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Daily commuting to work is not associated
with variables of health
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Abstract
Background: Commuting to work is thought to have a negative impact on employee health. We tested the
association of work commute and different variables of health in German industrial employees.
Methods: Self-rated variables of an industrial cohort (n = 3805; 78.9 % male) including absenteeism, presenteeism
and indices reflecting stress and well-being were assessed by a questionnaire. Fasting blood samples, heart-rate
variability and anthropometric data were collected. Commuting was grouped into one of four categories: 0–19.9,
20–44.9, 45–59.9, ≥60 min travelling one way to work. Bivariate associations between commuting and all variables
under study were calculated. Linear regression models tested this association further, controlling for potential
confounders.
Results: Commuting was positively correlated with waist circumference and inversely with triglycerides. These
associations did not remain statistically significant in linear regression models controlling for age, gender, marital
status, and shiftwork. No other association with variables of physical, psychological, or mental health and well-being
could be found.
Conclusions: The results indicate that commuting to work has no significant impact on well-being and health of
German industrial employees.
Keywords: Corporate health management, Employees, Heart rate variability, Psychosocial load, Stress, Work-life
balance

Background
Commuting to work daily is thought to be an important
psychosocial risk factor associated with reduced physical
and mental health of employees [1, 2]. Before the 19th
century, most workers lived less than a one-hour’s walk
from their workplace. Nowadays, many people commute
a long way from their hometown, especially in industrialized societies. Modes of commute may include automobiles, motorcycles, public transport, bicycles, and
walking. The prototypical commuter lives nearby one of
the large cities surrounded by exurbs and travels daily to
work. According to statistical explorations on 380.000
people in 2008, sixty-four percent of German employees
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commute to work by private car resulting in morning
and evening rush hours and increased travel time over
the last years [3]. Commuting is a widespread
phenomenon and will increase over the next decades
due to settlement patterns and availability of workplaces.
The average daily commuting time in the former EU15
is 37.5 min and in the United States 48.8 min [4].
There is no standardized definition of work commute.
One common used approach is daily travelling to work
for more than 45 min one way [5]. Other authors
propose the use of subcategories for near (<20 min.),
middle (20–45 min.) and long commute (>45 min.) independent of travelled distance [1]. Commuting to work
might probably affect well-being, characterized by satisfactory health and happiness, as well as physical and
mental health of employees [6]. Nevertheless, there is
only very limited evidence of large cohort studies available with most of them exploring self-rated variables of
mental and physical health [7–9] as well as

© 2016 Mauss et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Mauss et al. Journal of Occupational Medicine and Toxicology (2016) 11:12

psychosomatic symptoms including gastrointestinal
problems or heart palpitations [1]. Only very few authors
have associated commuting with clinical assessed outcomes such as elevated pulse and blood pressure [10], or
other indicators of the metabolic syndrome [11], as well
as elevated salivary cortisol [12]. To investigate possible
associations of commuting to work and physical health,
variables should be clinically assessed which was almost
never the case in the past.
The aim of this cross-sectional study was to explore
the association of multiple health variables and work
commute in industrial employees. We hypothesized that
commuting to work would be negatively associated with
self-rated and clinically assessed variables of well-being
and health.
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milliseconds), diastolic and systolic blood pressure
(mmHg). Fasting blood samples were collected between
7 and 9 a.m., immediately transported to a laboratory
(Synlab, Augsburg Germany) and included following
biomarkers: serum C-reactive protein, total cholesterol,
high-density lipoprotein, low-density lipoprotein, triglycerides, glycosylated hemoglobin, and fasting plasma
glucose.
Long term heart rate was recorded and beat-to-beat intervals were determined as the interval between two successive R-spikes and analyzed by researchers at the Center
for Neuropsychological Research (University of Trier,
Germany). Heart rate variability measures were calculated
by usual means [17] as described elsewhere [18].
Statistical analyses

Methods
Study population

This report is based on cross-sectional data from the
Mannheim Industrial Cohort Studies (MICS). Employees
(n = 4881; 41.1 ± 11.5 years; 21.7 % female) of an industrial company in Southern Germany participated in a
voluntary health risk assessment during working hours
between September 2009 and May 2011. Of these, 3805
participants (41.1 ± 11.3 years, range 16–64 years, 21.1 %
female) presented a full data set. The study was approved by the Medical Ethic Committee of the Medical
Faculty Mannheim of Heidelberg University (approval
number 2010-296E-MA). Written informed consent was
given by each participant.
Measurements

