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Abstract

Objective: To investigate the relation between effort-reward imbalance (ERI) at
work and subsequent weight changes.

Methods: We included participants from a population-based cohort of workers
in Denmark (mean age = 47 years, 54% women) with two (n=9005) or three
repeated measurements (n=5710). We investigated the association between
(a) ERI (ie, the mismatch between high efforts spent and low rewards received
at work) at baseline and weight changes after a 2-year follow-up (defined as
>5% increase or decrease in body mass index (BMI) vs stable), and (b) onset and
remission of ERI and subsequent changes in BMI. Using multinomial logistic
regression we calculated risk ratios (RR) and 95% confidence intervals (Cl),
adjusted for sex, age, education, cohabitation, migration background, and
follow-up time.

Results: After 2 years, 15% had an increase and 13% a decrease in BMI. Exposure to
ERI at baseline yielded RRs of 1.09 (95% Cl: 0.95-1.25) and 1.04 (95% Cl: 0.90-1.20)
for the increase and decrease in BMI, respectively. There were no differences be-
tween sex and baseline BMI in stratified analyses. The onset of ERI yielded RRs of
1.04 (95% Cl: 0.82-1.31) and 1.15 (95% CI: 0.84-1.57) for subsequent increase and
decrease in BMI. The RRs for the remission of ERI and subsequent increase and
decrease in BMI were 0.92 (95% Cl: 0.71-1.20) and 0.78 (95% Cl: 0.53-1.13), re-
spectively. Of the ERI components, high rewards were associated with a lower risk

of BMI increase.
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1 | INTRODUCTION

Overweight and obesity have a substantial impact on morbidity,
mortality, quality of life, and healthcare expenditures and have be-
come a public health concern in many countries." To date, inter-
ventions targeting weight change and risk factors for overweight and
obesity have achieved limited effect at the population level,* and new
strategies to address current obesity trends are warranted.”

Risk factors for overweight and obesity are numerous and
include genetics, certain diseases and drugs, environmental, and
socioeconomic aspects, as well as experiences of stress.”®” The
hypothesized mechanisms linking work stressors with weight gain
are likely multifaceted and may involve a complex interplay of
neural processes and subsequent disruption of the regulation of
the hypothalamus-pituitary-adrenal axis.® This disruption may be
causing secretion of cortisol and glucocorticoids, which are in-
volved in the regulation of appetite and obesity.” Other potential
pathways between work stressors and weight gain include (a)
changes in health-related behavior, for instance, consumption of

unhealthy food, eating patterns and dietary habits, 1011

and phy-
sical inactivity,’? and (b) psycho-physiological disturbances such
as depressive disorders and sleep disturbances,’® which are
known to be linked with metabolic disturbances. However, stu-
dies investigating possible associations between different mea-
sures of potential stress-eliciting psychosocial working conditions
and risk of weight gain have yielded mixed findings,**?° leaving
the potential for psychosocial workplace prevention unresolved.
Further, previous research has mainly looked at exposure to ad-
verse working conditions measured at one point in time and
change in weight at a later point in time. This is a limitation,
because the length of time participants have been exposed to the
stressor is unknown, which may limit conclusions about temporal
relationships. From a public health intervention perspective, this
makes it difficult to determine whether onset and remission of
adverse psychosocial working conditions are associated with al-
tered risk of weight changes. In addition, previous research has
mainly focused on the overall relationship between adverse
working conditions and weight change, generally not considering
that individuals may respond differently to stressors.’’ The as-
sociation between stressors at work and weight change may be
modified by sex, as some research suggests that stressed men
may be at risk of weight increase, whereas women may lose

weight.?? Interactions have also been reported between work
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Conclusion: ERI was not a risk factor for weight changes. Future studies may in-

vestigate whether this result is generalizable to other occupational cohorts and

epidemiology, non-randomized experiment, obesity, observational, occupation,

population-based, pseudo-trial, psychosocial work environment, stress, work

stressors and weight. While the effect of work stressors on
nonoverweight individuals may be associated with weight loss,
individuals with overweight may gain weight.*

