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Objectives   We analyzed the work ability index (WAI) and its first item (work ability score, WAS) – and sub-
sequent four-year changes thereof – as predictors of disability pension (DP).
Methods   We linked survey responses of 5251 Finnish municipal employees, aged 44–58 years, to pension 
and death register data until 2009. Job content (physical, mental, or mixed) was based on observation. Baseline 
(1981) WAI was divided into poor (<27), moderate (28–36), and good/excellent (>37) and WAS into poor (0–5), 
moderate (6–7), and good/excellent (8–10). Four-year changes in these scores were classified as strong decline 
(<lowest 15th percentile), slight decline, and no change/improved. Cox regression and receiver operating char-
acteristic (ROC) analysis were used. 
Results   During follow-up, 2057 subjects were granted DP. Compared to those with good/excellent WAI, the 
hazard ratio (HR) for DP related to moderate and poor WAI, respectively, was 2.0 (95% CI 1.8–2.2) and 5.0 
(95% CI 4.4–5.6), adjusted for sociodemographic variables and job content. For WAS, the HR were 1.8 (95% CI 
1.6–2.0) and 3.4 (95% 3.0–3.8). Four-year decline in WAI/WAS further increased the risk. During the first four 
years of follow-up, the area under the curve (AUC) for WAI at cut-off point 27 was 0.66 (sensitivity 49.2% and 
specificity 82.9%) and 0.64 for cut-off point 36 (sensitivity 84.2% and specificity 44.3%). For WAS at cut-off 
point 5, the figures were AUC 0.63 (sensitivity 41.9% and specificity 85.0%) and AUC 0.65 for cut-off point 7 
(sensitivity 78.2% and specificity 52.7%).
Conclusion   The single-item WAS can be considered a reasonable alternative to the seven-item WAI in describ-
ing the risk of DP and as a prognostic tool. 
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The work ability index (WAI) questionnaire was devel-
oped in the 1980s at the Finnish Institute of Occupa-
tional Health (FIOH) as a tool to measure work ability, 
to evaluate the effects of work ability promotion pro-
grams, and to screen individuals to identify the need for 
rehabilitation (1). Nowadays, WAI is commonly used 
worldwide for assessing work ability. WAI has also 
shown predictive value in the sense that a decreased 
WAI level increases the likelihood of premature retire-
ment and death (2, 3, 4). However, multi-item measures 
such as WAI have disadvantages in terms of imple-
mentation, interpretation, and cost (5). WAI has been 

criticized for its theoretical and practical complexity, 
and more simple ways to monitor work ability have been 
requested (6, 7). 

The first item on the WAI questionnaire, known as 
the work ability score (WAS), is the self-assessment of 
current overall work ability level (range 0–10) in com-
parison to lifetime best. A relatively strong agreement 
between WAI and WAS has been reported (8, 9). Further, 
convergent validity between these tools has been shown, 
ie, work ability measured using WAS has been associ-
ated with the same individual and occupational factors 
as WAI-based work ability (7). Among women on long-
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term sick leave, both WAI and WAS strongly predicted 
the future amount of sick leave (6). Health problems 
were clearly related to lower and decreasing WAS in a 
longitudinal study of middle-aged Dutch employees (10). 

Recently, Roelen et al (11) compared the single-item 
WAS with the multi-item WAI to identify male con-
struction workers at risk of disability pension (DP), and 
found that despite being associated with the outcome, 
WAS poorly differentiated high- and low-risk individu-
als. However, their findings were based on a rather short 
follow-up time and self-reported work status. More 
information is needed on WAI and WAS as antecedents 
of disability retirement in a wider range of occupations 
and among both genders. Furthermore, information is 
lacking on the importance of changes over time in WAI 
or WAS in relation to incident DP.

Here, we investigated among municipal employees 
the seven-item WAI and the single-item WAS, and their 
subsequent change over four years, as determinants of 
DP using register-based data on the outcome. We also 
examined whether the relationships varied according 
to gender or the type of work performed, ie, when the 
main demands of the job were physical, mental or both 
physical and mental. We also assessed the ability of the 
WAI and WAS to discriminate between individuals in 
predicting DP. The baseline data were originally used in 
the development of the WAI and its categorization (12). 