All data collection were conducted by an external agent
(HealthVision Ltd, Berlingen, Switzerland). A comprehensive online health questionnaire included the question
about minutes commuting to work one way. According to
previous studies, commuting to work was grouped into
four categories: 0–19.9, 20–44.9, 45–59.9, ≥60 min [1, 5].
Modes of commuting were unknown but likely by private
car given travel patterns in Germany, especially in rural
areas [3]. Sociodemographics (age, gender, marital status,
single earner status, shiftwork), current smoking status, absenteeism and presenteeism (days per year) were assessed
by self-report, as well as characteristics of well-being such
as the 6-items mental and 6-items physical health subscales
of the short form health survey (SF-12) (0–100, higher
values = better health) [13], 5-items Cohen’s perceived
stress scale (5–25, higher values = higher stress) [14], 6items Maastricht Vital Exhaustion Questionnaire (6–30,
higher values = higher exhaustion) [15], and 4-items Jenkins
sleep scale (4–24, higher values = worse sleep quality) [16].
Clinical measurements assessed body mass index (kg/
m2), waist circumference (centimeter), heart rate variability (root mean square of successive differences in

We present descriptive, univariate analysis. Differences
between the four commuting categories were determined by Student’s t test for continuous variables and by
analysis of variance (ANOVA) for categorical variables.
Bivariate associations were calculated using Pearson correlation. Linear regression models tested the association
of commuting (independent variable) with multiple
health variables (dependent variable), adjusting for age,
gender, marital status, and shiftwork. Skewed variables
were transformed according to the ladder of power to
better approximate a normal distribution [19]. We used
Stata 12.1 MP (College Station, TX: StataCorp LP) for all
statistical analysis.

Results
Mean travel time of the study sample was 29.0 (±18.9,
range 1–150) minutes one way. Characteristics of the
four subgroups of the study sample are presented in
Table 1. Sample characteristics differed significantly
across groups with respect to 12 of all 25 variables under
study. The subgroup of short-commuters tended to be
younger (39.5 ± 11.1 years), included more shift workers
(11.7 %), and smokers (19.7 %) than participants of other
subgroups.
Commuting was positively correlated with waist circumference (r = 0.04, p < 0.05) and inversely with triglycerides (r = 0.04, p < 0.05). These correlations did not
remain statistically significant in linear regression
models controlling for multiple confounder (Table 2).
Self-rated variables of well-being such as perceived
stress, exhaustion, sleep quality, and mental health were
not associated with commuting. All results did not
change in subgroup analysis for both gender (data not
shown).
Discussion
Although commuting to work showed a slightly bivariate
positive correlation with waist circumference and a
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Table 1 Characteristics of study sample (n = 3805)
Short commute
(n = 1133) <20 min

Middle commute
(n = 1970) 20–44.9 min

Long commute
(n = 363) 45–59.9 min

Very long commute
(n = 339) ≥60 min

p value

Age (years)

39.5 ± 11.1

42.2 ± 11.3

41.2 ± 11.5

40.5 ± 11.4

<0.001

Gender (% female)

21.9

19.0

30.3

21.2

<0.001

Sociodemographics

Marital status (% cohabitated)

69.5

75.2

76.6

74.0

0.002

Single earner (%)

78.3

78.4

73.4

76.8

n.s.

Shiftwork (%)

11.7

10.6

5.8

3.0

<0.001

19.7

17.8

17.1

18.0

Self-rated variables
Current smoking (%)
Absenteeism (days per year)

n.s.
n.s.

0 (%)

18.4

17.4

17.6

19.8

1–3 (%)

33.3

30.7

32.1

35.1

4–10 (%)

24.0

24.0

24.3

23.1

11–30 (%)

14.7

15.3

16.2

12.6

>30 (%)

5.5

7.3

3.6

4.5

Presenteeism (days per year)

n.s.

0 (%)

26.0

27.2

27.0

27.9

1–3 (%)

25.9

23.6

25.6

21.9

4–10 (%)

18.4

19.5

17.8

22.8

11–30 (%)

13.8

14.9

12.8

12.0

>30 (%)

9.1

8.3

10.0

9.3

SF-12 mental health score (0–100)

47.5 ± 9.4

48.0 ± 9.3

46.8 ± 10.0

47.3 ± 9.8

n.s.