A widely studied measure of a work-related stressor is the model
of effort-reward imbalance (ERI). The ERI model hypothesizes that
work conditions, where efforts exceed the rewards received in re-
turn, i.e. high cost/low gain situations, cause emotional distress and
contribute to increased risk of ill-health.”* Previous research has
shown that ERI is associated with a higher risk of coronary heart
diseases,”” depressive disorders,?® and diabetes.?’?’ These associa-
tions may be mediated by a higher risk of overweight and obesity,*
but we are aware of only two prospective studies that have examined
the association between ERI and weight gain directly.***" Kivimaki
et al (2002)°° studied 812 industrial workers and found an associa-
tion between high ERI at baseline and slightly higher body mass index
(BMI) at 10-year follow-up, compared to those with low ERI at
baseline. No interaction was found between ERI and sex. Berset et al
(2011)°* examined 70 Swiss service providers and found a sugges-
tive, albeit statistically nonsignificant association (P < .1) between ERI
at baseline and risk of higher BMI at 2-year follow-up. Modification
by sex was not tested. None of the studies investigated possible
interactions of ERI with baseline weight. This is a limitation as to the
potential interactions between sex, ERI and baseline weight may be
important for guiding future interventions.

In the present study, we investigated the relation between ERI,
the components of ERI and weight changes, and tested whether the
relationships were modified by sex, baseline weight or both in a
population-based cohort of workers in Denmark. To strengthen
conclusions about the causal relationship, we used two different
analytical approaches. We applied both a two-wave design, assessing
exposure at one point in time and change in BMI up to a 2-year
follow-up, and a three-wave design investigating onset and remission

of ERI and its components and subsequent change in BMI.

2 | METHODS
2.1 | Study design and population

The population under study were participants from the nationwide
occupational cohort “Work Environment and Health in Denmark
2012-2020" (WEHD). WEHD was initiated in 2012 and consists of

biennial surveys aimed at the general working population in
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Denmark, with the purpose of national surveillance of the work
environment. Inclusion criteria were (a) employed persons 18 to 64
years of age, (b) liable to pay taxes and registered with an address in
Denmark and (c) monthly working hours 235 and a monthly income
of 23000 Danish kroner ($530/€400). In 2012, a letter was sent to a
total of 50796 individuals with a link to an online questionnaire
focusing on the work environment, health and health-related beha-
vior. Those not responding were sent a follow-up letter, and subse-
quently contacted by telephone and finally, a hard copy of the
questionnaire was sent out. In 2012, 50% responded and met the
inclusion criteria, of which 66% responded again in 2014 and of
those, 70% responded again in 2016. Compared to nonrespondents,
respondents of wave 2012 were older, had higher education, were
more often cohabiting, had less often a migration background, and
were more often women (Appendix A). A more detailed description
of WEHD is published elsewhere.*?

We included participants with repeated measurements in waves
2012 and 2014 (n=10320) for the two-wave design, and partici-
pants with repeated measurements to waves 2012, 2014, and 2016
for the three-wave design (n=6878). A detailed overview of the
criteria for inclusion into the study and illustrations showing the
conceptual study designs are presented in Figure 1.

For the two-wave design, we excluded participants with missing
data on ERI (n = 675), height and weight (n = 152) and participants with
a difference of more than 5cm in self-reported height between waves
(n=180) or extreme weight change (>50% decrease or increase, n = 5),
that were likely to be reporting or data entering errors, women who in
any wave were pregnant at the time of answering the questionnaire,
defined as answering within a period of 9 months before or 3 months
after the first date of register-based maternity leave (n=243), and
participants with missing data on the covariates (n=60) yielding an
eligible study sample of 9005 participants (Figure 1).

