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Effects of physical activity and smoking on cardio-ankle
vascular index, respiratory muscle strength, and exercise
performance in early normal weight adulthood:

a cross-sectional study
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Few studies have shown the impact of unhealthy habits on arterial stiff-
ness, respiratory muscle strength and exercise performance in early
normal weight adulthood. This study sought to determine the effects of
physical activity and smoking on its parameters in normal weight male
participants. Forty-eight participants were divided into four groups: phys-
ically inactive nonsmokers and smokers and physically active nonsmok-
ers and smokers (n=12in each group). All of the participants were mea-
sured for body composition, arterial stiffness, respiratory muscle strength
and exercise performance. Two-way analysis of variance design was
used to test the main and interaction effects of physical activity by group
(smokers vs. nonsmokers). P-value of less than 0.05 was considered as
a statistically significant difference. As a result, cardio-ankle vascular
index and respiratory muscle strength were diminished in smokers and
physically inactive participants, while body and visceral fat mass were

INTRODUCTION

A growing financial crisis worldwide has caused an economic
downturn in developing countries, thus causing people to work
harder and have little time to take care themselves. This leads to
increased risk of health problems (Mucci et al., 2016). Technology
provides a quicker and easier way to live, but also gives less chance
to participate in physical activities (Sullivan and Lachman, 2017).
Furthermore, tobacco smoking is associated with multiple health
problems and has become a public health concern (Fu et al., 2017).
Approximately 5 million of 2.3 billion smokers die globally each

increased in both those groups. Fat-free mass was lower in only physi-
cally inactive participants. This study also found the interaction effects
on body fat and arterial stiffness. In conclusion, participants with healthy
normal weight, but smoked and performed inappropriate physical activ-
ity, exhibited body composition imbalance, decreased respiratory mus-
cle strength, exercise performance, and increased arterial stiffness.
Therefore, smoking cessation and exercise in younger adults are appro-
priate ways of improving body composition, respiratory muscle strength,
aerobic capacity and arterial stiffness instead of trying to control their
weight by smoking.

Keywords: Physical inactivity, Smoking, Arterial stiffness, Respiratory
muscle strength, Exercise performance

year from smoking. Mortality and morbidity from smoking are
predicted mainly in developing countries (Fu et al., 2017).
Adapting to life changes and alterations in a new society, pat-
ticipating with peer group activities, living outside the comfort of
home, interconnecting with new friends and getting involved in
the workforce are the causes of smoking in young adults (Tombor
et al., 2015). Most smokers often smoke in the belief that it helps
them to control their weight by increasing the metabolic rate, de-
creasing metabolic efficiency or reducing appetite, and ceasing to
smoke causes weight gain (Chiolero et al., 2008). Cigarette smok-
ers in early adolescence find it difficult to stop smoking, due to

*Corresponding author: Tharnwimol Inthachai

[ https://orcid.org/0000-0002-0581-8480

Department of Physical Therapy, Faculty of Allied Health Sciences, Naresuan
University, 99 Moo 9, Tha Pho, Mueang, Phitsanulok 65000, Thailand
E-mail: tharnwimoli@nu.ac.th

Received: October 4, 2019 / Accepted: November 21,2019

Copyright © 2019 Korean Society of Exercise Rehabilitation

This is an Open Access article distributed under the terms of the Creative Commons At-
tribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

pISSN 2288-176X

http://www.e-jer.org
elSSN 2288-1778



Inthachai T, etal. © Physical activity and smoking on cardio-ankle vascular index

J

physiological changes and symptoms from tobacco-related diseases
clearly disappear. Young smokers are a vulnerable group that is
unwilling to quit the habit (Chiolero et al., 2008). As a conse-
quence, education on smoking and how to control weight should
target young adults (Wee et al., 2001).

