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SUMMARY - Smoking is a major risk factor for the development of chronic obstructive

pulmonary disease (COPD), which is thought to be caused by smoking in even 8 out of 10 cases. One
of the first clinical signs in patients with COPD is reduced physical ability, which is usually attributed
to reduced lung function, although a significant role is played by a disorder of the musculoskeletal
system. The aim of the study was to examine differences in fitness and locomotor status between
smokers and non-smokers, as well as the effect of oral administration of L-arginine on the strength
of the quadriceps depending on smoking status. The study included 164 subjects, 84 non-smokers and
81 smokers not diagnosed with COPD. All subjects completed CAT and IPAQ_questionnaires, and
performed spirometry, 6-minute walking test and quadriceps strength testing without therapy and
after oral administration of 500 mg L-arginine. The results showed that the increase in quadriceps
strength after oral administration of L-arginine was not dependent on smoking status but was more
pronounced in smokers who started smoking at an earlier age and who smoked more cigarettes, as
well as a generally higher physical activity of non-smokers. These results could become relevant for
recognizing the development of skeletal musculature hypotonus and hypotrophy in smokers who are

prone to develop COPD.
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Introduction

Smoking, as well as long-term exposure to tobacco
smoke, is a significant risk factor for the development

of chronic obstructive pulmonary disease (COPD).
Although non-smokers also suffer from COPD,
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smoking is thought to be the cause of as many as 8
out of 10 cases of COPD!. It was thought that COPD
would become the third leading cause of death in the
world by 2020 but it happened already in 2019, and
it is estimated that this chronic disease is responsible
for approximately 6% of total deaths®. One of the first
clinical signs in COPD patients is decreased physical
ability which is usually attributed to decreased lung
function. However, in addition to reduced lung
function, an important factor in reducing physical
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ability is a disorder of the musculoskeletal system.
Chronically reduced activity in these patients leads to
the loss of muscle mass but this is unlikely to be the
only explanation for peripheral muscular dysfunction®.
A study conducted in Finland that included 3355
respondents over a period of 31 years found a strong
association between smoking and physical activity
from childhood to adulthood, suggesting that in
constantly active individuals the probability of being
in the category of smokers at the highest risk was
reduced”. Impaired skeletal muscle function in COPD
patients has been recognized to lead to a decreased
ability to exercise, loss of muscle mass, cachexia, and
ultimately to reduce the quality of life, increased
physical disability rate, and mortality””. Lower levels of
physical activity in patients with COPD are associated
with poorer lung outcome and reduced quality of life',
and also represent the strongest predictive mortality
factor in these patients''.

Spirometry is the gold standard and the most
commonly used method for early detection of COPD,
but the first and often unrecognized symptoms of the
disease occur earlier than a pulmonary function test
can prove impaired lung function. The most likely
connection between COPD and extra-pulmonary
manifestations such as bone and muscle loss, as well
as cardiovascular and metabolic diseases, lies in the
role of inflammation mediators within the systemic
inflammatory disease caused by smoking'’. Cigarette
smoke and systemic inflammatory mediators enhance
proteolysis and inhibit protein synthesis leading to
muscle loss and reduced skeletal muscle contractile
endurance in smokers, which may result in reduced
oxygen delivery to mitochondria and reduced ability
to produce adenosine 5-triphosphate due to the
interaction of carbon monoxide with hemoglobin and
myoglobin®***. In smokers who have not developed
COPD symptoms yet, a change in muscles has been
observed in terms of replacing type I fibers (oxidative,
slow, fatigue-resistant) with type II fibers (glycolytic,
rapid) which are more sensitive to inflammation and
hypoxia, and they suffer atrophy more easily, while in
non-smoking patients with COPD, decreased muscle
strength was not observed compared with healthy
subjects®.

Lung disease can trigger oxidative stress in
peripheral muscles and previous experimental studies
on animals have shown that inflammation and
hypoxemia increase the production of reactive oxygen
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and nitrogen species (RONS) that react with acyl parts
in the membrane of phospholipids, lipid peroxidation
leads to changes in the structural and functional
properties of the membrane, while protein oxidation
or nitration by RONS can alter structure leading to
reduced protein function®. RONS can also cause DNA
damage and alterations such as deletions or mutations.
The most relevant radicals in a living organism are
superoxide anion (O2-) and nitric oxide (NO). The
first is formed by univalent reduction of molecular
oxygen in the triplet state, and the latter is synthesized
from the amino acid L-arginine by NO synthetase
(NOS), which includes neuronal (nNOS), endothelial
(eNOS) and inducible (iNOS) isoforms. Both radicals
can be converted to other reactive oxygen species
(ROS) or reactive nitrogen species (RNS)*'>1¢. These
reactive species are important in a variety of specific
physiological functions, and their accumulation can
lead to oxidative stress and damage to the cellular
component'’.

