
2013). Airway obstruction and inflammatory changes, 
characterizing COPD, can be attributed to smoking 
and exert the same impacts on the respiratory system, 
regardless of ethnicity (9). Besides, both active and 
second-hand smoking causes significant failures in the 
respiratory system (4).

Exposure to tobacco smoke affects the airways 
and lungs, especially of young people, resulting in 
higher rates of asthma and reduced pulmonary func-
tions (10-11). Moreover, tobacco smoke was shown to 
be the most prevalent cause of COPD and chronic res-
piratory symptoms (e.g., chronic cough, increased spu-
tum production, wheezing, and shortness of breath)  
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smoking, poor nutrition, and physical activity on the parameters of the pulmonary test. The findings revealed 
that smoking significantly predicted FVC (p = 0.008), FEV1 (p = 0.001), and MEF25-75 (p = 0.000). Yet, it 
was not the case for FEV1-FVC (p = 0.059) and PEF (p = 0.433). On the other hand, physical activity sig-
nificantly predicted FVC (p = 0.000), FEV1 (p = 0.000), FEV1-FVC (p = 0.06, and MEF25-75 (p = 0.000). 
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not have any predictive effects on pulmonary functions.
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Introduction

Cigarette or tobacco smoking undoubtedly leads 
to particularly pulmonary diseases by disrupting the 
oxidant/antioxidant balance in favor of oxidants (1-2), 
as well as cerebrovascular diseases (3-4). The previ-
ous research documented that about 1.2 billion people 
worldwide smoke cigarettes or tobacco (5-6) and that 
smoking causes 700,000 deaths per year in the Euro-
pean Union (5) and accounts for approximately 80% of 
chronic obstructive pulmonary disease (COPD) in the 
United States (7). Smoking-related diseases progress 
from small airways to larger ones (8) ( Juusela et al., 
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in healthy adults (12). In other words, smoking is the 
primary risk factor in many respiratory system diseases 
such as COPD, asthma, and bronchiectasis. As smok-
ers get older and have reduced lung flexibility, they are 
at greater risk of developing pulmonary diseases (13).

A review of the medical literature suggests that 
healthy eating and physical activity bring numerous 
benefits to health, reduce the risk of morbidity and 
mortality from many diseases, and help individu-
als maintain and/or improve their independence and 
functional capacities (7, 14-15). Previous cohort stud-
ies documented that regular physical activity may 
effectively initiate the prevention and treatment of 
chronic respiratory diseases, including asthma and 
COPD (16). In addition, despite controversial find-
ings (17), it was previously confirmed that healthy 
eating and physical activity were positively associated 
with spirometric parameters (18-19).

It is often anticipated that smokers and second-
hand smokers will have lower activity capacity. As a 
critical cardiovascular risk factor, smoking causes dam-
age to the vascular endothelial tissue, which contrib-
utes to decreased physical activity and fitness capacity. 
Besides, vasoconstriction occurs in the vascular en-
dothelium due to smoking, leading to a reduced func-
tional physical capacity. Such adverse situations appear 
at various rates in different social and occupational 
groups (20).

Epidemiological studies by Saadeh et al. (21) 
showed that fruit intake was associated with a low 
prevalence of wheezing and that cooked green veg-
etable intake was associated with a low prevalence of 
wheezing and asthma in school children aged 8–12 
years old. Studies by Grieger et al. (22) on the hetero-
geneous nature of the data describing fruit and vegeta-
ble intake and lung function, with one study showing 
no effect on lung function of higher fruit and vegeta-
ble intake over 10 years (23), yet in another study, in-
creased fruit intake over 2 years was associated with 
increased FEV1 (23), while another study showed that 
a large decrease in fruit intake over 7 years was associ-
ated with decreased FEV1 (24) in adults.

Since smoking and physical activity seem largely 
maladaptive behavior regarding their impacts on bodily 
functions (25), their concurrent effects on pulmonary 
functions among the young remain unclear (26-28). 

Therefore, the present study attempted to explore the 
effects of smoking, nutrition, and physical activity on 
pulmonary function.

