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High-intensity interval training results in changes in ventilatory function and exercise capacity in patients 
with obstructive lung disease, although the effect of these types of exercises in young smokers but still 
healthy (not obstructive type) is yet to be determined. The purpose of this study was to examine whether 
high intensity interval training results in changes in ventilatory functions specially forced vital capacity. 
Ninety men shared in this randomized controlled study (sixty smokers, thirty nonsmokers) the smokers 
were randomly assigned into two groups, their ages ranged from 18 to 25 years old, they were recruited 
from Faculty of physical therapy; Badr University in Cairo, Egypt. This study was conducted from March 
2017 to August 2018. Ventilatory functions were analyzed by spirometry and it was based on several 
variables such as; the number of cigarette smoked per day, duration of smoking, and body mass index 
(BMI) values, age. Forced vital capacity was evaluated before and after 8 weeks of the training. Thirty 
smokers received aerobic continuous exercise program (group A), while other thirty smokers received 
high intensity interval training exercise program (group B) and the thirty nonsmokers represented the 
control group (group C). ANOVA test was used to analyze the gained data. There was a significant 
difference in forced vital capacity between the smokers (p< 0.05) in favor of group (B). It could be 
concluded that; high intensity interval training had valuable effect on forced vital capacity in young adult 
smokers'. 
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INTRODUCTION 

Smoking is one of the most important 
worldwide health challenges. This problem is 
confirmed by the fact that the smoking rate in 
people continues to steadily increase. Cigarette 
smoking represents major health risks of 
mortalities for respiratory and cardiovascular 
diseases. Therefore, smoking habits may affect 
the respiratory function of youths (Tantisuwat and 
Thaveeratitham, 2014). 

The spirometric parameters have gained more 
popularity when it has been reported that Forced 
Vital Capacity (FVC), Forced Expiratory Volume in 

1 s (FEV1), and FEV1/FVC Ratio are essential for 
the diagnosis of obstructive and restrictive 
respiratory illness (Meo et al., 2014) 
Exercise may have the potential to mitigate some 
of the negative consequences of smoking. Other 
researches assumed that; training at high intensity 
(60-85% of reserve heart rate) may be useful to 
stop smoking. Regarding to our research; there’s 
lack of evidence supported that such a method of 
training has beneficial effects on physiological 
outcomes of smokers (koubaa et al., 2015). 

Pulmonary functions are commonly used 
method to investigate the effects of abnormal on 
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lung functions. It provides an objective 
assessment tool in early detection of lung 
damage. It is also used to reflect the prognosis of 
different treatment methods. The spirometric 
parameters have gained more popularity when it 
has been reported that Forced Vital Capacity 
(FVC), Forced Expiratory Volume in 1 s (FEV1), 
and FEV1/FVC Ratio are essential for the 
diagnosis of obstructive and restrictive respiratory 
illness (Meo et al., 2014) 

Some previous studies have demonstrated 
the effect of smoking on the pulmonary function of 
adults. These studies approved that; smoking 
decreased forced vital capacity (FVC), forced 
expiratory volume in one second (FEV1), 
FEV1/FVC, and forced expiratory flow at 25–75% 
(FEF25–75%). Smoking decreases both 
FEV1/FVC and FEF25–75 which indicate 
obstructed airway in smokers. A previous study 
reported that older symptomatic smokers with 
histories of large numbers of smoking rate / year 
had decreased FVC less than non-smokers, while 
young adult smokers had FVC levels equivalent to 
or higher than age equivalent non-smokers 
(Tantisuwat & Thaveeratitham, 2014). 

 Physical activity has numerous positive 
effects on health and regular moderate intensity 
exercise is documented to decrease morbidity and 
mortality which caused by chronic diseases as 
diabetes mellitus, pulmonary and cardiovascular 
disorders. Sprint Interval training group showed 
better improvement in Forced Vital Capacity 
(FVC) and Maximum Voluntary Ventilation, 
although difference in improvement was 
statistically not significant. There was better 
improvement in Physical Fitness Index after Sprint 
Interval Training as compared to traditional 
aerobic exercise, the difference in improvement 
was statistically significant (Badaam et al., 2013). 

Several researches approved that; there are 
different changes in forced vital capacity (FVC) 
following different intensities and durations of 
exercise. This assessment used interval aerobic 
exercise with different intensities ranged from 
65% to 80% of heart rate reserve. Forced 
expiratory vital capacity (FVCEX) and forced 
inspiratory vital capacity (FVC IN)increased 
significantly after 12 weeks of interval aerobic 
exercise (Hojati et al., 2013). 
 