L-arginine is a conditionally essential amino acid
that has several metabolic functions and is a substrate
in the synthesis of creatine and NO'. Arginine and
citrulline supplementation in healthy subjects showed
an increase in plasma arginine 1 hour after ingestion
with a half-life (t1/2) of 1.5-2 hours, although as
much as 40% does not enter systemic circulation but
is degraded in the small intestine under the action of
the enzyme arginase’®. L-arginine is endogenously
synthesized wiz the intestinal-renal pathway from
citrulline which is released from small intestine and
is used in the kidney to produce arginine. Apart from
the kidneys, citrulline is easily converted to arginine
in almost all cell types including endothelial cells,
adipocytes, enterocytes, macrophages, neurons, and
myocytes”’. Once arginine enters the cell, it is broken
down in several ways by arginase, NOS, arginine
glycine amidotransferase and arginine decarboxylase
to produce NO, urea, ornithine, creatinine, polyamine
and agmatine, which are of great biological importance.
Plasma concentrations of arginine are significantly
reduced in response to infection or inflammation®",
Arginine-regulated intracellular protein turnover
favors an increase in muscle mass and a decrease in
adipose tissue mass®»**. It is known that 40%-45% of
an adult’s body weight is made up of skeletal muscle.
There is evidence that oral administration of arginine
improves endurance during exercise, improves muscle
strength, reduces inflammation, maintains muscle
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integrity, prevents endothelial dysfunction in young
adults, and prevents cardiovascular dysfunction??%.
Arginine supplementation has shown an effect on
various physiological and metabolic pathways that
could improve performance in athletes and its most
important benefit has been the synthesis of NO
and the effect on increasing blood flow, improving
muscle contraction, gas exchange, oxygen kinetics and
mitochondrial biogenesis?**”. Arginine also stimulates
the release of growth hormone which promotes
cell growth and contributes to increased muscle
mass and hypertrophy, contributes to a reduction in
lactate, ammonia and fatty acids, as well as improving
carbohydrate oxidation and oxygen efliciency after
exercise?. Studies involving untrained or moderately
trained healthy subjects have shown that NO
supplementation with donors such as L-arginine and
L-citrulline can improve tolerance to aerobic and
anaerobic exercise while highly trained subjects did
not show positive effect®. In patients with moderate
to severe COPD, quadriceps strength along with age,
body mass index (BMI) and forced expiratory volume
in the first second (FEV1) was found to provide
additional information in predicting mortality, and the
measure of voluntary quadriceps contractions may also
be an indicator of skeletal muscle dysfunction®.

The aim of this study was to examine the effect of
oral administration of L-arginine on the quadriceps
muscle strength in healthy smokers and non-smokers,
as well as to examine the same effect in healthy
smokers with respect to the age of smoking onset and
pack/years of smoked cigarettes.

Patients and Methods

The study was designed as a cross-sectional study
and was conducted on patients who underwent
medical rehabilitation or medically programmed rest
in Daruvarske toplice Special Hospital for Medical
Rehabilitation. The sample included smokers and non-
smokers aged 40 to 65 years. All patients underwent
spirometry and patients whose Tiffeneau-Pinelli
index (the ratio of FEV1 and forced vital capacity
[FVC]) was less than 70%, i.e., those with a diagnosis
of COPD were excluded from the study. Patients
suffering from inflammatory rheumatic diseases,
malignant diseases, acute and severe heart or lung
diseases (myocardial infarction within a month, any
degree of heart failure, and chronic respiratory failure
of any cause), unregulated hypertension, those who
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had undergone major surgery a year before, as well as
patients with implanted hip, knee or ankle prosthesis,
were also excluded from the sample.

Taking into account the set level of statistical
significance (0.05), the desired statistical power (0.80)
and the moderate impact factor (effect size d=0.5), the
minimum sample size for the Wilcoxon rank sum test
was 134 subjects divided into two groups. The required
sample size was calculated using G*Power software
(Heinrich Heine University, Disseldorf, Germany).
The study included 164 patients, 83 non-smokers and
81 smokers.

All respondents voluntarily agreed to participate
in the research and signed an informed consent form
before joining the research. The respondents were
included in the study after arriving at Daruvarske
toplice Special Hospital for Medical Rehabilitation
and participated in the research for two days.

Body weight, body height, BMI,
circumference, pulse (cp), oxygen saturation (SpO2),
blood pressure were measured in all study subjects.
All respondents underwent spirometry testing on
a Flowscreen pro Jaeger device and the value of the
Tiffeneau-Pinelli index was recorded.

The respondents’ cardiorespiratory and muscular
ability were tested using a 6-minute walk test and ride
on a Lifecycle 97C bicycle ergometer. The value of
the walked distance in meters was measured during a
6-minute walk test performed in a hall with a straight
walk of 20 meters. Testing on the bicycle ergometer
was performed for 5 minutes under a given load, 100
W in men and 75 W in women. At the end of the
ergometry test, the value of the maximum oxygen
uptake (VO2max, mL/kg/min) was measured. Each
respondent assessed the intensity of shortness of breath
on the Borg shortness breath scale (1-10)* before and
after the 6-minute walk test and bicycle ergometer.

