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Abstrak 

 
Merokok merupakan masalah kesehatan global yang masih menjadi perhatian serius, termasuk di Indonesia yang 

memiliki prevalensi perokok tertinggi di kawasan ASEAN. Paparan zat berbahaya dalam rokok seperti nikotin, 

tar, dan karbon monoksida dapat mengganggu sistem kardiovaskular dan pernapasan, sehingga berdampak pada 

penurunan saturasi oksigen dan daya tahan tubuh. Salah satu indikator penting kebugaran kardiorespirasi adalah 

VO₂Max, yang mencerminkan kemampuan maksimal tubuh dalam menyerap dan menggunakan oksigen saat 

aktivitas fisik. Kebiasaan merokok dan gaya hidup tidak aktif diketahui berkontribusi terhadap penurunan VO₂Max 

dan meningkatkan risiko penyakit kronis. Oleh karena itu, penelitian ini bertujuan untuk mengetahui gambaran 

nilai VO₂Max antara perokok dan bukan perokok pada staf SMAN 11 Pinrang berdasarkan Rockport Walking. 

Penelitian ini merupakan penelitian deskriptif kuantitatif dengan desain cross-sectional. Subjek penelitian adalah 

staf pria SMAN 11 Pinrang yang diklasifikasikan sebagai perokok dan bukan perokok. Hasil penelitian 

menunjukkan bahwa nilai rata-rata VO₂Max pada staf pria SMAN 11 Pinrang yang merokok adalah 42,36 ± 6,30 

ml/kg/menit, termasuk kategori Fair–Good. Nilai rata-rata VO₂Max pada staf pria SMAN 11 Pinrang yang tidak 

merokok adalah 47,46 ± 4,18 ml/kg/menit, termasuk kategori Good–Excellent. Terdapat perbedaan signifikan pada 

nilai VO₂Max antara perokok dan bukan perokok (p = 0,007), di mana kelompok bukan perokok memiliki 

kapasitas aerobik yang lebih baik. Maka dapat disimpulkan bahwa staf pria yang tidak merokok memiliki nilai 

VO₂Max yang lebih tinggi dibandingkan dengan perokok, dan perbedaan tersebut signifikan secara statistik, 

menunjukkan bahwa kebiasaan merokok berpengaruh negatif terhadap kebugaran kardiorespirasi. 

 

Kata kunci: bukan perokok; perokok; Rockport Walking Test; VO₂Max (Volume Oksigen Maksimal) 

 

Abstract 

 
Smoking is a global health problem that remains a serious concern, including in Indonesia, which has the highest 

smoking prevalence in the ASEAN region. Exposure to harmful substances in cigarettes, such as nicotine, tar, and 

carbon monoxide, can impair the cardiovascular and respiratory systems, leading to decreased oxygen saturation 

and physical endurance. One important indicator of cardiorespiratory fitness is VO₂Max, which reflects the body’s 

maximal ability to absorb and utilize oxygen during physical activity. Smoking habits and a physically inactive 

lifestyle are known to contribute to decreased VO₂Max and an increased risk of chronic diseases. Therefore, this 

study aimed to describe the VO₂Max values of smokers and non-smokers among staff at SMAN 11 Pinrang using 
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the Rockport Walking Test. This study employed a descriptive quantitative design with a cross-sectional approach. 

The subjects were male staff members of SMAN 11 Pinrang classified as smokers and non-smokers. The results 

showed that the mean VO₂Max value of smoking male staff was 42.36 ± 6.30 ml/kg/min, categorized as Fair–

Good. Meanwhile, the mean VO₂Max value of non-smoking male staff was 47.46 ± 4.18 ml/kg/min, categorized 

as Good–Excellent. There was a significant difference in VO₂Max values between smokers and non-smokers (p = 

0.007), with the non-smoking group demonstrating better aerobic capacity. In conclusion, non-smoking male staff 

had higher VO₂Max values than smokers, and this difference was statistically significant, indicating that smoking 

harms cardiorespiratory fitness. 

 

Keywords: non-smokers; Rockport Walking Test; smokers; VO₂Max (Maximal Oxygen Uptake) 

 

 

Introduction 

Smoking is a global health issue that continues to be a serious concern. The number of 

smokers worldwide is estimated to reach 1.3 billion people, consisting of approximately 942 

million men and 175 million women aged 15 years and above. In Southeast Asia, Indonesia is 

recorded as the country with the highest number of smokers among ASEAN countries. The 

Tobacco Control Atlas ASEAN Region 4th states that around 36.3% of Indonesians aged 

between 25 and 64 are active smokers, with the proportion of men reaching 66% and women 

6.7%.  