Materials and Methods

We included 184 voluntary participants aged  
18 years and above in focus group interviews to know 
about their demographic characteristics and smoking, 
nutrition, and physical activity status of the patients 
who came to the Chest Polyclinic of Sakarya Training 
and Research Hospital. We then recruited them to pul-
monary function tests through ergospirometry (Quark 
PFT, Cosmed, Italy) twice and utilized the result of 
the most efficient test. Ergospirometry is a fundamen-
tal procedure to examine pulmonary functions and is 
needed to diagnose and monitor pulmonary diseases 
(29). In this study. A specialist physician evaluated the 
test results by the FVC, FEV1, FEV1/FVC, PEF, and 
MEF25-75 measurements. Finally, we compared the 
expected and observed values of the specified parame-
ters. We analyzed the data using independent and paired 
samples t-tests and logistic regression analysis on SPSS.

Note: According to the Body Mass Index (BMI), 
the participant’s height and weight were measured and 
information about healthy nutrition was evaluated. In 
addition, the participants were asked whether they ex-
ercised regularly, whether they smoked, and whether 
they ate regularly during the day.

The parameters in the pulmonary function test are 
summarized below.

i.	 Forced Vital Capacity (FVC) is the volume 
of air exhaled with forced, rapid, and deep ex-
piration after deep inspiration. Its difference 
from VC is characterized by a swift maneuver. 
Indeed, FVC should be equal to VC in ordi-
nary people. FVC becomes lower in airway 
obstruction due to bronchiolar collapse caused 
by forced expiration.

ii.	 Forced Expiratory Volume (FEV1) is the vol-
ume of air exhaled in the first second of forced 
expiration. Typically, 80% of the air volume is 
exhaled in the first second. It often implies the 
situation in larger airways.
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iii.	 FEV1/FVC ratio (Tiffeneau ratio) is often 
over 75% in young adults and decreases with 
age and is used to distinguish between obstruc-
tive and restrictive pathologies. It may appear 
as < 70% in the presence of any airway ob-
struction. Although it helps diagnose mild to 
moderate obstruction, it may not be sensitive 
enough to grade the severity of obstruction.

iv.	 Mid-Expiratory Flow (MEF25-75) is the 
flow rate measured during the period in 
which 25% to 75% of air volume is exhaled 
with forced expiration. It is related to the flow 
from the middle and small airways. It be-
comes reduced in the early stages of obstruc-
tive diseases and sometimes shows a decrease 
in restrictive conditions. The rate is calculated 
on the curve with the highest sum of FEV1 
and FVC. It is affected by the efficiency of the 
forced expiratory maneuver and the strength 
of the expiratory effort.

v.	 Peak Expiratory Flow (PEF) represents the 
highest flow during the FVC maneuver.

Results

Of the 184 participants, 93 (50.5%) were male,  
91 (49.5%) were female, and the mean age was  
50 years. Some sociodemographic characteristics of 
the study group are presented in Table 1.

Normality of distribution

According to the findings of the Kolmogorov-
Smirnov test, the research data showed a normal distri-
bution (p > 0.05). Thus, we compared the dichotomous 
variables using a Paired Samples t-test.

Expected and observed values in the pulmonary test

As in Table 3, we found significant differences be-
tween FVC observed (M = 3.28) and FVC expected 
(M = 3.71) values (p = 0.00), between FEV1 observed 
(M = 2.78) and FEV1 expected (M = 3.08) values 
(p = 0.00), between FEV1-FVC observed (M = 82.17) 
and FEV1-FVC expected (M = 78.76) values (p = 0.00), 

Table 1. Distribution of Participant’s by demographic 
characteristics

Characteristics N %

Height
150 – 160 cm 32 17.4
161 – 170 cm 82 44.6
171 cm and above 70 38.0

Age
20 – 40 years 59 32.1
41 years and above 125 67.9

Sex
Male 93 50.5
Female 91 49.5

Smoking
Yes 93 50.5
No 91 49.5

Physical Activity
Yes 94 51.1
No 90 48.9

Smoking duration
Less than 2 years 93 50.5
More than 2 years 91 49.5

Weight
40 – 70 kg 60 32.6
71 – 100 kg 105 57.1
101 kg and above 19 10.3

Table 2. Findings of the Kolmogorov-Smirnov Test

Parameters n p
FVC 184 .052
FEV1 184 .074
FEV1/FVC 184 .050
PEF 184 .053
MEF25-75 184 .200