In noninvasive measurements of arterial stiffness (AS), cardio-an-
kle vascular index (CAVI) may detect early phases of atherosclero-
sis, and work as a predictor of AS, morbidity, and mortality from
cardiovascular diseases (CVD) (Sun, 2013). Although the preva-
lence of CVD is lower in young adults, it has been increasing in
children and adolescents, who smoke and have less physical activity.
Early detection of coronary artery disease (CAD) is important be-
cause vulnerable individuals such as asymptomatic young adults
are more likely to experience cardiac events and later detection of
subclinical coronary atherosclerosis (Toth, 2008). The circulatory
and respiratory systems help to accomplish daily routines efficiently
(Hautala et al., 2009). Respiratory muscle plays an important role
in the cardiorespiratory system. A decline of inspiratory muscle
causes impairment of physical fitness and quality of life, especially
with increased risk of CVD (van der Palen et al., 2004). Therefore,
providing knowledge and promoting good health in early years
are important in avoiding health problems and improving adult
quality of life (Frech, 2014).

Many studies have demonstrated the association of a sedentary
lifestyle and higher body mass index (BMI), overweight and obe-
sity with a greater risk of CVD (Mainous et al., 2019; Yadav et
al., 2017). Nevertheless, smokers of all ages, particularly in early
adolescence or less than 30 years, smoke in the belief that it helps
them to control their weight (Wee et al., 2001). Few studies have
demonstrated that physical inactivity and smoking in young ado-
lescents with healthy weight has effect on AS, respiratory muscle
strength and exercise performance. Therefore, this study aimed to
determine the effect of smoking and physical activity on its pa-
rameters in physically active and inactive smokers and nonsmok-
ers aged 20-30 years in order to improve understanding and pro-
mote the importance of exercise and smoking cessation.

MATERIALS AND METHODS

Subject enrollment

A total of 48 male participants were recruited into this study,
which was carried out in accordance with the Declaration of Hel-
sinki and approved by the Naresuan University Institutional Re-
view Board (IRB No. 0132/62), at the Department of Physical
Therapy, Naresuan University. The effect of sample size was deter-
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mined based on a previous study (Thitiwuthikiat et al., 2017). The
calculation was carried out with a=0.05 and 90% power. All of
the participants were informed by the researchers about the aims,
methods, and consequences of this study and they were free to de-
cide whether to participate or not.

A cross-sectional study design with comparison of variables
across four groups of participants was employed for this study.
The 48 male participants, aged 20-30 years, were divided equally
into four groups (n= 12 in each group) based on the inclusion and
exclusion criteria as follows: physically active male nonsmokers
and smokers with normal BMI (18.5-22.9 kg/m’, n=12 per group),
aged 20 to 30 years, who performed moderate or vigorous inten-
sive exercise for more than 30 min, 5 days per week or more than
25 min, 3 days per week (Oja and Titze, 2011); and physically in-
active male nonsmokers and smokers with normal BMI (18.5—
22.9 kg/m’, n=12 per group), who performed moderate or vigor-
ous intensive exercise for less than 30 min, 5 days per week or less
than 25 min, 3 days per week were enrolled into this study by us-
ing the International Physical Activity Questionnaire (Lee et al.,
2011). Smokers who had smoked on 25-30 days per month for at
least 1 year, or nonsmokers who had not smoked before also were
included in this study (Pulvers et al., 2014).

The exclusion criteria were as follows: people with underlying
comorbidity with cardiovascular, pulmonary and neurological dis-
eases were excluded from this study. Subjects who had taken alco-
holic beverages, caffeine or stimulation drugs for the central ner-
vous system (CNS) within 48 hr prior to the tests, and those with
musculoskeletal disease and could not follow the protocol also
were excluded (Myers et al., 2014). The demographic data of the
participants (i.e., age, gender, occupation, and smoking) were col-
lected from interviews by using the questionnaire.

