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insulin production in the pancreas (1–4).
Several studies and meta-analyses sup-
port this hypothesis, showing that peo-
ple under work stress have a 10–60%
higher risk of developing type 2 diabetes
(5–9).

Previous researchers have proposed
behavioral, mental, and physiological
pathways linking psychosocial working
environment to the development of
type 2 diabetes (5–9). However, from a
prevention perspective, it is important
to identify resources at work that can
protect the health of employees and
counteract the potential health effects
of stressful work factors (10). The work-
place provides a foundation for social
and professional networks. It has been
shown that people in the labor market
have better physical and mental health
than those outside the labor market,
although this observation may be partly
attributed to health selection mecha-
nisms (11). Specifically, favorable charac-
teristics of psychosocial resources, such
as high leadership quality, procedural
justice, and social support, at work are
related to a lower risk of mental health
problems among employees (12).

Empirical evidence of the effects of
workplace psychosocial resources on
long-term physical health outcomes,
including diabetes, is sparse and con-
flicting (3,13,14). The few prospective
studies were based on relatively few
cases of diabetes (13,14) or focused on
only a single workplace psychosocial
resource (3,13,14). This limited focus
on specific psychosocial resources may
be problematic, as resources tend to
cluster in some work teams. In addition,
workplace psychosocial resources in dif-
ferent hierarchical domains (e.g., organi-
zational, leadership, group levels) may
commonly coexist at work, potentially
affecting one another and having syner-
gistic influences on employee health
(10). Thus, large prospective studies that
examine the coexistence of various
workplace psychosocial resources and
their association with type 2 diabetes
are needed.

The current study aims were to1)
identify clusters of workplace psychoso-
cial resources from four well-established
hierarchical domains, including both hor-
izontal and vertical dimensions, and2)
examine, in a prospective design, whether
these clusters are associated with the risk
of developing type 2 diabetes. Horizontal

dimensions include the culture of col-
laboration and social support from
colleagues. Vertical dimensions refer
to leadership quality and organiza-
tional procedural justice.

RESEARCH DESIGN AND METHODS

Study Population
We used data from the Finnish Public
Sector (FPS) study, an ongoing dynamic
cohort study with repeated question-
naire follow-ups every 2–4 years. FPS
was established in 1997–1998 and com-
prises employees in the municipal serv-
ices of 10 Finnish towns and 21 public
hospitals who had a job contract for a
minimum of 6 months and were aged
between 18 and 65 years at the time of
participation (15). We included all par-
ticipants aged between 40 and 65 years
at their first eligible participation from
2000 to 2014 (Fig. 1). To ascertain inci-
dent type 2 diabetes during the follow-
up, all cases of prevalent type 1 or type
2 diabetes were excluded at baseline
(Fig. 1). Ethical approval was obtained
from the ethics committee of the Hospi-
tal District of Helsinki and Uusimaa (15).

Workplace Psychosocial Resources
To cover different hierarchical domains
of workplace psychosocial resources, we
included 1) culture of collaboration,2)
support from colleagues,3) leadership
quality, and4) organizational procedural
justice. All measurements were based on
validated items with afive-point Likert
scale. Cutoff values were chosen on the
basis of previous research practice for
categorizing into two or four groups
(Supplementary Text 1).

Culture of collaboration (items from
the workplace social capital scale) was
measured by the mean value of two
items (Cronbacha = 0.77): “Do mem-
bers of the work unit build on each
other’s ideas to achieve the best possi-
ble outcome?” and “People in the work
unit cooperate to help develop and
apply new ideas” (16). The population
mean value was used as a cutoff for
defining a good or poor culture of col-
laboration. Participants were included if
they had responded to at least one of
the two items.

Support from colleagues (item from
Statistics Finland’s measurement on work-
ing climate [17]) was measured by one
question:“Open solidarity prevails at our

workplace, demonstrated by mutual will-
ingness to help.” Those who answered
somewhat agree or completely agree
were identified as having support from
colleagues.

