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Objective   The aim of this study was to examine the joint association of sleep duration and insomnia symptoms 
with subsequent disability retirement.
Methods   Baseline survey data were collected in 2000–2002 from 40–60-year-old employees of the City of 
Helsinki, all working at baseline. Baseline data were linked with disability retirement data until the end of 2010, 
obtained from the Finnish Centre for Pensions registers (N=6042). Sleep duration and self-reported insomnia 
symptoms (non-restorative sleep and difficulties in initiating and maintaining sleep) were derived from the base-
line surveys. All-cause disability retirement (N=561) and the most prevalent diagnostic groups – musculoskeletal 
diseases (43%) and mental disorders (26%) – were examined. Cox regression analysis was used to yield hazard 
ratios (HR) with 95% confidence intervals (95% CI).
Results   A joint association of sleep duration and insomnia symptoms with disability retirement was found, 
implying a higher risk for those with frequent insomnia symptoms. HR for all-cause disability retirement ranged 
among those with frequent symptoms from 2.02 (95% CI 1.53–2.68, sleeping 7 hours) to 3.92 (95% CI 2.57–5.97, 
sleeping ≤5 hours). Adjusting for sociodemographic, work, and health-related factors attenuated the associations, 
which nevertheless remained. The associations were similar for the two diagnostic groups, although stronger for 
those with mental disorders.
Conclusion   Frequent insomnia symptoms dominate the joint association of sleep duration and insomnia symp-
toms with subsequent disability retirement. Examining exclusively sleep duration would provide an incomplete 
understanding of the consequences of poor sleep. 
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Sleep duration and insomnia symptoms – such as 
difficulties in initiating and maintaining sleep as well 
as non-restorative sleep – are two complementary 
and interrelated characteristics of sleep. However, 
the relationship between the two is not linear and 
previous studies have shown them to be individual 
indicators with divergent effects (1). Therefore, on 
the one hand, this calls for separate examinations of 
the independent effects of sleep duration and insomnia 
symptoms, and, on the other hand, an examination of 
their joint effects.

Several studies on the association between sickness 
absence, which reflects work disability, and insomnia 
symptoms have been previously conducted [see eg, (2)]. 

The association between sleep and disability retire-
ment – indicating permanent deterioration of work 
ability – has been less studied so far. No prior studies 
have examined the joint association of sleep duration 
and insomnia symptoms with disability retirement or 
other indicators of work disability. An association has 
been found between insomnia symptoms and disability 
retirement in some recent studies (1, 3–6). In line with 
these studies, a previous study by our group confirmed 
the association between insomnia symptoms and subse-
quent disability retirement, taking into account various 
types of symptoms and different disability diagnoses (7). 
Only one Norwegian study has examined the associa-
tion between sleep duration and disability retirement 
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(1). Following a large sample of 40–45-year-old par-
ticipants for four years, the study found that only long 
sleep duration was associated with all-cause disability 
retirement. As previous studies have shown that both 
sleep duration and insomnia symptoms are associated 
with subsequent disability retirement, it is presumable 
that by jointly examining these two key characteristics 
of sleep, we will gain a deeper understanding of the 
association between sleep and disability retirement.

Although there are no previous studies examining 
the joint association of sleep duration and insomnia 
symptoms with disability retirement, studies on morbid-
ity and mortality have demonstrated the advantages of 
this approach (8–13). These studies have concluded that 
the combined measure of sleep duration and insomnia 
symptoms may be a stronger predictor of health out-
comes than either component on its own (10). This might 
be due to the additive or synergistic effect of sleep dura-
tion and insomnia symptoms (12). Short or long sleepers 
or those having insomnia symptoms are not homogenous 
groups, but among them there are subgroups, which the 
field of sleep disorders medicine has attempted to define 
(12, 14). Short sleep duration might be adequate for the 
restorative physiologic processes accompanied by sleep 
for some people but not for others, depending on the qual-
ity of their sleep (13). Thus, to have a more comprehen-
sive understanding of the associations of sleep duration 
and insomnia symptoms with subsequent ill-health, short 
and long sleepers need to be studied separately, based 
on presence or absence of reported insomnia symptoms. 

