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Abstract. [Purpose] Smoking has a direct effect on the respiratory system. The rate of cigarette smoking among 
young people has continued to increase steadily. The present study quantified and compared the respiratory func-
tion of smoking and non-smoking youths. [Subjects] Smoking and non-smoking male participants aged between 15 
to 18 years were recruited (n=34 per group). [Methods] Participants were asked to complete a questionnaire relating 
to smoking habits and the Fagerström test for nicotine dependence questionnaire, and their respiratory function was 
tested (measurement of chest expansion, lung function test with a spirometer, and assessment of respiratory muscle 
strength). [Results] All respiratory function tests demonstrated significant differences between the smoking and 
non-smoking groups. Smokers initiated cigarette smoking between the ages of 15 to 18 years. The most common 
duration of cigarette smoking was 1-3 years and the degree of nicotine dependence among the youths was at a low 
level. [Conclusion] This study’s findings show that the early effects of cigarette smoking found in youths can lead 
to problems with the respiratory system. Such information can be used to illustrate the harm of smoking and should 
be used to encourage young people to quit or avoid cigarette smoking.
Key words:  Cigarette smoking, Youth, Respiratory function

(This article was submitted May 10, 2013, and was accepted Jul. 5, 2013)

INTRODUCTION

Cigarette smoking is an important worldwide health 
problem, and it has been reported that 1.7 million Thai 
youths currently smoke1). This problem is compounded by 
the fact that the rate of cigarette smoking in young people 
continues to steadily increase2). Cigarette smoking carries 
major health risks with the most cause-specific mortalities 
being those of respiratory and cardiovascular diseases3). 
Therefore, smoking habits may affect the respiratory func-
tion of youths.

The respiratory function test may indicate deterioration 
of respiratory function prior to clinical symptoms, and its 
results can be used to prevent or reduce the incidence of 
respiratory diseases4–6). Also, the respiratory function test 
can be conducted in a number of ways, such as measurement 
of chest expansion4), lung volume or flow with spirometry5), 
and respiratory muscle strength6). Chest expansion as mea-
sured by circumference and diameter is simple and inex-
pensive4). Maximal inspiratory pressure (MIP) and maxi-
mal expiratory pressure (MEP) are simple, convenient, and 
non-invasive indices of respiratory muscle strength mea-

sured at the mouth. Respiratory muscle strength depends on 
the maximal effort of the muscles used in chest expansion 
during breathing6). Spirometry is a physiological test that 
measures how an individual inhales or exhales volumes of 
air as a function of time, and it is invaluable as a screening 
test of general respiratory health5). Lung volumes are mea-
sured to evaluate the normality of respiratory function7).

Some previous studies have demonstrated the effect of 
smoking on the pulmonary function of adults8–10). They 
showed that smoking decreased pulmonary function in-
cluding forced vital capacity (FVC), forced expiratory 
volume in one second (FEV1), FEV1/FVC, and forced ex-
piratory flow at 25–75% (FEF25–75%)9). Cigarette smoking 
causes deficits in both FEV1/FVC and FEF25–75 which in-
dicate airway obstruction and small airway disease in adult 
smokers11). A previous study reported that older symptom-
atic smokers with histories of large numbers of pack-years 
had lower FVC levels than non-smokers, while young adult 
smokers had FVC levels equivalent to or higher than age-
equivalent non-smokers12). The intensity and duration of 
smoking by elderly smokers, including the degenerative ef-
fect, are likely to have powerful respiratory health effects. 
However, there is no clear evidence indicating that smok-
ing affects the lung function of youths as severely as in the 
elderly.

