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INTRODUCTION
Both impaired sleep and disability pension (DP) are associ-

ated with high costs for society, such as loss of productivity 
and need for medication.1,2 Ultimately impaired sleep patterns, 
such as too short or too long sleep length, or poor sleep quality, 
have been shown to have a predictive role for mortality.3-5 Fur-
thermore, impaired sleep is known to be associated with many 
chronic disorders such as musculoskeletal disorders including 
rheumatoid arthritis and low back diagnoses (LBD),6-8 which is 
the main diagnosis group for DP, as well as with chronic (low 
back) pain.9,10 In recent years, an increasing number of studies 
have detected an association between disturbed sleep patterns 
and DP.11-17 Because chronic disease or illness always precedes 
DP, it is interesting to study the specific diagnoses for DP in as-
sociation with disturbed sleep patterns.

In this respect, self-reported disturbances in sleep patterns 
were shown to be associated with an increased risk of all-cause 
and cause-specific work disability (i.e., musculoskeletal or 
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mental diagnoses) in a 3-y follow-up of municipal workers18 
and in a 10-year follow-up of 40-60-y-old employees in Fin-
land.14,16 A study of industrial workers also indicated that im-
paired sleep could predict hospitalization related to LBD in a 
28-y follow-up study.19 Because impaired sleep and medical 
comorbidities coexist, the early detection of sleep disturbances 
could potentially help to prevent the serious consequences of 
these comorbidities. Currently it is not known whether impaired 
sleep exists prior to the onset of these comorbidities, worsens 
their progress, or if the sleep impairments are consequences of 
the pain due to disorders such as LBD.19,20 Moreover, most of 
the studies examining the association between impaired sleep 
patterns and permanent work disability (DP) so far have had 
follow-up times of 10 y or less,11,12,14,16,18 and large studies with 
long follow-up times appear to be lacking.

However, simple associations between sleep patterns and DP 
risk are not direct evidence of causality because it could be pos-
tulated that familial factors (including genetics and shared fam-
ily environment such as social background) could also modify 
their association. Genetic factors are known to affect the risk of 
DP due to LBD,21-23 and insomnia-related symptoms also have 
shown a moderate degree of heritability, 35-45%.4,24-26 Hence, 
shared genetic influences may underlie the association between 
sleep patterns and DP due to LBD. Therefore, it is interesting to 
investigate this association in a setting that can control for con-
founding familial influence (genetics and family environment) 
through examining twin pairs who are discordant for DP. In the 
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twin setting, co-twins differing in their sleep patterns provide 
an opportunity to study the underlying causal pathways in these 
associations. If familial factors are of importance, then no asso-
ciation should be present between sleep patterns and DP within 
discordant twin pairs. Instead, if factors specific to each indi-
vidual are more important, then discordant twin pairs will show 
similar associations as in analyses between all individuals. 
However, there is little information available about impaired 
sleep patterns with long follow-ups for DP due to LBD; as far 
as we are aware there is no study that has taken into account 
familial confounding in assessing these associations. The aim 
of this study was to investigate sleep patterns as predictors for 
DP due to LBD in a 23-y follow-up study.

METHODS

Sample
In the Finnish Twin Cohort study, the baseline questionnaire 

including comprehensive questions on sociodemographic, 
work, health, lifestyle and psychosocial factors, and sleep pat-
terns was mailed in 1975 to all same-sex Finnish twin pairs 
born before 1958 and in whom both co-twins were alive (re-
sponse rate 89%).27,28 The follow-up questionnaire was mailed 
in 1981 to all these twins irrespective of whether they had re-
sponded to the baseline questionnaire (response rate 84%). The 
current analysis consisted of twin individuals responding to 
both questionnaires with information on sleep length and sleep 
quality, not retired from work before January 1, 1982, and re-
siding in Finland in 1981. The study sample was 18,979 twins 
(53% women) including 2,547 monozygotic (MZ) and 5,175 
dizygotic (DZ) complete twin pairs, as well as 3,535 twin indi-
viduals without his or her co-twin.