Table 3. Expected and Observed Values in the Pulmonary Test

M N SD p
FVC Observed 3.28 184 1.18 0,001
FVC Expected 3.71 184 0.97
FEV1 Observed 2.73 184 1.08 0,001
FEV1 Expected 3.08 184 0.80
FEV1-FVC Observed 82.17 184 11.36 0,001
FEV1-FVC Expected 78.76 184 8.45
PEF Observed 6.63 184 9.03 0,001
PEF Expected 8.27 184 7.66
MEF25-75 Observed 3.09 184 1.59 0,001
MEF25-75 Expected 3.76 184 0.91

between PEF observed (M = 6.63) and PEF expected 
(M = 8.27) values (p = 0.00), and between MEF25-
75 observed (M = 3.09) and MEF25-75 expected  
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Table 4. Relationship between Expected and Observed Values for FVC in the Pulmonary Test

Correlations
FVC Observed FVC Expected

FVC Observed
relationship level 1 ,834**

p ,001
N 184 184

FVC Expected
relationship level ,834** 1

p ,001
N 184 184

**. significance level 0,01

Table 5. Relationship Between Expected and Observed Values for FVC1 in the Pulmonary Test

Correlations
FEV1 Observed FEV1 Expected

FEV1 Observed
relationship level 1 ,826**

p ,001
N 184 184

FEV1 Expected
relationship level ,826** 1

p ,001
N 184 184

**. significance level 0,01

(M = 3.76) values (p = 0.00). Thus, we further inves-
tigated the significant difference between the observed 
and expected values of the parameters in the pulmonary 
test. We initially hypothesized that such significant dif-
ferences may be associated with smoking and physical 
activity. In this regard, we performed a logistic regres-
sion analysis to explore the predictive impact of smok-
ing status and physical activity on the findings of the  
pulmonary test.

Correlation analysis between expected and  
measured values

In Table 4, the relationship between expected 
and observed values for the FVC in the patient was 
examined. Accordingly, it is seen that there is a sig-
nificant positive relationship between the expected 
and observed values (p=0.00>0.01). Considering 
the level of this relationship between them, it can 
be said that there is a 68% relationship. In this case, 
the reliability of the measurements for FVC was 
also found.

In Table 5, the relationship between expected and 
observed values for the FEV1 in the patient was ex-
amined. Accordingly, it is seen that there is a signifi-
cant positive relationship between the expected and 
observed values (p=0.00>0.01). Considering the level 
of this relationship between them, it can be said that 
there is a 68% relationship. In this case, the reliability 
of the measurements for FEV1 was also found.

In Table 6, the relationship between expected and 
observed values for the FEV1-FVC in the patient was 
examined. Accordingly, it is seen that there is a signifi-
cant positive relationship between the expected and 
observed values (p=0.00>0.01). Considering the level 
of this relationship between them, it can be said that 
there is a 68% relationship. In this case, the reliability 
of the measurements for FEV1-FVC was also found.

In Table 7, the relationship between expected 
and observed values for the PEF in the patient was 
examined. Accordingly, it is seen that there is a signifi-
cant positive relationship between the expected and 
observed values (p=0.00>0.01). Considering the level 
of this relationship between them, it can be said that 
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FEV1 (p = 0.001), and MEF25-75 (p = 0.000). Yet, it 
was not the case for FEV1-FVC (p = 0.059) and PEF 
(p = 0.433). Overall, smoking had a negative predictive 
effect on the participants’ findings on the pulmonary 
test (Table 9).

Relationship between smoking and results of the 
pulmonary test

We performed another logistic regression analysis 
to explore the predictive effect of physical activity on the 
parameters of the pulmonary test. Accordingly, physi-
cal activity significantly predicted FVC (p = 0.000), 
FEV1 (p = 0.000), FEV1-FVC (p = 0.06, and MEF25-
75 (p = 0.000). However, we could not find the physi-
cal activity to predict PEF (p = 0.062) significantly. In 
general, engaging in physical activities had a positive 
predictive effect on the participants’ findings of the 
pulmonary test (Table 10).

there is a 68% relationship. In this case, the reliability 
of the measurements for PEF was also found.

