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This study examined changes in vital capacity (VC) 
and forced expiratory volume in one second (FEV1) 
following strength training among students at 
Universitas Kristen Indonesia. A quasi-experimental 
pre-test–post-test study recruited 40 male students 
aged 17–23 years through purposive sampling. Twenty 
students performed strength training for 6–8 weeks, 
while 20 controls did not receive the training 
programme. Spirometry measured VC and FEV1 
before and after the study period. Shapiro–Wilk tests, 
paired t-tests, and independent samples t-tests 
assessed the data. Mean VC increased from 3.9500 to 
4.2435 L in the training group and decreased from 
3.9630 to 3.9460 L in controls. Mean FEV1 increased 
from 74.20% to 85.25% in the training group and from 
77.75% to 77.85% in controls. Within-group 
improvements in the training group were significant 
for both outcomes (p < .001), whereas control-group 
changes were not significant. The source reported 
significant between-group differences in change scores 
for both outcomes (p < .001). Strength training was 
associated with improved pulmonary measurements 
in this sample. Nonrandom allocation, unequal 
smoking distributions, and inconsistencies in reported 
change scores limit causal interpretation 
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INTRODUCTION 
University students may spend substantial time in sedentary academic 

activities. Physical activity therefore remains relevant to student health and 
physical conditioning. The World Health Organization (2020) recommends 
regular aerobic activity and muscle-strengthening activities for adults. Resistance 
exercise provides a distinct training stimulus that warrants investigation 
alongside aerobic exercise. 

Pulmonary function can be assessed through spirometric measurements. 
Vital capacity (VC) describes the maximum volume exhaled after a maximal 
inspiration, while forced expiratory volume in one second (FEV1) measures the 
volume exhaled during the first second of a forced expiration. These parameters 
reflect different aspects of respiratory performance. Their interpretation requires 
attention to individual characteristics and measurement quality (Pellegrino et al., 
2005). 

Previous research provides experimental evidence linking resistance and 
endurance exercise to pulmonary adaptation (Khosravi et al., 2013). However, 
results from other populations and exercise modalities cannot directly establish 
the response of students to a university-based strength-training programme. A 
local comparison of trained and untrained students can provide preliminary 
evidence, provided that differences in baseline characteristics and training 
exposure receive careful consideration. 

This study examined changes in VC and FEV1 among students at 
Universitas Kristen Indonesia over a 6–8-week period. It compared pre-test and 
post-test measurements within each group and assessed differences in change 
scores between students who performed strength training and those who did not. 
 
LITERATURE REVIEW 
Strength Training and Respiratory Adaptation 

Strength training uses external resistance or body weight to challenge 
skeletal muscles. Training frequency, intensity, exercise selection, and 
progression determine the stimulus and influence adaptation (Ratamess, 2012). 
The physiological rationale in the thesis links improved muscular performance 
and thoracic stability to more effective ventilation. This pathway is plausible, but 
the present study did not directly measure respiratory muscle strength or 
thoracic mechanics. 

Khosravi et al. (2013) examined pulmonary function following endurance 
and resistance training. Their work provides a basis for evaluating strength 
training as a potential contributor to pulmonary adaptation. Differences in 
participant characteristics and programme design nevertheless require caution 
when comparing studies. 
Pulmonary Outcomes and Study Hypotheses 

VC and FEV1 serve as complementary outcomes. VC represents an 
exhaled volume, whereas FEV1 captures early forced expiratory performance. 
FEV1 appears as a percentage in the source results; the source does not specify 
the reference equation underlying this percentage. The article therefore retains 
the reported unit without treating it as a measured volume in litres. 
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H1: Changes in VC differ between students who perform strength training and 
students who do not perform the training programme. 
H2: Changes in FEV1 differ between students who perform strength training and 
students who do not perform the training programme. 

The conceptual framework links strength-training exposure to changes in 
VC and FEV1. Age, smoking status, body size, and other physical activity may 
influence these outcomes. The study reports age and smoking status but does not 
provide an adjusted model for these potential confounders. 

