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Abstract
Background

Physical inactivity and tobacco smoking are risk factors for chronic diseases, and the combination of both further
increase health risks. While leisure time physical activity (LTPA) improves cardiovascular health and is associated
with lower smoking prevalence, occupational physical activity (OPA) may have adverse health effects and is
associated with higher smoking prevalence. To date, there is limited evidence on the associations between LTPA,
OPA and smoking behaviour — more specifically the use of tobacco and e-cigarettes, and their dual use - in the
German adult population.

Methods

We used data from GEDA 2019/2020-EHIS, a representative cross-sectional survey of the German population
conducted by structured computer assisted telephone interviews in people aged = 18 years. Questions on physical
activity and smoking were based on the European Health Interview Survey (EHIS) and Physical Activity
Questionnaire (EHIS-PAQ). Multinomial and binary logistic regressions were applied to assess associations
between LTPA, OPA, and their interaction effect and smoking status, cigarettes per day, dual use of tobacco and e-
cigarettes, adjusted for confounding factors.

Results

Overall, 22,708 people responded. Active levels of LTPA were associated with lower odds of current vs. never
tobacco smoking (e.g., OR for very vs. not active = 0.60, 95%CI = 0.54;0.67). Active levels of OPA were associated
with higher odds (e.g., OR for very vs. not active = 1.70, 95%Cl = 1.52;1.90). In addition, active levels of LTPA were
associated with lower odds of dual-use with e-cigarettes vs. no dual-use (e.g., OR for moderately vs. not active =
0.56,95%ClI = 0.41;0.78). Active levels of OPA were associated with higher odds (OR for very vs. not active = 1.63,
95%Cl = 1.24;2.15). The interaction effect of LTPA and OPA showed that being active during leisure time was
associated with smoking fewer cigarettes per day, regardless of OPA level.

Conclusion

In the German population, people who are physically active during leisure time are less likely to be current tobacco
smokers and dual users with e-cigarettes, while this was vice versa for people who are physically active during
their occupation. Targeting tobacco control efforts, including smoking cessation programs, at physically
demanding occupational environments seems to be important to prevent health risks in people working in such
environments.

INTRODUCTION

The risks of physical inactivity and tobacco smoking are well known and both are major risk factors for chronic
diseases including cancer, cardiovascular and respiratory diseases [1-3]. The additive effect of physical inactivity
and smoking are contributing to an increase in the onset of these diseases [4]. This highlights the need for

Page 2/17



preventive measures and interventions for people with the additive behaviour of smoking and physical inactivity to
promote a healthier lifestyle, including increasing physical activity and smoking cessation. Almost one third of the
global population does not meet the recommended level of physical activity for health prevention which includes a
minimum of 150 min of moderate aerobic exercise per week [5]. Additionally, it is estimated that almost 18.1% of
the world's population will still use tobacco products by 2030 [6]. In a recent study, we showed that around 30% of
the German population is physically inactive in their leisure time, which was shown to be almost 40% among
current tobacco smokers [7]. At the same time, the prevalence of smoking in Germany is high: 28% of the
population are cigarette smokers and 2.3% e-cigarettes users of which 77% are dual users of tobacco [8].

In our previous study, we were able to identify associated behaviours between leisure time physical activity (LTPA)
and several smoking outcomes in the German adult population [7], but did not distinguish between different forms
of PA. Many studies have provided evidence for the different health effects of LTPA and occupational physical
activity (OPA) [9]. This topic has been debated for years and labelled as the PA paradox [10—-13]. While LTPA has
been shown to have positive effects on cardiovascular health due to its voluntary nature and sufficient recovery
time to improve cardiovascular fitness [10], OPA has been associated with adverse outcomes, such as increased
24-hour heart rate and elevated blood pressure [13]. This was among others attributed to higher physical exertion
and lower recovery periods during working hours [10]. Moreover, studies have demonstrated that individuals with
high levels of LTPA exhibit lower smoking prevalence and tend to smoke less [7, 14—16], whereas those with high
levels of OPA are more likely to smoke [17, 18]. Given these previous observations of the different harmful effects
of LTPA and OPA [9, 13], and the well-known negative effect of smoking on cardiovascular health [4], it is
necessary to understand these additive behaviours for possible future interventions to increase an overall
healthier lifestyle.

In addition, the use of e-cigarettes to reduce or quit smoking has become increasingly popular among smokers
[19]. However, it is important to note that smokers do not always switch from tobacco to e-cigarettes, but often
use both, making them dual users [19—21]. Studies have shown that the addition of e-cigarette use to tobacco
smoking may contribute to greater health risks, such as cardiopulmonary and especially respiratory risks [20, 22].
However, to our knowledge, there are only a few studies that have investigated associations between physical
activity and dual use. A population-based study from Korea showed that single use of tobacco cigarettes, but not
dual use with e-cigarettes was associated with the odds of physical inactivity in older adults > 40 years, moreover
dual users were more physically active than single users or non-smokers [23]. By contrast, a population-based
study in the United States showed that, among adolescents aged 12-17 years, dual users were the least likely to
be physically active, compared with those who used tobacco or e-cigarettes as their only substance, and non-
smokers [24]. Furthermore, it was found that a higher prevalence of e-cigarette use was found in people with a
higher level of education in the United states [25]. As a higher level of education is associated with lower physical
activity at work, we assume that dual use is higher among people who tend to be inactive at work. However, the
link between dual use and LTPA in Germany, as well as OPA, remains unclear. Further research is required in the
German adult population due to the lack of knowledge of these behaviours.