Disability Pension
Information on DP was obtained from the official Finnish 

pension registers.21 The eighth, ninth, and 10th revisions of In-
ternational Classification of Diseases (ICD-8, ICD-9, and ICD-
10; ICD-10 codes M40-M54 and the corresponding codes in 
ICD-8 and ICD-9) were used for LBD encoding by the Finnish 
insurance institutions. Information on mortality and migration 
was derived from the Population Register Centre of Finland to 
assess censoring. The unique personal identification codes of 
all Finnish residents were used for record linkage. The follow-
up time was from the date of the 1981 questionnaire to the date 
when DP was awarded, or until the person began to receive an 
old age pension, or until the date of death/emigration, or until 
December 31, 2004, whichever occurred first.

Risk Factors
The risk factors in this study included sleep patterns reported 

both from the baseline questionnaire 1975 and from the follow-
up questionnaire 1981. Sleep quality in 1975 and 1981 was cate-
gorized as sleeping well, fairly well, or fairly poorly/poorly.3 The 
stability of sleep quality between 1975 and 1981 was assessed 
using combinations of categories (three alternatives both in 1975 
and 1981 giving nine subgroups in each sleep quality level). The 
stability of sleep quality was further combined into five classes 
reflecting stability or changes in 1975 to 1981: stable well (i.e., 
sleeping well was reported in 1975 and 1981), stable fairly well 

(i.e., sleeping fairly well was reported both in 1975 and 1981), 
stable fairly poor or poor (sleeping fairly poorly or poorly was 
reported both in 1975 and 1981), reduced quality (any change 
from 1975 to a lesser quality of sleep in 1981), and increased 
quality (any change from 1975 to a better quality in 1981). Sleep 
length in 1975 and 1981 was categorized into three classes: short 
(< 7 h), average (7-8 h), and long (> 8 h).3 Classes of stability of 
sleep length between 1975 and 1981 were formed as for sleep 
quality, but then categorized into three classes — stable, reduced 
and increased sleep length — between 1975 and 1981.

Background Factors
The following background factors from the 1981 follow-up 

questionnaire were included in this study: age, sex, education 
(nine categories by year of education, high school graduation 
equals 12 year; converted into year of education), marital status 
(never married, widowed, separated, married, newly married, 
and cohabiting), and musculoskeletal pain assessed with the 
question of having pain in the low back, neck, or shoulder area 
that had affected work capacity in recent year (i.e., immediately 
before the time of the questionnaire, yes versus no). The re-
sponses to these three items were used to calculate a summary 
pain score (0-3 locations), which was dichotomized into “no 
pain” versus “any pain: one to three pain locations”. Life satis-
faction was measured with a four-item scale on levels of inter-
est, happiness, easiness, and loneliness of life29 and analyzed in 
a continuous range from 4-20; with a low score representing the 
most satisfied. Body mass index (BMI, kg/m2), smoking status 
(never smoked, occasional, former, and current smokers), and 
alcohol consumption (based on self-reported average quanti-
ties of beer, wine, and spirits consumed30) grouped into four 
categories of abstainers, light, moderate, and heavy users ac-
cording to the sex-specific criteria of the National Institute on 
Alcohol Abuse and Alcoholism31 were also included. Further-
more, monthly frequency, mean duration, and mean intensity of 
leisure-time physical activity were used to compute metabolic 
equivalent (MET) values.32 The diurnal type was determined 
by a question according to the Diurnal Type Scale.33,34 The an-
swer was categorized into four classes: clearly a morning type, 
somewhat a morning type, somewhat an evening type, clearly 
an evening type.34 Type of work was a trichotomous variable, 
i.e., day work, shift work, and evening and night work. The 
use of hypnotic agents and/or tranquilizers was subdivided 
into three categories: no use of hypnotic agents or tranquiliz-
ers, infrequent use (1-59 days per y of either medication), and 
frequent use (60 or more days per y of either medication).3 Be-
cause there were some missing data for both in hypnotic agents 
and tranquilizers, those with missing data were coded as a miss-
ing category to be included in the analyses. Occupational so-
cioeconomic status was included from the 1975 questionnaire 
because such data were not available in 1981 (upper and lower 
white-collar workers, skilled and unskilled blue-collar workers, 
farmers, and others including military conscripts, students, and 
those not otherwise classified).