Leadership quality included four
aspects of leadership (three items from
The Stress Profile and one item from the
relational justice scale [18,19]) from a
previous multicohort study by Madsen
et al. (20) that measured whether a
supervisor1) cares about the feelings of
employees (caring),2) listens to subordi-
nates’ opinions on important cases (lis-
tens), 3) rewards good work effort
(appreciative), and4) informs in good
time on decisions taken and their conse-
quences (informative). Collapsing these
four items resulted in a scale with high
internal consistency (Cronbacha = 0.88).
Quartiles of the variable were used to
indicate exposure to low, intermediately
low, intermediately high, and high levels
of leadership quality. The leadership vari-
able was coded as missing if responses
to at least two of the four individual
items were missing.

Organizational procedural justice was
identified using a modified version of
Moorman’s scales (Cronbacha = 0.90)
(21), defined as perceived fairness of
managerial procedures (22), and asked
whether procedures in the workplace
are designed to1) collect accurate infor-
mation necessary for making decisions,
2) provide opportunities to appeal or
challenge the decision,3) hear the con-
cerns of all those affected by the deci-
sion, and4) generate standards so that
decisions can be made with consistency.
We divided the distribution of responses
into quartiles to indicate exposure to
low, intermediately low, intermediately
high, and high levels of procedural justice.
The variable was coded as missing if
responses to at least two of the four
items were missing.

Ascertainment of Type 2 Diabetes
All participants were linked to nation-
wide health and population registers by
their unique personal identification
numbers in Finland. We used all avail-
able information at various historical
time points to capture incident diabe-
tes. Type 2 diabetes was identified as a
primary or secondary diagnosis in elec-
tronic health records by ICD-8 and ICD-9
code 250 and ICD-10 code E11 and in
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death registers. Participants were also
linked to records offilled prescriptions
(medication register) containing Ana-
tomical Therapeutic Chemical codes.
We used A10A (insulins and analogs),
A10B (blood glucose–lowering drugs,
excluding insulins), and A10X (other
drugs used in diabetes) to identify partic-
ipants with type 2 diabetes. Insulin treat-
ment can indicate both type 1 and type
2 diabetes, but because all participants
were free from diabetes at baseline at
the age of$40 years, we assumed that
the majority of individuals starting insulin
treatment had type 2 diabetes. All preva-
lent type 1 diabetes events (e.g., ICD-
8 and ICD-9 code 249, ICD-10 code E10)
were excluded at baseline when insulin
treatment (Anatomical Therapeutic
Chemical code A10A) was applied as
a criterion.

Covariates
Confounders were identified using
directed acyclic graphs (a formalized dia-
gram outlining assumptions about how
variables are interconnected) informed
by previous literature (Supplementary Fig.
1) (23). Main confounders included
age, sex (men/women), marital status

(married or cohabiting, single, sepa-
rated or divorced, widowed), educa-
tional level (#9 years, 10–12 years,
$13 years), type of employment con-
tract (permanent/nonpermanent), pre-
existing comorbidities, and preexisting
diagnosed mental disorders. Informa-
tion on these variables (except self-re-
ported marital status) was extracted
from the national register in Finland.
Preexisting comorbidities (calculated
from Charlson comorbidity index) and
preexisting diagnosed mental disorders
were detected using ICD codes from
the national patient register when the
diseases were recorded before the
baseline (Supplementary Table 1).

We also considered health-related
behaviors, including smoking (current
smoker/nonsmoker), risky alcohol con-
sumption (yes/no), physical inactivity
(yes/no), other clinical factors (i.e., BMI
and symptoms of mental health prob-
lems), and other work-related factors
(i.e., job demands [high/low], and occu-
pational grade [high, medium, low])
(Supplementary Text 2). However,
because of the unclear temporality
between these factors and our baseline
measurement of psychosocial resources,

these factors were considered more as
mediators than confounders and were
adjusted for in a supplementary analysis
but not in the main analysis.