The aim of this study is to investigate the associations of LTPA and OPA with smoking behaviours, more precisely
smoking status of tobacco cigarettes, number of tobacco cigarettes smoked per day and dual use of tobacco and
e-cigarettes. It will also be investigated whether there is an interaction effect between LTPA and OPA with smoking
outcomes. Knowledge of these associations could support the development of smoking cessation interventions
for specific target groups in recreational or workplace settings, depending on product use, and potentially inform
public health campaigns. Therefore, it is essential to use representative population data to address this research
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gap. As the WHO recommendations for physical activity differ for different age groups, we will focus our analyses
on the adult population (> 18 years) [26]. Specifically, our research aims to answer the following questions:

1. In the German adult population, what is the association between smoking status of tobacco cigarettes and
physical activity (leisure time, occupational, and their interaction)?

2. Among current tobacco smokers, what is the association between cigarettes smoked per day and physical
activity (leisure time, occupational, and their interaction)?

3. Among current tobacco smokers, what is the association between dual use of tobacco cigarettes and e-
cigarettes and physical activity (leisure time, occupational, and their interaction)?

We hypothesized that lower LTPA and higher OPA are associated with a higher odds of being a current smoker
compared to being an ex- or never smoker. Among current tobacco smokers, we assumed that lower LTPA and
higher OPA is associated with a higher number of cigarettes smoked per day. Moreover, lower LTPA and higher
OPA is associated with a lower odds of being a dual user. We also expected that the associations of LTPA and OPA
with smoking outcomes mentioned above are more pronounced if on type of physical activity is lower relative to
the other.

METHODS
Study design and setting

A detailed a priori study protocol was published on the Open Science Framework (https://osf.io/23769). Data was
used from the German Health Update (GEDA 2019/2020-EHIS) study from the Robert Koch Institute for the time
period 04/2019-09/2020 with a sample size of 23,001 people aged > 15 years [27]. This representative cross-
sectional survey was conducted by structured computer assisted telephone interviews on an ongoing basis. The
content of the GEDA 2019/2020-EHIS questionnaire was based on the third wave of the European Health Interview
Survey (EHIS) conducted in all EU Member States, which is a key source of information for European health policy
and health reporting [28]. As part of the EHIS, physical activity was assessed using the European Health Interview
Survey-Physical Activity Questionnaire (EHIS-PAQ) [29]. For our study, we used data from the adult population > 18
years, who answered questions about physical activity and smoking.

Measures

Predictor variables

Physical activity was measured by two items to assess leisure time and occupational physical activity. To
understand physical activity behaviour during leisure time, people were asked: “When answering the next question,
exclude the physical activity related to work and commuting that you have already mentioned. For the following
questions, think about sports, fitness and leisure activities that cause at least a slight increase in your breathing or
heart rate. For example: Nordic walking, team sports, jogging, cycling, swimming, aerobics, rowing or badminton.
In a typical week, how much time do you spend exercising or doing physical activities in your leisure time?” [30].
The WHO recommendation on physical activity for the adult population includes 150 to 300 minutes of moderate
exercise or 75 to 150 minutes of vigorous aerobic endurance training per week, plus additional strength training
twice a week [26]. For analysis we coded LTPA into four categories according to the WHO recommended
guidelines for moderate aerobic exercise: (1) not active (0 min/week) (2) low active (< 150 min/week) (3)
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moderately active (150-300 min/week) (4) very active (> 300 min/week). Vigorous physical activity
recommendation and strength training were here not taken into account.

To understand OPA, it was asked: “Now let's look at how much physical activity you do in different areas in a
typical week. First, think about the time you spend working. When we say 'work’, we mean tasks you have to do,
such as paid and unpaid work, housework, childcare, caring, school or study. Base your answers on your main job.
If you have more than one job, list them all. If you work, which of the following best describes what you do? Would
you say..."” The response options were (1) mostly sitting or standing, e.g., light office work, studying, teaching, or
driving (2) mostly walking or moderately strenuous physical activities, e.g., delivering mail, plumbing, cleaning, or
playing with children (3) mostly heavy physical work or physically demanding activities, e.g., construction work,
mining, or gardening (4) | do not engage in work-related activities [30]. As the question refers to both paid and
unpaid work, such as caring for relatives, the results could not clearly been calculated for the working population
in terms of paid employment. For analysis OPA was coded into three categories (1) not active (mostly sitting or
standing), (2) moderately active (mostly walking or moderately strenuous physical activities), (3) very active
(mostly heavy physical work or physically demanding activities), according to the EHIS-PAQ categorisation
described above. In addition, we assessed the interaction effect of LTPA and OPA and coded both into two
categories with LTPA as not active (1) and active (2-4) and OPA as not active (1) and active (2-3) as defined
above.

Outcome variables

Different questions were used to assess smoking outcomes. To determine type of current tobacco smoking
behaviour all participants were asked: “The next questions are about your smoking habits and whether you are
exposed to tobacco smoke. Do you smoke tobacco products, including heated tobacco products? Please exclude
electronic cigarettes or similar products”. The response options were (1) daily (2) occasionally (3) not anymore (4)
| have never smoked before. For analysis, we coded type of current tobacco smoking behaviour into current
tobacco smoker (1-2) ex tobacco smoker (3) and never tobacco smoker (4), based on the answer categories [30].

