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Background: The highest proportion of smoking behavior occurs in male adults in Taiwan. However, to our knowledge, no study has investigated the relationship between smoking behavior and health-related physical fitness according to education level, health status, betel nut-chewing status and obesity in male adults aged 18 years or older in Taiwan.

Aims: This study aimed to determine the associations between cigarette smoking and health-related physical fitness performance in male Taiwanese adults.

Methods: This was a cross-sectional study conducted on 27,908 male adults (aged 23–64 years) who participated in Taiwan's National Physical Fitness Survey 2014–2015. Data from a standardized structured questionnaire, anthropometric variables, and health-related physical fitness measurements were analyzed. Individuals were categorized as never smoking cigarettes, former smoker, and current smoker. Multiple linear regression analysis was performed to evaluate the association between cigarette smoking and health-related physical fitness performance.

Results: Never smoking group exhibited a lower (p < 0.05) proportion of abdominal obesity, higher (p < 0.05) proportion of perceived good health status, and greater (p < 0.05) performance in 1-min sit-up and sit-and-reach tests when compared with current smoking and former smoking group. Former smoking group had the highest (p < 0.05) performance in 3-min step test among all groups. Current smoker was significantly negatively (p < 0.05) associated with 3-min step, 1-min sit-up and sit-and-reach tests. Notably, former smoker was significantly positively (p < 0.05) associated with 3-min step and 1-min sit-up tests, but still negatively (p < 0.05) associated with sit-and-reach performance.

Conclusion: Current smoker was associated with an increased the risk of abdominal obesity, reduced the perceived health status and health-related physical fitness performance. Quitting smoking had beneficial effect on the perceived good health status, cardiorespiratory and muscular fitness in male Taiwanese adults, but not on flexibility performance. Further research on the ameliorate mechanism underlying this phenomenon is warranted.
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Introduction

Health-related physical fitness, including body composition, cardiorespiratory fitness, muscular strength and endurance as well as flexibility, influences different health aspects, such as susceptibility to hypertension, insulin resistance, cardiovascular diseases, osteoporosis and cancer (1, 2). Higher levels of cardiorespiratory fitness and upper- and lower-body muscular strength are associated with a lower risk of all-cause mortality in healthy adults (3–5). Furthermore, greater flexibility may increase the joint range of motion and reduce the risk of metabolic syndrome (MS) (6, 7).

Maximal oxygen uptake (VO2max) is the standard measure of cardiorespiratory fitness and can be obtained from measurements during maximal and submaximal exercise testing, such as treadmill, field and step tests (1). Compared with the maximal exercise test, the 3-min step test is an inexpensive, time-efficient and valid method for predicting cardiopulmonary function in a laboratory setting (8). In addition, the 1-min sit-up test predicts trunk muscular endurance (9) and is negatively associated with fasting blood glucose levels and MS risk (10–12). Additionally, the sit-and-reach test is a widely accepted measure of hamstring flexibility, which reduces lower back pain and muscle strain and prevents falls (13). Notably, smoking and second-hand smoke were associated with cancer (e.g., oral cavity, lung, liver, and kidney cancers), stroke, diabetes, cardiovascular diseases and chronic obstructive pulmonary disease (14). Relatively limited information is available on the relationship between smoking status and health-related physical fitness (15).

Tobacco use (9%) is the second greatest global risk factor for mortality; other risk factors include high blood pressure (13%), high blood glucose (6%) and physical inactivity (6%) (16). The greatest reduction in life expectancy between ages 40 and 85 years is attributed to smoking (4.8 years), followed by diabetes (3.9 years), physical inactivity (2.4 years) and hypertension (1.6 years). In addition, smoking is responsible for more than 8 million annual deaths worldwide, and more than 1.2 million annual deaths are the result of exposure to second-hand smoke (17). However, most smokers do not understand the health risks of smoking, and without cessation support, only 4% will successfully quit (17). Therefore, more research is warranted to examine whether quitting tobacco use improves health-related physical fitness, thereby improving health aspects and reducing the risk of disease and death.

Recent study indicated that tobacco smoking was significantly negatively associated with 3-km running and 2-min push-up among military young adults after adjusting for confounding factors (age, body mass index, heart rate, service specialty, hypertension status, and exercise frequency) (18). A study shown that the use of properly adjusted confounding factors (e.g., gender, health status, occupation, and education) is necessary to avoid overestimate or underestimate the real magnitude of an association, thereby preventing bias and distortion (19). In addition, quitting smoking increased the repetitions of 20-m shuttle run, but it had no beneficial effects on 50-m sprint, grip strength, 1-min sit-up and sit-and-reach performance in Korean young adults (20).