Since inhaling cigarette smoke has been shown to pro-
duce acute changes in the lung including alterations in re-
sistance to airflow, cough, and irritation of the airway, the 
early stage of smoking might affect the respiratory function 
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of youths. However, there have been few studies which have 
investigated the effect of smoking on pulmonary function 
in adolescents. In previous studies, cigarette smoking was 
found to have an effect on the lung function of the adoles-
cent boys and girls13, 14). Those studies found that FEV1/
FVC decreased in adolescent smokers of both sexes. Only 
the pulmonary function test with a spirometer was mea-
sured in those studies. Therefore, to clarify the effect of 
smoking on the respiratory function of smoking and non-
smoking youths, we measured and compared their chest 
expansion, the lung function test using a spirometer, and 
respiratory muscle strength to learn more about the dangers 
of cigarette smoking. We hypothesized that early smoking 
by adolescents would affect chest expansion, lung function, 
and respiratory muscle strength.

SUBJECTS AND METHODS

Youth male subjects aged 15 to 18 years participated 
in this cross-sectional study. All the subjects had a body 
mass index (BMI) in the range of 18.5–23 kg/m2. Exclu-
sion criteria were: unable to understand and follow verbal 
instructions, school athlete, cardiovascular or respiratory 
disorders, recent breathlessness or chest pain or dizziness, 
abnormal chest wall, a history of hemoptysis, airborne or 
contact communicable disease, a history of aneurysm, un-
controlled blood pressure, a history of chest surgery or, a 
history of neuromuscular disorder affecting the respiratory 
muscles. Prior to participation in this study, each subject 
signed an informed consent form to comply with the ethical 
guidelines dictated by The Ethics Review Committee for 
Research Involving Human Research Subjects, Health Sci-
ence Group, Chulalongkorn University, Thailand.

The information on smoking habits was obtained 
through interviews. Subjects who currently smoked ciga-
rettes were classified as smokers and those without a his-
tory of smoking cigarettes were classified as non-smokers 
(N=34 per group). In the present study, those who used to 
smoke but had since stopped were excluded. Smokers were 
further asked questions regarding what age they started 
smoking, the average duration of smoking, and the average 
number of cigarettes smoked per day. Subjects completed 
the Fagerström Tolerance Questionnaire for analyzing the 
degree of nicotine addiction15).

The respiratory function test consisted of the measure-
ment of chest expansion, the lung function test using spi-
rometry, and respiratory muscle strength. For chest expan-
sion measurements of circumference and diameter, subjects 
were instructed to fully inhale and exhale in the standing 
position. The differences between full inhalation and ex-
halation were recorded as chest expansion4). The chest cir-
cumference was measured using a tape measurement at 3 
levels: at the axilla (4th rib) for upper chest movement, xi-
phoid process for middle chest movement, and 10th costal 
cartilage levels for lower chest movement. The chest diame-
ter was measured using a caliper in the anteroposterior (AP) 
and mediolateral (ML) directions at the xiphisternal junc-
tion. A spirometer (Micro plus spirometer, Micro Medical, 
United Kingdom) was used to measure the lung function. 

The lung function parameters measured were forced expi-
ratory volume in the first second (FEV1) and forced vital 
capacity (FVC). Prior to measurement, the subjects were 
instruction and given a rapid and complete inhalation, the 
demonstration of the test, covering the correct posture for 
performance, with the head slightly elevated, position of 
the mouthpiece, and exhalation with maximal force5). The 
respiratory muscle strength was measured using a respira-
tory pressure meter (Micro Medical, United Kingdom) for 
maximal inspiratory pressure (MIP) and maximal expira-
tory pressure (MEP)6). Subjects were instructed to fully 
exhale, then inhale rapidly and completely for the MIP test, 
and fully inhale, then exhale rapidly and completely for the 
MEP test. All parameters were recorded in three trials, and 
the best value was the one used in the analysis.

The data of respiratory function were compared between 
the smoker and non-smoker groups using the independent 
t-test for normally distributed data or the Mann-Whitney 
U test for other distributions. Differences were considered 
statistically significant at p<0.05.

RESULTS

Sixty-eight male subjects aged between 15–18 years 
were divided in to two groups: smoker (n=34) and non-
smoker (n=34) groups. Smoking habits are shown in Table 
1. Most subjects started cigarette smoking between the ages 
of 15 to 18 years (71%). The most common duration of ciga-
rette smoking was 1–3 years (47%) and the maximal num-
ber of cigarettes smoked per day was less than or equal to 10 
cigarette(s) per day (88%). The majority of youth smokers 
self-reported a low level of nicotine dependence (91%).