According to the official Global Adult Tobacco Survey (GATS) Indonesia 2021 report 

published by the National Institute of Health Research and Development, the Indonesian 

Ministry of Health, and the World Health Organization, 34.5% of Indonesian adults 

(approximately 70.2 million people aged 15 years and older) used tobacco products in 2021, 

including smoked and smokeless tobacco products. The prevalence was substantially higher 

among men (65.5%) than among women (3.3%). The GATS 2021 data also indicate that the 

use of electronic cigarettes increased tenfold compared with the previous survey in 2011 (from 

0.3% to 3.0%). Moreover, a large proportion of adult smokers reported an intention to quit 

smoking, although exposure to secondhand smoke in public places remains high, particularly 

in restaurants and workplaces. These findings highlight that, despite a tendency to quit smoking 

among certain age groups, the number of adult smokers in Indonesia remains substantial, 

underscoring the need for stronger tobacco control policies and improved access to smoking 

cessation services (1).  

Cigarettes are processed tobacco products that are wrapped, including cigars or other 

forms, derived from the Nicotiana tabacum, Nicotiana rustica, or other species of plants, both 

natural and synthetic, and contain nicotine and tar with or without other additives. The World 

Health Organization (WHO) reports that the death rate from cigarettes reaches 30%, equivalent 
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to 17.3 million people, and is estimated to continue to increase to 23.3 million people by 2023. 

Based data from the WHO, the number of smokers aged 15 years and above in the world in 

2020 reached 991 million people. This number has decreased by 3.41% or about 35 million 

people compared to 2015, when 1.026 billion smokers. The WHO also estimates that the 

number of smokers will continue to decline by 35 million people by 2025, even though the 

world's population continues to grow. This decline is due to many countries successfully 

achieving global targets in tobacco control efforts. (2) 

The main harmful substances in cigarette smoke include tar, nicotine, and carbon 

monoxide. Smokers who consume more than one pack of cigarettes per day tend to have higher 

red blood cell counts than non-smokers. This increase in red blood cell mass occurs in response 

to a lack of oxygen supply in the tissues due to exposure to carbon monoxide (CO), which can 

reduce the affinity of oxygen to hemoglobin. This condition affects the level of oxygen 

saturation in the blood. Oxygen saturation itself is an indicator that shows the percentage of 

oxygen that can be transported by hemoglobin. The combination of these three substances 

contained in cigarettes can reduce the function of organs, including the cardiovascular and 

respiratory systems, which ultimately affects endurance and interferes with daily physical 

activities. (2,3) 

Physical endurance is an important indicator in assessing physical fitness and can be 

measured using physiological parameters such as VO2Max (Maximum Oxygen Volume). 

VO2Max describes the body's maximum capacity to absorb, transport, and use oxygen during 

intense physical activity. A low VO2Max value reflects poor cardiorespiratory fitness and 

increases the risk of rapid fatigue. In addition, VO2Max is also an important parameter in 

determining physical performance and preventing chronic diseases. Cardiorespiratory fitness is 

influenced by various factors, such as age, gender, genetic factors, physical activity level, 

exercise, body composition, and lifestyle. Unhealthy lifestyles, including smoking and low 

physical activity due to addiction to technology such as gadgets and television, contribute to a 

decrease in VO2Max. If left unchecked, this condition can increase the risk of respiratory 

disorders and heart disease in the future.(4)  

Previous research on the effects of cigarette consumption and cardiorespiratory 

endurance (VO₂ Max) by Anggraeni et al. (2019) showed a significant relationship between 

smoking habits and cardiorespiratory endurance, where smokers tend to have a higher risk than 

non-smokers (5). Based on this background, the researchers felt it necessary to conduct further 
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studies on VO₂Max levels in smokers and non-smokers using the Rockport Walking Test 

method, focusing on male staff at SMAN 11 Pinrang.  

 

Methods 

This study employed a quantitative descriptive design with a cross-sectional approach 

to describe VO₂Max values among smokers and non-smokers. The study was conducted in 

Watang Sawitto District, Pinrang Regency, South Sulawesi, and commenced in September 

2025 until the required data were fulfilled. The study population consisted of all staff members 

of SMAN 11 Pinrang, with the sample comprising male staff classified as smokers and non-

smokers, selected using a non-probability purposive sampling technique. Inclusion criteria were 

male participants aged 25–40 years, employed as staff at SMAN 11 Pinrang, and in good health. 

Exclusion criteria included individuals with physical limitations or injuries that interfered with 

walking, a history of chronic cardiovascular or pulmonary disease, failure to complete the 

VO₂Max test, and age outside the specified range. 

