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Waist circumference is an important predictor of 
pulmonary function and lung age in young adult smokers

leading cause of cancer death in women.[7] Furthermore, 
chronic obstructive pulmonary disease which is the fourth 
most common cause of death worldwide is largely caused 
by smoking.[8]

These diseases and their associated lung damage will 
deteriorate the lung function leading to premature 
lung aging. Estimation of “lung age” helps the patients 
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Abstract
Background and Aim: Despite the multitude of evidence on the deteriorating effect of smoking on lung function and lung 
age, less attention was devoted to the use of such effects as an effective strategy to quit smoking. Therefore, in this study, we 
aim to determine the predictability of waist circumference (WC) and body mass index (BMI) for pulmonary function and lung 
age in normal weight young adult smokers and nonsmokers.
Methods: One hundred and thirteen smokers and 95 nonsmoker control male students of Taif University were recruited. 
Pulmonary function tests including forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), FEV1/FVC ratio, and 
forced	expiratory	 flow	25–75%	 (FEF25–75%)	were	performed	by	each	 student	 to	measure	 the	 lung	age.	Anthropometric	
measurements included WC and BMI were performed.
Results:	We	found	a	significant	lower	mean	value	of	FVC,	FEV1/FVC	ratio,	and	FEF25–75%	in	smokers	as	compared	to	mean	
values	of	age-matched	nonsmoker	students.	Furthermore,	the	results	revealed	a	significant	increase	in	lung	age	of	smokers	
as compared to that of nonsmoker students. In smoker subjects, FEV1, FVC, and FEF25–75% are correlated negatively with 
WC of the subject while their lung age correlated positively with WC.
Conclusion:	There	is	a	significant	deteriorating	effect	of	smoking	on	lung	function	on	lung	age.	WC	appears	to	be	a	better	
predictor of pulmonary function and lung age than BMI in normal weight young adults.
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INTRODUCTION

Evaluation of pulmonary function by spirometry is the 
most important tool for clinical assessment of respiratory 
functions.[1,2] For maintaining the reliability of pulmonary 
function evaluation, population‑specific reference values 
are required.[3,4] There is a significant difference in these 
values due to heritable, environmental, and ethnic 
differences of the studied population.[5,6] Smoking has 
been linked to a number of respiratory diseases including 
chronic obstructive pulmonary disease, lung cancer or 
cancers of the airways, and bronchial asthma. Smoking 
is the main cause of lung cancer which is considered the 
first leading cause of cancer death in men and the second 
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to understand how low their lung function is. Hence, 
comparing both smoker’s spirometric results and their 
lung age with the predicted values of nonsmoker normal 
subjects can be used as a potential psychological tool to 
show smokers the deterioration of their lung function, 
and the apparent premature aging of their lungs as an 
incentive to quit smoking, especially in those with most 
damage.[9]

Numerous studies have examined the association 
between body mass  index  (BMI )  and wa is t 
circumference (WC) to pulmonary function testing (PTF) 
variables, and the associations vary in different 
subpopulations.[10‑14] Nevertheless, whether the 
adiposity is linked to pulmonary function and lung 
age is not known and also there is a paucity of data 
on predictability of pulmonary function by adiposity 
indices in young adult smokers. Hence, the objective of 
the study was to determine the predictability of WC and 
BMI for pulmonary function and lung age in smoker and 
nonsmoker normal weight young adults.

MATERIALS AND METHODS

Subjects
This study was approved by the Ethics Committee 
of Taif University, Saudi Arabia. A total of 208 male 
students (113 smokers with average age of 20.6 ± 1.8 years 
and 95 nonsmoker controls with average age of 
20.4 ± 1.7 years) were enrolled in this study. All subjects 
were informed about the experiments before giving their 
informed consent. In addition to age, subjects included in 
this study were nearly similar with respect to weight and WC.

Exclusion criteria
Subjects with asthma, respiratory illness, musculoskeletal 
disorders and taking treatment interfering with respiratory 
function, and obese and overweight persons were 
excluded from the study.