In Taiwan, the prevalence of tobacco smoking in 2021 was 23.1% and 2.9% for men and women, respectively (21). Moreover, the highest proportion (39.7%) of smoking behavior was observed among men between the ages of 46 and 50 years (21). However, to our knowledge, no study has investigated the relationship between smoking status and health-related physical fitness according to education level, health status, betel nut-chewing status and obesity in male adults aged 18 years or older in Taiwan.

Therefore, the purposes of the present study were: (1) to investigate the association between smoking status (never-, current- and former-smoking) and health-related physical fitness and identify factors that influence this relationship among male adults in Taiwan; (2) to examine whether there is a beneficial effect on health-related physical fitness after quitting smoking. We hypothesized that current smoking would result in a lower health-related physical fitness than those never- and former-smoker.



Materials and methods


Study design and data sources

The data used for this cross-sectional study were obtained from Taiwan's National Physical Fitness Survey (TNPFS) conducted by the Sports Administration, Ministry of Education in Taiwan. The validated protocol and tool of this survey have been published elsewhere (21–26). Here, a brief summary of the survey methods is presented. All participants in this survey were recruited through age- and sex-stratified convenience sampling from 46 physical fitness test stations in 22 cities and counties in Taiwan between October 2014 and March 2015. This survey included a face-to-face interview followed by a standardized structural questionnaire, anthropometric measurements, and health-related physical fitness tests conducted by trained examiners and medical specialists (usually nurses or doctors). These data collected in TNPFS were deidentified secondary data, which were administrated by the Sports Cloud: Information and Application Research Center of Sports for All, Sport Administration, Ministry of Education in Taiwan and released to the public for research purposes. Detailed information about TNPFS is available at https://isports.sa.gov.tw/index.aspx. This study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Institutional Review Board of Fu Jen Catholic University in Taiwan (FJU-IRB C110113).



Eligibility criteria for study participants

Before the TNPFS data collection, the ineligible participants have excluded according to the following criteria: (1) systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg; and (2) currently/previously have heart disease, hypertension, chest pain, vertigo or musculoskeletal disorders. Thus, the TNPFS database 2014–15 includes 62,586 adults aged 23–64. Furthermore, in order to select the eligible participants for the present study, female and non-Taiwanese participants were excluded. In addition, data with missing values were also excluded from the further analysis. Finally, 27,908 male Taiwanese adults aged 23–64 left for the present study.



Data collection

For the present analysis, data on sociodemographic characteristics (age, sex, education, monthly income, and marital status), cigarette smoking status, betel-nut chewing habits, perceived health, and anthropometric variables were recorded by well-trained examiners using face-to-face interviewing.” to indicate that the trained examiners filled the data in face-to-face interviews. Education was divided into three categories: elementary school or lower, junior or senior high school, and college or higher. Monthly income was divided into three categories: ≤20,000 NTD, 20,001–40,000 NTD, and ≥40,001 NTD. Marital status was divided into three categories: married, never married, and divorced/separation/widowed. Betel-nut chewing habits were characterized in one of the following categories: “never users” (those who never established the habit), “former users” (those who had the habit but had since quit), and “current users” (those who continued with the habit). Self-reported health status was divided into three categories: excellent or good, fair, and very bad or poor. After participants completed the interview questionnaire, anthropometric variables were measured, including body weight, height, waist circumference (WC), and hip circumference (HC). Body weight was measured in light underclothes to an accuracy of 0.1 kg using a scale. Height was measured to an accuracy of 0.1 cm using a wall-mounted metal measuring tape and an acute-angled head piece while the participants stood against a plumb-checked vertical wall with their shoes removed. Then, BMI was calculated as body weight (kg) divided by the square of the height (m2). Obesity was classified according to the cutoff BMI classification for Taiwanese adults, which was adopted as suggested by the Health Promotion Administration, Ministry of Health and Welfare in Taiwan: individuals were identified as underweight (BMI < 18.5 kg/m2), normal weight (18.5 ≤ BMI < 24 kg/m2), overweight (24 ≤ BMI < 27 kg/m2) or obese (BMI ≥ 27 kg/m2) (27). The WC measurements (measured to the nearest 0.1 cm) were performed twice halfway between the lowest rib and iliac crest after a normal exhale, and the mean value was used. The HC measurements (measured to the nearest 0.1 cm) were performed twice at the site of the largest convexity of the buttocks below the hip plates, and the mean value was used. Then, WHR was calculated as WC (cm) divided by HC (cm).



Cigarette smoking status

Cigarette smoking status was obtained via a self-report questionnaire at the interview. Participants were categorized as never smokers if they smoked < 1 g of tobacco (i.e., 1 cigarette) per day, current smokers (> 1 g of tobacco per day) (28), and former smokers (i.e., those who had previously smoked but successfully quit for more than 1 year).



