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Abstract

Aims To examine work disability trajectories among employees with and without diabetes and identify lifestyle-related

factors associated with these trajectories.

Methods We assessed work disability using records of sickness absence and disability pension among participants with

diabetes and age- sex-, socio-economic status- and marital status-matched controls in the Finnish Public Sector Study

(1102 cases; 2204 controls) and the French GAZEL study (500 cases; 1000 controls), followed up for 5 years. Obesity,

physical activity, smoking and alcohol consumption were assessed at baseline and the data analysed using group-based

trajectory modelling.

Results Five trajectories described work disability: ‘no/very low disability’ (41.1% among cases and 48.0% among

controls); ‘low–steady’ (35.4 and 34.7%, respectively); ‘high–steady’ (13.6 and 12.1%, respectively); and two ‘high–
increasing’ trajectories (10.0 and 5.2%, respectively). Diabetes was associated with a ‘high–increasing’ trajectory only

(odds ratio 1.90, 95% CI 1.47–2.46). Obesity and low physical activity were similarly associated with high work

disability in people with and without diabetes. Smoking was associated with ‘high–increasing’ trajectory in employees

with diabetes (odds ratio 1.88, 95% CI 1.21–2.93) but not in those without diabetes (odds ratio 1.32, 95% CI 0.87–
2.00). Diabetes was associated with having multiple ( ≥ 2) risk factors (21.1 vs. 11.4%) but the association between

multiple risk factors and the ‘high–increasing’ trajectory was similar in both groups.

Conclusions The majority of employees with diabetes have low disability rates, although 10% are on a high and

increasing disability trajectory. Lifestyle-related risk factors have similar associations with disability among employees

with and without diabetes, except smoking which was only associated with poorer prognosis in diabetes.

Diabet. Med. 32, 1335–1341 (2015)

Introduction

Diabetes is a common chronic condition among working-age

populations and is associated with an increased risk of

macro- and microvascular complications [1], reduced func-

tional capacity, including depression and fatigue [2,3],

sickness absence [4–7], early retirement and disability

pension [8,9]. With the increasing burden of diabetes

worldwide [10], identification of factors that influence

working capacity among people with diabetes is increasingly

important.

Obesity, physical inactivity, smoking and high alcohol

consumption have generally been shown to be associated

with sickness absence and work disability pensions in

working populations [11–16]. A healthy lifestyle has also

been shown to be very important for the management of

diabetes and prevention of diabetes-related adverse compli-

Correspondence to: Marianna Virtanen. E-mail: marianna.virtanen@ttl.fi

This is an open access article under the terms of the Creative Commons

Attribution License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited.

ª 2015 The Authors
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK. 1335

DIABETICMedicine

DOI: 10.1111/dme.12787

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


cations [1]; however, it is not known which types of

trajectories can be identified and which lifestyle-related risk

factors contribute most to trajectories of work disability

among employees with diabetes. It is also not known

whether disability trajectories are similar in different occu-

pational cohorts and among employees with and without

diabetes. In the present study we address these outstanding

questions using survey and register data from two occupa-

tional cohort studies.

Participants and methods

Research design and setting

This study included two ongoing prospective study cohorts:

The Finnish Public Sector study (FPSS) [5,13], coordinated

by the Finnish Institute of Occupational Health, is a

prospective cohort of employees working in 10 towns and

21 hospitals. The Ethics Committee of the Hospital District

of Helsinki and Uusimaa approved the study. The baseline

for the present study was in 2004 (Fig. S1) when a total of 48

076 participants responded to a survey (response rate 66%).

This baseline was chosen because complete sickness absence

data for follow-up were available from 2005. In addition to

the survey, health records between 2001 and 2004 (see

description below) were used to identify diabetes cases,

yielding a total of 1359 diabetes cases. Follow-up of sickness

absence was from 1 January 2005 to 31 December 2009.

During the follow-up, 14 employees died and 243 retired,

resulting in an analytical sample of 1102 diabetes cases.

