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Objectives   The aims of this study were to examine (i) the association of relative weight with subsequent dis-
ability retirement due to any diagnosis and also in two major diagnostic groups (ie, musculoskeletal diseases and 
mental disorders) and (ii) whether diagnosed diseases, physical and mental functioning, and working conditions 
explain these associations.
Methods   This prospective study comprised a cohort of 6542 middle-aged employees of the City of Helsinki, 
Finland. Questionnaire data were linked with register data on disability retirements, with a mean follow-up time 
of 7.8 years.  
Results   Adjusting for age, body mass index (BMI) was associated with all-cause disability retirement among 
men and women, the highest risk being for the severely obese and the obese [hazard ratio (HR) 3.45, 95% confi-
dence interval (95% CI) 2.53–4.69; HR 1.94, 95% CI 1.52–2.46, respectively]. Adjusting for age, relative weight 
was also strongly associated with the main retirement diagnoses, especially musculoskeletal diseases among 
the severely obese (HR 4.76, 95% CI 3.06–7.40) and obese (HR 2.35, 95% CI 1.62–3.39). The association was 
attenuated when adjusting for self-reported diseases and physical and mental functioning at baseline. Working 
conditions had negligible effects on the associations.
Conclusions   Maintenance of normal weight is likely to reduce the risk of disability retirement. Among obese 
employees, the focus should be on the improvement of physical functioning and the effective treatment of obesity 
and its co-morbidities to counteract the heightened risk of disability retirement.

Key terms   BMI; body mass index; Finland; obesity; occupational health; sick leave; weight; work ability; 
work disability. 
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Obesity is a prevalent and serious public health prob-
lem that is associated with numerous chronic diseases 
(1) and increased mortality (2). Obesity also affects 
individual well-being (3) and quality of life (4). Among 
employees, obesity is associated with increased risk and 
duration of sick leave (5, 6) and workplace injuries (7). 
There is also evidence that obesity is associated with 
employees’ decreased functioning and productivity at 
work (8). As obesity is a common condition among 
middle-aged employees, it creates a major economic 
burden in workplaces and on society (9). 

The work-related and economic consequences of 
obesity are further accentuated by obesity-associated 
premature retirement (10, 11). In addition to obesity, 
being under- or overweight may also contribute to the 
risk of disability retirement as relative weight measured 

by body mass index (BMI) tends to have a J-shaped 
association with disability retirement (11). However, 
the evidence of the association between underweight 
and disability retirement is not conclusive, and has been 
mainly shown for men (11).

Few previous studies have included data on diagno-
ses leading to disability retirement (12–14). A Finnish 
study found that obese men and women had an elevated 
risk of disability retirement due to cardiovascular and 
musculoskeletal diseases but not due to mental disor-
ders (12). Two Swedish studies analyzed only men. 
In the first study (13), the obese were at increased risk 
of disability retirement due to musculoskeletal and 
cardiovascular diseases and mental disorders. Among 
the underweight, alcohol dependence as a cause for 
retirement was more common than among those with 
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higher BMI. In the second study (14), the risk for dis-
ability retirement due to mental disorders was similarly 
increased for the under- and overweight compared to 
normal-weight men. The risk for disability retirement 
due to cardiovascular and musculoskeletal diseases 
was increased among the overweight and obese but not 
among underweight men.

According to the Finnish retirement legislation, an 
employee has to have a diagnosed illness before a dis-
ability pension can be granted. However, diagnosed 
illness is not enough to induce disability retirement; the 
employee also has to have lowered work ability due to the 
illness, either mentally or physically, to qualify for dis-
ability retirement. In addition to illnesses and functioning, 
working conditions are considered when work ability is 
evaluated. For example, physical health problems may 
lower one’s work ability more when doing physically 
demanding work compared to, for example, desk or 
office work. In earlier studies, health status and working 
conditions have only rarely been taken into account. A 
previous Swedish study adjusted the association between 
BMI and disability retirement for hypertension, which 
slightly attenuated the association (13), but other diseases 
were not included. Another Swedish study (14) found 
that, after adjusting for muscular strength, the risk for 
disability retirement was even higher among the obese 
but lower among the underweight. No other measures of 
health status have been considered. Working conditions 
have only rarely been included, despite their potential 
importance for work disability (15). A Danish study of 
nurses (16) found that both BMI and working conditions, 
such as worktime arrangements and physical demands 
of the work, were associated with disability retirement, 
but their combined effect was not reported. In order to 
understand the associations between weight and disability 
retirement, it is vital to take into account key covariates 
including health, functioning, and working conditions.