Statistical Analysis
Descriptive statistics were used for reporting background 

factors including the chi square (÷2) test, t-test, and Fisher ex-
act test as appropriate. Cox proportional hazards models with 
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the follow-up time in days, and DP due to LBD as the outcome 
variable were used to compute hazard ratios (HR) with 95% 
confidence intervals (CI). Due to the dependent nature of the 
sample, i.e., twin pairs, all the analyses were clustered through 
pair identity to adjust the standard errors for a lack of statistical 
independence within pairs. Furthermore, we adjusted all analy-
ses for age as a continuous variable. In addition, the analyses 
of the whole cohort were analyzed by stratification with sex to 
provide men and women with their own baseline hazards to 
control for the effects of sex. The ‘log-log’ curves for the cat-
egories of risk factors were used to test the proportional hazards 
assumption graphically, and all curves were observed to be ac-
ceptably parallel.

First, we analyzed HR separately for each sleep pattern. Sec-
ond, we adjusted the models for all of the background factors. 
Education, socioeconomic status, BMI, musculoskeletal pain 
locations, and smoking status have been shown to be significant 
predictors for DP due to LBD in an earlier study of partially the 
same cohort,35 although all of the background factors may also 
influence sleep patterns.

Third, twin pairs discordant for DP due to LBD were inves-
tigated. Conditional Cox proportional hazards models were es-
timated by analyzing the follow-up time to DP in relation to the 
follow-up time of the co-twin, in the situation where one twin 
had a DP due to LBD during the follow-up but his or her twin 
had not been granted DP due to LBD. The conditional Cox pro-
portional hazards models were performed with stratification by 
twin pairs, allowing each twin pair to have his or her own base-
line hazard to control for the effects of potentially confounding 
familial factors. Therefore, actual associations found between 
sleep patterns and DP would not be explained by familial fac-
tors shared by the twins in a pair. If the association between 
sleep patterns and DP were to be because of family background, 
then the association should be present only between twin pairs; 
in other words, the association should exist in the analyses of 
the whole cohort but not within discordant co-twins reared to-
gether. Alternatively, if the association was due to a common 
genetic trait, then the association should be present within DZ 
twin pairs (sharing on average 50% of their segregating genes), 
but not within MZ twin pairs (sharing 100% of gene sequence). 
Furthermore, if the association were to be independent from 
familial effects (mainly due to nonfamilial environmental fac-
tors), then it should be found within both MZ and DZ twin 
pairs. This would include all environmental factors unique to 
twin individuals as well as direct causal associations between 
sleep patterns and DP risk. The number of discordant pairs for 
DP due to LBD was 83 MZ pairs (46 male and 37 female) and 
238 DZ pairs (125 male, and 113 female). The data analyses 
were performed using the Stata statistical software, version 
12.1 (Stata Corporation, College Station, TX, USA).

RESULTS
Over the average 18 y (standard deviation for mean 7 y) of 

follow-up, 467 individuals were granted DP due to LBD; 44% 
of them were women. At baseline, those destined to have future 
DP due to LBD were more often morning type (Table 1), not 
sleeping well (i.e., moderately well, fairly poorly, or poorly), 
and had a short sleep length in comparison with those not grant-
ed DP during follow-up (Table 2).

Sleeping moderately well, or fairly poorly or poorly at base-
line predicted a significantly higher risk for DP due to LBD. 
In addition, those individuals sleeping stable fairly well, or 
stable fairly poorly or poorly between 1975 and 1981 had a 
significantly increased risk as did those whose quality of sleep 
decreased from 1975 to 1981 (Table 2). These associations of 
sleeping fairly poorly or poorly at baseline and those who were 
poor sleepers throughout 1975-1981 remained significant in the 
fully adjusted model accounting for socioeconomic status, mar-
ital status, BMI, leisure-time physical activity, musculoskeletal 
pain locations, life satisfaction, use of hypnotic agents and/or 
tranquilizers, smoking status, alcohol consumption, diurnal 
type, and type of work (Table 2). The statistical significance of 
the associations attenuated clearly when familial confounding 
was taken into account in the analyses of discordant twin pairs. 
However, the magnitude and direction of associations remained 
the same (Table 3), and thus the lack of significance was pri-
marily due to the lower statistical power in these analyses.