In Table 8, the relationship between expected 
and observed values for the MEF25-75 in the patient 
was examined. Accordingly, it is seen that there is a 
significant positive relationship between the expected 
and observed Values (p=0.00>0.01). Considering the 
level of this relationship between them, it can be said 
that there is a 68% relationship. In this case, the reli-
ability of the measurements for MEF25-75 was also 
found.

Relationship between smoking and results of the 
pulmonary test

We performed a logistic regression analysis to 
explore the predictive impact of smoking on the pa-
rameters of the pulmonary test. The findings revealed 
that smoking significantly predicted FVC (p = 0.008), 

Table 6. Relationship Between Expected and Observed Values for FEV1-FVC in the Pulmonary Test

Correlations

FEV1-FVC Observed FEV1-FVC Expected

FEV1-FVC Observed

relationship level 1 ,433**

p ,001

N 184 184

FEV1-FVC Expected

relationship level ,433** 1

p ,001

N 184 184

**. significance level 0,01

Table 7. Relationship between Expected and Observed Values for PEF in the Pulmonary Test

PEF Observed PEF Expected

PEF Observed

relationship level 1 ,981**

p ,001

N 184 184

PEF Expected

relationship level ,981** 1

p ,001

N 184 184

**. significance level 0,01
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Discussion

We carried out the present study to explore the 
effects of smoking and healthy nutrition – physical ac-
tivity on pulmonary function. One’s pulmonary func-
tions may severely be damaged when being exposed 
to tobacco smoke throughout their life (30), and the 
adverse impacts may vary by the type and severity of 
smoke exposure (31). The first years of life represent a 
critical developmental period in which smoke inhala-
tion can significantly affect the development of pul-
monary functions (32). Moreover, while adult smoking 
is typically associated with a rapid decline in FEV1 

Table 8. Relationship between Expected and Observed Values for MEF25-75 in the Pulmonary Test

Correlations

MEF25-75 Observed MEF25-75 Expected r

MEF25-75 Observed

relationship level 1 ,683**

p ,001

N 184 184

MEF25-75 Expected

relationship level ,683** 1

p ,001

N 184 184

**. significance level 0,01

Table 9. Relationship between smoking and results of the pulmonary test

Independent variable Constant a p Dependent variable

FVC 3.512 -0.461 0.008 Smoking

FEV1 2.983 -0.511 0.001

FEV1-FVC 83.73 -3.166 0.059

PEF 7.151 -1.08 0.433

MEF25-75 3.51 -0.864 0.001

Table 10. Relationship between smoking and results of the  
pulmonary test

Independent variable Constant a p Dependent variable

FVC 2.807 0.974 0.001 Physical activity

FEV1 2.241 1.00 0.001

FEV1-FVC 79.166 6.145 0.001

PEF 5.415 2.48 0.062

MEF25-75 2.234 1.342 0.001

(33), smoking during adolescence may interfere with 
the final stages of lung development that affect both 
FEV1 and FVC (34) Several studies on young smokers 
concluded a reduction in their lung capacity compared 
to non-smokers. Merghany and Saeed (35) studied 
9-14-year-old 153 male adolescents exposed to smok-
ing in Sudan and found that FEV1 and FVC in the 
experimental group were significantly lower than in 
the non-smoking control group (35). Similar find-
ings were obtained in a sample of 300 students (137 
boys) aged 13-15 years in Juárez in the study by Bird 
and Staines-Orozco (36). In that study, young non-
smokers exhibited significantly higher values (FEV1, 
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found that smoking was a significant predictor of the 
FVC (p = 0.008), FEV1 (p = 0.001), and MEF25-75  
(p = 0.000) measurements of the pulmonary function 
test. However, our findings revealed that smoking was 
not a significant predictor of two parameters, FEV1-
FVC (p = 0.059) and PEF (p = 0.433). Twisk et al. (14) 
reported that smoking reduces FVC and FEV1, while 
physical activity improves FVC. Holmen et al. (27)  
found that FEV1 and FVC are significant predictors 
of good lung functions (27).

