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1  |  INTRODUCTION

A vast body of research has revealed that physical activ-
ity positively influences an individual's subjective well- 
being in terms of overall happiness and life satisfaction,1 
with varying impacts of participation frequency and in-
tensity.2 However, existing studies only considered global 

measures of life satisfaction, neglecting different domains 
of an individual's life satisfaction. Van Praag, Frijters, and 
Ferrer- i- Carbonell3 distinguish between six different do-
mains: job, financial, housing, health, environment, and 
leisure. While the effect of physical activity on domains 
such as health and leisure time satisfaction has been stud-
ied already,4 the role of physical activity in the domain of 

Received: 5 July 2022 | Revised: 16 December 2022 | Accepted: 27 December 2022

DOI: 10.1002/1348-9585.12382  

O R I G I N A L  A R T I C L E

The relationship between leisure- time physical activity and 
job satisfaction: A dynamic panel data approach

Sören Dallmeyer1  |   Pamela Wicker2 |   Christoph Breuer1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Journal of Occupational Health published by John Wiley & Sons Australia, Ltd on behalf of The Japan Society for Occupational Health.

1Department of Sport Economics and 
Sport Management, German Sport 
University Cologne, Cologne, Germany
2Department of Sports Science, 
Bielefeld University, Bielefeld, Germany

Correspondence
Sören Dallmeyer, Department of Sport 
Economics and Sport Management, 
German Sport University Cologne, 
Am Sportpark Muengersdorf 6, 50933 
Cologne, Germany.
Email: s.dallmeyer@dshs-koeln.de

Abstract
Objective: Previous research has documented a positive effect of leisure- time 
physical activity (LTPA) on life satisfaction. The relationship between physical 
activity and the specific domain of job satisfaction is, however, relatively un-
known. This study aims to investigate the effects of different frequency levels of 
LTPA on self- reported job satisfaction and specifically focuses on the two mecha-
nisms of health and recovery from work stress.
Methods: Using data from the German Socio- Economic Panel (2001- 2019), fixed 
effects and dynamic panel data regression models are estimated to address the 
problems of unobserved heterogeneity and reverse causality. A mediation and 
sub- sample analysis shed light on the role of health and work stress.
Results: The results reveal that weekly LTPA has a positive effect on job satis-
faction and that health represents a channel yielding those benefits. The effect 
appears to be moderated by work stress. Further, the analysis reveals the impor-
tance of considering unobserved heterogeneity and reverse causality when study-
ing this relationship.
Conclusion: The findings indicate a positive relationship between regular LTPA 
and job satisfaction and add plausible causal evidence to the limited literature in 
this context. The findings yield implications for employers and employees.
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job satisfaction has attracted less research attention even 
though it is one of the most important contributors to 
overall life satisfaction.5

Previous research has shown that job satisfaction de-
termines an individual's productivity at work by, for exam-
ple, improving job performance6 or reducing absenteeism 
among employees.7 Moreover, existing evidence suggests 
that job satisfaction has a positive effect on organizational 
commitment8 and reduces employee turnover.9 As a con-
sequence, both employers and employees should be in-
terested in understanding drivers of job satisfaction and 
identifying mechanisms to improve it.

Similar to general life satisfaction, a job satisfaction 
measure is considered a proxy for utility from working. 
Clark and Oswald10 describe the function of this form of 
utility as follows:

with y defining individuals' income, h the working hours, 
and i and j different individual and job- specific characteris-
tics. Previous research has investigated the influence of the 
different determinants of job satisfaction in Equation  (1) 
and has found a positive effect of income y10 and negative 
effects of working hours h.11 Regarding individual i and 
job- related j characteristics, existing research has identified 
numerous significant predictors, such as age, gender, educa-
tion, and marital status as individual determinants5,11 and 
company size, tenure, job status, or job autonomy as job- 
related predictors.12

One aspect which is not yet considered in Equation (1) 
is the importance of non- work domains. These so- called 
spillover effects occur when aspects of one domain (non- 
work) transfer to the other (work).13 While previous re-
search has primarily focused on the interrelationships 
between family and work,14 a smaller strain of research 
has focused on the role of leisure activities and their ef-
fect on job satisfaction. For example, Mojza, Sonnentag, 
and Bornemann15 found a positive relationship between 
the time spent on volunteer work activities and job 
satisfaction.

Accordingly, Equation (1) can be extended to:

with l describing an individual's leisure time. One leisure 
activity where positive spillover effects can be expected is 
physical activity due to mainly two reasons. First, with re-
search indicating that health represents an important deter-
minant of job satisfaction because of its positive effects on 
productivity and overall well- being,16 higher levels of phys-
ical activity could lead to improvements in job satisfaction 
through the channel of improved health. Second, existing 

studies have shown that stress and general exhaustion after 
work are significant negative predictors of job satisfaction.17 
Research has indicated that physical activity and exercise 
can help individuals to recover and cope with stress after 
work by enhancing the process of replenishing depleted 
resources.18 Being physically active often charges different 
resources compared to an individual's work and thus en-
hances the recovery from work- related resources.

