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BACKGROUND
The World Health Organization has warned that cigarette smoking is an
avoidable risk factor for endothelial injury. Myogenin might play a role in
muscle metabolism and energy utilization. Electrolytes and minerals are
involved in most cellular activities. The objective of this study was to
compare myogenin and electrolyte levels between adult male cigarette
smokers (CS) and non-smokers (NS).
METHODS
A cross-sectional study was conducted involving 90 subjects, consisting
of 55 CS and 35 NS. The sandwich enzyme-linked immunosorbent assay
was used to determine myogenin levels while the ion-selective electrode
method was used to determine electrolyte levels. The levels of sodium,
potassium, and chloride and the body mass index (BMI) were measured.
Mann-Whitney and independent t-test were used to analyse the data.
RESULTS
The BMI of CS was significantly lower than that of NS (p < 0.05). The mean
serum levels of sodium (145.23 ± 1.87), potassium (4.00 ± 0.31) and chloride
(103.95 ± 1.60) were significantly higher in the CS than in the NS (these
being 142.38 ± 2.49, 3.83 ± 0.33, and 101.48 ± 2.08, respectively) (p<0.05).
Myogenin levels (44.24 ± 14.60 pg/mL) tended to decrease in the CS group
compared to the NS group (59.66 ± 61.73 pg/mL), but the difference was
statistically not significant (p=0.769).
CONCLUSION
The study demonstrated that higher concentrations of sodium, potassium
and chloride with lower concentrations of myogenin in smokers may be
associated with higher risk of skeletal muscle tissue injury probably due to
the inability of the affected small blood vessels to transport electrolytes to
tissues.
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INTRODUCTION
Cigarette production involves a number of
substances and materials other than just tobacco,
paper and a filter. Tobacco additives include
flavorings, enhancers, humectants, sugars, and
ammonium compounds. (1) Nicotine is an
addictive substance in cigarettes which causes
regular intake of the cigarette smoke that leads
to health harms and death. Today, the
uncountable negative effects of cigarette
smoking are widely accepted.(2) The rate of
smoking is still rising in some parts of developing
nations (3) and close to half of cigarette smokers
die of tobacco-related diseases and lose an
average 14 years of life.(2) Cigarette smoke
contains about 7,000 chemical compounds,
including not limited to cyanide, lead, nicotine,
carbon monoxide, arsenic, formaldehyde,
acrolein and other harmful substances and about
70 of these can lead to cancer.(4) Smoking, a
preventable risk factor for endothelial injury, is
said to have become the global number two killer
after hypertension.(5) Cigarette use is the leading
cause of preventable diseases, which could
result in pathologies of most organs and tissues
in the body, such as the kidneys and oral
cavity.(6) Cigarette smoking also has great effect
on systemic tissues such as skeletal muscle.(7)
These tissues are important in the day-today hormonal functions of the body and its
metabolism, including electrolyte balance and
myogenin sensitivity which shows the
remarkable and harmful impact of smoking on
metabolism of skeletal muscle and kidney
homeostatic function. Cigarette smoke contains
substances that can stimulate the breakdown of
muscle protein and inhibit protein synthesis and
this could lead to muscle dysfunction.(8) Myogenin
is a muscle-specific transcription factor which
helps in the co-ordination of the development
and repair of skeletal muscle.(9) Myogenin as a
skeletal muscle biomarker can denote the
presence of skeletal muscle dysfunction. Even
though its role in adult skeletal muscle is still
uncertain, previous studies suggest that
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myogenin has a vital role as a high-level
transcriptional regulator that controls the energy
balance between aerobic and anaerobic
metabolism of the skeletal muscle of an adult.(10)
Electrolytes, which are substances that can
conduct electric current, are located in the
intracellular and extracellular fluid in the body
with sodium being the major cation and chloride
being the major anion in the extracellular fluid.
Potassium is the major cation in the intracellular
fluid. Electrolytes can dissociate in solution and
play a major role in homeostasis.(11) The serum
electrolytes which include sodium, potassium,
chloride and bicarbonate enable the body to