The aim of our study was first to examine the asso-
ciation of relative weight with subsequent disability 
retirement due to any cause, as well as due to muscu-
loskeletal diseases, mental disorders, and other causes. 
Our second aim was to examine whether health status, 
physical and mental functioning, and working conditions 
explain these associations. 

Methods

Data

The study was based on the Helsinki Health Study 
cohort. The baseline data were derived from mail ques-
tionnaire surveys among the employees of the City of 
Helsinki, Finland. The baseline surveys were conducted 

in 2000, 2001, and 2002 among employees who reached 
40, 45, 50, 55, or 60 years during each year (N=8960, 
response rate 67%) (17). According to non-response 
analysis, the baseline data represents the target popula-
tion satisfactorily (17, 18). There were 5131 women and 
1411 men in the study population. By socioeconomic 
position, 31% of the respondents were classified as 
managers and professionals, 19% as semi-professionals, 
36% as routine non-manual employees, and 14% as 
manual workers. The respondents represent municipal 
occupations, such as nurses, teachers, social workers, 
fire-fighters, bus drivers, and office workers.

Height and weight were taken from the baseline 
surveys. BMI (kg/m2 ) was calculated from self-reported 
data and categorized as: <20 (underweight), 20–24.9 
(normal weight), 25–29.9 (overweight), 30–34.9 (obese), 
and ≥35 (severely obese). Participants with missing data 
on weight or height (N=49) and pregnant women (N=15) 
were excluded. 

Disability retirement data were derived from the 
Finnish Centre for Pensions national register data on 
all retirement events. These data were linked to the 
baseline survey data using unique personal identifi-
cation numbers. The data linkage was done among 
respondents who gave their written consent for such 
linkage (74%). Non-consenter analyses have been 
reported elsewhere (17, 18). These showed that con-
senters represented the target population satisfactorily. 
Disability retirement was followed up until the end of 
2010. Participants who retired due to their age or died 
before disability retirement were censored. Participants 
who turned 63 years were also censored as in Finland 
disability pension cannot be granted after the age of 63 
years. The mean follow-up time was 7.8 years. 

There were 681 disability retirement events dur-
ing the follow-up time. The disability retirement data 
include complete information on the main diagnosis 
(according to ICD-10, International Classification 
of Diseases, Tenth Revision) (19) of the retirement. 
The diagnoses were grouped into musculoskeletal 
diseases (diseases of the musculoskeletal system and 
connective tissue, ICD-10 codes M00–M99), mental 
disorders (mental and behavioral disorders, ICD-10 
codes F00–F99), and other causes. Of all the disability 
retirees, 290 retired due to musculoskeletal diseases, 198 
due to other causes, and 193 due to mental disorders.

The ethics committees at the Department of Public 
Health, University of Helsinki, and the City of Helsinki 
Health Authorities approved the study.

Covariates

Covariates taken from the baseline included diagnosed 
diseases, physical and mental functioning, and working 
conditions. First, diseases were assessed by a question 
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asking whether the respondent had ever been diagnosed 
with any of the listed diseases, which included mus-
culoskeletal diseases (gout, arthrosis, osteoarthritis), 
cardiovascular diseases (angina pectoris, myocardial 
infarction, cerebrovascular stroke, claudication), men-
tal disorders (depression, anxiety, other mental health 
problems), diabetes, cancer, and eating disorders. If the 
respondent reported at least one such disease, a health 
problem was present.

Second, physical and mental health functioning were 
measured using the physical and mental component 
summaries of the Short-Form 36 (SF-36) health ques-
tionnaire (20). Summary scores of both physical and 
mental component scores were divided into quartiles.