Most of the literature dealing with the relationship be-
tween physical activity and job satisfaction has focused 
on work- related physical activity. While studies were 
able to demonstrate positive effects of worksite physical 
activity in terms of health and recovery and coping with 
stress from work,19 the literature has produced inconclu-
sive findings regarding the effects on job satisfaction.20 
When it comes to the relationship between leisure- time 
physical activity (LTPA) and job satisfaction, empirical 
evidence is limited. Hecht and Boies21 have found no sig-
nificant effect. However, their study used only a small 
cross- sectional sample (n = 108) and did not control for 
job- related characteristics. Wheatley and Bickerton22 
have examined the effect of numerous leisure activities 
on several satisfaction domains. They found a positive 
relationship between LTPA and job satisfaction, but with 
inconclusive results regarding participation frequency. 
Likewise, their study omitted individual and job- related 
control variables and only used cross- sectional data. De- 
Pedro- Jiménez et al23 differentiated between the role of 
occupational and leisure- time physical activity and their 
impact on job satisfaction. Their results indicated only a 
positive association between LTPA on women's job sat-
isfaction. However, their study only used a descriptive 
research design. Some experimental studies have found 
a positive relationship between LTPA and job satisfac-
tion,24,25 but these studies are only based on small samples 
which are not representative.

With the existing research mainly documenting cor-
relations, the present study has the purpose to add plausi-
ble causal evidence. Therefore, it is essential to address two 
problems of endogeneity emerging in this context. First, 
unobserved characteristics affecting LTPA and job satis-
faction (e.g., individual lifestyle; enjoyment of physical 
activity, time preferences) have to be taken into account as 
they could result in selection effects. Second, it can be ar-
gued that job satisfaction might also have spillover effects 
on physical activity26 leading to potential reverse causality. 
If these two problems are ignored, estimated coefficients 
will be biased and inconsistent.

Additionally, this study aims to contribute to the exist-
ing literature by providing new insights into the mecha-
nisms through which LTPA could affect job satisfaction. 
Therefore, the mediating role of health and the moderat-
ing role of work stress is examined (Figure  1). For both 

(1)u = u(y, h, i, j)

(2)u = u(y, h, i, j, l)
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purposes, a rich panel dataset from 2001 to 2019 is uti-
lized. The data include information on individuals' job 
satisfaction, income, working hours, as well as individual-  
and job- related characteristics, such as the frequency of 
physical activity. Moreover, the panel structure and large 
sample size allow dealing with different sources of endog-
eneity by estimating fixed effects models and estimating a 
dynamic panel model.

2  |  METHODS

2.1 | Data sources

In order to examine the relationship between LTPA 
and job satisfaction, survey panel data of employed per-
sons from the German Socio- Economic Panel (GSOEP) 
are used.27 The GSOEP is a German household panel 
survey conducted annually by the German Institute of 
Economic Research since 1984. All household members 
older than 17 years are surveyed individually each year. 
The interviews are usually conducted using Computer 
Assisted Personal Interviewing (CAPI). Thereby, a vari-
ety of topics including household composition, occupa-
tional biographies, employment, earnings, health, and 
satisfaction indicators are covered. The GSOEP data are 
publicly available. Participating in the GSOEP is volun-
tary and based on informed and written consent. Ethical 
permission for the GSOEP was granted by the Scientific 
Advisory Board of the DIW Berlin. In the past, these data 
have been used to examine various labor market out-
comes of physical activity including effects on income,28 
and have been utilized to investigate job- related aspects 
such as job search.29 The present study uses data from the 
period 2001- 2019 since the relevant information on physi-
cal activity and job characteristics was not available in the 
other waves. Specifically, only the years 2001, 2003, 2005, 
2007- 2009, 2011, 2013, 2015, 2017, and 2019 provide the 
required information for the empirical analysis. Given the 

focus on job satisfaction, the sample includes individuals 
who work at least 10 hours a week. The final sample size 
consists of n = 106 259 observations.

2.2 | Measures and variables

Table 1 summarizes the variables of this study and their 
measurement. The dependent variable of the regression 
will be individuals' self- reported job satisfaction which was 
assessed on an 11- point scale. It is based on the question: 
“How satisfied are you with your job?” and the response 
options range from 0 = dissatisfied to 10 = satisfied.

The predictor of interest is the frequency of LTPA mea-
sured on a four- point scale with the following categories: 
at least once a week, at least once a month, less often, or 
never. Previous research has shown that a certain level of 
frequency is needed to yield well- being or economic ben-
efits of physical activity.28 Consequently, the variable is 
recoded into three categories: Weekly (LTPA weekly) and 
monthly physical activity (LTPA monthly) which were in-
cluded in the empirical model, and less frequent activity 
(LTPA infrequently) representing the reference category.