SF-12 physical health score (0–100)

53.0 ± 6.6

51.7 ± 7.2

52.0 ± 7.3

52.9 ± 6.5

<0.001

Perceived stress (5–25)

13.4 ± 3.8

13.6 ± 3.8

13.9 ± 4.0

13.6 ± 4.0

n.s.a

Exhaustion (0–36)

13.8 ± 4.8

13.9 ± 4.8

14.2 ± 5.1

14.0 ± 4.9

n.s.

Sleep quality (4–24)

5.1 ± 3.8

5.4 ± 4.1

5.3 ± 3.8

4.9 ± 3.7

n.s.a

136 ± 13.9

136 ± 13.7

136 ± 14.7

135 ± 12.6

n.s.b

Clinically assessed variables
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

78 ± 11.4

79 ± 11.2

79 ± 12.0

78 ± 11.2

0.035

Waist circumference (cm)

89.7 ± 11.5

91.7 ± 11.9

90.1 ± 12.7

91.3 ± 12.6

<0.001c

Body-mass-index (kg/m2)

23.2 ± 3.8

23.7 ± 3.8

23.2 ± 4.0

23.4 ± 3.8

0.002b

Fasting plasma glucose (mmol/l)

4.9 ± 0.7

4.9 ± 0.7

4.9 ± 0.6

4.8 ± 0.6

n.s.

Glycosylated hemoglobin (%)

5.6 ± 0.4

5.6 ± 0.4

5.6 ± 0.4

5.6 ± 0.4

n.s.

Total cholesterol (mmol/l)

5.5 ± 1.1

5.6 ± 1.1

5.6 ± 1.1

5.4 ± 1.1

0.018a

Triglycerides (mmol/l)

1.5 ± 1.0

1.5 ± 1.0

1.5 ± 1.0

1.3 ± 0.7

0.003a

Low-density lipoprotein (mmol/l)

3.2 ± 0.8

3.3 ± 0.8

3.2 ± 0.8

3.2 ± 0.9

0.005a

High-density lipoprotein (mmol/l)

1.5 ± 0.4

1.5 ± 0.4

1.5 ± 0.4

1.5 ± 0.4

0.020c

C-reactive protein, high-sensitive (nmol/l)

16.2 ± 33.3

16.2 ± 39.0

16.2 ± 37.1

15.2 ± 26.7

n.s.c

Heart rate variability (RMSSD in msec)

30.6 ± 13.7

29.6 ± 12.5

29.9 ± 12.7

30.4 ± 13.7

n.s.c

Continuous variables are expressed as mean ± standard deviation, categorical variables as number (percent). Differences between commuting categories were
determined by using Student’s t test for continuous variables and ANOVA for categorical variables
RMSSD root mean square of successive differences
n.s. not significant
Transformation: a = sqrt, b = 1/sqrt, c = log
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Table 2 Linear regression analysis with commuting as independent variable, short commute (<20 min) as reference (n = 1133),
adjusted for age, gender, marital status, and shiftwork
Middle commute (n = 1970)
20–44.9 min

Long commute (n = 363)
45–59.9 min

Very long commute (n = 339)
≥60 min

SF-12 mental health score

0.50

−0.55

−0.19

SF-12 physical health score

−0.88***

−0.71

−0.13

Perceived Stress

0.20

0.44

0.28

Exhaustion

0.07

0.30

0.24

Sleep quality

0.18

0.11

−0.13

−0.92

0.32

−1.86*

Self-rated variables

Clinically assessed variables
Systolic blood pressure
Diastolic blood pressure

−0.03

0.36

−0.37

Waist circumference

0.75*

0.82

1.31*

Body-mass-index

0.19

0.13

0.19

Fasting plasma glucose

0.03

−0.40

−0.75

Glycosylated hemoglobin

−0.01

0.00

0.00

Total cholesterol

−0.74

0.07

−5.25*

Triglycerides

−2.43

3.39

−15.93**

Low-density lipoprotein

0.25

−0.86

−2.73

High-density lipoprotein

0.26

0.96

0.75

C-reactive protein, high-sensitive

0.05

−0.03

−0.03

Heart rate variability (RMSSD)

