JOURNAL of MEDICINE =rd LIFE

| ORIGINAL ARTICLE

Examining gender differences in
smoker and smoker participants

gait parameters between non-
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Smoking is one of the predictors of decreased cardiopulmonary endurance. Gait disturbance may be due to many
reasons, including cardiovascular endurance. This study aimed to determine differences in gait parameters between
non-smoker and smoker participants. A cross-sectional design was employed, involving thirty non-smokers and thir-
ty-seven smokers as participants. Detailed interviews were conducted to gather information on smoking habits, status,
and history. Gait parameters were measured using a high-quality 3D accelerometer, 3D gyroscope, and barometric
pressure sensors (Physilog4 from GaitUp). Anthropometric characteristics were described, and mean values with stan-
dard deviations (SD) were calculated. An independent two-tailed t-test was conducted to compare gait parameters
between non-smokers and smokers, with statistical significance set at p<0.05. The analysis revealed significant differ-
ences in various gait parameters between non-smokers and smokers. Specifically, significant differences were found
in cadence (t=9.95, p=0.001), stride length (t=6.85, p=0.001), stride velocity (t=-6.58, p=0.001), stance (t=2.02,
p=0.001), swing (t=3.46, p=0.001), foot flat (t=-8.94, p=0.001), pushing (t=3.53, p=0.001), and double support
(t=-13.35, p=0.001). However, no significant difference was found between non-smokers and smokers in the loading
phase (t=-1.57, p= 0.121). There were significant differences in general and temporal gait parameters between smok-
ers and non-smokers. Gait parameters provide valuable insights for evaluating functional performance and providing
objective and quantitative data to assess gait disorders. Future studies should include longitudinal studies with large
sample sizes to explore the effects of potential confounders on gait parameters.

gait parameters, cadence, stride length, stride velocity, gait cycle, stance phase
spiratory and cardiovascular diseases, a risk factor for respiratory

infections, worse surgical outcomes, osteoporosis, delayed wound
healing, diabetes, reproductive abnormalities, and duodenal and

INTRODUCTION

Smoking is one of the leading causes of mortality and mor-
bidity. According to the Saudi Ministry of Health, smoking kills
71 men and 21 women each week, equating to 5,000 deaths per
year due to smoking-related ailments. Smoking has been linked
to various serious health conditions, including cancer, heart dis-
ease, stroke, chronic obstructive pulmonary disease (COPD), di-
abetes, and even erectile dysfunction in males [1]. In accordance
with the World Health Organization framework convention, the
Saudi Ministry of Health addressed the state of tobacco usage in
Saudi Arabia in a national tobacco control program, indicating
that the average age of initiation was 19 years. They also con-
firmed that the possibility of being a smoker increases with age
[2]. Studies revealed that smoking causes lung cancer, chronic re-
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gastric ulcers [3,4]. Vital organs, such as the heart, brain, and
neurological tissues, are negatively affected by smoking. Smoking
harms an individual's physical, mental, and social qualities and
general health [5,6].

The most prevalent human movement is gait, a voluntary
and cyclical form of vertical mobility characterized by the al-
ternating and progressive action of the lower limbs [7]. Gait is
a high-level, attention-demanding, and precisely controlled task
[8]. Normal gait requires sensory integration (vestibular, pro-
prioceptive, and visual), motor planning and execution (plan-
ning, initiation, automatization, integration, and coordination of
gait), and integrated musculoskeletal and cardiovascular systems
[9]. In gait analysis, general parameters such as cadence, stride

)
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length, stride velocity, and gait cycle are examined to assess walk-
ing patterns and identify potential causes of gait disorders. By
analyzing gait, specific abnormalities can be identified, providing
valuable insights into their underlying causes [10]. Gait abnor-
malities may be caused by impaired muscle weakness, irregular
joint position, static or dynamic muscle contracture, abnormal
muscular tone, and cardiovascular condition [11].