For the three-wave design where we investigated onset and
remission of ERI, efforts and rewards and subsequent changes in
BMI, we included participants with repeated measurements to waves
2012, 2014, and 2016, and repeated the exclusion process from the
two-wave design, yielding a sample of 5710 participants (Figure 1).

There were no considerable differences regarding sex, age, co-
habitation status, and migration background between participants
who provided data for the two-wave design and participants who
provided data for the three-wave design. Participants who provided
data for the three-wave design had a slightly higher educational level
compared to participants who provided data for the two-wave design
(Appendix A).

The study was approved by The Danish Data Protection Agency
through the joint notification of the National Research Centre for the
Working Environment, Copenhagen, Denmark (no. 2015-57-0074).
According to Danish legislation, research projects involving surveys
with a questionnaire and register-based data only, do not need ap-
proval from The National Committee on Health Research Ethics. We
obtained register-based information from Statistics Denmark (no.
706706) and Sundhedsdatastyrelsen (“The Danish Health Authority,”
no. FSEID-00003251 and no. FSEID-00003281).

2.2 | Effort-reward imbalance

The scales on efforts and rewards in WEHD have previously been
described in detail.?’ In short, self-reported efforts at work were
measured with a scale consisting of six items (Cronbach's a =.77),
assessing time pressure, work pace and work time. Self-reported
rewards at work were measured with a scale consisting of five
items (Cronbach's a = .67), assessing esteem, financial and career-
related rewards, and job security. We included participants with
answers to more than half of the items on each scale, that is, 24
items on efforts and 23 items on rewards, and imputed missing
items by the scale mean. We computed sum scale scores with high
scores denoting high efforts and high rewards, respectively. We
calculated the ERI-ratio in accordance with the literature,®® by
dividing efforts by rewards multiplied by a correction factor of
5/6, to take into account the unequal number of items in the two
scales. We defined dichotomous exposures for potential health-
hazardous exposure to ERI as scoring in the highest tertile of the
ERI-ratio, for high efforts as the highest tertile of the effort-
score, and for low rewards as scoring in the lowest tertile of the

reward-score, in all analyses.

2.3 | Body mass index

We calculated the median height of each individual across the waves
and computed BMI as self-reported weight in kilograms divided by
self-reported height in meters squared. We computed relative
changes in BMI between 2012 and 2014 (two-wave design) and
between 2014 and 2016 (three-wave design), and categorized
change with 5% boundaries into “increase,” “stable,” and “decrease,”
because 5% change in weight may be of clinical importance.>* For
descriptive purposes, BMI was categorized according to the World
Health Organization guidelines into underweight (<18.5kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and
obese (230 kg/m?).

2.4 | Confounders

We linked participants to nationwide registers using a unique per-
sonal identification number that is assigned to all residents in

Denmark®*

and obtained information about sex, age, socioeconomic
status (SES), cohabitation and migration background. All covariates
have previously been associated with both work stressors and weight

Change1.15,35—37

and were, therefore, considered potential con-
founders. Age was included as a continuous variable. We defined SES
as the highest achieved an educational level in three categories (high,
>13 years; intermediate, 10-12 years; low, <9 years). Cohabitation
was defined as either cohabiting or living alone. Having migration
background was defined according to the categorization by Statistics
Denmark into no (Danish) or yes (immigrant or descendent of an

immigrant without Danish citizenship).*®
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(A)  Flowchart for inclusion into the study

Two-wave design:

and 2014 (T))

Respondents to WEHD 2012 (T,)

n=10,320
n=9,645

n=9,005

(B) Study designs

Two-wave design:

ERI, efforts and rewards at T, and change in

n=675

n=152

n=180

n=5

n=243

n=60

body mass index between T and T,

Three-wave design:

- EXCLUSION PROCESS -

- Missing exposure - n=601

- Missing height and weight-  n=179

- Doubtful reported height - n=182

Three-wave design:
Respondents to WEHD 2012 (T),
2014 (T,) and 2016 (T,)

n=6,277

n=5,916

- Extreme weight change - n=6
n=5,910
- Pregnant when responding -  n=171
- Missing covariates - n=29

n=5,710

Exposure assessment

Change in body mass index

Onset of ERI, high efforts and low rewards
between T, and T, and subsequent change in
body mass index between T, and T,