Only daily tobacco smokers were asked about the number of cigarettes smoked per day [30]: “How many
cigarettes do you smoke on average per day?”. The amount of cigarettes was given as a numeric value. Based on
the results of previous studies, the variable cigarettes smoked per day was divided into three categories (1) <10
(2) 10-20 (3) > 20 [31].

All participants were asked about the use of electronic cigarettes. They were asked: “Do you currently use
electronic cigarettes or similar electronic products, e.g. e-shisha, e-pipe?”. Response options were (1) daily (2)
occasionally (3) not anymore (4) | have never smoked before [30]. To find out whether current smokers consume
both, tobacco cigarettes and e-cigarettes, a new variable was coded for dual current use. Current tobacco smokers
who answered (1-2), were considered as current dual users, while those who answered (3—-4) were considered as
single tobacco smokers. The question on type of current tobacco smoking behaviour included heated tobacco
products and the question on e-cigarettes included similar electronic devices such as e-shisha or e-pipe. For the
sake of simplicity, this analysis refers to tobacco and e-cigarettes.

Confounders
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Furthermore, several confounders were used for analyses: age, gender, educational attainment and income. A
detailed description of the confounders can be found in the protocol (https://osf.i0/23769).

Statistical analyses

The prevalence rates were estimated for the total sample stratified by age, gender, educational attainment,
income, LTPA and OPA with corresponding 95% confidence interval (Cl). For these estimations, data were
weighted to be representative for the German adult population. Details on weighting technique from the GEDA
study have been published elsewhere [27]. Subsequently, the main effects between smoking outcome variables
and physical activity predictor variables (LTPA and OPA) were tested.

Therefore, associations of smoking status and of cigarettes smoked per day with physical activity variables were
calculated through multinomial logistic regression models. In deviation from the protocol, cigarettes smoked per
day were not calculated by ordinal regression model due to violation of the proportional odds assumption.
Association of dual use of tobacco and electronic cigarettes with physical activity variables were calculated by
binary logistic regression. The predictor variables were also analysed for interdependence by obtaining the VIF and
tolerance values using multicollinearity diagnostics.

After testing for main effects, we tested for interactions between LTPA and OPA on smoking outcomes using a
cross product term for LTPA and OPA as binary variables (inactive and active respectively). A stepwise regression
was applied. The p-value for the interaction was obtained using the Wald test for the cross product term. In
addition, individual interactions of each categories of LTPA and OPA (inactive and active) were considered and
related to each other for each outcome variable. P-values are two-tailed and all statistical analyses are performed
using IBM SPSS Statistics 29.0. For all main and interaction effects weighted data were used and adjusted for the
potential confounders of age, gender, educational attainment and income. Adjusted odds ratios (OR) and
corresponding 95% Cls are reported. In order to understand whether the weighting affects the results, a sensitivity
analysis was performed for all regression models using unweighted data. A second sensitivity analysis was held
for all models only including people who consider themselves to be in part-time or full-time paid employment.
Differences in the results may indicate a bias in our analysis for the working population. The results of both
sensitivity analyses (unweighted data and part-time and full-time paid employment) are presented as
supplementary material in our report. Data with missing values were deleted and not included in the analysis.

RESULTS

A total of 22,708 individuals aged = 18 years were included in the study, of which 22,485 (99.0%; n = 223 missing)
replied to the question on LTPA and 18,346 (80.8%; n = 4,362 missing) on OPA. In total 33.8% stated not being
active during leisure time, 29.3% were low active, 21.5% were moderately active and 15.4% were very active during
leisure time. In addition, 47.4% stated not being active at work (mostly sedentary or standing), 38.6% were
moderately active and the minority of 14.0% were very active at work (Table 1). The highest amount of current
tobacco smokers were in the group of people who were not active during leisure time (35.7%) and very active at
work (46.1%). The results are described in Table 2. Men were more likely than women to report being physically
active both at work and during leisure time. As age increased, levels of both LTPA and OPA declined. While higher
educational attainment and income were associated with higher levels of LTPA they were linked to lower OPA
(Table 3).
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Associations of occupational and leisure time physical activity with
smoking outcomes

In our main analyses, we used physically inactive people and never smokers as reference groups. We showed that
individuals with low to very high levels of LTPA (vs. inactive individuals), were less likely to be current smokers (vs.
never smokers). For instance, those with very high activity levels showed 40% lower odds of being a current
smoker instead of being a never smoker (OR = 0.60; 95%ClI = 0.54;0.67). No significant association was found
between LTPA and ex-smoking. In contrast, individuals who were moderately and very active at work (vs. inactive
individuals) were more likely to be a current smoker (vs. being a never smoker; OR =1.17; 95%CI = 1.07; 1.27 and
OR =1.70; 95%Cl = 1.52;1.90 respectively). In addition, people with very active OPA (vs. inactive OPA) was
associated with a higher likelihood of being an ex-smoker (vs. being a never smoker; OR = 1.22; 95%Cl = 1.08;
1.39). Regarding smoking intensity, individuals with low to very high LTPA level (vs. inactive individuals) reported
smoking fewer cigarettes per day (e.g., less than 10 instead of 10-20; OR = 0.67; 95%CI = 0.53;0.86), while
individuals with very high levels of OPA (vs. inactive individuals) were more likely to smoke more than 20
cigarettes per day rather than fewer than 10 (OR = 1.32; 95%Cl = 1.04;1.67). With respect to dual use, individuals
with low to moderately high LTPA (vs. inactive individuals) were less likely to be dual users than single tobacco
cigarette smokers (e.g., low LTPA: OR =0.60, 95%Cl = 0.45;0.81), whereas individuals with very high OPA were more
likely to be dual users of tobacco cigarettes and e-cigarettes (OR = 1.63; 95%Cl = 1.24;2.15) than single tobacco
cigarette smokers. The results of the main effects can be found in Table 4.