The quadriceps muscle strength was tested twice
on a Biodex isokinetic device (Biodex System 3
Pro), without L-arginine and 90 minutes after the
respondent took 500 mg of L-arginine per os on
empty stomach, with the aim of monitoring the
possible increase in quadriceps muscle strength. Each
respondent performed that strength test at a 60 degree
angle with an angular velocity of 75 degrees/second
and each of them had a trial series of 5 repetitions
while the test itself was conducted through 2 series of
5 repetitions with a rest period of 10 seconds. In order
to avoid the possibility of better knowledge of testing

waist
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on Biodex and consequently better results, some of
the respondents were tested for the first time without
L-arginine and some with it. This randomization was
performed by selecting one of the two offered papers
marked with numbers 1 and 2 which the respondents
did not see during selection.

All respondents completed the COPD Assessment
Test (CAT) questionnaire to assess COPD?!, which is
a standardized test of self-assessment of the holistic
impact of COPD on person’s health. The International
Physical Activity Questionnaire (IPAQ)* was also
completed for each respondent, on the basis of which
weekly calorie consumption was calculated and the
intensity of physical activity was validated as low,
moderate, or high. The age at smoking onset and
pack/years (number of cigarettes smoked per day/20
x number of smoking years) were recorded in all
smokers.

Ethics

All procedures conducted in this study were
in accordance with ethical standards set by the
institutional Daruvarske toplice Ethics Committee
and regional Josip Juraj Strossmayer University of
Osijek, Faculty of Medicine Ethics Committee
on Human Experimentation, which approved this
multidisciplinary research as ethically acceptable
according to the 1975 Helsinki Declaration, as revised
in 1983.

Statistics

Statistical analysis was performed using the SAS
System software package (SAS Institute Inc., North
Carolina, USA). Numerical data were expressed
as arithmetic mean and standard deviation (SD) if
they followed normal distribution, and as median
and interquartile range (IQR) in case of distribution
that was not normal. The normality of distribution of
numerical variables was tested by the Shapiro-Wilk
test. The relationships between two numerical variables
were tested using Spearman’s correlation coefficient.
Absolute values of the Spearman coefficient above
0.70 were considered as indicating strong correlation
between variables, values between 0.30 and 0.70
indicating moderate correlation between variables, and
values less than 0.30 indicating weak or no correlation
between variables. Differences of normally distributed
numerical variables between two independent groups
were tested by Student’s t-test, and in case of deviation
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from normal distribution, the Wilcoxon rank sum
test was applied. The Kruskal-Wallis test was used
to compare more than two independent groups.
Differences between dependent measurements were
tested by the Wilcoxon signed rank test. Categorical
data were expressed as absolute and relative frequencies.
Fisher exact test was used to analyze differences
between categorical variables.

Results

The study included 164 respondents of whom
81 (49.4%) were smokers while the rest were non-
smokers. The t-test for independent samples revealed
a statistically significant difference in the mean body
height of smokers and non-smokers (p=0.035), whereas
it was not recorded in age, body weight, BMI, and
waist circumference. Women were significantly more
represented in the smoking sample. Demographic
characteristics of the respondents with regard to
smoking status are shown in Table 1.

There was no statistically significant difference
in the mean pulse (t-test for independent samples;
p=0.390), SpO2 saturation (Wilcoxon rank sum test;
p=0.815), diastolic (Wilcoxon rank sum test; p=0.899)
and systolic pressure (Wilcoxon rank sum test;
p=0.673) between smokers and non-smokers.

The IPAQ results indicated a statistically significant
difference in physical activity between smokers and
non-smokers (p=0.003). Analysis of burned calories
(kcal) on physical activity in the past seven days also
indicated a generally higher physical activity of non-
smokers compared to smokers (p<0.001). Differences
in the intensity of physical activity of the respondents
and the weekly calorie consumption between smokers
and non-smokers are shown in Table 2.

Results of the 6-minute walking test did not differ
significantly between smokers and non-smokers
(t-test for independent samples; p=0.222). The mean
score was 680.1+73.6 meters for non-smokers and
666.5+68.8 meters for smokers. After the 6-minute
walking test there was no statistically significant
difference in shortness of breath measured on the Borg
scale between smokers and non-smokers (Wilcoxon
rank sum test; p=0.188).

The mean value of VO2 max was statistically
significantly higher in non-smokers (38.0+4.9)
compared to smokers (34.2+5.8) (t-test forindependent
samples; p<0.001). Change in the intensity of
shortness of breath after bicycle ergometer measured
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on the Borg scale was statistically significantly higher
in smokers compared to non-smokers (Wilcoxon rank
sum test; p<0.001).

The distribution of FEV1/FVC ratio did not differ
statistically significantly between smokers and non-
smokers, unlike the CAT index values which were
generally higher in the group of smokers (Table 3).
The median (IQR) of initial quadriceps strength
measurements was 156 (127-181) and the median
(IQR) of quadriceps strength after arginine therapy
was 166 (142-193). After L-arginine therapy, there was
a general increase in quadriceps strength (Wilcoxon
rank sum test; p<0.001) and the increase in strength
was equal in smokers (median 7.0; IQR 13.9) and
non-smokers (median 7.1; IQR 11.7) (Wilcoxon rank
sum test; p=0.371).