Measurements of blood pressure and body composition
The volunteers were asked to abstain from taking alcoholic bev-
erages, caffeine or CNS stimulating substances for at least 48 hr,
and refrain from exercise for at least 24 hr before the tests. They
should have had neither food nor water for at least 4 hr, and ab-
stained form diuretics for at least 7 days, and they also were asked
to empty their bladder at least 30 min before the tests (Pereira et
al., 2018). All of the subjects had their blood pressure (BP) re-
corded in the sitting position by using a cuff BP machine (HEM-
7130, Omron Healthcare Co. Ltd., Kyoto, Japan). Bioelectrical
impedance analysis (HBF 375, Omron Healthcare Co. Ltd., Kyoto,
Japan) was used to measure body composition (i.e., fat-free mass,
body and visceral fat percentages) in a room with controlled tem-
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perature. Their hands and feet were cleaned before standing on a
platform throughout the test with their arms raised and elbows
extended straight out (Oshima et al., 2010).

Ankle-brachial index and CAVI measurement

All of the participants were instructed not to smoke before test-
ing or use stimulation drugs or substances related to the autonom-
ic nervous and cardiovascular systems such as alcohol, caffeine and
energy drinks (Sun, 2013). The measurement was conducted during
the morning in a temperature-controlled laboratory. Ankle-brachial
index (ABI) and CAVI were assessed with a phonograph vascular
screening appliance (VS-1500N, Fukuda Denshi Co. Ltd., Tokyo,
Japan), and electrocardiogram (ECG) and arm and leg BP cuffs.
All of the participants rested and laid down for measuring the leg
and arm BP simultaneously throughout the test. The ABI and
CAVI were calculated from pulse wave velocity through recording
from the ECG and phonocardiogram. The nature and possible
consequences of the procedure for CAVI measurement was performed
by a qualified cardiothoracic technologist by following the manu-
facturer’s instructions throughout the project (Sun, 2013).

Respiratory muscle strength testing

The participants were familiarized with the instrument and pro-
cedure before the actual test. Maximal inspiratory pressure (MIP)
and maximal expiratory pressure (MEP) were measured by an elec-
tronic pressure transducer (MicroRPM, Micromedical Ltd., Kent,
UK) according to the American Thoracic Society/European Re-
spiratory Society statement on respiratory muscle testing (Ameri-
can Thoracic Society/European Respiratory Society, 2002). The
MIP was assessed from residual volume, while the MEP started
from total lung capacity, according to Black and Hyatt (1969).
The test was performed at least 3 times, and accomplished with a
maximum of five maneuvers. The highest value among the mea-
surements was chosen for analysis and compared with the refer-

ence value.

Maximum oxygen consumption test

The pre-test critetia for exercise and vital signs were considered
before the experimental procedure. (Thompson et al., 2013) The
participants abstained from caffeine, chocolate, alcohol and nico-
tine intake for >48 hr and also emptied their bladder completely
within 30 min before the test. Maximum oxygen consumption
(VOnima) was measured by cycle ergometer (Monark 828E, Monark
Exercise AB, Vansbro, Sweden) by following the submaximal As-
trand-Ryhming test protocol, and setting the rhythm at 50 repe-
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titions per min. Active male participants performed initially at
1 Kilo Pond intensity (300450 kpm/min) in order to maintain
a heart rate (HR) of between 120 and 170 beats/min (Cink and
Thomas, 1981). The HR for each stage was recorded for 6 min to
determine a constant HR at the 56th min. VOamx was calculated
from their age factor and body weight to determined absolute
(L/min) and relative VOame (mL/kg/min), respectively (Cink and
Thomas, 1981).

Statistical analysis

All of the data were analyzed using SPSS ver. 17.0 (SPSS Inc.,
Chicago, IL, USA). The data normality was analyzed by the Shap-
iro-Wilk test. Comparisons among groups were conducted using
the two-way analysis of variance design, which was used to test the
main effects of physical activity in the groups (smokers vs. non-
smokers) and the interaction effect of physical activity between
the groups.