Third, working conditions included shift work, 
physical working conditions, and psychosocial work-
ing conditions. Shift work was encoded as a dichoto-
mous covariate: employees doing regular daytime work 
formed one group, and the rest, including those doing 
any type of shift or nighttime work, formed another 
group. Factor analysis of an 18-item inventory of physi-
cal working conditions developed at the Finnish Insti-
tute of Occupational Health (21) yielded the following 
factors: (i) physical workload, such as uncomfortable 
postures, repetitive trunk rotation, repetitive movements, 
and heavy physical exertion; (ii) hazardous exposures, 
such as dirt, dampness, weak lightning, solvents, gases 
or irritating substances, heat, cold, draft, mold, noise, 
and vibration; and (iii) computer work, including sed-
entary work, using a computer mouse, and working 
with a computer display terminal. Each factor score 
was divided into quartiles. Karasek’s job demand job 
control questionnaire was used to measure psychoso-
cial working factors (22). Separate summary scores for 
job demands (9 items) and job control (9 items) were 
divided into quartiles

Statistical analysis

First, the incidence of different disability retirement 
events across the BMI groups was calculated. The rates 
are reported per 100 person-years. Next, Cox regression 
analysis was used to examine the associations between 
BMI and all subsequent disability retirement among 
women and men separately. 

In the analyses, five different models were fitted. 
Model 1 was adjusted for age. Model 2 was adjusted 
for age and diseases. Model 3 was adjusted for age 
and physical and mental health functioning. Model 
4 was adjusted for age and all the working condi-
tions at the same time. Model 5 was adjusted for all 
covariates of the previous models simultaneously. 
Socioeconomic position, smoking, and physical activ-
ity were adjusted for in sensitivity analyses, but as 
their contributions to the examined associations were 

negligible, they were omitted from the final models. 
As the number of men was rather small in our sample, 
we tested the interaction between gender and disabil-
ity retirement, and when no interaction was found, 
the data for women and men were pooled for the 
diagnosis-specific analyses. When analyzing data on 
men and women together, all models were adjusted 
additionally for gender. The results are presented as 
hazard ratios (HR) and their 95% confidence intervals 
(95% CI).

Results

At baseline, 32% of women and 46% of men were 
overweight and 15% of both women and men were 
obese (table 1). Disability retirement was more com-
mon in the higher BMI groups. Severely obese men and 
women had a four-time greater incidence of all-cause 
retirement than normal-weight men and women. When 
examining the disability retirement diagnoses, the inci-
dence of disability retirement due to musculoskeletal 
diseases was 5.6-fold greater among severely obese than 
normal-weight women, and 11-fold greater among the 
severely obese than normal-weight men.  The incidence 
of disability retirement due to mental disorders was not 
increased among severely obese men, but severely obese 
women had 2.7-fold greater incidence than women of 
normal weight.

Obese employees were somewhat older and had 
more diagnosed diseases and lower physical functioning 
compared to normal-weight employees (table 2). Among 
women, shift work, physical workload, and hazardous 
exposures at work were more common among the obese, 
and computer work was less common than among nor-
mal-weight employees. Among men, hazardous expo-
sures were more common among the underweight than 
in other BMI groups and physical workload was less 
among normal-weight men than in other BMI groups.  

All-cause retirement

After adjusting for age, severely obese (HR 3.47, 95% 
CI 2.47–4.87), obese (HR 2.05, 95% CI 1.58–2.67), and 
overweight women (HR 1.38, 95% CI 1.11–1.72) had 
a higher risk of disability retirement (table 3). Being 
underweight was not statistically significantly associated 
with disability retirement (HR 1.30, 95% CI 0.82–1.93).

After adjusting for diagnosed diseases, the associa-
tion between BMI and all-cause retirement attenuated, 
but the elevated risk remained among the severely obese 
and obese. After adjusting for physical and mental 
functioning, the association between BMI and disability 
retirement strongly attenuated, but among the obese and 
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Table 1. Incidence of all-cause disability retirement and diagnosis-specific disability retirement per 100 person-years by gender and 
body mass index (BMI).