The median number of smoked cigarettes (pack/
years) was 25.0 (IQR 20) and median of age at the
smoking onset was 18.0 (IQR 4.0). According to the
results of Spearman’s correlation test, the mean number
of smoked cigarettes (pack/years) was statistically
significantly associated with changes in quadriceps

Table 1. Demographic characteristics of study respondents

strength after arginine therapy (p=0.031; Spearman’s
coefficient r=0.248), as well as with the CAT test
values (p=0.029; Spearman’s coefficient r=0.242).

Age at the onset of smoking was statistically
significantly associated with change in quadriceps
strength after arginine therapy (Spearman’s correlation
test; p<0.001; r=-0.602).

The effect of age at the onset of smoking and
number of smoked cigarettes (pack/years) on the
increase in quadriceps strength after arginine therapy
was estimated using a log-linear regression model,
which explained a significant part of variability in the
increase in quadriceps strength after arginine therapy
(corrected R2=0.410) (Table 4). Of all the variables
in the study, age at the onset of smoking was the
most important variable in explaining the effect of
arginine. For a unit increase in the mean number of
smoked cigarettes (pack/years), the expected increase
in quadriceps strength enhancement after arginine
therapy is 1.5%, whereas for a unit increase in the age
at smoking onset, the expected decrease in quadriceps
strength enhancement upon arginine therapy is -23.5%.

Smokers Non-smokers p-value

Variable
n Median (IQR) n Median (IQR)

Age (years) 81 53 (49-56) 83 54 (50-58) 0.138%
Sex 0.011%
Women 17 6
Men 64 77
Weight (kg) 81 92 (78-103) 83 89 (80-98) 0.674§
Height (cm) 81 178 (172-182) 83 180 (174-184) 0.035§
Body mass index 81 29 (26-32) 83 28 (26-29) 0.091§
Waist circumference (cm) 81 96 (89-107) 83 97 (90-102) 0.945§

IQR = interquartile range; TWilcoxon rank sum test; F*-test; §t-test for independent samples
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Table 2. Comparison of physical activity intensity between smokers and non-smokers

Smokers Non-smokers
Variable p-value
n Median (IQR) n Median (IQR)
IPAQ intensity of physical activity 0.003%
Low 7 0
Moderate 73 78
High 1 5
Weelly kilocalorie 81 1894 (1278-2654) 83 2335 (1878-2815) <0.001§
consumption

IQR = interquartile range; IPAQ_= International Physical Activity Questionnaire; $Fisher exact test; §Wilcoxon rank sum test

Table 3. Distribution of FEV1/FVC values and CAT index according to smoking status

Smokers Non-smokers
Variable p-valuet
n Median (IQR) n Median (IQR)
FEV1/FVC 81 100 (89-105) 83 101 (91-107) 0.451
CAT index 81 8 (5-11) 83 4 (2-6) <0.001

IQR = interquartile range; TWilcoxon rank sum test; FEV1/EFVC = ratio of forced expiratory volume in the first second and forced
vital capacity of the lungs; CAT index = COPD Assessment Test index

Table 4. Effect of age at smoking onset and pack/years on change in quadriceps strength after arginine therapy

Variable Coeff Exp (coeff) | SE t-value p-value
Constant 5.500 - 0.589 9.340 <.001
Age at smoking onset -0.202 0.817 0.030 -6.740 <0.001
Pack/years 0.013 1.013 0.005 2.330 0.023

Note: Values of quadriceps strength change after arginine therapy were logarithmically transformed prior to analysis; Coeft =
coeflicient; Exp (coeff) = exposed value of the coefficient for easier interpretation of the results; SE = standard error; N=76 (patients

with reduced values of quadriceps strength after arginine therapy were excluded); corrected R?=0.410.

Discussion

The results of the current study showed a
statistically significant difference in physical activity
between smokers who had preserved lung function
and non-smokers, indicating a generally higher
physical activity in non-smokers. Studies have shown
that physical inactivity in patients suffering from
COPD is the strongest predictor of all causes of
mortality, and including in physical activity could
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reduce the risk of death related to COPD by up to
30%-40%"'"*. Ergolu and Yiksek conducted a study to
analyze the effect of smoking habit on physical fitness
of elderly male subjects and found that non-smoking
subjects had a higher physical fitness level compared
to smoking elderly male subjects in all tests**. A recent
study by Albarrati e a/. confirmed that daily physical
activity in COPD was independent of traditional risk
factors including age and spirometry and that the
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breathlessness score was a better predictor of daily
physical activity*. We can conclude that the results of
the current study were consistent with the study results
reported by Albarrati ez al.*, given that all our subjects
had a FEV1/FVC ratio >0.70 but smokers had a
higher CAT index values, significantly lower VO2
max, and shortness of breath after bicycle ergometer
measured on Borg scale was significantly higher in
smokers compared to non-smokers.

The CAT questionnaire is a standardized test of
self-assessment of the holistic impact of COPD on
human health. Since the questionnaire contains several
questions about the frequency of respiratory problems
suchas shortness of breath, coughing and expectoration,
which do not necessarily relate to diagnosis of COPD
but are present in smokers more often, we thought that
the application of the questionnaire will contribute to
the research.