To take into account other variables determining job 
satisfaction, the model considers numerous control vari-
ables. At the individual level, studies have identified a 
u- shaped relationship between age and job satisfaction.10 
Hence, our empirical model includes both age (Age) and 
its squared term (Age2) to control for a potential non- 
linear relationship. In addition, the following individ-
ual characteristics commonly used in previous research 
to predict job satisfaction are part of the model as well: 
Gender (Male), marital status (Married), number of chil-
dren (Children), household size (HH size), years of educa-
tion (Education), and if the individual suffers from poor 
health (Poor health).5

Moreover, this study controls for job characteristics as 
previous studies have identified that the level of job sat-
isfaction depends on individuals' working conditions.30 
Important predictors are income (Gross Income), working 
hours (Workload), and overtime working hours (Overtime 
workload). In addition, the model takes into account the 
type of contract (Temporal job), job changes in the past 
(Job change), tenure at the current employer (Job tenure), 
and the subjective match between employees' education 
and the job (Education match). Also, the empirical model 
considers the size of the company29 and the job status 
of the individual differentiating between Self- employed, 
Blue- collar, White- collar, Public servant, and Apprentice. 
By controlling for the different job statuses, the differences 
in the physical demands of different types of employment 
are also considered. Finally, state, year, and industry fixed 
effects are included since previous studies have shown 

F I G U R E  1  Relationship between LTPA and job satisfaction 
and the role of health and work stress
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that job satisfaction depends on the type of industry, re-
gion, and differs over time.16 The industries are classified 
according to NACE Rev. 2 (Statistical classification of eco-
nomic activities in the European Community). In total, 
the empirical analysis controls for 59 different industries. 
Region refers to the 16 states in Germany.

2.3 | Empirical analysis

Based on the theoretical model, the following economet-
ric Equation (3) can be formulated:

where Uit describes the level of job satisfaction and LTPAit 
describes how physically active an individual is during lei-
sure time. In addition, Hit controls for an individual's health 
status, Xit for further individual characteristics, and Jit for 
job- specific characteristics. Finally, industry (Iit), year (Yt), 
and state 

(

Sit
)

 fixed effects are considered.
To test the relationship between physical activity and 

job satisfaction, first, an OLS model based on the pooled 
data is estimated. However, since the OLS estimator is only 
unbiased if the explanatory variables are uncorrelated 
with the error term, the second model considers individ-
ual fixed effects. It is likely that unobserved individual ef-
fects are part of the error term and are potentially linked 
to both job satisfaction and the explanatory variable, in 
particular LTPA (e.g., preference, genetics). By including 
individual fixed effects those unobserved time- invariant 
characteristics are controlled for. Reverse causality could 
represent an additional problem, as current levels of job 
satisfaction might affect LTPA. As a consequence, a lagged 
job satisfaction variable Uit−1 should be included in the 
model as well. However, when including a lagged de-
pendent variable in a fixed effects framework, a dynamic 
panel data bias could potentially bias the estimated coeffi-
cients. A standard way of addressing this problem would 
be the use of instrumental variables. However, in the 
available dataset, no information qualifying for an appro-
priate instrument was available. An alternative is to uti-
lize the panel structure and employ the Blundell and Bond 

(3)
Uit = �1LTPAit + �2Hit + �3Xit + �1Jit + �4Iit + �5Yt + �6Sit

T A B L E  1  Descriptive statistics (No. of observations: 
n = 106 259; 2001- 2019)

Variable Mean SD

Job satisfaction (0 = completely 
dissatisfied; 10 = completely 
satisfied)

7.113 1.954

Leisure- time physical activity

LTPA weekly (0 = no, 1 = yes) 0.435 0.265

LTPA monthly (0 = no, 
1 = yes)

0.076 0.496

LTPA infrequently (0 = no, 
1 = yes; Ref.)

0.489 0.500

Individual characteristics

Poor health (0 = other, 1 = at 
least poor health)

0.109 0.312

Age (in years) 43.11 11.11

Age2 (in years) 1982.25 952.86

Male (0 = female, 1 = male) 0.513 0.500

Married (0 = other, 
1 = married)

0.620 0.485

Children (number) 0.790 1.036

Household size (number) 2.984 1.315

Education (in years) 12.72 2.720

Job characteristics

Gross income (€/month) 2677 2010

Workload (h/week) 38.31 11.49

Overtime workload (h/week) 2.131 3.419

Temporal job (0 = permanent; 
1 = temporal)

0.113 0.316

Job change (0 = no, 1 = job 
change in the past)

0.136 0.343

Company tenure (in years) 11.04 10.16

Education match (1 = other, 
1 = high fit between job 
and education)

0.596 0.491

Company size

Company10 (0 = other, 
1 = 1- 10 employees)

0.144 0.351

Company100 (0 = other, 
1 = 11- 100 employees)

0.285 0.451

Company2000 (0 = other, 
1 = 101- 2000 employees)

0.311 0.463

Company>2000 (0 = other, 
1 = more than 2000 
employees; Ref.)

0.260 0.439

Job status

Self- employed (0 = other, 
1 = self- employed)

0.032 0.177

Blue collar (0 = other, 
1 = blue- collar)

0.251 0.433

Variable Mean SD

Apprentice (0 = other, 
1 = apprentice)

0.029 0.167

White collar (0 = other, 
1 = white- collar, Ref.)

0.610 0.488

Public servant (0 = other, 
1 = public servant)

0.079 0.270

T A B L E  1  (Continued)
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(BB)31 generalized methods of moments (GMM) systems 
estimator. The BB uses past observations as instruments 
and estimates a system of two equations simultaneously32:

In Equation (4), all variables are transformed into first dif-
ferences, whereas Equation  (5) uses the untransformed 
levels of the same variables. As noted by Krug and Eberl,32 
computationally, the differences basically work as addi-
tional observations. The endogenous variables are then in-
strumented by the internal instruments represented by the 
lagged variables in differences and levels. The system BB 
estimator allows distinguishing between strictly exogenous 
variables, endogenous variables, and so- called predeter-
mined variables which are not correlated with past or pres-
ent values of the error term, but are allowed to be correlated 
with future values. In the framework of this study, the phys-
ical activity variables and the health variable are considered 
endogenous and the past values of job satisfaction and job- 
related characteristics including the working conditions, the 
job status, and the job branch are treated as predetermined. 
All remaining variables are considered exogenous.

