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Objectives Associations between psychosocial work environment and excess weight have not been systemati-

cally addressed. The aim of this systematic review was to summarize the published evidence for the associations
of psychosocial factors at work and long work hours with weight-related outcomes.

Methods We conducted a search of Medline and Embase for all original articles published up to September
2012 using predefined keywords. After excluding studies with a definite selection bias, we included 39 articles.

Results About 60% of the studies reported at least one positive association between psychosocial factors at

work and a weight-related outcome. However, 76% of the tested associations were found to be non-significant.
Furthermore, the associations were rather weak. Studies of higher quality tended to observe associations more
often than those of lower quality. Positive associations were found more frequently (i) among women versus
men, (ii) in cross-sectional versus longitudinal studies, and (iii) for overweight or obesity versus other outcomes.
About 70% of the studies reported positive associations between long work hours and weight-related outcomes.
All four studies that evaluated the association between working overtime and weight gain (three longitudinal
and one cross-sectional), showed a positive association among men and two of them also observed associations
among women.

Conclusions We found evidence for weak associations between psychosocial factors at work and excess weight.

Associations were observed between long work hours, working overtime, and weight gain, especially among
men. More cohort studies among non-obese baseline participants using appropriate analytical methods based on
an elaborated hypothetical model are needed.

Key terms effort-reward imbalance; job control; job demand; job insecurity; job strain; overtime; overweight;
weight gain.

Obesity has been defined as a process of excess fat
accumulation due to a chronic positive shift of the
energy equation resulting from an increase in energy
input, a decrease in energy output, or both (1). Obesity
is an important public health burden worldwide as it
is associated with morbidity, disability, and mortality
(2–6). It is a major cause of many diseases, including
type 2 diabetes, cardiovascular diseases, osteoarthritis,
and low-back disorders (2, 7). According to a systematic
review, obese workers in Europe had about ten extra
days of absence per person-year compared with their
normal-weight counterparts (8).

The prevalence of overweight and obesity has been
increasing rapidly in Europe and all over the world and
is estimated to increase further (9, 10). In Europe it has
almost doubled in the last 25 years, and – if the current
trend in the prevalence continues – 60% of men and 50%
of women will be overweight or obese by 2030 (11).
Obesity is a complex condition with many causal
contributors, including socioeconomic, environmental,
behavioral, and genetic factors (12). Even though about
40–70% of the variance in obesity-related phenotypes
can be attributed to genetics (13), the rapid increase in
the prevalence of obesity during the past 40 years can-
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not be explained exclusively by genetic factors (14). It
is more likely that the current epidemic of obesity is
caused largely by changes in the social and physical
environment that promote excessive food intake and
discourage physical activity (15).
Major lifestyle factors such as dietary habits, physical activity, and sedentary behavior have traditionally
been the main target in preventing and treating obesity
(16–19). Most individuals gain about 10 kg between the
ages of 20–50 years (on average up to 0.3 kg/year) (20).
At the same age, most individuals spend about one third
of their time at work, which suggests that occupational
factors may contribute to weight gain (21).
The psychosocial work environment includes numerous aspects related to work, with psychological job
demands, job control (decision latitude), efforts, and
rewards (22, 23) comprising the key dimensions. Other
factors of importance are social support, worktime
arrangement such as long work hours and shift work,
organizational culture, organizational climate, and job
insecurity (24, 25).
There is a growing body of research that has examined the association of psychosocial factors at work
with weight-related outcomes. However, these associations have not previously been addressed in a systematic review. The potential impact of the psychosocial
work environment characterized by the demand–control or effort–reward imbalance (ERI) models on body
weight was evaluated in two recent narrative reviews
(26, 27). These reviews included studies published
between 1986–2006, and found evidence for a weak
association between psychosocial factors at work and
body mass index among men and no evidence of a
consistent association among women.
Studied extensively, shift work is one important
aspect of work that may have an effect on obesity. Still, a
recent review showed that there is inconclusive evidence
on the effect of shift work on weight gain, since longitudinal studies reported both positive and null associations (28). However, both cross-sectional (29–31) and
longitudinal (32) studies have reported that long work
hours and working overtime may increase the risk of
weight gain and obesity. Yet, some studies failed to find
an association (33, 34).
Differences in study design, heterogeneity of the
methods to assess the psychosocial work environment or
weight status [body mass index (BMI), overweight/obesity, weight gain], and confounding factors included in the
analyses may explain the contradictory findings or weak
observed associations. Studies in occupational epidemiology tend to include many covariates in their analyses
without justification (35–37). The absence of theoretical
models seems to be the underlying reason for this over
adjustment or unnecessary adjustment. If occupational
factors are related to weight status, then it is important to
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make an assumption (hypothetical theoretical model) on
plausible mechanisms through which occupational factors
could lead to weight-related outcomes. The selection of
covariates largely depends on the hypothetical model. In
many situations adjustment can increase bias (38), for
example, by controlling for a variable that is on the path
between the exposure and the outcome (intermediate
variable).
In figure 1, we present a hypothetical model of the
plausible mechanisms through which work characteristics could be related to weight gain and obesity. First,
adverse psychosocial factors at work and poor worktime
arrangements may increase the risk of weight gain and
obesity directly through hyperactivation of the hypothalamic–pituitary–adrenocortical (HPA) axis and metabolic
changes (neuroendocrine pathway) (39–41). Persistent
stress can cause release of excess cortisol, a hormone
critical to the management of fat storage and energy use
(42). Increased secretion of cortisol, catecholamines, and
interleukin-6, with concurrently elevated insulin concentrations may lead to abdominal fat accumulation, insulin
resistance, and lipid abnormalities (42, 43).
Second, psychosocial exposures may increase the
risk of weight gain and obesity indirectly through an
unhealthy diet, such as the consumption of fatty and
sweet foods, or sedentary behavior outside work and
reduced sleep (behavioral pathway) (41, 44–46). Several
other factors, such as age, personality, and social support
during and outside work may influence the way workers
respond to a stressful environment (47, 48). Furthermore
there might be selection into employment status and
occupation, which means that the severely obese people
may end up being employed in occupations with an
unfavorable work environment (49, 50).
The aim of the present study was to conduct a systematic review of studies published between 1995–2012
on the association of psychosocial factors at work and
long work hours with weight-related outcomes. The
hypothetical model presented in figure 1 was used as a
framework for the summary of the evidence.