 

 
Figure 1. Conceptual Framework 

 
METHODOLOGY 
Design and Setting 

The study used a quasi-experimental design with intervention and control 
groups assessed before and after the study period. Data collection took place 
from October to December 2025 at the Integrated Laboratory of the Faculty of 
Medicine and the Sport and Health Center of Universitas Kristen Indonesia. The 
source does not report random assignment. 
Participants and Sampling 

The researchers recruited 40 active male students from the 2022–2025 entry 
cohorts through purposive sampling. Participants were 17–23 years old, agreed 
to follow the study procedures, and provided informed consent. The study 
excluded students with respiratory diseases, including asthma, bronchitis, 
tuberculosis, and chronic obstructive pulmonary disease, and those with injuries 
or mobility limitations that could interfere with exercise. Each group included 20 
students. 

The thesis used the Federer expression, (t − 1)(n − 1) ≥ 15, where t denotes 
the number of groups and n denotes participants per group. With two groups, 
the expression yielded at least 16 participants per group. The researchers enrolled 
20 per group. This calculation was not an outcome-specific statistical power 
analysis. 
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Training Exposure and Measurements 
The training group performed strength training for 6–8 weeks. Reported 

training frequency was three to five sessions per week. Controls did not receive 
the strength-training programme. A modified IPAQ-SF questionnaire and 
interviews captured exercise habits and participant characteristics. The source 
does not provide sufficient details on exercise selection, load, sets, repetitions, 
session duration, progression, or adherence to reproduce the programme fully. 

The researchers measured vital signs before spirometry and used a 
calibrated digital spirometer to assess VC and FEV1. They entered demographic 
and anthropometric information, instructed participants to seal their lips around 
the mouthpiece and close the nose, and guided maximal inspiratory and 
expiratory manoeuvres. They repeated instructions and measurements up to 
three times when necessary. The thesis does not document the spirometer model, 
prediction equation, or formal acceptability and repeatability criteria. 
Statistical Analysis and Ethics 

SPSS supported descriptive and inferential analysis. Frequencies and 
percentages describe participant characteristics. Means and standard deviations 
summarize pulmonary measurements. Shapiro–Wilk tests assessed normality. 
Paired samples t-tests compared measurements within groups, and independent 
samples t-tests compared changes between groups. The significance threshold 
was p < .05. All reported analyses derive from the supplied thesis; no participant-
level reanalysis was possible. 

The thesis states that the Faculty of Medicine of Universitas Kristen 
Indonesia granted ethical approval and that participants signed informed 
consent forms. The researchers protected personal information and minimized 
disruption to academic activities. 
 
RESULTS 
Participant Characteristics 

The sample included 40 male students. Most participants were 21 years 
old. The training and control groups each contained 20 students. Smoking was 
more common in controls than in the training group (Table 1). 

 
Table 1. Participant Characteristics and Training Exposure 

Characteristic Category n % 

Age (years) 17 1 2.5 

Age (years) 18 4 10.0 

Age (years) 19 10 25.0 

Age (years) 20 5 12.5 

Age (years) 21 17 42.5 

Age (years) 22 2 5.0 

Age (years) 23 1 2.5 

Training exposure 3–5 sessions/week 20 50.0 

Training exposure No training 20 50.0 

Smoking, training group Smoker 8 40.0 

Smoking, training group Nonsmoker 12 60.0 
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Characteristic Category n % 

Smoking, control group Smoker 13 65.0 

Smoking, control group Nonsmoker 7 35.0 

Note. Age and training percentages use the total sample (N = 40); smoking 
percentages use the respective group denominator (n = 20). 
 