Spirometric measurements
Spirometric parameters (forced vital capacity [FVC], forced 
expiratory volume 1 [FEV1], FEV1/FVC ratio, and forced 
expiratory flow 25–75% [FEF25–75%]) were measured 
using Spirolab III (Medical International Research, Roma, 
Italy) according to the guidelines of the American Thorax 
Society and European Respiratory Society.[15] Before each 
measurement, the spirometer was calibrated. Subjects 
rested for 15 min before measurements and were briefed 
about the procedure. After appropriate placement of 
mouthpiece and nose clip, a powerful, quick, forced 
expiration was performed following maximum forced 
inhalation. By doing at least three technically appropriate 
measurements, the highest value was recorded as 
the baseline value. All volumes were reported in body 

temperature and pressure saturated.[15] All tests were 
done by an experienced technician.

Lung age calculation
Spirometry determines the lung age (another way to 
look at the effect of smoking on lung function),[9] which 
is computed by matching an individual’s FEV1 value with 
the age at which that FEV1 value is considered normal 
based on predicted values. If a 6‑foot, a 47‑year‑old man 
has an FEV1 of 2.2, for example, his lung age is 72 because 
2.2 is the FEVI measurement considered normal for a 
72‑year‑old man of that height. Calculating a patient’s lung 
age can be a motivator in smoking cessation.[9]

Calculation of lung age was based on estimates developed 
by Morris and Temple.[9]

Lung age (men)  =2.87 × height  ( in  inches) 
− (31.25 × observed FEV1 [liters]) −39.375

Anthropometry
The body weight (in kg) was measured on digital weight 
scales (made in Germany) to the nearest 100 g with the 
subjects wearing light indoor clothes and no shoes after 
more than 8 h fasting. Height (in cm) was measured by 
stadiometer to the nearest 0.1 cm while students stood 
on a hard surface, wearing no shoes. After estimation of 
weight and height, BMI was measured (in kg/m2) using the 
following equation (BMI = body weight/height2 [kg/m2]).[16]

WC, which is a measure of central obesity, was measured 
with a measuring tape in centimeters as the average of 
measurements made after inspiration and after expiration 
at the midpoint between the lowest rib and the iliac crest. 
Waist‑to‑hip ratio was determined as the ratio of WC and 
the circumference of the hips at the trochanter major.[17]

Smoking status
Smokers were defined as participants who currently 
smoke cigarettes daily and who had smoked at least 
100 cigarettes before the date of spirometry. Nonsmokers 
were defined as participants who had not smoked at all 
or who had smoked fewer than 100 cigarettes during 
their lifetime.[18]

Statistical analysis of data
SPSS version 22 (SPSS Software Inc., Chicago, IL, USA) 
was used for data analysis. The data were presented as 
a mean ± standard deviation. The normality test was 
performed using Kolmogorov–Smirnov test. Independent 
t‑test was applied to compare the measured general 
characteristics and respiratory values between control 
and smokers. Pearson’s correlation test was used to 
determine the relationship between the pulmonary 
functions and lung age and study variables. The 
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relationship between pulmonary functions and lung 
age (as dependent variables) and other variables (as the 
independent variables) was analyzed using the linear 
regression analysis. Stepwise multiple regression analysis 
in the whole study sample to assess the effect of smoking 
as a predictor determining lung age values was used. 
Level of significance was set at P < 0.05.

RESULTS

General characteristics of the participants
Table 1 shows the comparison of mean values for 
anthropometric and smoking characteristics between 
smoker and nonsmoker subjects. Among different 
anthropometric parameters, mean values for age, weight, 
height, BMI, and WC were nonsignificantly (P > 0.05) 
different.

Respiratory parameters and lung age in smokers and 
nonsmoker controls
The comparison of the mean values for lung age and 
pulmonary function characteristics between smoker 
and nonsmoker subjects are shown in Table 2. Among 
different pulmonary function parameters, FVC, FEV1/FVC 
ratio, and FEF25–75% mean values were found to be 
significantly (P ˂ 0.05) lower in smoker subjects than 

their nonsmoker counterpart. On the other hand, lung 
age in smokers was significantly (P ˂ 0.05) higher than 
in nonsmokers.