Using the same procedure as for diabetes cases, we randomly

selected two controls without diabetes and with 5-years

follow-up of work disability (n = 2204) matched by age, sex,

socio-economic status and marital status. Covariates were

derived from the survey and registers in 2004.

The GAZEL cohort study, established in 1989, comprises

employees from the French national gas and electricity

company Electricit�e de France-Gaz de France [4,8]. The

study was approved by the Inserm Ethics committee and all

participants gave informed consent. At baseline, 20 625

employees (73% men), aged 35–50 years, participated

(response rate 45%), and follow-up relied mainly on an

annual survey including a questionnaire. Of the participants

who responded to at least one survey between the years 1989

and 2003 (Fig. S1), 914 were identified as having diabetes.

Of these, 15 died, 363 retired and 36 left the organization

before the end of the 5-year follow-up, resulting in an

analytical sample of 500. Diabetes was already present at

study outset in 1989 (Survey 1) for some of the participants.

For these, follow-up started immediately after Survey 1. In

other participants, diabetes was detected after the study had

started (e.g. at Survey 2). For these participants, follow-up

started immediately after diabetes was detected. Covariates

were collected from the most recent survey. Two control

subjects without diabetes and with 5 years’ follow-up of

work disability (n = 1000) for each diabetes case were

randomly derived from the baseline (1989) survey, matched

by age, sex, socio-economic status and marital status. All

participants were followed-up for 5 calendar years.

Measures

In the FPSS, identification of diabetes cases was based on

national registers of purchased diabetes medicines (oral

medication or insulin) and entitlements to special reimburse-

ments for their costs by the Social Insurance Institution of

Finland which covers all permanent residents. To be eligible

for this register, a patient’s condition must meet explicit

predefined criteria (diabetes which has not been responsive to

lifestyle intervention and needs long-term antidiabetic treat-

ment). Participants with diabetes were also identified from

responses to a survey question on doctor-diagnosed diabetes.

Data from all these sources were compiled to identify

employees with diabetes. In the GAZEL study, participants

with diabetes were identified from responses to a checklist

of > 50 chronic conditions in annual surveys.

In both cohorts, BMI was calculated from self-reported

height and weight to identify obese (BMI ≥ 30 kg/m2)

participants. Low physical activity was defined as < 0.5 h

of vigorous physical activity (e.g. brisk walking, jogging and

running) per week (FPSS) and as no sports activities

(GAZEL). Smoking status was categorized as current smoker

vs. non-smoker. The average amount of beer, wine and

spirits consumed per week (FPSS) or day (GAZEL) was

transformed into units of alcohol per week. Risky alcohol use

was defined as ≥ 22 units/week (men) or ≥ 15 units/week

(women) [17].

Work disability was based on annual number of days on

sickness absence and work disability pension over 5 years. In

Finland (FPSS cohort), the national sickness allowance

What’s new?

• We examined trajectories of work disability among

people with and without diabetes.

• Five trajectories describing disability level at the begin-

ning of follow-up and its development over 5 years

were identified: ‘no/very low disability’, ‘low–steady’,

‘high–steady’ and two ‘high–increasing’ trajectories.

• The majority of employees with and without diabetes

had low-disability trajectories.

• Diabetes was associated with ‘high–increasing’ disabil-

ity trajectories, although this affected only 10% of the

population with diabetes.

• Obesity and physical inactivity, irrespective of diabetes,

and smoking among employees with diabetes were

associated with adverse disability trajectories.
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scheme covers sickness absence of > 9 days. Work disability

pension can be granted after ~ 1 year of sickness absence.

For the FPSS cohort, we obtained data on sickness absence

and work disability pension between 1 January 2005 and 31

December 2009. In the GAZEL cohort, employees were

covered by a company-run insurance scheme. The policy

regarding long-term sickness absence was to grant a disabil-

ity pension after 5 years of absence. We obtained sickness

absence and work disability pension records (1 January 1990

to 31 December 2008) from Electricit�e de France-Gaz de

France. All these records included the first and last dates (if

relevant) of all absences and disability pensions. For each

employee, we computed the annual sum of disability days for

the 5-year follow-up period.