Pulmonary Measurements 

Table 2. Pulmonary Measurements Before and After the Study Period 
Outcome Group Pre-test, mean ± SD Post-test, mean ± SD 

VC (L) Training 3.9500 ± 0.74713 4.2435 ± 0.70178 

VC (L) Control 3.9630 ± 0.59189 3.9460 ± 0.59022 

FEV1 (%) Training 74.2000 ± 22.21095 85.2500 ± 21.82677 

FEV1 (%) Control 77.7500 ± 22.70144 77.8500 ± 23.07032 

 
Mean VC and FEV1 increased in the training group. Controls showed a 

small decrease in VC and a small increase in FEV1. Table 2 uses the more precise 
descriptive values reported in the thesis narrative 

 
Normality and Within-Group Comparisons 

Table 3. Shapiro–Wilk Normality Tests 
Variable Training pre Training post Control pre Control post 

VC .721 .795 .995 .998 

FEV1 .406 .574 .267 .254 

 
The reported normality-test p values exceeded .05. Tests of change scores 

yielded p = .211 for VC and p = .388 for FEV1. The source does not specify 
separate change-score tests for each group 

 
Table 4. Paired Samples T-Tests as Reported in the Source 

Outcome Group Mean pre − post SD of difference t p 

VC (L) Training −0.29935 0.17617 −7.451 < .001 

VC (L) Control 0.01700 0.05602 1.356 .191 

FEV1 (%) Training −11.05000 6.43571 −7.679 < .001 

FEV1 (%) Control −0.10000 2.48998 −0.180 .859 

 
Within-group changes were statistically significant in the training group 

for both outcomes. Neither outcome changed significantly in controls. Negative 
differences in Table 4 indicate higher post-test values because the paired 
comparison uses pre-test minus post-test. 
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Between-Group and Smoking Subgroup Comparisons 
Table 5. Between-Group Differences in Change Scores Reported in the Source 
Outcome Reported mean difference p 

VC (L) 0.312 < .001 

FEV1 (%) 11.10 < .001 

 
The source reports significant differences in change scores between 

groups. These results support the stated hypotheses at the reported significance 
level, subject to the numerical verification issues described below. FEV1 
differences represent percentage-point changes in the reported percentage 
measure. 

 
Table 6. Descriptive Changes by Smoking Status 

Group Smoking status 
(n) 

VC change, mean ± 
SD (L) 

FEV1 change, mean ± 
SD 

Training Smoker (8) 0.14 ± 0.06 9.50 ± 4.24 

Training Nonsmoker (12) 0.40 ± 0.14 12.08 ± 7.56 

Control Smoker (13) −0.03 ± 0.06 −1.15 ± 1.57 

Control Nonsmoker (7) 0.01 ± 0.05 2.00 ± 2.83 

 
The training-group nonsmokers had larger descriptive changes than 

smokers. No subgroup significance tests or smoking-adjusted effect estimates 
were reported; these observations do not establish an interaction between 
training and smoking. 
 
DISCUSSION 

The findings indicate that students who performed strength training had 
improved VC and FEV1 measurements over the study period. Controls showed 
little change. The direction of the findings is consistent with the proposed 
physiological rationale and with research examining pulmonary responses to 
endurance and resistance training (Khosravi et al., 2013). However, the numerical 
inconsistencies in the source prevent a definitive statement about the exact 
magnitude of the training effect. 

Improved muscular performance and respiratory coordination may help 
explain the observed changes. Strength training can produce neuromuscular 
adaptation, which provides a possible basis for more effective breathing 
manoeuvres (Ratamess, 2012; Powers et al., 2021). The study did not measure 
inspiratory pressure, expiratory pressure, or respiratory muscle activation. These 
mechanisms therefore remain interpretations rather than demonstrated 
mediators. 
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VC and FEV1 require separate interpretation. A change in VC can reflect 
altered maximal ventilatory performance, while FEV1 depends on the forced 
expiratory manoeuvre and airway-related factors. Spirometry also depends on 
participant effort and measurement quality (Pellegrino et al., 2005). Repeated 
testing may introduce familiarization effects, and the limited documentation of 
acceptability and repeatability restricts assessment of measurement reliability. 
Smoking deserves particular attention because its distribution differed between 
groups. The source’s smoking-stratified results show different descriptive 
responses, but the analysis did not adjust for smoking or other potential 
confounders. Nonrandom recruitment may also select students with different 
baseline fitness, motivation, or exercise habits. Similar baseline mean pulmonary 
measurements alone do not eliminate these differences. 