Previous studies have shown that both sleep dura-
tion and insomnia symptoms are also associated with 
sociodemographic factors such as age, gender, marital 
status, socioeconomic position, work-related factors, 
and somatic and mental health (15–18). Therefore, these 
factors need to be taken into account as covariates when 
studying the joint association of sleep duration and 
insomnia symptoms with disability retirement.

Earlier studies have also indicated that the strength 
of the association and the order of causality between 
insomnia symptoms and ill-health depend on the 
disease studied (18, 19). As for sleep duration, some 
diseases have been found to be associated with short 
and others with long sleep (9, 13, 20). We examined 
musculoskeletal diseases and mental disorders, which, 
while accounting for the two-thirds of the disability 
retirements in our data, represent also two different 
types of diseases – somatic and mental ill-health.

The present study extends previous research by 
examining the joint association of sleep duration and 
insomnia symptoms with disability retirement. The 
effects of the above-mentioned covariates were taken 
into account. All the analyses were carried out for all-
cause disability retirement, as well as for retirement 
due to musculoskeletal diseases and mental disorders.

Methods

Data on self-reported insomnia symptoms, sleep dura-
tion, sociodemographic and work-related factors, and 
health were derived from the baseline surveys of the 
Helsinki Health Study (HHS), conducted in 2000, 2001, 
and 2002 (N=8960, overall response rate 67%) (21). 
Postal questionnaires were sent to all City of Helsinki 
employees who were turning 40, 45, 50, 55, or 60 in 
each year of the survey and working at baseline. The 
proportion of women in the study was 80%, reflecting 
the gender distribution among the employees of the 
City of Helsinki. As the largest employer in Finland, the 
City of Helsinki encompasses a wide variety of occupa-
tions. Non-response analysis showed that the HHS data 
broadly represented the target population (22).

Disability retirement data were obtained from the 
registers of the Finnish Centre for Pensions and linked 
longitudinally with the baseline survey data of the par-
ticipants with written consent for such linkage (74%). 
The linkage was made using the personal identity num-
bers that are issued to all Finnish residents. According 
to non-response analysis, consenting to such linkage is 
unlikely to cause a substantial bias (22). The total num-
ber of respondents who gave their consent for the data 
linkage and for whom we had complete data on sleep 
duration, insomnia symptoms, and adequate responses 
to all covariates was 6042.

In Finnish retirement schemes, disability pen-
sion can be granted if an employee’s work ability is 
assessed to have been continuously reduced due to 
illness, injury or impairment, by at least three-fifths 
(two-fifths for a partial disability pension) for ≥12 
months (23). In practice, this requires a preceding 
sickness absence of ≥300 working days. A disability 
pension can be granted on a temporary or permanent 
and partial or full-time basis. The pensions register 
contains detailed information about all pension events, 
including their International Classification of Diseases 
(ICD-10)-based diagnoses (24). All disability retire-
ment events until the end of 2010 were included in this 
study, with the mean follow-up time being 8.0 years. 
All-cause disability retirement was examined, as well 
as the two most prevalent diagnostic groups, muscu-
loskeletal diseases (M00–M99) and mental disorders 
(F00–F99). 

During the follow-up, 561 (9%) participants retired 
because of disability (table 1). Of these, 43% of retire-
ments were due to musculoskeletal diseases and 26% to 
mental disorders. The mean age for disability retirement 
was 56.2 years (all-cause); it was 57.1 years among 
those who retired due to musculoskeletal diseases and 
55.4 years in the mental disorders group (data not 
shown).
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Measurement of sleep duration and insomnia symptoms

The baseline survey contained a question concerning 
average sleep duration in hours during weekdays, and 
the responses were classified into 5 categories: (i) ≤5 
hours; (ii) 6 hours; (iii) 7 hours; (iv) 8 hours; (v) and ≥9 
hours. Insomnia symptoms during the previous 4 weeks 
were assessed using the 4-item Jenkins Sleep Question-
naire (25). This instrument measures difficulties in ini-
tiating and maintaining sleep, and non-restorative sleep. 
Six response alternatives were included: (i) not at all;  
(ii) 1–3 days; (iii) 4–7 days; (iv) 8–14 days; (v) 15–21 
days; and (vi) 22–28 days. The frequency of insomnia 
symptoms was dichotomized into (i) no or occasional 
symptoms (any of the symptoms 1–14 days); and (ii) 
frequent symptoms (≥15 days).