Socio-demographic baseline covariates were age, sex,

socio-economic status (occupational grade) and marital

status (married or cohabiting vs single, divorced or wid-

owed). Comorbid physical diseases were obtained at base-

line. In the FPSS cohort, data on comorbid disease (chronic

hypertension, ischaemic heart disease, heart failure, rheuma-

toid arthritis, asthma or chronic obstructive pulmonary

disease) were based on entitlements to special reimbursement

for medication. In the GAZEL cohort, information on the

corresponding diseases (hypertension, myocardial infarction,

angina, stroke, osteoarthritis, rheumatoid arthritis, asthma)

was based on survey responses.

Statistical analysis

We used group-based trajectory modelling, implemented in

SAS version 9.4, to identify clusters of individuals (trajec-

tory groups) who have followed a similar developmental

trajectory for work disability in their annual count of work

disability days over the 5-year follow-up period. Group-

based trajectory modelling is increasingly being applied in

clinical research to map the developmental course of

disease and it enabled us to identify the number, shape

and size (i.e. the percentage of the population following

that trajectory) of different (latent) trajectory groups in the

data [18]. We used Bayesian Information Criteria to

evaluate model fit. In the group-based trajectory modelling,

the Bayesian Information Criterion is always negative and

the maximum (the least negative value) indicates the best

model [19].

Employees with diabetes in the two cohorts had the same

number of distinct developmental trajectories, which were

similar in shape and levels of disability; the cohorts were

therefore pooled for further analysis. Associations between

baseline lifestyle risk factors and the trajectory groups were

examined using multivariable multinomial regression analy-

sis with odds ratios (ORs) and their 95% CIs. The models

were adjusted for age, sex, occupational grade, marital

status, timing of diabetes diagnosis, comorbid disease and

cohort. To determine whether the associations were different

among employees with and without diabetes, we tested

whether there was an interaction between diabetes status and

lifestyle-related risk factors by entering the interaction term

‘diabetes status (yes vs. no)*exposure (e.g. obesity)’ to the

regression model. Similarly, we tested the interaction by sex.

A three-way interaction ‘cohort*lifestyle factor*diabetes

status’ was tested to examine whether there were any

differences between cohorts in these associations. A sub-

group analysis among FPSS participants was carried out to

examine the cause-specific distribution of work disability. All

analyses were performed with SAS 9.4 program package (SAS

Institute, Cary, NC, USA).

Results

There was no difference in mean age between the FPSS and

GAZEL study participants (Table S1). Diabetes was newly

diagnosed in 29.1% of the FPSS and 54.0% of the GAZEL

participants. The FPSS participants were less likely to have

comorbid chronic diseases but more likely to be obese, while

the GAZEL participants were more likely to report low

physical activity, smoking, and high alcohol consumption.

During the 5-year follow-up, FPSS participants with and

without diabetes had a median of 34.0 work disability days/

5 years/person (6.8 days/year/person) and 14.0 days 5 years/

person (2.8/year/person), respectively (data not shown). The

largest number of disability days among people with diabetes

was attributable to musculoskeletal diseases (39.1%), fol-

lowed by mental and behavioural disorders (17.4%), diseases

of the circulatory system (11.2%) and endocrine, nutritional

and metabolic diseases (such as diabetes; 9.3%); showing

that the magnitude of work-related disability attributable to

diabetes diagnosis is small. During the 5-year follow-up, the

GAZEL participants with and without diabetes had a median

of 23.0 work disability days/5 years/person (4.6 days/year/

person) and 12.0 days/5 years/person (2.4 days/year/per-

son), respectively.