0.65

0.50

0.47

Untransformed coefficients are displayed, transformed variables showed similar p value patterns
RMSSD root mean square of successive differences
*** p < 0.001; ** p < 0.01; * p < 0.05

negative with triglycerides, we could not find a significant linear association with multiple variables of physical
and psychological health in adjusted regression models.
We cannot confirm the results of others crosssectional studies [8, 9]. Length of commute was associated with self-reported hypertension in 4715 rail road
commuters in New York [8]. Most of the 6810 participants of an Australian study were driving a car to commute to work (69 %) which was associated with being
overweight or obese [9]. Given reports of the German
Federal Bureau of Statistics our sample should include at
least 64 % of car commuters [3, 20] and therefore show
similar results. An American study with 4297 adults
showed that commuting distance was positively associated with body mass index, blood pressure in fully adjusted regression models but not associated with blood
lipids and fasting plasma glucose and a composite factor
of the metabolic syndrome [11].
We cannot confirm the commuting paradox described
by Stutzer and Frey in 2004 [21] explaining that people
with long journeys to and from work are systematically
worse off and report significantly lower subjective wellbeing. Nevertheless, a recent Swedish study showed that
satisfaction with work commute has a substantial influence on overall happiness [22]. Commuting was not

associated with absenteeism, presenteeism, perceived
stress, and other variables of well-being in our sample,
while other authors have described associations with
self-reported variables such as negative moods, greater
illness and work absenteeism, and decreased life satisfaction [6]. To our opinion, the compensation for the burden of commuting including better leisure-time
possibilities such as outdoor and physical activity as well
as lower rents for housing in our sample might be sufficient to explore similar results between subgroups. Additionally, all of the included industrial sites are located in
the periphery of smaller cities (<30,000 people) where
people are used to travel longer distances than in major
cities and public transport might not be available without spending significantly more time for the journey.
Limitations

First, we did not assess modes of transport to commute
to work (e.g. public transport, car, bicycle, walking) as
well as commuting distance. Although the biggest stressor is travel time [20] and perceived loads are independent of use by public transport or private car [5], future
studies should incorporate these information. While
there is only limited evidence for negative effects of car
commute, there are several studies reporting positive
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impact of active commuting like cycling or walking to
work on employee well-being [23] and physical health
[24, 25]. Second, the healthy worker effect may have resulted in an underestimation of the explored effects as
well as the fact that more health-conscious people attend
to screenings in general. Third, due to our crosssectional study design we cannot draw any causal conclusion about the direction of observed associations or
possible effects. Fourth, our results may have limited
generalization due to our study sample of predominantly
male workers within one country.

Conclusion
Our results indicate that commuting to work is not associated with reduced health and well-being of German
industrial employees. Different variables could possibly
moderate a theoretical impact of commuting. This could
have practical implications for employers and their offerings of corporate health promotion to reduce loads of
employees. Longitudinal studies are needed to explore
further any possible health effects of commuting.
Abbreviations
ANOVA: analysis of variance; EU15: 15 European union member countries;
HRV: heart rate variability; MICS: Mannheim industrial cohort study;
RMSSD: root mean square of successive differences; SD: standard deviation;
SF-12: 12-items short form health survey.
Competing interests
Until December 2012, JEF was the major shareholder of Health Vision Ltd,
the company that organized the data collection. The authors declare that
they have no competing interests. All authors declare that they had no
external funding for the study.
Authors’ contributions
DM conceived this study and wrote the manuscript assisted by MNJ who
additionally performed all analyses. JEF organized the data collection and
provided scientific advice. All authors read and approved the final
manuscript.
Authors’ information
DM is Chief Medical Officer of Allianz SE and specialized in occupational
health.
MNJ studied social sciences and is specialized in methods of empirical
research.
JEF is Director of the Mannheim Institute of Public Health.
Acknowledgments
We are indebted to HealthVision Ltd., Berlingen Switzerland for providing the
data and to the Center for Neuropsychological Research, University of Trier
Germany for analyzing HRV data.
Author details
1
Occupational Health Services, Allianz SE, Königinstrasse 28, D-80802 Munich,
Germany. 2Mannheim Institute of Public Health, Social and Preventive
Medicine, Medical Faculty Mannheim, Heidelberg University, Ludolf-Krehl-Str.
7-11, D-68167 Mannheim, Germany. 3Institute of Medical Psychology in the
Center for Psychosocial Medicine, University Hospital Heidelberg, Heidelberg,
Germany.
Received: 16 September 2015 Accepted: 16 March 2016