Cigarette smoking is a well-known and significant risk fac-
tor for various cardiovascular diseases, encompassing a range
of disorders affecting the heart and blood vessels [12]. Smoking
exposes the body to chemicals in smoke-contaminated oxygen,
leading to detrimental effects on the cardiovascular system [13].
Reduced cardiopulmonary endurance is among the predictors
associated with smoking, demonstrated by lower peak oxygen
intake levels during treadmill exercise testing [5,6]. When com-
bined with physiological changes, adverse health conditions can
disrupt normal gait patterns [14]. Smoking has always been as-
sociated with a reduced walking distance during the well-estab-
lished 6-minute walk test [15]. Furthermore, research has shown
that increased pack years of smoking are associated with poorer
global gait parameters, characterized by slower and smaller steps,
longer double support, and altered rhythm and pace in the com-
munity-dwelling population [16]. Gait is considered an accurate
reflection of general health [7].

As a multidimensional phenomenon, gait can be thoroughly
studied using various techniques. Gait analysis encompasses the
exploration of multiple interacting characteristics with the aim
of better understanding potential disruptions or limitations. The
objective of this study was to compare the general and temporal
gait parameters between non-smokers and smokers. The rela-
tionship between smoking and particular spatiotemporal metrics
may indicate the processes underlying their relationships with
gait. This knowledge can lead to the identification of improved
intervention options to prevent future gait disturbances in smok-
ers and non-smokers. Such information may be valuable when
considering rehabilitation strategies or making complex thera-
peutic decisions.

MATERIAL AND METHODS

Study design and location

This cross-sectional study was conducted between May
2022 and October 2022 at the Department of Physical Therapy,
Imam Abdulrahman Bin Faisal University, located in Dammam,
Kingdom of Saudi Arabia.

Sample size calculation

The sample size was calculated using G¥Power (3.1.9.4) soft-
ware. The parameters used for calculation were as follows: test
family - t-test, statistical test - the difference between two inde-
pendent means (two groups), a priori power analysis - tails: two,
effect size: 0.8, a error probability: 0.05, power (1-3 error prob-
ability): 0.85. The calculated sample size was 60 (30 participants
in each group). To account for potential dropouts and reduce
sampling error, the sample size was increased by 10%.

Screening

Detailed interviews were conducted to screen potential par-
ticipants. Individuals with a history of drug use, musculoskeletal
allments, cardiovascular diseases, or neurological problems that
could impact normal gait patterns were excluded from the study.

Participants

A convenience sample of 67 participants, comprising 30
non-smokers and 37 smokers, was recruited for the study. The
sample included 41 males and 26 females. Participants' age
ranged from 22 to 32 years, height ranged from 162 to 181 cm,
weight ranged from 65 to 95 kg, and body mass index ranged
from 22 to 25 kg/m?. Non-smokers had never smoked, while cur-
rent smokers had a smoking history of two or more years.

Experimental tools

A portable electronic self-calibrated stadiometer cum weigh-
ing scale (Detecto scale, 750 USA) was used to the measured
height, weight, and body mass index of each participant. Physi-
log 4 from GaitUp (SA., Lausanne, Switzerland) was utilized to
determine participants' gait parameters. The Physilog from Gai-
tUp is a valid and reliable instrument for measuring spatiotempo-
ral gait characteristics [17,18].

Experimental setup

The high-quality 3D accelerometer, 3D gyroscope, and
barometric pressure sensor (Physilog4 from GaitUp) were secure-
ly attached to the participants' upper feet using straps to ensure
stability during measurements. It provided raw 3D acceleration
data at a sample rate of 128 Hz. To measure synchronized Physi-
log data, the left and right leg sensors were turned on and con-
nected to the network using the main button within a short time
interval. Each sensor began recording data upon pressing the
start button and synchronized with the master sensor. The green
light on each sensor started blinking to indicate synchronization
with the master sensor. The measurement was initiated by press-
ing the main button on the sensors and stopped by pressing the
button until the LED turned orange.