The joint variable of sleep duration and insomnia 
symptoms was created by dividing each sleep duration 
category into no or occasional insomnia symptoms 
and frequent insomnia symptoms. This new 10-class 
variable was used in the analyses, with 7-hour sleepers 
with no or occasional insomnia symptoms serving as 
the reference group. The 7-hour reference category is 
similar to previous studies examining sleep duration 
(11, 13).

Covariates

Age and gender were adjusted for in all the analyses. 
Marital status was categorized as single; married or 
cohabiting; and previously married (divorced, sepa-
rated, or widowed). Data on four hierarchical occupa-
tional classes were used: professionals and managers; 

semi-professionals; routine non-manual employees; and 
manual workers.

Work arrangements included shift work and working 
overtime. Shift work was categorized into regular day-
time work; shift work with no night shifts; shift work 
with night shifts, including regular night work; and other 
working arrangements. The cut-off point for working 
overtime was >40 hours per week. 

The assessment of physical working conditions was 
based on an inventory of 18 items. From this inventory, 
three factors were derived: physical workload; environ-
mental exposure; and sedentary work with a computer. 
The details of this are reported elsewhere (17).

Karasek’s Job Content Questionnaire was used in 
order to measure psychosocial job strain, which was 
classified into four categories using the median of job 
demands and job control as a cut-off point (26). The 
categories were: low strain; passive work; active work; 
and high strain.

Baseline health was measured using self-reported 
doctor-diagnosed lifetime diseases: asthma; diabetes; 
cardiovascular diseases (CVD) (eg, angina pectoris, 
myocardial infarction, cerebrovascular disorders, and 
intermittent claudication); musculoskeletal diseases (gout, 
osteoporosis, osteoarthritis, and rheumatoid arthritis); and 
depression, anxiety, or other mental disorders.

Smoking, heavy drinking, physical inactivity, and 
obesity were included in the preliminary analyses. 
Although they were associated with sleep duration, 
insomnia symptoms, and disability retirement, their 
contribution to the joint association of sleep duration 
and insomnia symptoms with disability retirement was 
negligible. Therefore, health behaviors were omitted 
from the final analyses.

Statistical analysis

Descriptive analyses were conducted using cross-tab-
ulations with chi-square tests. Cox regression analysis 
was used to calculate hazard ratios (HR) and their 95% 
confidence intervals (95% CI) for the first disability 
retirement event during the follow-up period. Partici-
pants who retired because of their age, died, or turned 63 
years old during the follow-up were censored. The last 
mentioned censoring was applied because, in Finland, a 
disability pension cannot be awarded after the age of 63.

In the Cox regression analyses, the base model 
1 was adjusted for age and gender. Model 2 was 
adjusted for the base model and marital status, occu-
pational class, work arrangements, physical working 
conditions, and psychosocial job strain. Model 3 was 
adjusted for the base model and asthma, diabetes, 
CVD, and musculoskeletal diseases. Model 4 was 
adjusted for the base model and mental disorders. The 
contribution of each covariate was initially examined 

Table 1. Distribution of the joint variable of sleep duration and 
insomnia symptoms and incidence of disability retirement 
among 40–60-year-old employees. P-value from Chi-square test. 
[MSD=musculoskeletal diseases; No/occ=No or occasional in-
somnia symptoms; Freq=frequent insomnia symptoms].

Sleep duration 
and insomnia 
symptoms

All re-
spon-
dents 

(N=6042)

Incidence of disability retirement

All-cause 
(N=561)

MSD 
(N=241)

Mental  
disorders 
(N=146)

  % % P-value % P-value % P-value

≤5 hours, no/occ 1.2 14.7 8.0 4.0
6 hours, no/occ 14.5 7.4 3.1 1.5
7 hours, no/occ 40.2 6.8 2.8 1.5
8 hours, no/occ 21.3 7.1 2.7 2.0
≥9 hours, no/occ 2.9 9.3 4.1 1.2
≤5 hours, freq 1.7 25.0 10.0 9.0
6 hours, freq 5.9 18.8 8.7 5.6
7 hours, freq 8.1 14.3 7.3 3.9
8 hours, freq 3.5 19.4 7.1 6.2
≥9 hours, freq 0.7 24.4 12.2 12.2
Total 100.0 9.3 <0.001 4.0 <0.001 2.4 <0.001
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in separate models (data not shown), and as none of 
them stood out, the covariates were fitted into the 
analyses as stated above. The separate effects of 
sleep duration and insomnia symptoms on disability 
retirement were examined using the age- and gender-
adjusted model 1.