Three-wave design:

Remission of ERI, high efforts and low

Onset of ERI, high
efforts and low rewards Change in body mass index

A A

| |

1/ YT IR
f

T,

rewards between T, and T, and subsequent

change in body mass index between T, and T,

| |
Tl TZ

Remission of ERI, high
efforts and low rewards Change in body mass index

AL AL

T,

- ~ ™~
!

I 1
T, T,

FIGURE 1 Flowchart (A) and overview of study designs (B). ERI, effort-reward imbalance; WEHD, Work Environment and Health in

Denmark 2012-2020

2.5 | Statistical analyses

2.5.1 | Two-wave design

An overview of the study design is presented in Figure 1. We

examined the associations between ERI, and efforts and rewards

at baseline and changes in BMI of 5% or more (increase or

decrease vs stable) between baseline and follow-up (two-wave
design) in separate multinomial logistic regression models,
adjusted for follow-up time between waves (model 1), further
adjusted for sex and age (model 2) and further adjusted for
baseline measures of educational level, cohabitation, and migra-
tion background (model 3). Estimates are presented as risk ratios
(RR) with 95% confidence intervals (Cl).



638

NORDENTOFT e AL

To examine whether associations were different for men and
women, we repeated model 3 and included interaction terms be-
tween sex and ERI, and sex and the ERI components (efforts and
rewards) in separate models. Similarly, to test whether associations
depended on baseline BMI, we tested the interaction between BMI
dichotomized (BMI: <25 kg/m?; BMI: 225 kg/m?) and ERI, and efforts
and rewards. The tests of whether the relationships were modified by
sex or baseline weight were performed in the two-wave analyses
only, because of concerns about statistical power to also test inter-

actions in the three-wave analyses.

2.5.2 | Three-wave design

An overview of the study designs is presented in Figure 1. In the
three-wave design, we analyzed temporal relationships between
onset and remission of ERI and subsequent change in BMI, in an
effort to emulate the design of an experimental study with the use of
observational data.®” We established the baseline as the date the
participants filled in the questionnaire (Tp). When analyzing the onset
of ERI and subsequent change in BMI of 5% or more, we excluded
participants with ERI at Ty and the assessed onset of ERI at first
follow-up in 2014 (T4) and subsequent change in BMI between T4
and second follow-up in 2016 (T,). Thereby, at baseline, no partici-
pant was exposed to ERI and at T, we had a group of exposed and
unexposed participants. This three-wave design ensured temporal
order between the onset of ERI and subsequent change in BMI
(Figure 1). We used participants without the onset of ERI at T, as a
reference. For studying remission of ERI and subsequent change in
BMI, we excluded participants without ERI at Ty and assessed re-
mission of ERI at first follow-up in 2014 (T4) and subsequent change
in BMI between T, and second follow-up in 2016 (T,). Thus, at
baseline, all participants were exposed to ERI and at T, we had a
group of participants with remission of ERI and a group who were
still exposed to ERI (Figure 1). When examining the associations
between the components of ERI and change in BMI, we repeated the
designs and studied onset and remission of high efforts and low re-
wards, respectively. The three-wave analyses were performed with
multinomial logistic regression, with the outcomes “increased” and
“decreased” compared to “stable BMI.” Since exposure to ERI, efforts,
and rewards were not assigned at random, as it would have been in a
randomized trial, we adjusted for potential confounders to take into
account possible nonexchangeability between those with and with-
out onset and remission of the exposures, and adjusted for follow-up
time (model 1) and baseline values of sex and age (model 2), and
educational level, migration background, and cohabitation (model 3).
Estimates are presented as RR with 95% CI.