Gait recording

The gait recording procedure was standardized for each
participant in the study. The examination technique began with
an interview of each participant, followed by the completion of
self-administered questionnaires at their own convenience. A
20-meter straight, flat, and hard surface was chosen for the walk.
Physilog inertial sensors were attached to the foot of each par-
ticipant. Participants were instructed to walk at their own pace
on the straight path. The Physilog application for gait analysis
was installed on a tablet used by the researcher, and a Bluetooth
connection was established with the sensors. The previously de-
scribed experimental setup was utilized to record three trials for
cach participant. The average of three trials was calculated and
used for further analysis. The variables of interest in this study
included general parameters of gait (cadence in steps/min, stride

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 5 MAY 2023



JOURNAL of MEDICINE =nd LIFE

length in meters, stride velocity in meters/second) and temporal
parameters of gait (stance phase as a percentage of the gait cycle,
swing phase as a percentage of the gait cycle, loading phase as a
percentage of stance, foot flat as a percentage of stance, pushing
as a percentage of stance, and double support as a percentage of
the gait cycle).

Statistical analysis

The data analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS), version 26.0, developed by
SPSS Inc., located in Chicago, IL, United States. Data were care-
fully examined before the analysis to identify outliers and missing
values. The normality of the data distribution was assessed using
the Shapiro-Wilk test, with a significance level at p>0.05. The
anthropometric characteristics and gait parameters were ana-
lyzed using the independent t-test (two-tails). A p-value of <0.05
was considered statistically significant.

RESULTS

Anthropometric characteristics

Table 1 shows the anthropometric characteristics of
non-smoker and smoker participants. The mean age of

non-smokers was 26.03+5.54 years, whereas smokers had a
mean age of 24.76£4.40 years. Non-smokers had a mean
height of 178.03+4.89 cm, and smokers had a mean height
of 175.21£5.94 cm. The mean weight for non-smokers was
74.9110.08 kg, while smokers had a mean weight of 70.4618.58
kg. In terms of body mass index (BMI), non-smokers had a mean
BMI of 23.62%2.59 kg/m?, and smokers had a mean BMI of
23.1812.07 kg/m?. There were no significant differences in an-
thropometric characteristics between non-smokers and smokers,
indicating similar profiles in terms of age, height, weight, and
BMI. Table 2 also revealed that there were no significant differ-
ences between male and female participants in terms of anthro-
pometric characteristics.

Genders-specific analysis

When comparing genders separately, there were significant
differences in cadence (p=0.001), stride length (p=0.001), stride
velocity (p=0.001), swing (p=0.001), flat foot (p=0.001), pushing
(p=0.030), and double support (p=0.001) between non-smoker
males and smoker males (Table 3). However, male participants
had no significant differences in the stance phase (p=0.656) and
loading phase (p=0.552). Non-smoker males had higher cadence,
longer stride length, longer stance, larger swing phase, and great-
er pushing compared to male smokers.

Table 1. Anthropometric characteristics of non-smoker and smoker participants

. Sig.
+!
N MeanzStd. Deviation Std. Error Mean t (2-tailed)
Non-smokers 30 26.03t5.54 .82
Age (Years) -.660 512
Smokers 37 24.76+4.40 72
. Non-smokers 30 178.03+4.89 .89
Height (cm) 1.944 .054
Smokers 37 175.21£5.94 141
Non-smokers 30 74.9+10.08 1.84
Weight (Kg) 1.959 .052
Smokers 37 70.46+8.58 114
Non-smokers 30 23.62+2.59 47
BMI (kg/mz) 740 462
Smokers 37 23.18+2.07 34

Table 2. Anthropometric characteristics of male and female participants

Gender N MeanzStd. Deviation Std. Error Mean t Sig: .
(2-tailed)

Male 41 27.00+4.604 667

Age 1.81 913
Female 26 25.00+4.272 903
Male 41 179.5416.201 968

Height 5.13 623
Female 26 173.19+4.924 966
Male 41 75.42+10.182 1.590

Weight 6.53 0.88
Female 26 69.24+7.741 1.518
Male 41 24.04+8.064 1.259

BMI 541 .065
Female 26 22.97+6.172 1.21
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Table 3. Comparison of gait parameters between non-smoker and smoker male participants

Parameters

Cadence
(Steps/Min)

Stride lenght
(Meters)

Stride velocity
(Meters/Sec)

Stance
(%Cycle)

Swing
(%Cycle)

Loading
(%Stance)

Foot flat
(%Stance)

Pushing
(%Stance)

Double support
(%Cycle)

Male

Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers

Smokers

*Significant at <0.05 level.