In the trajectory analysis, a five-group model that had the

best fit in employees with diabetes (Fig. 1) also applied to

those without diabetes (Fig. S2). Three of these trajectories

were associated with high disability, apart from in GAZEL

participants without diabetes, where there were only two

high-disability trajectories. Average rates of disability in the

high-disability trajectories in employees with diabetes com-

pared with controls were higher in GAZEL than in FPSS

participants (Table S2), although the percentage of partici-

pants in the high-disability categories was higher in the FPSS

cohort. The two highest disability groups were collapsed in

subsequent analyses because of small numbers and the

combined category was labelled ‘high–increasing’. Among

the GAZEL participants without diabetes, the group with

‘low–small increase’ was collapsed with the ‘low–steady’

group’. Thus, for the pooled data we used four trajectories:

‘no/very low disability’ (41.1% among diabetes cases and

48.0% among controls); ‘low–steady’ (35.4 and 34.7%,

respectively; ‘high–steady’ (13.6 and 12.1%, respectively);
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and ‘high–increasing’ (10.0 and 5.2%, respectively; Fig 1

and Fig S2).

Table S3 shows that employees with andwithout diabetes in

both high-disability trajectories were more likely to be from

the FPSS cohort, to be older, to be women, to have a low

occupational grade, to be non-married, to have diabetes

diagnosed before baseline and to havemore comorbidities and

poorer health behaviours (except alcohol consumption)

among all participants and smoking among non-diabetes

cases when compared with those in low-disability trajectories.

In the multivariable adjusted models (Table 1), diabetes

was associated with the ‘high–increasing’ trajectory only.

Obesity was associated with ‘high–steady’ and ‘high–increas-

ing’ trajectories among employees with and without diabetes

but not the ‘low–steady’ trajectory. Low physical activity

predicted ‘high–steady’ and ‘high–increasing’ trajectories

among employees with diabetes and ‘high–increasing’ tra-

jectory among employees without diabetes. There was one

significant interaction between diabetes status and lifestyle

risk factor; smoking was associated with ‘high–increasing’

trajectory among employees with diabetes but not among

those without diabetes (P value for interaction = 0.015). No

difference was found between disability trajectories in

relation to alcohol. Further adjustment for physical activity

in the model with obesity as the exposure and vice versa

attenuated but did not fully explain the associations. A

sensitivity analysis in which non-drinkers were excluded did

not change the null finding for alcohol use (data not shown).

No two-way interaction was found between men and

women with regard to the association between diabetes

status and disability trajectories. All three-way interaction

tests with cohort produced non-significant findings except for

alcohol consumption (P value = 0.001) and sex (P

value = 0.005). Sub-group analyses of these (Table S4) show

women to have a higher risk of adverse work disability

trajectory than men, with the exception of GAZEL, where no

difference was found among people with diabetes. Alcohol

consumption was only associated with an adverse work

disability trajectory among employees with diabetes in the

GAZEL cohort; however, because of small numbers, the

associations were non-significant with wide CIs.

We added up the number of lifestyle-related risk factors

that had an effect on the association, i.e. obesity, low

physical activity and smoking, and found that compared with

control subjects, employees with diabetes were more likely to

have ≥ 2 lifestyle-related risk factors (21.1 vs. 11.4%)

and less likely to have none (40.0 vs. 57.5%; P value

for difference < 0.001). Multivariate-adjusted analyses

(Table 2) show a strong association between an increasing

number of risk factors and a more adverse disability

trajectory; however, this was similar among employees with

and without diabetes (P value for interaction = 0.56).

Discussion

In this 5-year follow-up study of two occupational cohorts,

we analysed work disability trajectories and compared them

between employees with diabetes and those without diabetes.