Statistical Analysis
We first conducted a latent class analysis
to identify clustering of psychosocial
resources among the baseline partici-
pants (i.e., thefirst eligible participation)
(24). The classes observed at thefirst eli-
gible participation were robust over time
and could be extrapolated regardless of
the participation year (Supplementary
Fig. 2). We decided on a four-class model
by combining the criteria of a smaller
Bayesian information criterion value (i.e.,
the modelfit), distribution of class mem-
bership probabilities, class sizes, and
interpretability of the identified patterns
(Supplementary Fig. 3) (25). A previous
study suggested a categorization of verti-
cal (relations with employers and super-
visors) and horizontal (relations with
coworkers) social capital, providing theo-
retical support for our interpretation of
the latent classes (26).

Hazard ratios (HRs) were estimated
using the Cox proportional hazards
model, with follow-up length as the
underlying timescale to examine the
association between clusters of
resources and type 2 diabetes. Partic-
ipants were censored if they devel-
oped type 2 diabetes or died or at
the end of the follow-up (31 Decem-
ber 2016), whichever camefirst. The
proportional hazard assumption was
checked both graphically using a log-
log plot and statistically by including
interaction terms between time and
covariates. No obvious violation was
detected. The model wasfirst mini-
mally adjusted for sex and age and
then additionally adjusted for country
of birth, marital status, educational
level, type of employment contract,
comorbidity score, and diagnosed
mental disorders. In a supplementary
analysis, the association between each
individual type of resources and type
2 diabetes was assessed. To calculate
the absolute effects of public health
relevance, we estimated the corre-
sponding incidence rate difference
(IRD) by using the Aalen additive haz-
ards model (27). We calculated the
prevented fraction for the population
(PFP) using the following equation:

Figure 1—Flowchart of the study population.
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Pd (1 � HR) / (1� [1 � HR][1� Pd]),
where Pd is the prevalence of the
resource clusters among cases of diabe-
tes (28). PFP estimates the proportion
of a disease outcome that has been
prevented as a result of the presence of
a protective factor, assuming that it is a
causal relation.

In sensitivity analyses, we1) applied
a 1-year washout period to address
the possibility of reverse causation;2)
restricted the follow-up length to the
first 4 years of follow-up to identify
possible immediate effects;3) addi-
tionally adjusted for BMI, alcohol con-
sumption, smoking, physical activity,
and symptoms of mental health prob-
lems; and4) additionally adjusted for
occupational grade and job demands. We
explored the potential effect modifi-
cation of age-group, sex, educational
level, and occupational grade on the
association between psychosocial
resources and type 2 diabetes (29).
Multiplicative interactions and addi-
tive interactions were tested using the
Cox proportional regression and additive
hazards models, respectively.

We used R package poLCA version
1.4.1 for latent class analysis, SAS 9.4,
Proc phreg for the Cox proportional haz-
ards model, and R package timereg ver-
sion 1.9.3 for the Aalen additive model.
Risk estimates were expressed as HR
and IRD per 10,000 person-years and
their 95% CIs.

RESULTS

Patterns of Workplace Psychosocial
Resources
We identified four latent classes of
workplace resources (Fig. 2 and Supple-
mentary Table 2). Among the 49,835
baseline participants, 24% were grouped

into the unfavorable resource class,
experiencing unsupportive psychosocial
resources for all four resources. The
favorable vertical class (29%) was char-
acterized by intermediate to high levels
of procedural justice and leadership
quality and low levels of coworker sup-
port and culture of collaboration. The
favorable horizontal class (18%) was
characterized by high levels of coworker
support and culture of collaboration and
low to intermediate levels of procedural
justice and leadership quality. The indi-
viduals in the favorable vertical and hori-
zontal class (29%) reported relatively high
workplace psychosocial resources across
all dimensions.

Characteristics of the participants in
each latent workplace resource class
are presented in Table 1 and Supple-
mentary Table 3. Resource clusters
seemed to differ in terms of age, sex,
educational level, marital status, holding
a permanent job contract, occupational
grade, and perceiving high job demands.
Level of self-reported symptoms of men-
tal health problems and BMI and pro-
portion of diagnosed mental disorders,
being physically active, drinking alcohol
excessively, and smoking also varied
across the resource classes.