Looking at the interaction effect between LTPA and OPA, it was found that people who were physically inactive in
their leisure time but active at work were more likely to be current smokers (vs. never smokers; OR = 1.37; 95%Cl =
1.06; 1.77). Conversely, those who were physically active during leisure time but inactive at work were less likely to
be current smokers (vs. never smokers; OR = 0.55; 95%ClI = 0.44; 0.70). In addition, people who were physically
active during leisure time—regardless of their OPA status—were also less likely to smoke heavily. However, no
significant associations were found between the interaction term and ex-smoking or dual use (Table 5).

Sensitivity analyses using unweighted data revealed fewer significant associations between OPA and smoking
variables, except for one additional significant result for OPA and cigarettes smoked per day, as well as for LTPA
and dual use. For the interaction effects of LTPA and OPA, an additional significant association was found with
smoking status.

Fewer significant associations were found for the main analyses and interaction effects of sensitivity analyses of
part-time and full-time paid employment. Detailed results are presented in the supplementary material.

DISCUSSION

This study investigated associations between LTPA and OPA with various smoking behaviour in a large,
population-based sample in Germany. Our findings show a clear distinction in how both types of physical activity
relate to smoking outcomes.

Leisure time physical activity and smoking

LTPA was consistently associated with healthier behaviours. Individuals engaging in at least low levels of LTPA
were less likely to be current smokers. Among those who smoked, LTPA was associated with lower cigarette
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consumption and reduced dual use of e-cigarettes. These findings are consistent with previous studies that have
emphasised the protective role of LTPA in smoking behaviour [7, 15, 16]. This association may be explained, in
part, by greater health awareness, which encourages individuals to adopt a more comprehensive approach to a
healthy lifestyle [15, 16].

Contrary to our expectations, however, we did not observe that current tobacco smokers who are physically active
during leisure time were more likely to additionally use e-cigarettes, for example as part of an attempt to quit
smoking. Our results contradict these expectations and differ from those of the Korean study which found that
dual users were more physically active in their leisure time than exclusive tobacco smokers [23].

One possible explanation for this discrepancy is that, unlike our study, the Korean study assessed moderate and
vigorous aerobic activity across multiple domains, including work, transport, and household activities. By contrast,
we separated LTPA and OPA, and did not differentiate between moderate and vigorous LTPA. In this context, dual
users in the Korean study may have appeared more active because some of their activity was work-related —
typically less linked to health-conscious behaviour and more to occupational strain — rather than purely voluntary,
as with LTPA.

In light of our findings, it could be speculated that even low levels of LTPA might prevent individuals from
additionally taking up e-cigarettes. Furthermore, all tobacco smokers were surveyed regarding dual use, regardless
of their smoking intensity. Therefore, it is possible that individuals with higher levels of physical activity already
smoke less, experience fewer cravings [7] and consequently use e-cigarettes less frequently. However, the specific
mechanisms underlying these associations remain unclear.

Occupational physical activity and smoking

In contrast to LTPA, higher levels of OPA were associated with a greater likelihood of being a current or ex-smoker.
Among current tobacco smokers, being very active at work was associated with increased cigarette consumption
(more than 20 cigarettes per day rather than fewer than 10) and a higher likelihood of dual use with e-cigarettes.
This result contradicts our assumption that higher OPA levels are associated with lower dual use, as we attributed
the increased use rather to higher socioeconomic status. However, OPA especially when physically demanding, do
not provide the same psychological or physiological benefits as LTPA [12]. Instead, it might be associated with
higher levels of stress or [13, 32], which in turn could increase the likelihood of smoking as a coping mechanism—
particularly among individuals with lower socioeconomic status [33]. Thus, this may in turn further hinder the
adoption of health-promoting behaviours and may among other reasons lead to higher dual use with e-cigarettes.
Therefore, a higher dual use cannot be explained solely by socio-economic background, but may instead be
attributed to psychological or social factors in different working environments. For example, some individuals may
prefer e-cigarettes over tobacco cigarettes at the workplace due to the less noticeable odor. Depending on the
specific work setting, the conditions may either facilitate or restrict smoking to varying degrees. However, this
aspect was not considered in the present study.

Interaction effect between LTPA and OPA

To build upon previous findings, we examined the interaction effect of LTPA and OPA on smoking behaviour:
individuals who were physically inactive during leisure time, but physically active at work were more likely to
smoke and people who were physically active during leisure time, but not at work were less likely to smoke.
Furthermore, people who are physically active during leisure time, regardless of their physical activity status at
work, tend to smoke less cigarettes per day. However, it is important to note that such associations likely depend

Page 8/17



on additional factors, such as individual motivation, readiness to change, and supportive environmental or social
conditions that facilitate both physical activity and smoking reduction.

Several mechanisms may help explain these associations. In our recent study we could have shown that higher
LTPA has been associated with lower nicotine cravings [7]. In addition, individuals who engage in LTPA often adopt
broader health-conscious behaviour [15, 16]. Physiologically, endurance-based activities improve cardiovascular
function [34] which is known to be acutely impaired by smoking [35]. This effect could make smoking less
attractive for athletes or people who exercise during leisure time. Therefore, people who engage in LTPA may find
it easier not to smoke or smoke fewer cigarettes per day, regardless of their OPA status, which is partly due to a
combination of physiological and behavioural mechanisms.