Methods

Study sample 

Data were derived from the Finnish Longitudinal Study 
of Ageing Municipal Employees (FLAME) (13). For 
the study, the 112 largest occupational groups in the 
municipal sector from the largest municipalities in Fin-
land were chosen after negotiations with the Municipal 
Pension Fund and employee and employer organiza-
tions. Subjects with ≥5 years work history in their cur-
rent occupation were targeted. Data collection began 
in 1981 when the subjects were aged 44–58 years and 
follow-ups were carried out in 1985, 1992, 1997 and 
2009. The baseline sample comprised 6257 employees 
(44.7% men). The response rate was 85.2%. Of these, 
5556 (88.8%) took part also in the 4-year follow-up. 
Data were gathered through questionnaires, clinical 
measurements and national registers. Here we used the 
questionnaire responses of the two first measurements 
linked with information from the national pension and 
mortality registers. The linkages were made using each 
person’s unique identification code. 

The ethics committee of the Finnish Institute of 
Occupational Health approved the study. Ethical clear-

ance for the register linkages was obtained from the 
national Data Protection Ombudsman. 

Outcome variable

The outcome variable comprised all incident DP among 
the cohort. Data on DP were obtained from the national 
registers of the Finnish Centre for Pensions, which 
provides complete information of all retirement events. 
Mortality data were extracted from the Finnish National 
Population Register. Information on pensions and mor-
tality was linked to the data using the participant’s 
identification number. 

Illness-based DP included full (N=1478) and part-
time (N=1) DP, individual early retirement pensions 
(N=837) and war veterans’ early retirement pensions 
(N=181). Individual early retirement pension was a 
special type of DP that was available from the late 
1980s until 2005 to employees born before 1944 who 
had a long working career and a substantially decreased 
work capacity due to impaired health, but the medical 
eligibility criteria were less strict than for the ordinary 
DP. Early retirement pension for war veterans was an 
illness-based pension that came into force in 1982 and 
was available to 58–64-year-old men and women recog-
nized for their service during 1939–1945.

The study sample was followed for DP awards, old-
age pension awards, and death from 1 January 1981 to 
31 December 2009. 

Explanatory variables

Work ability index (WAI). The validity and reliability of 
WAI have been tested using clinical data and correlation 
analyses (8, 14, 15, 16, 17). The theoretical framework 
of work ability comes from Rutenfranz’s (18) stress-
strain concept, and work ability is defined as the indi-
vidual’s capacity to manage occupational demands (13). 

WAI measures seven aspects: (i) current work ability 
compared with lifetime best, (ii) work ability in relation 
to the physical and mental demands of the job, (iii) cur-
rent number of illnesses or injuries diagnosed by a doctor, 
(iv) estimated work impairment due to those illnesses or 
injuries, (v) sick leave taken in the past 12 months, (vi) 
the worker’s own prognosis of his or her work ability in 
two years’ time, and (vii) the worker’s mental resources 
to accomplish his or her job (table 1). WAI is derived as 
the sum of the ratings on these seven items. The range of 
the summative index is 7–49. Originally (12), the cut-off 
points for the levels of work ability were based on the 
15th percentile, median, and 85th percentile of the distri-
bution of the index in the total population at baseline: (i) 
poor (7–27), (ii) moderate (28–36), (iii) good (37–43), 
and (iv) excellent (44–49). For the analyses here, we com-
bined good and excellent work ability into one category. 
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In addition, we calculated the 4-year change in WAI 
by subtracting the 1981 score from that of 1985. We 
categorized the differences into three classes: (i) WAI-
based work ability strongly deteriorated (WAI decreased 
by ≥9 points, ie, below the lowest 15th percentile); (ii) 
WAI-based work ability slightly deteriorated (WAI 
decreased by 1–8 points); (iii) no change or WAI-based 
work ability improved (WAI increased by ≥1 point). 

In receiver operating characteristic (ROC) analyses 
the index was used as a continuous variable.

Work ability score (WAS). The first item of WAI measures 
present work ability compared to lifetime best with the 
question: “Assume that your work ability at its best has a 
value of 10 points. What score would you give your cur-
rent work ability?” This question has been found to have 
the highest discriminating power over the entire index (8). 
WAS ranges from 0 (completely unable to work) to 10 
(work ability at its best) and we used the classification of 
WAS which has been found to best correspond to that of 
WAI (19): poor (0–5 points), moderate (6–7), good (8–9), 
excellent (10). We combined good and excellent work 
ability and used three categories in the analyses. 

We also calculated the 4-year change in WAS by 
subtracting the score in 1981 from the score in 1985 
and classified the differences as follows: (i) WAS-based 
work ability strongly deteriorated (WAS decreased by ≥3 
points, ie, below the lowest 15th percentile); (ii) WAS-
based work ability slightly deteriorated (WAS decreased 
by 1 or 2 points); (iii) no change or WAS-based work 
ability improved (WAS increased by ≥1 point). 

In ROC analyses, the index was used as a continu-
ous variable.