Workplace Psychosocial Resources
and Type 2 Diabetes
During a mean follow-up time of 10.9
years, we identified 2,148 incident cases
of type 2 diabetes (incidence 39 per
10,000 person-years) recorded among
49,835 participants who were initially
diabetes free in FPS.

Figure 3 shows the relationship
between baseline workplace psycho-
social resources and type 2 diabetes.
After adjusting for main confounders,

favorable vertical (HR 0.87 [95% CI
0.78; 0.97], IRD�6 per 10,000 per-
son-years, PFP = 4.3%), favorable hor-
izontal (HR 0.77 [95% CI 0.67; 0.88],
IRD �10 per 10,000 person-years,
PFP = 4.3%), and favorable vertical
and horizontal (HR 0.77 [95% CI 0.68;
0.86], IRD�11 per 10,000 person-
years, PFP = 7.0%) resource classes
were associated with a lower risk of
developing type 2 diabetes compared
with the unfavorable resource class.
When analyzing each of the four
types of resources individually, we
found some associations between
individual resources and type 2 dia-
betes, but they almost disappeared
when adding all individual resources
into the same model (Fig. 3 and
Supplementary Fig. 4).

To address reverse causality arising
from an underlying disease process
affecting the perception of the work sit-
uation already at baseline, we excluded
cases of diabetes within the 1st year of
follow-up. The results remained almost
unchanged (Supplementary Fig. 5).
Restricting the follow-up to thefirst 4
years also showed similar effect esti-
mates (Supplementary Fig. 5). Adjust-
ments for lifestyle or work-related
factors did not materially affect the
magnitude of the effect, but the
adjustment for self-reported symp-
toms of mental health problems
slightly attenuated the association
(Supplementary Fig. 6). There was an
additive interaction between age-groups
and resource (Pinteraction = 0.03), showing
stronger associations among employees
aged$55 years (Supplementary Fig. 7B).
No interactions were found for sex, edu-
cational level, and occupational grade on

Figure 2—Workplace psychosocial resource pattern in each latent class estimated among employee’sfirst participation in wave 2000–2014 (N =
49,835), including unfavorable (24%), favorable vertical (29%), favorable horizontal (18%), and favorable vertical and horizontal (29%) classes.
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either a multiplicative or an additive
scale (Supplementary Fig. 7C).

CONCLUSIONS

In a large longitudinal study, we identified
a clear pattern of clustering of workplace
psychosocial resources. While 29% of the
participants experienced favorable psy-
chosocial resources across all domains,
one in four employees worked in a low-

resource psychosocial working environ-
ment characterized by low levels of both
horizontal and vertical psychosocial
resources. Thefirst group had a lower
risk of developing type 2 diabetes, espe-
cially among older employees. The latter
group was at higher risk of diabetes and
more likely to experience, for example,
poorer self-reported mental health at
baseline. The patterns of workplace

psychosocial resources were stable
across study waves, and thefindings
appeared not to be biased by reverse
causation or confounding by other
factors.

Comparison With Previous Studies
To our knowledge, the current study is
the first to investigate the association
between clustering of workplace resour-
ces and type 2 diabetes. Ourfindings are
in line with a previous study in 10,308
English civil servants that showed that
low workplace social support was associ-
ated with a higher risk of type 2 diabetes
(3). However, among 6,784 Danish health
care workers with 253 incident cases of
diabetes, the intermediate level of leader-
ship quality was more protective of inci-
dent type 2 diabetes than low and high
levels of leadership quality (13). Another
study of 3,752 Canadian female employ-
ees with 259 incident cases of diabetes
found that a low level of workplace social
support was more protective regarding
the development of type 2 diabetes com-
pared with high workplace social support
(14). The previous Danish and Canadian
studies included far fewer incident cases
of diabetes, did not consider censoring
for death or migration, and might have
overadjusted for mediators (e.g., self-
reported depression) compared with the
current study.