Public health implications

Based on these findings, combining physical activity promotion with smoking cessation interventions may be
particularly beneficial, as physical activity during leisure frequently co-occur with lower smoking rates and people
tend to smoke less when being active during leisure, regardless of their OPA level. Moreover, the results indicate
that smoking cessation interventions should especially target settings where physically demanding work is
common, as smoking prevalence is particularly high in these occupational groups. This knowledge can help to
implement educational campaigns or interventions targeting this behaviour. However, as the underlying
mechanisms remain unclear, further research is needed to better understand how physical activity patterns during
both leisure time and work relate to smoking behaviour.

STRENGTH AND LIMITATION

A major strength of this study is the use of a large, nationally representative dataset on LTPA and OPA and
smoking outcomes. This allowed for a nuanced analysis of their independent and combined effects of physical
activity in different settings and smoking behaviour. However, the study has some limitations. Our cross-sectional
design does not allow for causal inference. Furthermore, self-reported data may be prone to social desirability bias
which could have led participants to overestimate weekly amount of physical activity or underestimate smoking
behaviours, potentially underestimating the true associations. Recall bias may also have affected the accuracy of
reported physical activity and smoking behaviour. The study also lacks detailed information on the type and
intensity of LTPA as well as information on the type of work. The intensity of LTPA or the working environment
could also have an influence on smoking behaviour, which was not taken into account here. In addition, health
status was not included as a control variable, which can influence both physical activity and smoking behaviour.

CONCLUSION

In conclusion, our findings revealed different associations between physical activity during leisure time and at
work with smoking outcomes at a population level. LTPA was consistently associated with lower odds of current
smoking, reduced tobacco cigarette consumption, and a lower likelihood of dual use with e-cigarettes, while higher
OPA levels were linked to higher odds of current smoking, higher tobacco cigarette consumption and dual use. The
results of the study show the importance of promoting sport activities during leisure time. Knowledge about the
association with smoking behaviour can be used for public health campaigns for specific target groups. In
addition, tobacco control efforts, including workplace smoking bans and smoking cessation programmes, should
focus on physically demanding workplaces, where smoking prevalence is particularly high.

Page 9/17



Declarations

Competing interests

None declared.

Patient consent for publication

Participation in the study was voluntary. The participants were informed about the aims and the contents of the
study and about data protection. Informed consent was given verbally.

Ethics approval

The GEDA study has a strict compliance with the data protection provisions set out in the EU General Data
Protection Regulation (GDPR) and the Federal Data Protection Act (BDSG) and has been approved by the Ethics
Committee of the Charité — Universitdtsmedizin Berlin (EA2/070/19).

Funding

GEDA 2019/2020-EHIS was funded by the Robert Koch Institute and the German Federal Ministry of Health.

Author Contribution

Z.A. was mainly responsible for conceptualisation of the study; dataanalysis; drafting and revising of the
manuscript. D.K,, A.S., K.M. and S.K. contributed to the studydesign; data analysis and writing of the manuscript.
All authors reviewed and approved the final version ofthe manuscript.

Acknowledgement

We would like to extend our gratitude to the Robert Koch Institute for making the data set available.

Data Availability

Data are available upon reasonable request. The data supporting this study will be made available upon
reasonable request to the RKI Institute.

References

1. Organization WH. Global health risks: mortality and burden of disease attributable to selected major risks, 2009.
World Health Organization: WHO Library Cataloguing in Publication Data [retrieved from
https://apps.who.int/iris/handle/10665/44203; last updated 08/28/2023].

Page 10/17



2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ezzati M et al. Comparative quantification of mortality and burden of disease attributable to selected risk factors
[retrieved from https://www.ncbi.nlm.nih.gov/books/NBK11812/; last updated 09/07/2023]. in Global burden of
disease and risk factors. 2006, The International Bank for Reconstruction and Development / The World Bank;
New York: Oxford University Press: Washington (DC). pp. 241-396.

. Mons U, Brenner H. Demographic ageing and the evolution of smoking-attributable mortality: the example of

Germany. Tob Control. 2017;26(4):455-7.

. Jackson SE, et al. Combined health risks of cigarette smoking and low levels of physical activity: a

prospective cohort study in England with 12-year follow-up. BMJ open. 2019;9(11):e032852.

. Guthold R, et al. Worldwide trends in insufficient physical activity from 2001 to 2016: a pooled analysis of 358

population-based surveys with 1- 9 million participants. lancet global health. 2018;6(10):e1077-86.

. World Health Organization, WHO global report on trends in prevalence of tobacco use 2000-2030,. 2024, p.11

[retrieved from https://iris.who.int/bitstream/handle/10665/375711/9789240088283-eng.pdf?sequence=1;
last updated 07/24/2024].

. Acar Z et al. Physical activity and tobacco smoking in the German adult population. BMJ Open Sport Exerc

Med, 2024. 10(4).

. DEBRA Study. Deutsche Befragung zum Rauchverhalten,. 2024 [retrieved from https://www.debra-study.info/;

last updated 12/12/2024]

. Quinn TD, et al. 13-Year Associations of Occupational and Leisure-Time Physical Activity with

Cardiorespiratory Fitness in CARDIA. Medicine and science in sports and exercise; 2023.