The independent variable in this study was smoking status, while the dependent variable 

was VO₂Max. VO₂Max was measured indirectly using the Rockport Walking Test, which 

involves walking 1,600 meters on a flat surface at the fastest comfortable pace without running. 

Data collected included walking time, post-exercise heart rate, age, body weight, and sex, which 

were then entered into a validated equation to estimate VO₂Max. The VO₂Max values were 

expressed in ml/kg/min and classified into very poor, poor, fair, good, excellent, and superior 

categories based on age-specific normative values for men as recommended in Rockport 

Walking Test guidelines and cardiorespiratory fitness standards for non-athletic adult 

populations. 

This study received ethical approval from the Research Ethics Committee of Universitas 

Muslim Indonesia (UMI) under registration number UMI012508739. 

 

Research Results 

This study was conducted from September to October 2025. The study aimed to 

determine VO₂Max values between smokers and non-smokers among the staff of SMAN 11 

Pinrang based on the Rockport Walking Test. The research sample was selected using purposive 

sampling techniques, based on specific inclusion and exclusion criteria. The test was conducted 

in the field with a fast walking procedure for 1 mile (1.6 km). After the test, the travel time and 

final heart rate were recorded to calculate the VO₂Max value. The minimum number of samples 
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targeted was 32 respondents, but the researcher added the sample size to reach a total of 36 

people, consisting of 18 smokers and 18 non-smokers, to strengthen the validity of the data. 

 

Univariate Analysis 

Table 1. Sample distribution based on age 

 

 

Smokers Non-smokers 

Number 

(n) 
Percentage Number (n) Percentage (%) 

Age (Years) 

25–30 10 55.6 7 38.9 

31–35 3 16.7 5 27.8 

36–40 5 27.8 6 33.3 

Total 18 100 18 100 

Body Mass Index (BMI)     

Underweight 1 5.6 1 5.6 

Normal 6 33.3 9 50.0 

Overweight 7 38.9 6 33.3 

Obesity I 3 16.7 2 11.1 

Obesity II 1 5.6 - - 

Total 18 100% 18 100 

Travel Time (Minutes)     

10 – 15 5 27.8 10 55.6 

15–20 13 72.2% 8 44.4% 

Total 18 100% 18 100 

Final Heart Rate (BPM)     

80 – 90 - - 3 11.1 

91–100 - - 7 38.9 

101–110 4 22.2% 7 38.9 

111–120 3 16.7% - - 

121–130 5 27.8% 1 5.6% 

131 – 140 6 33.3 1 5.6 

Total 18 100% 18 100 

Occupation     

Teachers 2 11.1 8 44.4 

Administrative Staff 2 11.1 - - 

Administrative Staff 1 5.6% - - 

Operator 1 5.6% 1 5.6% 

Laboratory Assistant 1 5.6% - - 

Treasurer 1 5.6% - - 

Librarian 1 5.6% - - 

Technician 2 11.1% 2 11.1 

Dormitory Supervisor 1 5.6 2 11.1 

Security 6 33.3 2 11.1 

Cleaning Staff - - 3 16.7% 

Total 18 100% 18 100 

VO₂Max Category     

Very Poor 1 5.6 - - 

Poor 1 5.6% - - 

Fair 6 33.3% 1 5.6% 

Good 7 38.9% 6 33.3 

Excellent 3 16.7% 9 50 

Superior - - 2 11.1% 

Total 18 100% 18 100 
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The distribution of respondents by age showed that both smoker and non-smoker groups 

were predominantly in the 25–30-year age range. Among smokers, most respondents were aged 

25–30 years (55.6%), followed by those aged 36–40 years (27.8%) and 31–35 years (16.7%). 

A similar pattern was observed among non-smokers, with the largest proportion also aged 25–

30 years (38.9%), followed by 36–40 years (33.3%) and 31–35 years (27.8%). 

In terms of nutritional status, smokers were mostly classified as overweight (38.9%), 

followed by normal weight (33.3%) and obesity class I (16.7%). Only a small proportion of 

smokers were underweight or classified as obesity class II (each 5.6%). In contrast, non-

smokers were predominantly in the normal nutritional status category (50%), followed by 

overweight (33.3%) and obesity class I (11.1%), with only a small proportion being 

underweight (5.6%). 

The Rockport Walking Test completion time indicated that most smokers required 15–20 

minutes to finish the test (72.2%), while the remaining smokers completed it within 10–15 

minutes (27.8%). Conversely, most non-smokers completed the test faster, with more than half 

finishing within 10–15 minutes (55.6%), and the rest within 15–20 minutes (44.4%). 

