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Objectives This systematic review and meta-analysis aimed to synthesize the available data on prospective asso-
ciations between work-related stressors and the risk of type 2 diabetes mellitus (T2DM) among adult workers,
according to the demand—control-support (DCS) and the effort-reward imbalance (ERI) models.

Method We searched for prospective studies in PubMed, EMBASE, Web of Science, Scopus, CINHAL and
Psychlnfo. After screening and extraction, quality of evidence was assessed using the ROBINS-I tool adapted
for observational studies. The effect estimates extracted for each cohort were synthesized using random effect
models.

Results We included 18 studies (reporting data on 25 cohorts) in meta-analyses for job strain, job demands, job
control, social support at work and ERI. Workers exposed to job strain had a higher risk of developing T2DM
when compared to unexposed workers [pooled rate ratio (RR) 1.16, 95% confidence interval (CI) 1.07-1.26].
This association was robust in several supplementary analyses. For exposed women relative to unexposed
women, the RR was 1.35 (95% CI 1.12-1.64). The RR of workers exposed to ERI was 1.24 (95% CI 1.08-1.42)
compared to unexposed workers.

Conclusions This is the first meta-analysis to find an effect of ERI on the onset of T2DM incidence. It also

confirms that job strain increases the incidence of T2DM, especially among women.

Key terms adult-onset diabetes; cohort study; demand—control; ERI; ROBINS-I; work stress.

Type 2 diabetes mellitus (T2DM) is a rapidly growing
health problem worldwide. The World Health Organiza-
tion estimates that from 1980 to 2014, worldwide T2DM
prevalence among adults rose from 4.7% to 8.5% (1).

Despite an overall increase in life expectancy over
the past decades, disability-adjusted life expectancy
has not kept up with this gain. Among the elderly, for
example, death is often preceded by years of chronic
disease (2). In this regard, T2DM currently occupies
fourth place among the conditions that most strongly
reduce disability-adjusted life years (2).

With the aim of reducing worldwide mortality from
chronic diseases by 25% by 2025, the World Health
Organization published the 2525 Global Action Plan

(3) which proposes to prevent the increase in the preva-
lence of T2DM through changes in dietary patterns and
physical activity. However, in addition to other major
guidelines (4, 5), that plan does not discuss the impor-
tance of factors related to the work environment. With
the rapid aging of the population, countries in Europe
and North America are putting in place incentives for
later retirement (6, 7). The population is therefore
exposed for a longer period to the work environment,
including work-related stressors, and it becomes even
more important to consider these as risk factors for
chronic diseases.

Work-related stressors are most frequently measured
by the demand—control-support (DCS) and effort-reward
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imbalance (ERI) models. In the DCS model, the combina-
tion of high psychosocial demands and low job control,
defined as job strain, is the most harmful to health (8). The
ERI model assumes that effort at work is spent as part of
a contract based on the norm of social reciprocity, where
rewards are provided in terms of money, esteem, and
career opportunities including job security. It proposes
that risks to health arise from a perceived breach of this
contract. The perception of this imbalance is affected by
personal coping characteristics (overcommitment) (9).

A body of evidence built in recent decades from
longitudinal studies in large cohorts of workers has
found that work-related stressors, defined according to
either of these models, are associated with a moderately
higher risk of cardiovascular disease and stroke (10).
However, the association between work-related stress-
ors and T2DM remains uncertain: while some studies
have found a positive association (11), others have not
(12, 13).

The two previous meta-analyses on prospective stud-
ies measured work-related stressors only according to
the DCS model (14, 15). The most recent meta-analysis
differs from the previous one with its inclusion of only
one additional study (16). Including this extra study led
to observing a significant effect of job strain on T2DM
incidence [relative risk 1.16, 95% confidence interval
(CI) 1.03-1.31], while the previous meta-analysis had
not seen a significant effect (relative risk 1.12, 95% CI
0.95-1.32). This instability casts doubt on the robustness
of the findings and warrants further investigation. It is
noteworthy that both these meta-analyses are strongly
driven by a single aggregated cohort study (11), further
decreasing the robustness of the findings.

Here, we have evaluated the risk of bias separately for
each cohort using the Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool (17) adapted for
occupational studies (18). The separate evaluation avoids
giving any single published study too much weight and
avoids counting the same participants more than once
when they appear in several published studies.

Furthermore, we included original studies published
very recently that have not yet been incorporated into
any previous reviews (13, 19, 20). Specifically, enough
studies have now been published using the ERI model
that we are able to present the first meta-analysis using
this model.

Methods

This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) (21)
and the Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) reporting guidelines (22).
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Inclusion and exclusion criteria

Eligibility criteria. Studies were eligible if they were (i) pub-
lished after 1979 [the date of the first publication using the
oldest validated theoretical model considered in this sys-
tematic review (DCS)] (23); (ii) measured the exposure
using at least one of the two work-related stressor models
considered, and (iii) measured the incidence of T2DM.

Population

The target population of this systematic review included
all adult male and female workers. To avoid reverse
causality bias, studies involving only sick participants
were not considered. Furthermore, studies on pregnant
women were excluded because of pregnancy-related
traits that may confound the association between work-
related stressors and T2DM.

Exposure

All dimensions of the DCS or ERI models were consid-
ered: psychological work demands, job control, social
support (from colleagues and/or supervisors) as well as
efforts, rewards at work and overcommitment. Combi-
nations of these dimensions were also considered: job
strain (high psychological demands combined with low
control), iso-strain (job strain combined with low social
support) and ERI (ratio between efforts and rewards).

Comparator

The comparison group had to be from the same study
population and a group of workers exposed to the lowest
category of the work-related stressors mentioned above.

Outcomes

The types of incident T2DM considered included clini-
cal measurements [blood glucose, blood insulin, gly-
cated hemoglobin or Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR)]; physician-certified or
from administrative data (physician services or medica-
tion); and self-reported.

Study design

To avoid the possibility of introducing recall bias and
reverse causality, only original studies with prospective
design were considered, specifically cohort and nested
case—control studies. There was no restriction on the
minimum follow-up time.



Data sources and search strategy

The first author identified articles on 14-20 February
2019 through PubMed (NCBI), EMBASE, PsycINFO
(Ovid), Web of Science, CINAHL (EBSCOhost), and
Scopus (Elsevier). On 12—-14 April 2021, the searches
were updated for PubMed and Web of Science. The
reference lists of all eligible studies were also consulted.

For each database, five sets of keywords were used
referring to (i) population (workers); (ii) exposure (fac-
tors of the DCS and ERI models); (iii) concepts and
terms that refer to both population and exposure (eg,
“work stress”); (iv) outcome (synonyms for T2DM);
and (v) prospective study design. The original search
was not restricted by date of publication, language nor
country of origin. The complete search strategy is avail-
able in the supplementary material, https://www.sjweh.
fi/article/3987, table S1.

Selection process

As a pilot, two researchers independently reviewed
papers published only between 2014 and 2019. Com-
parison of divergences was used to clarify eligibility
criteria. Using these criteria, titles and abstracts of all
papers were evaluated for potential relevance. At this
stage, a concordance rate (Cohen’s kappa coefficient) of
0.713 between two reviewers was calculated. Then, each
of the reviewers read the full text of any publication con-
sidered by either of them to be “relevant” or “potentially
relevant” based on titles and abstracts. When articles
could not be accessed, efforts were made to obtain them
through the Laval University library or by contacting the
authors directly. During full-text screening, potentially
relevant articles were read in English, Portuguese, Span-
ish, German or French. A final consensus decision on
inclusion was made based on the full text.

Data collection and evaluation of risk of bias

To maintain homogeneity and reliability of data extrac-
tion, a codebook with definitions of the values to be
extracted was constructed. Numeric values and com-
ments on the study population and design, the definition
and prevalence of work-related stressors and of T2DM,
the type of analysist — including the covariates used —
and estimates of the effect measures [odds ratio (OR) or
hazard ratio (HR)] with 95% confidence intervals (CI)
were extracted from each eligible study by two trained
and independent reviewers (table 1).

To assess the strength of the evidence for each study,
we applied the ROBINS-I tool (17), recently adapted by
Duchaine et al (18) for prospective occupational obser-
vational studies (supplementary text 1). For each study,
two independent and blinded reviewers evaluated five
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bias domains: (i) confounding, (ii) selection of partici-
pants into the study, (iii) classification of interventions,
(iv) missing data, and (v) measurement of outcomes.
In each domain, the risk of bias was graded as “low”,
“moderate”, “serious” or “critical”. However, following
the adapted ROBINS-I tool, the risks of confounding
bias and bias for selection at study entry were never
considered low (18).

Studies that used clinical criteria for diagnosing
T2DM that deviated from the official American Associa-
tion for Diabetes or World Health Organization guide-
lines (4, 24) were considered to have a critical risk of
bias in measurement of outcomes.

Meta-analysis

For meta-analyses, when studies reported estimates
of risk in more than one cohort, the results for each
individual cohort were used. Among different risk esti-
mates for the same exposure measure in one cohort, we
gave preference to those that reported HR and those
that used dichotomized exposure. On the other hand,
whenever there was more than one publication that esti-
mated an effect from the same kind of exposure in the
same cohort, we used only the one that had the highest
average follow-up or the most collection waves. The
estimates for job strain by quadrants published in a note
by Kivimaiki et al (25) were evaluated together with the
original publication (11). For each exposure scale, the
choice of the most appropriate model was made based
on adjustment at least for sex, age and socio-economic
status (eg, education, occupation type, income), and the
absence of adjustment for possible mediating variables.

Results are shown for whole populations and male
and female subjects separately. When incidence esti-
mates were available, HR and OR were transformed to
rate ratios (RR) (26), but only if this could be done for
all cohorts in a given meta-analysis. In order to convert
HR into RR, it was necessary to first estimate r,, the
rate of incidence of diabetes among the non-exposed,
from the overall rate of incidence of diabetes r, from
the proportion of unexposed subjects, p, and exposed
subjects, p,, and from the HR as

ro=r/ (p, + p; HR)
RR were then estimated as:
RR=(1-HR-n(1-10)) / s
Analogously, the cumulative incidence of cases of dia-

betes at the end of a study, f;, was estimated from the
overall cumulative incidence, f, as

Jo=f1 (o + pi OR).
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Table 1. Characteristics and results of the 21 studies. [BJSQ=Brief Job Stress Questionnaire; ERI=¢effort-reward imbalance; FPG=fasting plasma
glucose; FU=follow up; JCQ=job control questionnaire; NI=not informed; OGTT=oral glucose tolerance test; PB=participation at baseline;
PCE=prevalent cases excluded; Pl=proportion included.]

