in gait
speed between gender is observed, yet women experience
more sleeping problems, compared to men. Therefore, health-
related professionals should use both gait speed and sleep
quality in men and women, when establishing health status of
individuals, that is sleep quality is predicted by the level of
gait speed and strategies based on sleep quality improvements
should also take gait speed, as a potential factor.
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