Regarding final heart rate, smokers predominantly recorded values in the range of 131–

140 bpm (33.3%), followed by 121–130 bpm (27.8%) and 101–110 bpm (22.2%). No smokers 

had a final heart rate below 100 bpm. In contrast, non-smokers mostly had lower final heart 

rates, with the majority falling within the ranges of 91–100 bpm and 101–110 bpm (each 38.9%), 

while only a small proportion recorded heart rates above 120 bpm. 

Based on occupational characteristics, most smokers worked as security guards (33.3%), 

while smaller proportions were teachers, administrative staff, and technicians. Other 

occupations were represented by only one respondent each. In the non-smoker group, teachers 

constituted the largest proportion (44.4%), followed by cleaning staff (16.7%), with the 

remaining respondents distributed across several other occupational roles. 

In terms of cardiorespiratory fitness (VO₂Max), smokers were predominantly classified 

in the “Good” category (38.9%), followed by “Fair” (33.3%) and “Excellent” (16.7%), with 

only a small number falling into the “Poor” and “Very Poor” categories. Conversely, non-

smokers demonstrated higher fitness levels overall, with half of the respondents classified as 

“Excellent” (50%), followed by “Good” (33.3%), while only a small proportion were 

categorized as “Fair” or “Superior”. 
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Minimum, Maximum, and Average Values of VO₂Max VO₂Max in Smokers and Non-

Smokers 

 

Table 2. VO₂Max Values in Smokers and Non-Smokers 

 
Group N Minimum Value Maximum Value Mean ± SD (ml/kg/min) 

Smokers 18 29.02 52.25 42.36 ± 6.30 

Non-smoker 18 36.78 54.41 47.46 ± 4.18 

Total 36 29.02 54.41 44.91 ± 5.24 

 

Based on Table 2, the average VO₂Max value of the non-smoking group (47.46 ± 4.18 

ml/kg/minute) was higher than that of the smoking group (42.36 ± 6.30 ml/kg/minute). The 

minimum VO₂Max value in the smoking group was 29.02 ml/kg/min, while the maximum 

reached 52.25 ml/kg/min. In the non-smoking group, the minimum value was 36.78 ml/kg/min 

and the maximum was 54.41 ml/kg/min. 

 

Bivariate Analysis 

Table 3. Normality Test of VO₂Max Values in Smokers and Non-Smokers 

 
Group Shapiro–Wilk Test (Sig.) Notes 
Smokers 0.773 Normal 
Non-smoker 0.493 Normal 

 

Based on Table 3, it can be seen that the results of the normality test using the Shapiro–

Wilk test show a significance value for the smoking group of p = 0.773 and for the non-smoking 

group of p = 0.493. Since both significance values are greater than 0.05 (p > 0.05), it can be 

concluded that the data are normally distributed, so the hypothesis test is performed using the 

Independent Samples t-test. 

 

Table 4. Results of the Independent Samples t-Test for Smokers and Non-Smokers 

 
Variable Sig. (2-tailed) Mean Difference Description 
VO₂Max 0.007 -5.11 Significantly different 

 

Based on Table 4, the results of the Independent Samples t-test indicate a significant 

difference in VO₂Max between the smoker and non-smoker groups, with a p-value of 0.007 (p 

< 0.05). This means that the alternative hypothesis (H₁) is accepted, namely that there is a 

significant difference between the levels of cardiorespiratory fitness (VO₂Max) in the smoker 

and non-smoker groups. Descriptively, the smoking group had an average VO₂Max of 42.36 ± 

6.30 ml/kg/minute, while the non-smoking group had a higher average of 47.46 ± 4.18 
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ml/kg/minute. The mean difference of 5.11 ml/kg/min indicates that smokers' maximum oxygen 

consumption capacity is lower than that of non-smokers. 

These results indicate that smoking hurts cardiorespiratory fitness capacity (VO₂Max). 

Toxic substances in cigarettes, such as nicotine and carbon monoxide, can inhibit oxygen 

binding to hemoglobin, constrict blood vessels, and increase the workload on the heart. As a 

result, the efficiency of the respiratory and circulatory systems decreases, thereby reducing the 

body's ability to consume oxygen at its maximum capacity. 

 

Discussion 

All respondents in this study were male to minimize biological variability that could 

influence VO₂Max values, as sex-related differences in muscle mass, body composition, and 

cardiovascular capacity are known to affect aerobic fitness. The majority of respondents in both 

smoking and non-smoking groups were aged 25–30 years, an age range generally associated 

with optimal cardiorespiratory function. The similar age distribution between groups suggests 

that age was unlikely to be a major contributing factor to the observed differences in VO₂Max, 

although VO₂Max is known to decline gradually after the age of 30 due to physiological 

changes in the cardiopulmonary system (6), (7). 

