http://www.diva-portal.org

This is the published version of a paper published in International Archives of Occupational
and Environmental Health.

Citation for the original published paper (version of record):
Klingberg, S., Mehlig, K., Johansson, I., Lindahl, B., Winkvist, A. et al. (2019)
Occupational stress is associated with major long-term weight gain in a Swedish
population-based cohort
International Archives of Occupational and Environmental Health, 92(4): 569-576
https://doi.org/10.1007/s00420-018-1392-6

Access to the published version may require subscription.
N.B. When citing this work, cite the original published paper.

Permanent link to this version:
http://urn.kb.se/resolve?urn=urn:nbn:se:umu:diva-158065

International Archives of Occupational and Environmental Health (2019) 92:569–576
https://doi.org/10.1007/s00420-018-1392-6

ORIGINAL ARTICLE

Occupational stress is associated with major long-term weight gain
in a Swedish population-based cohort
Sofia Klingberg1

· Kirsten Mehlig1 · Ingegerd Johansson2,3 · Bernt Lindahl4 · Anna Winkvist3,5 · Lauren Lissner1

Received: 1 June 2018 / Accepted: 27 November 2018 / Published online: 6 December 2018
© The Author(s) 2018

Abstract
Purpose Occupational stress and obesity are both increasing in prevalence, but prospective findings relating these conditions
are inconsistent. We investigated if baseline as well as prolonged exposure to high job demands and low decision latitude
were associated with major weight gain (≥ 10% of baseline weight) in 3872 Swedish women and men examined three times
over 20 years in the population-based Västerbotten Intervention Program.
Methods Anthropometry was measured and participants completed questionnaires on job strain, diet, and other lifestyle factors. Logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI), adjusting for confounders.
Results Adjusting for age, baseline low decision latitude was associated with major weight gain over 10- and 20-year OR
(95% CI) 1.16 (1.00–1.33) and 1.29 (1.13–1.47), respectively (both sexes combined). After adjustment for diet quality and
other confounders, the effect over 20 years remained 1.30 (1.13–1.50). Sex modified the effect of prolonged exposure to high
job demands over at least 10 years (interaction p = 0.02), showing that high job demands was a risk factor of major weight
gain over 20 years in women [1.54 (1.14–2.07)], but not in men [0.87 (0.63–1.19)]. Neither diet nor other lifestyle factors
explained these associations.
Conclusions In conclusion, low decision latitude predicted major weight gain in women and men. In women, the results
suggest an additional contribution to major weight gain from high job demands.
Keywords Job strain · Work stress · Job demand · Decision latitude · Weight gain · Weight change · Prospective study
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The population mean body mass index (BMI) has increased
in recent decades and a prognosis forecasts future increases
in obesity prevalence (Breda et al. 2015). While a positive
energy balance, originating from excess energy intake relative to energy expenditure, is a fundamental cause for weight
gain, psychosocial factors such as mental stress might be
contributing factors. Effects of mental stress on weight gain
could be mediated through unhealthy behaviors such as
low diet quality. In addition, chronic stress could, through
higher cortisol levels, impact on visceral fat accumulation
and reduction in lean body mass (Kyrou and Tsigos 2009).
Alongside the trend of increasing BMI, the prevalence
of self-reported mental stress has also increased (Lissner
et al. 2008). Work-related stress, also referred to as job
strain, with high demands and low decision latitude as
conceptualized by Karasek and Theorell (1990), has also
been reported to be higher in later years (Malard et al.
2015; Utzet et al. 2015) as have the prevalence of other
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work-related stress exposures (Houdmont et al. 2012).
Although changing social norms regarding the stress concept may explain some part of the increased prevalence of
self-reported stress, a considerable increase in sickness
absence due to psychiatric diagnoses, including the fatigue
syndrome, during the last decade has been reported in
Sweden, providing support for a factual increase in stress
(Swedish Social Insurance Agency 2016).
Job strain has been shown to predict obesity-related diseases such as diabetes (Nyberg et al. 2014), coronary heart
disease (Kivimäki et al. 2012), and stroke (Fransson et al.
2015). However, the prospective association between job
strain and weight gain, as recently compiled in a systematic review and meta-analysis (Kivimäki et al. 2015), is not
consistent and does overall not support the hypothesis that
job strain promote weight gain. However, two of the four
included studies on job strain in relation with weight gain
used self-reported weight, and only one of them was truly
population-based, questioning both validity in the outcome
and generalizability of the results. In this study, we report on
the association between exposure to high job demands and
low decision latitude as well as job strain, and major weight
gain over 10 and 20 years in a population based cohort of
Swedish women and men, aged 30 or 40 years at baseline,
with additional focus on the concurrent influence of diet
quality.