Multiplicative interactions were tested by adding 
an interaction term of sleep duration and insomnia 
symptoms in a model that included also their main 
effects. We found no statistically significant interac-
tion between sleep duration and insomnia symptoms 
when examining disability retirement as the outcome 
(all-cause, as well as retirement due to musculoskeletal 
diseases and mental disorders). As the test used is non-
specific, it is possible that there is an interaction that 
was not detected. We also tested the squared effects 
of sleep duration on disability retirement, stratified 
by insomnia symptoms. In these analyses, sleep dura-
tion was first centered at zero (7-hour sleepers), then 
used as a squared term in the age- and gender-adjusted 
model.

No multiplicative interactions were found between 
gender and sleep duration or insomnia symptoms. How-
ever, an interaction was detected between gender and the 
joint variable of sleep duration and insomnia symptoms 
in the analysis of disability retirement (data not shown). 
As the number of men in the sample was quite low, 
some categories were very small and the large standard 
errors prevented reliable interpretation of the possible 
interaction. The joint associations of sleep duration and 
insomnia symptoms with disability retirement were, 
nonetheless, broadly similar among women and men. 
Therefore, we pooled the data and used gender as a 
covariate in all the analyses. 

We carried out control analyses to test the different 
follow-up and lag times (data not shown). In the control 
analyses of the lag times, we excluded all disability 
retirement events occurring 0–6 months, 0–12 months, 
or 0–18 months after the baseline. This was done to 
avoid possible protopathic bias if some participants 
were in the process of applying for disability retirement 
already while completing the baseline survey. The dif-
ferent lag times did not alter the main results, and a large 
part of the retirement events occurred later during the 
follow-up (7). Longer follow-up weakened the HR, but 
the associations remained. 

The analyses were carried out using SAS software, 
version 9.2 (SAS Institute Inc, Cary, NC, USA).

Ethical considerations

The ethics committees of the Department of Public 
Health at the University of Helsinki and the health 
authorities of the City of Helsinki, Finland, approved 
the HHS protocol.

Results

Sleep duration, insomnia symptoms, and the incidence 
of disability retirement

Frequent insomnia symptoms were reported by one-fifth 
of the participants (19.9%). Half of the participants 
reported an average of 7 hours of sleep per day (figure 
1). The proportion of the participants having frequent 
insomnia symptoms was largest among those who slept 
≤5 hours. Having no or only occasional symptoms was 
most prevalent among those who slept for 7 or 8 hours 
a day.

The overall incidence of all-cause disability retire-
ment was 9.3% (table 1). The incidence was highest 
among those who reported frequent insomnia symptoms 
and slept ≤5 hours (25.0%) or ≥9 hours (24.4%), mean-
ing that the association between sleep duration and the 
incidence of disability retirement was U-shaped in this 
group. However, among the participants who had no 
or occasional insomnia symptoms, those who slept ≤5 
hours had the highest incidence for both all-cause dis-
ability retirement (14.7%) and retirement due to muscu-
loskeletal diseases or mental disorders.

Sleep duration and insomnia symptoms: separate effects

We examined age- and gender-adjusted separate effects 
of sleep duration and insomnia symptoms on disability 
retirement (table 2). Most likely to retire (all-cause) were 
the short (≤5 hours, HR 2.43, 95% CI 1.71–3.45) and 
long sleepers (≥9 hours, HR 1.53, 95% CI 1.02–2.30). 
Only short sleepers had significantly increased risk for 
retirement due to musculoskeletal diseases (HR 2.35, 
95% CI 1.39–3.97) and mental disorders (HR 3.54, 95% 
CI 1.89–6.63). Reporting frequent insomnia symptoms 
was associated with all-cause disability retirement (HR 
2.48, 95% CI 2.09–2.95), as well as retirement due to 
musculoskeletal diseases (HR 2.61, 95% CI 2.02–3.39) 
and mental disorders (HR 3.48, 95% CI 2.51–4.83).