Body mass index (BMI) appeared to play a role in the differences observed between 

groups. Smokers were more frequently classified as overweight, whereas non-smokers were 

predominantly in the normal BMI category. Excess body fat increases mechanical and 

metabolic load without contributing to oxygen utilization, thereby reducing VO₂Max when 

expressed relative to body weight. Increased adiposity may also elevate cardiovascular 

workload and reduce the efficiency of oxygen delivery during exercise, contributing to lower 

aerobic capacity among smokers (8), (9). 

Occupational differences may have further influenced VO₂Max values. Although the 

smoking group was dominated by security staff, whose work may involve intermittent physical 

activity, occupational activity is often unstructured and insufficient to counteract the negative 

physiological effects of smoking. In contrast, non-smokers may be more likely to engage in 

healthier lifestyle behaviors, including regular physical activity, which supports higher 

VO₂Max values. This finding is consistent with evidence that regular and planned physical 

activity improves aerobic capacity and cardiorespiratory efficiency (10), (11). 

The higher VO₂Max values observed among non-smokers can primarily be explained by 

the effects of cigarette smoke on oxygen transport and utilization. According to the World 
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Health Organization (WHO, 2023), carbon monoxide (CO) in cigarette smoke binds to 

hemoglobin with a much higher affinity than oxygen, reducing the amount of oxygen delivered 

to working muscles and directly limiting aerobic metabolism. In addition, nicotine stimulates 

the sympathetic nervous system, causing vasoconstriction and increased cardiovascular strain, 

which, over time, reduces the efficiency of oxygen delivery during physical activity. These 

mechanisms collectively contribute to lower VO₂Max values in smokers (12), (13).  

The results of this study are consistent with those of Caci et al. (2025), who reported 

significantly lower VO₂Max values among smokers compared to non-smokers, attributing this 

difference to chronic exposure to carbon monoxide and impaired oxygen transport. The 

relatively larger difference in VO₂Max observed in the present study may be related to 

differences in smoking duration, smoking intensity, or physical activity levels among 

respondents (14). However, these findings contrast with those reported by Biswas et al. (2024), 

who found no significant difference in VO₂Max between male smokers and non-smokers. This 

discrepancy may be explained by differences in study populations, as Biswas et al. included 

younger participants with light smoking habits, in whom the cumulative effects of smoking on 

cardiorespiratory fitness may not yet be evident (15). 

This study has several limitations that should be considered when interpreting the findings. 

First, the cross-sectional design limits causal inference; therefore, the observed differences in 

VO₂Max between smokers and non-smokers cannot be interpreted as definitive evidence of a 

causal relationship. Second, smoking status, smoking intensity, and physical activity levels 

were self-reported, which may introduce recall bias or social desirability bias. Third, the sample 

size and restriction to male participants aged 25–30 years limit the generalizability of the results 

to other age groups and to female populations. Fourth, potential confounding variables such as 

dietary intake, sleep quality, occupational workload intensity, and underlying subclinical health 

conditions were not fully controlled and may have influenced VO₂Max values. Finally, the 

study did not quantify biomarkers of smoke exposure (e.g., carbon monoxide levels or cotinine), 

which would have strengthened the assessment of the physiological impact of smoking on 

aerobic capacity. 

 

Conclusion and Suggestion 

This study demonstrated that male staff members who smoked had lower VO₂Max 

values compared to non-smokers based on the Rockport Walking Test. The mean VO₂Max 

value in smokers was 42.36 ± 6.30 ml/kg/min, while non-smokers showed a higher mean value 
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of 47.46 ± 4.18 ml/kg/min. Statistical analysis revealed a significant difference between the two 

groups (p = 0.007), indicating that smoking is associated with reduced cardiorespiratory fitness 

and aerobic capacity. The findings support previous evidence that exposure to cigarette smoke, 

particularly carbon monoxide and nicotine, negatively affects oxygen transport and 

cardiovascular efficiency during physical activity. 

Considering these findings, smoking cessation and the promotion of regular physical 

activity are recommended to improve cardiorespiratory fitness and reduce the long-term health 

risks associated with smoking. Future studies are encouraged to involve larger and more diverse 

populations, include female participants, and assess smoking intensity using standardized 

indices such as the Brinkman Index or pack-years. Further research should also control for 

confounding variables such as physical activity level, nutritional status, sleep quality, and 

occupational workload, as well as incorporate objective biomarkers of smoke exposure to 

strengthen the validity of the findings. 
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