Methods
Literature search
Studies of interest were identified by systematic searches
of PubMed and Embase databases up to September 2012
using predefined keywords. The following keywords
were included as MeSH terms or free text: psychological workload or job strain or job demand or job control
or job effort or job reward or effort-reward imbalance
or work environment or job insecurity or long work
hours or overtime work. Each of these was combined
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Figure 1. Hypothetical model of the
associations between psychosocial
factors at work, long work hours,
and obesity

individually with body mass index or obesity or overweight or weight change. We also manually searched the
reference lists of the included studies.
Selected articles
We included original articles published between 1 January 1995 and 30 September 2012, written in English
with a cohort, case–control or cross-sectional design
conducted in human populations. There were four studies published before 1995 that were eligible for review,
however, the fulltexts of these articles were not available. Review articles, meta-analyses, and those with no
empirical results on the associations between risk factors
of interest and weight-related measures were excluded.
Abstracts or fulltexts were reviewed, and relevant articles (N=47) were obtained for further consideration.
Quality assessment
Two pairs of authors independently reviewed the quality
of the studies using the Cochrane quality criteria for the
systematic assessment of intervention studies modified
to be used in non-experimental studies (51). We assessed
the occurrence and severity of four possible sources of
bias: selection, performance, detection, and attrition
(Appendix A, http://www.sjweh.fi/data_repository.
php). Selection bias was assessed by two major criteria
(selection of study population and representativeness)
and classified into no/minor, moderate, severe, or definite bias. The assessment of performance bias was based
on a major (validity and objectivity of exposure assess-

ment) and minor criterion (recall bias). Detection bias
was assessed by a major (clear definition of outcome)
and minor criterion (standardized method of assessing
outcome). Attrition bias was assessed by two major
criteria: completeness of follow-up and magnitude of
missing data. Performance, detection, and attrition bias
were classified into no, possible, or definite bias.
First, the principles of assessment were discussed
in the group and then the two pairs of authors made a
blind assessment of the quality of ﬁve papers. Agreement was substantial. Second, the two pairs of authors
assessed the remaining studies included in this review.
An inter-rater repeatability study of quality assessment
was undertaken. Agreement ranged from moderate
(selection and attrition bias) to excellent (performance
and detection bias). Disagreements were solved in
consensus with a third author. Some quality items were
difficult to assess due to absence of information. We,
however, decided not to contact the authors, since the
availability of information or data for checking would
have meant treating the studies unequally. Studies with
definite selection, performance, or detection bias were
excluded from the review.
Quantitative data analysis
Meta-analysis was not feasible due to the heterogeneity of the studies. The results are reported qualitatively
with an emphasis on study quality and evaluating the
used analytical strategy against the above-mentioned
conceptual framework. The studies were also evaluated
for sufficient sample size and control of confounders.
Scand J Work Environ Health 2013, vol 39, no 3
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The publications were classified into two groups of
occupational exposures: psychosocial factors at work (job
strain, ERI, and job insecurity) and work time arrangement (long work hours and working overtime). Weightrelated outcomes were grouped into three categories:
overweight or obesity (both general and central), change
in weight-related outcomes over time (change in weight,
BMI or waist circumference, weight gain, and major
weight gain) and continuous weight-related outcomes
(BMI, waist circumference, and waist-hip ratio).
We examined statistical models of each study and
classified the articles into four groups according to the set
of variables adjusted for in the analyses: (i) unadjusted;
(ii) minimal adjustment (age and gender); (iii) adjusted
for potential moderating factors (socioeconomic indicators, occupational factors, social support at work, or
personality) and (iv) adjusted for mediating factors (factors on pathway, such as leisure-time physical activity/
inactivity, diet, disturbed sleep, and chronic diseases).
We also described systematically the type of study
(cross-sectional or longitudinal), the number, age, and
gender of participants examined, characteristics of
occupational exposures and weight-related outcomes,
and adjustment for covariates.
To summarize the evidence for observed associations, we calculated the number of positive statistically significant associations from the total number of
associations tested in the studies. The association was
considered to be positive if it supported the following
hypotheses: (i) low job control or low job rewards are
associated with high values of weight-related outcomes
(weight/BMI/waist circumference/waist-hip ratio/or
weight/BMI/waist circumference gain or overweight/
obesity); (ii) high job demands or job efforts are associated with high values of weight-related outcomes; (iii)
high job strain or high ERI are associated with high
values of weight-related outcomes; (iv) high job insecurity is associated with high values of weight-related
outcomes; (v) long work hours are associated with high
values of weight-related outcomes.

respectively. At least one type of bias was present in 31
studies; in half of those studies more than one type of
bias was found.
The studies varied considerably with regard to the
weight-related outcomes, as well as covariates included
in the analyses (table 1). In 10 studies, the primary focus
was not the associations of psychosocial factors at work
and long work hours with weight-related outcomes.
Several studies examined associations between multiple
exposures and various weight-related outcomes. Of the
study outcomes, 15 examined overweight or obesity,
11 focussed on change in weight-related measures over
time, and 16 looked at continuous weight-related outcomes (weight, BMI, waist circumference, or waist-hip
ratio). One study (74) had both continuous measures and
change in measures over time as outcomes. Only 7 studies, evaluated the association of psychosocial exposures
with central fat distribution in addition to indicators of
general adiposity (31, 64, 66, 68, 74, 85, 87).
The majority of the selected articles (N=36, 92%)
reported gender-specific results (table 1), and 23 (59%)
were cross-sectional and 15 longitudinal (follow-up)
studies: only 1 study (63) reported both cross-sectional
and longitudinal findings. None of the longitudinal studies was a true cohort study, ie, restricted its population
at baseline to non-obese individuals. Based on the set of
variables adjusted for in the analyses, 10 studies were
classified as having minimal adjustment. In 15 studies,
the set of covariates included also potential moderating factors (effect modifiers). Associations adjusted for
mediating (intermediate variables) factors were reported
in 8 articles. Unadjusted associations were presented in
9 articles. As they applied different analytical strategy
depending on the weight-related outcome, 2 studies (32,
75) were therefore classified in more than one adjustment category.
A summary of the observed associations between
psychosocial exposures and weight related outcomes is
presented in tables 2 and 3, and in the Appendix (tables
B1–3 and C, http://www.sjweh.fi/data_repository.php).