Methods
Study population
The Västerbotten Intervention Program (VIP) is an ongoing population-based study of adults in northern Sweden
(http://www.biobank.umu.se/nshds/). The project started in
1985 and invites inhabitants of Västerbotten County to a
health examination the year they turn 40, 50, and 60 years
of age. Until 1995, those turning 30 were also invited. Thus,
inhabitants in Västerbotten County have been able to participate in VIP on multiple occasions. Between 1991 and 1995
participation rates varied between 48 and 57%, but after the
decision to omit those turning 30 years, participation rates
have increased to 66–67% since 2005 (Norberg et al. 2010).
An analysis of the drop out in 1992 and 1993 showed small
differences between participants and non-participants in that
non-participants were somewhat more likely to be unemployed, to have lower income, and to be younger (Weinehall
et al. 1998). In this study, we use measured data on height
and weight as well as questionnaire data on work-related
stress, diet, and other lifestyle factors as described below.
Data were collected at baseline, 10- and 20-year follow-up

13

for all participants included in this study (study sample
described below).

Anthropometry
Height was measured standing without shoes to the nearest
cm. Weight was measured in light clothing to the nearest kg.
Body mass index (BMI) was calculated by dividing weight
(kg) by height squared (m2). Major weight gain was defined
as an increase in body weight of ≥ 10% of baseline body
weight at either follow-up examination (10 and 20 years).
This cutoff was used based on the suggestion by Stevens
et al. that long-term weight maintenance in adults could be
defined as a weight change of less than 3% body weight and
that weight changes of between 3 and 5% should be considered small weight fluctuations (Stevens et al. 2006).

Work stress
Work stress, also referred to as job strain, was measured
according to a Swedish modification of the questionnaire
developed by Karasek et al. (1998). Psychological job
demands were measured using four items, and decision latitude, comprising skill discretion and decision authority, was
measured using six items (Supplemental file 1). Each item
had four response alternatives forming a four-point ordinal
scale. An index of psychological job demands was formed
by the sum of the four items, with four as the minimum
and 16 as the maximum score. Correspondingly, an index
of decision latitude was formed by the sum of the six items,
with six as the minimum and 24 as the maximum score.
Psychological job demands and decision latitude were both
dichotomized into “low” and “high” by the gender specific
median score with the median included in the lower category
(10 for psychological job demands for both sexes and 18
and 19 for decision latitude, in women and men, respectively). Cross classification of psychological job demands
and decision latitude formed the job strain quadrant model
with four distinct groups of job strain: “low strain” (low
psychological demands and high decision latitude), “active”
(high psychological demands and high decision latitude),
“passive” (low psychological demands and low decision latitude), and “high strain” (high psychological demands and
low decision latitude). Prolonged exposure to occupational
stress was defined in a sub-group classified in the same job
strain category at both baseline and at 10-year follow-up.
Social support at work was assessed by four questions and
likewise dichotomized by the gender specific median score
(9 for women and 8 for men).
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Dietary intake

Study sample

Habitual diet during the last year was assessed at baseline
by a food frequency questionnaire (FFQ) with 84 questions.
The FFQ was validated with 10 repeated 24-h recalls and
concluded to have validity comparable to other FFQs used in
other cohort studies (Johansson et al. 2002; Klingberg et al.
2013). In addition, the FFQ has been validated by serum
biomarkers (Johansson et al. 2010; Wennberg et al. 2009).
Intake frequency for each item was given on a nine-level
scale varying from never to four or more times a day. Portion
sizes for staple foods, meat/fish, and vegetables, respectively,
were indicated by four color photos representing different
portions. For other foods, sex- and age-specific portions
determined from the validation study (Johansson et al. 2002)
or standard portions (National Food Agency Sweden 1999)
were used.
A healthy diet index, developed by Drake et al. (2011),
based on the Swedish Nutrition Recommendations and
dietary guidelines, was calculated for each participant.
This index was based on adherence to the following criteria: sucrose ≤ 10% of energy intake (E%); saturated fat ≤ 13
E%; polyunsaturated fat between 5 and 10 E%; dietary
fibre ≥ 2.4 g/MJ; fruits and vegetables ≥ 400 g/day; and
fish ≥ 300 g/week. One point was given for each criteria
met. Thus, the index ranged from zero to six points with a
higher point indicating a higher diet quality. The total index
was then categorized as low (≤ 1 point), intermediate (2–3
points), and high diet quality (≥ 4 points). Only 2.9% of the
population complied with the recommendation of maximum
10 E% saturated fat, and therefore, the cutoff was set at 13
E% after the addition of one standard deviation of the mean
population intake. As the recommendation of dietary fibre
intake per energy unit has no defined lower limit, we set the
lower limit of fibre intake at 2.4 g/MJ after subtraction of
one standard deviation of the mean population intake from
the recommendation of approximately 3 g/MJ. As the intake
of fruits and vegetables did not include juice, the cutoff was
set at 400 g/day instead of 500 g/day.

