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Abstract
Chronic smoking may lead to postural

imbalance and there is the risk of injuries
due to instability. Balance is needed to
maintain posture. Literature is scarce
regarding static and dynamic balance in
smokers. Hence, the study aimed to evalu-
ate the static and dynamic balance in single
and dual tasks among active smokers and
age-matched non-smokers.100 smokers and
100 non-smokers aged 20-50 years were
selected by purposive sampling. Static bal-
ance was assessed by a single-leg stance
(SLS) test. Dynamic balance was assessed
by performing the time up and go (TUG)
test, and 10m walk test. All the tests were
performed in single and dual tasks in both
smokers and age-matched non-smokers.
Kolmogorov-Smirnov test was used for
assessing normality. Mann-Whitney U test
was used to compare the two groups. p-
value ≤ 0.05 was considered significant.
There was a significant difference in the
SLS test, 10M walk test, and TUG test in
single as well as dual tasks. The static and
dynamic balance is impaired in chronic
smokers in comparison to age-matched
non-smokers and seeks further exploration
in larger samples.

Introduction
Cigarette smoking is a well-known

source of various chronic diseases.1

Globally in 2019, smoking tobacco use
accounted for 7·69 million deaths and was
the leading risk factor for death among
males (20·2% of male deaths).2

In this era of modernization, factors that
promote the excess use of smoking are
curiosity, fashion, social approval, high
socioeconomic status, flavored aromatic
tobacco (in hookah), the need for diversion,

misperception of health hazards, and most
important peer pressure among teenagers
and adults.3 The physical fitness and mental
health components are affected by these
habits of smoking.4 From the previous
reports it was accounted that smokers occu-
py more medical expenditure than non-
smokers.5

Cigarette smoking delivers a drug
named nicotine which sustains tobacco
addiction. This drug has adverse effects and
affects motor, sensory, cognitive, and atten-
tion abilities.6

There is evidence, that static postural
stability is decreased in chronic smokers.7
Chronic smoking lowers muscle strength,
flexibility, and aerobic exercise level and
therefore, it promotes the change in the
body’s organic functions.4

Chronic smoking can cause dizziness,
unsteadiness, nausea, and some other prob-
lems and can also increase postural sway.8
Factors controlling the body’s balance and
orientation consist of the vestibular, visual,
somatosensory system, and motor respons-
es.9,10 These factors are required to maintain
postural control in both static and dynamic
conditions. 

Dynamic postural control plays a vital
role in maintaining dynamic balance
because individuals perform many different
tasks in daily living in a dynamic state.11

Increased risks of falls are related to bal-
ance which leads to injuries. The injuries
comprise some short- and long-term effects
i.e. functional declination, dependent care,
limitation in mobility, demotion in quality
of life, and risk of early death.12

There is a 7.3% of reduction in bone
mineral density of the lumbar spine, poorer
and weak balance, a decrease in neuromus-
cular and physical functions, and surging
bone fragility due to which there are more
chances of falls and injuries in post-
menopausal smokers.13

Nicotine affects muscles that are
responsible for the instability of upright
posture, also decreases the blood flow of the
inner ear, and reduces the accuracy of the
peripheral vestibular system.14 Cigarette
smoking may increase the risk of postural
instability during the walking and standing
phase. It is essential to maintain postural
control in static and dynamic conditions. 

The ability of the brain to organize
multi-task interactions is an important com-
ponent of motor control and balance.15

During the dual task, there is a concurrent
performance of a motor-motor or motor-
cognitive task that is performed independ-
ently and it is tested by measuring the inter-
ference of one or both tasks in one anoth-
er.16 Maintenance of balance in dual-task is
a complex outcome of trunk stability and
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the sensory-motor and/or automatic central
function.15 Hence, performing two tasks
simultaneously strains a higher degree of
attention, balancing skills, and executive
function than a single-task performance. 15

Poor attention and cognitive skills result
in impaired motor-motor or motor-sensory
tasks, such as maintaining static or dynamic
balance.17