Results

Associations between psychosocial factors at work and
weight-related outcomes

The search strategy identified 281 articles, of which 47
met our inclusion criteria and were eligible for quality
assessment (table 1). Based on the quality assessment,
8 studies (52–59) had definite selection bias; 2 (54, 57)
also had attrition bias. Finally, 39 studies from 30 study
populations were included in the review (29–34, 60–92).
One article reported the findings from three different
study populations (30). The majority of the reviewed
studies (24 out of 39) had no or minor selection bias,
12 and 3 studies had moderate and severe selection bias,

Only 10 studies (from five study populations) on associations between psychosocial factors at work and weightrelated outcomes had no or minimal bias with regard
to selection, performance, detection and attrition (32,
61, 67, 70-72, 74, 82, 85, 86) (table 1); 3 studies had
a severe selection bias (63, 91, 92). A possible performance bias was found in 6 studies (33, 65, 68, 73, 75,
76). In 18 studies, weight-related outcomes were selfreported (a possible detection bias). A possible attrition
bias was found in 3 longitudinal (63, 88, 91) and 3
cross-sectional studies (60, 66, 89).
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Table 1. Quality assessment of studies on psychosocial factors at work, long work hours, and weight-related outcomes. [BMI=body mass
index; CS=cohort study; ERI=effort–reward imbalance: LS=longitudinal study; M=men; W=women.]
Author,
Study
year,
population,
country & design
reference

Age
Gender Sample
range
size
(years),
mean

Psychosocial
exposure

Outcome

Assessment of quality: bias
Selection Performance

Adjustment

Detection Attrition

Studies included in the review
Kuper
2003,
UK (72)

Civil servants, LS

35–55 Both
at
baseline

6895 (M)
3413 (W)

Job demand
Job control

General
No or
overweight
minor
General obesity

No

No

No

Unadjusted
Gender-stratified
analysis

Brunner
2007,
UK (85)

Civil servants, LS

35–55 Both
at
baseline

6895 (M)
3413 (W)

Number of times
General obesity No or
experienced high job Central obesity minor
demands and low
decision authority

No

No

No

Unadjusted
Gender-stratified
analysis

Martikainen
1999,
UK (67)

Civil servants, LS

35–55 Both
at
baseline

5507 (M)
2466 (W)

Job control

Gain in BMI
No or
from age of 25 minor
years to the
follow-up

No

No

No

Age
Gender-stratified
analyses

Ferrie
2002,
UK (70)

Civil servants, LS

35–55 Both
at
baseline

2429 (M)
931 (W)

2-year change in job 2-year change No or
insecurity
in BMI
minor

No

No

No

Age, baseline job
insecurity and potential moderating factor
Gender-stratified
analyses

Kivimäki
2006,
UK (82)

Civil servants, LS

Mean Both
age 44

5547 (M)
2418 (W)

Job control
Job demands
Job strain

No or
minor

No

No

No

Age and potential
moderating factor
Gender-stratified
analyses

Ishizaki
2008,
Japan
(87)

Industrial 30–53
employees,
LS

2200 (M)
1371 (W)

6-year change in job BMI
No or
demand, job control Waist
minor
and job strain
circumference
6-year change
in BMI and
waist circumference
Major gain

No

No

No

Age, potential
moderating and
mediating factor
Gender-stratified
analyses

Kivimäki
2002,
Finland
(17)

Industrial Mean Both
employees, age 40
LS

594

Job control
Job strain
ERI

BMI

No or
minor

No

No

No

Age, gender and
baseline BMI

Lallukka
2008,
Finland
(32)

Industrial 17–36 Both
employees, at
LS
baseline

311 (M)
138 (W)

Job demand, job
control, job strain
Efforts, rewards ERI
Change in work
pace (demands) before baseline
Change in mental
strain (before baseline and
during 10 years)
Overtime work

10- and
18- year
weight gain
28-year major
weight gain

No or
minor

No
No
Possible

No

Gender-stratified
analyses
Part of the analyses adjusted for
age only, part are
also adjusted for
potential moderating factors

Ishizaki
2004,
Japan
(74)

Industrial 20–58
employees,
CS

Both

4243 (M)
2433 (W)

Job demand
Job control
Overtime work

BMI
Waist-hip
ratio

No or
minor

No
No
Possible

No

Age, potential
moderating and
mediating factor
Gender-stratified
analyses

Wamala
1997,
Sweden
(61)

General
population,
CS

W

243

Job strain

General
overweight
General
obesity

No or
minor

No

No

No

Unadjusted

2782

Job strain
Job insecurity

General over- No or
weight/obesity minor
BMI

No

No

No
Age, gender and
Possible potential moderating factors

746 (M)

Decision latitude
Psychological demand
Job strain

BMI
Waist-hip
ratio

No

No

Possible Age
Gender-stratified
analyses

Fernandez Employ2010, USA ees, CS
(89)
Jönsson
1999,
Sweden
(66)

30–65

Both

Mean Both
age 47

General
25–64
population,
CS

Both

872 (W)

Weight gain
and weight
loss by baseline BMI

No or
minor

Continued
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Table 1. Continued
Author,
Study
year,
population,
country & design
reference

Age
Gender Sample
range
size
(years),
mean

Psychosocial
exposure

Outcome

Assessment of quality: bias
Selection Performance

Detection Attrition

Adjustment

Kouvonen
2007,
Finland
(86)

Public sec- 17–65
tor employees,
CS

Both

8154 (M) Job control
34058 (W) Job demands
Job strain

General
overweight/
obesity

No or
minor

No

Possible No

Age and potential
moderating
factors
Gender-stratified
analyses

Laaksonen
2005,
Finland
(78)

Whitecollar employees,
CS

40–60

Both

1799 (M)
7148 (W)

Job demand
Job control

BMI

No or
minor

No

Possible No

Age
Gender-stratified
analyses

Kouvonen Public sec- 17–65
2005,
tor employFinland
ees, CS
(77)

Both

8649 (M) Job demand
37161 (W) Job control
Job strain

BMI

No or
minor

No

Possible No

Age, potential
moderating and
mediating factors
Gender-stratified
analyses

Kouvonen Public sec- 17–65
2006,
tor employFinland
ees, CS
(83)

Both

7233 (M) Job effort
28894 (W) job reward
ERI

General obesity No or
minor

No

Possible No

Age, and potential moderating
factors
Gender-stratified
analyses

Lallukka
2008,
Finland,
UK, Japan
(30)