In smoker subjects, FEV1, FVC, and FEF25–75% are 
correlated negatively with WC of the subject while their 
lung age correlated positively with WC. No significant 
correlation between these parameters and BMI was seen 
in this group. Furthermore, among the nonsmoker group, 
there was no significant correlation between lung age and 
PTFs and WC and BMI [Table 3].

In smoker group, WC was negatively associated with 
FEV1, FVC, and FEF25–75%. The association of WC with 
FEV1/FVC was not significant (P = 0.784). In addition, 
WC was positively associated with lung age in smoker 
subjects. BMI was not significantly associated with 
lung age or with PTF parameters in neither smoker nor 
nonsmoker groups [Table 4].

Stepwise multiple regression analysis in the whole study 
sample revealed that smoking is a strong predictor 
determining lung age values in the entire sample. 
Smoking alone in model 1, accounts for 59.2% (R = 592, 
F = 61.201, P = 0.000) of the change in lung age [Table 5].

DISCUSSION

The results of our study demonstrate the deterioration 
of respiratory function and premature lung aging in 
smokers when compared to that of nonsmoker control 
students. There was a significant decrease in the FVC, 
FEV1/FVC ratio, and FEF25–75% and significant increase 
in lung age in smoker students’ values as compared to 
the predicted normal values of nonsmoker students. 
Smoking has been identified to be the most important 
determinant of respiratory impairment.[19] This study 
showed nonsignificant differences between the mean 
values of FEV1in smoker students when compared with 
the nonsmoker controls.

These significant differences between smoker’s 
spirometric values and that of nonsmokers were 
supported by a study done by Jawed et al.[20] They 
observed the association of smoking with deterioration 
of lung functions which is directly proportionate with the 
number of cigarettes smoked/day. Urrutia et al.[21] showed 
a dose‑dependent association of cigarette smoking with 
the deterioration in FEV1/FVC ratio and the onset of 
respiratory complaints.

Jannet and Jeyanthi[22] showed a significant deterioration 
in the mean spirometric values of FEV1/FVC ratio of 
the smokers, and they described a positive correlation 
between smoking period and the reduction in pulmonary 

Table 1: Characteristics of the participating students
Parameters Mean±SD P

SignificantNonsmokers 
(n=95)

Smokers 
(n=113)

Age (years) 20.4±1.7 20.6±1.8 0.790
Weight 77.6±10 78.01±12 0.790
Height 1.72±0.05 1.74±0.06 0.016
BMI 24.8±3.24 24.5±3.36 0.566
WC 90.99±16.09 91.86±17.57 0.132
Smoking 
duration (years)

- 4.33±2.03 -

Cigarette 
number (cig/day)

- 22.7±5.71 -

Values are expressed as mean±SD. P value is of t‑test. P<0.05 
is significant. BMI: Body mass index, WC: Waist circumference, 
SD: Standard deviation

Table 2: Respiratory parameters and lung age in 
smokers and nonsmokers
Parameters Mean±SD P

SignificantNonsmokers 
(n=95)

Smokers 
(n=113)

FEV1 3.83±0.58 3.94±0.57 0.194
FVC 4.31±0.84 4.08±0.64 0.024
FEV1/FVC 94.23±6.07 92.27±7.45 0.038
FEF 25-75% 5.70±1.41 5.32±1.24 0.040
Lung age 30.01±18 66.12±29 0.000