A lot of research has been done on whether di-
etary nutrients are beneficial for patients with COPD. 
While creatinine, found in meat and fish, does not 
contribute to rehabilitation, sulforaphane, found in 
broccoli and wasabi, and curcumin, the pigment in 
turmeric, may have beneficial antioxidant properties 
(40–42). In COPD, branched chain amino acid sup-
plementation is associated with positive outcomes, 
including increases in whole body protein synthesis, 
body weight, lean mass, and arterial blood oxygen lev-
els (43,44). Malnutrition is not a major problem in 
asthma. In this case, supports our observation that nu-
trition has no predictive effect on pulmonary functions.

A study of how smoking and physical activity af-
fect pulmonary functions can be expected to find that 
smoking adversely affects pulmonary functions while it 
is vice versa for physical activity. Overall, our findings 
confirm the idea above and overlap the findings in the 
literature.

The present study is not free from a few limita-
tions. First, it was a cross-sectional study; therefore, it 
only dealt with the associations between the variables, 
not causality. In addition, we retrospectively examined 
the randomly selected data of those admitted to the 
pulmonology clinic for their complaints or follow-up 
purposes. Thus, our findings were not generalizable to 
patient populations in different regions. However, the 
idea of contributing to the health status of individuals 
was the primary motivation for this study. The findings 
also displayed initial changes to pulmonary functions 
triggered by tobacco use and physical activity, which 
may reinforce discouraging smoking. In conclusion, 
this study confirmed poor pulmonary functions with-
out physical activity. Moreover, the results support that 
physical activity is positively associated with improved 
pulmonary functions in both smokers and non-smokers.

FEV1/FVC, and FEV 25%-75%) than both passive 
and second-hand smokers. Vianna et al. (37) examined 
the effects of smoking on the pulmonary functions of 
2,063 young people with a mean age of 24 years in 
Brazil and found a significant relationship between 
smoking and the FEV1/FVC (32)36. A similar study 
in Spain with 2,647 young people (1,275 males) with a 
mean age of 32 (38) reported significantly lower values 
of FEV1, FEV1/FVC, and FEF 25%-75% among the 
smokers (38). However, none of the mentioned studies 
considered physical activity an influencing factor on 
pulmonary functions in young people.

The previous research reported a positive associa-
tion between physical activity performance and spiro-
metric parameters (18-19, 27,34) Holmen et al. (27) 
carried out a study with 13-18-years-olds and found 
a significant relationship between lung capacity (FVC 
and FEV1) and physical activity level among non-
smokers, but it was not the case among those smoking 
occasionally. Michalak et al. (28) investigated the im-
pacts of physical activity on young smokers and non-
smokers aged 19-24 years for 10 months and observed 
improvements in FVC and FEV1 of both groups (28). 
Campbell Jenkins et al. (26) explored an association 
between physical inactivity and smoking in a cohort of 
5,301 African-American adults aged 21-95 years and 
concluded that physically active smokers had improved 
pulmonary functions than sedentary smokers (26).

Only limited data are available on the effects of 
physical activity on pulmonary functions. Nystad et 
al. (39) showed that a high level of physical activ-
ity may compensate for a typical decline of approxi-
mately 3-5 years in FEV1 (30 ml/year) and, thus, may 
overcome the disadvantages of the decrease in FEV1 
due to increasing age (39). Our findings revealed that 
the physical activity significantly predicted the FVC  
(p = 0.000), FEV1 (p = 0.000), FEV1-FVC  
(p = 0.059), and MEF25-75 (p = 0.000) measurements 
of the pulmonary function test. Yet, we could not find 
a significant predictive effect of physical activity on 
PEF (p = 0.062).