Nicotine binds to nicotinic acetyl-
choline receptors (nAChRs), which are pen-
tameric ligand-gated ion channels com-
posed of α and β subunits (α1–7, 9–10; β1–
4); nAChRs are extensively distributed
throughout the brain and periphery and are
critical in the processes of the neuromuscu-
lar junction, neurotransmitter release, brain
maturation, reward processing, and cogni-
tion.18 To the best of our knowledge, litera-
ture is scarce regarding the static and
dynamic balance during single and dual
tasks in smokers. So, the study aimed to
evaluate the static and dynamic balance in
single and dual tasks among active smokers
and to compare it with age-matched non-
smokers.

Material and Methods 
The study was approved by the student

project committee of the Maharishi
Markandeshwar Institute of Physiotherapy
and Rehabilitation, Maharishi
Markandeshwar (Deemed to be University),
Mullana-Ambala, Haryana, India, and was
conducted in accordance with the
Declaration of Helsinki (Revised 2013) and
National Ethical Guidelines for Biomedical
and Health Research involving human par-
ticipants’ guidelines laid by the Indian
Council of Medical Research (2017).
Written informed consent was taken from
the participants. For this observational
study, 200 participants (100 smokers and
100 aged-matched non-smokers) were
recruited through a purposive sampling
method from among the university employ-

ees, students, visitors, and people residing
in the nearby community. Asymptomatic
individuals aged between 20-50 years of
males were included. Smokers with a smok-
ing history of ≥3 years and consumption of
≥10 cigarettes/day were included and age-
matched lifetime non-smokers were also
included.

The individuals were excluded if they
had any acute illness or hospitalization 6
weeks preceding the study, any documented
use of medications, metabolic disorders,
cardiovascular, musculoskeletal, sensory,
vestibular dysfunction, etc. that may affect
the outcome of the study, BMI ≥ 25 Kg/m2,
systolic BP <100 mmHg or >139 mmHg,
diastolic BP <60 mmHg or >89 mmHg and
resting heart rate ≤ 60bpm OR ≥ 100bpm

Participants meeting the exclusion and
inclusion criteria were selected for the
study. A detailed description was given to
all the participants about the study. Written
consent was obtained from participants
before the conduct of the study. After
screening the participants’ demographic
data was collected. Weight and height were
measured and then BMI was calculated.
Smoking history was recorded for smokers.

We instructed the participants not to
consume any heavy meal or cigarettes two
hours before the test conduction and all the
test was conducted between 9 am – 1 pm to
avoid any intra-day variability. 

Single leg stance (SLS) test was per-
formed for the evaluation of static balance.
10m walk test and TUG (time up and go
test) were performed for the evaluation of
dynamic balance.  To perform the SLS test,
individuals were directed to stand on a sin-
gle leg (dominant leg) and maintain bal-
ance.19 To execute the 10m walk test, the 14
m track was marked and measured on the
plane surface by indicating cones on both
starting and ending points of the track. A 2
m distance was excluded from both sides
for the acceleration and de-acceleration
phase and time was recorded for a 10m dis-
tance.20 All the participants were instructed

to walk on track and time was recorded for
the 10m using the stopwatch. To execute the
TUG test, a chair was placed at one point
and a 5m distance was marked with an indi-
cating cone on the other side as a barrier.
Participants were instructed to stand from
the chair and walk 5 meters and turn around
and walk back to the chair until seated.11

All the tests were performed in 3 differ-
ent conditions i.e., single task (performance
of the task alone), dual manual task (perfor-
mance of the task while holding a cup of
water), and cognitive task (performing test
while counting in decrement of 3). In
between each test, 5 minutes of rest was
given. For better accuracy and final analy-
sis, each test was conducted 3 times, and an
average of 3 readings was considered for
analysis.

Statistical analysis
The normality of data was assessed by

using the Kolmogorov-Smirnov test (n>50)
and the data was found to be not normality
distributed. Mann-Whitney U test was used
to compare the difference between smokers
and non-smokers. All analysis was done by
statistical software SPSS 16.0 version. A p-
value of less than 0.05 was considered sta-
tistically significant.