For the identification assumptions to hold, the valid-
ity of the instruments has to be ensured. Therefore, two 
potential issues have to be considered. First, when ap-
plying the dynamic panel BB estimator it is important to 
consider the degree of autocorrelation in the data in order 
to identify the appropriate number of lags used as instru-
ments. In all estimated BB models, the AR (1) and AR (2) 
were significant for the endogenous variables. Hence, the 
instrumenting started with the third lag as AR (3) was 
insignificant. As recommended by Roodman,33 the pre-
determined variables were instrumented starting with 
the first lag. Another important assumption for the valid-
ity of the results is the exogeneity of the instruments. It 
can be tested by the Hansen J- test34 which tests the ove-
ridentification restriction of the instruments by analyzing 
the sample analogue of the moment conditions used in 
the models. For all BB models, the null hypothesis of the 
Hansen J- test can be rejected as the P- values are well above 
the threshold of 0.1. Although the tests for serial correla-
tion and the overidentification restriction do not indicate 
any problems with the identification assumption, it is still 
possible that unobserved confounders affect the validity 
of the exclusion restriction. Consequently, a falsification 
test is conducted with two alternative outcomes which are 
not affected by the treatment, but are potentially linked 
to confounders that correlate with the treatment and the 

outcome. The two outcomes selected are satisfaction with 
housing and family. Previous research has demonstrated 
that the different satisfaction domains could be linked due 
to unobserved individual characteristics or preferences.35 
The results show no significant effect of the instrumented 
physical activity variables on these dimensions. This in-
significance strengthens the case that the instrumental 
variables are only linked to job satisfaction through the 
pathway of physical activity (Table A1).

Finally, to shed light on the moderators and mediators 
of the relationship between LTPA and job satisfaction, fur-
ther analyses were conducted. First, the role of subjective 
health as a mediator was examined. Therefore, we fol-
lowed the approach by Baron and Kenny36 and estimated 
three separate models. In the first model, subjective health 
is regressed on physical activity. In the second model, job 
satisfaction is regressed on physical activity without sub-
jective health and in the third model, job satisfaction is 
regressed on physical activity including subjective health. 
Then, the different coefficients are compared by con-
ducting the Sobel- test.37 The approach has already been 
applied in a similar context by Lera- López, Ollo- López, 
and Sánchez- Santos38 when studying the effect of phys-
ical activity on life satisfaction and the role of subjective 
health as a mediator. Second, based on the assumption 
that physical activity is in particularly helpful in terms of 
dealing with work stress, the sample was split based on 
the fact that employees have to work overtime hours or 
not. Research has shown that overtime working hours sig-
nificantly correlate with work- related stress26 and hence 
can be utilized as a proxy.

2.4 | Results

Table 1 shows the descriptive statistics of the sample. The 
average job satisfaction of the respondents is 7.11 on a scale 
from 0 to 10. Overall, 43.5% of the respondents are physi-
cally active during leisure time at least once a week and 
7.6% once a month. Over the years the descriptive char-
acteristics of the sample are varying slightly (Table A2).

Table  2 displays the results of the regression anal-
yses for the full sample. A side- to- side comparison re-
veals changes in the estimated coefficients based on the 
applied estimator. The OLS results indicate a signifi-
cant positive effect of LTPA weekly on job satisfaction 
(P < 0.001). The coefficient indicates a significant in-
crease of 0.07 on an 11- point scale measuring job satis-
faction. When looking at a lower frequency of monthly 
physical activity, the effect becomes insignificant 
(P = 0.304). The fixed effects estimator in column two 
differences out an individual time- invariant fixed effect 
which could be related to some independent variables. 

(4)
Uit =�1ΔUit−1+�2ΔPAit+�3ΔHit+�4ΔXit+�5ΔJit

+�6ΔIit+�7ΔYit+�8ΔSit

(5)
Uit =�1Uit−1+�2PAit+�3Hit+�4Xit+�5Jit+�6Iit

+�7Yit+�8Sit
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Regarding the LTPA variables, similar results can be 
observed as LTPA weekly is still significant (P = 0.076) 
and LTPA monthly remains insignificant (P  =  0.558). 
However, the coefficient of weekly LTPA is considerably 
smaller with only 0.03.