BMI (kg/m2) N % Person-years Incidence of disability retirement per 100 person-years

All-cause disability 
retirement

Musculoskeletal 
diseases

Mental  
disorders 

Other  
diagnoses

Women
<20 328 6 2816 0.99 0.32 0.28 0.39
20–24.9 2418 47 19896 0.95 0.37 0.30 0.28
25–29.9 1638 32 12215 1.60 0.78 0.40 0.43
30–34.9 570 11 4219 2.28 1.07 0.57 0.64
≥35 177 3 1244 3.86 2.09 0.80 0.96

Men
<20 21 1 168 · · · ·
20–24.9 530 38 4211 0.86 0.21 0.31 0.33
25–29.9 643 46 4619 1.34 0.37 0.48 0.50
30–34.9 165 12 1130 1.77 0.88 0.53 0.35
≥35 52 4 347 3.46 2.31 0.29 0.86

Table 2. Description of variables by body mass index (BMI) groups among women and men.

BMI (kg/m2) P-value a 
<20 20–24.9 25–29.9 30–34.9 ≥35

N Mean % N Mean % N Mean % N Mean % N Mean %

Women 328 2418 1638 570 177
Age (years) 47 49 50 50 51 <0.01
Diagnosed diseases (≥1) 44 51 59 61 73 <0.01
Physical functioning 52 51 48 46 43 <0.01
Mental functioning 51 51 52 52 53 0.04
Hazardous exposures (<median) 53 53 47 49 40 <0.01
Physical workload (<median) 54 53 47 45 42 <0.01
Computer work (<median) 51 47 52 55 56 <0.01
Shift work (positive) 17 19 23 25 27 <0.01
Job demands (<median) 54 53 54 50 53 0.67
Job control (<median) 45 46 49 48 57 0.02

Men 21 530 643 165 52
Age (years) 50 49 50 52 51 <0.01
Diagnosed diseases (≥1) 52 42 51 64 71 <0.01
Physical functioning 50 52 51 48 43 <0.01
Mental functioning 55 51 52 52 51 0.51
Hazardous exposures (<median) 71 53 50 41 38 0.01
Physical workload (<median) 48 55 49 41 44 0.02
Computer work (<median) 52 50 49 49 63 0.40
Shift work (positive) 14 26 32 33 27 0.10
Job demands (<median) 71 47 49 45 55 0.18
Job control (<median) 52 46 46 59 48 0.03

All 349 2948 2281 735 229
Age (years) 47 49 50 51 51 <0.01
Diagnosed diseases (≥1) 45 49 57 61 72 <0.01
Physical functioning 52 51 49 46 43 <0.01
Mental functioning 51 51 52 52 52 0.12
Hazardous exposures (<median) 54 53 48 47 40 <0.01
Physical workload (<median) 54 53 48 44 43 <0.01
Computer work (<median) 51 47 52 53 58 <0.01
Shift work (positive) 17 20 26 27 27 <0.01
Job demands (<median) 55 52 53 49 53 0.39
Job control (<median) 45 46 48 51 55 0.01

a F-test for means, Chi-square test for proportions.
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severely obese the elevated risk remained. Sensitivity 
analysis showed that when physical and mental func-
tioning were adjusted for in separate models, physical 
functioning attenuated the association further (data not 
shown). Adjusting for working conditions also slightly 
attenuated the association between BMI and disability 
retirement. When adjusting for all covariates simul-
taneously, the risk for disability retirement remained 
elevated among the severely obese (HR 1.73, 95% CI 
1.20–2.49) and the obese (HR 1.33, 95% CI 1.02–1.74). 

There were no disability retirement events among 
underweight men. Otherwise the association between 
BMI and all-cause retirement was similar to that for 
women, but the elevated risk for all-cause disability 
retirement was statistically significant only among the 
severely obese (HR 3.32, 95% CI 1.58–6.98) when 
adjusting for age. Adjusting for diseases and physical 
and mental functioning, the association lost statistical 
significance. 