Data for this study were eligible from 1991 and onwards.
From 1991 until 2014 5390 individuals (52.3% women) participated in health examinations at three occasions over a
period of approximately 20 years (Fig. 1). Participants who
were examined at intervals shorter than 9 years or longer
than 11 years between baseline visit and the first follow-up
or between the first and the second follow-ups, respectively,
were excluded from the analyses (n = 100). Similarly, participants who were on long term (> 6 months) sick leave
at baseline (n = 378), unemployed (n = 236) or on disability
pension (n = 13), or lacked baseline data on one or more
items of the job demand and decision latitude scale (n = 257)
were excluded. Participants with missing or implausible data
on weight (< 30 kg) or height (< 130 cm) (n = 85) at any of
the examinations were excluded. Additionally, participants
were excluded if they had incomplete dietary data (n = 449)
including missing responses to more than 10% of the FFQ
questions or one or more missing portion size response, as
described elsewhere (Johansson et al. 2002). Hence, the
main analytical sample consisted of 3872 individuals, of
which 2074 were women and 1798 were men. A total of
1747 participants (904 women and 843 men), who also had
complete data on job demand and decision latitude at the
10-year follow-up and were classified within the same job
strain category at both baseline and 10-year follow-up were
selected for analyzes of the association between prolonged
exposure to occupational stress and major weight gain over
20 years. All statistical analyses were performed for both
sexes combined and separately for women and men.

Lifestyle and other variables
Physical activity was defined by the validated Cambridge
Index of Physical Activity (InterAct Consortium 2012)
which is based on two questions, one regarding physical
activity at work and one regarding leisure time physical
activity. The index classifies each participant as either inactive, moderately inactive, moderately active or active. Smoking was categorized as current smoker or ex-smoker/never
smoker, respectively. Level of education was derived from
a question with four response alternatives and coded into a
binary variable of academic education (yes/no).

Statistics
Logistic regression was used to assess the association
between major weight gain and exposure to high job
demands and low decision latitude (mutually adjusted
for each other). The results are presented as odds ratios
(OR) with 95% confidence intervals (CI). Model 1 was
adjusted for baseline age and sex (when sexes were analysed together). Model 2 was further adjusted for baseline
diet quality, social job support, physical activity, smoking,
marital status, academic education, and BMI. The following
interactions were tested by inclusion of the corresponding
product terms in addition to the main effects: sex by job
demands; sex by decision latitude; job demands by decision latitude; and the respective main exposure variable (i.e.,
job demands and decision latitude) by the following covariates: age group; BMI category (< 25 kg/m2 or ≥ 25 kg/m2);
academic education; and job support. Sensitivity analyses
were performed after exclusion of participants with weight
loss ≥ 5% of baseline body weight and after inclusion of participants with incomplete diet data. Furthermore, sensitivity
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Fig. 1  Overview of study design and study flowchart for the current analyses

analyses included baseline job demands and decision latitude as continuous variables. All statistical analyses were
performed in SAS, version 9.3 (SAS institute, Cary, NC,
USA). The significance level was set at 0.05 (two-sided
tests).