The comparison of the smoker and non-smoker groups 
is summarized in Table 2. Three major parameters, chest 

Table 1. Smoking habits of the smoker group (n=34)

Smoking habits Percentage (N)
Age started smoking

• <15 year(s) 29 (10)
• 15–18 years 71 (24)

Duration of smoking
• <1 month 6 (2)
• 1–3 month(s) 3 (1)
• 4–6 months 3 (1)
• 7–12 months 15 (5)
• 1–3 year(s) 47 (16)
• 4–6 years 20 (7)
• 7–9 years 6 (2)

Number of cigarettes smoked per day
• ≤10 cigarette(s) 88 (3)
• 11–20 cigarettes 9 (3)
• 21–30 cigarettes 3 (1)

Nicotine dependence
• Low 91 (31)
• Medium 6 (2)
• High 3 (1)
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expansion, lung function using spirometry, and respiratory 
muscle strength, were compared. The chest expansion of 
the non-smoker group was significantly greater than that of 
the smoker group. There were significant differences in the 
chest circumference at the axilla level (p=0.006), AP chest 
diameter (p=0.001), and ML chest diameter (p=0.047), be-
tween the smoker and non-smoker groups. FVC and MEP 
also demonstrated significant differences between the 
smoker and non-smoker groups (p=0.018 and p=0.004, re-
spectively).

DISCUSSION

This study evaluated the relationship between cigarette 
smoking and the respiratory function test among male Thai 
youths. All parameters measured for the non-smoking 
youths were higher than those of the youths who did smoke. 
Chest wall expansion, forced vital capacity, and maximal 
expiratory muscle strength of the non-smoker group were 
significantly different from their respective values in the 
smoker group.

In this study, all parameters of chest expansion of the 
non-smoking youths were greater than those of the smoking 
youths. Decreased chest circumference at the axillary level 
was associated with reductions in the AP and ML diam-
eters. This is because chest expansion at the axillary level 
represents the upper chest breathing pattern, which utilizes 
a combination of upward and forward chest movements or 
the pump-handle movement, as well as upward and outward 
chest movements or the bucket handle movement. This re-
sult suggests that cigarette smoking affects the upper chest 
expansion of smoking youths. A reduction in chest expan-
sion arising from reduced chest wall motion and flexibility 
would affect the performance and work of breathing, sug-
gesting a vulnerability to dyspnea.

The relationship between cigarette smoking and the 
respiratory function test of adolescents has been studied 

previously. Gold et al.11) found that FEV1/FVC decreased 
among adolescent smokers. Smoking habits and the num-
ber of cigarettes smoked per day were associated with the 
reduction in FEF25–75. Because our subjects were youths 
with no apparent respiratory pathology, we did not expect 
to find advanced impairment of lung function. Indeed, the 
vast majority of youths demonstrated respiratory function 
values within the normal range. Additionally, the low level 
of nicotine dependence, and the intensity and duration of 
smoking in our youth group were unlikely to cause the in-
tense respiratory health effects that are usually observed 
in elderly smokers. In this study, FVC of the non-smoker 
group was significantly greater than that of the smoker 
group, while there was no significant difference in FEV1 be-
tween the groups. This result suggests that cigarette smok-
ing affects the lung capacity of youth smokers, making the 
volume that is associated with the FVC test smaller than 
that of non-smokers. The reduction in FVC of smoker may 
be explained by the reduction in strength of the respiratory 
muscles. The results for FVC may have been influenced by 
the instructions given to subjects, to perform maximal in-
halation and then perform maximal exhalation as rapidly 
and as completely as possible. Hence, the FVC test relies 
on the strength of respiratory muscles. Cigarette smoking 
affects the respiratory muscles through the influence of free 
radicals on the vascular system16), leading to a reduction in 
respiratory muscle blood supply which adversely impacts 
respiratory function.