In order to address both omitted variables and reverse 
causality, the BB model is estimated. The results reveal a 

dynamic nature of job satisfaction as the lagged depen-
dent variable is highly significant. Again, only participat-
ing weekly in LTPA has a significant positive effect on job 
satisfaction (P = 0.094). However, the coefficient is consid-
erably higher as it indicates a significant increase in job sat-
isfaction of 0.181. With respect to the socio- demographic 
and job- related control variables, the findings are mostly 

T A B L E  2  Regression results full sample with the dependent variable: Job satisfaction (0- 10)

Pooled OLS Fixed effects
BB System 
GMM

LTPA weekly 0.070*** (0.000) 0.030* (0.077) 0.181* (0.094)

LTPA monthly −0.023 (0.304) −0.014 (0.558) 0.063 (0.762)

Lagged job satisfaction – – 0.540*** (0.000)

Poor health −1.234*** (0.000) −0.632*** (0.000) −0.879*** (0.000)

Age −0.060*** (0.000) −0.057*** (0.000) −0.010 (0.460)

Age2 0.001*** (0.000) 0.000*** (0.000) 0.000 (0.360)

Male 0.017 (0.249) – 0.075 (0.201)

Married 0.037** (0.011) 0.031 (0.260) −0.001 (0.960)

Children 0.050*** (0.000) 0.019 (0.165) 0.018 (0.192)

HH size 0.034*** (0.000) 0.010 (0.395) 0.018* (0.094)

Education −0.031*** (0.000) −0.045** (0.030) −0.028** (0.022)

Gross income 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.002)

Workload −0.008*** (0.000) −0.003*** (0.001) −0.011* (0.060)

Overtime workload −0.008*** (0.000) −0.008*** (0.000) 0.003 (0.845)

Temporal job −0.091*** (0.000) −0.023 (0.398) 0.241 (0.268)

Job change 0.184*** (0.000) 0.287*** (0.000) 0.636** (0.017)

Company tenure −0.010*** (0.000) −0.052*** (0.000) 0.002 (0.498)

Education match 0.097*** (0.000) 0.070*** (0.001) 0.015 (0.851)

Company10 0.075*** (0.001) −0.179*** (0.000) 0.121 (0.297)

Company100 −0.007 (0.672) −0.130*** (0.000) 0.059 (0.534)

Company2000 −0.032** (0.047) −0.049** (0.030) 0.028 (0.400)

Self- employed 0.206*** (0.000) 0.143** (0.048) −0.103 (0.657)

Blue collar −0.211*** (0.000) −0.238*** (0.000) −0.082 (0.499)

Public servant 0.086*** (0.002) 0.154* (0.083) 0.008 (0.960)

Apprentice 0.266*** (0.000) 0.330*** (0.000) −0.364 (0.475)

Constant 9.498*** (0.000) 11.006*** (0.000) 4.415** (0.048)

Industry fixed effects Included Included Included

Regional fixed effects Included Included Included

Time fixed effects Included Included Included

AR(3) P- value – – 0.905

Hansen's J test 0.492

R- squared 0.073 0.043 – 

Observations 106 259 106 259 80 606

Number of groups – 34 481 25 224

Number of instruments – – 922

Note: Displayed are the coefficients; P- values in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1. Reference categories are: LTPA infrequent (Physical activity), 
Company>2000 (Company size), White collar (Job status), Mining (Industry), North Rhine- Westphalia (State).
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in line with previous literature studying the determinants 
of job satisfaction.11

Turning to the mechanisms through which LTPA 
might affect job satisfaction, first, the role of subjective 
health as a mediator of the above relationship is exam-
ined (Table  3). Therefore, the procedure of Baron and 
Kenny36 is applied to the OLS and fixed effects models. 
For the BB model, the Baron and Kenny36 approach 

would have resulted in biased results as dynamic models 
differing in terms of sample size and lag structure would 
have been estimated across the different steps. First, the 
variable indicating poor or bad health is regressed on 
physical activity and the usual covariates. The results 
show a significant negative effect of weekly (P < 0.001) 
and monthly physical activity (P < 0.001) which indicates 
that physically active individuals are less likely to report 

T A B L E  3  Regression of the mediation analysis based on Baron and Kenny (58)

Step 1 Step 2 Step3

Poor health Job satisfaction Job satisfaction

Pooled OLS Fixed effects Pooled OLS Fixed effects Pooled OLS Fixed effects

LTPA weekly −0.043*** (0.000) −0.019*** (0.000) 0.123*** (0.000) 0.042** (0.013) 0.070*** (0.000) 0.030* (0.077)

LTPA monthly −0.034*** (0.000) −0.015*** (0.000) 0.018 (0.437) −0.005 (0.831) −0.023 (0.304) −0.014 (0.558)

Poor health – – – – −1.234*** (0.000) −0.632*** (0.000)

Age 0.005*** (0.001) −0.001 (0.002) −0.064*** (0.004) −0.056*** (0.014) −0.060*** (0.004) −0.057*** (0.014)

Age2 −0.000 (0.000) 0.000*** (0.000) 0.001*** (0.000) 0.000*** (0.000) 0.001*** (0.000) 0.000*** (0.000)

Male −0.018*** (0.000) – 0.039*** (0.009) – 0.017 (0.249) – 

Married −0.012*** (0.000) −0.005 (0.294) 0.051*** (0.001) 0.033 (0.224) 0.037** (0.011) 0.031 (0.260)

Children 0.002 (0.101) 0.002 (0.370) 0.047*** (0.000) 0.018 (0.200) 0.050*** (0.000) 0.019 (0.165)

HH size −0.007*** (0.000) −0.001 (0.486) 0.043*** (0.000) 0.011 (0.349) 0.034*** (0.000) 0.010 (0.395)

Education −0.004*** (0.000) −0.003 (0.378) −0.026*** (0.000) −0.043** (0.038) −0.031*** (0.000) −0.045** (0.030)

Gross income −0.000*** (0.000) −0.000*** (0.001) 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.000)