The subject of many studies is the impact of
smoking on the musculoskeletal system. One study
found that quadriceps was more fatigable during
electrically induced contraction in young smokers
without lung disease compared to non-smokers,
but there was no difference in muscle strength or
contractile properties, and no effect of cigarette
smoking history on fatigability, which contradicted
the hypothesis assuming the effect of smoking is either
acute or reaches a ceiling rather than cumulative®. In
another study, it was shown that cigarette smoking
caused a mild but significant reduction in quadriceps
strength by direct oxidative modifications of specific
muscle proteins without inducing a significant increase
in muscle inflammation®, however, a limitation was a
small number of subjects, only 29.

In our study, there was no statistically significant
difference in quadriceps strength between smokers
and non-smokers, or after oral administration of
L-arginine, although strength generally increased
statistically significantly compared to the initial
measurement. Our results showed a statistically
significant association between the pack/years, onset
of smoking, and changes in quadriceps strength after
arginine therapy. A negative correlation was observed
between the age at the onset of smoking and change in
quadriceps strength, meaning that a younger age at the
onset of smoking generally led to a greater change in
quadriceps strength after arginine therapy. A positive
correlation was observed between the pack/years and
changes in quadriceps strength after arginine therapy,
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which means that a higher number of pack/years led to
a greater change in quadriceps strength after arginine
therapy, more precisely, each unit increase in pack/
years was expected to increase quadriceps strength by
1.5% after arginine therapy. The latter two findings
correlated with our assumptions that arginine would
show a better effect on quadriceps strength in smokers
who started smoking at a younger age and who smoked
a larger number of cigarettes, with the premise that
such a muscle is more severely damaged since it is more
severely affected by oxidative stress caused by cigarette
smoking. This assumption is based on previous studies
and meta-analyses on the effects of arginine, which,
although not uniform, show a beneficial effect of
acute and chronic L-arginine supplementation on
endothelial function and reduction of systemic blood
pressure (both systolic and diastolic), which is more
pronounced in borderline and hypertensive than in
normotensive patients!®¥4,
with L-arginine improved endothelial function
in healthy smokers, suggesting that it inhibits the
prothrombotic and antifibrinolytic effects, and may
partly decrease the proinflammatory effect of smoking
in healthy individuals, possibly by improving NO
bioavailability in human vasculature*.

Studies involving untrained or moderately trained
healthy subjects showed that NO donors could improve
tolerance to aerobic and anaerobic exercise, so training
status of the subject seems to be an important factor
linked to the ergogenic effect of NO supplementation®,
while a study by Meirelles and Matsuura that included
healthy trained men aged 27+3 years showed that
acute supplementation of L-arginine affected neither
strength performance nor NO production*.

Short-term treatment

Conclusion

The results of our study suggested that the increase
in quadriceps strength measured on an isokinetic
device after oral administration of L-arginine was not
dependent on smoking status but was more pronounced
in smokers who started smoking at an earlier age
and smoked more cigarettes. The study also found a
generally higher physical activity in non-smokers
compared to smokers, although spirometry values
showed no impairment of lung function; therefore, the
CAT questionnaire values were significantly higher
in smokers compared to non-smokers, shortness of
breath after bicycle ergometer measured on the Borg
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scale was also higher, while VO2 max was significantly
lower in smokers compared to non-smokers.

The results of this study could be relevant for
recognizing the development of skeletal muscle
hypotrophy and hypotonia in smokers who are,
given to smoking status, a group at the highest risk
of developing COPD as a multisystem disease. These
results could also potentiate the identification of
smokers who are a risk group for the development of
COPD, so the preventive targeted physical therapy
could be introduced as an important measure to prevent
reduction in fitness status, muscle tone, trophic status,
and maintenance of physical activity, which is the most
significant predictive mortality factor in patients with

COPD.

References

1. U.S. Department of Health and Human Services. The health
consequences of smoking — 50 years of progress: a report of
the Surgeon General. Available from: https://www.cdc.gov/
tobacco/data_statistics/sgr/50th-anniversary/index.htm:.
Accessed: May 20, 2021.

2. 'The top 10 causes of death [Internet]. Who.int. [cited 2021
Mar 26]. Available from: https://www.who.int/news-room/
fact-sheets/detail/the-top-10-causes-of-death. In  WHO;
Available from: https://www.who.int/news-room/fact-sheets/
detail/the-top-10-causes-of-death.

3. Couillard A, Prefaut C. From muscle disuse to myopathy in
COPD: potential contribution of oxidative stress. Eur Respir J.
2005 Oct;26(4):703-19. doi: 10.1183/09031936.05.00139904.
PMID: 16204604.

4. Salin K, Kankaanpdi A, Hirvensalo M, Lounassalo I, Yang
X, Magnussen CG, Hutri-Kidhonen N, Rovio S, Viikari J,
Raitakari OT, Tammelin TH. Smoking and physical activity
trajectories from childhood to midlife. Int ] Environ Res Public
Health. 2019 Mar 18;16(6):974. doi: 10.3390/ijerph16060974.
PMID: 30889897; PMCID: PMC6466084.

5. Agusti AG, Noguera A, Sauleda ], Sala E, Pons J, Busquets
X. Systemic effects of chronic obstructive pulmonary
disease. Eur Respir J. 2003 Feb;21(2):347-60. doi:
10.1183/09031936.03.00405703. PMID: 12608452.