Joint association of sleep duration and insomnia 
symptoms with subsequent disability retirement

In the joint variable of sleep duration and insomnia 
symptoms, the estimates regarding disability retirement 
were stronger and reached statistical significance only 
among those with frequent insomnia symptoms (table 3). 
Within the group of participants with frequent insomnia 
symptoms, the most likely to retire were the short and 
long sleepers; the association between sleep duration and 
disability retirement therefore followed a U-shaped curve.

The examination of all-cause disability retirement 
showed that those who had frequent insomnia symp-
toms and slept ≤5 hours were the most likely to retire 
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(HR 3.92, 95% CI 2.57–5.97), followed by those who 
slept ≥9 hours (HR 3.73, 95% CI 1.97–7.06) (table 
3, model 1). Compared with the reference group of 
7-hour sleepers who reported no or occasional insom-
nia symptoms, also those participants who slept for 
7 hours but had frequent symptoms had an increased 
likelihood of disability retirement (HR 2.02, 95% CI 
1.53–2.68, model 1). Adjusting for baseline mental 
disorders (model 4) attenuated the joint association of 
sleep duration and insomnia symptoms with all-cause 

disability retirement more than other factors, but the 
association nevertheless remained. 

The joint variable of sleep duration and insomnia 
symptoms was associated with retirement due to muscu-
loskeletal diseases in a similar way to all-cause disability 
retirement (table 3). Most likely to retire were those who 
had frequent insomnia symptoms and slept ≤5 hours (HR 
3.63, 95% CI 1.87–7.06) or ≥9 hours (HR 4.47, 95% CI 
1.80–11.07) (model 1). The effects of the adjustments 
differed in accordance with sleep duration. For those who 
slept ≤7 hours, adjusting for sociodemographic and work-
related factors (model 2) attenuated the associations more 
than other factors, while, for those who slept >7 hours, 
this adjustment attenuated the associations least. Model 
3, which included the doctor-diagnosed lifetime asthma, 
diabetes, CVD, and musculoskeletal diseases attenuated 
the associations that nevertheless remained.

Compared with all-cause disability retirement and 
retirement due to musculoskeletal diseases, the joint 
variable of sleep duration and insomnia symptoms was 
most strongly associated with retirement due to mental 
disorders (table 3). Of the participants who had fre-
quent insomnia symptoms, those most likely to retire 
were once again those who slept ≤5 hours (HR 6.58, 
95% CI 3.17–13.69) or ≥9 hours (HR 8.56, 95% CI 
3.36–21.80) (model 1). Adjusting for baseline mental 
disorders (model 4) attenuated the associations more 
than other factors.

Figure 1. Percentage of in-
somnia symptoms by sleep 
duration among 40–60-year-
old employees (N = 6042).

Table 2. Separate effects of sleep duration and insomnia symp-
toms on disability retirement among 40–60-year-old employees, 
adjusted for age and gender (N=6042). [HR=hazard ratio; 95% CI= 
95% confidence interval; MSD=musculoskeletal diseases].

Disability retirement

All-cause MSD Mental disorders

HR 95% CI HR 95% CI HR 95% CI
Sleep duration
≤5 hours 2.43 1.71–3.45 2.35 1.39–3.97 3.54 1.89–6.63
6 hours 1.26 1.02–1.56 1.22 0.88–1.68 1.37 0.89–2.10
7 hours (reference) 1.00 1.00 1.00
8 hours 1.16 0.93–1.43 0.97 0.69–1.36 1.44 0.96–2.18
≥9 hours 1.53 1.02–2.30 1.60 0.88–2.90 1.76 0.80–3.86

Insomnia symptoms
No or occasional 
(reference)

1.00 1.00 1.00

Frequent 2.48 2.09–2.95 2.61 2.02–3.39 3.48 2.51–4.83

The joint association of sleep duration and insomnia symptoms with disability retirement – a longitudinal, register-linked study
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 No or occasional insomnia symptoms 42,86 71,1 83,19 85,93 80,84
 Frequent insomnia symptoms 57,14 28,9 16,81 14,07 19,16

0

10

20

30

40

50

60

70

80

90

100

5 hours 6 hours 7 hours 8 hours 9 hours

 No or occasional insomnia symptoms

 Frequent insomnia symptoms

(N=175) (N=1,232) (N=2,921) (N=1,500) (N=214)