Diagnosis-specific retirement

When pooling the data of men and women together, 
severely obese (HR 3.45, 95% CI 2.53–4.69), obese (HR 
1.94, 95% CI 1.52–2.46) and overweight (HR 1.42, 95% 
CI 1.17–1.72) participants had a higher risk of disability 
retirement after adjusting for age and gender (table 4). 
Being underweight was not statistically significantly 
associated with disability retirement. Adjusting for all 
covariates attenuated the association clearly, but the 
risk for all-cause disability retirement was still elevated 
among the severely obese (HR 1.68, 95% CI 1.22–2.35) 
and obese (HR 1.27, 95% CI 1.00–1.63). Of the dis-

ability retirements, 43% were due to musculoskeletal 
diseases, 29% were due to other causes, and 28% were 
due to mental disorders.

The age- and gender-adjusted association of BMI 
with disability retirement due to musculoskeletal dis-
eases was stronger than for all-cause disability retire-
ment when adjusting for age and gender (table 4). The 
risk was not elevated among the underweight. When 
adjusting for diseases, BMI remained strongly associ-
ated with disability retirement due to musculoskeletal 
diseases. When adjusting for physical and mental func-
tioning, the risk for disability retirement due to mus-
culoskeletal diseases attenuated markedly and only the 
severely obese had an elevated risk for disability retire-
ment. Adjusting for working conditions slightly attenu-
ated the risk among the severely obese and, to a lesser 
extent, also the obese and overweight. After adjust-
ing for all covariates, only the severely obese had an 
elevated risk for musculoskeletal disability retirement.

Disability retirement due to mental disorders differed 
from that due to all causes as the association was weaker. 
When adjusting for age and gender, the severely obese 
and obese had elevated risk of disability retirement. 
When adjusting for diseases, only the severely obese 
retained the elevated risk. Adjustments for working 
conditions attenuated the risk for disability retirement 
only slightly. In the fully adjusted model, BMI was no 
longer associated with the risk for disability retirement. 

The severely obese and the obese also had an ele-
vated risk for disability retirement due to other causes. 
Although the underweight did not have a statistically 
significantly increased risk, the risk estimate was higher 
than for retirement due to musculoskeletal diseases or 

Table 3. The hazard ratios (HR) and their 95% confidence intervals (95% CI) for all cause-disability retirement among women and men 
between body mass index (BMI) groups, P-value for overall differences between BMI groups.

BMI (kg/m2) P-value
<20 20–24.9 25–29.9 30–34.9 >35

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Women
Model 1 a 1.30 0.82–1.93 1 ·· 1.38 1.11–1.72 2.05 1.58–2.67 3.47 2.47–4.87 <0.01
Model 2 b 1.28 0.84–1.96 1 ·· 1.24 0.99–1.54 1.76 1.35–2.29 2.56 1.80–3.63 <0.01
Model 3 c 1.27 0.83–1.96 1 ·· 1.10 0.88–1.37 1.38 1.06–1.80 2.12 1.50–2.99 <0.01
Model 4 d 1.23 0.82–1.92 1 ·· 1.23 1.00–1.53 1.89 1.45–2.46 2.94 2.09–4.14 <0.01
Model 5 e 1.29 0.84–1.99 1 ·· 1.02 0.82–1.27 1.33 1.02–1.74 1.73 1.20–2.49 0.01

Men
Model 1 a 1 ·· 1.49 0.96–2.32 1.45 0.78–2.69 3.32 1.58–6.98 0.03
Model 2 b 1 ·· 1.42 0.90–2.22 1.02 0.54–1.95 1.56 0.70–3.49 0.51
Model 3 c 1 ·· 1.43 0.92–2.23 1.16 0.62–2.18 2.11 0.99–4.50 0.30
Model 4 d 1 ·· 1.51 0.97–2.37 1.35 0.72–2.51 3.04 1.43–6.45 0.05
Model 5 e 1 ·· 1.45 0.92–2.30 0.95 0.49–1.84 1.19 0.51–2.78 0.45

a Adjusted for age.
b Adjusted for age and diagnosed diseases (cardiovascular diseases, musculoskeletal diseases, mental disorders, diabetes, eating disorders, cancer).
c Adjusted for age and physical and mental functioning.
d Adjusted for age and working conditions (shift work, physical working conditions, psychosocial stress at work).
e Adjusted for all covariates.
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mental disorders. When adjusting for diseases and physi-
cal and mental functioning, the elevated risk among the 
severely obese remained. Again, adjusting for working 
conditions had negligible effects on the association. 
When all covariates were simultaneously adjusted for, 
no statistically significant association between BMI and 
disability retirement due to other causes remained.  