Study Population characteristics ~ Work-related stressors Diabetes Analyses / Results
and country Years of FU Measurement time cases (%) Model
Type of workers Tool PCE: Yes/No/Unclear
N analyzed/ eligible Exposed fraction Covariates
Nwomen/men Results
Eriksson etal, 2013 Baseline: 1992-1994 (men) Exposure at baseline, JCQ OGTT level: Logistic regression, OR (95% CI)

(43)
Sweden

(SDPP)

Garbarino et al,
2018(34)
Italy

Gilbert-Ouimet et al,
2021(13)
Canada

(CCHS)

Heraclides et al,
2009 (38)
United Kingdom

(Whitehall 1)

Heraclides et al,
2012 (39)
United Kingdom

(Whitehall 1)

Hinoetal,
2016(32)
Kanto
Japan

or 1996-1998 (women)
FU:8-10y
Middle-aged workers:
4580/7949

PB: 72%, P1:80%
3205/2227

Mean age: 47.4y

Baseline: 2009, FU: 5y,
Police (men)
2341294

PB: 99%, PI: 80%
Mean age: 41y

Baseline: 2009

FU: 13.5y,

Workers: 12896 / NI
PB: 63%, PI: 95%
6148/6749

Mean age: 41y

Baseline: 1991-1993

FU 15y,

Workers: 5895/10 308

PB: 73% (Heraclides 2012),
PI182%

1729/ 4166

Mean age: 48y

Baseline: 1991-1993
FU: 18y

Workers: 5138/10308
PB: 73%, PI 72%
1449/3689

Mean age: 49y

Baseline: 2008 and 2011
FU: 3y

Male workers: 1815/
29586

PB: 21%, Pl 43%

Age: 235y

Demands: 5 items

Job control: 5 items
Social support: 2 items
22% high strain quadrant

Repeated exposure
JCQ: Demands: 5 items;
Job control: 6 items;
Social support: 6 items
89% job strain

ERI: Effort: 6 items;
Reward: 11 items

13% high ERI

Exposure at baseline
JCQ: Demands: 2 items;
Job control: 5 items

? 36.3%, ¢ 26.1% all
Highest job strain tertiles

Exposure at baseline
JCQ: Demands: 4 items;
Job control: 15 items;
Social support: 6 items
High demands:

353%, Q47%, all 51%
Low control:

344%, 267%, all 51%
Low support:

333%, 934%, all 33%
Job strain:

3 24%, ©30%, all 25%
Isostrain:

3 1%, 214%, all 12%

Exposure at baseline
JcQ

Demands: 4 items
Job control: 15 items
Job strain:

[125%, 032%, all 27%

2 waves exposure: BJSQ
Demands: 3 items
Job control: 3items

Social support: 3 items each

colleagues resp.
supervisor:

Demand increase: 9%
Control increase: 14%
SSsupervisor incr.: 12%
Coll. supportincr.: 12%
Job strainincr.: 9%

171 cases (3%)
149 casesinN
analyzed
(3.2%)

FPG>100 mg/dL (5.6
mmol/L).
3 cases (1.3%)

Administrative data,
hospital records or
two physician service
claims

OGTT level and
self-report
308 cases (5.2%)

OGTT level and self-
report
927 cases (18%)

FPG, HbA1c, and
immuno-reactive
insulin (IRI) levels
(2.5 on HOMA-IR)
136 cases (7.5%)

PCE: Yes, but N unknown

Age, sex, educational level, psychological distress
Demands: 0.7 (0.5-1.1)

Low job control: 1.2 (0.8-1.9)

Job strain tertiles: 1.6 (1.0-2.6)

High vs. Low strain: 0.8 (0.5-1.3)

Logistic regression, OR (95% Cl)

PCE: Yes

Age, education, origin, marital status, housing and
presence of offspring

High combine stress: 6.36 (0.56-72.45)

Cox regression model, HR (95% CI)

PCE: Yes

Stratified by or controlled for sex, age, marital status,
children under 12 in the house, born in Canada, eth-
nicity, living location, immigration status, survey year,
self- reported, chronic diseases, work hours, interview
method and activity restrictions at work.

& high strain: 0.93 (0.69-1.27)

Q high strain: 1.23(0.86-1.77)

Cox regression model, HR (95% Cl)
PCE: Yes

Stratified by sex, controlled by age.
Demands:
4:106/2.222,0.82(0.63-1.07)
©:40/756, 1.06 (0.70-1.62)

All: 146/2.978,0.88 (0.70-1.10)
Job control:

48411846, 0.86 (0.66-1.13)
©:63/1171,1.09 (0.70-1.69)
All: 147/3017,0.94(0.75-1.18)
Social support:
4:69/1377,1.0(0.75-1.33),
©:31/585, 1.08 (0.70-1.67)
All: 100/1962, 1.02 (0.81-1.30)
Job strain:

4431987, 0.82 (0.59-1.15)
©:35/512, 1.59 (1.03-2.45)
All: 78/1499, 1.04 (0.80-1.34)
Iso-strain:

4 25/475,1.07 (0.71-1.63)
:20/24,1.94(1.17-3.21)

All: 45/716, 1.33(0.97-1.83)

Cox regression model, HR (95% CI)

PCE: Yes

Stratified by sex, controlled by age, employment grade,
diet pattern, alcohol consumption, physical activity,
smoking status, systolic blood pressure, triglycerides,
high-density lipoprotein

cholesterol

4:389/3.689, high strain: 0.80 (0.63-1.02)
Q:151/1.449, high strain: 1.37 (0.98-1.92)

Logistic regression, OR (95% Cl)

PCE: Yes

Age, marital status, occupational characteristics (job
department, employment position and occupation
Demands increase: 0.45 (0.19-1.03)

Job controlincrease: 0.59 (0.31-1.12)

Colleagues support increase: 0.86 (0.48-1.56)
Supervisor support increase: 0.65 (0.33-1.28)

Job strain increase: 0.56 (0.25-1.22)
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Table 1. Characteristics and results of the 21 studies. [BJSQ=Brief Job Stress Questionnaire; ERI=effort-reward imbalance; FPG=fasting plasma
glucose; FU=follow up; JCQ=job control questionnaire; NI=not informed; OGTT=oral glucose tolerance test; PB=participation at baseline;
PCE=prevalent cases excluded; Pl=proportion included.]

Study
and country

Population characteristics

Years of FU

Type of workers

N analyzed/ eligible
Nwomen/men

Work-related stressors
Measurement time
Tool

Exposed fraction

Diabetes
cases (%)

Analyses / Results
Model

PCE: Yes/No/Unclear
Covariates

Results

Huth et al,
2014 (30)
Germany

(MONIKA/KORA)

Kawakami et al,
1999 (35)
Japan

(Electrical)

Kroenke et al, 2007
(12)
USA

(NHS 1)

Kumari et al,
2004 (36)
United Kingdom

(Whitehall 1)

Mortensen et al,
2017(29)

France
(GAZEL)

Sweden
(SLOSH)

United Kingdom
(Whitehall 1)

Mutambudzi et al,
2016 (40)
USA

(HRS)

Mutambudzi etal,
2018(37)
USA

(HRS)

Norberg et al, 2007
(33)

Sweden
(VIP)

Baseline: 1984-1994
FU: 12,7y

Workers: 5337 /17 438

PB: 75%, P1 73%
1986/3351
Mean age: 43.9y

Baseline: 1984
FU: 8y

Male workers: 2194/ 3862

PB:92%, P1:77%
Range: 18-60y

Baseline: 1993, FU 6y
Women nurses:
625747116 608
PB:75%, PI: 73%
Mean age: 38.8y
Range: 29-46y

Baseline: 1992-93, FU 5-6y

White-collar workers:
8386/10308
PB:73%, P182%
2579/5807

Baseline: 2000 (GAZEL),

2006 (SLOSH),

1991-1994 (Whitehall I1)

FU10y

White-collar workers:
GAZEL: 6572/ 20625
SLOSH: 7590/40877

Whitehall: 7081/10308
PB: 45% (GAZEL), ~39%
(SLOSH), 73% (Whitehall 1)

PI: 51% (GAZEL), 46%

(SLOSH), 77% (Whitehall I1)

8710/12533
Range: 46-55y

Baseline: 2006 FU: 7y

Middle- and older-aged

workers:
1396/18 469
PB: 74%, PI:19- 50%

Mean age: 58 y range 250

Baseline: 2006 FU: 7y

Middle- and older-aged

workers

1932/18 469

PB: 74%, Pl: 24-59%
1041/894

Mean age: 61y range =50

Baseline: 1989-2000,
FU: 12y

Nested case-cohort
workers

191 cases, 393 controls

PB 52%, PI: NA
240/344

Range: 40 or 50 or 60 y at

baseline

Exposure at baseline
Adaptation of JCQ
Demands: 5 items
Job control: 6 items
High strain: 19%

Exposure at baseline
Adaptation of JCQ
Demands: 1 question

Job control: 1 question

Support: 1 question
Job strain: 10%
Low support: 19%
Exposure at baseline
JCQ, 27 items

High strain: 20%

Exposure at baseline
JcQ
Demands: 4 questions

Job control: 15 questions

Support: 6 questions

ERI (proxy, no information on
the number of items per dimen-
sion) high effort, low reward

Fraction NI

Exposure at baseline
JeQ

Demands:5 items
Job control: 6 items
Support: 2 items
High strain 22%
Low support 36%

Exposure at baseline
JCQ-like

Demands: 3 items
Job control: 3items
High strain 11%

Exposure at baseline
ERI

Effort: 2 items
Reward: 5 items

ERI 25%

Exposure at baseline

JCQ Demands+ Job control:

10items
High strain: 11%

Self-reported and the
date of diagnosis vali-
dated by hospital
291 cases (5.5%)

FPG 2110 mg/dl
+oral glucose
tolerance test
34 cases (1,5%)