DISCUSSION
This over 20-y follow-up of 18,979 twin individuals provides 

a unique opportunity to investigate the association between 
sleep patterns and DP due to LBD because it allows control for 
familial confounding. To the best of our knowledge, no such 
study has been conducted before. Furthermore, this study is one 
of the first to investigate how stability or change of sleep length 
and quality over 6 years of follow-up affects the likelihood of 
DP due to LBD. The results indicate that not only fairly poor or 
poor sleep quality at one time point, but also that having stable 
poor quality of sleep (as measured at two time points 6 years 
apart) early in the life course are significant predictors for fu-
ture DP due to LBD. In addition, with respect to the actual sleep 
parameters, sleep quality was the strongest predictor for future 
DP due to LBD; sleep length was not associated with the risk of 
DP. The associations between sleeping fairly poorly or poorly at 
baseline and having stable poor sleep between 1975-1981 and 
DP due to LBD were not dependent on the extensive list of back-
ground factors including socioeconomic status, marital status, 
BMI, leisure-time physical activity, musculoskeletal pain loca-
tions, life satisfaction, use of hypnotic agents and/or tranquiliz-
ers, smoking status, alcohol consumption, diurnal type, and type 
of work. However, we did identify some indications that these 
associations between sleep quality and DP due to LBD were also 
independent of the family background because the risk estimates 
in the twins were approximately at the same magnitude and di-
rection. However, this finding needs to be viewed with caution 
due to the low number of discordant pairs.

The long follow-up time of this study, 23 y, adds to the ex-
isting epidemiologic knowledge of sleep patterns and DP that 
have been mainly based on follow-ups of 10 y or less.11,12,14,16,18 
Furthermore, these previous studies have been limited to one 
single assessment of sleep patterns, and thus have not been able 
to investigate changes in sleep quality or length. In addition, 
this study may be one of the first reports of cause-specific DP 
and sleep patterns adding to the previous results based on either 
DP in general or on more broad diagnostic groups.11-17

We were able to evaluate the complex role of comorbidities 
and sleep because we accounted for the baseline musculoskel-
etal pain in our analyses, but this did not seem to play any role 
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in the associations between sleep patterns and DP due to LBD. 
This finding could be interpreted to mean that at least for DP 
due to LBD, impaired sleep quality and musculoskeletal pain 
evaluated at the same time point over 20 y earlier may coexist 
without confounding the association between sleep quality and 
DP due to LBD. This adds some pieces to the puzzle of whether 
impaired sleep exists prior to the onset of back disorders, wors-
ens the progress of these disorders, or if impaired sleep is a con-

sequence of pain associated with those disorders.19,20 Hence, it 
can be postulated that the early detection of sleep disturbances 
would potentially help to prevent permanent work incapacity 
due to LBD.

We found that the association between sleep patterns and 
DP due to LBD probably is independent of familial factors (in-
cluding genetics and shared family environment such as social 
background), i.e., sleep patterns seem to have a direct effect on 

Table 1—Means and percentages of baseline (1981) background factors for individuals with disability pension due to low back diagnoses and no disability 
pension during the follow-up among Finnish twins

Background factors DP due to LBD (n = 467) no DP (n = 17,889) P-value for difference
Sociodemographic factors

Age at baseline 45 (SD 9.4) 38 (SD 10.5) < 0.001
Education (y) 6.6 (SD 1.8) 7.9 (SD 3.1) < 0.001

Body mass index 25.2 (SD 3.2) 23.6 (SD 3.3) < 0.001
Leisure-time physical activity (MET-score) 4.00 (SD 3.8) 4.2 (SD 3.9) 0.213
Life satisfaction 8.9 (SD 2.9) 8.5 (SD 2.8) 0.010
Sex < 0.001

Women 44 % 53 %
Men 56 % 47 %

Marital status 0.006
Single 23 % 29 %
Married 77 % 71 %

Socioeconomic status (at 1975) < 0.001
Upper white collar 4 % 7 %
Lower white collar 23 % 27 %
Skilled worker 45 % 36 %
Unskilled worker 14 % 11 %
Farmer 13 % 8 %
Others 1 % 10 %