2.5.3 | Sensitivity analyses

In sensitivity analyses, we repeated the main analyses from the

two-wave and three-wave design while excluding participants with

extreme values of BMI (<15 and >50 kg/m?) as these extreme mea-
sures may have been due to reporting or data entering errors.
Concerns have been raised regarding potential underlying common
causes of work stressors and weight change, which may include de-
pressive symptoms that may affect both reporting of work stressors

and weight,”’40

and therefore mental health may be adjusted for
when estimating the relation between work stressors and weight
change. Further, smoking may be associated with feelings of relaxa-
tion or may act as a coping mechanism to work stressors and may,
therefore, mitigate perceived work stressors. Smoking may also be
associated with appetite regulation and, therefore, may influence
one's weight. However, mental health and smoking may also be on
the causal pathway from ERI to weight change and in this case,
should not be adjusted for. To investigate the influence of mental
health and smoking, we further adjusted model 3 for symptoms of
depression, measured with baseline values of the Major Depression
Inventory (MDI) (continuous), and self-reported smoking status at
baseline (current/former vs never smoker). The measurements of
MDI and smoking in WEHD have previously been described in
detail.**

All analyses were computed using the statistical software R
version 3.5.1.

3 | RESULTS
3.1 | Baseline characteristics

Table 1 shows the characteristics of the study population at
baseline. The mean age was 47 years (standard deviation [SD] =
10.1) and 53.9% were women. Approximately 50% had normal BMI
(18.5-24.9 kg/m?), 35.7% were overweight (BMI: 25-29.9 kg/m?),
13.5% were obese (BMI: 230kg/m?) and less than 1% were
underweight (BMI: <18.5 kg/m?). Men had slightly higher ERI score
(mean=0.93; SD=0.31) compared to women (mean=0.91;
SD =0.32), and women had lower BMI| (mean=25.1; SD=4.71)
than men (mean = 26.2; SD = 3.76). The mean ERI score was higher
among those living alone, respondents with a migration back-
ground, obese respondents, and in the group with high education.
There were no substantial differences in mean BMI across back-
ground characteristics.

3.2 | ERI, its components and BMI (two-wave
design)

In the two-wave design, 15% had a BMI increase between Tg and T4
and 13% had BMI decrease. Table 2 shows the association between
ERI, and efforts and rewards at baseline and changes in BMI at a
2-year follow-up (mean = 1.95 years). The fully-adjusted RR for ex-
posure to ERI at baseline and a BMI increase of 5% or more between
baseline and follow-up was 1.09 (95% Cl: 0.95-1.25), and the RR for a
decrease in BMI of 5% or more was 1.04 (95% Cl: 0.90-1.20). When
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TABLE 1 Baseline characteristics of the study population (two-wave design)

ERI-ratio Body mass index
n or (Mean) % or (SD) Mean (SD) Mean (SD)

Total 9005 100 0.92 (0.31) 25.6 (4.34)
Sex

Women 4858 53.9 0.91 (0.32) 25.1 (4.72)

Men 4147 46.1 0.93 (0.31) 26.2 (3.76)
Age, y (47.0) (10.1)
Educational level

High 4087 454 0.92 (0.29) 25.0 (4.15)

Intermediate 3885 43.1 0.91 (0.33) 26.1 (4.42)

Low 1033 115 0.91 (0.36) 26.2 (4.44)
Cohabitation

Yes 7157 79.5 0.91 (0.31) 25.6 (4.21)

No 1848 20.5 0.94 (0.34) 257 (4.81)
Migration background

No 8625 95.8 0.91 (0.31) 25.6 (4.36)

Yes 380 4.2 0.96 (0.38) 25.1 (3.99)
Body mass index

Underweight, <18.5 kg/m? 82 0.9 0.91 (0.30) 17.7 (0.69)

Normal weight, 18.5-24.9 kg/m? 4492 49.9 0.91 (0.31) 225 (1.63)

Overweight, 25-29.9 kg/m? 3216 35.7 0.92 (0.31) 27.1 (1.38)

Obese, 230 kg/m? 1215 135 0.94 (0.34) 33.7 (3.76)

Abbreviations: ERI, effort-reward imbalance; SD, standard deviation.

analyzing the components of ERI separately, high rewards at baseline decrease were 1.00 (95% Cl: 0.87-1.15) and 1.04 (95% ClI: 0.90-1.20),
was associated with a lower risk of BMI increase at follow-up with a respectively.