Workload 0.001*** (0.000) 0.001*** (0.002) −0.009*** (0.000) −0.004*** (0.000) −0.008*** (0.000) −0.003*** (0.001)

Overtime 
workload

−0.000 (0.156) −0.002*** (0.000) −0.007*** (0.000) −0.007*** (0.001) −0.008*** (0.000) −0.008*** (0.000)

Temporal job 0.004 (0.282) 0.000 (0.971) −0.102*** (0.000) −0.022 (0.411) −0.091*** (0.000) −0.023 (0.398)

Job change −0.000 (0.968) −0.012*** (0.001) 0.186*** (0.000) 0.295*** (0.000) 0.184*** (0.000) 0.287*** (0.000)

Company tenure 0.000 (0.672) 0.001*** (0.000) −0.010*** (0.000) −0.053*** (0.000) −0.010*** (0.000) −0.052*** (0.000)

Education match −0.015*** (0.000) −0.002 (0.543) 0.116*** (0.000) 0.072*** (0.001) 0.097*** (0.000) 0.070*** (0.001)

Company10 −0.011*** (0.001) 0.004 (0.522) 0.088*** (0.000) −0.180*** (0.000) 0.075*** (0.001) −0.179*** (0.000)

Company100 −0.011*** (0.000) 0.001 (0.848) 0.005 (0.770) −0.129*** (0.000) −0.007 (0.672) −0.130*** (0.000)

Company2000 −0.007*** (0.007) 0.003 (0.501) −0.024 (0.141) −0.051** (0.024) −0.032** (0.047) −0.049** (0.030)

Self- employed 0.002 (0.757) −0.001 (0.939) 0.200*** (0.000) 0.144** (0.048) 0.206*** (0.000) 0.143** (0.048)

Blue collar 0.007** (0.012) −0.009* (0.056) −0.219*** (0.000) −0.232*** (0.000) −0.211*** (0.000) −0.238*** (0.000)

Public servant 0.007 (0.126) −0.007 (0.632) 0.077*** (0.006) 0.161* (0.072) 0.086*** (0.002) 0.154* (0.083)

Apprentice 0.002 (0.737) −0.008 (0.437) 0.272*** (0.000) 0.336*** (0.000) 0.266*** (0.000) 0.330*** (0.000)

Constant 0.039 (0.373) 0.099 (0.393) 9.436*** (0.000) 10.867*** (0.000) 9.498*** (0.000) 11.006*** (0.000)

Industry fixed 
effects

Included Included Included Included Included Included

Regional fixed 
effects

Included Included Included Included Included Included

Time fixed effects Included Included Included Included Included Included

R- squared 0.030 0.010 0.035 0.031 0.073 0.043

Observations 109 853 109 853 106 347 106 347 106 259 106 259

Note: Displayed are the coefficients; P- values in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1. Reference categories are: LTPA infrequent (Physical activity); 
Company >2000 (Company size), White collar (Job status), Mining (Industry), North Rhine- Westphalia (State). (Continues)
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poor or bad health. In a second step, job satisfaction is 
regressed on physical activity, but without controlling 
for subjective health. In line with the results presented 
in Table 2, a significant effect can only be observed for 
weekly LTPA (P < 0.001). In comparison to the previ-
ously estimated models including the subjective health 
indicator, the coefficients are higher for both estimators, 
but the explanatory power of the model decreases. The 
Sobel- test37 reveals that the difference between the coef-
ficients is significant for the OLS (Z = 20.41, P < 0.001) 
and the fixed effects model (Z = 6.18, P < 0.001).

Additionally, to investigate the role of physical activity 
in the context of recovery from work stress, the sample 
is differentiated between employees who have overtime 
work hours and those who have not (Table 4). In line with 
the results of the full sample, a significant effect can only 
be observed for weekly LTPA. Notably, this effect only oc-
curs in the sample with overtime work hours in the OLS 
(P < 0.001) and fixed effects model (P= 0.043). The coeffi-
cients of the BB estimator are not significant in both sam-
ples (No overtime hours: P = 0.385; With overtime hours: 
P = 0.454).

3  |  DISCUSSION

This study aims to contribute new evidence to the rela-
tionship between LTPA and job satisfaction by focusing 
on this particular domain of life satisfaction. The key find-
ings indicate a positive spillover effect of weekly LTPA on 
job satisfaction meaning that individuals who are weekly 
physically active in their leisure time report higher levels 
of job satisfaction. These results confirm previous findings 
from Wheatley and Bickerton22 while using a richer data-
set in terms of socio- demographic and in particular job- 
related control variables. However, a frequency of LTPA 
below at least once a week does not yield any significant 
benefits. This finding is in line with previous research 
demonstrating a dose– response relationship between 
physical activity and physical and mental health benefits 
in general.39

By utilizing the panel structure of the data, an un-
observed heterogeneity bias due to correlated omitted 
variables and potential reverse causality from job sat-
isfaction to LTPA is avoided and plausible causal evi-
dence is added to the existing literature. The effect of 
weekly LTPA remains significant in the fixed effects 
and dynamic BB model. However, in the BB model, the 
coefficient of weekly LTPA is considerably higher in 
comparison to the pooled OLS and fixed effects model, 
potentially indicating a downward bias when not ac-
counting for the dynamic nature of job satisfaction and 
state dependence. A similar pattern has been observed 

by Lenzen, Gannon, and Rose.40 Also, the considerably 
higher confidence intervals and standard errors in the 
BB model may be partially responsible for the different 
coefficient sizes. Thus, the differences in coefficients 
should be treated with caution.