Musculoskeletal pain (1-3 locations vs. 0) 74 % 36 % < 0.001
Use of hypnotic agents and/or tranquilizers < 0.001

No 72 % 81 %
Infrequent use (1-59 days/y) 7 % 6 %
Frequent use (over 60 days/y) 3 % 2 %
Missing 19% 11%

Smoking status 0.136
Never smoked 41 % 47 %
Occasional smoker 2 % 3 %
Former smoker 23 % 21 %
Current smoker 33 % 29 %

Alcohol consumption 0.988
Abstainer 17 % 18 %
Light 11 % 10 %
Moderate 37 % 38 %
Heavy 34 % 34 %

Work type 0.733
Day work 81 % 82 %
Night work 2 % 1 %
Shift work 17 % 16 %

Diurnal type < 0.001
Morning type 38 % 27 %
Somewhat morning type 27 % 28 %
Somewhat evening type 28 % 34 %
Evening type 6 % 10 %

DP, disability pension; LBD, low back diagnoses; MET, metabolic equivalent; SD, standard deviation.
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risk of DP. Although we had a relatively large sample (almost 
19,000 individuals), we lacked enough discordant twin pairs 
to confirm this finding with sufficient statistical confidence. 
However, based on the previous twin studies, both DP due to 
LBD21-23 and sleep patterns4,24-26 were known to possess rela-

tively strong genetic components. Therefore, some shared ge-
netic influences could be expected to underlie the association 
between sleep patterns and DP due to LBD. In future studies, 
even larger sample sizes, richer family structures, measured 
genotypes, and alternative statistical models would be needed 

Table 2—Percentages of sleep patterns for individuals with disability pension (DP) due to low back diagnoses and in those without DP as well as Cox 
proportional hazard ratios with 95% confidence intervals (CI) for DP due to LBD during the follow-up

Sleep patterns
DP due to LBD

(n = 467)
no DP

(n = 17,889) HRa 95% CI HRb 95% CI
Sleep quality

Well 33 % 43 % 1.00 referent 1.00 referent
Moderately well 52 % 48 % 1.25 1.02, 1.53 1.15 0.85, 1.57
Poorly or fairly poorly 15 % 8 % 2.05 1.53, 2.73 1.62 1.04, 2.55

Sleep quality stability in 1975-1981
Stable well 25 % 32 % 1.00 referent 1.00 referent
Stable fairly well 36 % 31 % 1.29 1.01, 1.64 1.12 0.77, 1.61
Stable fairly poorly or poorly 6 % 2 % 2.29 1.49, 3.52 1.84 1.01, 3.37
Reduced quality 22 % 20 % 1.34 1.03, 1.76 1.17 0.77, 1.77
Increased quality 12 % 14 % 1.10 0.80, 1.53 1.00 0.63, 1.61

Sleep length
Short 15 % 14 % 1.11 0.86, 1.43 0.96 0.66, 1.39
Average 69 % 69 % 1.00 referent 1.00 referent
Long 15 % 17 % 1.02 0.79, 1.31 0.82 0.55, 1.24

Sleep length stability in 1975-1981
Stable length 67 % 68 % 1.00 referent 1.00 referent
Reduced length 16 % 16 % 1.18 0.92, 1.52 1.03 0.71, 1.48
Increased length 17 % 15 % 1.26 0.98, 1.63 0.85 0.56, 1.28

aModel adjusted for age, stratification by sex, and clustered on pair identity. bModel adjusted for age, socioeconomic status, marital status, BMI, leisure-time 
physical activity, musculoskeletal pain locations, life satisfaction, use of hypnotic agents and/or tranquilizers, smoking history, alcohol consumption, diurnal 
type and type of work, whereas stratification was done by sex and clustered on pair identity. CI, confidence interval; DP, disability pension; HR, hazard ratio; 
LBD, low back diagnoses. Statistically significant HR and 95% CI are in bold.