Page 5 of 5

References
1. Häfner S, Kordy H, Kächele H. Psychosozialer Versorgungsbedarf bei
Berufspendlern. Psychother Psychosom Med Psychol. 2001;51:373–6.
2. Häfner S, Kächele H. Die Gesundheit von Pendlern. Psychosozial. 2007;30:7–16.
3. Grau A. Pendler: Die Mehrheit nimmt weiter das Auto: Mikrozensus 2008.
Wiesbaden; 2009. https://www.destatis.de/DE/Publikationen/STATmagazin/
Arbeitsmarkt/2009_10/MikrozensusZusatzprogramm.html
4. Stutzer A, Frey BS. Commuting and life satisfaction in Germany.
Informationen zur Raumentwicklung. 2007;2/3:179–90. (ISSN 03032493).
5. Costa G, Pickup L, Di Martino V. Commuting-a further stress factor for
working people: evidence from the European Community. II. An empirical
study. Int Arch Occup Environ Health. 1988;60:377–85.
6. Novaco RW, Gonzales OI. Commuting and well-being. In: AmichaiHamburger Y, editor. Technology and psychological well-being. New York:
Cambridge University Press; 2009.
7. Hansson E, Mattisson K, Björk J, Östergren P, Jakobsson K. Relationship
between commuting and health outcomes in a cross-sectional population
survey in southern Sweden. BMC Public Health. 2011;11:834.
8. Walsleben JA, Norman RG, Novak RD, O’Malley EB, Rapoport DM, Strohl KP.
Sleep habits of Long Island Rail Road commuters. Sleep. 1999;22:728–34.
9. Wen LM, Orr N, Millett C, Rissel C. Driving to work and overweight and
obesity: findings from the 2003 New South Wales Health Survey, Australia.
Int J Obes. 2006;30:782–6.
10. White SM, Rotton J. Type of commute, behavioral aftereffects, and
cardiovascular activity: a field experiment. Environ Behav. 1998;30:763–80.
11. Hoehner CM, Barlow CE, Allen P, Schootman M. Commuting distance,
cardiorespiratory fitness, and metabolic risk. Am J Prev Med. 2012;42:571–8.
12. Evans GW, Wener RE. Rail commuting duration and passenger stress. Health
Psychol. 2006;25:408–12.
13. Ware J, Kosinski M, Keller SD. A 12-item short-form health survey:
construction of scales and preliminary tests of reliability and validity. Med
Care. 1996;34:220–33.
14. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress.
J Health Soc Behav. 1983;24:385–96.
15. Kopp MS, Falger PR, Appels A, Szedmak S. Depressive symptomatology and
vital exhaustion are differentially related to behavioral risk factors for
coronary artery disease. Psychosom Med. 1998;60:752–8.
16. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of
sleep problems in clinical research. J Clin Epidemiol. 1988;41:313–21.
17. Malik M, Bigger JT, Camm AJ, Kleiger RE, Malliani A, Moss AJ, et al. Heart
rate variability: standards of measurement, physiological interpretation, and
clinical use: task force of the European Society of cardiology and the North
American society of pacing and electrophysiology. Circulation.
1996;93:1043–65.
18. Jarczok MN, Kleber ME, Koenig J, Loerbroks A, Herr RM, Hoffmann K, et al.
Investigating the associations of self-rated health: heart rate variability is
more strongly associated than inflammatory and other frequently used
biomarkers in a cross sectional occupational sample. PLoS One.
2015;10:e0117196.
19. Tukey JW. Exploratory Data Analysis. 1st ed. Addison: Wesley; 1977.
20. Blickle WCG. Darstellung und Analyse besonderer Belastungseffekte bei
Berufspendlern: Dissertation. Ulm; 2006. http://vts.uni-ulm.de/docs/2006/
5593/vts_5593_7349.pdf
21. Stutzer A, Frey BS. Stress that doesn’t pay: The commuting paradox. Discussion
Paper Series. Bonn: Institute for the Study of Labor; 2004. p. 1–40.
22. Olsson LE, Gärling T, Ettema D, Friman M, Fujii S. Happiness and satisfaction
with work commute. Soc Indic Res. 2013;111:255–63.
23. Martin A, Goryakin Y, Suhrcke M. Does active commuting improve
psychological wellbeing? Longitudinal evidence from eighteen waves of
the British Household Panel Survey. Prev Med. 2014;69:296–303.
24. Oja P, Vuori I, Paronen O. Daily walking and cycling to work: their utility as
health-enhancing physical activity. Patient Educ Couns. 1998;33:87–94.
25. Hu G, Eriksson J, Barengo NC, Lakka TA, Valle TT, Nissinen A, et al.
Occupational, commuting, and leisure-time physical activity in relation to
total and cardiovascular mortality among Finnish subjects with type 2
diabetes. Circulation. 2004;110:666–73.