Table 4. Comparison of gait parameters between non-smoker and smoker female participants

Parameters

Cadence
(Steps/Min)

Stride lenght
(Meters)

Stride velocity
(Meters/Sec)

Stance
(%Cycle)

Swing
(%Cycle)

Loading
(%Stance)

Foot flat
(%Stance)

Pushing
(%Stance)

Double support
(%Cycle)

Female

Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers

Smokers

*Significant at <0.05 level.

MeanzStd.
Deviation

113.28+5.07
103.64+3.15
1.33+0.07
1.24+0.05
1.06x0.07
1.18+0.07
61.30+2.15
60.99+2.17
40.18+1.47
38.08+2.07
14.69+4.72
15.69+5.71
37.14+7.53
55.1049.32
42.47+9.94
35.62+9.44
17.97+2.34
23.96£1.45

MeanzStd.
Deviation

112.16+3.81
102.59+3.59
1.32£0.05
1.22+0.06
1.10£0.07
1.23+0.10
62.35+1.37
60.23+2.10
39.12+2.73
38.14+1.38
12.65+2.84
16.00+5.62
3777774
55.86+7.95
42.29+12.01
31.68+6.38
18.33+1.85
24.46%1.76
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Std. Error Mean

1.20
0.66
0.02
0.01
0.02
0.02
0.51
0.45
0.35
0.43
11
119
177
1.94
234
1.97
0.55
0.30

Std. Error Mean

110

0.96
0.01
0.02
0.02
0.03
0.40
0.56
0.79
0.37
0.82
1.50
2.23
212

3.47
1.71

0.53
0.47

t

747

5.20

-5.62

0.45

3.64

-0.61

-6.83

2.25

-10.08

6.59

4.56

-3.91

2.99

119

-1.86

-5.86

2.87

-8.65

Sig.

(2-tailed)

0.001*

0.001*

0.001*

0.656

0.001*

0.552

0.001*

0.030*

0.0071*

Sig.

(2-tailed)

0.001*

0.001*

0.001*

0.005*

0.247

0.075

0.0071*

0.008*

0.0071*
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Table 5. Comparison of gait parameters between male and female participants

Parameters

Cadence
(Steps/Min)

Stride lenght
(Meters)

Stride velocity
(Meters/Sec)

Stance
(%Cycle)

Swing
(%Cycle)

Loading
(%Stance)

Foot flat
(%Stance)

Pushing
(%Stance)

Double support
(%Cycle)

Gender

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male
Female
Male

Female

*Significant at <0.05 level.

41
26
41
26
41
26
41
26
41
26
41
26
41
26
41
26
41
26

MeanzStd.
Deviation

111.36%4.72
101.87+2.80
1.31£0.06
1.22£0.05
1.09+0.07
1.22+0.08
61.83+2.15
60.16%1.60
39.11+2.18
38.45+1.95
13.53+4.38
17.03+5.34
40.85+10.24
56.93+7.54
41.76+10.29
32.01+7.24
19.12+£2.57
24.89+1.08

Std. Error Mean

0.75
0.54
0.01
0.01
0.01
0.02
0.34
0.31
0.34
0.38
0.69
1.03
1.62
1.45
1.63
1.39
0.4
0.21

t

9.38

5.76

-7.52

3.43

1.26

-2.93

-6.98

4.26

-10.98

Sig.

(2-tailed)

0.001*

0.001*

0.001*

0.005*

0.213

0.005*

0.001*

0.0071*

0.0071*

Table 6. Comparison of gait parameters between non-smoker and smoker participants

Parameters

Cadence
(Steps/Min)

Stride lenght
(Meters)

Stride velocity
(Meters/Sec)

Stance
(%Cycle)

Swing
(%Cycle)

Loading
(%Stance)

Foot flat
(%Stance)

Pushing
(%Stance)

Double support
(%Cycle)

Gender

Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers
Smokers
Non-Smokers

Smokers

*Significant at <0.05 level.
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30
37
30
37
30
37
30
37
30
37
30
37
30
37
30
37
30
37

MeanzStd.
Deviation

112.83+4.57
103.24+3.31
1.32+0.06
1.23+0.05
1.07+0.07
1.20+0.08
61.72+1.92
60.70%2.15
39.76+2.09
38.10+1.82
13.88+4.14
15.81+5.60
37.39+7.49
55.398.72
42.40+10.61
34.13+8.54
18.11£2.13
24.15%1.57

16 ISSUE: 5 MAY 2023

Std. Error Mean

0.83
0.54
0.01
0.01
0.01

0.01

0.35
0.35
0.38
0.30
0.76
0.92
1.37

1.43

1.94

1.40
0.39
0.26

9.95

6.85

-6.58

2.02

3.46

-1.57

-8.94

-13.35

Sig.