It should be noted that the contribution of weekly 
LTPA to job satisfaction, in particular in the OLS and fixed 
effects model, appears to be relatively small. However, 
when comparing the coefficients to the effects of the re-
spective gross wage variables, the effects are equivalent to 
a monthly pay raise of 725€ (OLS), 363€ (FE), and 2636€ 
(BB), suggesting considerable economic relevance.

The relatively scarce literature on the determinants 
of job satisfaction suggests two plausible mechanisms 
through which LTPA could impact the level of job satisfac-
tion: a mediation effect of subjective health and a moder-
ating effect of enhancing the recovery process from work 
stress. The results of a mediation analysis clearly show that 
LTPA positively impacts subjective health and that in turn, 
subjective health has a significant mediator role in the re-
lationship between LTPA and job satisfaction. Potential 
reasons for this effect might be that higher levels of health 
lead to better productivity. The second mechanism is ex-
amined by looking at the moderating role of work stress. 
The results indicate that the positive relationship between 
physical activity and job satisfaction can only be observed 
for those employees who have overtime work hours. Since 
overtime work hours are closely related to work stress,24 
it could indicate that the recovery from work demands 
serves as a significant moderator of this relationship. It 
also confirms previous studies using a smaller sample on 
the important role of physical activity in the recovery pro-
cess of employees.26 However, it is important to point out 
that the coefficients of the BB model were not significant. 
Although this difference could result from the smaller size 
of the subsamples, the findings should be interpreted with 
caution as reverse causality and the dynamic nature of job 
satisfaction are not accounted for and hence the present 
evidence can only be considered suggestive.

The results have implications for both employees and 
employers alike. From an employee perspective, it is im-
portant to be regularly physically active to create those 
positive spillover effects on job satisfaction and this is in 
particular importance when working under higher levels 
of stress. Also, with job satisfaction being an integral part 
of overall life satisfaction, the positive effects on job sat-
isfaction describe one of the mechanisms of how physi-
cal activity impacts life satisfaction in general. From an 
employer's perspective, it can be recommended that to 
increase job satisfaction, offering more physical activity 
opportunities outside the work environment could be an 
effective instrument (e.g., collaborations with commer-
cial fitness centers). In particular, existing research on 
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T A B L E  4  Regression models (Sample differentiated by Overtime workload [1 = Yes; 0 = No])

Overtime Workload (=0) Overtime Workload (>0)

Pooled OLS Fixed effects BB System GMM Pooled OLS Fixed effects BB System GMM

LTPA weekly 0.030 (0.128) 0.020 (0.487) 0.131 (0.377) 0.103*** (0.000) 0.050** (0.039) 0.152 (0.212)

LTPA monthly −0.060* (0.096) −0.011 (0.792) 0.082 (0.762) −0.005 (0.878) 0.006 (0.859) 0.307 (0.255)

L.Job_satis – – 0.558*** (0.000) – – 0.466*** (0.000)

Poor health −1.226*** 
(0.000)

−0.576*** (0.000) −0.634*** (0.001) −1.237*** (0.000) −0.609*** (0.000) −1.017*** (0.000)

Age −0.061*** 
(0.000)

−0.044* (0.057) −0.020 (0.281) −0.055*** (0.000) −0.071*** (0.000) −0.005 (0.795)

Age2 0.001*** (0.000) 0.000** (0.017) 0.000 (0.272) 0.001*** (0.000) 0.000*** (0.002) 0.000 (0.658)

Male −0.007 (0.764) – 0.057 (0.506) 0.050** (0.015) – 0.135* (0.076)

Married 0.043** (0.049) −0.017 (0.725) −0.007 (0.831) 0.028 (0.170) 0.048 (0.210) 0.017 (0.552)

Children 0.010 (0.495) 0.043* (0.067) −0.036* (0.092) 0.085*** (0.000) 0.015 (0.443) 0.048*** (0.008)

HH size 0.060*** (0.000) 0.016 (0.404) 0.041** (0.012) 0.007 (0.515) 0.010 (0.556) −0.012 (0.431)

Education −0.037*** 
(0.000)

−0.058 (0.107) −0.030* (0.095) −0.029*** (0.000) −0.019 (0.574) −0.020 (0.140)

Gross income 0.000*** (0.000) 0.000*** (0.000) 0.000 (0.105) 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.006)

Workload −0.007*** 
(0.000)

−0.000 (0.846) −0.016* (0.057) −0.011*** (0.000) −0.010*** (0.000) −0.009 (0.216)

Temporal job −0.131*** 
(0.000)

−0.038 (0.395) −0.067 (0.848) −0.054* (0.095) 0.029 (0.483) 0.289 (0.279)

Job change 0.151*** (0.000) 0.231*** (0.000) 0.721*** (0.008) 0.224*** (0.000) 0.315*** (0.000) 0.147 (0.661)

Company tenure −0.011*** 
(0.000)

−0.051*** (0.000) −0.000 (0.930) −0.009*** (0.000) −0.055*** (0.000) −0.003 (0.291)

Company10 0.089*** (0.006) −0.081 (0.143) −0.183 (0.284) 0.072** (0.027) −0.289*** (0.000) 0.315** (0.046)