Self-reported, high
confirmation rate,
365 cases (5.8%)

OGTT level and self-
report
3611 cases (4.3%)

Self-reported
complemented with
OGTTand FPG
1058 cases (433;
208; 417 resp)
(5.0%)

Self-reported
167 cases (11.5%)

Self-reported
288 cases (11.8%)

Administrative data
191 cases

Cox proportional hazard model, HR (95% Cl)

PCE: Yes

Age, sex, baseline survey, education and physical in-
tensity work

Job strain: 1.24 (0.93-1.65)

High vs. low strain: 1.43 (1.00-2.06)

Cox proportional hazard model, HR (95% Cl)

PCE: Yes

Age, education, BMI, alcohol, consumption, smoking,
leisure time, physical activity, family history

Job strain: 1.34(0.50-3.55)

Low social support: 1.27 (0.58-2.79)

Cox proportional hazard model, HR (95% Cl)
PCE: Yes

Age

High strain: 1.13(0.84-1.51)

Logistic regression, OR (95% Cl)

PCE: Yes

age, length of follow-up, employment grade, ethnic
group and ECG abnormalities

Demands: &' 1.11(07-1.7), ©:0.59 (0.3-1.2)

Job control: 40,77 (0.5-1.2), ©: 0.82 (0.4-1.6)
Support: £ 0.80(0.5-1.1), 9: 1.20(0.7-1.9)

ERI highest vs lowest category: 4 1.71(1.0-2.8),
©:0.92(0.4-1.9)

Logistic regression OR (95% Cl)
PCE: Yes

Age, sex, marital status, occupation and sub-cohort
High job strain:

GAZEL: 1.24(0.93-1.64)
SLOSH: 0.96 (0.65-1.41)
Whitehall: 0.93(0.70-1.22)
Low support:

GAZEL: 1.07 (0.85-1.35)
SLOSH: 1.26 (0.93-1.69)
Whitehall: 1.27 (0.99-1.64)

Cox proportional hazard model, HR (95% Cl)

PCE: Yes

Adjusted for body mass index, physical activity, educa-
tion, race, gender, alcohol use, average work hours/
week, occupational category, marital status, insurance
coverage, and hypertension. Low strain was treated as
the referent category.

High strain vs low strain: 1.73 (1.09-2.75)

Cox proportional hazard model, HR (95% Cl)
PCE: Unclear

Age, sex, race, education, marital status
ERI: 1.18(0.94-1.48)

Logistic regression, OR (95% Cl)
PCE: Yes

Matched by age, sex and survey year
High strain vs low strain:
41.00(0.5-2.00), € 2.8(1.1-7.6)

Continues
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Table 1. Characteristics and results of the 21 studies. [BJSQ=Brief Job Stress Questionnaire; ERI=effort-reward imbalance; FPG=fasting plasma
glucose; FU=follow up; JCQ=job control questionnaire; NI=not informed; OGTT=oral glucose tolerance test; PB=participation at baseline;

PCE=prevalent cases excluded; Pl=proportion included.]

Study Population characteristics ~ Work-related stressors Diabetes Analyses / Results
and country Years of FU Measurement time cases (%) Model
Type of workers Tool PCE: Yes/No/Unclear
N analyzed/ eligible Exposed fraction Covariates
Nwomen/men Results
Nordentoft et al, Baseline: 2012, 2014, 2016 Exposure at baseline Administrative data ~ Cox proportional hazard model, HR (95% CI)
2020(20) FU2.7y ERI 347 cases PCE: Unclear
Denmark Active general population: ~ Effort: 6 items (0.69%) sex, age, cohabitation, young children in the house-
(WEHD) 50552/115564 Reward: 5 items hold, SES, migration background, survey year and
PB: 54%, PI 97% ERI 25% sample method
26378/26378 Dichotomic ERI: both sexes 1.27 (1.02-1.58)
Range: 30-64y Continuous ERI: both sexes 1.09 (0.98-1.21), &' 1.09
(0.95-1.25), © 1.08(0.93-1.26)
Nyberg et al, Baseline: 1986-2008, Exposure at baseline Depending on the Cox proportional hazard model, HR (95% CI)
2014(11) 13 individual studies, JCQ harmonized individual studies: PCE: Yes
Europe FU: 23y Demands: 2-6 items Self-reported, OGTT  Age, sex, occupational title
(IPD-Work) Workers: 124 808/ NI Job control: 5-6 items and administrative Dichotomous job strain: 1.15 (1.06-1.25)
PB: 41-82%, PI: 53-98% Job strain 16% records High strain vs. low strain (supplementary results pub-
70802/54006 3703 cases (3.0%) lished separately in (25)): 1.13(1.02-1.25)
Mean age: 49y
Panetal, Baseline: 2001-2004, Exposure during work life Self-reported or Logistic regression, OR (95% Cl)
2017(16) FU: 3yfor>78yearsand 6y JCQ-Matrix administrative data ~ PCE: Yes
Sweden for <78 years old Demands: 2 items or HbA1c >6.4% Age, sex, educational level, follow-up time
(SNAC-K) Retired workers: 2719/ Job control: 12 items 154 cases (5.7%) Job strain: 1.60(1.07-2.39)
3363 Median score for each type of
PB: 73%, PI: 88% occupation
1756/963 Job strain 21%
Mean age: 49y
Smithetal, Baseline: 2000-2001, FU  Exposure at baseline Administrative data  Cox proportional hazard model, HR (95% Cl)
2012(31) 10y JCQ-like 639 cases (8.7%) PCE: Yes
Canada Workers Demands: 2 items Age, immigration status, ethnicity, marital status, urban
(CCHS) T443INI Job control: 5 items orrural living location, education, heart disease at
PB: 84% NI, PI: 89.6% Support: 3items baseline, hypertension at baseline, depression at base-
3752/3691 Low demands: line, activity limitations at work due to health problems,
range: 35-60 & 23%, ? 18%. and other work variables (shift schedule, weeks worked,
Low job control: multiple jobs, physical activity at work).
34 20%, 226%. Low demands (4t quartile):
Low support: 4:0,72(0.45-1.14), © 0.75(0.43-1.33),
318%, 218% Low control (4™ quartile):
3:0,84(0.48-1.45), © 2.17(1.23-3.83)
Low support (4"quartile):
4:1.19(0.68-2.10), © 0.43(0.23-0.82)
Souza Santosetal, Baseline:2008-2010, FUy  Exposure at baseline HbA1c 26.5% Logistic regression, OR (95% Cl)
2020(19) Workers civil servants DCS, ERI 167 cases (2.2%) PCE: yes
Brazil 7503/52137 Demands: 5 items Age, schooling level, weekly workload, work shift.
(Elsa-Brasil) PB: 29%, PI: 86% Job control: 6 items Most unfavorable tertile vs. most favorable tertile.
3998/3505 Support: 6 items High demands:
Mean age: 52y Effort: 6 items 31.22(0.66-2.27), 92.41(1.30-4.50)
range: 35-74 Reward: 10 items Low job control:
All measures for tertiles. 20.95(0.51-1.77), 0.64 (0.34-1.18)
High job strain: High job strain:
©39.1% & 28.8% 41.02(0.59-1.76), ©1.77(0.98-3.19)
Low SS: Low support:
©36.2% & 30.4% 31.29(0.69-2.40), 21.93(0.96-3.87)
Iso-strain: High effort:
924.9% 3 16.7% 31.140.64-2.04), 21.17(0.68-2.01)
High effort/reward: Low reward:
Q37.13 32.6% 40.96 (0.55-1.68), ©1.76 (1.03-2.99)
High Overcommitment: High effort/reward:
©31.93 29.6% 41.08(0.62-1.88), ©1.36 (0.81-2.29)
High Job strain + ERI: High Overcommitment:
925.7% 3 16.7% 40.81(0.44-1.49), ? 1.46 (0.80-2.63)
High Job strain + ERI:
40.92(0.49-1.75), © 2.10(1.20-3.65)
Toker etal, Baseline: 2003 and 2008 Exposure at baseline FPG 2126 mg/dLor  Logistic regression, OR (95% Cl)
2012 (43) FU: 8y JCQ-like HbA1c > 6.5% or PCE: Yes
Israel 5843/12754 Demands: 6 items Self-reported Age, sex, education, follow-up time, family history, LDL,
PB: 92%, PI 55% Job control: 7 items 182 cases (3,1%) body mass index, systolic pression, triglycerides, smok-
NI Social support: 8 items ing, physical activity, depression

Mean age: 48y

Fractions NI
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High demands: 0.98 (0.83-1.15)
Low job control: 1.05 (0.85-1.29)
Low support: 0.79 (0.62-0.99)
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Table 1. Characteristics and results of the 21 studies. [BJSQ=Brief Job Stress Questionnaire; ERI=effort-reward imbalance; FPG=fasting plasma
glucose; FU=follow up; JCQ=job control questionnaire; NI=not informed; OGTT=oral glucose tolerance test; PB=participation at baseline;

PCE=prevalent cases excluded; Pl=proportion included.]

Study Population characteristics ~ Work-related stressors Diabetes Analyses / Results
and country Years of FU Measurement time cases (%) Model
Type of workers Tool PCE: Yes/No/Unclear
N analyzed/ eligible Exposed fraction Covariates
Nwomen/men Results
Yamaguchi et al, Baseline: 2012-2013 Repeated exposure in two FPG 2100 mg/dL Logistic regression, OR (95% Cl)
2018(41) FU:3y waves 64 cases (6.8%) PCE: Unclear, exclusion of subjects with metabolic
Japan 1040/ 2828 JCQ-like syndrome
(Furukawa Nutrition PB: 76%, Pl 56% Demands: 5 itqms age, sex, site, family structure, mgrital status, occu-
and Health Study) 115/925 Job control: 9 items pational category, work status, night or rotating shift
Mean age: 42y Social support: 8 items work, work-related physical activity, leisure-time physi-
Range:19-68 Job strain increase: 16% cal activity, smoking, alcohol drinking, sleep duration,

quality of sleep, energy intake, and each component of
metabolic syndrome at baseline.
Job strain increase: 3.86 (1.77-8.38)

RR were then estimated from odds ratios (OR) as
RR=OR /(1 —f, + f;  OR)

For each form of exposure, we estimated its combined
effect on the incidence of T2DM from the individual
studies using random effects meta-analyses and assessed
heterogeneity with the 12 statistic and the Cochran Q-test
(7?). Supplementary analyses were done on subgroups
defined by effect measure and by overall risk of bias.
All calculations were performed using the R library meta
(27, 28) at a significance level of P<0.05. Forest plots
and funnel plots were generated by the same library.