Table 1—Baseline characteristics of participants in the FPS study by workplace psychosocial resources

Total sample Unfavorable Favorable vertical
Favorable
horizontal

Favorable vertical
and horizontal P*

Participants,n (%) 49,835 11,932 (24) 14,215 (29) 9,218 (18) 14,470 (29)

Social demographic characteristics
Mean age (years) 48 48 48 47 48 <0.001
Female sex 77 73 76 81 80 <0.001
Educational level <0.001

Low 11 12 12 9 11
Medium 36 38 37 36 35
High 52 50 50 56 54

Marital status <0.001
Married or cohabiting 76 74 76 77 78
Single 9 10 9 8 8
Divorced or separated 13 14 13 13 13
Widowed 2 1 2 2 2

Clinical characteristics
Charlson comorbidity index$1 9 9 9 8 8 0.60
Diagnosed mental disorders 2 2 1 1 2 0.04

Work-related characteristics
Nonpermanent job contract 10 7 11 9 13 <0.001

Data are % unless otherwise indicated. *P values for testing the hypothesis that at least one group is different from the others. ANOVA tests
performed for continuous characteristics, andx2 tests performed for categorical characteristics.

Figure 3—Associations of workplace psychosocial resources with incident type 2 diabetes
according to latent workplace resource clusters and individual type of workplace resources (N =
49,835). *Mutually adjusted for one another. Q, quartile.
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Possible Pathways
In light of previous studies on diabetes
etiology, an effect of workplace psycho-
social resources on type 2 diabetes
seems plausible. Among English civil
servants, relational occupational justice
was associated with a 25% lower risk of
developing the metabolic syndrome in
men (30). Using the same data set, cir-
culating inflammatory marker interleu-
kin-6 was found to mediate 10% of the
longitudinal association between work-
place social support and onset of diabe-
tes (3). Additionally, a Japanese study
showed an association between lower
levels of supervisor support and a higher
risk of developing insulin resistance (4).
Social support also has been found to
lead to a smoother blood pressure reac-
tion, higher oxytocin levels, and a lower
level of cortisol and inflammation in
response to an acute psychological
stressor (31). These physiological mech-
anisms support the hypothesis that
workplace psychosocial resources may
be important in preventing type 2
diabetes.

Our descriptive results showed that
favorable psychosocial resources at
work correlate with better self-reported
mental health. The additional adjust-
ment of self-reported mental health
slightly attenuated the association,
implying a potential pathway through
poor mental health. However, the asso-
ciation between mental health and type
2 diabetes was not confirmed in a previ-
ous multicohort study (32), leaving the
pathway through mental health some-
what equivocal.

Another plausible pathway is via
changes in health-related behaviors.
Our study showed that health-related
lifestyle tends to differ according to
resource class. Stronger leadership at
work could make work-related lifestyle
interventions more successful (33). A
longitudinal association has been found
between a high level of social capital
and an increased probability of smoking
cessation (34). Cross-sectional evidence
has shown that favorable psychosocial
working conditions correlate with lower
alcohol consumption and higher physical
activity (35,36).

Public Health Implications
Our study adds to the existing literature
by looking into the combination of
workplace psychosocial resources across

vertical and horizontal dimensions. It is
interesting that no obvious associations
were found between resources and
type 2 diabetes when addressed individ-
ually, while a clear association was found
when patterns of psychosocial resources
and diabetes were considered together.
Future research may be required to dis-
entangle potential interactions among
these resource elements.

Given the annual diabetes incidence
of 39 per 10,000 people among Finnish
public sector employees, the observed
associations, if causal, suggest a yearly
reduction of up to 10 per 10,000 people
for favorable horizontal resources and a
yearly reduction of 11 per 10,000 per-
sons for favorable vertical and horizontal
resources compared with unfavorable
resources. The importance of favorable
vertical and horizontal resources was fur-
ther supported by a PFP of 7%, indicat-
ing that if our finding is causal and the
favorable vertical and horizontal resour-
ces were to be replaced by the unfavor-
able resources, the incidence of type 2
diabetes would be 7% higher. Neverthe-
less, the calculation of PFP was based on
the prevalence of resources and should
be interpreted with caution.