Values are expressed as mean±SD. P value is of t‑test. P<0.05 is 
significant. FEV1: Forced expiratory volume 1, FVC: Forced vital capacity, 
FEF 25-75%: Forced expiratory flow 25-75%, SD: Standard deviation
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functions. Moreover, Viegi et al.[23] showed that the 
prevalence of pathological PTFs is significantly higher in 
active and/or passive smokers. The deterioration of FVC 
may be an early marker of the small airways morphological 
changes in subjects exposed to smoke. The reduction in 
FVC reflects gas trapping as a result of small airway 
narrowing determined by loss of elastic load or airway 
thickening, whereas the decrease in FEV1/FVC ratio 
reflects smooth muscle contraction in the large airways.[24] 
Another explanation for deteriorating effect of smoking 
on respiratory function is that the cigarette smoking is 
believed to cause oxidative stress leading to apoptosis 
and lung injury. The mechanisms of smoking‑induced 
oxidative stress include direct damage by oxidants and 
the smoking‑induced inflammatory response.[25] Smoking 
also disturbs the oxidant‑antioxidant balance which 
induces an oxidative burden leading to cellular damage 
in the lungs, destruction of the alveolar wall and airway 

enlargement, and also can trigger proinflammatory 
cytokines, which are increased in the lungs of smokers.[26] 
Accelerated decline of smoker’s lung function can be 
further explained on the basis of the smoke‑induced 
inflammatory processes with an increased number 
of macrophages in the first and second generation 
respiratory bronchioles.[27] Furthermore, the defensive 
lung reflex in response to smoking and the resulting 
airway narrowing and increased airway resistance may 
explain the abnormal lung function.[28] On the other hand, 
our results revealed a significant increase in smoker’s 
lung age as compared to the nonsmoker control students. 
These findings are similar to those of Wada,[29] who 
assessed the lung age differences between smokers and 
nonsmokers in Japan. Dockery et al.[30] also reported that 
FEV1 decreased by 7.4 mL/1 pack‑year increase in lifetime 
pack‑year for male smokers, which translated to a lung 
age decrease of 1 year per 3 pack‑year increase. These 
results were also consistent with the previous study by 
Beck et al.,[31] which described an inverse association of 
cigarette smoking with FEV1, which translated to a lung 
age.

Many studies conducted in the rest of the world have 
addressed that the relationship between obesity and 
spirometry tests demonstrated heterogeneous results, 
with some studies depicting no effects and other studies 
depicting positive effects. This discrepancy between 
studies could be explained by the wide variations in 
ethnicity of different population in PFT values, or this 

Table 3: Pearson correlation of lung age and pulmonary function tests with waist circumference and body mass index 
in the entire study population
Parameters WC BMI

Nonsmokers (n=95) Smokers (n=113) Nonsmokers (n=95) Smokers (n=113)
r P r P r P r P

FEV1 0.005 0.962 −0.246 0.009 −0.016 0.879 0.092 0.334
FVC 0.005 0.961 −0.684 0.000 −0.019 0.851 0.009 0.926
Ratio −0.008 0.939 −0.026 0.784 0.008 0.942 0.002 0.979
FEF 25-75% −0.005 0.964 −0.582 0.000 −0.026 0.805 −0.027 0.775
Lung age 0.060 0.561 0.775 0.000 0.086 0.410 0.087 0.360

Statistical analysis was done by Pearsons correlation analysis. P<0.05 was considered significant. BMI: Body mass index, WC: Waist circumference, 
FEV1: Forced expiratory volume 1, FVC: Forced vital capacity, FEF 25-75%: Forced expiratory flow 25-75%

Table 4: Regression of lung age and pulmonary function tests with waist circumference and body mass index in the 
entire study population
Parameters WC BMI

Nonsmokers (n=95) Smokers (n=113) Nonsmokers (n=95) Smokers (n=113)
r P r P r P r P

FEV1 0.005 0.962 0.246 0.009 0.016 0.879 0.092 0.334
FVC 0.005 0.961 0.684 0.000 0.019 0.851 0.009 0.926
Ratio 0.008 0.939 0.026 0.784 0.008 0.942 0.002 0.979
FEF 25-75% 0.005 0.964 0.582 0.000 0.026 0.805 0.027 0.775
Lung age 0.060 0.561 0.775 0.000 0.086 0.410 0.087 0.360