Results

We found a total of 2479 potentially eligible citations, and
113 studies were retained for full text reading (supple-
mentary figure S1). Finally, data from the 21 publications
that met our criteria were extracted for systematic review
(table 1), quality assessment (table 2) and meta-analysis.

Systematic review

Regarding population characteristics, almost all stud-
ies were conducted in high-income countries, with one
exception (Brazil) (19). In addition to the populations of
large, well-known cohorts, such as GAZEL, Whitehall
I, SLOSH (11, 29), MONIKA (30), CCHS (13, 31),
among others, this review also included a variety of
cohorts composed of healthcare workers (12, 32, 33),
police officers (34), factory workers (35), civil servants
(19, 36), and workers >60 years (16). The average age
of participants at baseline was 35-73 years and mean
follow-up durations were 2.7-13.5 years.

Among the 21 studies included in the systematic
review, 19 measured work-related stressors according
to the DCS. The ERI model was included in 3 studies
(19, 34, 36), while 2 defined work-related stressors
exclusively according to the ERI model (20, 37). Within
the DCS framework, 14 studies used categorical or
continuous job strain as exposure (11-13, 16, 19, 29,
30, 32-35, 38-41), 7 used high psychosocial demands
and low control (19, 31, 32, 36, 38, 42, 43) and 8 used
low social support at work (19, 29, 31, 32, 36, 38, 43,
44). Iso-strain was used in 2 studies (19, 38). Within
the ERI framework, all 4 studies used categorical or
continuous ERI as exposure, and only 1 (19) also used
overcommitment.

T2DM was defined by three types of measures: (i)
diagnosed by clinical tests of fasting plasma glucose,
glucose tolerance or glycosylated hemoglobin (19, 32,
34, 41, 42); (ii) health system administrative records
(13, 20, 31, 33); or (iii) self-reported through questions
like “Has a doctor ever told you that you have diabetes
or high blood sugar?” (37, 40). Nine studies used com-
binations of these three measurements (11, 12, 29, 30,
36, 38, 39, 43, 45). While all studies excluded prevalent
cases from analyses, in one study exclusion was based
on metabolic syndrome, not T2DM (41).

Quality assessment

We assessed the quality of evidence according to the five
criteria of ROBINS-I (17). Summaries of the evaluation
of each study in each domain can be found in supple-
mentary text 2.

Regarding confounding bias, 18 out of 21 studies
adjusted for the potential confounding covariables sex,
age and some indicators of social status. However,
only 8 studies were classified as having the lowest pos-
sible risk of confounding bias for observational studies
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Table 2. Quality evaluation of prospective studies on psychosocial work factors and diabetes according to Risk Of Bias In Non-randomised Studies-
intervention tool (ROBINS-I adapted) criteria. [DC=demand-control; ERI=effort-reward imbalance

Study Risk of biasdueto  Biasin selection Bias in classification of exposure Risk of bias  Risk of biasin Highest
confounding of participants due to missing measurement risk of bias
into the study data of outcomes
Eriksson et al, 2013 (42) Serious Serious Moderate Moderate Low Serious
Garbarino etal, 2018 (34) Serious Moderate Serious Moderate Critical Critical
Gilbert-Ouimet et al, 2021 (13) Serious Serious Serious Low Low Serious
Heraclides et al, 2009 (38) Serious Serious Moderate Moderate Moderate Serious
Heraclides et al, 2012 (39) Serious Serious Moderate Serious Moderate Serious
Hino etal, 2016 (32) Moderate Critical Moderate Critical Critical Critical
Huth etal, 2014 (30) Moderate Serious Low Serious Moderate ~ Serious
Kawakami et al, 1999 (44) Serious Moderate Serious Serious Moderate Serious
Kroenke et al, 2007 (12) Moderate Serious Low Serious Moderate Serious
Kumari et al, 2004 (36) Serious Serious DC (moderate); ERI: (serious) Moderate Moderate ~ Serious
Mortensen et al, 2017 (29) - GAZEL Moderate Critical DC (low), social support (serious) Critical Serious Critical
Mortensen et al, 2017 (29) - SLOSH Moderate Critical DC (low), social support (serious) Critical Moderate  Critical
Mortensen et al, 2017 (29) -Whitehall ~ Moderate Serious DC (moderate), social support (serious) ~ Serious Moderate Serious
Mutambudzi et al, 2016 (40) Critical Serious Serious Critical Serious Critical
Mutambudzi et al, 2018 (37) Moderate Serious Serious Critical Serious Critical
Norberg et al, 2007 (33) Serious Critical Low Moderate Low Critical
Nordentoft et al, 2020 (20) Moderate Serious Moderate Low Low Serious
Nyberg etal, 2014 (11) -COPSOQ-I Moderate Serious Serious Low Low Serious
Nyberg et al, 2014 (11) -COPSOQ-II Moderate Critical Serious Moderate Moderate Critical
Nyberg et al, 2014 (11) -DWECS Moderate Serious Serious Low Low Serious
Nyberg etal, 2014 (11) - FPS Moderate Serious Serious Low Moderate ~ Serious
Nyberg et al, 2014 (11) - GAZEL Moderate Critical Low Serious Serious Critical
Nyberg etal, 2014 (11) -HeSSup Moderate Critical Low Serious Moderate  Critical
Nyberg et al, 2014 (11) - IPAW Moderate Serious Serious Low Moderate Serious
Nyberg et al, 2014 (11) -PUMA Moderate Serious Serious Low Low Serious
Nyberg et al, 2014 (11) -SLOSH Moderate Critical Low Serious Moderate  Critical
Nyberg et al, 2014 (11) - Still Working  Moderate Serious Serious Low Low Serious
Nyberg et al, 2014 (11) -Whitehall Il Moderate Serious Moderate Moderate Moderate Serious
Nyberg etal, 2014 (11) - WOLF N Moderate Moderate Low Low Moderate ~ Moderate
Nyberg etal, 2014 (11) - WOLF S Moderate Moderate Low Low Moderate Moderate
Panetal, 2017 (16) Moderate Serious Serious Moderate Moderate Serious
Smith etal, 2012(31) Serious Moderate Serious Moderate Low Serious
Souza Santos et al, 2020 (19) Serious Critical Low Moderate Low Critical
Toker etal, 2012 (43) Serious Moderate Moderate Serious Moderate ~ Serious
Yamaguchi et al, 2018 (41) Serious Serious Moderate Serious Critical Critical

(moderate) (11, 12, 16, 20, 29, 30, 32, 37), since the
others additionally adjusted for variables that potentially
mediate the association between work-related stressors
and T2DM (13, 19, 31, 36, 39-44).

With respect to the selection of participants, six
cohorts in five studies were considered to have a mod-
erate risk of bias (80-100% participation rate) (11, 31,
34, 35, 43). Twenty estimates were classified at serious
(54-76% participation rate) (11-13, 16, 20, 29, 30, 36,
38, 39, 41, 42) and nine at critical risk of selection bias
(21-59% participation rate) (11, 19, 29, 32, 33).

With regard to work-related stressors, 11 cohorts in
six studies had a low risk of exposure classification bias
because they used validated instruments (11, 12, 19, 29,
30, 33), while the others used instruments that had not
been validated or only partially validated.

Regarding the outcome, the cohorts in most studies
had a low-to-moderate risk of bias. Four cohorts had
serious risk (11, 29, 37, 40), and in three studies (32,
34, 41), there was a critical risk of misclassification:
defining diabetes at a cut-off of 100 mg/dl (5.6 mmol/L)
fasting plasma glucose would also include patients with
pre-diabetes and insulin resistance.

12 Scand J Work Environ Health 2022, vol 48, no 1

Regarding missing data bias, 20 cohorts in 11 studies
had a low-to-moderate risk of bias, ie, 1-20% missing
data (11, 13, 16, 19, 20, 31, 33, 34, 36, 38, 42).

Altogether and according to the definition of the
adapted ROBINS-I tool (table 2), for 2 of the 35 pub-
lished estimates, the highest risk of bias in any domain
was moderate and for 20, it was serious. For the other
13 estimates, the highest risk was critical.