maintain and regulate nerve function, water
balance, acid-base balance and muscle function
and these electrolytes can be increased or
decreased in pathological conditions such as
organ damage (e.g. of the kidneys) or diseased
conditions which lead to imbalance of the serum
electrolytes.(12) Sodium and potassium are vital
for nerve function and nerves have the function
of signaling the muscle to contract and relax by
passing electric impulses from the brain to the
muscle tissues. During muscle relaxation, sodium
levels are higher inside the muscle cells than
outside. During contraction, which is initiated by
a signal from the nerves, sodium flows into the
cell while potassium flows out.(13) Also research
has shown the importance of calcium,
magnesium and chloride in the contraction and
relaxation of the skeletal muscles.(14,15)
Numerous studies have shown that
smoking has a very harmful effect on the lungs
with an indirect effect on the tissues of the
muscles. A recent study shows that smoking
decreases the number of small blood vessels that
bring oxygen and nutrients to muscles in the
legs.(16) It was discovered that smoking makes
the muscles weaker and thereby limits the ability
of an individual to exercise and this was due to
inflammation of the lungs and subsequent
destruction by habitual smoking thereby limiting
exercise. Recent findings suggest that cigarette
smoke damages muscle cells directly by reducing
the number of blood vessels in leg muscles which
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leads to oxygen reduction and reduced nutrient
intake. This can have an effect on muscle
metabolism and its level of activity.(16)
Myogenin is present in skeletal muscle and
is essential to promote terminal differentiation
of myocytes. It has been observed that longterm cigarette smoking significantly decreases
myogenin expression in the gastrocnemius
tissues of rats.(17) Besides, salidroside mitigates
skeletal muscle atrophy in rats with cigarette
smoke-induced chronic obstructive pulmonary
disease (COPD) by up-regulating myogenin and
down-regulating myostatin expression.
Electrolyte imbalance could greatly affect
skeletal muscle function. Hypophosphatemia and
hypokalemia are the most known causes of
myopathy.(18) A study in thirty smokers and thirty
non-smokers as matched controls showed a
significant increase in sodium level immediately
after smoking and no significant change in
potassium level in smokers.(19) Another study
involving 100 male smokers and 40 non-smokers
showed a significant effect on the activity of
liver enzyme, calcium, phosphate and iron levels
in smokers compared to non-smokers but no
significant effect on sodium, chloride and
potassium levels in smokers.(20) Previous studies
have focused on the effect of smoking on
expression of electrolytes and included myogenin
as difference variable. The objective of the
present study was to compare the levels of
myogenin and electrolytes between adult male
cigarette smokers and non-smokers.
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Heine Universität Düsseldorf, Germany). Power
analysis for difference between two independent
means (groups) was conducted in G*Power to
determine a sufficient sample size using an alpha
of 0.05, a power of 0.80 and a medium effect
size. Based on these, the calculated total sample
size of 84 has a power of 80% to detect a
difference of 0.50 at a significance level of 0.05.
A total of 90 participants within the age of 1865 years were recruited by convenience sampling
for this study, comprising 55 smokers (test) and
35 non-smokers (control). The inclusion criterion
was male CS and NS within the age range of
18-65 years. and the exclusion criterion was
subjects with underlying disease such as diabetes
mellitus, autoimmune disorders and skeletal
muscle diseases. Participants for this study were
recruited from Nnamdi Azikiwe University
teaching hospital, restaurants and drinking pubs
within Nnew Metropolis, Anambra State,
Nigeria.
Laboratory analysis
Determination of the levels of electrolytes
was based on a potentiometric method using ion
selective electrodes (21) while the evaluation of
the levels of myogenin was based on the double
antibody sandwich enzyme-linked immunosorbent
assay (ELISA) using the Human Myogenin
(MYOG) ELISA Kit-NP_002470.2 (catalog no.
MBS765394, MyBiosource, San Diego (USA))
method according to the manufacturer’s
instructions, as described also in a previous
protocol.(22)