Statistical analysis was done by linear regression. P<0.05 was considered significant. BMI: Body mass index, WC: Waist circumference, FEV1: Forced 
expiratory volume 1, FVC: Forced vital capacity, FEF 25-75%: Forced expiratory flow 25-75%

Table 5:	Regression	coefficients	and	statistical	
significance	of	factors	influencing	lung	age,	based	on	
multivariate stepwise linear regression
Model Unstandardized 

coefficients
Standardized 
coefficients

t Significant

B SE Beta
1
Constant −6.080 5.559 −1.094 0.275
Smoking 36.094 3.428 0.592 10.530 0.000

Dependent variable: Lung age. For model 1, R=592, F=61.201, P=0.000. 
SE: Standard error
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may be a result of methodological differences in these 
studies. This study showed that the pulmonary functions 
are significantly influenced by anthropometric indices 
such as WC. On analyzing the impact of WC on lung 
volumes in smoker subjects, FEV1, FVC, and FEF25–75% 
are correlated negatively with WC of the subject while 
their lung age correlated positively with WC. Our results 
were consistent with a previous study that reported WC 
as a better predictor of pulmonary function than BMI, 
although the study did not examine the associations 
in different BMI categories.[32] A recent study suggests 
that for every copy of the minor allele associated with 
cigarette consumption (i.e., increasing cigarette per day 
consumption by approximately one cigarette), WC will 
be increased by 0.14% if BMI was to remain constant. 
This suggests a preferential redistribution toward central 
adiposity associated with higher cigarette consumption.[33]

This study demonstrates the impact of central adiposity 
on pulmonary functions and is consistent with the results 
of other studies.[34‑36] Abdominal adiposity (central fat 
distribution) may limit lung expansion and increase 
the thoracic pressure, leading to restrictive respiratory 
impairment. In mild obesity, the spirometry results may 
be normal or may suggest a restrictive process, with 
a symmetric reduction in FEV1 and FVC.[36] The most 
important change in pulmonary functions in obesity is a 
decrease in lung compliance due to the increased weight 
of chest wall and the higher position of diaphragm in 
the thoracic cavity resulting in a decrease in the lung 
expansion which subsequently leads to increase in work 
of breathing.[37] In addition, the deposition of fat on the 
chest wall may impede the expansion and excursion 
of the rib cage, through a direct loading effect or by 
altering the intercostal muscle function.[38] Furthermore, 
obesity has been shown to be associated with markers of 
systemic and vascular inflammation such as the cytokine 
leptin.[39] These inflammatory factors may exert local 
effects on lung tissue, leading to subtle reductions in 
airway diameter.

An important observation of the current study is that no 
significant correlation between these parameters and BMI 
was seen in the smoker group. For two reasons, BMI is 
not an ideal adiposity predictor of pulmonary function. 
The first is that normal‑weight persons have more muscle 
mass than fat mass. Second, BMI is calculated from 
body weight and height, which are correlated with body 
size, with the larger the body size, the greater the PTF 
variables.[6]

Limitations of the study
A major limitation of BMI is that it does not distinguish fat 
mass and muscle mass, while they have different effects 
on pulmonary function.[40] Moreover, another limitation of 
estimation of only BMI is that it provides less information 

on body fat distribution.[6] Further, we have not assessed 
cytokines related to obesity.

CONCLUSION

In this study, an attempt was made to compare the lung 
function and lung age between smokers and nonsmokers, 
and the results clarify the significant deteriorating effect 
of smoking on lung function and its association with 
premature lung aging. Furthermore, we demonstrated WC 
is a better predictor of lung function and lung age than 
BMI in normal weight smokers. We strongly support the 
policy of reminding the smokers, their spirometry results 
expressed as “lung age” as the abnormal lung age is a 
clear message that the lungs are undergoing accelerated 
deterioration that would be slowed if the smoker stopped 
smoking. This is along with counseling about the dangers 
of continuing to smoke and ways to quit smoking.
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