Results of meta-analyses for job strain

Altogether, 28 cohorts from 21 studies met our inclusion
criteria. Meta-analyses were performed whenever there
were at least three independent risk estimates for the
same type of exposure measure; therefore, 25 cohorts
from 18 studies were used in meta-analyses. For job
strain, we used the individual estimates from each of
the 15 cohorts that had no critical risk of bias in any
domain (figure 1A). Estimates published by Heraclides
et al (38), Heraclides et al (39) and Mortensen et al (29)
refer to populations also reported by Nyberg et al (11),
but with shorter follow-up durations. They were there-
fore disregarded. According to the summary estimate,
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Risk Ratio Risk Ratio
Study log RR SE Weight IV, Random, 95% CI IV, Random, 95% CI
A. Both sexes .
Eriksson 2013 -0.21 0.2367 2.9% 0.81][0.51, 1.29] —-jt
Gilbert—Ouimet 2021 0.06 0.1153 12.1% 1.06[0.85, 1.33]
Huth 2014 0.21 0.1384 8.4% 1.23[0.94, 1.61] e
Kawakami 1999 (M) 0.29 0.4905 0.7% 1.33[0.51, 3.48]
Kroenke 2007 (F) 0.12 0.1496 7.2% 1.13[0.84, 1.52] —T#—
Nyberg—COPSOQ-I 2014  0.05 0.3791 1.1% 1.05[0.50, 2.21] —'—
Nyberg—-DWECS 2014 0.43 0.2889 1.9% 1.53[0.87, 2.70] S+
Nyberg-FPS 2014 0.16 0.0759 28.0% 1.17[1.01, 1.36] -.
Nyberg-IPAW 2014 0.44 0.3117 1.7% 1.55][0.84, 2.86] —T——
Nyberg-PUMA 2014 0.31 0.5085 0.6% 1.36[0.50, 3.68]
Nyberg-Still Working 2014  0.12 0.0988 16.5% 1.13[0.93, 1.37] L=
Nyberg-Whitehall Il 2014 0.31 0.4106 1.0% 1.36[0.61, 3.04] —
Nyberg-WOLF N 2014 0.24 0.2873 2.0% 1.27][0.72, 2.23] —r—
Nyberg-WOLF S 2014 0.09 0.1188 11.4% 1.09[0.86, 1.38] ——
Pan 2017 0.44 0.1862 4.6% 1.55[1.08, 2.23] ——-—
Total (95% Cl) 100.0% 1.16 [1.07, 1.26] *
Heterogeneity: Tau® = 0; Chi® = 8.18, df = 14 (P = 0.88); I = 0% ' ' ' '
Test for overall effect: Z=3.71 (P <0.01) 0.2 0.5 1 2 5
B. Men
Eriksson 2013 -0.69 0.2800 10.3% 0.50[0.29, 0.87] — &
Gilbert—Ouimet 2021 -0.07 0.1560 28.5% 0.93[0.69, 1.26]
Heraclides 2012 -0.22 0.1230 40.9% 0.80[0.63, 1.02] —.—
Kawakami 1999 0.29 0.5000 3.4% 1.34[0.50, 3.57] :
Norberg 2007 0.00 0.3540 6.6% 1.00[0.50, 2.00] i
Souza Santos 2020 0.02 0.2790 10.3% 1.02[0.59, 1.76]
Total (95% CI) 100.0% 0.84[0.70, 1.01] -
Heterogeneity: Tau?<0.01; Chi’ =5.62,df =5 (P =0.35); 1?=11% ' ' ' '
Test for overall effect: Z = -1.84 (P = 0.07) 0.2 05 1 2 5
C. Women
Eriksson 2013 0.74 0.4270 5.1% 2.10[0.91, 4.85] e —
Gilbert—Ouimet 2021 0.21 0.1840 23.3% 1.23[0.86, 1.76] ——.—
Heraclides 2012 0.31 0.1720 25.9% 1.37[0.98, 1.92] —.—
Kroenke 2007 0.12 0.1500 32.1% 1.13[0.84, 1.52] ——
Norberg 2007 1.03 0.4930 3.8% 2.80[1.07,7.36] ———
Souza Santos 2020 0.57 0.3010 9.8% 1.77[0.98, 3.19] -
Total (95% CI) 100.0% 1.35[1.12, 1.64] >
Heterogeneity: Tau® < 0.01; Chi? =5.72, df = 5 (P = 0.33); I = 13% ! ! ! '
Test for overall effect: Z =3.08 (P <0.01) 02 0.5 1 2 5

Figure 1. Effect of job strain on type 2 diabetes mellitus. This analysis considersjob strain, whether defined as dichotomous variable (D) or as contrast between
high strainand low strain quadrants (Q) and including the objective job strain matrix of Pan et al. (2017); preference was given to dichotomousjob strain where
available. All effect measures (OR or HR) were transformed into rate ratios. Male and female subjects in Norberg et al. (2007) were considered separately. For
the Gazel, SLOSH and Whitehall Il cohorts, only the estimate in Nyberg et al. (2014), which was based on the longest follow-up time, was retained. (A) Both
sexes; only cohorts without critical risk of bias were included. (B) Men only. (C) Women only. SE: standard error. Cl: confidence interval at 95%.
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Figure 2. Funnel plot for the effect of job strain on type 2 diabetes mellitus.
For each cohort represented in Fig. 1A, the rate ratio is plotted against its
standard error. Vertical dashed line: combined rate ratio estimates from Fig.
1A. The distribution is approximately symmetric, suggesting an absence of
strong publication bias.

workers exposed to job strain had a higher risk of T2DM
compared to non-exposed workers: RR 1.16 (95% CI
1.07-1.26). There was no evidence of heterogeneity
between studies (1=0%, 12=0; P=0.88). The funnel plot
shows no outlier studies (figure 2), and there is no statis-
tical evidence for a publication bias in this set (P=0.27).

In subgroup analyses (figure 1B-C), women exposed
to job strain had a higher pooled estimate (RR 1.35),
but, due to the smaller number of studies (12, 13, 19,
33, 39, 42), the CI included most of the estimate range
for the total population (95% CI 1.12-1.64). There was
low heterogeneity (1>=13%, 12 < 0.01; P=0.33). For men,
there was a tendency towards an apparent protective
effect of job strain against T2DM incidence [RR 0.84
(95% CI 0.70-1.01), 1>=11%, 1> < 0.01, P=0.35], but

this tendency disappeared in supplementary analyses
(see Section 3.5). When comparing only results from
those cohorts that published results for both sexes
separately (13, 19, 33, 39, 42), the difference between
the effects in the strata of sex was significant (y>=15.12,
df=1, P<0.01).

High psychosocial demands, low control and low
social support at work were not significantly associated
with the incidence of T2DM in the whole population nor
in strata of sex (supplementary figure S2-4). However,
job control showed a tendency towards a protective
effect against T2DM in men (supplementary figure S3B).

Results of meta-analyses for ERI

All analyses up this point refer to the DCS model, which
has been the subject of previous meta-analyses. Pooled
effects for the other major model for work-related stressors,
the ERI model, had not yet been estimated because there
were not enough original studies available. Our analysis
of four studies, including two very recent ones (figure 3)
(19, 20, 36, 37) indicates a significant pooled effect [RR
1.24 (95% CI 1.08-1.42); I>=0%, 1> < 0.01, P=0.75]. These
estimates are based on categorical definitions of ERI (table
1). There are not yet enough sex-specific estimates for
categorical ERI to allow subgroup analyses.

Supplementary analyses

We performed a supplementary meta-analysis for all 22
cohorts that analyzed the effect of job strain, irrespec-
tive of their risk of bias, and using the published HR
and OR values without transformation (supplementary
figure S5). The estimate was very similar to the main
analysis [relative risk 1.17 (95% CI 1.09-1.25); 1>=0%);
2 <0.01, P=0.79].

Risk Ratio Risk Ratio
Study log (RR) SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Kumari 2004 (M) 0.51 0.2438 8.0% 1.66[1.03, 2.68] —
Kumari 2004 (F) -0.08 0.3802 3.3% 0.92[0.44, 1.94] * ;
Mutambudzi 2018 0.17 0.1141 36.7% 1.18[0.94, 1.48] ——-—
Nordentoft 2020 0.24 0.1116 38.4% 1.27[1.02, 1.58] ——
Souza Santos 2020 (F) 0.30 0.2584 7.2% 1.35[0.81, 2.24] =
Souza Santos 2020 (M) 0.08 0.2734 6.4% 1.08 [0.63, 1.85] &
Total (95% CI) 100.0% 1.24[1.08, 1.42] -
Heterogeneity: Tau® = 0; Chi® = 2.65, df = 5 (P = 0.75); 1> = 0% ' '
Test for overall effect: Z = 3.14 (P < 0.01) 0.5 1 2

Figure 3. Effect of effort-reward imbalance on type 2 diabetes mellitus. Male and female subjects were considered separately. All effect measures (OR or HR)
were transformed into rate ratios. SE: standard error. Cl: confidence interval at 95%.
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We also repeated this analysis using the pooled esti-
mate previously published by Nyberg et al (supplemen-
tary figure S6). The point estimate and CI are slightly
higher than in our main analysis [RR 1.19 (95% CI
1.07-1.33)], but there was evidence of moderate het-
erogeneity (1>=22%; 12> <0.01, P=0.23) and of possible
publication bias in this supplementary analysis (supple-
mentary figure S7). The effects estimated separately for
women [RR 1.26 (95% CI 1.05-1.51); 1>=32%; ©>=0.01,
P=0.20] and men [RR 0.97 (95% CI 0.75-1.25); I’=55%;
=0.05, P=0.05] broadly maintained the same relation
as observed in the main analysis, but suffered from
higher heterogeneity.

In all analyses up to this point, we combined stud-
ies that defined job strain as a continuous variable, as
a dichotomous variable (job strain versus no strain) or
as job strain quadrants (high strain versus low strain).
In another supplementary analysis, we separated these
study groups. For dichotomous exposure, we estimated
RR 1.16 (95% CI 1.07-1.26; I’=0%; 1>=0%, P= 1.00).
In the case of job strain quadrants, we estimated RR
1.21 (95% CI 1.02—1.43; 1>=40%; 1>=0.02, P=0.12). The
only study using continuous job strain reported RR 1.06
(95% CI1 0.85-1.33).

As a final supplementary meta-analysis for the effect
of ERI, we used the published HR and OR values with-
out transformation (supplementary figure S8). Here also,
the estimate was very similar to the main analysis [rela-
tive risk 1.24 (95% CI 1.08-1.43); *=0%; t*=0, P=0.75].

Discussion

The main objective of this systematic review and meta-
analysis, which includes 21 prospective studies with 334
132 workers and 10 806 cases of T2DM, was to syn-
thesize the evidence regarding effects of work-related
stressors (job strain and ERI) on the incidence of T2DM.

Demand-control model

Job strain was significantly associated with the risk of
developing T2DM. The risk of diabetes was 16% higher
among workers exposed to job strain when compared to
unexposed workers, and the magnitude and significance
of this relative risk were preserved in several supple-
mentary analyses.

Among women exposed to job strain, the risk of
developing T2DM was 35% higher when compared to
unexposed women, which is a significantly stronger
effect than among men. The absence of an associa-
tion in men might be explained by pathophysiological
characteristics that make men more vulnerable to the
incidence of T2DM and may eclipse the effect of work
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stressors. In fact, a somewhat higher overall incidence
in men has been reported in the literature (46, 47), and
is also present in those studies in our meta-analysis
that reported cumulative incidence separately for men
(6.2%) and women (4.5%). As examples of pathophysi-
ological characteristics, men have a higher turnover of
fatty acids, the accumulation of visceral adipose tissue
is higher among them, and it is a risk factor for T2DM
independent of total BMI (46).