(2-tailed)

0.000*

0.000*

0.000*

0.048*

0.0071*

0.121

0.0071*

0.001*

0.000*
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In the female subgroup, significant differences were ob-
served in cadence (p=0.001), stride length (p=0.001), stride ve-
locity (p=0.001), stance (p=0.005), foot flat (p=0.001), pushing
(p=0.008), and double support (p=0.001) (Table 4). In contrast,
female non-smokers and smokers had no significant difference in
the swing (p=0.247) and loading phase (p=0.075). Additionally,
non-smoker females had higher cadence, stride length, stance,
swing, and pushing phase values than smoker females. Smoker
females had higher stride velocity, loading, flat foot, and double
support scores than non-smoker females.

Comparison between genders

When comparing genders, significant differences were ob-
served across all gait parameters (cadence, stride length, stride ve-
locity, stance, loading, foot flat, pushing, and double support), ex-
cept for the swing phase (Table 5). Male participants had higher
mean values of cadence, stride length, stance, swing, and pushing
than females. Female participants had greater mean values of
loading, foot flat, and double support than male participants.

Gait parameters

Table 6 revealed significant differences between non-smok-
ers and smokers in various gait parameters. Significant differ-
ences were found for cadence (t=9.95, p=0.001), stride length
(t=6.85, p=0.001), stride velocity (t=-6.58, p=0.001), stance
(t=2.02, p=0.001), swing (t=3.46, p=0.001), foot flat (t=-8.94,
p=0.001), pushing (t=3.53, p=0.001), and double support (t=-
13.35, p=0.000). However, no significant difference was observed
for the loading phase (t=-1.57, p=0.121). Non-smokers exhibited
higher cadence, longer stride length, longer stance, larger swing
phase, and greater pushing compared to smokers. Conversely,
smokers had higher stride velocity, greater loading phase, larger
foot flat, and increased double support compared to non-smokers.

DISCUSSION

The study aimed to determine differences in gait parameters
between non-smokers and smokers. The results revealed signif-
icant differences between these two groups in gait parameters.
Non-smokers had a higher cadence, longer stride length, longer
stance, larger swing phase, and larger pushing than smokers.
Smokers had higher stride velocity, higher loading phase, greater
foot flat, and bigger double support than non-smokers.

Furthermore, when comparing genders, significant differ-
ences were observed in all gait parameters (cadence, stride length,
stride velocity, stance, loading, foot flat, pushing, and double sup-
port) except for the swing phase. Male participants had greater
mean values of cadence, stride length, stance, swing, and pushing
than females. Female participants had greater mean values of
loading, foot flat, and double support than male participants.

These findings are consistent with previous studies investi-
gating gender-specific differences in gait parameters. Their find-
ings are aligned with our findings as young, healthy females have
shorter stride lengths and slower gait speed while walking at their
own pace than healthy young males, largely due to their shorter
height [17]. A study revealed that the spatiotemporal parameters
of normal gait speed, gait cycle, stride length, and cadence did
not differ significantly between males and females [18]. Males

had higher stride length, step time, cadence, and walking speed
than females [19]. Another study found that while females have
longer normalized stride lengths and higher cadence, both gen-
ders have the same step width and walking velocity, suggesting
that females make efforts to expand their stride length to match
the pace of males [20]. Moreno et al. proposed that race may
influence gender differences in gait characteristics, even though
there were no significant differences in spatiotemporal parame-
ters between genders [21]. Smith ez al. revealed no differences in
spatiotemporal parameters between females and males. Step and
stride lengths were statistically higher in females than in males
[22]. We believe all these differences were due to the physical
structure differences between genders.