White45–60
collar
employees,
CS

Both

3397 (UK) Job strain
6070 (FIN) Overtime work
2213 (J)

General obesity No or
minor

No
No
No
Possible (UK & J
Possible
(FIN)

Age and potential
moderating factor
Gender-stratified
analyses

Lallukka
2005,
Finland
(29)

Civil servants, CS

40–60

Both

1799 (M)
7093 (W)

Job demands
Job control
Mental strain
Overtime work

Weight gain
No or
during preced- minor
ing 12 months

No
Possible No
Possible

Age, baseline
BMI and potential
moderating factor
Gender-stratified
analyses

Choi 2010, General
32–69
USA (31) population,
CS

Both

1001 (M)
1018 (W)

Job demand
Job control
Weekly working
hours

General obesity No or
Central obesity minor

No
Possible No
Possible

Unadjusted

Virtanen
2010, UK
(34)

Civil servants, CS

Both

7287

Overtime work

BMI

No or
minor

Possible No

Unadjusted

Shields
1999,
Australia
(65)

General
25–54
population,
LS

Both

2181 (M)
1649 (W)

High job strain
Overtime work

Unhealthy
weight gain

No or
minor

Possible Possible No

Age and potential
moderating factors
Gender-stratified
analyses

Hannerz
2004,
Denmark
(33)

Healthy
23–64 M
employees, at
LS
baseline

1980

Decision authority
Psychological demands
Job insecurity
Overtime work

5-year change No or
in BMI
minor

Possible Possible No

Age

Possible No

Mean
age
48.7

No

Tarumi
White20–60
2003,
collar emJapan (73) ployees CS

Both

867

Working hours

BMI

No or
minor

Brisson
2000,
Canada
(69)

Both

3531 (M)
3464 (W)

Decision latitude
Psychological demand
Job strain

BMI

Moderate No

No

No

Unadjusted
Gender-stratified
analyses (reported that associations were independent of age,
education and of
other covariates)

Nishitani Industrial 19–60
2006,
employees,
Japan (80) CS

M

208

Psychosocial demands
Job control

General obesity Moderate No

No

No

Age

Inoue
Perm2010,
anent- &
Japan (90) fixedtermed
workers,
CS

M

709

ERI

General obesity Moderate No

No

No

Age, potential
moderating and
mediating factors

White18–65
collar
employees,
CS

30–49

Not
Unadjusted
assessed

Continued
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Table 1. Continued
Author,
Study
year,
population,
country & design
reference

Age
Gender Sample
range
size
(years),
mean

Psychosocial
exposure

Outcome

Assessment of quality: bias
Selection Performance

Detection Attrition

Possible No

Adjustment

Amick
1998,
USA (60)

Nurses, CS 45–72

W

33689

Job strain

BMI

Moderate No

Ostry
2006,
Australia
(81)

General
18–51
population,
CS

Both

427 (M)
455 (W)

Job demand, job
control, job strain
Efforts, reward
ERI
Overtime work

BMI

Moderate No
Possible No
Possible

Both

908 (M)
707 (W)

Job strain

General obesity Moderate Possible No

W

112

Job strain
Overtime work

General obesity Moderate No

Kang
Employees, Mean
2005,
CS
age
South
35.1
Korea (76)

M

152

Job demand
Job control
Job strain

BMI

Moderate Possible No

Overgaard Nurses, LS 45–65
2004,
Denmark
(75)

W

6704

Busy in job
Job speed
Job influence

6-year weight
change
BMI

Moderate Possible Possible No

Rosmond General
40
1999,
population,
Sweden
CS
(68)

W

1137

Influence on work
situation
Time pressure
Work demands

General over- Moderate Possible Possible No
weight/obesity
Central obesity

Block
2009,
USA (88)

General
<65
population,
LS

Both

633 (M)
722 (W)

Skill discretion
Decision authority
Job-related
demands

9-year change Moderate No
in BMI
Change by
baseline BMI

Han
2011,
USA (92)

Nurses, CS Mean W
age 47

2103

Job demand
Job control
Overtime work

General
overweight/
obesity

Severe

No
Possible No
Possible

Berset
2011,
Switzerland (91)

Employees, Mean
LS
age
41.9

Both

52 (M)
20 (W)

Job demand
Job control
ERI

BMI

Severe

No

Possible Possible Age, gender,
baseline BMI and
potential moderating factor

Landsbergis
1998,
USA (63)

Employees, 30–60
CS, LS

M

265 (CS)
200 (LS)

Decision latitude
Job demand
Job strain

General
overweight

Severe

No

Possible Possible Age and potential
moderating factor

Uchiyama Patients,
2005,
LS
Japan (79)
Belkić
2007,
Serbia
(84)

40–65

Physicians, 35–60
CS

No

Possible No

No

Age

Age and potential
moderating factor
Gender-stratified
analyses
Unadjusted

Age and potential
moderating factor

Unadjusted

Mediating factors

Possible Possible Age and mediating factors
Gender-stratified
analyses
Age, potential
moderating and
mediating factors

Excluded studies
Kobayashi Parttime
2005,
employJapan (55) ees, CS

35–83

W

1401

Job strain
ERI

Relative weight Definite
(%) - relative excess in
weight

No

No

No

Age

Steptoe
1999,
UK (53)

School
teachers,
CS

22–58

Both

58 (M)
98 (W)

Job control

BMI
Definite
Waist
circumference

No

No

No

Unadjusted

Niedhammer
1998,
France
(52)

Employees, CS

35–50

Both

9632 (M)
594 (W)

Psychological demands
Decision latitude

General
overweight

Definite

No

Possible No

Age and potential
mediating factors
Gender-stratified
analyses

Allard
2011,
Denmark
(58)

Public sec- Mean
tor employ- age
ees, LS
45.2

Both

3224

Job control
2-year change Definite
Emotional demands in BMI
Efforts, rewards
ERI

No

Possible No

Age, gender and
potential moderating factors
Continued
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Table 1. Continued
Author,
Study
year,
population,
country & design
reference

Age
Gender Sample
range
size
(years),
mean

Psychosocial
exposure

Outcome

Assessment of quality: bias

Working hours

2-year weight
change

Definite

Possible Possible No

Definite

No

Selection Performance

Au 2012,
Australia
(59)
Pelfrene
2002,
Belgium
(54)