Our findings in terms of the forced vital capacity of 
smokers in the early smoking period are consistent with 
those of previous studies14, 17) that have reported that the 
early stage of smoking among youths reduces lung func-
tion. Even though the average number of cigarettes smoked 
per day recorded in this study was similar to other studies17), 
approximately 10 cigarettes per day, the average duration of 
cigarette smoking recorded in this study was much less, 1–3 
years compared to the 2–5 years reported in other studies. 

Table 2. Comparison of parameters between the smoker and non-smoker groups

Non-smokers
(Mean±SD)

Smokers
(Mean±SD)

Chest expansion
Chest circumference

• Axilla (cm)* 5.71±1.62 4.68±2.03
• Xiphoid process (cm) 5.32±1.68 5.18±2.22
• 10th Costal cartilage (cm) 4.66±1.19 4.24±2.03

Chest diameter
• AP (cm)* 3.56±0.61 3.06±0.69
• ML (cm)* 3.51±0.44 3.18±0.85

Spirometry
• FEV1 (litre) 2.96±0.62 2.68±0.62
• FVC (litre)* 3.07±0.68 2.68±0.62

Respiratory muscle strength
• MIP (cmH2O) 77.71±25.78 66.85±22.52
• MEP (cmH2O)* 76.35±21.61 62.53±15.85

* = Significant difference between the smoker and non-smoker groups, p < 0.05
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Thus, the early stage of smoking among youths does cause 
reduction in the lung function. Inhaled cigarette smoke has 
been shown to elicit acute changes in respiratory function 
including alterations in resistance to airflow, coughing, and 
irritation of the airways. Our research findings may encour-
age the implementation of smoking cessation counseling for 
adolescents. The spirometer is commonly used for measur-
ing respiratory function for diagnostic and clinical purpos-
es. However, fluctuations in our data may have been caused 
by miscommunication with the subjects.

In conclusion, our results show that most of the youth 
smokers started cigarette smoking between the ages of 
15–18 years. The average duration of cigarettes smoking 
was 1–3 years and the average number of cigarettes smoked 
per day was less than or equal to 10 cigarettes per day. The 
degree of nicotine dependence of smoking youths was low. 
The chest expansion, FVC, and MEP of the non-smokers 
was significantly greater than those of smokers. These find-
ings show that the early effects of cigarette smoking found 
in youths may lead to problems with the respiratory sys-
tem. Such information can be used to illustrate the harm of 
smoking and should be used to encourage young people to 
quit or avoid cigarette smoking.

REFERENCES

1) Bureau of Tobacco Control: Department of Disease Control, Ministry of 
Public Health, National Statistical Office (NSO) and Faculty of Public 
Health, Mahidol University: Global Youth Tobacco Survey (GATS): Thai-
land Country Report. Bangkok, Thailand 2009.

2) Academic Development: Office of Tobacco Control, Department of Dis-
ease Control, Ministry of Public Health: Tobacco smoking among Thai 

youth (in Thai). Thailand, 2010.
3) Kenfield SA, Wei EK, Rosner BA, et al.: Burden of smoking on cause-spe-

cific mortality: application to the nurses’ health study. Tob Control, 2010, 
19: 248–254. [Medline]  [CrossRef]

4) Moll JM, Wright V: An objective clinical study of chest expansion. Ann 
Rheum Dis, 1972, 31: 1–8. [Medline]  [CrossRef]

5) Miller MR, Hankinson J, Brusasco V, et al.: Standardisation of spirometry. 
Eur Respir J, 2005, 26: 319–338. [Medline]  [CrossRef]

6) Evans JA, Whitelaw WA: The assessment of maximal respiratory mouth 
pressures in adults. Respir Care, 2009, 54: 1348–1359. [Medline]

7) Withers RT, Bourdon PC, Crockett A: Lung volume standards for healthy 
male lifetime nonsmokers. Chest, 1988, 93: 91–97. [Medline]  [CrossRef]