On the other hand, smoking brings various 
negative effects on the pulmonary system of smok-
ers, which triggers undesirable symptoms (5). Smok-
ing is a risk factor for bronchial hyperresponsiveness, 
asthma, COPD, and lung cancer (8). In this study, we 



Progress in Nutrition 2022; Vol. 24, N. 4: e20221018

9.	Powell R, Davidson D, Divers J, Manichaikul A, Carr JJ, 
Detrano R, Hoffman EA, Jiang R, Kronmal RA, Liu K, 
Punjabi NM, Shahar E, Watson KE, Rotter JI, Taylor KD, 
Rich SS, Barr RG. Genetic ancestry and the relationship of 
cigarette smoking to lung function and per cent emphysema 
in four race/ethnic groups: a cross-sectional study. Thorax. 
2013;68(7):634-642.

10.	Gibbs K, Collaco JM, McGrath-Morrow SA. Impact of 
Tobacco Smoke and Nicotine Exposure on Lung Develop-
ment. Chest. 2016;149(2):552-561.

11.	Simmons MS, Connett JE, Nides MA, Lindgren PG, 
Kleerup EC, Murray RP, Bjornson WM, Tashkin DP. Smok-
ing reduction and the rate of decline in FEV(1): results from 
the Lung Health Study. Eur Respir J. 2005;25(6):1011-7.

12.	Forey BA, Thornton AJ, Lee PN. Systematic review with 
meta-analysis of the epidemiological evidence relating 
smoking to COPD, chronic bronchitis and emphysema. 
BMC Pulm Med. 2011;11:36.

13.	Taş GŞ, & Kandemir A. Chronic Obstructive Lung Dis-
ease Frequency in Colorectal Polyp and Relationship with 
Systemic Inflammation. Kocaeli Med J. 2019;8(2):103-109.

14.	Twisk JW, Staal BJ, Brinkman MN, Kemper HC, van 
Mechelen W. Tracking of lung function parameters and 
the longitudinal relationship with lifestyle. Eur Respir J. 
1998;12(3):627-34.

15.	Fogelholm M. Physical activity, fitness and fatness: relations 
to mortality, morbidity and disease risk factors. A systematic 
review. Obes Rev. 2010;11(3):202-21.

16.	Lahti J, Holstila A, Lahelma E, Rahkonen O. Leisure-time 
physical activity and all-cause mortality. PLoS One. 
2014;9(7): e101548.

17.	Smith AM, Floerke VA, Thomas AK. Retrieval practice 
protects memory against acute stress. Science. 2016;354 
(6315):1046-1048.

18.	Gimeno-Santos E, Frei A, Steurer-Stey C, de Batlle J, Ra-
binovich RA, Raste Y, Hopkinson NS, Polkey MI, van Re-
moortel H, Troosters T, Kulich K, Karlsson N, Puhan MA, 
Garcia-Aymerich J; PROactive consortium. Determinants 
and outcomes of physical activity in patients with COPD: a 
systematic review. Thorax. 2014;69(8):731-9.

19.	Paulo R, Petrica J, Martins J. Atividade física e função 
respiratória: análise da composição corporal e dos valores 
espirométricos [Physical activity and respiratory function: 
corporal composition and spirometric values analysis]. Acta 
Med Port. 2013;26(3):258-64.

20.	Heffernan KS, Jae SY, Vieira VJ, Iwamoto GA, Wilund KR, 
Woods JA, Fernhall B. C-reactive protein and cardiac vagal 
activity following resistance exercise training in young Af-
rican-American and white men. Am J Physiol Regul Integr 
Comp Physiol. 2009;296(4):R1098-105.

21.	Saadeh D, Salameh P, Baldi I, Raherison C. Diet and aller-
gic diseases among population aged 0 to 18 years: myth or 
reality? Nutrients. 2013;5(9):3399-423.

22.	Grieger JA, Wood LG, Clifton VL. Improving asthma dur-
ing pregnancy with dietary antioxidants: the current evi-
dence. Nutrients. 2013;5(8):3212-34.

Conclusion

The field of nutrition and respiratory diseases 
continues to develop and expand, but in this study, 
we observed no predictive effect of nutrition on pul-
monary functions. however, more studies are needed 
in the form of randomized controlled dietary ma-
nipulation studies using whole foods to ensure that 
evidence-based recommendations for the management 
of respiratory conditions are provided.
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