Company100 0.035 (0.188) −0.052 (0.240) 0.011 (0.938) −0.043* (0.064) −0.216*** (0.000) 0.058 (0.598)

Company2000 0.006 (0.826) −0.036 (0.360) −0.054 (0.693) −0.048** (0.021) −0.068** (0.034) 0.052 (0.625)

Education match 0.139*** (0.000) 0.076** (0.033) −0.061 (0.637) 0.061*** (0.001) 0.031 (0.311) 0.018 (0.862)

Self- employed −0.467 (0.492) 0.039 (0.977) 5.835 (0.394) −0.976 (0.199) −2.668 (0.199) 0.801 (0.873)

Blue collar −0.279*** 
(0.000)

−0.242*** (0.000) −0.260* (0.086) −0.163*** (0.000) −0.171*** (0.000) −0.032 (0.817)

Public servant 0.080* (0.054) 0.049 (0.733) −0.028 (0.893) 0.091** (0.014) 0.125 (0.384) 0.155 (0.418)

Apprentice 0.298*** (0.000) 0.366*** (0.000) −0.255 (0.656) 0.196*** (0.007) 0.252** (0.015) 0.445 (0.580)

Constant 9.513*** (0.000) 10.371*** (0.000) 4.279*** (0.000) 9.760*** (0.000) 11.655*** (0.000) 4.213** (0.031)

Industry- fixed 
effects

Included Included Included Included Included Included

Regional- fixed 
effects

Included Included Included Included Included Included

Time- fixed effects Included Included Included Included Included Included

AR(3) P- value – – 0.138 – – 0.509

Hansen's J – – 0.562 – – 0.893

R- squared 0.078 0.040 – 0.071 0.046 – 

Observations 48 292 48 292 35 357 54 555 54 555 42 510

Number of groups – 22 991 16 300 – 22 014 16 631

Number of 
instruments

– – 868 – – 889

Note: Displayed are the coefficients; P- values in parentheses; ***P < 0.01, **P < 0.05, *P < 0.1. Reference categories are: LTPA infrequent (Physical activity); 
Company>2000 (Company size), White collar (Job status), Mining (Industry), North Rhine- Westphalia (State).

(Continues)
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worksite physical activity interventions has produced in-
conclusive results in this context.20

The limitations of this study represent avenues for fu-
ture research. First, the study only differentiates between 
levels of frequency, but does not consider intensity or du-
ration. Hence, more research focusing on the intensity 
and duration of LTPA is needed. Second, future research 
should focus on the mediating role of health by using 
more detailed and objective health measures since this 
study only utilizes a broad subjective measure. Finally, 
more research on the moderating effect of work stress is 
required. Differentiation between different forms of work 
stress and more psychological insights into how physical 
activity enhances the recovery process could make valu-
able additions to the existing research body.
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APPENDIX A

T A B L E  A 1  Falsification test of BB models

Housing 
satisfaction

Family 
satisfaction

LTPA weekly 0.067 (0.467) −0.010 (0.921)

LTPA monthly 0.213 (0.203) −0.078 (0.691)

Lagged housing satis. 0.440*** (0.000) – 

Lagged family satis. – 0.494*** (0.000)

Poor health −0.451*** (0.003) −0.649*** (0.000)

Age −0.017 (0.182) −0.057*** (0.000)

Age2 0.000 (0.112) 0.001*** (0.000)

Male −0.016 (0.757) 0.053 (0.355)

Married 0.237*** (0.000) 0.351*** (0.000)

Children −0.040*** (0.003) −0.087*** (0.000)

HH size 0.015 (0.148) 0.079*** (0.000)

Education 0.015 (0.177) −0.001 (0.949)

Gross income 0.000* (0.078) −0.000 (0.223)

Workload −0.005 (0.352) −0.005 (0.357)

Overtime workload −0.005 (0.700) 0.008 (0.629)

Temporal job 0.123 (0.564) −0.095 (0.632)

Job change 0.277 (0.172) −0.038 (0.857)

Company tenure 0.008*** (0.000) 0.000 (0.911)

Education match −0.032 (0.647) −0.036 (0.667)

Company10 0.100 (0.330) −0.066 (0.558)

Company100 0.086 (0.296) −0.040 (0.681)

Company2000 0.034 (0.695) −0.038 (0.689)

Self- employed 0.121 (0.552) 0.340 (0.176)

Blue collar −0.040 (0.698) 0.006 (0.958)

Public servant 0.099 (0.448) 0.180 (0.268)

Apprentice −0.573 (0.179) −0.781 (0.128)

Constant 5.742*** (0.000) 5.731*** (0.000)

Industry- fixed effects Included Included

Regional- fixed effects Included Included

Time- fixed effects Included Included

AR(3) P- value 0.319 0.968

Hansen's J test 0.985 0.717

Observations 86 923 57 524

Number of groups 27 346 21 803

Number of 
instruments

922 918

Note: Displayed are the coefficients; P- values in parentheses; ***P < 0.01, 
**P < 0.05, *P < 0.1. Reference categories are: LTPA infrequent (Physical 
activity); Company>2000 (Company size), White collar (Job status), Mining 
(Industry), North Rhine- Westphalia (State). The family satisfaction model 
was estimated for the period 2008- 2019.
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