Another explanation would be that men are more
often employed for strenuous work than women. The
protection afforded by the physical exercise involved
in such jobs might overcome the higher risk of T2DM
expected from high psychosocial stressors (48). Such an
effect might explain the tendencies towards an inversion
of the association with T2DM that we observed for both
job strain and job control

Not all groups have published sex-specific effect
estimates for job strain, and only a very reduced number
of studies have done so for job control. To understand
the direction and magnitude of associations in men and
women, we suggest that the analyses of work-related
psychosocial stressors, including their dimensions, that
are shown here be published also stratified by sex, and
we extend this suggestion to future publications.

The two most recent meta-analyses (14, 15) come
to different conclusions with regard to the significance
of job strain for T2DM in the total population; both of
them are strongly driven by a single aggregated cohort
study (11). In addition to including two recent studies
(13, 19), we have here detected varying levels of risk
bias among the cohorts reported in combined studies,
namely those of Nyberg et al (11) and Mortensen et al
(29). While our final results for job strain closely agree
with those of Li et al (14), the present analysis is built on
a separate evaluation of risk of bias for each cohort and
avoids combined estimates; such estimates would count
participants from separately published studies more than
once (29, 38, 39).

Based on the few studies that evaluated high psycho-
logical demands, low control or social support, we found
no significant association between any of these dimen-
sions taken alone and the incidence of T2DM.

Effort-reward imbalance model

The present meta-analysis is the first one to estimate the
contribution of work-related stressors, as defined by the
ERI model, to the risk of T2DM. Based on four stud-
ies, workers experiencing ERI have a 24% higher risk
of developing T2DM than unexposed workers. When
restricted to categorical definitions of ERI, only two
of the studies published sex-specific effect estimates,
one of which observed a tendency for a stronger effect
in women (19), similar to the pooled effects we have
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described above for job strain, while the other one found
a stronger effect in men (36). We note that a third study,
using a continuous definition of ERI, found almost iden-
tical effects for men and for women (20).

Limitations

In spite of our stringent evaluation of quality, it is
necessary to consider possible remaining sources of
bias. First, a confounding bias due to the presence of
unmeasured factors associated both with T2DM and
with work-related stressors might lead to an overestima-
tion of the true effect. For example, poor general health
may, on the one hand, induce a negative perception of
the work environment and, on the other hand, increase
the risk of T2DM by inducing lack of self-care and the
adoption of unhealthy habits. Unmeasured symptoms of
a pre-clinical diabetic state might induce a similar nega-
tive perception. However, pre-clinical diabetes develops
almost imperceptibly (1), and one would therefore not
expect it to impact psychosocial work stressors. In fact,
if the studies had excluded or controlled for lifestyle
habits, general health or pre-clinical T2DM, they might
block a causal path and underestimate the total causal
effects. Therefore, while all estimates included in our
main analysis were adjusted for an indicator of socio-
economic status in addition to age and sex, reducing a
possible confounding bias, we avoided estimates that
had been adjusted for potential mediators.

Differential misclassification might also theoretically
lead to overestimation of the true effect if self-reported
T2DM was skewed by the stressors that the participant
suffers at work. However, the cohorts included in the
main job strain analysis used self-report data only in
combination with clinical tests. We also consider the
risk of differential misclassification of work-related
stressors to be low, given that prevalent cases of T2DM
were excluded from all cohorts.

Conversely, our estimates might underestimate
the true effects. Non-differential misclassification of
the outcome might be a problem since some of the
included studies did not differentiate types of diabetes.
However, since prevalent cases of type 1 diabetes at
baseline were excluded, while the incidence of T2DM
in adults is several orders of magnitude greater than
that of type 1 (49, 50), the risk of misclassification for
the outcome is quite low. The assessment of diabetes
from medication reimbursement data might also mis-
classify some cases since some anti-diabetic medica-
tions are also used for treating other diseases. However,
no study was based only on medication reimbursement
data, and only one study in the main job strain analysis
(figure 1A) and one in the ERI analysis (figure 3) relied
in part on such data [Still Working (11) for job strain,
Nordentoft et al (20) for ERI]. Therefore, it seems
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unlikely that the overall result of the meta-analysis
would be noticeably affected.

Some studies assessed exposure using questionnaires
that were not validated for the local language, with short
and non-validated versions or with matrices of median
scores derived from colleagues or peers of the participant.
Such non-differential misclassification of exposures is
expected to bias the effect estimates towards the null value.

Similarly, a healthy worker survival bias is inherent
to occupational studies: workers generally have lower
overall disease incidence than the general population
due to the tendency for workers of ill health to be
excluded from employment. Moreover, workers that
are more exposed to work-related stressors may quit
or change jobs in order to reduce their exposure. It is
particularly difficult to exclude a healthy worker sur-
vival bias when participant characteristics were only
measured at recruitment, as is the case for most of the
cohorts included here. However, it would generally
underestimate the true effect (51).

Finally, bias due to differential self-selection of par-
ticipants at recruitment and especially to differential loss
to follow-up is frequent in prospective studies. Here,
evaluating the direction and magnitude of the distortion
would require an in-depth knowledge of each cohort. A
study has found that low initial participation rate may
have a limited impact on estimates for some exposure-
outcome relations (52). Among the studies included
here, only one (20) has estimated the bias caused by a
middling initial participation rate (54%) in the relation
between work-related stressors and diabetes (53).

As such, we made the choice of having somewhat
severe criteria for evaluating the risk of bias of initial
participation selection bias. While we might have over-
estimated the true risk of bias of some studies, this pro-
cedure has mitigated the possible impact of a selection
bias on our estimates.

Strengths

A major strength of this review and meta-analysis is
the extensive search across six different databases
to identify all publications on work-related stressors
and diabetes published from 1979 to 2021. A rigorous
assessment of the risk of bias was performed for each
individual cohort, which resulted in low heterogeneity
between the studies. This cohort-level analysis also
allowed us to exclude duplicate risk estimates from
the same population that had been published in differ-
ent studies. Estimation was further improved by the
use of RR. Finally, several supplementary analyses
using the published pooled estimates, or restricted to
subsets, such as studies using dichotomous job strain
or job strain quadrants, provided similar estimates as
in the main results.



Perspectives

Despite efforts to identify all eligible studies without
geographical restriction, the main focus is on European,
mainly Nordic, and North American cohorts. While this
does not affect the internal validity of our results, they
may not easily be generalizable to other regions.

The main target group of the studies was <60 years,
but we can hypothesize that the effect of work-related
stressors on the incidence of T2DM persists at older ages
(16, 37, 40). If this is the case, since the overall inci-
dence of T2DM is ~six times higher at age 70 then at age
40 (49), the absolute risk difference due to work-related
stressors might rise if the same cohorts are accompanied
until after retirement.

To put our results in perspective, it is worth com-
paring them with those of more proximal risk factors
for diabetes, ie, factors that are widely recognized and
included in worldwide programs for the prevention
of chronic non-communicable diseases (3, 45). As an
example of the effect of moderate physical activity,
a meta-analysis concluded that among those partici-
pants who walked least, the incidence of T2DM was
18% (95% CI 9-26%) higher than among those who
walked most (54). With regard to diet, subjects with
high consumption of sweetened beverage had a 26%
(95% CI 12-41%) higher incidence of T2DM (55).
Among heavy smokers it was 28% (95% CI 4-58%)
higher than among non-smokers (56). Considering that
approximately 20% of workers are exposed to work-
related stressors with relative risks comparable to those
of such lifestyle patterns, it seems to be relevant to
investigate interventions in the work environment for
prevention (57).

Concluding remarks

This systematic review and meta-analysis found evi-
dence that workers exposed to job strain or ERI are at
increased risk of developing T2DM, with women being
at particularly high risk.

Our findings may be useful both for clinical practice
and for conducting new research, considering that the
onset of T2DM is estimated to occur 4—7 years before its
clinical diagnosis (58, 59). Health professionals should
be aware that patients, particularly women, who report
stress at work may be at increased risk of T2DM. Con-
sidering these stressors in early screening may contrib-
ute to improve the prevention of T2DM among women.

Moving forward, more longitudinal research is
needed to better assess the contribution of ERI on the
risk of T2DM and whether it is modified by sex. We
also suggest studies to better understand the mech-
anisms underlying the different effect sizes of job
strain in men and women, and studies that estimate a

Pena-Gralle et al

potential cumulative effect of work-related stressors
throughout working life and into retirement.

Conflict of interest & funding

Authors declare no conflicts of interest.

This work was supported by the Canadian Institutes
of Health Research (grant number MOP-119280); and
the Fonds de recherche du Québec — Santé. The fund-
ing sources had no role in the design and conduct of the
study; collection, management, analysis, and interpreta-
tion of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication.

Acknowledgements

The authors thank Hervé Tchala Vignon Zomahoun for
helpful comments on an early draft of the manuscript.

References

1. WHO. Global report on diabetes. Geneva: WHO Press;
2016.

2. GBD 2017 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence,
prevalence, and years lived with disability for 354 diseases
and injuries for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study
2017. Lancet 2018 Nov;392(10159):1789-858. https://doi.
org/10.1016/S0140-6736(18)32279-7.

3. WHO. Global action plan for the prevention and control
of noncommunicable diseases 2013-2020. Geneva WHO
Press; 2013.

4. American Diabetes Association. 2. Classification and
Diagnosis of Diabetes: Standards of Medical Care in
Diabetes-2020. Diabetes Care 2020 Jan;43 Suppl 1:S14-31.
https://doi.org/10.2337/dc20-S002.

5. American Diabetes Association. 3. Prevention or Delay
of Type 2 Diabetes: Standards of Medical Care in
Diabetes-2020). Diabetes Care 2020 Jan;43 Suppl 1:S32-6.
https://doi.org/10.2337/dc20-S003.

6. Tang F, Choi E, Goode R. Older Americans Employment
and Retirement. Ageing Int 2013 Mar;38(1):82-94. https://
doi.org/10.1007/s12126-012-9162-3.

7. Komp K. Shifts in the realized retirement age:
europe in times of pension reform and economic
crisis. J Eur Soc Policy 2018;28(2):130-42. https://doi.
org/10.1177/0958928717709174.