Table 3—Conditional Cox proportional hazard ratios with 95% confidence intervals for disability pension due to low back diagnoses during follow-up

Sleep patterns
MZ (83 discordant pairs) DZ (238 discordant pairs) All discordant pairs

HR 95% CI HR 95% CI HR 95% CI
Sleep quality

Well 1.00 referent 1.00 referent 1.00 referent
Moderately well 0.20 0.06, 0.74 1.48 1.06, 2.08 1.16 0.85, 1.57
Poorly or fairly poorly 0.19 0.04, 0.83 1.43 0.88, 2.34 1.15 0.74, 1.80

Sleep quality stability in 1975-1981
Stable well 1.00 referent 1.00 referent 1.00 referent
Stable fairly well 0.37 0.08, 1.67 1.42 0.93, 2.14 1.28 0.88, 1.88
Stable fairly poorly or poorly 0.29 0.04, 2.34 0.98 0.50, 1.94 0.98 0.53, 1.84
Reduced quality 0.22 0.04, 1.20 1.42 0.91, 2.21 1.18 0.79, 1.75
Increased quality 1.63 0.49, 5.40 0.86 0.51, 1.45 1.09 0.70, 1.71

Sleep length
Short 1.05 0.51, 2.14 0.66 0.44, 0.98 0.73 0.51, 1.03
Average 1.00 referent 1.00 referent 1.00 referent
Long 0.50 0.20, 1.25 0.82 0.53, 1.26 0.75 0.51, 1.10

Sleep length stability in 1975-1981
Stable length 1.00 referent 1.00 referent 1.00 referent
Reduced length 1.62 0.76, 3.43 0.90 0.61, 1.33 1.02 0.73, 1.44
Increased length 0.85 0.42, 1.72 1.26 0.79, 2.00 1.12 0.76, 1.65

CI, confidence interval; DZ, dizygotic; HR, hazard ratio; MZ, monozygotic. Statistically significant HR and 95% CI are in bold.
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to explore the association between sleep patterns and cause-
specific DP and the importance of familial background in these 
associations.

This study had several strengths: its long prospective fol-
low-up from 1981 to 2004 with detailed survey data from two 
time points separated by a relatively long time period (6 y), 
enabling measurement of stability or changes in sleep patterns. 
Furthermore, we had access to high-quality register data about 
DP including diagnoses and date awarded in this large cohort. 
In addition, the use of the co-twin control design made it pos-
sible to include familial confounding. This design provided us 
a powerful tool to analyze discordant twins, i.e., twins who 
within a twin pair differed in DP and sleep patterns, by the op-
timal matching of cases and controls as they were same-sexed 
twin pairs. However, partially related to the longitudinal study 
design, which inevitably resulted in some missing data, the final 
sample was reduced to 18,979 individuals. Consequently, this 
resulted in some lack of power, i.e., we were not able to ana-
lyze all the available sleep patterns between 1975 and 1981.3 
Furthermore, the number of discordant twin pairs was rather 
low and therefore no solid conclusions on familial confounding 
could be drawn. However, we may assume that the used vari-
ables of sleep patterns, particularly for the sleep quality, pro-
vided valuable information on stability and change over time 
and this has not been evaluated before for diagnosis-specific 
DP such as DP due to LBD. Regarding sleep patterns, a limita-
tion is that our questionnaire was not specifically validated for 
the sleep questions. However, previous studies with the same 
questionnaire have clearly indicated that both sleep length and 
quality have strong genetic component suggesting stability of 
sleep patterns,3,4,24-26 sleep length has predictive value for mor-
tality,36 and poor sleep quality has been associated with life dis-
satisfaction.24 We also lacked data on specific insomnia-related 
questions, hence limiting our data to self-reported sleep quality. 
In addition, for the sleep time, we did not have data to assess 
less than 6 h of sleep, although this study focused on the normal 
variation of sleep and not insomnia. That may partially explain 
why no association with sleep length and DP due to LBD was 
found, suggesting that a larger sample size with detailed data of 
sleep length at the short end would be needed for further elabo-
ration of this association. However, it can be assumed that due 
to these limitations, the associations may have been weakening 
and thus our results show the lowest level of the effect size 
when the real effect size is likely to be stronger.

CONCLUSION
Sleep quality and changes in sleep quality seem to be early 

predictors for DP due to LBD. These associations of sleep qual-
ity are independent from many other mediating factors, but fur-
ther studies will be needed to confirm the influence of family 
background in these associations.
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