Discussion

This study sought to examine the associations between 
relative weight and disability retirement. There were 
three main findings. First, BMI was strongly associated 
with all-cause disability retirement both among women 
and men. The risk of disability retirement was particu-
larly clear among the obese and the severely obese, but 
even the overweight had an elevated risk for all-cause 
disability retirement. However, being underweight was 
not associated with disability retirement. Second, BMI 
was strongly associated with disability retirement due 

to musculoskeletal diseases and, to a lesser extent, 
disability retirement due to mental disorders and other 
causes. Third, adjusting for diseases and physical and 
mental functioning at baseline attenuated the associa-
tions clearly; however working conditions had negli-
gible effects on the associations.  

Similar results have been reported previously (12, 
13, 23).  In particular, our age-adjusted results concur 
with those of an earlier Finnish study using retirement 
data from the 1980s (12). Our study extends these 
previous results as the BMI grouping used in our study 
enabled more detailed analyses especially among the 
severely obese, and the range of adjustments was wider, 
giving a more comprehensive picture of the associations 
between relative weight and disability retirement.

The risk for disability retirement for men and women 
appeared to be approximately on the same level among 
the severely obese and the overweight, although statisti-
cal significance was not reached among overweight men. 
This is in accordance with earlier studies among men, 
where being overweight was marginally associated with 
the risk of disability retirement (13, 23). In our study, 

Table 4. The hazard ratios (HR) and their 95% confidence intervals (95% CI) for a disability retirement due to all cause, musculoskeletal 
disorders, psychiatric disorders, and other conditions among both women and men between BMI groups; P-value for overall differences 
between BMI-groups.

BMI (kg/m2) P-value

<20 20–24.9 25–29.9 30–34.5 ≥35

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
All cause
Model 1 a 1.16 0.76–1.77 1 ·· 1.42 1.17–1.72 1.94 1.52–2.46 3.45 2.53–4.69 <0.01
Model 2 b 1.15 0.75–1.76 1 ·· 1.29 1.05–1.55 1.61 1.26–2.05 2.39 1.73–3.30 <0.01
Model 3 c 1.17 0.77–1.79 1 ·· 1.17 0.97–1.43 1.34 1.05–1.72 2.14 1.56–2.92 <0.01
Model 4 d 1.19 0.78–1.82 1 ·· 1.29 1.06–1.57 1.77 1.39–2.25 2.93 2.15–4.00 <0.01
Model 5 e 1.19 0.78–1.83 1 ·· 1.10 0.90–1.34 1.27 1.00–1.63 1.68 1.22–2.35 0.02

Musculoskeletal
Model 1 a 1.18 0.59–2.37 1 ·· 1.69 1.25–2.30 2.35 1.62–3.39 4.76 3.06–7.40 <0.01
Model 2 b 1.20 0.60–2.40 1 ·· 1.49 1.10–2.03 1.89 1.30–2.75 3.14 1.98–4.96 <0.01
Model 3 c 1.25 0.63–2.50 1 ·· 1.27 0.94–1.73 1.38 0.95–2.00 2.34 1.49–3.66 0.01
Model 4 d 1.20 0.60–2.41 1 ·· 1.46 1.08–1.98 2.02 1.40–2.93 3.63 2.32–5.68 <0.01
Model 5 e 1.33 0.66–2.67 1 ·· 1.19 0.87–1.62 1.35 0.92–1.96 1.79 1.12–2.87 0.14