The vast majority of employees with and without diabetes

were in low-disability trajectories. A small minority (10%) of

employees with diabetes were in the most adverse ‘high–

increasing’ trajectory. This percentage was double that for

those without diabetes (5.2%). The multivariable adjusted

model showed an association between diabetes and the

‘high–increasing’ trajectory but not the other two trajecto-

ries. Earlier studies have reported higher sickness absence

(a) (b)

FIGURE 1 Work disability trajectories (mean days) during the 5-year follow-up time among (a) 1102 participants with diabetes from the Finnish

Public Sector Study and (b) 500 participants with diabetes from the GAZEL study.
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Table 1 Multinomial logistic regression of the association between diabetes and lifestyle-related risk factors and work disability trajectories among
employees with and without diabetes

Work disability trajectory

Low–steady (n = 1647)
vs. no/very low absence (n = 2149)

High–steady (n = 590) vs.
no/very low absence (n = 2149)

High–increasing (n = 322) vs.
no/very low absence (n = 2149)

OR (95% CI)* OR (95% CI)* OR (95% CI)*

Diabetes
No 1.00 1.00 1.00
Yes 1.14 (0.99–1.32) 1.20 (0.98–1.47) 1.90 (1.47–2.46)

Lifestyle-related risk factors
Employees with diabetes (n = 558 vs. n = 644) (n = 213 vs. n = 644) (n = 154 vs. n = 644)
Obesity

No 1.00 1.00 1.00
Yes 1.20 (0.91–1.58) 1.82 (1.28–2.60) 1.57 (1.05–2.36)

Low physical activity
No 1.00 1.00 1.00
Yes 1.08 (0.83–1.41) 1.69 (1.19–2.40) 2.02 (1.36–3.00)

Smoking
No 1.00 1.00 1.00
Yes 0.80 (0.59–1.09) 0.78 (0.51–1.19) 1.88 (1.21–2.93)

High alcohol consumption
No 1.00 1.00 1.00
Yes 0.79 (0.56–1.11) 0.83 (0.50–1.37) 1.12 (0.65–1.93)

Employees without diabetes (n = 1089 vs. n = 1505) (n = 377 vs. n = 1505) (n = 168 vs. n = 1505)
Obesity

No 1.00 1.00 1.00
Yes 1.32 (0.99–1.74) 1.68 (1.18–1.39) 1.88 (1.19–2.96)

Low physical activity
No 1.00 1.00 1.00
Yes 0.86 (0.70–1.05) 1.02 (0.77–1.36) 1.78 (1.24–2.57)

Smoking
No 1.00 1.00 1.00
Yes 1.16 (0.95–1.42) 1.19 (0.89–1.59) 1.32 (0.87–2.00)

High alcohol consumption
No 1.00 1.00 1.00
Yes 1.11 (0.87–1.41) 0.85 (0.57–1.26) 1.14 (0.68–1.92)

OR, odds ratio.
*Adjusted for age, sex, occupational grade, marital status, timing of diabetes diagnosis (among employees with diabetes), comorbid disease
and cohort.
P value for interaction predicting work disability trajectory: obesity and diabetes status 0.81; physical activity and diabetes status 0.19;
smoking and diabetes status 0.015; alcohol use and diabetes status 0.32.

Table 2 Multinomial logistic regression of the association between the number of lifestyle-related risk factors (obesity, low physical activity and
smoking) and work disability trajectories among employees with and without diabetes

Number of lifestyle-related
risk factors

Work disability trajectory

Low–steady vs. no/
very low absence

High–steady vs. no/
very low absence

High–increasing vs. no/
very low absence

n in the
ref. group n OR (95% CI)* n OR (95% CI)* n OR (95% CI)*

Employees with diabetes (n = 508 vs. n = 611) (n = 196 vs. n = 611) (n = 136 vs. n = 611)
Risk factors

0 276 216 1.00 57 1.00 31 1.00
1 231 197 1.03 (0.79–1.35) 83 1.50 (1.01–2.23) 54 1.74 (1.06–2.86)
2-3 104 95 1.05 (0.74–1.48) 56 2.03 (1.28–3.22) 51 3.26 (1.90–5.57)

Employees without diabetes (n = 989 vs. n = 1419) (n = 353 vs. n = 1419) (n = 146 vs. n = 1419)
Risk factors

0 852 573 1.00 183 1.00 64 1.00
1 430 297 0.94 (0.78–1.13) 125 1.25 (0.95–1.63) 52 1.41 (0.95–2.11)
2-3 137 119 1.21 (0.92–1.60) 45 1.40 (0.94–2.06) 30 2.40 (1.46–3.97)