RR of 0.85 (95% Cl: 0.75-0.97), but not BMI decrease (RR: 0.93; 95% We found no statistically significant interactions between ERI,
Cl: 0.81-1.06). The RRs for high efforts and BMI increase and and efforts and rewards, and sex (Appendix B). There were also no

TABLE 2 Multinomial logistic regression of ERI, and efforts and rewards at baseline (Tp) on change in BMI between Ty and T (two-wave
design)

Change in body mass index

Increase Stable Decrease
n Total/exposed n RR (95% Cl) n RR (95% Cl) n RR (95% CI)

ERI 9005/2996 382 2280 1 (Ref) 334

Model 1 1.09 (0.89-1.18) 1.09 (0.95-1.25)

Model 2 1.11 (0.97-1.27) 1.04 (0.90-1.20)

Model 3 1.09 (0.95-1.25) 1.04 (0.90-1.20)
High efforts 9005/2990 357 2299 1 (Ref) 334

Model 1 0.97 (0.85-1.11) 1.05 (0.88-1.17)

Model 2 0.98 (0.85-1.12) 1.03 (0.89-1.18)

Model 3 1.00 (0.87-1.15) 1.04 (0.90-1.20)
High rewards 9005/5076 572 3958 1 (Ref) 546

Model 1 0.82 (0.72-0.93) 0.91 (0.80-1.04)

Model 2 0.82 (0.72-0.93) 0.92 (0.80-1.05)

Model 3 0.85 (0.75-0.97) 0.93 (0.81-1.06)

Note: Model 1: adjusted for time of follow-up; Model 2: adjusted for time of follow-up+sex+age; Model 3: adjusted for variables of model 2+ educational
level+cohabitation+migration background.
Abbreviations: BMI, body mass index; Cl, confidence interval; ERI, effort-reward imbalance; RR, risk ratio; Ref, reference.
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TABLE 3 Multinomial logistic regression of onset and remission of ERI, and high efforts and low rewards between Ty and T4 and subsequent

change in BMI between T4 and T, (three-wave design)

Change in body mass index

Increase Stable Decrease
n Total*/cases” n RR (95% Cl) n RR (95% Cl) n RR (95% Cl)
Onset
ERI 3813/681 108 518 1 (Ref) 55
Model 1 1.08 (0.86-1.36) 1.17 (0.86-1.60)
Model 2 1.03 (0.82-1.30) 1.15 (0.84-1.57)
Model 3 1.04 (0.82-1.31) 1.15 (0.84-1.57)
High efforts 4252/595 109 447 1 (Ref) 39
Model 1 1.23 (0.98-1.54) 0.95 (0.67-1.35)
Model 2 1.19 (0.95-1.50) 0.94 (0.66-1.33)
Model 3 1.21 (0.96-1.53) 0.95 (0.67-1.36)
Low rewards 3209/537 81 414 1 (Ref) 42
Model 1 1.06 (0.82-1.38) 1.18 (0.83-1.68)
Model 2 1.04 (0.80-1.35) 1.17 (0.82-1.66)
Model 3 1.01 (0.77-1.31) 1.11 (0.77-1.58)
Remission
ERI 1897/710 115 551 1 (Ref) 44
Model 1 0.96 (0.74-1.24) 0.77 (0.53-1.12)
Model 2 0.92 (0.71-1.19) 0.76 (0.52-1.11)
Model 3 0.92 (0.71-1.20) 0.78 (0.53-1.13)
High efforts 1458/600 91 468 1 (Ref) 41
Model 1 0.97 (0.72-1.30) 0.81 (0.54-1.21)
Model 2 0.95 (0.71-1.28) 0.79 (0.53-1.18)
Model 3 0.92 (0.68-1.24) 0.78 (0.52-1.17)
Low rewards 2501/1073 179 821 1 (Ref) 72
Model 1 0.94 (0.76-1.69) 0.81 (0.60-1.10)
Model 2 0.88 (0.71-1.10) 0.79 (0.58-1.07)
Model 3 0.90 (0.72-1.12) 0.82 (0.60-1.11)