6. Sanders KJ, Kneppers AE, van de Bool C, Langen RC, Schols
AM. Cachexia in chronic obstructive pulmonary disease: new
insights and therapeutic perspective. ] Cachexia Sarcopenia
Muscle. 2016 Mar;7(1):5-22. doi: 10.1002/jesm.12062. Epub
2015 Sep 7. PMID: 27066314; PMCID: PMC4799856.

7. Jaitovich A, Barreiro E. Skeletal muscle dysfunction in
chronic obstructive pulmonary disease. What we know
and can do for our patients. Am ] Respir Crit Care Med.
2018 Jul 15;198(2):175-186. doi: 10.1164/rccm.201710-
2140CI. Erratum in: Am J Respir Crit Care Med. 2018 Sep
15;198(6):824-5. doi: 10.1164/rccm.v198erratum3. PMID:
29554438; PMCID: PMC6058991.

Acta Clin Croat, Vol. 63, No. 2, 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jaitovich A, Khan MMHS, Itty R, Chieng HC, Dumas CL,
Nadendla P, Fantauzzi JP, Yucel RM, Feustel PJ; Judson MA.
ICU admission muscle and fat mass, survival, and disability
at discharge: A prospective cohort study. Chest. 2019
Feb;155(2):322-330. doi: 10.1016/j.chest.2018.10.023. Epub
2018 Oct 28. PMID: 30392790; PMCID: PMC6363817.

Barreiro E, Jaitovich A. Skeletal muscle dysfunction in COPD:
relevance of nutritional support and pulmonary rehabilitation.
J Thorac Dis. 2018 May;10(Suppl 12):51330-S1331. doi:
10.21037/jtd.2018.05.114. PMID: 29928516; PMCID:
PMC5989106.

Ko FWS, Chan KP, Hui DSC. Comprehensive care for
chronic obstructive pulmonary disease. ] Thorac Dis. 2019
Oct;11(Suppl 17):52181-S2191. doi: 10.21037/5td.2019.09.81.
PMID: 31737345; PMCID: PMC6831924.

Waschki B, Kirsten A, Holz O, Miller KC, Meyer T, Watz
H, Magnussen H. Physical activity is the strongest predictor
of all-cause mortality in patients with COPD: a prospective
cohort study. Chest. 2011 Aug;140(2):331-342. doi: 10.1378/
chest.10-2521. Epub 2011 Jan 27. PMID: 21273294.

Barnes PJ. Chronic obstructive pulmonary disease: effects
beyond the lungs. PLoS Med. 2010 Mar 16;7(3):¢1000220.
doi:  10.1371/journal.pmed.1000220. PMID: 20305715;
PMCID: PMC2838746.

Degens H, Gayan-Ramirez G, van Hees HW. Smoking-
induced skeletal muscle dysfunction: from evidence to
mechanisms. Am ] Respir Crit Care Med. 2015 Mar
15;191(6):620-5. doi: 10.1164/rccm.201410-1830PP. PMID:
25581779.

Balnis J, Korponay TC, Jaitovich A. AMP-activated protein
kinase (AMPK) at the crossroads between CO2 retention
and Skeletal Muscle Dysfunction in Chronic Obstructive
pulmonary disease (COPD). Int J Mol Sci. 2020 Jan
31;21(3):955. doi: 10.3390/ijms21030955. PMID: 32023946;
PMCID: PMC7037951.

Tsuboi T, Maeda M, Hayashi T. Administration of L-arginine
plus L-citrulline or L-citrulline alone successfully retarded
endothelial senescence. PLoS One.2018 Feb 7;13(2):¢0192252.
doi:  10.1371/journal.pone.0192252. PMID: 29415069;
PMCID: PMC5802914.

Khalaf D, Kriiger M, Wehland M, Infanger M, Grimm D.
The effects of oral l-arginine and I-citrulline supplementation
on blood pressure. Nutrients. 2019 Jul 22;11(7):1679.
doi:  10.3390/nu11071679. PMID: 31336573; PMCID:
PMC6683098.

Droge W. Free radicals in the physiological control of cell
function. Physiol Rev. 2002 Jan;82(1):47-95. doi: 10.1152/
physrev.00018.2001. PMID: 11773609.

McConell GK. Effects of L-arginine supplementation on
exercise metabolism. Curr Opin Clin Nutr Metab Care. 2007
Jan;10(1):46-51.  doi:  10.1097/MCO.0b013e32801162fa.
PMID: 17143054.

Suzuki T, Morita M, Hayashi T, Kamimura A. The effects
on plasma L-arginine levels of combined oral L-citrulline
and L-arginine supplementation in healthy males. Biosci
Biotechnol ~ Biochem. 2017  Feb;81(2):372-375.  doi:
10.1080/09168451.2016.1230007. Epub 2016 Sep 26. PMID:
27667025.