Psychiatric
Model1 a 0.89 0.39–2.07 1 ·· 1.11 0.77–1.61 1.61 1.02–2.54 2.40 1.26–4.56 0.03
Model 2 b 0.90 0.39–2.08 1 ·· 1.04 0.72–1.50 1.30 0.82–2.08 1.96 1.01–3.80 0.27
Model 3 c 0.88 0.38–2.04 1 ·· 0.99 0.69–1.44 1.27 0.79–2.02 1.79 0.93–3.44 0.37
Model 4 d 0.95 0.41–2.20 1 ·· 1.08 0.75–1.56 1.54 0.97–2.45 2.17 1.14–4.12 0.07
Model 5 e 0.88 0.38–2.06 1 ·· 0.96 0.66–1.39 1.16 0.72–1.87 1.63 0.83–3.21 0.56

Other causes
Model 1 a 1.40 0.70–2.83 1 ·· 1.38 0.97–1.96 1.76 1.12–2.76 2.88 1.58–5.25 0.01
Model 2 b 1.38 0.68–2.79 1 ·· 1.26 0.89–1.80 1.45 0.92–2.30 1.97 1.05–3.71 0.22
Model 3 c 1.42 0.70–2.87 1 ·· 1.22 0.86–1.75 1.35 0.86–2.14 2.04 1.11–3.77 0.21
Model 4 d 1.43 0.71–2.89 1 ·· 1.29 0.90–1.83 1.67 1.06–2.61 2.70 1.48–4.94 0.01
Model 5 e 1.41 0.70–2.85 1 ·· 1.15 0.80–1.65 1.21 0.76–1.93 1.65 0.87–3.14 0.64

a Adjusted for age and gender.
b Adjusted for age, gender, and diagnosed diseases (cardiovascular diseases, musculoskeletal diseases, mental disorders, diabetes, eating disorders, 

cancer).
c  Adjusted for age, gender, and physical and mental functioning.
d  Adjusted for age, gender, and working conditions (shift work, physical working conditions, psychosocial stress at work).
e  Adjusted for all covariates.
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obese men tended to have a somewhat lower risk for 
disability retirement than obese women. 

While previous studies suggest that BMI has a 
J-shaped association with disability retirement (11), 
the risk among the underweight was not statistically 
significantly increased in our study. However, the risk 
estimates among underweight women were consistently 
elevated and adjustments did not change the estimates 
notably. Although this result is tentative, it is possible 
that being underweight is associated with other health 
problems thus leading to increased risk of disability 
retirement. 

When considering disability retirement according to 
diagnosis, disability retirements due to musculoskeletal 
disorders had the strongest association with BMI. The 
risk was noticeable among the severely obese, obese, 
and overweight. This is in accordance with previous 
studies (12–14). However, the age-adjusted risk estimate 
for the severely obese was considerably higher in our 
study than earlier ones, possibly because earlier studies 
did not separate the severely obese from the obese. It is 
well known that obesity is associated with the develop-
ment of several musculoskeletal diseases such as knee 
and hip arthrosis and back pain (24). Obesity’s effect 
on the pathogenesis of these diseases is still unclear, 
but in addition to functional and structural strain of the 
musculoskeletal system, also inflammatory processes in 
the excess adipose tissue may contribute to the patho-
genesis (24). 

In previous research, obesity and mental disorders 
have been reciprocally linked (25). The elevated risk for 
disability retirement due to mental disorders appeared 
among the severely obese and the obese. However, 
when adjusting for physical and mental functioning, 
the association attenuated and lost statistical signifi-
cance. This is reasonable since, in order for a mental 
disorder to cause permanent work disability, it has to 
lower employees functioning in many areas of life (26). 
Without a major impairment in functioning, there is 
no basis for a disability retirement. The older Finnish 
study (12) did not detect an association between BMI 
and disability retirement due to mental disorders. Other 
previous studies with information on diagnoses leading 
to disability retirement (13, 14) only analyzed men. In 
those studies relative weight was associated with a risk 
of disability retirement due to mental disorders. Again, 
our study had a more comprehensive range of covari-
ate adjustments than these earlier studies, which were 
based on sociodemographic covariates, such as age and 
socioeconomic position. Covariates such as working 
conditions, previously diagnosed diseases, and mental 
and physical functioning have not been previously con-
sidered to the same extent.