Moreover, we found an interaction
between age and resources on the addi-
tive (P = 0.03) but not multiplicative
(P = 0.25) scale, suggesting that the
absolute effect of resources on diabetes
was greater among employees aged
>55 years than among those who were
younger. This difference between inter-
action measures is not surprising. When
both age and resources are associated
with diabetes development, absence of
a multiplicative interaction implies the
presence of an additive interaction (37).
Additive interaction may be of better
public health relevance because it esti-
mates the number of additional diabetes
cases prevented in one group compared
with another. For older employees, work-
place psychosocial resources may con-
tribute to selection, optimization, and
compensation strategies aimed at reduc-
ing age-related losses while keeping age-
related gains (38). Previous literature has
suggested health benefits as a conse-
quence of intervention in any resource
(10). The additive interaction implied
that such benefits may be most pro-
nounced for organizations with a large
number of older workers.

Strengths and Limitations
The items on colleague support, culture
of collaboration, leadership, and proce-
dural justice were measured by stan-
dard scales or questionnaire items at
the individual level. We applied aflexi-
ble data-driven approach for catego-
rizing workplace resources, allowing
us to account for measurement error
while not relying on predefined char-
acterizations (25). The latent class
approach also provided class member-
ship probabilities, which indicate the
estimates’ certainty. The categorization
of latent classes in our study were based
on the highest class membership proba-
bility for each person. This procedure
could have resulted in some degree of
misclassification of the workplace resour-
ces, which may have attenuated the
results slightly. Furthermore, resources
were only measured at baseline. With-
out considering timing, duration, and
changes of the exposure, the association
may be underestimated. While this study
included a broad range of commonly
studied group-, leader-, and organiza-
tional-level resources, several important
workplace resources were not covered,
including control, rewards, ethical cul-
ture, predictability, autonomy, and job
security. Although a high correlation
might exist among resources, future
studies mapping a wider range of work-
place resources in relation to diabetes
risks are warranted.

Cases of type 2 diabetes were ascer-
tained using register-based data with
the best available information from Fin-
land’s certified health reimbursement.
These data were independent of the
exposure measurement and allowed for
a virtually full follow-up. People<40
years of age were excluded to reduce
the possibility that taking metformin
was due to polycystic ovarian syndrome
and the possibility of being treated by
insulin because of type 1 diabetes.
Therefore, in our study, we believe to
have captured the majority of the indi-
viduals diagnosed with type 2 diabetes.
However, because type 2 diabetes is
more likely to be treated in primary care
and to appear in the health register later
than the first time of the diagnosis, we
may have slightly underestimated the
association between resources and type
2 diabetes. Nevertheless, because we
included any health reimbursement
owing to type 2 diabetes, including
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medication prescription and hospital
admissions, this underestimation is prob-
ably minimal.

The detailed assessment of the base-
line workplace psychosocial resources is
a strength of this study. Because these
resources tend to coexist in the real-life
setting, our study provides evidence on
various combinations of resources that
may facilitate the development of com-
plex multilevel workplace interventions.
Our study took advantage of the large
sample size with a long enough follow-
up to allow for type 2 diabetes to
develop. We also had sufficient power
to investigate the existence of reverse
causation by excluding people diag-
nosed with diabetes within 1 year after
baseline. Furthermore, the study pop-
ulation was representative of Finnish
public sector employees. However,
caution should be taken when gener-
alizing our results to private sector
employees and cultural settings with
different perceptions of workplace
psychosocial resources.

In conclusion, we identified four dis-
tinct patterns of psychosocial resources at
work, which tended to cluster in specific
groups of individuals. Favorable horizontal
and vertical psychosocial resources were
associated with the lowest risk of devel-
oping type 2 diabetes. Thesefindings sug-
gest that measures aiming at improving
workplace psychosocial resources might
help to preserve the health of employees.
Future studies are needed to understand
the effect of the timing of exposure and
the mechanistic pathways.
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