Holtermann A, et al. The health paradox of occupational and leisure-time physical activity. Br J Sports Med.
2012;46(4):291-5.
Hallman DM, Birk M, Jgrgensen, Holtermann A. On the health paradox of occupational and leisure-time

physical activity using objective measurements: effects on autonomic imbalance. PLoS ONE.
2017;12(5):e0177042.

Prince SA, et al. The effect of leisure time physical activity and sedentary behaviour on the health of workers
with different occupational physical activity demands: a systematic review. Int J Behav Nutr Phys Activity.
2021;18:1-17.

Holtermann A, et al. The physical activity paradox: six reasons why occupational physical activity (OPA) does
not confer the cardiovascular health benefits that leisure time physical activity does. Br J Sports Med.
2018;52(3):149-50.

Schumann A, et al. The association between degree of nicotine dependence and other health behaviours:
Findings from a German general population study. Eur J Public Health. 2001;11(4):450-2.

Kvaavik E, Meyer HE, Tverdal A. Food habits, physical activity and body mass index in relation to smoking
status in 40-42 year old Norwegian women and men. Prev Med. 2004;38(1):1-5.

Chiolero A, et al. Clustering of risk behaviors with cigarette consumption: a population-based survey. Prev
Med. 2006;42(5):348-53.

Fransson El, et al. Leisure time, occupational and household physical activity, and risk factors for
cardiovascular disease in working men and women: the WOLF study. Scand J Public Health. 2003;31(5):324~
33.

Poortinga W. Associations of physical activity with smoking and alcohol consumption: a sport or occupation
effect? Prev Med. 2007;45(1):66-70.

Page 11/17



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Morean M, Krishnan-Sarin S, O'Malley SS. Comparing cigarette and e-cigarette dependence and predicting
frequency of smoking and e-cigarette use in dual-users of cigarettes and e-cigarettes. Addict Behav.
2018;87:92-6.

Oakly A, Martin G. Dual use of electronic cigarettes and tobacco in New Zealand from a nationally
representative sample. Aust N Z J Public Health. 2019;43(2):103-7.

Baig SA, Giovenco DP. Behavioral heterogeneity among cigarette and e-cigarette dual-users and associations
with future tobacco use: Findings from the Population Assessment of Tobacco and Health Study. Addict
Behav. 2020;104:106263.

Wang JB, et al. Cigarette and e-cigarette dual use and risk of cardiopulmonary symptoms in the Health eHeart
Study. PLoS ONE. 2018;13(7):e0198681.

You MA, Choi J, Son YJ. Associations of dual use of tobacco cigarettes and e-cigarettes, sleep duration,
physical activity and depressive symptoms among middle-aged and older Korean adults. Nurs Open.
2023;10(6):4071-82.

Miller C, Smith DM, Goniewicz ML. Physical activity among adolescent tobacco and electronic cigarette users:
Cross-sectional findings from the Population Assessment of Tobacco and Health study. Prev Med Rep.
2019;15:100897.

Mayer M, et al. Demographic characteristics, cigarette smoking, and e-cigarette use among US adults. JAMA
Netw open. 2020;3(10):€2020694-2020694.

Bull FC, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. 2020;54(24):1451-62.

Allen J, et al. German health update (GEDA 2019/2020-EHIS)—background and methodology. J Health Monit.
2021;6(3):66.

Eurostat European Commission, European Health Interview Survey (EHIS wave 2) Methodological manual,.
2013 [retrieved from https://ec.europa.eu/eurostat/documents/3859598/5926729/KS-RA-13-018-
EN.PDF.pdf/26c7ea80-01d8-420e-bdc6-e9d5f6578e7c?t=1414782730000; last updated 07/25/2024].

Finger JD, et al. Development of the European health interview survey-physical activity questionnaire (EHIS-
PAQ) to monitor physical activity in the European Union. Archives Public Health. 2015;73:1-11.
Robert-Koch-Institut, Fragebogen zur Studie Gesundheit in Deutschland aktuell: GEDA 2019/2020-EHIS. Journal
of Health Monitoring, 2021. 6(3): pp. 88—106 [retrieved from
https://edoc.rki.de/bitstream/handle/176904/8752/JoHM_03_2021_Fragebogen_GEDA_2019_2020_EHIS.pdf;
last updated 07/25/2024].

Husten CG. How should we define light or intermittent smoking? Does it matter? Nicotine Tob Res.
2009;11(2):111-21.

Slopen N, et al. Psychosocial stress and cigarette smoking persistence, cessation, and relapse over 9-10
years: a prospective study of middle-aged adults in the United States. Cancer Causes Control. 2013;24:1849-
63.

Hiscock R, et al. Socioeconomic status and smoking: a review. Volume 1248. Annals of the New York
Academy of Sciences; 2012. pp. 107-23. 1.

Golbidi S, Laher I. Exercise and the cardiovascular system. Cardiol Res Pract. 2012;2012(1):210852.
Hirsch GL, et al. Immediate effects of cigarette smoking on cardiorespiratory responses to exercise. J Appl
Physiol. 1985;58(6):1975-81.

Page 12/17



36. Miiters S, Michalski N, Hoebel J. Aktualisierung der Berechnungsgrundlagen fir den Index des
soziobkonomischen Status in der Studie Gesundheit in Deutschland aktuell (GEDA) 2019/2020-EHIS, 2023
[retrieved from https://edoc.rki.de/bitstream/handle/176904/11168/M%C3%BCters_et_al_2023_SES-

Index_GEDA19_Aktualisierung_Punktwerte.pdf?sequence=1&isAllowed=y; last updated 07/31/2024].