The study contributes preliminary evidence from a university setting. Its 
findings can inform the design of a more standardized trial, but they do not 
establish long-term respiratory benefit, prevention of respiratory disease, or 
efficacy in women or patients with lung disease. Those conclusions would 
require different populations, stronger allocation procedures, and additional 
outcome measures.  

  
CONCLUSIONS AND RECOMMENDATIONS 

Students who performed strength training for 6–8 weeks showed 
significant within-group improvements in VC and FEV1 in the supplied analysis. 
Controls showed no significant within-group changes, and the thesis reported 
significant between-group differences. The findings suggest an association 
between strength training and improved pulmonary measurements in this 
sample of male students. The exact effect estimates require reconciliation before 
journal submission. 

A university exercise programme may use these findings to guide further 
evaluation of structured strength training. Programme documentation should 
specify exercise type, load, progression, frequency, adherence, and spirometry 
quality controls. Researchers should also account for smoking, body size, 
baseline fitness, and other physical activity when estimating training effects.   
 
FURTHER STUDY 
 This research still has its limitations, so further studies on the topic of 
Strength Training and Pulmonary Function Among Students at Universitas 
Kristen Indonesia are needed to improve this research and provide more insights 
for readers and the author. 
 
 
 
 
 
 
 
 



Batubara, Kayoi, Gultom, Nurprilinda    

448 
 

ACKNOWLEDGMENT 
The researchers acknowledge the Faculty of Medicine, Universitas Kristen 

Indonesia, the Integrated Laboratory, and the Sport and Health Center for 
facilitating the research. They also thank the participating students and 
laboratory staff for their assistance during data collection. 
 
REFERENCES 
Bostanci O, Mayda H, Yilmaz C, Kabadayi M, Yilmaz AK, Ozdal M. Inspiratory 

muscle training improves pulmonary functions and respiratory muscle 
strength in healthy male smokers. Respir Physiol Neurobiol. 2019;264:28-32 

EnayatJazi M, Enayatjazi S, Bahram Abadi NG, Fathi A. Effect of 8 weeks of 
endurance training on volume and capacity of lungs (FEV1/FVC, FEV1, 
FVC) and its relationship with BMI in male smoking students. New 
Approaches in Exercise Physiology. 2023 

Hackett D. Acute effects of high-volume compared to low-volume resistance 
exercise on lung function. J Exerc Rehabil. 2020;16(5):450–457. 

Hashmi MA, Kazmi SAM, Ali S. Impact of resistance training on FEV1 and 
functional exercise capacity among COPD patients: A meta-analysis. J Coll 
Physicians Surg Pak. 2022;32(1):68–74. 

Kementerian Kesehatan Republik Indonesia. Laporan Nasional Riskesdas 2018. 
Jakarta: Badan Penelitian dan Pengembangan Kesehatan; 2019. hlm. 34. 
Available from:  https://repository.kemkes.go.id/book/1323 

Khosravi M, Tayebi SM, Safari H. Single and concurrent effects of endurance and 
resistance training on pulmonary function. Iran J Basic Med Sci. 
2013;16(4):628–634. 

Koulmann N, Banzet S. Interactions between smoking and physical activity: 
Mechanisms and health implications. J Sports Sci. 2017 

Li L, et al. Effects of threshold respiratory muscle training on respiratory muscle 
strength, pulmonary function and exercise endurance after stroke: a meta-
analysis. J Stroke Cerebrovasc Dis. 2024;33. 