%

6 hours

(N=1232)

7 hours

(N=2921)

8 hours

(N=1500)

≥9 hours

(N=214)

≤5 hours

(N=175)



432	 Scand J Work Environ Health 2012, vol 38, no 5

Sleep duration, insomnia symptoms, and disability retirement

Discussion

This study examined the joint association of sleep 
duration and insomnia symptoms with subsequent 
disability retirement. We found that frequent insomnia 
symptoms were dominant in this joint association, being 
strongly associated with all-cause disability retirement. 
Among those with frequent insomnia symptoms, short 
and long sleepers were more likely to retire. Adjusting 
for covariates attenuated the studied associations, but they 
nevertheless remained. Broadly similar joint associations 
were found concerning disability retirement due to mus-
culoskeletal diseases and mental disorders.

Our previous study on the association between sleep 
and disability retirement focused only on insomnia 
symptoms (7). The present study extended the examina-

tion also to sleep duration, especially jointly analyzed 
with insomnia symptoms. Only one study has previ-
ously examined the association between sleep dura-
tion and disability retirement (1) while no studies have 
been conducted on the joint association of sleep dura-
tion and insomnia symptoms with disability retirement.

Main findings in relation to previous studies

Disability retirement results from an assessment of health 
and work ability. To be entitled to a disability pension, 
employees must be diagnosed with a disease that seri-
ously reduces the individual’s ability to continue working 
(23). By examining insomnia symptoms together with 
sleep duration, we found that insomnia symptoms in 
particular contributed to the deterioration of work ability, 
eventually leading to retirement due to disability.

Table 3. Joint association of sleep duration and insomnia symptoms with disability retirement among 40–60-year-old employees 
(N=6042), reference 1.00=sleeping 7 hours with no or occasional insomnia symptoms. [HR=hazard ratios; 95% CI=95% confidence 
intervals; No/occ=No or occasional insomnia symptoms; Freq=frequent insomnia symptoms.]

Model 1 a Model 2 b Model 3 c Model 4 d

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

All-cause disability retirement
≤5 hours, no/occ 1.78 0.97–3.28 1.61 0.87– 2.99 1.77 0.96–3.26 1.60 0.87– 2.95
6 hours, no/occ 1.00 0.75–1.34 0.95 0.71– 1.27 0.94 0.70–1.25 0.99 0.74– 1.32
7 hours, no/occ 1.00 1.00 1.00 1.00
8 hours, no/occ 1.10 0.85–1.42 1.07 0.83–1.38 1.07 0.83–1.38 1.10 0.85–1.42
≥9 hours, no/occ 1.37 0.82–2.29 1.28 0.77–2.15 1.20 0.71–2.00 1.37 0.82–2.29
≤5 hours, freq 3.92 2.57–5.97 3.08 2.00–4.74 3.38 2.21–5.18 3.06 2.00–4.68
6 hours, freq 2.79 2.10–3.71 2.41 1.81–3.22 2.25 1.69–3.01 2.38 1.78–3.17
7 hours, freq 2.02 1.53–2.68 1.87 1.41–2.48 1.66 1.24–2.20 1.78 1.34–2.36
8 hours, freq 2.98 2.12–4.20 2.96 2.09–4.18 2.78 1.97–3.93 2.55 1.81–3.60
≥9 hours, freq 3.73 1.97–7.06 4.00 2.08–7.68 3.14 1.65–5.99 2.42 1.27–4.62

Musculoskeletal diseases
≤5 hours, no/occ 2.21 0.96–5.08 2.02 0.87–4.68 2.22 0.96–5.14 2.10 0.91–4.84
6 hours, no/occ 0.98 0.63–1.52 0.93 0.59–1.46 0.95 0.61–1.48 0.97 0.62–1.51
7 hours, no/occ 1.00 1.00 1.00 1.00
8 hours, no/occ 0.99 0.66–1.49 0.94 0.63–1.42 0.97 0.65–1.46 0.99 0.66–1.49
≥9 hours, no/occ 1.42 0.65–3.09 1.31 0.60–2.86 1.19 0.54–2.61 1.42 0.65–3.10
≤5 hours, freq 3.63 1.87–7.06 2.99 1.52–5.88 3.08 1.57–6.03 3.27 1.68–6.39
6 hours, freq 2.94 1.92–4.49 2.49 1.62–3.84 2.27 1.47–3.50 2.75 1.80–4.23
7 hours, freq 2.34 1.56–3.50 2.21 1.47–3.33 1.70 1.12–2.58 2.23 1.49–3.35
8 hours, freq 2.44 1.39–4.27 2.73 1.55–4.81 2.24 1.27–3.92 2.29 1.30–4.01
≥9 hours, freq 4.47 1.80–11.07 6.25 2.44–16.02 4.18 1.68–10.43 3.66 1.45–9.22