Results
Baseline characteristics of the study population are shown
in Table 1. At baseline, mean BMI was below 25 kg/m2 in
both sexes, but 27% of the women and 39% of the men were
overweight or obese. Over the first 10 years, 33.5% of the
women and 26.0% of the men gained ≥ 10% body weight,
while over 20 years, these figures were 48.9% and 43.7% for
women and men, respectively. The mean (sd) weight gain
over the first 10 years was 4.6 (6.1) kg for women and 5.1
(6.8) kg for men, while over 20 years, these figures were 6.8
(8.1) kg and 7.1 (7.5) kg, respectively.
Age-adjusted analyses in both sexes combined, showed
low decision latitude to predict major weight gain over
both 10 and 20 years (Table 2), while high job demands
were not associated with the outcome. After adjustment

13

for diet quality and other confounders, the effect of low
decision latitude remained for major weight gain over
20 years. Interactions between sex and exposure were
non-significant (data not shown). Analyses stratified by
sex can be found in supplemental Table S1. Baseline diet
was itself only associated with major weight gain over
10 years, with an increased risk of major weight gain in
women and men reporting a high diet quality [OR (95%
CI) 1.26 (1.06–1.50)] as compared to those reporting an
intermediate diet quality. When participants with baseline
BMI ≥ 25 kg/m2 were excluded, high diet quality was no
longer associated with risk of major weight gain [OR (95%
CI) 1.13 (0.91–1.39)].
To study prolonged exposure, 1747 participants (904
women and 843 men) were identified who were classified in the same job strain quadrant category at baseline
and at 10-year follow-up, representing 45% of the study
sample. Prolonged exposure to low decision latitude predicted major weight gain when women and men were analyzed together (Table 3), while no association was seen
for high job demands. However, a significant interaction
between sex and job demands was found (p = 0.02). Analyses stratified by sex showed that prolonged exposure to
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Table 1  Baseline characteristics
of the VIP study sample
General characteristics
Aged 29–31 (%)
Aged 39–41 (%)
Academic education (%)
Married/cohabitant (%)
Current smoker (%)
Physically inactivea (%)
Anthropometry
Height (cm), mean (SD)
Weight (kg), mean (SD)
BMI (kg/m2), mean (SD)
BMI ≥ 25.0 kg/m2 (%)
Diet
Energy intake (MJ), mean (SD)
Sugar (E%), mean (SD)
Saturated fat (E%), mean (SD)
Polyunsaturated fat (E%), mean (SD)
Dietary fibre (g/MJ), mean (SD)
Fruits and vegetables (g/day), mean (SD)
Fish (g/week), mean (SD)
Diet qualityb, mean (SD)
a
b

573
Women and men
(n = 3872)

Women (n = 2074)

Men (n = 1798)

36.9
63.1
26.3
86.2
24.3
47.7

36.5
63.5
31.1
88.5
26.6
48.3

37.4
62.6
20.7
83.5
21.7
47.0

171.9 (9.3)
71.5 (12.6)
24.1 (3.3)
32.7

165.4 (5.8)
64.7 (9.9)
23.7 (3.4)
27.0

179.5 (6.4)
79.3 (10.6)
24.6 (2.9)
39.3

8.2 (2.7)
7.3 (2.9)
14.9 (3.1)
5.2 (1.6)
2.4 (0.6)
226 (166)
291 (255)
2.5 (1.3)

7.3 (2.2)
7.7 (2.8)
14.3 (2.8)
4.9 (1.5)
2.6 (0.7)
269 (175)
327 (271)
2.7 (1.4)

9.2 (3.0)
7.0 (3.0)
15.6 (3.2)
5.4 (1.6)
2.2 (0.5)
177 (140)
250 (228)
2.3 (1.2)

Inactive or moderately inactive
Adherence to six criteria. One point for each criteria met; thus, a higher score indicates higher diet quality

Table 2  Odds ratio and 95% CI for the association between job demands and decision latitude (mutually adjusted) and weight gain ≥ 10% of
baseline body weight over 10 and 20 years in 3872 women and men participating in VIP
Exposures

High job demandsa
Low decision latitudeb
High job demandsa
Low decision latitudeb

Outcome: ≥ 10% weight gain

Covariate adjustment for baseline

Follow-up time Cases (%)
(years)

Age group and sex

+ Diet quality, social job support, physical activity,
smoking, marital status, academic education and BMI

10

1161 (30.0)

20

1799 (46.5)

1.07 (0.93–1.24)
1.16 (1.00–1.33)*
1.06 (0.93–1.21)
1.29 (1.13–1.47)***

1.14 (0.98–1.32)
1.12 (0.96–1.31)
1.05 (0.92–1.21)
1.30 (1.13–1.50)***

*p < 0.05, **p < 0.01, ***p < 0.001

a

b

Reference category low job demands
Reference category high decision latitude

high demands was associated with an increased risk of
major weight gain over 20 years in women, while high
job demands did not predict major weight gain in men.
A significant interaction was found in women between
prolonged exposure to high demands and baseline BMI
category (p = 0.01). Stratification by baseline weight category showed that prolonged exposure to high demands
was detrimental only in women with baseline overweight