*Adjusted for age, sex, occupational grade, marital status, timing of diabetes diagnosis (among employees with diabetes), comorbid disease
and cohort.
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levels among employees with diabetes [5–7], but the findings

of the present study suggest that the majority of people with

diabetes have relatively low work disability rates; a finding

supported by evidence that chronic diseases, such as diabetes,

have become less disabling between 1990 and 2008 [20]. It is

also noteworthy that a considerable percentage of employees

without diabetes (12% in FPSS, 28% in GAZEL) had a

chronic disease other than diabetes.

The present study is probably the first to examine work

disability trajectories among employees with and without

diabetes. In this study, obesity was associated with both of

the two high-disability trajectories among both groups.

Previous research focusing on total working populations

has found increased rates of sickness absence and work

disability pensions among people with unhealthy lifestyles

[11,12,16,21], a small, diet-focused intervention targeting

individuals with diabetes and obesity reduced disability days

[22], and weight loss among people with Type 2 diabetes has

improved clinical outcomes, such as glycaemic control [23].

Our finding that obesity was associated with high-disability

trajectories, irrespective of diabetes status, supports earlier

reports of obesity as a major cause of disease burden [24].

Although exercise may especially help in maintaining glucose

control in diabetes [25], we found a similar association

between low physical activity and work disability trajectories

among employees with and without diabetes. Obesity and

low physical activity are therefore likely to be effective

targets of interventions aimed at minimizing work disability

among all employees.

Smoking was associated with ‘high–increasing’ trajectory

among employees with diabetes but not among those without

diabetes. In previous studies, smoking among patients with

diabetes has been related to high blood glucose levels and

insulin resistance and an acceleration of diabetes-related

complications, cardiovascular events and mortality [26]. The

strong association might also relate to smoking duration and

intensity which were not measured in the present study.

Alcohol consumption was not associated with disability

trajectories, although a link between risky alcohol consump-

tion and sickness absence has been found in other employed

populations [16] as well as an association between alcohol

use and poor self-care and poor glycaemic control in diabetes

[27].

As might be expected, the higher the number of lifestyle-

related risk factors, the more adverse the disability trajectory.

Employees with diabetes were more likely to have ≥ 2

lifestyle-related risk factors (21.1 vs. 11.4%) and less likely

to have none (40.0 vs. 57.5%), although the association

between multiple risk factors and work disability was found

irrespective of diabetes status. We also found that women

with and without diabetes generally had higher work

disability levels than men.

A major strength of the present study is its prospective

design with 5 years of follow-up and individual, daily-based

register data on work disability measured as sickness absence

and disability pension. The present study is among the first to

have used group-based trajectory membership analysis in a

study of work disability. A limitation is that 5-year consec-

utive data were required for each participant in order to

perform trajectory analysis. In the GAZEL cohort, those who

left the organization were lost to follow-up. Another limi-

tation of the GAZEL data is that diabetes was measured by

self-report; however, the validity of self-reports of diabetes

has been shown to be good [28]. Although we adjusted our

models for several confounding factors, we were not able to

control for the effect of severity of disease in diabetes,

treatment received or adherence to treatment, all of which

may be associated with lifestyle and work disability. As in all

observational studies, we cannot exclude the possibility of

other unknown or unmeasured confounders or reverse

causation. The number of participants in the highest disabil-

ity trajectory and with multiple risk factors was relatively

small. Although our models were adjusted for cohort and the

cohort interaction was tested, the results cannot be assumed

to be generalizable beyond them.

In conclusion, the present data suggest that the majority of

employees with diabetes have low disability rates, although

10% of them are on a trajectory leading to very high

disability rates. Obesity and physical inactivity predict

adverse disability trajectories, irrespective of diabetes status,

while smoking seems to be more important in diabetes.

Clustering of lifestyle-related risk factors is more likely in

individuals with diabetes and in those with high-disability

trajectories.
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