8. Brisson C, Blanchette C, Guimont C, Dion G,
Moisan J, Vézina M. Reliability and validity of the

Scand J Work Environ Health 2022, vol 48, no 1 17


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496104&dopt=Abstract
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31862745&dopt=Abstract
https://doi.org/10.2337/dc20-S002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31862746&dopt=Abstract
https://doi.org/10.2337/dc20-S003
https://doi.org/10.1007/s12126-012-9162-3
https://doi.org/10.1007/s12126-012-9162-3
https://doi.org/10.1177/0958928717709174
https://doi.org/10.1177/0958928717709174

Work-related stressors and type 2 diabetes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

18

French version of the 18-item Karasek Job Content
Questionnaire. Work Stress 1998;12(4):322-36. https://doi.
org/10.1080/02678379808256870.

Siegrist J. Adverse health effects of high-effort/low-reward
conditions. J Occup Health Psychol 1996 Jan;1(1):27-41.
https://doi.org/10.1037/1076-8998.1.1.27.

Schnall PL, Dobson M, Landsbergis P.
Globalization, Work, and Cardiovascular Disease.
Int J Health Serv 2016 Oct;46(4):656-92. https://doi.
org/10.1177/0020731416664687.

Nyberg ST, Fransson EI, Heikkild K, Ahola K, Alfredsson
L, Bjorner JB et al.; IPD-Work Consortium. Job strain as a
risk factor for type 2 diabetes: a pooled analysis of 124,808
men and women. Diabetes Care 2014 Aug;37(8):2268-75.
https://doi.org/10.2337/dc13-2936.

Kroenke CH, Spiegelman D, Manson J, Schernhammer ES,
Colditz GA, Kawachi I. Work characteristics and incidence
of type 2 diabetes in women. Am J Epidemiol 2007
Jan;165(2):175-83. https://doi.org/10.1093/aje/kw;j355.

Gilbert-Ouimet M, Glazier RH, Brisson C, Mustard C,
Smith PM. Job Strain, Overweight, and Diabetes: A 13-
Year Prospective Study Among 12,896 Men and Women in
Ontario. Psychosom Med. 2021 Feb-Mar 01;83(2):187-95.

Li W, Yi G, Chen Z, Dai X, Wu J, Peng Y et al. Is job strain
associated with a higher risk of type 2 diabetes mellitus? A
systematic review and meta-analysis of prospective cohort
studies. Scand J Work Environ Health 2021 May;47(4):249—
57. https://doi.org/10.5271/sjweh.3938.

Sui H, Sun N, Zhan L, Lu X, Chen T, Mao X. Association
between Work-Related Stress and Risk for Type 2 Diabetes:
A Systematic Review and Meta-Analysis of Prospective
Cohort Studies. PLoS One 2016 Aug;11(8):¢0159978.
https://doi.org/10.1371/journal.pone.0159978.

Pan KY, Xu W, Mangialasche F, Fratiglioni L, Wang HX,
Pan KY et al. Work-related psychosocial stress and the
risk of type 2 diabetes in later life. J Intern Med 2017
Jun;281(6):601-10. https://doi.org/10.1111/joim.12615.

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman
ND, Viswanathan M et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions. BMJ
2016 Oct;355:14919. https://doi.org/10.1136/bmj.i4919.

Duchaine CS, Aubé K, Gilbert-Ouimet M, Vézina M,
Ndjaboué¢ R, Massamba V et al. Psychosocial Stressors at
Work and the Risk of Sickness Absence Due to a Diagnosed
Mental Disorder: A Systematic Review and Meta-analysis.
JAMA Psychiatry 2020 Aug;77(8):842—51. https://doi.
org/10.1001/jamapsychiatry.2020.0322.

de Souza Santos R, Harter Griep R, Mendes da Fonseca
MJ, Chor D, Santos IS, Melo EC. Combined Use of Job
Stress Models and the Incidence of Glycemic Alterations
(Prediabetes and Diabetes): results from ELSA-Brasil Study.
Int J Environ Res Public Health 2020 Feb;17(5):E1539.
https://doi.org/10.3390/ijerph17051539.

Nordentoft M, Rod NH, Bonde JP, Bjorner JB, Madsen IE,
Pedersen LR et al. Effort-reward imbalance at work and risk

Scand J Work Environ Health 2022, vol 48, no 1

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

of type 2 diabetes in a national sample of 50,552 workers in
Denmark: A prospective study linking survey and register
data. J Psychosom Res 2020 Jan;128:109867. https://doi.
org/10.1016/j.jpsychores.2019.109867.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche
PC, loannidis JP et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of
studies that evaluate healthcare interventions: explanation
and elaboration. BMJ 2009 Jul;339:b2700. https://doi.
org/10.1136/bmj.b2700.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000 Apr;283(15):2008-12. https://doi.org/10.1001/
jama.283.15.2008.

Karasek RA. Job-demands, job decision latitude, and
mental strain: implications for job redesign. Adm Sci Q
1979;24:285-308. https://doi.org/10.2307/2392498.

WHO. Definition and diagnosis of diabetes mellitus
and intermediate hyperglycemia. Geneva World Health
Organization 2006.

Kivimdki M, Nyberg ST, Pentti J, Madsen IE, Hanson
LL, Rugulies R et al.; IPD-Work consortium. Individual
and Combined Effects of Job Strain Components on
Subsequent Morbidity and Mortality. Epidemiology
2019 Jul;30(4):e27-9. https://doi.org/10.1097/
EDE.0000000000001020.

Shor E, Roelfs D, Vang ZM. The “Hispanic mortality
paradox” revisited: Meta-analysis and meta-regression of
life-course differentials in Latin American and Caribbean
immigrants’ mortality. Soc Sci Med. 2017 Aug;186:20-33.
https://doi.org/10.1016/j.socscimed.2017.05.049.

R Core Team. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing; 2018. Available from: https://www.R-project.
org

Schwarzer G. meta: an R package for meta-analysis. R News
2007;7:40-5.

Mortensen J, Clark AJ, Lange T, Andersen GS, Goldberg
M, Ramlau-Hansen CH et al. Informal caregiving
as a risk factor for type 2 diabetes in individuals
with favourable and unfavourable psychosocial work
environments: A longitudinal multi-cohort study. Diabetes
Metab 2018 Feb;44(1):38—44. https://doi.org/10.1016/j.
diabet.2017.04.001.

Huth C, Thorand B, Baumert J, Kruse J, Emeny RT,
Schneider A et al. Job strain as a risk factor for the
onset of type 2 diabetes mellitus: findings from the
MONICA/KORA Augsburg cohort study. Psychosom
Med 2014 Sep;76(7):562-8. https://doi.org/10.1097/
PSY.0000000000000084.

Smith PM, Glazier RH, Lu H, Mustard CA. The
psychosocial work environment and incident diabetes in
Ontario, Canada. Occup Med (Lond) 2012 Sep;62(6):413-9.
https://doi.org/10.1093/occmed/kqs128.


https://doi.org/10.1080/02678379808256870
https://doi.org/10.1080/02678379808256870
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9547031&dopt=Abstract
https://doi.org/10.1037/1076-8998.1.1.27
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27604540&dopt=Abstract
https://doi.org/10.1177/0020731416664687
https://doi.org/10.1177/0020731416664687
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25061139&dopt=Abstract
https://doi.org/10.2337/dc13-2936
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17071844&dopt=Abstract
https://doi.org/10.1093/aje/kwj355
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33404062&dopt=Abstract
https://doi.org/10.5271/sjweh.3938
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27513574&dopt=Abstract
https://doi.org/10.1371/journal.pone.0159978
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28439925&dopt=Abstract
https://doi.org/10.1111/joim.12615
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27733354&dopt=Abstract
https://doi.org/10.1136/bmj.i4919
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32236498&dopt=Abstract
https://doi.org/10.1001/jamapsychiatry.2020.0322
https://doi.org/10.1001/jamapsychiatry.2020.0322
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32120955&dopt=Abstract
https://doi.org/10.3390/ijerph17051539
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31715495&dopt=Abstract
https://doi.org/10.1016/j.jpsychores.2019.109867
https://doi.org/10.1016/j.jpsychores.2019.109867
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622552&dopt=Abstract
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10789670&dopt=Abstract
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.2307/2392498
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30985532&dopt=Abstract
https://doi.org/10.1097/EDE.0000000000001020
https://doi.org/10.1097/EDE.0000000000001020
https://doi.org/10.1016/j.socscimed.2017.05.049
https://www.R-project.org
https://www.R-project.org
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28527866&dopt=Abstract
https://doi.org/10.1016/j.diabet.2017.04.001
https://doi.org/10.1016/j.diabet.2017.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25102002&dopt=Abstract
https://doi.org/10.1097/PSY.0000000000000084
https://doi.org/10.1097/PSY.0000000000000084
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22915562&dopt=Abstract
https://doi.org/10.1093/occmed/kqs128

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hino A, Inoue A, Mafune K, Nakagawa T, Hayashi T, Hiro
H. Changes in the psychosocial work characteristics and
insulin resistance among Japanese male workers: a three-
year follow-up study. J Occup Health 2016 Nov;58(6):543—
62. https://doi.org/10.1539/joh.16-0061-OA.

Norberg M, Stenlund H, Lindahl B, Andersson C, Eriksson
JW, Weinehall L. Work stress and low emotional support is
associated with increased risk of future type 2 diabetes in
women. Diabetes Res Clin Pract 2007 Jun;76(3):368-77.
https://doi.org/10.1016/j.diabres.2006.09.002.

Garbarino S, Magnavita N. Work Stress and Metabolic
Syndrome in Police Officers. A Prospective Study. PLoS
One 2015 Dec;10(12):¢0144318. https://doi.org/10.1371/
journal.pone.0144318.

Kawakami N, Fujigaki Y. Reliability and validity of the
Japanese version of Job Content Questionnaire: replication
and extension in computer company employees. Ind
Health 1996;34(4):295-306. https://doi.org/10.2486/
indhealth.34.295.

Kumari M, Head J, Marmot M. Prospective study of
social and other risk factors for incidence of type 2
diabetes in the Whitehall II study. Arch Intern Med
2004 Sep;164(17):1873—-80. https://doi.org/10.1001/
archinte.164.17.1873.

Mutambudzi M, Siegrist J, Meyer JD, Li J. Association
between effort-reward imbalance and self-reported
diabetes mellitus in older U.S. workers. J Psychosom
Res 2018 Jan;104:61—4. https://doi.org/10.1016/j.
jpsychores.2017.11.008.