General
40–50
population,
LS
Employees, 35–59
CS

W

6108

Both

16329 (M) Job demand
5090 (W) Job control

BMI
Waist-hip
ratio

Magee
2010,
Australia
(57)

General
Mean
population, age
LS
35.6

Both

1670

4-year change Definite
in BMI

Job autonomy
Flexible work hour
Job insecurity
Overtime work

Adjustment

Detection Attrition

No

No (M)
Definite
(W)

Possible Possible Definite

Age and potential moderating
factors
Age and potential
moderating factor
Gender-stratified
analyses
Age, gender

Table 2. Associations of psychosocial factors at work and long work hours with weight-related outcomes. [Aggreg=measures at occupational
or organizational level; ERI=effort–reward imbalance; FW=fixed-term worker; Individ=measures at individual level; M=men; PW=permanent
worker; W=women; WHR=waist-hip ratio; 0=non-significant association; +=statistically significant association to the expected direction;
oppos=means statistically significant association to the opposite direction; U=statistically significant U-shaped association. ]
First author,
year and
reference

Study population, design

Sample
size,
gender

Outcome

Job
control

Job
Job stain Efforts
demands

Civil servants,
LS

6895 (M)
3413 (W)

General
obesity

M: +
W: +

M: 0
W: +

Brunner 2007 Civil servants,
(85)
LS

6895 (M)
3413 (W)

General
obesity

M: 0
W: 0

M: 0
W: 0

Central
obesity

M: 0
W: 0

M: 0
W: 0

Reward

ERI

Job
Long
insecurity work
hours

Unadjusted
Kuper 2003
(72)

Wamala 1997 General
243 (W)
(61)
population, CS

Overweight
Obesity

Virtanen 2010 White-collar
7287
(34)
employees, CS (M&W)

BMI

0

Tarumi 2003
(73)

BMI

+

White-collar
867
employees, CS (M&W)

0
0

Brisson 2000 White-collar
3531 (M)
(69)
employees, CS 3464 (W)

BMI

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

Kang 2005
(76)

Employees, CS 152 (M)

BMI

0

0

0

Uchiyama
2005 (79)

Patients, LS

908 (M)
707 (W)

General
obesity

Overgaard
2004 (75)

Nurses, LS

6704 (W)

BMI

+ (U)

5507 (M)
2466 (W)

Gain in BMI

M: +
W: +

Kivimäki 2002 Industrial
594
(17)
employees, LS (M&W)

BMI

+

Lallukka 2008 Industrial
311 (M)
(32)
employees, LS 138 (W)

10-year
weight gain

M: 0
W:+

M: 0
W: 0

M: +
W: 0

M: 0
W: 0

M: 0
W: 0

M: +
W: oppos

18-year
weight gain

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: +
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

oppos

Minimal adjustment
Martikainen
1999 (67)

Jönsson
1999 (66)

Civil servants,
LS

General
746 ( M)
population, CS 872 (W)

BMI
WHR

M: 0
W: 0

0

+

M: +
W: 0
Continued
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Table 2. Continued
First author,
year and
reference

Study population, design

Laaksonen
2005 (80)
Nakamura
1998 (64)

Sample
size,
gender

Outcome

Job
control

Job
Job stain Efforts
demands

White-collar
1799 (M)
employees, CS 7148 (W)

BMI

M: 0
W:+

M: +
W: 0

White-collar
248 (M)
employees, LS

Change in
BMI

+

Change
in waist
circumference

+

Nishitani 2006 Industrial
208 (M)
(80)
employees, CS

General
obesity

Amick 1998
(60)

Nurses, CS

BMI

0

Belkić 2007
(84)

Physicians, CS 112 (W)

General
obesity

+

Rosmond
1999 (68)

General popula- 1137 (W)
tion, CS

Overweight/ +
obesity

0

Central
obesity

0

33689 (W)

0

+

Reward

ERI

Job
Long
insecurity work
hours

0

+

Potential moderating factors
Ferrie 2002
(70)

Civil servants
LS

2429 (M)
931 (W)

Change in
BMI

Kivimäki 2006 Civil servants,
(82)
LS

5547 (M)
2418 (W)

BMI

Lallukka 2008 White-collar
UK: 3397
(30)
employees, CS (M&W)

0
M: 0
W: 0

M: 0
W:+

General
obesity

FIN: 6070
(M&W)
J: 2213
(M&W)

M: 0
W: 0
UK
M: 0
W: 0

UK
M: 0
W:+

FIN
M: 0
W: 0

FIN
M: 0
W: 0

J
M: 0
W: 0

J
M: 0
W: 0

Lallukka 2008 Industrial
311 (M)
(32)
employees, LS 138 (W)

28-year
major gain

Hellerstedt
1997 (60)

Employees, CS 1872 (M)
1971 (W)

BMI

Fernandez
2010 (89)

Employees, CS 2782
(M&W)

Overweight/
obesity

Kouvonen
2006 (83)

Public sector
7233 (M)
employees, CS 28894 (W)

Overweight/
obesity

Kouvonen
2007 (86)

Public sector
8154 (M)
employees, CS 34058 (W)

Overweight/ M: 0
obesity
W: 0

M: 0
W:+

M: 0
W:+

7093 (W)
1799 (M)

Weight gain

M: 0
W: 0

M: 0
W:+

M: +
W:+

General
2181 (M)
population, LS 1649 (W)

Unhealthy
weight gain

M: 0
W:+

M: +
W: 0

Hannerz 2004 Healthy
1980 (M)
(33)
employees, LS

BMI change

0

0

Ostry 2006
(31)

General
427 (M)
population, CS 455 (W)

BMI

M: 0
W: 0

M: +
W: 0

M: 0
W: 0

Landsbergis
1998 (63)

Employees, CS 285 (M)

Overweight

0

0

0

Landsbergis
1998 (63)

Employees, LS 200 (M)

Overweight
BMI change

0

0

0

0

0

0

Berset 2011
(87)

Employees, LS 72 (M&W)

BMI

+

0

Lallukka 2005 Civil servants,
(29)
CS
Shields 1999
(65)

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: +

M: 0
W: +

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

+

0
M: 0
M: 0
W: oppos W: 0

M: 0
W: 0

M:+
W:+

M: 0
W:+

+
M: +
W: 0

M: 0
W: 0

M: 0
W: 0

0
M: +
W: 0

0

Continued
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Table 2. Continued
First author,
year and
reference