323



G. Radmilovi¢ ef al.

The effect of L-arginine on quadriceps strength in smokers and non-smokers

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

324

Suzuki I, Sakuraba K, Horiike T, Kishi T, Yabe J, Suzuki T, Morita
M, Nishimura A, Suzuki Y. A combination of oral L-citrulline
and L-arginine improved 10-min full-power cycling test
performance in male collegiate soccer players: a randomized
crossover trial. Eur J Appl Physiol. 2019 May;119(5):1075-
1084. doi: 10.1007/500421-019-04097-7. Epub 2019 Feb 16.
PMID: 30847640; PMCID: PMC6469824.

Wu G, Bazer FW, Davis TA, Kim SW, Li P, Marc Rhoads J,
Carey Satterfield M, Smith SB, Spencer TE, Yin Y. Arginine
metabolism and nutrition in growth, health and disease.
Amino Acids. 2009 May;37(1):153-68. doi: 10.1007/s00726-
008-0210-y. Epub 2008 Nov 23. PMID: 19030957; PMCID:
PMC2677116.

Wu G, Morris SM Jr. Arginine metabolism: nitric oxide
and beyond. Biochem J. 1998 Nov 15;336 ( Pt 1)(Pt 1):1-
17. doi: 10.1042/bj3360001. PMID: 9806879; PMCID:
PMC1219836.

Tan B, Yin Y, Liu Z, Li X, Xu H, Kong X, Huang R, Tang
W, Shinzato I, Smith SB, Wu G. Dietary L-arginine
supplementation increases muscle gain and reduces body
fat mass in growing-finishing pigs. Amino Acids. 2009
May;37(1):169-75. doi: 10.1007/s00726-008-0148-0. Epub
2008 Aug 6. PMID: 18683021.

Chen X, Guo Y, Jia G, Zhao H, Liu G, Huang Z. Arginine
promotes slow myosin heavy chain expression wviz akirin2
and the AMP-Activated Protein Kinase Signaling Pathway
in porcine skeletal muscle satellite cells. ] Agric Food Chem.
2018 May 9;66(18):4734-4740. doi: 10.1021/acs.jafc.8b00775.
Epub 2018 Apr 30. PMID: 29685038.

McRae MP. Therapeutic Benefits of 1-Arginine: An umbrella
review of meta-analyses. ] Chiropr Med. 2016 Sep;15(3):184-
9. doi: 10.1016/j.jem.2016.06.002. Epub 2016 Sep 10. PMID:
27660594; PMCID: PM(C5021928.

Viribay A, Burgos ], Fernindez-Landa ], Seco-Calvo ],
Mielgo-Ayuso J. Effects of arginine supplementation on
athletic performance based on energy metabolism: a systematic
review and meta-analysis. Nutrients. 2020 May 2;12(5):1300.
doi: 10.3390/nu12051300. PMID: 32370176; PMCID:
PMC7282262.

Dominguez R, Cuenca E, Maté-Muiioz JL, Garcia-Fernandez
P, Serra-Paya N, Estevan MC, Herreros PV, Garnacho-
Castaio MV. Effects of beetroot juice supplementation on
cardiorespiratory endurance in athletes. A systematic review.
Nutrients. 2017 Jan 6;9(1):43. doi: 10.3390/nu9010043.
PMID: 28067808; PMCID: PMC5295087.

Bescés R, Sureda A, Tur JA, Pons A. The effect of nitric-oxide-
related supplements on human performance. Sports Med. 2012
Feb 1;42(2):99-117. doi: 10.2165/11596860-000000000-
00000. PMID: 22260513.

Swallow EB, Reyes D, Hopkinson NS, Man WD, Porcher
R, Cetti EJ, Moore AJ, Moxham J, Polkey MI. Quadriceps
strength predicts mortality in patients with moderate to
severe chronic obstructive pulmonary disease. Thorax. 2007
Feb;62(2):115-20. doi: 10.1136/thx.2006.062026. Epub 2006
Nov 7. PMID: 17090575; PMCID: PMC2111256.

Borg G. Psychophysical scaling with applications in physical
work and the perception of exertion. Scand ] Work Environ
Health. 1990;16 Suppl 1:55-8. doi: 10.5271/sjweh.1815.
PMID: 2345867.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gupta N, Pinto LM, Morogan A, Bourbeau J. The COPD
assessment test: a systematic review. Eur Respir J. 2014
Oct;44(4):873-84. doi: 10.1183/09031936.00025214. Epub
2014 Jul 3. PMID: 24993906.

Hagstromer M, Oja P, Sjostrom M. The International Physical
Activity Questionnaire (IPAQ): a study of concurrent and
construct validity. Public Health Nutr. 2006 Sep;9(6):755-62.
doi: 10.1079/phn2005898. PMID: 16925881.

Garcia-Aymerich ], Lange P, Benet M, Schnohr P, Anté
JM. Regular physical activity reduces hospital admission
and mortality in chronic obstructive pulmonary disease: a
population based cohort study. Thorax. 2006 Sep;61(9):772-8.
doi: 10.1136/thx.2006.060145. Epub 2006 May 31. PMID:
16738033; PMCID: PMC2117100.