[OR (95% CI) 3.13 (1.67–5.86) vs. 1.24 (0.85–1.79) in
women with normal weight at baseline].
Interactions between job demand and decision latitude
were neither significant for baseline exposure nor for prolonged exposure. Results from analyses investigating exposure according to the job strain quadrant model are presented
in supplemental Table S2 (baseline exposure) and Table S3
(prolonged exposure) and show that the high strain group
was most vulnerable to major weight gain.
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Table 3  Odds ratio and 95% CI for the association between prolonged exposure to high job demands and low decision latitude (mutually
adjusted) and weight gain ≥ 10% of baseline weight over 20 years in 1754 women and men participating in VIP

Women and men (n = 1747)
Women (n = 904)
Men (n = 843)

Prolonged exposure i.e. same
exposure at baseline and 10 years
follow up

Outcome:
≥ 10% weight
gain
Cases (%)

Covariate adjustment for baseline
Age group and sex

+ Diet quality, job support, physical
activity, smoking, marital status,
academic education and BMI

High job demandsa
Low decision latitudeb
High job demandsa
Low decision latitudeb
High job demandsa
Low decision latitudeb

789 (45.2)

1.15 (0.94–1.40)
1.33 (1.09–1.63)*
1.43 (1.08–1.88)*
1.23 (0.94–1.62)
0.91 (0.67–1.22)
1.45 (1.08–1.95)*

1.16 (0.94–1.44)c
1.32 (1.05–1.67)*
1.54 (1.14–2.07)**
1.16 (0.84–1.62)
0.87 (0.63–1.19)
1.44 (1.03–2.01)*

424 (46.9)
365 (43.3)

*p < 0.05, **p < 0.01, ***p < 0.001

a

b
c

Reference category low job demands
Reference category high decision latitude
Significant interaction between job demand and sex p = 0.02

Sensitivity analyses (data not shown) of both baseline
occupational stress and prolonged occupational stress
showed that neither excluding subject who lost ≥ 5%
of baseline body weight over 10 (n = 202) and 20 years
(n = 224), respectively, nor including participants with
incomplete diet data (n = 449) affected the results. Treating
baseline exposures as continuous variables did not change
the conclusions (data not shown).