Study population, design

Sample
size,
gender

Outcome

Job
control

Job
Job stain Efforts
demands

Reward

ERI

Job
Long
insecurity work
hours

BMI
WHR

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

M: 0
W: 0

BMI

M: 0
W: 0

M: + (U)
W: 0

Waist

M: 0
W: 0

M: oppos M: 0
W: 0
W: 0

BMI change

M: 0
W: 0

M: 0
W: 0

Adjusted for mediating factors
Ishizaki 2004
(74)

Ishizaki 2008
(87)

Industrial
4243 (M)
employees, CS 2433 (W)

Industrial
2200 (M)
employees, LS 1371 (W)

M: 0
W: 0

Major gain in
BMI
Change in
waist

M: 0
W: 0
M: 0
W: 0

M: 0
W: 0

M: +
W: +

Major gain
in waist
Kouvonen
2005 (77)

Public sector
8649 (M)
employees, CS 37 161 (W)

Choi 2010 (31) General
1001 (M)
population, CS 1018 (W)

Inoue 2010
(90)

Permanent- &
fixed-termed
workers, CS

709 (M)

Overgaard
2004 (75)

Nurses, long.

6704 (W)

Block 2009
(88)

General popula- 633 (M)
tion, long
722 (W)

Han 2011 (92) Nurses, c-s

2103 (W)

BMI

M: 0
W: 0

M: +
W: +
Individ
M: +
W: +

Individ
M: 0
W: +

Individ
M: +
W: +

Individ
M: +
W: 0

Aggreg
M: +
W: +

Aggreg.
M: +
W: 0

Aggreg
M: +
W: +

Aggreg
M: +
W: +

General
obesity

M: 0
W: 0

M: 0
W: 0

M: 0
W: +

Central
obesity

M: 0
W: +

M: 0
W: 0

M: 0
W: 0

General
obesity

PW: 0
FW: +

Weight
change

+

+ (U)

BMI change

M: 0

M: 0

W: 0

W: 0

Overweight/ 0

0

+

obesity

Almost all studies (34 articles, 94%) examined the
association of job demands, job control, or job strain
with weight-related outcomes (Appendix, table B1,
http://www.sjweh.fi/data_repository.php) and 7 studies
considered the ERI model (Appendix table B2, http://
www.sjweh.fi/data_repository.php). Job insecurity was
the least studied, addressed in 4 studies (Appendix table
B3, http://www.sjweh.fi/data_repository.php).
More than half of the studies (23 out of 36) reported
at least one positive association between psychosocial
factors at work and a weight-related outcome (table 2).
Studies of higher quality tended to observe positive
associations more often than studies of lower quality.
Positive associations were reported in 60% of studies
without any bias, in 50% of studies with some bias, and
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only in 33% of studies with severe selection bias.
The vast majority of the tested associations between
psychosocial factors at work and weight-related outcomes were, however, found to be non-significant. Out
of 220 associations tested in 36 studies (30 study populations), only 24% were statistically significant (table 3).
Statistically significant associations were found more
frequently among women than men (27% versus 19%),
in cross-sectional than longitudinal studies (27% versus 20%), and for overweight or obesity than for other
weight-related outcomes (28% versus 21%). Studies
with minimal adjustment and studies with adjustment for
mediating factors tended to report statistically significant
associations more frequently than studies with adjustment
for potential effect modifiers (29%, 31% and 17%, respec-

Solovieva et al

Table 3. Summary of evidence for association of psychosocial factors at work and long work hours/working overtime with weight-related
outcomes.
Unadjusted
Men

Both

Men

Women

3/14

0/0

5/19

1/5

2/5

0/0

0/5

1/5

0/0

Job strain

0/3

0/4

Effort

0/0

0/0

Reward

0/0

Effort–
reward
imbalance

Adjustment for potential
moderating factors
Both

Men

Women

6/23

2/3

3/42

1/4

4/5

1/1

2/5

1/6

0/0

0/0

1/4

1/6

0/1

0/0

1/2

0/2

0/0

0/0

0/0

0/2

0/2

0/0

0/0

0/0

0/2

Job
insecurity

0/0

0/0

0/0

Long work
hours

0/1

0/1

1/2

Psychosocial
factors

1/13

a

Job control
Job
demand

a

Women

Minimal
adjustment

Adjustment for
mediating factors

Both

Men

Women

Both

8/30

2/6

11/34

11/36

0/0

0/9

0/5

1/1

2/11

4/13

0/0

1/10

3/6

0/1

2/11

2/13

0/0

0/13

4/10

1/1

4/8

4/8

0/0

1/3

0/3

0/0

0/0

0/0

0/0

0/0

0/3

0/3

0/0

0/0

0/0

0/0

0/2

1/1

0/3

1/3

0/1

3/4

1/2

0/0

0/0

0/0

0/0

1/1

0/0

0/2

0/0

0/0

0/0

3/4

1/3

0/0

4/8

3/7

0/0

0/4

2/5

0/0

Number of statistically significant positive associations out of tested associations

tively). Furthermore, four out of nine associations tested
in gender-pooled samples were statistically significant.
Among different psychosocial factors at work, statistically significant positive associations with weightrelated outcomes were most frequently found for ERI
(31%), followed by job control (27%) and job strain
(26%). None of the associations between job reward and
weight-related outcomes was statistically significant.
Interestingly, the rate of positive associations was higher
for the ERI than the job strain model or its components
among men, while among women, an opposite phenomenon was observed. Out of four studies on job insecurity,
a positive association was found in only one, indicating
an association between job insecurity and a 5-year BMI
change among men (33).
When associations in the expected direction were
found, they were rather weak. In addition, associations
in the opposite direction to the expected ones were
reported in two studies for both genders (75, 83) and
in one study among men (87). A longitudinal study in
nurses reported a U-shaped association of job control
with BMI and job demands with weight change (75).
A U-shaped association between a 6-year change in job
demands and follow-up BMI was also found among
Japanese men (87).
Two longitudinal studies reported interaction
between job strain and baseline body weight among
men (33, 82). Job strain was associated with weight loss
among lean subjects and weight gain among obese subjects, while no change in weight was seen among men
within the normal weight range. Another longitudinal