MATERIALS AND METHODS 

Subjects and study design: 
This randomized and controlled study, which 

aimed to compare the results of different 

physiotherapy techniques on ventilatory functions, 
was conducted in the Faculty of Physical Therapy; 
Badr University in Cairo (BUC), Egypt, and the 
study was done between March 2017 and August 
2018. Sixty young smoker men participated in this 
study; they were recruited from Faculty of physical 
therapy, Badr University in Cairo, there ages 
ranged from 18-25 years old, with BMI ranged 
from (20-30 Kg/m²), All subjects were free from 
cardiovascular, pulmonary and neurological 
disease. They were assigned randomly into two 
groups A and B.  Group (A) thirty subject were 
received Aerobic continuous exercise program for 
eight weeks as three times per week, 30 minutes 
for each session. Group (B) received High 
Intensity Interval Training for eight weeks as three 
times per week, 20: 40 minutes for each session. 
The study was approved by ethical committee of 
Faculty of Physical Therapy, Cairo University, 
approval number; P.T.REC/012/001484. 

Pulmonary function assessment: 
Spirometry was performed with all subjects in 

the sitting position wearing a nose clip. All tests 
were completed using a calibrated Superspiro 

computerized spirometer (Micro Medical, Ltd., 

Rochester, Kent, UK), according to American 
Thoracic Society recommendations, which 
requires each subject to perform 3 acceptable 
spirograms, of which the largest and second 
largest forced vital capacity (FVC), forced 

expiratory volume in 1 sec  ) FEV1),and forced 

expiratory flow at 25–75% of FVC (FEF25–75%) 

value may not vary by more than 10%. The 
largest value was reported. 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 force. 

Aerobic exercise Session: 

For Group A includes 
The training period consisted of 24 training 

sessions carried out over a time span of 8 weeks. 
Each exercise training session was included 
continuous moderate aerobic exercises on a 
treadmill each session 30 minutes' durations with 
frequency three times / week (day after day). 
Each training session consisted of 10 minutes of 
warming up followed by Continuous aerobic 
exercise at 60-70% of age predicted maximum 
heart rate (H.R-Max). 
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High intensity interval training Session: 

For Group B includes: 
The training period consisted of 24 training 

sessions carried out over a time span of 8 weeks. 
Each training session consisted of 10 minutes 
warm-up followed by 4*4-minute intervals at 90–
95% of HR-max, alternating with 3-minuteof active 
recovery at 70% of HR-max, ending with a 5-
minute cool down, giving a total exercise time of 
40 minutes per session. Heart rate (HR) was 
monitored by HR recorders to ensure that all 
training sessions was carried out at definitive 
intensities (Hatle et al,. 2014). 

Follow up procedures  
The follow up procedures included 

Spirometric measurements for measuring FVC 
pre and post training for both groups.  

Statistical analysis 
The data were collected and analyzed through 

two types of statistics by using SPSS version 17 
as follows: 
 
 Descriptive statistics: 

The mean value of each group was calculated 
for each parameter due to all of parameters was 
parametric tests. 

Inferential statistics: 
• Comparing mean values between groups (A, B 
and B) before and after (pre and post-treatment) 
was done by ANOVA test. 

• Comparing mean values before and after (pre 
and post-treatment) among each group (A, B and 
C) were done by Paired t- test. 
• Comparing median values before and after (pre 
and post-treatment) between different groups (A 
and B), (A and C) and (B and C) were done by 
Un-paired t- test. 
- The probability in this study was 95 %. 
 
RESULTS  
1. Demographic and other baseline data in both 
groups: Table (1) represents a summary of 
subjects' demographic data and clinical 
characteristics at the beginning of the study as 
age, weight, height and body mass index (BMI) as 
shown in tables (1). 
2- As shown from table (2), there was no 
statistical significant difference before treatment 
application when compared between three groups 
(A), (B) and (C) (p>0.05) as shown in figure (1). 
3. As shown in table (3),there was a statistical 
significant increase when compared with the 
corresponding mean values (pre-treatment) in 
groups (A) and (B) (p<0.05) respectively as shown 
in figure (2). 
4. As shown in table (4), there was no significant 
difference between groups (A and B), (A and C) 
and (B and C) (p>0.05) as shown in figure (3). 
5. As shown from table (5), there was significant 
difference between groups (A and B) (p< 0.05) in 
favor of group (B) as shown in figure (4). 
 
 

 
 
Table (1): The mean values of the age (years), weight (kg), height (cm) and BMI (kg/m2), within the 

three groups (A, B and C). 

Items Age (year) Weight (kg) Height (cm) BMI (kg/m2) 

Group A 21.87 ± 1.85 81.77 ± 5.21 175.7 ± 2.71 26.48 ± 1.47 

Group B 22.23 ± 1.81 81.9 ± 3.66 175.5 ±4.05 26.6 ± 1.3 

Group C 21.7 ± 2.14 81.03 ± 4.49 176.23 ± 3.4 26.09 ± 1.47 

F-value 0.59 0.32 0.37 1.05 

P-value 0.554 0.725 0.694 0.353 

Significance NS NS NS NS 
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Table (2): Comparison of pre- treatment mean values of FVC between the three groups (A, B and 

C). 
. 

 
Items 

 

FVC (pre- treatment) 

Group (A) Group (B) Group (C) 

Mean ± SD 4.47 ± 0.14 4.55 ± 0.16 4.56 ± 0.16 

F-value 3.01 

P-value 0.054 

Level of 
Significance 

NS (Non-Significant) 

NS: Non- Significant 
 

Table (3): Comparison between pre and post- treatment mean values of  
FVC within the two groups (A and B). 