Discussion
In this study, we observed that low decision latitude independently and consistently predicts long-term major weight
gain in a cohort of Swedish women and men. Moreover, considering prolonged exposure the present study provided suggestive results of a sex-specific effect of high job demands in
women, which was more pronounced in women with overweight at baseline.
As far as we know, there is only one previous study investigating associations between the demand-control model
and weight gain with comparable follow-up time. That study
demonstrated a dose–response association between prolonged
iso-strain, defined as high strain in combination with low
social support, and incident obesity over 19 years in women
and men (Brunner et al. 2007). Furthermore, for the three
dimensions of iso-strain—high job demands; low decision
latitude; and low social support—significant associations
were only found for prolonged low social support at work
in men (Brunner et al. 2007). Women did exhibit elevated,
although non-significant, odds of obesity for all three dimensions (Brunner et al. 2007). Another study (Niskanen et al.
2017) investigating changes in working conditions in relation
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with weight gain (≥ 10%) reported that prolonged exposure
to high job demands was associated with major weight gain
over 12 years in women but not in men, while no association
was seen for prolonged exposure to low decision latitude in
women or in men. Other previous studies with shorter follow up of between 2 and 7 years have not found evidence
of an association between baseline job strain and weight
gain or risk of obesity in either sex (Ishizaki et al. 2008;
Nyberg et al. 2012), or only found associations in women
(Kivimäki et al. 2006; Roos et al. 2013; Shields 1999). In
models adjusted for several covariates, Shields (1999) found
females with high baseline job strain to have increased odds
of a weight gain of more than 8.8% of baseline body weight
over 2–3 years, while Roos et al. (2013) showed that females
belonging to the passive group had an increased odds of
gaining 5 kg or more over 5–7 years. Furthermore, Kivimäki
(2006) found a positive association between job demands
and weight gain in women. Comparability of study results is
problematic because of discrepancies in both exposure and
outcome assessment. Moreover, although most previous studies reported analyses stratified by gender, support for gender
specific effects of job strain in relation with weight gain was
inconsistent. However, in accordance with results reported by
Niskanen et al. (2017) and supported by a significant interaction between sex and high job demands, we found prolonged
exposure to high job demands to stand out as detrimental
only in women. One plausible explanation is that a female
sensitivity to prolonged high job demands could relate to
women’s double work load due to higher responsibility for
domestic work, which appears also in a relatively genderequal society as Sweden (Harryson et al. 2012).
The link between job strain and weight gain could potentially work through, for example, dietary intake, physical
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activity, or metabolic rate, but neither physical activity nor diet
quality explained the associations seen in the present study.
The diet quality index used in the present study, which was
developed in another Swedish cohort (Drake et al. 2011) has
previously been shown to inversely associate with total mortality as well as cardiovascular disease morbidity and mortality
(Drake et al. 2013; Hlebowicz et al. 2013), while no association was found for diabetes risk (Mandalazi et al. 2016). The
diet index has to our knowledge not previously been used in
prediction of weight gain, and it is plausible that such an index
is not optimal for that purpose, due to obesity-related reporting
biases. Because neither changes in metabolic rate, nor changes
in body composition or regional fat pattering were measured in
the VIP cohort, we can only speculate in that exposure to job
strain, with potential exposure to higher levels of the catabolic
hormone cortisol, could have had detrimental effects on muscle mass with lower basal metabolic rate and weight gain as a
consequence. The primary strength of this study is the repeated
assessment of both exposure and outcome with the ability to
investigate associations between prolonged exposure to high
demands and low decision latitude, respectively, and weight
gain over one and two decades. The examination interval of
10 years was not explicitly chosen for the present study, but
was likely relevant for our outcome of interest, since many
previous studies with shorter study interval have failed to show
significant associations between job strain and major weight
gain. The use of validated instruments to assess exposure to
both job strain and other lifestyle factors, and standardized
measurement of outcome performed by medical staff also
deserve to be highlighted as important strengths. The outcome
was defined as a relative gain in baseline weight of 10% or
more, and an alternative would have been to use an absolute
cut-off for weight gain instead such as that of 5 kg or more
as suggested by World Health Organization (2003). The use
of a relative weight change cutoff is, however, supported by
increased congruence across body sizes (Stevens et al. 2006).
This study has potential limitations that need to be considered. First, it has to be acknowledged that the exposure to the
two dimensions of job strain is self-reported by participants
and may introduce various forms of bias to the analysis and
results. Possible fluctuations in exposure during follow-up
must also be acknowledged, although such fluctuations would
be likely to attenuate our observed effect estimates. Second, although the full VIP cohort is population based with
an essentially representative participation (Weinehall et al.
1998), the current VIP sub-sample that attended three subsequent examinations, may be subject to participation bias.
However, we recently showed that a sub-sample of the VIP
cohort with two repeated measures (Winkvist et al. 2017)
did not exhibit any essential socio-demographic differences
compared to the full VIP cohort. Third, we were only able
to use baseline data for dietary intake, since the assessment
method was changed from an 84 item FFQ to a 64 item FFQ
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at the follow-ups. Finally, the present study lacked data on
metabolic rate, body composition, and regional fat patterning.
In conclusion, the present study supports the hypothesis
that occupational stress promotes weight gain. Neither baseline diet quality, physical inactivity, nor other covariates,
explained the results, therefore, pointing at other mechanisms underlying these associations. To further understand
the mechanisms between job strain and weight gain, studies
on changes in both regional fat patterning and body composition in relation with job strain are warranted. Although
the association between occupational stress and major
weight gain seems rather weak, the public health relevance
of our findings could be important because of the increasing prevalence of work-related stress. The importance of
these findings is likely to go beyond the risk of unhealthy
weight gain, since the identification of vulnerable groups
and gender-sensitive preventive efforts to reduce job strain
have the potential to not only reduce weight gain, but also
risk of cardiovascular disease and diabetes.
Acknowledgements Personnel at the Department of Biobank Research,
Umeå University are acknowledged for data maintenance and the
organization team for VIP for data collection.
Funding This work was funded by the Swedish Research Council
FORTE, through its support of 2006-1506, EpiLife Centre of Excellence. The authors acknowledge the teams at Västerbotten County
Council for collecting data and organizing VIP, and the personnel at
the Department of Biobank Research, Umeå University for data maintenance and administrative support. Data collection was supported by
the Swedish Council for Working Life and Social Research, the Swedish Cancer Society, the Swedish Research Council, the Wallenberg
Foundation, and the Västerbotten County Council, Sweden.