8) Burchfiel CM, Marcus E, Maclean C, et al.: Effects of smoking and smok-
ing cessation on longitudinal decline in pulmonary function. Am J Respir 
Crit Care Med, 1995, 151: 1778–1785. [Medline]  [CrossRef]

9) Kuperman AS, Riker JB: The variable effect of smoking on pulmonary 
function. Chest, 1973, 63: 655–660. [Medline]  [CrossRef]

10) Urrutia I, Capelastegui A, Quintana JM, et al.: Smoking habit, respiratory 
symptoms and lung function in young adults. Eur J Public Health, 2005, 
15: 160–165. [Medline]  [CrossRef]

11) Zamel N, Altose MD, Speir WA: Statement on spirometry: a report of the 
section of respiratory pathophysiology of the American College of Chest 
Physicians. J Asthma, 1983, 20: 307–311. [Medline]  [CrossRef]

12) Walter S, Nancy NR, Collier CR: Changes in the force expiratoy spirogram 
in young male smokers. Am Rev Respir Dis, 1979, 119: 717–724. [Medline]

13) Gold DR, Wang X, Wypij D, et al.: Effects of cigaratte smoke on lung 
function in adolescent boys and girls. N Engl J Med, 1996, 335: 931–937. 
[Medline]  [CrossRef]

14) Prokhorov AV, Emmons KM, Pallonen UE, et al.: Respiratory response 
to cigarette smoking among adolescent smokers: a pilot study. Prev Med, 
1996, 25: 633–640. [Medline]  [CrossRef]

15) Fagerstrom KO: Measuring nicotine dependence: a review of the Fager-
strom Tolerance Questionnaire. J Behav Med, 1989, 12: 159–182. [Med-
line]  [CrossRef]

16) Ambrose JA, Barua RS: The pathophysiology of cigarette smoking and 
cardiovascular disease: an update. J Am Coll Cardiol, 2004, 43: 1731–1737. 
[Medline]  [CrossRef]

17) Xu X, Dockery D, Ware J, et al.: Effects of cigarette smoking on rate of 
loss of pulmonary function in adults: a longitudinal assessment. Am Rev 
Respir Dis, 1992, 146: 1345–1348. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/20501499?dopt=Abstract
http://dx.doi.org/10.1136/tc.2009.032839
http://www.ncbi.nlm.nih.gov/pubmed/5008463?dopt=Abstract
http://dx.doi.org/10.1136/ard.31.1.1
http://www.ncbi.nlm.nih.gov/pubmed/16055882?dopt=Abstract
http://dx.doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/19796415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3335173?dopt=Abstract
http://dx.doi.org/10.1378/chest.93.1.91
http://www.ncbi.nlm.nih.gov/pubmed/7767520?dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.151.6.7767520
http://www.ncbi.nlm.nih.gov/pubmed/4703618?dopt=Abstract
http://dx.doi.org/10.1378/chest.63.5.655
http://www.ncbi.nlm.nih.gov/pubmed/15941761?dopt=Abstract
http://dx.doi.org/10.1093/eurpub/cki113
http://www.ncbi.nlm.nih.gov/pubmed/6619066?dopt=Abstract
http://dx.doi.org/10.3109/02770908309077089
http://www.ncbi.nlm.nih.gov/pubmed/453697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8782500?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199609263351304
http://www.ncbi.nlm.nih.gov/pubmed/8888333?dopt=Abstract
http://dx.doi.org/10.1006/pmed.1996.0099
http://www.ncbi.nlm.nih.gov/pubmed/2668531?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2668531?dopt=Abstract
http://dx.doi.org/10.1007/BF00846549
http://www.ncbi.nlm.nih.gov/pubmed/15145091?dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2003.12.047
http://www.ncbi.nlm.nih.gov/pubmed/1443894?dopt=Abstract
http://dx.doi.org/10.1164/ajrccm/146.5_Pt_1.1345