Eroglu H, Yiiksek S. The effect of smoking on the physical fitness
of elderly male subjects. Univers ] Educ Res. 2018;6(6):1158-
66.D0I:10.13189/ujer.2018.060605

Albarrati AM, Gale NS, Munnery MM, Cockeroft JR, Shale
DJ. Daily physical activity and related risk factors in COPD.
BMC Pulm Med. 2020 Mar 5;20(1):60. doi: 10.1186/512890-
020-1097-y. PMID: 32138714; PMCID: PMC7059270.

Wist RC, Morse CI, de Haan A, Rittweger ], Jones DA,
Degens H. Skeletal muscle properties and fatigue resistance
in relation to smoking history. Eur ] Appl Physiol. 2008
Sep;104(1):103-10. doi: 10.1007/500421-008-0792-9. Epub
2008 Jun 17. PMID: 18560879; PMCID: PMC2480601.

Barreiro E, Peinado VI, Galdiz JB, Ferrer E, Marin-Corral J,
Sanchez F, Gea J, Barbera JA; ENIGMA in COPD Project.
Cigarette smoke-induced oxidative stress: A role in chronic
obstructive pulmonary disease skeletal muscle dysfunction.
Am J Respir Crit Care Med. 2010 Aug 15;182(4):477-88. doi:
10.1164/rccm.200908-12200C. Epub 2010 Apr 22. PMID:
20413628.

Miller AL. The effects of sustained-release-L-arginine
formulation on blood pressure and vascular compliance in 29
healthy individuals. Altern Med Rev. 2006 Mar;11(1):23-9.
PMID: 16597191.

Dong JY, Qin LQ, Zhang Z, Zhao Y, Wang ], Arigoni F,
Zhang W. Effect of oral L-arginine supplementation on
blood pressure: a meta-analysis of randomized, double-blind,
placebo-controlled trials. Am Heart J. 2011 Dec;162(6):959-
65. doi: 10.1016/j.2hj.2011.09.012. Epub 2011 Nov 8. PMID:
22137067.

Gokee N. L-arginine and hypertension. ] Nutr. 2004
Oct;134(10 Suppl):2807S-2811S; discussion 2818S-2819S.
doi: 10.1093/jn/134.10.2807S. PMID: 15465790.

Siasos G, Tousoulis D, Vlachopoulos C, Antoniades C, Stefanadi
E, Ioakeimidis N, Zisimos K, Siasou Z, Papavassiliou AG,
Stefanadis C. The impact of oral L-arginine supplementation
on acute smoking-induced endothelial injury and arterial
performance. Am J Hypertens. 2009 Jun;22(6):586-92. doi:
10.1038/2jh.2009.57. Epub 2009 Mar 19. PMID: 19300425.

Meirelles CM, Matsuura C. Acute supplementation of
L-arginine affects neither strength performance nor nitric oxide
production. J Sports Med Phys Fitness. 2018 Mar;58(3):216-
220. doi: 10.23736/50022-4707.16.06680-9. Epub 2016 Sep
13. PMID: 27623757.

Acta Clin Croat, Vol. 63, No. 2, 2024



G. Radmilovi¢ ez al. The effect of L-arginine on quadriceps strength in smokers and non-smokers

Sazetak

UCINAK JEDNE DOZE ORALNO PRIMIJENJENOG L-ARGININA NA SNAGU KVADRICEPSA U
PUSACA I NEPUSACA: NERANDOMIZIRANI KLINICKI POKUS

G. Radmilovic, S. Popovic-Grile i V. Matijevic

Pusenje je znacajan rizi¢ni &imbenik za razvoj kroni¢ne opstruktivne pluéne bolesti (KOPB) i smatra se da je pusenje
uzro¢nik u ¢ak 8 od 10 slucajeva KOPB-a. Jedan od prvih klinickih znakova u bolesnika oboljelih od KOPB-a je smanjena
tjelesna sposobnost koja se obi¢no pripisuje smanjenoj pluénoj funkciji, iako znacajnu ulogu zauzima i poremecaj misi¢no-
kostanog sustava. Cilj istrazivanja bio je ispitati razlike u kondicijskom i lokomotornom statusu izmedu pusaca i nepusaca,
kao i utjecaj peroralne primjene L-arginina na snagu kvadricepsa ovisno o pusackom stausu. U istrazivanje je ukljuceno 164
ispitanika, 84 nepusaca i 81 pusal koji nisu imali dijagnosticiran KOPB. Svi ispitanici su ispunili upitnike CAT i IPAQ,
ucinjena je spirometrija, 6-minutni test hoda, ergometrija na biciklu te testiranje snage kvadricepsa bez terapije i nakon
peroralne primjene 500 mg L-arginina. Rezultati su pokazali kako povecanje snage kvadricepsa nakon peroralne primjene
L-arginina nije ovisno o pusackom statusu, ali je izraZenije kod pusaca koji su poceli pusiti u ranijoj dobi i koji puse vise
cigareta te opéenito vecu fizicku aktivnost nepusaca. Ovi rezultati bi mogli postati vazni za prepoznavanje razvoja hipotonusa
i hipotrofije skeletne muskulature u pusaca koji su skloni razviti KOPB.

Kljuéne rijeci: Kronicna opstruktivna plucna bolest; Pusenje; Kvadriceps; ﬂrginin
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