study showed that among men and women with high
baseline BMI, high job demands was associated with
weight gain (88).
Four out of seven studies that examined the association of several psychosocial factors at work with several
weight-related outcomes found only one or two statistically significant associations (31, 66, 67, 87). There was
also some inconsistency in observed associations within
the studies depending on the measure of exposure or
outcome, or the analytical model used.
In the Whitehall II study, low job control at baseline
was significantly associated with BMI gain from age of
25 years to middle-age and general obesity 11 years later
in both genders, and high job demands at baseline was
associated with follow-up obesity among women (67,
72). However, in the same study population, neither low
decision latitude nor high job demands was associated
with increased risk of obesity during a 19-year followup time (85).
In the Finnish Public Sector study, ERI measured
at the individual level was associated with BMI among
men (77) and with overweight/obesity among women
(83). Similarly, job control and job strain measured at the
individual level were positively associated with BMI in
both genders (83), while job control was not associated
with overweight/obesity in either gender, and a positive
association of job strain with overweight/obesity was
found among women only (77).
In a Finnish longitudinal study of industrial employees, low job control and high ERI but not high job
strain were associated with a high BMI 10 years later
Scand J Work Environ Health 2013, vol 39, no 3
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in a gender-pooled analysis (71). However, job efforts,
rewards, and ERI were not associated with a 28-year
major weight gain among either men or women (32).
Among men, only high job effort was found to be associated with a larger mean 10-year weight gain. Similarly,
in the Helsinki Health Study, job demands among men
and job control among women were found to be associated with BMI (29) but not with 1-year weight gain (30).
Of 11 studies that examined associations between
psychosocial factors at work and weight-related outcomes using different analytical models with various
covariates, 7 demonstrated that the associations are
either attenuated or become non-significant after the
inclusion of several covariates (29–31, 60, 70, 83).
Associations between long work hours and weightrelated outcomes
The associations of long work hours with weight-related
outcomes have been examined in 14 studies (Appendix
table C, http://www.sjweh.fi/data_repository.php).
None of the studies had no or minimal bias with regard
to selection, performance, detection, and attrition. The
only study with an objective measure of exposure had
moderate selection bias table 1 (64). In 7 studies, both
possible detection and performance bias were found.
One of them (92) had also severe selection bias.
The majority of the studies (10 out of 14) reported
a positive association between long work hours and at
least one weight-related outcome (table 3). However,
overall only 40% of the tested associations were statistically significant. Positive associations were observed
more frequently for a change in BMI or weight gain
than for the other weight-related outcomes (77% versus
23%). All 4 studies (3 longitudinal and 1 cross-sectional)
that evaluated associations between working overtime
and weight gain or BMI change, showed a positive
association among men (29, 32, 64, 65), while only 2
Finnish studies observed statistically significant associations among women as well (29, 32).
The assessed quality of the study had a minor influence on the likelihood of positive findings (table 2).
Positive associations were reported in 71% of studies
with a possible performance bias and in 71% of studies
with several types of bias. Studies with minimal adjustment and studies with adjustment for potential moderating factors tended to report associations more frequently
than studies with adjustment for mediating factors and
studies that reported unadjusted results (57%, 47%, 22%
and 25%, respectively).
There was some discrepancy within the studies in the
observed positive associations depending on the weightrelated outcome or the used analytical strategy (Appendix table C http://www.sjweh.fi/data_repository.php).
In a Finnish longitudinal study of industrial employees,

252

Scand J Work Environ Health 2013, vol 39, no 3

working overtime was associated with 28-year major
weight gain among both women and men (32). Additionally, a reduction in working time predicted major weight
gain among men. In the Helsinki Health Study, long
work hours were associated with weight gain among
men and women (29), but not with overweight/obesity in
either gender (30). Statistically significant associations
were observed when adjustment was made for socioeconomic factors and other working conditions, but
not in the minimally adjusted models (29, 30). Another
study observed a positive association for general obesity
among women, but not for central obesity (31).

Discussion
Our systematic review showed that there is little evidence for associations between psychosocial factors at
work and weight-related outcomes. The associations
found were, in general, weak and inconsistent. The
reviewed studies provided, however, suggestive evidence for an association between long work hours and
weight gain, especially among men. To our knowledge,
this is the first systematic review on the associations of
psychosocial factors at work and long work hours with
excess body weight. Our review is based on 39 articles
published between 1995–2012. Some of the articles
were included in two narrative reviews covering part of
the topic of the present review (26, 27). We included 13
additional studies published between 2007–2012 and
carried out a quality assessment.
There are several plausible mechanisms through
which psychosocial factors at work and long work hours
could be related to excess body weight (figure 1). Psychosocial factors at work and long work hours might increase
the frequency of eating higher caloric value food (44),
decrease physical activity (45), and reduce sleep (46,
93). They may also increase the risk of weight gain and
obesity directly through neuroendocrine pathways (40).
Possible bias in observational studies
The strength of the evidence depends directly on the level
of agreement between the studies. Discrepancies in results
can reflect differences in the design of the studies, assessment of the exposures and outcomes, and the characteristics of the study populations, and might have resulted from
selection, performance, detection and attrition bias. For
example, a too selective study population may not only
limit the generalizability of the results but also increase
the likelihood of both positive and negative false findings.
Moreover, spurious exposure–outcome associations could
be generated when both exposure and outcome depend on
a self-report. Even though most of the reviewed studies