Note: Model 1: adjusted for time of follow-up; Model 2: adjusted for time of follow-up+sex+age; Model 3: adjusted for variables of model 2+educational

level+cohabitation+migration background.

Abbreviations: BMI, body mass index; Cl, confidence interval; ERI, effort-reward imbalance; RR, risk ratio; Ref, reference.
2Respondents without the exposure at baseline for the onset analyses and respondents with the exposure at baseline for the remission analyses.

PRespondents who have onset and remission of the exposure, respectively.

statistically significant interactions between ERI and baseline BMI
and between rewards and baseline BMI (Appendix B). We found a
statistically significant interaction between efforts and baseline BMI
for BMI decrease (Pefrorts'BMI, BMI decrease = 0.04), but there were
no statistically significant associations between efforts and BMI
decrease for participants with BMI: <25kg/m? (RR: 0.84; 95% ClI:
0.66-1.09) and participants with BMI: 225 kg/m? (RR: 1.13; 95% Cl:
0.95-1.35), in stratified analyses (Appendix B).

3.3 | Onset and remission of ERI, high efforts,
and low rewards and subsequent change in BMI
(three-wave design)

Table 3 shows the association between onset of ERI, high efforts

and low rewards from Ty to T4 and subsequent changes in BMI

from T4 to T,. Twelve percent had a BMI increase between T4 and
T, and 5% had BMI decrease. In respondents with the onset of
ERI, the RR for the subsequent increase in BMI was 1.04 (95% Cl:
0.82-1.31), and the RR for the subsequent decrease in BMI was
1.15 (95% Cl: 0.84-1.57). Regarding the onset of high efforts, the
RRs for increase and decrease in BMI were 1.21 (95% CI:
0.96-1.53) and 0.95 (95% Cl: 0.67-1.36), respectively. Regarding
the onset of low rewards, the RRs for increase and decrease in
BMI were 1.01 (95% Cl: 0.77-1.31) and 1.11 (95% CI: 0.77-1.58),
respectively.

Table 3 also shows the remission of each of the exposures and
subsequent changes in BMI. Remission of ERI yielded a RR of 0.92
(95% ClI: 0.71-1.20) for the subsequent increase in BMI and a RR of
0.78 (95% Cl: 0.53-1.13) for the subsequent decrease in BMI. The
estimates regarding remission of high efforts and low rewards were
similar (Table 3).
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When we excluded extreme values of BMI and further adjusted
the main analyses for mental health and smoking status, the results

remained the same as in the main analyses (results not shown).

4 | DISCUSSION
4.1 | Summary of findings

In this nationwide cohort study of workers in Denmark, ERI was not
associated with weight changes. The associations did not differ with
regards to sex or baseline BMI in stratified analyses. When in-
vestigating the onset and remission of ERI, and efforts and rewards,
and subsequent changes in BMI of 5% or more in a three-wave de-
sign, we did not find statistically significant associations. Of the two
components of ERI, high rewards at baseline were associated with a
lower risk of BMI increase of 5% or more at 2-year follow-up,
whereas high efforts at baseline were not associated with BMI at

follow-up.