Tables
Table 1
Characteristics of study participants in the German Health Update Study
(weighted)
Total samplet  Female Male
% (n) % (n) % (n)
100 (22,708) 51.1(11,557) 48.9 (11,056)
Age, year (categories) 100 (22,708) 51.1(11,557)  48.9(11,056)
18-39 31.8 (7,229) 48.2 (3,467) 51.8 (3,728)
40-59 33.6 (7,620) 50.7 (3,846) 49.3 (3,745)
60+ 34.6 (7,859) 54.2 (4,244) 45.8 (3,583)
Educational attainment® 100 (22,596) 51.2(11,513)  48.8(10,990)
Low 29.6 (6,697) 49.3 (3,275) 50.7 (3,373)
Middle 52.3(11,826) 54.2(6,399) 45.8 (5,397)
High 18.0 (4,073) 45.3 (1,839) 54.7 (2,220)
Income® 100 (22,201) 50.8 (11,222)  49.2(10,889)
Low 19.4 (4,304) 52.4(2,229) 47.6 (2,024)
Middle 60.2 (13,370) 52.6 (7,022) 47.4(6,317)
High 20.4 (4,527) 43.6 (1,971) 56.4 (2,548)
OPAS 100 (18,346) 50.1 (9,149) 48.9 (9,126)
very active 14.0 (2,564) 29.6 (755) 70.4 (1,799)
moderately active 38.6 (7,088) 58.5(4,131) 41.5(2,927)
not active 47.4 (8,694) 49.2 (4,263) 50.8 (4,400)
LTPAS 100 (22,485) 51.1(11,451)  48.9(10,940)
very active 15.4 (3,463) 39.7 (1,372) 60.3 (2,087)
moderately active 21.5 (4,828) 51.9 (2,497) 48.1 (2,310)
low active 29.3 (6,599) 56.3 (3,698) 43.7 (2,868)
not active 33.8 (7,594) 51.4 (3,884) 48.6 (3,675)
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TTotal sample data are presented as 100% in the columns in percentages (absolute numbers) and includes all
respondents from the study. #Gender are presented as 100% within the rows; sum below 100% due to missing values.
“German equivalents to education attainment listed from lowest to highest: low = no qualification / junior high school
equivalent, middle = secondary school equivalent, high = advanced technical college equivalent / high school
equivalent. Bincome (OECD equivalent net monthly household income in € [36]). Snot active (mostly sitting or
standing), moderately active (mostly walking or moderately strenuous physical activities), very active (mostly heavy
physical work or physically demanding activities). *not active (0 min/week), low active (1-150 min/week), moderately
active (151-300 min/week), very active (> 300 min/week).

Sample description (total sample) sIr?at?(:gezd by smoking outcomes (weighted).

Total samplet  Current Ex Never

% (n) Smoker Smoker Smoker

100 (22,708) % (n) % () % (n)

28.9 (6,562) 26.7 (6,058) 44.4(10,079)

Occupational physical activityS 100 (18,346)
Very active 14.0 (2,564)  46.1(1,182) 23.2(595)  30.7 (786)
Moderately active 38.6 (7,088) 28.9(2,047) 26.6(1,888) 44.5(3,150)
Not active 47.4 (8,694)  26.1(2270) 25.3(2,203) 48.5(4,219)
Leisure time physical activity® 100 (22,485)
Very active 15.4 (3,463) 28.2 (976) 27.1 (937) 44.8 (1,550)
Moderately active 21.5(4,828)  24.7(1,190) 27.5(1,327) 47.8(2,309)
Low active 29.3(6,599)  24.7(1,630) 27.5(1,818) 47.8(3,152)
Not active 33.8(7,594)  35.7(2708) 25.1(1,908) 39.2(2,971)

Data are presented as percentages (absolute numbers). Sum below 100% due to missing values or rounding of cell
frequencies. TTotal sample includes all respondents and are presented as 100% in the columns. Occupational and
leisure time physical activity stratified by smoking status and dual use are presented as 100% within the rows; sum

below 100% due to missing values or rounding of cell frequencies. $not active (mostly sitting or standing), moderately
active (mostly walking or moderately strenuous physical activities), very active (mostly heavy physical work or

physically demanding activities). Snot active (0 min/week), low active (1-150 min/week), moderately active (151-300
min/week), very active (> 300 min/week).
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Table 3
Person characteristics stratified by occupational and leisure time physical activity (weighted).