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Ethical approval This project was approved by the regional ethical
review board, Umeå, Sweden.
Informed consent Informed consent was obtained from all participants
in the study.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.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.

References
Breda J, Jewell J, Webber L, Galea G (2015) WHO projections in
adults to 2030. In: European Congress on obesity, Prague, vol 8.
Obesity facts, p 18

13

576

International Archives of Occupational and Environmental Health (2019) 92:569–576

Brunner EJ, Chandola T, Marmot MG (2007) Prospective effect of job
strain on general and central obesity in the Whitehall II Study.
Am J Epidemiol 165(7):828–837. https://doi.org/10.1093/aje/
kwk058
Drake I et al (2011) Development of a diet quality index assessing
adherence to the Swedish nutrition recommendations and dietary
guidelines in the Malmo diet and cancer cohort. Public Health
Nutr 14(5):835–845. https://doi.org/10.1017/S13689800100038
48
Drake I et al (2013) Scoring models of a diet quality index and the
predictive capability of mortality in a population-based cohort
of Swedish men and women. Public Health Nutr 16(3):468–478.
https://doi.org/10.1017/S1368980012002789
Fransson EI et al (2015) Job strain and the risk of stroke: an individualparticipant data meta-analysis. Stroke 46(2):557–559. https://doi.
org/10.1161/STROKEAHA.114.008019
Harryson L, Strandh M, Hammarstrom A (2012) Domestic work
and psychological distress—what is the importance of relative
socioeconomic position and gender inequality in the couple relationship? PLoS One 7(6):e38484. https://doi.org/10.1371/journ
al.pone.0038484
Hlebowicz J et al (2013) A high diet quality is associated with lower
incidence of cardiovascular events in the Malmo diet and cancer cohort. PLoS One 8(8):e71095. https://doi.org/10.1371/journ
al.pone.0071095
Houdmont J, Kerr R, Addley K (2012) Psychosocial factors and
economic recession: the Stormont Study. Occup Med (Lond)
62(2):98–104. https://doi.org/10.1093/occmed/kqr216
InterAct Consortium (2012) Validity of a short questionnaire to assess
physical activity in 10 European countries. Eur J Epidemiol
27(1):15–25. https://doi.org/10.1007/s10654-011-9625-y
Ishizaki M et al (2008) Influence of job strain on changes in body mass
index and waist circumference—6-year longitudinal study. Scand
J Environ Health 34(4):288–296
Johansson I, Hallmans G, Wikman A, Biessy C, Riboli E, Kaaks R
(2002) Validation and calibration of food-frequency questionnaire
measurements in the Northern Sweden Health and Disease cohort.
Public Health Nutr 5(3):487–496. https: //doi.org/10.1079/PHNPH
N2001315
Johansson I, Van Guelpen B, Hultdin J, Johansson M, Hallmans G,
Stattin P (2010) Validity of food frequency questionnaire estimated intakes of folate and other B vitamins in a region without
folic acid fortification. Eur J Clin Nutr 64(8):905–913. https: //doi.
org/10.1038/ejcn.2010.80
Karasek R, Theorell T (1990) Healthy work: stress, productivity, and
the reconstruction of working life. Basic Books, New York
Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick
B (1998) The Job Content Questionnaire (JCQ): an instrument
for internationally comparative assessments of psychosocial job
characteristics. J Occup Health Psychol 3(4):322–355
Kivimäki M et al (2006) Work stress, weight gain and weight loss:
evidence for bidirectional effects of job strain on body mass index
in the Whitehall II study. Int J Obes (Lond) 30(6):982–987. https
://doi.org/10.1038/sj.ijo.0803229
Kivimäki M et al (2012) Job strain as a risk factor for coronary heart
disease: a collaborative meta-analysis of individual participant
data. Lancet 380(9852):1491–1497. https://doi.org/10.1016/
S0140-6736(12)60994-5
Kivimäki M, Singh-Manoux A, Nyberg S, Jokela M, Virtanen M
(2015) Job strain and risk of obesity: systematic review and metaanalysis of cohort studies. Int J Obes (Lond) 39(11):1597–1600.
https://doi.org/10.1038/ijo.2015.103
Klingberg S, Winkvist A, Hallmans G, Johansson I (2013) Evaluation
of plant sterol intake estimated with the Northern Sweden FFQ.
Public Health Nutr 16(3):460–467. https: //doi.org/10.1017/S1368
980012003151