4.2 | Comparison with previous studies

To our knowledge, this is the first study to investigate the pro-
spective association between ERI, efforts and rewards and BMI in a
nationwide occupational cohort. Previous studies have reported as-
sociations between ERI and increased BMI over a 10-year period in
812 Finnish workers from the metal industry®® and a small statisti-
cally insignificant association between ERI and increased BMI in a
small sample (n = 70) of Swiss service providers.>* These previously
reported associations were not supported in our data. However,
comparing our findings with findings of the previous studies should
be done with caution due to differences in the operationalization of
ERI, study populations, and sample sizes. For example, our sample
size was more than 10 times larger than the previous studies, %1
likely yielding more precise estimates.

Our analyses of the association between onset and remission of
ERI and subsequent changes in BMI were novel, as using observa-
tional data in an attempt to emulate the design of an experimental
study is a relatively new approach.®>’ With regard to ERI, we are
aware of only one study that previously examined the onset of ERI
and risk of subsequent musculoskeletal pain in Swedish workers,*?
but we are not aware of any study that used this approach in ana-
lyses on BMI or weight changes.

4.3 | Strengths and limitations

The main strength of the study is the use of a large population-based
sample of workers not restricted to specific job groups or type of
work. The large sample size of more than 9000 participants in the
two-wave analysis enabled us to test interaction effects between ERI

and sex, and ERI and baseline BMI in relation to changes in BMI at
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follow-up. Another strength of the study is the use of up to three
repeated measures and the application of different analytical ap-
proaches, including both a traditional prospective study with mea-
surement of ERI at baseline and change in BMI from baseline to
follow-up and a three-wave design, examining the association
between onset and remission of ERI and its components and sub-
sequent change in BMI. As these different types of analyses all
showed a lack of association between ERI and weight changes, we
are confident in the robustness of the results.

It may be considered a limitation that we used self-reported
height and weight, which may be prone to misclassification due to
social desirability.*> However, such misclassification is less likely to
have had a major impact on the results, since we used the relative
change in BMI based on a continuous variable rather than a cate-
gorical variable,”* although differential misclassification due to sea-
sonal weight fluctuations may be a potential concern.*”

Further limitations may apply to the three-wave design, where
we investigated the onset and remission of the exposures and sub-
sequent changes in BMI, thereby imitating the design of an experi-
mental study. Given that we were obviously unable to assign the
exposure at random, this may have introduced confounding by in-
dication, which would arise if, for instance, some underlying per-
sonality factors are associated with ERI and BMI. Further, with
biennial data collection, we were unable to determine the exact date
of onset and remission, respectively, and change in BMI.

Another concern regarding the interpretation of the results is
potential bias arising from selective nonresponse. We compared so-
ciodemographic characteristics between the study population and
nonrespondents and found some indications suggesting that our
analytical sample may not be representative of the general working
population in Denmark, in that participants in the analytical samples
were older, more often women, with higher education, more often
cohabiting and less often had a migration background. However,
whether this affected the results and thereby the generalizability is
unknown.

Finally, we acknowledge that there are numerous ways of de-
fining psychosocial work stressors*® and that our study was limited
to selected working conditions as described in the theoretical model
of ERI. In the conceptual framework of ERI, a hypothesized person-
ality aspect of “overcommitment” is assumed to amplify the detri-
mental health effects of ERI, in that people scoring high on
overcommitment may be especially vulnerable to the adverse effects

1.*” The aspect of overcommitment was, however, not

produced by ER
included in the analyses due to lack of measurement in WEHD, which
may be considered a limitation. We encourage future studies to in-
vestigate the aspect of overcommitment and the role of other psy-

chosocial working conditions for the risk of weight changes.

5 | CONCLUSION

In conclusion, our data indicate that ERI was not associated with

weight changes in the general working population. Of the two ERI



642

NORDENTOFT e AL

components, our results suggest that high rewards may be protective
for weight increase, whereas high efforts were not associated with
weight changes. Future studies may investigate ERI and weight
changes in other study populations, and using different analytical
approaches they may be able to clarify whether our results are

generalizable to other working populations.
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