METHODS
Research design
This cross-sectional study was designed to
compare the levels of myogenin and electrolytes
between adult male smokers and non-smokers.
This study was carried out between January and
August, 2019.
Study subjects
The sample size was calculated using
G*Power software version 3.0.10 (Heinrich
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Statistical analysis
The IBM Statistical Package for Social
Sciences (SPSS) version 21 was used for the
statistical analysis. In order to decide whether
to use parametric or non-parametric tests to
calculate significance, the distribution of each
group was tested for normality. Frequency,
duration of cigarette smoking, myogenin, sodium,
chloride, and bicarbonate levels were not
normally distributed while weight, height, age,
potassium and BMI were normally distributed.
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Table 1. Comparison of age and body mass index between of cigarette smokers and non- smokers
Variable
Age (years)
BMI (kg/m2)

Smokers (n = 55)
34.70 ± 9.51
23.26 ± 1.69

Non-smokers (n = 35)
38.75 ± 15.97
23.92 ± 1.61

p-value
0.630
*0.024

*Statistically significant at p<0.05; independent t- test

The majority of the variables were non-normally
distributed. The Mann-Whitney U. and
independent-t test were used to subject all
collected data to statistical analysis. Values were
deemed significant at p<0.05.
Ethical approval
The ethical approval for this research was
obtained from Nnamdi Azikiwe University
Teaching Hospital ethics committee with
reference NAUTH/CS/66/VOL.12/46/2019/
078.
RESULTS
The mean body mass index (kg/m2) of CS
(23.26 ± 1.69) compared with NS (23.92 ± 1.61)
was significantly raised (p<0.05). However,
mean age was not significantly different between
CS and NS (p=0.630) (Table 1).
DISCUSSION
The significantly lower body mass index in
smokers found in this study corroborated
previous studies.(23-25) It has been shown that
smoking and nicotine reduce weight by raising
the demand for body energy and suppressing
(26)
appetite.
Smoking has been
A
B linked to
promoting some genetic variants thus causing
low BMI value.(27) The low BMI value is also

attributed to a number of physiological
mechanisms associated to the possible role of
behavioral pattern common with cigarette
smokers. One study (23) examined the
relationships between sedentary behavior,
smoking status, viz. current smokers, nonsmokers and former smokers and weight-related
outcomes. Sedentary behavior was significantly
higher among current smokers compared to nonsmokers and former smokers; former smokers
had higher levels of sedentary behavior
compared to never smokers.(23) It was seen that
at low levels of sedentary behavior, current
smokers and never smokers did not have
significant differences in BMI. However, at
moderate and high levels of sedentary behavior,
current smokers had a significantly lower BMI
compared to non-smokers in those sedentary
behavior categories. Previous research has
demonstrated that nicotine affects the body by
increasing its metabolism.(25) Thus, nicotineinduced increase in metabolism could have been
responsible for lower BMI among smokers.(23)
The significantly higher levels of serum sodium,
potassium and chloride observed in the present
study may be attributed to the effects of
cigarette-smoking on small blood vessels leading
to reduced blood flow to muscle tissues. The
reduced blood flow
C could lead to reduced flow
of electrolytes to the muscles,(16) and could raise
the levels of the electrolytes in the blood. The

Table 2. Comparison of myogenin and electrolyte levels between smokers and non-smokers
Variable
Myogenin (pg/mL)
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
Bicarbonate (mmol/L)

Smokers (n = 55)
44.24 ± 14.60
145.23 ± 1.87
4.00 ± 0.31
103.95 ± 1.60
22.40 ± 1.88

Non-smokers (n = 35)
59.66 ± 61.73
142.38 ± 2.49
3.83 ± 0.33
101.48 ± 2.08
22.68 ± 1.95

p-value
0. 769a
0.000*a
0.118*b
0.000*a
0.615a

significant at p<0.05;a Mann-Whitney test;b Independent t-test
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reduction in small blood vessels leads to reduced
amounts of oxygen and nutrients they can
receive. This can impact on muscle metabolism
and activity levels, both of which are risk factors
for many chronic diseases including diabetes and
chronic obstructive pulmonary disease
(COPD). (16) Research has shown that with
advancement in age of humans and animals, they
are less able to regulate sodium and water
retention, urine concentration and thirst
compared to their younger counterparts.(28) With
increase in duration of smoking, there could be
increase in sedentary behaviors and also
increased physiological effects of nicotine (29)
which could lead to an increase in body mass
index. The lower values of serum myogenin seen
in this study could be due to the presence of
muscle stress caused by increase in age,
frequency of smoking and duration of smoking.
Smoking could damage the muscle cells directly
and reduce the number of blood vessels in the
leg muscles leading to tissue hypoxia. It is
difficult to identify the causes of abnormal serum
electrolytes in smokers and non-smokers due to
the nature of study design which describes only
what is happening at the present time. Further
research is needed using a better design such
as cohort study to evaluate the effect of smoking
on myogenin and electrolyte levels.
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