13

Kyrou I, Tsigos C (2009) Stress hormones: physiological stress and
regulation of metabolism. Curr Opin Pharmacol 9(6):787–793.
https://doi.org/10.1016/j.coph.2009.08.007
Lissner L, Sjöberg A, Schutze M, Lapidus L, Hulthen L, Björkelund
C (2008) Diet, obesity and obesogenic trends in two generations of Swedish women. Eur J Nutr 47(8):424–431. https://doi.
org/10.1007/s00394-008-0744-5
Malard L, Chastang JF, Niedhammer I (2015) Changes in psychosocial
work factors in the French working population between 2006 and
2010. Int Arch Occup Environ Health 88(2):235–246. https://doi.
org/10.1007/s00420-014-0953-6
Mandalazi E, Drake I, Wirfalt E, Orho-Melander M, Sonestedt E
(2016) A high diet quality based on dietary recommendations
is not associated with lower incidence of type 2 diabetes in the
Malmo diet and cancer cohort. Int J Mol Sci 17(6) https://doi.
org/10.3390/ijms17060901
National Food Agency Sweden (1999) Vikttabell (Weight Table) (in Swedish). In: Livsmedelsverket (ed) Livsmedelsverkets repro, Uppsala
Niskanen R, Holstila A, Rahkonen O, Lallukka T (2017) Changes in
working conditions and major weight gain among normal- and
overweight midlife employees. Scand J Work Environ Health
43(6):587–594. https://doi.org/10.5271/sjweh.3678
Norberg M, Wall S, Boman K, Weinehall L (2010) The Vasterbotten
Intervention Programme: background, design and implications.
Glob Health Action. https://doi.org/10.3402/gha.v3i0.4643
Nyberg ST et al (2012) Job strain in relation to body mass index: pooled
analysis of 160,000 adults from 13 cohort studies. J Intern Med
272(1):65–73. https://doi.org/10.1111/j.1365-2796.2011.02482.x
Nyberg ST et al (2014) Job strain as a risk factor for type 2 diabetes:
a pooled analysis of 124,808 men and women. Diabetes Care
37(8):2268–2275. https://doi.org/10.2337/dc13-2936
Roos E, Lallukka T, Rahkonen O, Lahelma E, Laaksonen M (2013)
Working conditions and major weight gain—a prospective cohort
study. Arch Environ Occup Health 68(3):166–172. https://doi.
org/10.1080/19338244.2012.686931
Shields M (1999) Long working hours and health. Health Rep
11(2):33–48 (37–55(Fre))
Stevens J, Truesdale KP, McClain JE, Cai J (2006) The definition of
weight maintenance. Int J Obes (Lond) 30(3):391–399. https://
doi.org/10.1038/sj.ijo.0803175
Swedish Social Insurance Agency (2016) Social insurance report 2016:
7 sick leave development (In Swedish)
Utzet M, Navarro A, Llorens C, Moncada S (2015) Intensification and
isolation: psychosocial work environment changes in Spain 2005–
10. Occup Med (Lond) 65(5):405–412. https://doi.org/10.1093/
occmed/kqv062
Weinehall L, Hallgren CG, Westman G, Janlert U, Wall S (1998)
Reduction of selection bias in primary prevention of cardiovascular disease through involvement of primary health care. Scand
J Prim Health Care 16(3):171–176
Wennberg M, Vessby B, Johansson I (2009) Evaluation of relative intake
of fatty acids according to the Northern Sweden FFQ with fatty acid
levels in erythrocyte membranes as biomarkers. Public Health Nutr
12(9):1477–1484. https://doi.org/10.1017/S1368980008004503
Winkvist A et al (2017) Longitudinal 10-year changes in dietary intake
and associations with cardio-metabolic risk factors in the Northern Sweden Health and Disease Study. Nutr J 16(1):20. https://
doi.org/10.1186/s12937-017-0241-x
World Health Organization (2003) Diet, nutrition and the prevention of
chronic diseases: report of a joint WHO/FAO expert consultation.
WHO Technical Report Series 916. WHO, Geneva
Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