Solovieva et al

used standardized questionnaires to measure psychosocial
factors at work, self-reports might be prone to bias and
reflect rather individual differences in perception of psychosocial factors than actual work exposures.
In this review, we assessed the quality of the studies
with respect to the occurrence of selection, performance
and attrition bias and excluded studies with definite
bias. Only a fourth of the reviewed studies had no or
only minimal bias. The 10 high quality studies were
more supportive of positive associations between psychosocial factors at work and weight-related outcomes
compared to the studies of lower quality.
In some of the studies, the associations of psychosocial factors at work and long work hours with weightrelated outcomes was not the primary focus and thus
they reported only unadjusted estimates. Nevertheless
we included these studies in the review. We did not perform a meta-analysis because the studies varied considerably with regard to the weight-related outcomes, the
reported measures of effect, and the covariates included
in the analyses. Furthermore, most of the reviewed studies had some bias. Aggregation of information in pooled
estimates will not eliminate bias, but accumulate the bias
from different studies (94).
Confounding, effect modification and mediating factors
Variability of findings across studies may indicate confounding or effect modification by another factor. It
is worth noticing that confounding could act in both
directions: it can either deflate or inflate an estimate
of an effect (95). Confounding can be eliminated in a
randomized controlled study, however, it occurs in all
observational studies. A common approach to control for
confounding after the completion of a study is to adjust
for it in the analysis. To decide whether a variable is a
confounder can be a real challenge. Therefore researchers might frequently choose an analytical strategy leading to over- or unnecessary adjustment (35).
It has been argued that the association between psychosocial factors at work and health may be confounded
for example by socioeconomic status (SES). A problem
arises because psychosocial exposures and SES are
correlated (96), and people with a lower SES tend to be
heavier (97) and have an increased risk of obesity (67,
98, 99). Therefore, it seems reasonable to adjust for
SES as a confounder in the analysis. However, in some
scenarios, adjustment for SES will make no difference
to the findings, in some it will remove bias, and under
certain conditions it will introduce bias (100). Therefore, a careful consideration of the relationship between
variables within the study is necessary before deciding
whether adjustment for SES is needed. Both crude estimates and estimates adjusted for SES are recommended
to be reported in order to interpret findings properly in

light of the possible causal models (100). The majority
of the studies included in this review were adjusted for
SES, while rather few of them showed results of serial
adjustments, beginning from a crude model and ending
with a model adjusted for SES (29–31, 60, 70, 82, 87).
The latter studies indeed suggest that social disadvantage partially confounds the association between psychosocial factors at work and weight-related outcomes.
Similarly, a 10% reduction in the effect of job strain on
obesity after adjustment for SES was found in a recent
pooled analysis from 13 cohort studies (101).
On the other hand, the findings of the study by
Kouvonen and colleagues (77) imply that SES may be
an effect modifier, since the association between psychosocial factors at work and BMI varied according to
SES. Both higher job strain and higher ERI were found
to be related to a higher BMI among employees with
high SES, whereas the associations were non-significant
among those with lower SES (77).
It is well known that when estimating the total effect
of exposures on an outcome, control for an intermediate variable (ie, the one that is on the path between
the exposure and the outcome) will generally bias the
estimates (102). With regard to the associations between
psychosocial factors at work, long work hours, and
weight-related outcomes, biased estimates of the net
effect can be produced for example by the adjustment
for physical activity/inactivity, smoking and disturbed
sleep. Of 12 studies with adjustment for intermediate
variables, only 2 (87, 89) presented serial adjustment
as suggested in our hypothetical model (figure 1). In
line with the model, in both studies the effects of some
exposures on weight-related outcomes were attenuated and became non-significant after adjustment for
smoking and/or physical inactivity. Nevertheless, even
after adjustment for intermediate variables independent
associations were observed in 2 studies on psychosocial
factors at work (33, 77) and 4 studies on long work
hours (31, 65, 84, 92).
Another potential explanation for the conflicting
results across studies is that an unfavorable work environment may have a different effect on individuals,
depending on, for example, gender, age, personality, and
social support (103, 104). In the theoretical “isolated
strain” model of Karasek and Theorell (105), social support at work is suggested to buffer the harmful effect of
stress on health and enhance workers’ ability to manage
work demands and work stress for which there is some
empirical support. In a study among British civil servants, neither experience of high job demands nor low
job control repeatedly during 19 years was associated
with obesity, whereas persistent, isolated strain (high job
strain in combination with low social support at work)
showed a dose–response relationship with incident general and central obesity among men (85).
Scand J Work Environ Health 2013, vol 39, no 3
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Gender differences in the associations of psychosocial
factors at work and long hours with weight-related
outcomes
Most of the reviewed studies found that the pattern of
the associations between psychosocial factors at work,
long work hours, and weight-related outcomes differ
for women and men. Positive associations between job
strain and weight-related outcomes were more likely
to be found among women than men whereas excess
weight was found to be associated with ERI and long
work hours among men. The explanation for the gender
difference may be that men and women are employed
in different occupations and positions, and therefore
their working conditions may also differ. However,
gender difference in psychosocial exposures was found
to be present also within the same job (106). It has been
suggested that a stressful job may promote different
unhealthy behaviors among men and women (107).
When perceiving stress, women seem to react by overeating, while men may increase alcohol use (108). It is
also possible that a difference in response to job strain
between men and women may result in the presence of
some gender-specific factors that either enlarge, buffer, or delay the harmful effect of work environment
on excess weight. For example, young men are more
likely than their older counterparts to gain weight with
increasing work hours, and working overtime seems to
have a long-term detrimental influence on body weight
among men even after returning to more standard work
hours (109).
Healthy worker effect
Presence of “the healthy worker effect” that tends to
create a bias towards the null is a well-known problem
in occupational epidemiology (50). Persons with very
high excess weight as well as persons that have been
suffering from unfavorable psychosocial work environment for a long time may have been selected out of the
labor force. An equally important problem in studies on
the associations between adverse psychosocial factors
at work and weight-related outcomes is selection of
overweight individuals into psychosocially unfavorable jobs (49). Both selection mechanisms will result
in a small variation in both psychosocial exposures and
weight-related measures in working populations, leading to weak or non-significant associations between
psychosocial factors at work and weight gain or obesity
in working populations. Indeed, in the reviewed studies, the mean BMI was within the normal range. It is
therefore recommended for prospective studies to follow also those who have left the workplace. Moreover,
selection into different types of jobs should be looked
at when possible.
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Concluding remarks
This systematic review indicates that the associations
between psychosocial factors at work and weightrelated outcomes are weak and somewhat inconsistent.
The reviewed studies, however, suggest an association
between working overtime and weight gain, especially
among men. The studies included in this review were
either cross-sectional or longitudinal. Since selection
and confounding are present to some degree in all observational studies and none of the reviewed studies was s
true cohort study, no statement regarding a causal effect
of psychosocial factors at work or long work hours on
excess weight can be made. Hence, cohort studies, with
obese participants excluded at baseline, are needed to
address the question of whether psychosocial factors
at work and long work hours actually cause unhealthy
weight gain or obesity. In the studies included in the
present review, the inclusion of covariates to the analyses was not always justified. A careful consideration
of the hypothetical model, describing the relationship
between variables within the study is necessary before
deciding whether adjustment for certain variables is
needed.
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