Our study findings are consistent with the research conduct-
ed by Verlinder ez al. [16], who investigated the relationship be-
tween tobacco consumption and gait. They found that smoking
habits were associated with worse gait velocity and global gait.
Similarly, our findings indicated that smokers had poorer stride
length, stride velocity, duration of the gait cycle, swing phase,
loading phase, and pushing compared to non-smokers. In con-
trast, non-smokers demonstrated higher values in the stance
phase, foot flat, and double support. Different pathways and
mechanisms may describe the possible differences between smok-
ers and non-smokers with gait. It is evident in epidemiological
and animal studies that smoking and its components like nico-
tine, tar, carbon dioxide, and carbon monoxide affect various or-
gans, including the nervous, cardiovascular, and musculoskeletal
systems [23-25]. Better functioning of these organs and systems
could improve gait parameters [25-27].

One investigation found that greater pack-years of smoking
were associated with poorer gait phases and pace, resulting in
slower and smaller steps with longer double support [16]. Sim-
ilarly, our findings support these observations as smokers exhib-
ited longer stance phase, foot flat, and double support durations
compared to non-smokers. These differences indicate that smok-
ers had slower gait velocity, as it took them more time to complete
cach gait cycle.

A study found significant gait speed impairment among
women associated with smoking status [28]. Current smokers
have lower peak oxygen uptake than individuals who have never
smoked, with decreases of 15% and 7% reported [29,30]. Smok-
ers had a lower assessment of their capacity to walk various dis-
tances and speeds and climb stairs than non-smokers, which may
contribute to their lower daily physical activity in the community
[31].

Following a physical exercise intervention for smokers and
non-smokers, improvements in the walking economy were ob-
served, with a 9% increase in smokers and an 11% increase in
non-smokers. Significant differences were found between smok-
ers and non-smokers for the total walking distance during the
six-minute walk test, pain-free walking distance, and daily phys-
ical activities [32]. Additionally, smoking is associated with poor
physical performance in older women, as indicated by slower
walk tests and difficulties with rising from a seated position [33].

Smoking impacts physical performance by affecting vascu-
lar function and metabolism [34]. In addition, it reduces mus-
cle protein synthesis and raises the expression of genes linked to
impaired muscle maintenance [35]. It also reduces oxygen flow
to muscle groups, which can immediately impact physical per-
formance [36]. The acute effect includes minimum endurance,
lower maximum heart rates, and muscle fatigue [37,38]. Given

© 2023 JOURNAL of MEDICINE and LIFE. VOL: 16 ISSUE: 5 MAY 2023



JOURNAL of MEDICINE =nd LIFE

the magnitude of these negative effects, smoking may obscure
the association between general and temporal gait parameters
in both male and female participants. In addition, there were
significant differences in gait parameters between smokers and
non-smokers. This suggests that non-smoking is vital to maintain-
ing proper physical function. Smokers may remain at high risk,
and smoking habits decelerate physical function due to the harm-
ful effect of smoking. The findings of this study demonstrate dif-
ferences in gait parameters between male and female smokers
and non-smokers. Health policymakers must take proactive mea-
sures to promote better health and enhance the overall quality
of life. These measures should focus on encouraging individuals
to engage in daily physical activities and raising awareness about
the dangers of smoking

This study had some limitations. First, its cross-sectional
design precludes establishing a causal relationship between an-
ticipated factors and functional performance outcomes. Second,
the sample size was smaller than in other epidemiological and
prevalence studies, which may account for the statistically insig-
nificant results. The authors did not examine smoking history,
which may have affected the outcome variable favorably. Despite
these limitations, the study has notable strengths. The gait char-
acteristics were measured using valid and reliable tools, ensuring
the accuracy of the data collected. In clinical settings, these gait
parameters can be considered vital signs.

CONCLUSION

Our results showed significant differences in the overall and
temporal gait parameters between non-smokers and smokers.
Non-smokers had a higher cadence, longer stride length, longer
stance, larger swing phase, and larger pushing than smokers.
Smokers had higher stride velocity, higher loading phase, greater
foot flat, and bigger double support than non-smokers. Function-
al performance evaluations and quantitative data on gait disor-
ders benefit greatly from gait characteristics. Longitudinal studies
with high sample numbers are needed in future research to in-
vestigate the impact of various confounders on gait parameters.
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