The severely obese and the obese also had an 
increased risk of disability retirement due to other 

causes. The most common diagnosis group in this cat-
egory was malignant neoplasms (ICD-10 codes C00–
C97), followed by diseases of the nervous system (ICD-
10 codes G00–G99), and diseases of the circulatory 
system (ICD-10 codes I00–I99) (data not shown). As 
obesity is associated with many cancers and cardiovas-
cular diseases (1), the result is reasonable. The diseases 
of the nervous system were heterogeneous in our study 
population, but among those diseases multiple sclerosis 
was the most common diagnosis for disability retire-
ment. Interestingly, obesity during adolescence though 
not adulthood (27, 28) has been associated with the 
development of multiple sclerosis in later life. Among 
the underweight, the risk for disability retirement due to 
other causes tended to be higher than for musculoskel-
etal diseases and mental disorders, although this finding 
was not statistically significant. This could be the result 
of underlying undiagnosed health problems, such as 
neurologic diseases, malignant neoplasms, or alcohol 
problems leading to weight loss.

When the possibility of granting a disability pension 
is assessed, an individual’s work ability is evaluated with 
respect to health, functioning, and working conditions; 
mere obesity is not a basis for disability retirement. We 
therefore took into account these three factors that may 
contribute to the association between relative weight and 
disability retirement. Working conditions had only slight 
effects on the association between relative weight and 
disability retirement, whereas diseases attenuated the 
risk somewhat among the severely obese, obese, and 
overweight, and physical and mental functioning had 
the strongest effect. This could imply that the associa-
tion of obesity with disability retirement is to a large part 
affected by the loss of functioning, especially physical 
functioning. This was especially true when considering 
disability retirement due to musculoskeletal diseases 
among the severely obese and obese. The physical com-
ponent summary consists of various factors, the main 
areas being physical functioning, role limitations due 
to physical problems, bodily pain, and general health 
perceptions. In addition to promoting the maintenance of 
normal weight, it could be feasible to focus on function-
ing in relation to obesity in order to prevent the adverse 
consequences of obesity to work disability.

Methodological considerations

The main strengths of this study include reliable reg-
ister-based data on disability retirements and the pro-
spective study design. In addition, the data on disability 
retirement also included the main causes of disability. 
The comprehensive baseline survey data comprising a 
large number of participants enabled the study to take 
into account a range of key covariates. The data on 
weight and height were self-reported, and although the 
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use of self-reported values has been found to be appro-
priate in epidemiological studies (29, 30), this may lead 
to overestimation of the risk especially in the higher 
BMI groups. Overweight and obese people are known to 
underestimate their weight and overestimate their height 
more than normal-weight individuals (31) thus causing 
possible misplacement in the lower BMI category.    

Although working conditions, health status, and 
functioning were based on self-reports, the information 
was gathered using validated and reliable instruments. 
However, we lack information on the length of exposure 
to the given conditions. For example, baseline working 
conditions might have changed during follow-up or 
even earlier preventing or postponing future disability 
retirement. This might lead to an underestimation of 
their role in our study. Finally, the Helsinki Health Study 
cohort includes a broad variety of white- and blue-collar 
occupations (17) from a large municipal employer. The 
results are likely to reflect the municipal sector and pos-
sibly also the public sector more generally. However, 
generalizations to the work force more broadly are not 
warranted.

Concluding remarks

In this study, the severely obese and obese had a clearly 
elevated risk for disability retirement, especially for 
musculoskeletal causes. The adverse effects of obesity 
on health and work ability are partly dependent on co-
morbidities and ensuing lowered physical functioning. 
Our results emphasize the importance of promoting the 
maintenance of normal weight among employees. In 
addition, efforts should be made to improve physical 
functioning of the obese via rehabilitation and effec-
tively treat obesity and its co-morbidities to counteract 
the elevated risk of disability retirement. Occupational 
healthcare plays a key role as assessing and preventing 
the loss of work ability are among the major challenges 
to occupational healthcare.
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