Heraclides A, Chandola T, Witte DR, Brunner EJ,
Heraclides A, Chandola T et al. Psychosocial stress at work
doubles the risk of type 2 diabetes in middle-aged women:
evidence from the Whitehall II study. Diabetes Care 2009
Dec;32(12):2230-5. https://doi.org/10.2337/dc09-0132.

Heraclides AM, Chandola T, Witte DR, Brunner EJ,
Heraclides AM, Chandola T, et al. Work stress, obesity and
the risk of type 2 diabetes: gender-specific bidirectional
effect in the Whitehall II study. Obesity (19307381).
2012;20(2):428-33.

Mutambudzi M, Javed Z. Job Strain as a Risk Factor
for Incident Diabetes Mellitus in Middle and Older Age
U.S. Workers. J Gerontol B Psychol Sci Soc Sci 2016
Nov;71(6):1089-96. https://doi.org/10.1093/geronb/
gbw091.

Yamaguchi M, Eguchi M, Akter S, Kochi T, Hu H, Kashino
I et al. The association of work-related stressors and their
changes over time with the development of metabolic
syndrome: The Furukawa Nutrition and Health Study.
J Occup Health 2018 Nov;60(6):485-93. https://doi.
org/10.1539/jo0h.2017-0298-OA.

Eriksson AK, van den Donk M, Hilding A, Ostenson CG.
Work stress, sense of coherence, and risk of type 2 diabetes
in a prospective study of middle-aged Swedish men and
women. Diabetes Care 2013 Sep;36(9):2683-9. https://doi.
org/10.2337/dc12-1738.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Pena-Gralle et al

Toker S, Shirom A, Melamed S, Armon G. Work
characteristics as predictors of diabetes incidence among
apparently healthy employees. J Occup Health Psychol 2012
Jul;17(3):259-67. https://doi.org/10.1037/a0028401.

Kawakami N, Araki S, Takatsuka N, Shimizu H, Ishibashi H.
Overtime, psychosocial working conditions, and occurrence
of non-insulin dependent diabetes mellitus in Japanese men.
J Epidemiol Community Health 1999 Jun;53(6):359—63.
https://doi.org/10.1136/jech.53.6.359.

GBD 2016 Mortality Collaborators. Global, regional, and
national under-5 mortality, adult mortality, age-specific
mortality, and life expectancy, 1970-2016: a systematic
analysis for the Global Burden of Disease Study 2016.
Lancet 2017 Sep;390(10100):1084—150. https://doi.
org/10.1016/S0140-6736(17)31833-0.

Kautzky-Willer A, Harreiter J, Pacini G. Sex and Gender
Differences in Risk, Pathophysiology and Complications of
Type 2 Diabetes Mellitus. Endocr Rev 2016 Jun;37(3):278—
316. https://doi.org/10.1210/er.2015-1137.

Khan MA, Hashim MJ, King JK, Govender RD, Mustafa
H, Al Kaabi J. Epidemiology of Type 2 Diabetes - Global
Burden of Disease and Forecasted Trends. J Epidemiol Glob
Health 2020 Mar;10(1):107—11. https://doi.org/10.2991/
jegh.k.191028.001.

Ekelund U, Ward HA, Norat T, Luan J, May AM,
Weiderpass E et al. Physical activity and all-cause
mortality across levels of overall and abdominal adiposity
in European men and women: the European Prospective
Investigation into Cancer and Nutrition Study (EPIC). AmJ
Clin Nutr 2015 Mar;101(3):613-21. https://doi.org/10.3945/
ajen.114.100065.

Carstensen B, Reonn PF, Jergensen ME. Prevalence,
incidence and mortality of type 1 and type 2 diabetes
in Denmark 1996-2016. BMJ Open Diabetes Res
Care 2020 May;8(1):e001071. https://doi.org/10.1136/
bmjdrc-2019-001071.

Magliano DJ, Chen L, Islam RM, Carstensen B, Gregg
EW, Pavkov ME et al. Trends in the incidence of diagnosed
diabetes: a multicountry analysis of aggregate data from
22 million diagnoses in high-income and middle-income
settings. Lancet Diabetes Endocrinol 2021 Apr;9(4):203—11.
https://doi.org/10.1016/S2213-8587(20)30402-2.

Pearce N, Checkoway H, Kriebel D. Bias in
occupational epidemiology studies. Occup Environ
Med 2007 Aug;64(8):562-8. https://doi.org/10.1136/
0em.2006.026690.

Nohr EA, Liew Z. How to investigate and adjust for
selection bias in cohort studies. Acta Obstet Gynecol
Scand 2018 Apr;97(4):407-16. https://doi.org/10.1111/
aogs.13319.

Johnsen NF, Thomsen BL, Hansen JV, Christensen BS,
Rugulies R, Schliinssen V. Job type and other socio-
demographic factors associated with participation in a
national, cross-sectional study of Danish employees. BMJ
Open 2019 Aug;9(8):e027056. https://doi.org/10.1136/
bmjopen-2018-027056.

19

Scand J Work Environ Health 2022, vol 48, no 1


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27725488&dopt=Abstract
https://doi.org/10.1539/joh.16-0061-OA
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17034894&dopt=Abstract
https://doi.org/10.1016/j.diabres.2006.09.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26641879&dopt=Abstract
https://doi.org/10.1371/journal.pone.0144318
https://doi.org/10.1371/journal.pone.0144318
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8908841&dopt=Abstract
https://doi.org/10.2486/indhealth.34.295
https://doi.org/10.2486/indhealth.34.295
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15451762&dopt=Abstract
https://doi.org/10.1001/archinte.164.17.1873
https://doi.org/10.1001/archinte.164.17.1873
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29275787&dopt=Abstract
https://doi.org/10.1016/j.jpsychores.2017.11.008
https://doi.org/10.1016/j.jpsychores.2017.11.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19720842&dopt=Abstract
https://doi.org/10.2337/dc09-0132
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27445405&dopt=Abstract
https://doi.org/10.1093/geronb/gbw091
https://doi.org/10.1093/geronb/gbw091
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30259880&dopt=Abstract
https://doi.org/10.1539/joh.2017-0298-OA
https://doi.org/10.1539/joh.2017-0298-OA
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23637356&dopt=Abstract
https://doi.org/10.2337/dc12-1738
https://doi.org/10.2337/dc12-1738
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22746366&dopt=Abstract
https://doi.org/10.1037/a0028401
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10396483&dopt=Abstract
https://doi.org/10.1136/jech.53.6.359
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919115&dopt=Abstract
https://doi.org/10.1016/S0140-6736(17)31833-0
https://doi.org/10.1016/S0140-6736(17)31833-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27159875&dopt=Abstract
https://doi.org/10.1210/er.2015-1137
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32175717&dopt=Abstract
https://doi.org/10.2991/jegh.k.191028.001
https://doi.org/10.2991/jegh.k.191028.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25733647&dopt=Abstract
https://doi.org/10.3945/ajcn.114.100065
https://doi.org/10.3945/ajcn.114.100065
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32475839&dopt=Abstract
https://doi.org/10.1136/bmjdrc-2019-001071
https://doi.org/10.1136/bmjdrc-2019-001071
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33636102&dopt=Abstract
https://doi.org/10.1016/S2213-8587(20)30402-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17053019&dopt=Abstract
https://doi.org/10.1136/oem.2006.026690
https://doi.org/10.1136/oem.2006.026690
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29415329&dopt=Abstract
https://doi.org/10.1111/aogs.13319
https://doi.org/10.1111/aogs.13319
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31427315&dopt=Abstract
https://doi.org/10.1136/bmjopen-2018-027056
https://doi.org/10.1136/bmjopen-2018-027056

Work-related stressors and type 2 diabetes

54.

55.

56.

20

Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ.
Physical activity and the risk of type 2 diabetes: a systematic
review and dose-response meta-analysis. Eur J Epidemiol
2015 Jul;30(7):529—-42. https://doi.org/10.1007/s10654-
015-0056-z.

Malik VS, Popkin BM, Bray GA, Després JP, Willett WC,
Hu FB. Sugar-sweetened beverages and risk of metabolic
syndrome and type 2 diabetes: a meta-analysis. Diabetes
Care 2010 Nov;33(11):2477-83. https://doi.org/10.2337/
dc10-1079.

Luo J, Rossouw J, Tong E, Giovino GA, Lee CC, Chen C
et al. Smoking and diabetes: does the increased risk ever go
away? Am J Epidemiol 2013 Sep;178(6):937-45. https://
doi.org/10.1093/aje/kwt071.

Scand J Work Environ Health 2022, vol 48, no 1

57.

58.

59.

Trudel X, Gilbert-Ouimet M, Vézina M, Talbot D,
Maisse B, Milot A et al. Effectiveness of a workplace
intervention reducing psychosocial stressors at work on
blood pressure and hypertension. Occup Environ Med
2021 Apr;oemed-2020-107293. https://doi.org/10.1136/
oemed-2020-107293.

Harris MI, Klein R, Welborn TA, Knuiman MW.
Onset of NIDDM occurs at least 4-7 yr before clinical
diagnosis. Diabetes Care 1992 Jul;15(7):815-9. https://doi.
org/10.2337/diacare.15.7.815.

Porta M, Curletto G, Cipullo D, Rigault de la Longrais R,
Trento M, Passera P et al. Estimating the delay between
onset and diagnosis of type 2 diabetes from the time
course of retinopathy prevalence. Diabetes Care 2014
Jun;37(6):1668—-74. https://doi.org/10.2337/dc13-2101

Received for publication: 10 May 2021


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26092138&dopt=Abstract
https://doi.org/10.1007/s10654-015-0056-z
https://doi.org/10.1007/s10654-015-0056-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20693348&dopt=Abstract
https://doi.org/10.2337/dc10-1079
https://doi.org/10.2337/dc10-1079
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23817918&dopt=Abstract
https://doi.org/10.1093/aje/kwt071
https://doi.org/10.1093/aje/kwt071
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33903279&dopt=Abstract
https://doi.org/10.1136/oemed-2020-107293
https://doi.org/10.1136/oemed-2020-107293
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1516497&dopt=Abstract
https://doi.org/10.2337/diacare.15.7.815
https://doi.org/10.2337/diacare.15.7.815
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24705614&dopt=Abstract
https://doi.org/10.2337/dc13-2101