Results
All the participants performed all the

tests completely and there were no
dropouts. The demographic characteristics
of the participants are described in Table 1. 

The smokers recruited had a smoking
history ranging from 4 years to 27 years.
The smoking history of the participants is
described in Table 2.

There was a significant difference in
static balance in single as well as dual
(motor and cognitive) tasks (Table 3);
dynamic balance in single as well as dual
(motor and cognitive) tasks (Table 4).

                                                                                                                              Article

Table 1. Demographic characteristics of the participants.

Demographic details                          Total population (N=200)                            Smoker (N=100)                       Non-smoker (N=100)
                                                                    Median (Range)                                    Median (Range)                            Median (Range)

Age (years)                                                                      34.5 (21.0, 50.0)                                                      34.0 (22.0-50.0)                                            33.0 (21.0-50.0)
Height (m)                                                                       1.70 (1.53, 1.87)                                                      1.70 (1.55-1.85)                                            1.70 (1.53-1.85)
Weight (kg)                                                                     66.50 (42.0, 86.0)                                                     67.0 (45.0-86.0)                                            66.0 (42.0-86.0)
BMI (kg/m²)                                                                  22.41 (17.71, 24.98)                                                 22.41 (17.7-24.98)                                       22.53 (17.98-24.98)
Systolic (mmHg)                                                          130.0 (120.0, 138.0)                                                130.0 (120.0-138,0)                                      130.0 (120.0-138,0)
Diastolic (mmHg)                                                           84.0 (78.0, 89.0)                                                      84.0 (78.0, 89.0)                                            84.0 (78.0, 89.0)
N, number of participants.
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Discussion
In the present study, the author evaluat-

ed the balance between active smokers and
lifetime non-smokers by performing an SLS
test for static balance. For dynamic balance,
a 10m walk, and TUG test were performed.
All the instructions were commanded to the
participants verbally. All the tests were per-
formed 3 times for better accuracy and in
between each test 5-minute rest was given.
All the tests were performed according to
the standardized guidelines.

In the present study, the authors found
that there was a significant difference in the
SLS test, 10M walk test, and timed up-and-
go test in single as well as dual (motor and
cognitive) tasks.

Authors from previous studies reported
that chronic smoking is related to postural
instability as nicotine causes a lack of neu-
romuscular control and vestibular dysfunc-
tion.7,14,21 Cigarette smoking contains a sub-
stance called nicotine, which leads to
adverse effects on the neuromuscular junc-
tion, sensory nerve endings, ganglia, central
nervous system, and adrenal medulla which
affect the motor, sensory, cognitive, and
attentional functions.6

Nicotine when interacts with acetyl-
choline receptors, it mimics acetylcholine
(neurotransmitter), which has greater affini-
ty to the acetylcholine receptor. Nicotine
also interferes with the coagulation process
as it increases the activity of platelets which
leads to increased microvascular trauma
caused due to atherosclerosis of the
endothelial wall which causes impaired
blood flow to the spinal cord and the
brain.22 Impaired blood flow to the brain
leads to motor and cognitive deficits
because the neuromuscular junction and
frontal cerebral cortex were also affected by
impaired blood flow in the brain. These fac-
tors lead to the initiation of a chain of oxida-
tive injuries and activation of pro-inflam-
matory response that causes cellular disrup-
tion in Blood Brain Barrier (BBB) which
acts as a consequence of impairment in
motor and cognitive function.22

In the present study, we found that the
time to stand on the dominant leg in smokers
was significantly different from that of non-
smokers under single and dual tasks. A previ-
ous study conducted by Takeshi Santo et al.
reported that there is a relationship between
balance and cigarette smoking. They report-
ed that balance on one leg is considerably
reduced in smokers as compared to non-
smokers while closing their eyes.4 However,
in the present study the single-leg stance task
was performed with eyes open. This indi-
cates that smokers’ balance is affected more
because of musculoskeletal involvement.