Mental disorders
≤5 hours, no/occ 2.31 0.71–7.53 2.04 0.62–6.72 2.09 0.64–6.84 1.75 0.54–5.69
6 hours, no/occ 0.93 0.49–1.76 0.85 0.45–1.60 0.89 0.47–1.69 0.89 0.47–1.67
7 hours, no/occ 1.00 1.00 1.00 1.00
8 hours, no/occ 1.42 0.85–2.35 1.44 0.87–2.39 1.38 0.83–2.29 1.41 0.85–2.34
≥9 hours, no/occ 0.79 0.19–3.26 0.82 0.20–3.41 0.78 0.19–3.25 0.78 0.19–3.22
≤5 hours, freq 6.58 3.17–13.69 4.98 2.35–10.56 6.57 3.14–13.74 3.34 1.60–6.99
6 hours, freq 3.96 2.29–6.84 3.19 1.83–5.56 3.64 2.09–6.36 2.46 1.42–4.28
7 hours, freq 2.62 1.50–4.57 2.33 1.33–4.09 2.42 1.38–4.25 1.75 1.00–3.07
8 hours, freq 4.55 2.41–8.60 4.33 2.28–8.22 4.59 2.42–8.69 2.87 1.51–5.44
≥9 hours, freq 8.56 3.36–21.80 7.22 2.73–19.12 6.66 2.57–17.27 3.11 1.21–8.00

a Adjusted for age and gender.
b Model 1 + marital status, occupational class, work arrangements, physical working conditions, and psychosocial job strain.
c Model 1 + asthma, diabetes, cardiovascular disease, and musculoskeletal diseases.
d Model 1 + mental disorders.
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Therefore, sleep duration per se, even when notably 
different from what is considered to be average or 
optimal, was much less of a threat to an employee’s 
work ability if frequent insomnia symptoms were not 
present. Similarly, even those with average sleep dura-
tion had an increased risk of disability retirement if they 
had insomnia symptoms.

The control analyses testing the squared effects of 
sleep duration on disability retirement supported our 
main findings. They showed that both short and long 
sleep duration were significantly associated with dis-
ability retirement (especially all-cause and retirement 
due to mental disorders) among those with frequent 
insomnia symptoms.

There is a lack of studies on the joint association of 
sleep duration and insomnia symptoms with disability 
retirement or other indicators of work disability. How-
ever, our results are in accordance with previous joint 
association studies on morbidity and mortality (9–13). 
Whether the highest risk was found among short or 
long sleepers varied between the studies, but in all of 
them, the risks were increased the most among those 
also reporting insomnia symptoms. One previous study 
did not find a clear association between all-cause mor-
tality and jointly examined sleep duration and insom-
nia symptoms (8). However, there was an association 
between mortality and sleep duration.

There have been some studies on the association 
between insomnia symptoms and disability retirement, 
although they did not take sleep duration into account 
(3–7). The results of the present study are in accordance 
with these previous ones in that insomnia symptoms 
were found to be strongly associated with subsequent 
disability retirement, even after other risk factors were 
taken into account. The only previous study that exam-
ined sleep duration and disability retirement found 
that only long sleep was associated with disability 
retirement – in contrast with our findings – however, 
the joint association of insomnia symptoms and sleep 
duration was not examined in this study (1).

In our previous study, we found that insomnia 
symptoms were associated with subsequent disability 
retirement (7). The present study showed that the 
associations were even stronger when sleep dura-
tion was also taken into account. Our earlier results 
indicated that the associations between the individual 
insomnia symptoms – difficulties in initiating sleep, 
difficulties maintaining sleep, and non-restorative 
sleep – and disability retirement were largely similar.