Occupational physical activity$ Leisure time physical activity$
% (n) % (n)
very moderately  not very moderately low not
active active
Gender
Female 8.3(755) 452 46.6 12.0 21.8 32.3 33.9
(4,1317) (4,263) (1,372) (2,497) (3,698) (3,884)
Male 19.7 32.1 48.2 19.1 21.1 26.2 33.6
(1,799) (2,927) (4,400) (2,087) (2,310) (2,868) (3,675)
Age, year
(categories)
18-39 16.9 33.6 49.6 20.9 25.8 28.7 24.7
(1,150) (2,292) (3,382) (1,496) (1,851) (2,055) (1,770)
40-59 14.6 34.1 51.3 13.6 21.9 31.1 33.4
(1,006) (2,351) (3,532) (1,026) (1,657) (2,353) (2,528)
60+ 8.8 (408) 52.8 38.4 12.2 17.0 28.3 42.5
(2,445) (1,780) (942) (1,320) (2,191) (3,295)
Educational
attainment”
Low 20.2 49.2 30.6 12.2 13.8(911) 25.6 48.4
(905) (2,199) (1,367) (804) (1,693) (3,197)
Middle 15.0 39.2 45.8 16.6 23.6 29.4 30.4
(1,521) (3,969) (4,647) (1,947) (2,760) (3,445) (3,563)
High 3.3(120) 24.3(889) 72.4 17.4 27.7 35.3 19.6
(2646) (706) (1,124) (1,432) (795)
IncomeP
Low 14.1 43.7 42.2 15.1 15.1 (639) 27.8 42.0
(425) (1,315) (1,268) (640) (1,181) (1,785)
Middle 15.8 41.3 42.9 14.3 21.5 29.2 35.0
(1,726) (4,500) (4,675) (1,899) (2,851) (3,868) (4,633)
High 9.1(367) 27.6 63.3 18.8 27.0 31.8 22.4
(1,110) (2,550) (844) (1,212) (1,427) (1,005)

Data are presented as percentages (absolute numbers). Sum below 100% due to missing values. Person
characteristics are stratified by occupational and leisure time physical activity and are presented as 100% within the

rows; sum below 100% due to missing values. “German equivalents to education attainment listed from lowest to
highest: low = no qualification / junior high school equivalent, middle = secondary school equivalent, high = advanced

technical college equivalent / high school equivalent. Bincome (OECD equivalent net monthly household income in €
[36]). Snot active (mostly sitting or standing), moderately active (mostly walking or moderately strenuous physical
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activities), very active (mostly heavy physical work or physically demanding activities) Snot active (0 min/week), low
active (1-150 min/week), moderately active (151-300 min/week), very active (> 300 min/week).

Table 4
Associations between occupational and leisure time physical activity with smoking outcomes.
Current vs. Ex vs. never >20cpdvs.<10 10-20 cpd vs. Dual use vs.
never smoker® smoker cpd® <10 cpd single use”
OR 95% OR 95% OR 95% OR 95% OR 95%
Cl Cl Cl Cl Cl
OPAS
very active 1.70***  1.52; 1.22**  1.08; 1.32*%* 1.04; 1.17 0.93; 1.63**  1.24;
1.90 1.39 1.67 1.48 2.15
moderately 1.17%*  1.07; 1.06 0.97; 0.88 0.72; 1.06 0.88; 1.22 0.94;
active 1.27 1.15 1.08 1.27 1.57
not active 1 1 1 1 1
LTPA®
very active 0.60***  0.54; 1.08 0.96; 0.36***  (0.28; 0.67** 0.53; 1.25 0.95;
0.67 1.21 0.47 0.86 1.64
moderately 0.57***  0.51; 1.00 0.90; 0.38***  0.30; 0.66***  0.53; 0.56***  0.41;
active 0.63 1.11 0.49 0.83 0.78
low active 0.59***  (0.53; 0.98 0.89; 0.52***  0.42; 0.72** 0.59; 0.60***  (0.45;
0.64 1.08 0.65 0.89 0.81
not active 1 1 1 1 1

$0ccupational physical activity (OPA): very active (mostly heavy physical work or physically demanding activities),
moderately active (mostly walking or moderately strenuous physical activities), not active (mostly sitting or standing
= reference) ®Leisure time physical activity (LTPA): very active (> 300 min/week), moderately active (151-300
min/week), low active (1-150 min/week), not active (0 min/week = reference) * cigarettes smoked per day (cpd) refers
to current daily tobacco smokers (< 10 = reference). “dual use of tobacco cigarettes and e-cigarettes, single use (=
reference) means only tobacco cigarettes ***significant result p < 0.007 ** p < 0.07 *p > 0.05.
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Table 5

Associations between interaction effects of occupational and leisure time physical activity with smoking

No OPA*No 1
LTPA

outcomes
Current vs. Ex vs. never >20 cpd vs. <10 10-20 cpd vs. Dual use vs.
never smoker® smoker cpd* <10 cpd single use”
OR 95% OR 95% OR 95% OR 95% OR 95%
Cl Cl Cl Cl Cl
Interactions®
OPA*LTPA 0.80 0.63; 0.97 0.76; 0.44*** 0.33; 0.73** 0.56; 1.28 0.97;
1.01 1.25 0.57 0.95 1.82
OPA*No LTPA 1.37** 1.06; 0.98 0.73; 0.97 0.73; 1.04 0.78; 1.41 0.99;
1.77 1.31 1.30 1.39 2.01
No OPA* LTPA  0.55*** 0.44; 0.76* 0.59; 0.36*** 0.27; 0.64** 0.48; 0.86 0.60;
0.70 0.97 0.48 0.84 1.25

$0ccupational physical activity (OPA): very active (mostly heavy physical work or physically demanding activities),
moderately active (mostly walking or moderately strenuous physical activities), not active (mostly sitting or

standing = reference) $Leisure time physical activity (LTPA): very active (> 300 min/week), moderately active (151~
300 min/week), low active (1-150 min/week), not active (0 min/week = reference) #OPA and LTPA are binary coded
in either being physically active or inactive, No OPA*No LTPA = reference # cigarettes smoked per day (cpd) refers

to current daily tobacco smokers (< 10 = reference). "dual use of tobacco cigarettes and e-cigarettes, single use (=
reference) means only tobacco cigarettes ***significant result p < 0.007 ** p < 0.07 *p > 0.05
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