RESULTS

Physical characteristics of the participants

Table 1 shows the demographic characteristics of the participants
in the active and inactive smoking groups (n=12 in each group),
and the active and inactive nonsmoking groups (n=12 in each
group). The age, height, HR, systolic and diastolic BP were not
statistically significant among the groups (P > 0.05). Results showed
that the BMI and weight in smokers were lower than in the non-
smokers group (F=6.65, P=0.013, F=5.46, P=0.024, respec-
tively). The current smoking duration and frequency were higher
in smokers than in nonsmokers (F=128.57, P <0.001, F=295.95,
P <0.001, respectively). The data showed no effects of significant
interaction on any demographic data (P > 0.05).

Body composition, respiratory muscle strength, and
aerobic capacity

Data of body composition, respiratory muscle strength, and
aerobic capacity are summarized in Table 2. Body and visceral fat
percentage were significantly different. Body fat and visceral fat
percentages were significantly higher in physically inactive than
in physically active males (F=28.87, P =0.001, F=6.99, P=0.011,
respectively) and in smokers compared to nonsmokers (F = 22.46,
P=0.001, F=5.51,P=0.024,). The main effect of smoking showed
no significant difference in fat-free mass (F=0.051, P = 0.822), but
the main effects of physical inactivity exhibited a significant dif-
ference. Fat-free mass was significantly higher in physically active
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Table 1. General characteristics of the participants

Active Inactive Active Inactive Pvalue
Parameter . . . .
nonsmokers nonsmokers smokers smokers Physical activity ~ Smoking  Interaction

Age (yr) 2442403 25.08+4.01 25.67+4.05 24.25+4.20 0.186 0.812 0.443
Height (cm) 170.86+5.06 169.92+5.40 171.42+5.70 168.83+5.49 0.264 0.863 0.606
Weight (kg) 64.69+4.31 64.05+4.80 62.44+4.32 61.12+4.60 0.558 0.024 0.713
BMI (kg/m?) 22.13+0.65 22.15+0.72 21.27+150 2143+1.15 0.775 0.013 0.814
HR (BPM) 69.83+6.04 7383757 71.75+6.32 73.25+6.58 0.159 0.730 0.519
SBP (mmHg) 106.92+9.87 108.08+8.86 105.92+7.80 106.42 +9.66 0.752 0.614 0.899
DBP (mmHg) 68.58+6.20 69.92+4.68 69.25+4.20 70.08+5.47 0417 0.5% 0.933
Smoking measures

Smoking duration (yr) 0.00+0.00 0.00+0.00 8.33+3.82 7.92+3.45 0.727 <0.001 0.727

Current smoking frequency (cigarettes/day) 0.00+0.00 0.00+0.00 11.87+3.56 12.13+3.83 0.764 <0.001 0.764
Physical activity

Moderate 7(58.33) 7(58.33) 6(50.00) 8(66.67)

Vigorous 5(41.67) 5(41.67) 6(50.00) 4(33.33)
Values are presented as mean + standard deviation or number (%).
BMI, body mass index; HR, heart rate; BPM, beats per min; SBP. systolic blood pressure; DBP. diastolic blood pressure; mmHg, millimeter of mercury.
Table 2. The result for body composition
P Active Inactive Active Inactive Pvalue

arameter

nonsmokers nonsmokers smokers smokers Physical activity Smoking Interaction

TBF (%) 1495+323 17.49+3.06 16.34+3.42 24.27+3.26 0.001 0.001 0.012
VF (%) 4.74+260 714+2.20 6.19+3.53 9.47+3.06 0.011 0.024 0.444
FFM (%) 34.33+3.89 32.02+348 34714335 30.17+351 0.007 0822 0554
Values are presented as mean + standard deviation.
TBF, total body fat; VF, visceral fat; FFM, fat-free mass.
Table 3. The result for respiratory muscle strength and aerobic capacity
P Active Inactive Active Inactive Pvalue

arameter

nonsmokers nonsmokers smokers smokers Physical activity Smoking Interaction

MIP 101.42+14.48 90.42+£12.21 90.08+12.27 8367+11.98 0.023 0.018 0.537
MEP 108.08+12.87 95.66+10.81 96.41+16.38 90.83+12.02 0.031 0.026 0.447
VOzmax (mL/kg/min) 51.48+9.03 4333+7.39 4767+9.38 3392+6.87 0.001 0.007 0.237

Values are presented as mean + standard deviation.