Health-related physical fitness measures

After the interview, questionnaire and anthropometric measurements, health-related physical fitness measurements were tested in the following order with a sufficient rest period (3–5 min) between tests: muscle strength and endurance by the 1-min sit-up test (reps/min) (29), flexibility by the sit-and-reach test (cm) (30), and cardiorespiratory endurance by the 3-min step test (31). All the tests were performed only once, except the sit-and-reach test, which was performed twice; the higher of the two measurements was recorded. In order to achieve the validity and reliability of the outcome measures, these health-related physical fitness tests were conducted by well-trained examiners who attended a regional training seminar and passed a certification test on standardized procedures, as reported in previous studies (21–26). To achieve optimal health-related physical fitness performance, each participant was asked to avoid any other vigorous physical activity or exercise training before the tests and was allotted a 10 min warmup period (32, 33).



Statistical analysis

Statistical analyses were performed using SAS version 9.4 (SAS Institute., Cary, NC, USA) software. Data analysis was performed on 27,908 male participants which met the sample sampling requirement. Descriptive analyses included means ± standard deviations (SD) for continuous variables and percentages for categorical variables. The normal distribution of data was examined by using the Shapiro–Wilk test. Demographic characteristics and health-related physical fitness measurements were analyzed for Chi-square tests and one-way analysis of variance (ANOVA) among the cigarette smoking status groups. When a significant F value was found (p < 0.05), Tukey's post hoc test was performed to determine the differences between the pairs of means. Significant differences between cigarette smoking status groups are considered the potential confounders for the linear regression model adjustment. Multiple linear regression analysis was used to examine the association between cigarette smoking status and health-related physical fitness performance after adjusting for potential confounders such as age, general and abdominal obesity, educational levels, monthly income levels, self-reported health status, and betel nut-chewing habits. All statistical tests were two-tailed and considered statistically significant at p < 0.05.




Results

A total of 27,908 male adults were included in this study. Demographic characteristics and anthropometric indices are presented in Table 1. Many participants (70%) reported that they never smoked. However, 10% of participants of all age groups smoked, and the 45–54-year-old group had the highest proportion of smokers. All participants were divided into groups according to their cigarette smoking status: never, former and current smokers. Significant differences (p < 0.05) were shown between groups (never, former, current) on all relevant variables, including age, body weight, height, BMI, obesity status, WC, HC, WHR, abdominal obesity, education level, income level, self-reported health status and betel nut-chewing habits. Of the cigarette smoking status groups, former smokers had the highest BMI, WC, and HC. There was no significant difference between former and current smokers in terms of body weight.


TABLE 1 Characteristics of the study participants according to cigarette smoking status among male Taiwanese adults.
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Table 2 presents intergroup differences on each health-related physical fitness measurement. All the cigarette smoking status groups showed significant differences on all health-related physical fitness measurements. Those who never smoked received the highest grade on the 1-min sit-up test and sit-and-reach test. In the 3-min step test, former smokers received the highest grade.


TABLE 2 Health-related physical fitness measurements according to cigarette smoking status among male Taiwanese adults.
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Table 3 presents the results of multiple regressions on the associations between cigarette smoking status and health-related physical fitness measurements after adjusting for potential confounders. Participants were divided into 3 groups according to their cigarette smoking status. Those who never smoked served as a reference in all regressions (OR = 1.00). After adjusting for potential confounders, a history of smoking (former) had a positive effect on participants' grades on the 3-min step test (β = 1.31, p < 0.001) and 1-min sit-up test (β = 0.5, p = 0.019). Conversely, current smoking had a negative effect on the grades of the 3-min step test (β = −1.02, p < 0.001) and 1-min sit-up test (β = −0.33, p = 0.009) compared with those of the reference (never smoked). Smoking (former and current) had a negative effect on the grade of the sit-and-reach test (β = −0.53, p = 0.027 and β = −0.37, p = 0.036, respectively).


TABLE 3 Multiple regressions for the association between cigarette smoking status and health-related physical fitness after adjusting for potential confounders.
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Discussion

In this study, we analyzed the relationship between cigarette smoking status and health-related physical fitness performance using data from 27,908 Taiwanese men. The main findings of this study were as follows: (1) current smoking was negatively associated with cardiorespiratory fitness, muscular endurance and flexibility performance; (2) current smoking was resulting in lower health-related physical fitness than those never- and former-smoker; and (3) former smoking was positively associated with cardiorespiratory fitness and muscular endurance but negatively associated with flexibility performance. These findings suggest that quitting tobacco use may restore cardiopulmonary function and muscular fitness in male adults, whereas it had no beneficial effects on hamstring flexibility.