There are several pieces of literature avail-
able indicating that muscle force-generating
capability and muscle mass are reduced in
smokers in comparison to non-smokers.23,24

A lower muscle force-generating capability
has been reported in smokers by several
studies. Authors from previous studies have
observed that there are 25% smaller fiber
cross-sectional area in the vastus lateralis
muscle; “lean body mass is also lower in
smokers as compared to non-smokers”.25

In the present study, we found that there
was a significant difference in the 10M and
TUG tests (functional balance test) in
smokers when compared to non-smokers.
10M walk test is used to assess the gait
speed, coordination, and functional balance
of an individual.26 The TUG test is used for
assessing participants moving ability and
strength during dynamic as well as static
balance by evaluating the time taken from
standing from the chair, walking 5m, turn-
ing back from the barrier, and sitting back to
the chair. These test findings could be relat-
ed to gait variability and parameters.
Smoking is related to impaired gait param-
eters and gait velocity.27 Lower gait velocity
is linked with more pack-years of smoking.
More pack year of smoking is related to
decreased speed and rhythm. Smoking com-
ponents like nicotine is having adverse
effects on the nervous system, cardiovascu-

lar system, and musculoskeletal system.
This correlation shows that smoking may
associate with gait parameters which are
comprised of slow pace, velocity, and
rhythm.27 Lamoth et al. stated that while
performing cognitive task gait variables and
trunk coordination is diminished.28

In the present study, we found that there
is a difference during attention-demanding
tasks in smokers and age-matched non-
smokers. These findings suggest that the
maintenance of static balance requires
attention. In the present study, we noticed
that the time to stand with difficulty in the
secondary task was comparatively different
in smokers. A previous study showed that
smokers have impaired cognitive function
and there is a decrease in psychomotor
speed in smokers.29 These impairments may
cause imbalance and make it difficult to
maintain stability and perform tasks.30

The study had few limitations. We
could not enroll female participants. The
study was singly cantered with participants
from the same geographical location. The
sample was small and was collected by non-
probability method though strict inclusion
and exclusion criteria were followed. We
did not record the level of physical activity
and dietary patterns of the participants sub-
jectively. We did not record the time when
the last cigarette was smoked.

                             Article

Table 2. Smoking history of participants.

Variables                                                                                            Median (Range)

No. of cigarette smoking per day                                                                                   11.5 (10.0, 18.0)
No. of years the participant is smoking                                                                        10.0 (4.0, 27.0)

Table 3. Comparison of static balance in smokers and non-smokers.

Test                                                            Smoker        Non-smoker       Z value     p-value
                                                                 (Median)         (Median)                

SLS in Single task                                                          26.5                           30                       -5.226          0.0001*
SLS in the dual cognitive task                                      25                             30                       -6.350          0.0001*
SLS in dual manual task                                                 25                             30                       -6.476          0.0001*
SLS, single leg stance; *p<0.05 was considered significant.

Table 4. Comparison of dynamic balance in smokers and non-smokers.

Test                                                               Smoker       Non-smoker     Z value     p-value
                                                                    (Median)        (Median)             

10-meter walk test in Single task                                    6.5                            6                     -4.968          0.0001*
10-meter walk test in the dual cognitive task              7.1                          6.8                   -5.092          0.0001*
10-meter walk test in dual manual task                         7.2                          6.7                   -4.121          0.0001*
TUG test in Single task                                                       7                            6.5                   -4.088          0.0001*
TUG test in the dual cognitive task                                7.5                            7                     -4.112          0.0001*
TUG test in dual manual task                                           7.5                         7.15                  -3.778          0.0001*
TUG, time up and go; *p<0.05 was considered significant.
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Conclusions
The present study concluded that static

and dynamic balance is impaired in chronic
male smokers as compared to non-smokers
and seeks further exploration in larger sam-
ples. Hence, it is reasonable to promote the
prohibition of smoking and develop exer-
cise habits focusing on muscle strengthen-
ing and balance measures.
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