MIP. maximal inspiratory pressure; MEP, maximal expiratory pressure; VOzms; maximal oxygen consumption.

than in physically inactive males (F=8.01, P =0.007).

In addition, the results showed a significant difference in the
interaction of body fat percentage (F=6.835, P=0.012), but not
in the interaction of fat-free mass (F=0.356, P =0.554) or visceral
fat (F=0.597, P =0.444). Physical activity and smoking showed a
significant main effect, with VOoma, MIP and MEP in the physi-
cally active group being significantly higher than in the inactive
group (F=21.929,P=0.001, F=5.577,P=0.023, F=4.993,P =
0.031) and also in the smoking group compared with the nonsmok-
er group (F=7.975, P=0.007, F=6.012, P=0.018, F=5.291,
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P =0.026). There were no effects of interaction between physical
inactivity and smoking on VOum (F=1.435, P=0.237), MIP or
MEP (F=0.386, P=0.537, F=0.588, P =0.447, respectively)
(Table 3).

CAVland ABI

Data on the CAVI and ABI are shown in Table 4. Mean CAVI
was significantly higher in the physically inactive (F=21.375, P =
0.001) and smoking group (F =20.320, P =0.001), whereas, ABI
was not observed as significantly different in smokers (F=0.256,
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Tahle 4. The result for cardio-ankle vascular index (CAVI) and ankle-brachial index (ABI)

Active Inactive Active Inactive Palue
I nonsmokers nonsmokers smokers smokers Physical activity Smoking Interaction
CAVI
Right 6.57+0.26 6.83+0.29 6.71+037 753+022 0.001 0.001 0.023
Left 6.55+0.25 6.82+027 6.72+0.36 755+0.25 0.001 0.001 0.024
Mean 6.56+0.25 6.82+0.28 6.72+0.37 753+023 0.001 0.001 0.021
ABI
Right 1.01+£0.07 1.04+£0.10 1.02+£0.07 1.01+£0.08 0.565 0.693 0.5%
Left 1.01+£0.08 1.04+£0.10 1.01+£0.08 1.01£0.08 0.465 0.567 0.546
Mean 1.01+£0.08 1.04£0.11 1.02+£0.08 1.01+£0.08 0.526 0.695 0.410

Values are presented as mean + standard deviation.

P =0.695) or the physically inactive group (F=0.409, P =0.526).
There were no effects of interaction between physical activity and
smoking on ABI (F=0.693, P =0.410), but an interaction effect
of mean CAVI was found (F=5.718, P =0.021). In similarity, the
right and left sides of the CAVI were significantly higher in the
physically inactive (F =30.38, P=0.001, F=30.98, P=0.001) and
smoking group (F=33.722, P=0.001, F=37.849, P=0.001), but
a significant difference in the right and left side of ABI values was
not observed in smokers (F=0.298, P =0.693, F=0.333, P =0.567)
or the physically inactive group (F=0.337, P=0.565, F=0.543,
P =0.465). The result showed interaction on the right and left sides
of the CAVI (F=5.580, P=0.023, F=5.493, P=0.024), but did
not find interaction on both sides of the ABI (F=0.243, P =0.596,
F=0.341, P =0.546, respectively).

DISCUSSION

The findings from this study demonstrate that smoking and
physically inactive participants exhibited an imbalance of body
composition through increased body fat, visceral fat percentage
and increased AS by increased CAVI, while ABI was not signifi-
cantly different among the groups. Fat-free mass in physically in-
active participants was lower than in the physically active group.
Respiratory muscle and VOima were diminished by smoking and
physical inactivity. This study also found the effects of interaction
between physical inactivity and smoking on body fat and CAVIL.