As previous studies have shown that sociodemo-
graphic and work-related factors and mental health are 
associated with sleep duration and insomnia symptoms, 
their confounding and attenuating effects, shown by 
the analyses, could be expected (15–18). Adjusting for 
previous somatic diseases attenuated the associations 

somewhat, especially when the outcome examined was 
disability retirement due to musculoskeletal diseases. 
Our control analyses showed this effect to be mainly 
derived from the previous musculoskeletal diseases 
included in the model. 

Alongside all-cause disability retirement, we were 
also able to examine the two largest diagnostic groups, 
ie, musculoskeletal diseases and mental disorders. 
The main results found for all-cause retirement largely 
applied to these diagnostic groups as well. Overall, the 
joint association of sleep duration and insomnia symp-
toms with disability retirement was strongest for those 
who retired due to mental disorders. This finding is in 
line with previous studies on sleep and mental health, 
which have shown strong associations between the 
two, especially between sleep and depression (18, 19), 
the most prevalent diagnosis among those retiring due 
to mental disorders in this study.

Our findings highlight the association between sleep 
and subsequent work disability. Poor sleep has consider-
able societal impact, owing especially to large costs for 
the employer and the society due to work disability and 
the increased use of healthcare services (27–29). Better 
understanding of poor sleep and its consequences is 
important while seeking new ways to support the ageing 
working population’s health and longer work careers.

Limitations and strengths

Sleep duration and insomnia symptoms were based on 
self-reports and measured only at baseline. The response 
alternatives for sleep duration included only whole hours 
as units. Compared with objective assessments, such as 
actigraphs and polysomnography, self-reported sleep 
duration has been found to be prone to certain bias (30). 
In addition, insomniacs tend to underestimate their sleep 
duration more than those sleeping well (14). However, 
it is generally not feasible to use objective assessments 
in large-scale epidemiological studies. A previous study 
of the present data found sleep duration to be relatively 
unchanged for a large proportion of the participants over 
a follow-up period of 5–7 years (31). Self-report mea-
sures are regarded as suitable for research into insomnia 
symptoms, and the Jenkins inventory used in this study 
has been validated and developed for clinical and epi-
demiological research purposes (25, 32).

The 4-item inventory used in order to measure 
insomnia symptoms did not include daytime impair-
ment (25). This information would be a valuable addi-
tion. Daytime impairment is also considered to be a 
prerequisite in the current Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV-TR) criteria for 
insomnia (33). Another limitation is that our measures 
did not include sleep disorders such as sleep apnea or 
restless legs syndrome. Nevertheless, the frequency of 
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both of these disorders in the general population is esti-
mated to be considerably lower than 20%, which was the 
prevalence of frequent insomnia symptoms in our study.

Some of the results might be lacking statistical power 
as there were <100 participants in certain classes of the 
joint variable of sleep duration and insomnia symptoms. 
Nevertheless, the main results remained consistent and 
statistically significant throughout the analyses concern-
ing both the separate effects of sleep duration and insom-
nia symptoms as well as their joint associations.

Due to the low proportion of men in our sample, 
there were few disability retirement events among 
men and the analyses were conducted by pooling and 
adjusting for both genders. Further studies are needed 
to confirm whether the associations that we found differ 
according to gender.

There have been some previous studies on the 
association between either sleep duration or insom-
nia symptoms and disability retirement. This study 
extended this examination to include the joint asso-
ciation of these two key characteristics of sleep, thus 
providing novel evidence. Further strengths include 
the use of a large and contemporary dataset with a 
prospective design. We were able to use the disability 
retirement register data, which are highly accurate and 
objective and originally gathered to be used as a basis 
for pension payments. In addition, data about the lead-
ing diagnoses of disability – musculoskeletal diseases 
and mental disorders – were available.

Concluding remarks

We found that the joint association of sleep duration 
and insomnia symptoms with subsequent disability 
retirement was strongly dominated by frequent insomnia 
symptoms. This held true for all-cause retirement as well 
as retirement due to musculoskeletal diseases and mental 
disorders. Sleep duration also plays a role in this asso-
ciation; among those with frequent insomnia symptoms, 
short and long sleepers were more likely to retire. This 
study deepened our understanding of the role of poor 
sleep in pushing people towards early retirement due 
to disability. Insomnia symptoms in particular need to 
be considered in occupational healthcare in order to be 
able to prevent early exit from the workforce.
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