The World Health Organization (WHO) reported that approximately 38% of men aged 15 years and older worldwide were current tobacco users in 2020, and the highest prevalence of tobacco use occurred at ages between 45 and 54 years (34). In this study, 70% of male adults never smoked; the proportion who never smoked was higher for those with college or higher education level (79%), self-reported excellent or good health status (64%), and lower for those with abdominal obesity (25%). Conversely, 20% of male adults smoked, and the highest proportion (32%) of smoking was observed in participants between 35 and 44 years old. Our results suggested that current smoker may increase the risk of abdominal obesity and reduce the perceived good health status when compared never smoker.

Su et al. indicated that smoking was detrimental to 3-km running and 2-min push-up in military adults (18). Kumar et al. reported that nonsmoker athletes had higher flexibility than smokers (35). In contrast, previous studies found no differences in flexibility between smoking and nonsmoking men (20, 36). In the present study, current smoker exhibited a lower performance in 3-min step, 1-min sit-up and sit-and-reach tests when compared with never smoker. A similar study reported that smoking increased ventilatory equivalent for O2 (VE/VO2) and reduced O2 pulse values during submaximal exercise, which may result in reduced pulmonary and muscle tissue gas exchange efficiency and decreased O2 carrying capacity, thereby reducing cardiopulmonary fitness performance (37). In addition, the possible mechanisms for the reduction in muscular fitness may be that smoking induces oxidative stress and impairs oxygen delivery to the mitochondria, which may reduce protein synthesis and attenuate the ability of mitochondria to generate ATP, thereby decreasing muscle mass, muscle force and endurance performance (38).

Notably, a previous study suggested that abstinence from smoking may increase VO2max performance in males (28). Jeon et al. (20) shown that quitting smoking were reverse the effects of smoking on the repetitions of 20-m shuttle run, but not on 50-m sprint, grip strength, 1-min sit-up and sit-and-reach tests in young adults. In the present study, we found that former smoker had the highest performance in 3-min step test among all groups. However, no beneficial effects were observed on 1-min sit-up and sit-and-reach tests in former smoker. Therefore, we suggested that smoking decreased health-related physical fitness performance, and quitting smoking may improve in cardiopulmonary fitness but not in speed, muscle strength, muscle endurance or flexibility performance in male adults. Further research is required to clarify the mechanisms by which smoking reduces flexibility and whether there is a threshold of abstinence from smoking for recovering health-related physical fitness performance.

A study indicated that smoking was associated with lower weekly exercise frequency and duration than never smoking in both sexes (29). In addition, smoking is negatively associated with cardiorespiratory fitness (including VO2max, 3000-meter and 1.5-mile running performance) in male and female adults (18, 39, 40). Similar studies have indicated that current smoking is inversely correlated with repetitions of 2-min sit-ups, curl-ups and push-ups in military adults (18, 39, 41). Kok et al. (42) reported that smoking was inversely related to isokinetic knee extensor and flexor muscle strength performance in healthy adults. In the present study, we observed that current smoking was negatively associated with 3-min step, 1-min sit-up and sit-and-reach tests performance in male adults. Moreover, former smoking was positively associated with 3-min step and 1-min sit-up tests, but still negatively associated with sit-and-reach test performance. Our results suggest that the effects smoking on cardiorespiratory fitness and muscular endurance performance were reversable in former smokers after adjusting for confounding factors (age, sex, self-reported health status, education and betel nut-chewing habits). However, the adverse effects of smoking on hamstring flexibility were not reversible in male Taiwanese adults.

The present study has some limitations. First, this study did not measure the total grams of tobacco smoked per day, Fagerström test for nicotine dependence, or carboxyhemoglobin of the participants. Without these measurements, we could not classify the current smokers into light, moderate or heavy smokers or further analyze the dose–response relationship between tobacco use and health-related physical fitness. Second, our questionnaire did not include the comorbidities (e.g., asthma, heart diseases, diabetes and stroke) (43); thus we cannot compare comorbidity status among three groups, and examine the association between smoking status and comorbidity. Third, we did not ask the reason for quitting tobacco use; therefore, the motivation behind quitting smoking in Taiwanese men remains unclear. Finally, due to the cross-sectional nature of this study, no temporal relationships between cause and effect could be evaluated. Future studies should utilize a longitudinal study design to elucidate the clinical importance of strength and conditioning training in increasing health-related physical fitness and further reversing the effects of smoking.



Conclusion

In summary, this study demonstrated that current smoking was associated with decreased cardiopulmonary function, muscular endurance and flexibility performance. Notably, cessation of tobacco use may ameliorate the effects of smoking on cardiorespiratory and muscular fitness in male adults. Therefore, our results call for prevent smoking behavior and urge government to include smoking cessation and treatment services as tobacco control strategies for young adults to improve physical fitness and life quality. Further research on the relevant mechanism for health-related physical fitness improvement following quitting smoking is warranted.
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