 

 
Items 

 

FVC 

Group (A) Group (B) 

Pre-treatment Post-treatment Pre-Treatment Post-treatment 

Mean ± SD 4.47 ± 0.14 4.51 ± 0.16 4.55 ± 0.16 4.59 ± 0.16 

MD 0.04 0.04 

% of Improvement 0.89 % 0.95 % 

T-value 2.7 3.6 

P-value 0.011 0.001 

Level of Significance S S 

 
S.: Significant 

 
Table (4): Comparison of pre- treatment mean values of FVC between (A and         B), (A and C) 

and (B and C) groups. 

 
Items 

 

FVC (pre- treatment) 

Group (A) Group (B) Group (A) Group (C) Group (B) Group (C) 

Mean 4.47 4.55 4.47 4.56 4.55 4.56 

± SD ± 0.14 ± 0.16 ± 0.14 ± 0.16 ± 0.16 ± 0.16 

MD 0.08 0.09 0.01 

T-value 1.99 2.29 0.29 

P-value 0.052 0.056 0.075 

Level of 
Significance 

NS NS NS 

NS: Non- Significant. 
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Table (5): Comparison of post- treatment mean values of FVC between (A and B) groups 

 

Items 
FVC (post- treatment) 

Group (A) Group (B) 

Mean ± SD 4.51 ± 0.16 4.59 ± 0.16 

MD 0.08 

% of improvement 1.78 % 

T-value 2.04 

P-value 0.046 

Level of 
Significance 

S 

S.: Significant. 
 
 

 
 

Figure (1): Show Pre- treatment mean values of FVC between the three groups (A, B and C). 
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Figure (2): Show Pre and post- treatment mean values of FVC within each group of the two groups 

(A and B) 

 
Figure (3): Pre- treatment mean values of FEV1/FVC between (A and B), (A and C) and (B and C) 

groups. 
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Figure (4): Show Post- treatment mean values of FVC between groups (A and B). 

 
 
DISCUSSION 

The findings of this study showed that both 
types of exercises had valuable effect on FVC, 
There was a statistical significant difference for 
group (A) and group (B) (0.89 % ↑ , 0.95 % ↑) 
respectively, but there was statistical significance 
in favor of group B (HIIT).  

Badaam et al., 2013 mentioned that; morbidity 
and mortality might be approved by a ‘decreased 

vital capacity’, a term which he approved, as he 

noticed a spirometric abnormalities accurately 
predicted regarding the capacity for humans. 

 Schüneman et al., 2000, suggested that 
pulmonary function was a long-term predictor for 
improvement in health rates in both sexes, and it 
can be used as a predictive assessment tool for 
general health. 

In accordance with this study, recently, the 
data from study of Dunham 

C and Harms CA (2012) suggested that both 
whole-body exercise training and High Intensity 
Training were effective in increasing inspiratory 
muscle power, with High Intensity interval Training 
represents a time-efficient for improving 
performance and aerobic capacity. 

Study of Burney and Hooper (2011) stressed 
that survival in asymptomatic adults without 
chronic respiratory problem or permanent 
pulmonary symptoms with Forced Vital Capacity 

without airway obstruction, as was measured by 
the FEV1/FVC ratio. 

Badaam et al., (2013) concluded that, Sprint 
Interval Training can improve lung functions and 
Physical Fitness Index. Such outcomes had been 
approved to be valuable in maintenance of health.  

Lee HM et al., (2010) said that: persons with 
reduced lung function demonstrated a greater risk 
for all-cause mortality than those with normal 
pulmonary function, consistent with previous 
reports in which reduced FEV1 was related to a 
higher risk for mortality in mixed smoking and 
nonsmoking populations However, in this report 
we have shown FVC only to add to the prediction 
of mortality in the intermediate FRS group. 

This study agreed with Hojati et al., (2013) 
who said that many studies have documented 
differing changes in forced vital capacity (FVC) 
following various intensities and durations of 
exercise. This diagnosis used interval aerobic 
training with different intensities ranged from 65% 
to 80% of heart rate reserve. Forced inspiratory 
vital capacity (FVC IN) as well as forced 
expiratory vital capacity (FVC EX) increased 
significantly in the experimental group after 12 
weeks of interval aerobic exercise.  

Results of this study agreed with koubaa et al. 
(2015) who said that the cigarette smokers with 
least FVC pre training, showed the highest 
improvement comparing the three groups after 
training (≈ +2%). This may suggest that the 
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respiratory system response to physical activity 
among CS group is higher than in HS or NS 
groups.  

The results of the current study are supported 
by the work of Cheng et al., (2003), who 
mentioned that; participants with higher physical 
activities had better levels of FVC and FEV1. A 
relationship between levels of physical activity and 
the degree of respiratory obstruction was not 
supported by our knowledge. 
 
CONCLUSION 

From results of the current study, it was 
concluded that aerobic exercises and high 
intensity interval training had valuable effect on 
forced vital capacity in young adult smokers' men, 
but this effect in favor of high intensity interval 
training. 
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