CAVT has been a noninvasive approach to the assessment of AS
and predictor risk of CVD in high-risk patients (Sun, 2013). This
study found that CAVI in all of the participants was at a healthy
level, with a cutoff point of less than 9%, and an increase of CAVI
in smokers associated with AS (Horta et al., 2015). These results
are consistent with a previous study by Mahmud and Feely) (2003).
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that showed peripheral arterial function declining in young mod-
erate smokers. The atherosclerotic process in younger adults, how-
ever, may progress without any major symptoms or can even be
asymptomatic (Toth, 2008). Harmful substance in tobacco con-
tributes to decreased arterial elasticity, and smoking causes increased
risk of AS associated with increased BP in smokers (Mahmud and
Feely, 2003).

Furthermore, inactive participants conversely increased the risk
of AS by increasing CAVI, suggesting that physical inactivity is a
risk factor in increasing AS in early adulthood (Horta et al., 2015).
To the authors” knowledge, a significant difference was shown in
the effects of interaction between BF percentage and the CAVI.
The result suggested that accommodating fat could be considered
a risk factor for vascular problems (Poirier et al., 2006). This study
did not find a significant difference of ABI in smokers and physi-
cally inactive people. The unchanged ABI was due to studying
younger healthy individuals, without underlying diseases, but it
may not be relevant to a clinical study. This effect would be under
represented by changes in the ABI (Wassel et al., 2016).

Physical fitness is considered as a marker of health and physical
performance in daily life (Dwyer et al., 2009). This study found
that VOomax decreased in smokers and the physically inactive group,
as function of the respiratory muscles plays an important role in
pulmonary ventilation. Inspiratory muscle strength that decreased
in the physically inactive and smoking participants was associated
with increased visceral fat. Previous study demonstrated that ex-
cess fat tissue on the thorax, which causes mechanical disadvantage,
decreased diaphragmatic movement, and increased respiratory
workload and ineffective biomechanics to the consequent respira-
tory muscle (Chlif et al., 2009; Mafort et al., 2016). This study
was conducted in physically inactive participants and smokers with
normal weight, but higher body and visceral fat mass, who exhib-
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ited inspiratory muscle decline, which suggested that participants
of normal weight, but accommodating fat from smoking and phys-
ically inactive behavior, are at risk of respiratory muscle impairment
(Scano et al., 2009). Physical inactivity is as harmful as smoking
on body composition, and exercise performance (King, 2012).

Shift in environment, participating with new friends and soci-
ety causes younger adults to try smoking and they can progress to
chronic smokers in the future, especially when some of them be-
lieve that smoking helps to control their weight (Tombor et al.,
2015; Chiolero et al., 2008). This study also showed that smoking
had major effects on BMI and weight, as smokers had lower weight
and BMI than nonsmokers. Even though participants with normal
weight performed appropriate exercise, smoking exerted an imbal-
ance in body composition by increasing fat mass and declining ex-
ercise performance, with increased risk of CVD (Lavie et al., 2019).
Good vascular health improves working capacity and plays an im-
portant role in the prevention of CVD (Nystoriak and Bhatnagar,
2018). This study represents the overall routine of physical testing,
cardiovascular checking is essential in health promotion of physi-
cal performance in younger adults (Wallace et al., 2014), persuad-
ing them to perceive their health through stopping tobacco
smoking and controlling body fat by appropriate exercise rather
than controlling their weight by smoking.

There are some limitations in this study. The small sample size
could have affected the interaction outcomes. It is therefore sug-
gested that further studies with larger sample sizes be conducted,
using a prospective cohort study. This study did not explain the
pathophysiological mechanisms of smoking or AS. Further study
is needed to explain these mechanisms.

In summary, the results of this study suggest that healthy nor-
mal weight participants who not only exercise, but also smoke, can
be at risk of CAD, respiratory and physical fitness decline. This
study highlights the importance of appropriate physical activity
and cigarette cessation in younger adults before they become ad-
dicted and adopt smoking in order to control their weight.
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