Lontoh SO, Raharjo AJ. Pengaruh Latihan dan Indeks Massa Tubuh terhadap 
Kapasitas Vital Angkatan pada Mahasiswa Kedokteran Universitas 
Tarumanagara. Malahayati Nursing Journal. 2024;6(12). Available from: 
https://doi.org/10.33024/mnj.v6i12.15831  

Muliase IN. Analisis Patogenesis, Faktor Risiko, dan Pengelolaan Penyakit Paru 
Obstruktif Kronik: Studi Literatur. Jurnal Surya Ilmu. 2022;6(1). Available 
from: https://doi.org/10.59141/jsi.v6i01.71   

 



  International Journal of Natural and Health Sciences (IJNHS)                           
Vol.4, No.4, 2026: 441-450  

                                                                                           

  449 
 

Muliase IN. Analisis Patogenesis, Faktor Risiko, dan Pengelolaan Penyakit Paru 
Obstruktif Kronik: Studi Literatur. Jurnal Surya Ilmu. 2022 

Novitaningrum PH, Rahmawati NA, Multazam A. Novitaningrum FS, 
Sulistyowati E, Pangastuti R. Aerobic Exercise Berpengaruh Terhadap 
Forced Vital Capacity (FVC) Pada Mahasiswa. 2025;7(2):216–2020. 

Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung function 
tests. Eur Respir J. 2005;26(5):948. 

Powers SK, Howley ET. Exercise Physiology: Theory and Application to Fitness 
and Performance. 11th ed. New York: McGraw-Hill; 2024. 

Ratamess NA. ACSM’s Foundations of Strength Training and Conditioning. 
Philadelphia: Lippincott Williams & Wilkins; 2012. hlm. 3-14. 

Rini, Lontoh SO. Hubungan kebiasaan olahraga dengan fungsi paru mahasiswa 
Fakultas Kedokteran Universitas Tarumanagara angkatan 2019/2020. J 
Muara Med Psikol Klin. 2021;1(2):147-54. Available from: 
https://doi.org/10.24912/jmmpk.v1i2.16328   

Sherwood L. Introduction to Human Physiology. 8th International ed. Boston: 
Cengage Learning; 2013 

Sillanpää E, Stenroth L, Bijlsma AY, Rantanen T, McPhee JS, Maden-Wilkinson 
TM, et al. Associations between muscle strength, spirometric pulmonary 
function and mobility in healthy older adults. AGE (Dordr). 2014;36. 

Silva-Reis A, et al. Combined resistance and aerobic training improves lung 
function and mechanics and fibrotic biomarkers in overweight and obese 
women. Front Physiol. 2022. 

Stanojevic S, Kaminsky DA, Miller MR, Thompson B, Aliverti A, Barjaktarevic I, 
et al. ERS/ATS technical standard on interpretive strategies for routine lung 
function tests. Eur Respir J. 2022;59(4):2101499. Available from: 
https://doi.org/10.1183/13993003.01499-2021   

Stanojevic S, Kaminsky DA, Miller MR, Thompson B, Aliverti A, Barjaktarevic I, 
et al. ERS/ATS technical standard on interpretive strategies for routine lung 
function tests. Eur Respir J. 2022 

Sukadiono S, Zahrah SF, Nasrullah D, Supatmi S, Fitriyani VR. The effect of 
physical exercise on vital lung capacity in Tapak Suci athletes. Jurnal 
Keolahragaan. 2022 

Tanni SE, Amaral RA, Marcelo CP, Coelho LS, Godoy I, Godoy I. Smoking status 
and the response to a pulmonary rehabilitation program in patients with 
COPD. J Bras Pneumol. 2014;40(4):421 



Batubara, Kayoi, Gultom, Nurprilinda    

450 
 

Wiastri AAP, Ariati P, Wulandari D. Peningkatan kapasitas vital paru pada 
wanita peserta senam aerobik di Bali. 2021;10(3):229-235. 

World Health Organization. Physical activity. Geneva: 2024. Available from: 
https://www.who.int/news-room/fact-sheets/detail/physical-activity  

World Health Organization. WHO Guidelines On Physical Activity Pn Physical 
Activity and Aedentary Behaviour. 2020.  