Job content categories. In order to classify the range of 
municipal occupations covering the health care, social 
welfare, technical, administrative sector, and office work 
into relatively homogeneous groups, the ergonomic job 
analysis method “Arbeitswissenschaftliche Erhebungs-
verfahren zur Tätigkeitsanalyse” (AET)  was used (20). 
Detailed interviews and observations of physical, psycho-
social and mental characteristics (altogether 216 items) 
of 88 jobs were carried out at the workplaces of 133 
subjects by researchers trained for the purpose (21). The 
analyzed items (coded 0–5 according to their duration 
or frequency) included the work system (work objects, 
equipment and environment), work tasks, and physical 
and mental work demands. Based on this information, 
altogether 13 profile groups emerged in cluster analysis. 
These were further classified as physical, mental, or 
mixed (physical-mental) type of work. Job content was 
considered as mainly physical in auxiliary and installation 
work among men and in auxiliary and home-care work 
among women, and mental in administrative work, tech-
nical supervision, physician’s work, and teaching among 
men, and in office work, administrative work, physician’s 
work, and teaching among women. The mixed physical-
mental category covered transport, dental, nursing, and 
dump work among men, and kitchen supervision, dental, 
and nursing work among women. (22). 

The job analysis was repeated in 1993 and, accord-
ing to the results, there were no larger changes in work 
demands in the occupations between 1981 and 1993 
(23). Also, changes of occupation were fairly uncom-
mon among the subjects. For example, 88% of those 
active workers who responded to the follow-up survey 
in 1992 had worked at the same job for at least the past 
15 years (24).

Other covariates. We used age and basic education level 
as covariates. Age was categorized into four groups: 
44–47, 48–50, 51–54, and 55–58 years. Basic education 
was categorized as (i) elementary school not completed, 
(ii) elementary school, (iii) lower secondary school, and 
(iv) upper secondary school. 

Statistical analysis

We calculated hazard ratios (HR) of DP and their 95% 
confidence intervals (95% CI) using Cox proportional 
hazards regression. First, we analyzed HR of DP con-
nected with the WAI and WAS at baseline, during the 
follow-up from 1 January 1981 to 31 December 2009. 
Second, we studied the effects of the 4-year changes in 
WAI and WAS in relation to DP from 1 January 1986 
onwards, including also the baseline value of the indi-

Table 1. The work ability index [Tuomi et al (12)].

Item Questions 
(N)

Scoring of 
responses 

Explanation

1: Current work 
ability compared 
with lifetime best

1 0–10 0 = completely unable to work 
10 = work ability at its best 

2: Work ability  
in relation to  
demands of job

2 2–10 2 = very poor 
10 = very good

3: Number of  
current diseases 
diagnosed by 
physician

1 (list 
of 51 
dis-
eases)

1–7 1 = 5 or more diseases 
2 = 4 diseases 
3 = 3 diseases 
4 = 2 diseases 
5 = 1 disease 
7 = no disease

4: Estimated work 
impairment due  
to diseases

1 1–6 1 = entirely unable to work 
6 = no impairment

5: Sick leave  
during past year  
(12 months)

1 1–5 1 = 100 days or more 
2 = 25–99 days 
3 = 10–24 days 
4 = 1–9 days 
5 = 0 days

6: Own prognosis 
of work ability two 
years from now

1 1, 4, 7 1 = unlikely 
4 = not certain 
7 = relatively certain

7: Mental resources 
(both at work and 
during leisure time)

3 1–4 1 = very poor 
4 = very good
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cator in the model as an independent variable. In both 
types of analyses, the follow-up ended with the award 
of a DP or other pension, or death, whichever came 
first. Independent censoring was assumed. As covari-
ates we included age, gender, basic education and job 
content. Additionally, analyses stratified by gender, and 
by gender and job content, were carried out, to examine 
possible effect modification by these. Spearman rank 
correlation was used to analyze the association between 
baseline WAI and baseline WAS. 

To obtain information on the discriminative ability 
of the WAI and WAS regarding future disability retire-
ment, we performed ROC analyses to assess area under 
the curve (AUC) values and the sensitivity and specific-
ity at the used cut-off points. Also the optimal cut-off 
point based on the Youden index (25) was determined. 
The 95% CI for the AUC values were obtained by the 
Mann-Whitney U statistic. These analyses were made 
for disability retirement during 1981–1985. The interval 
was chosen because we wanted to have a sufficiently 
large number of DP for the analysis while restricting the 
number of deaths and old age retirement. 

There were relatively few missing data. The largest 
proportion (16 %) was found in the multi-item WAI due 
to one or more incompletely filled questionnaire items. 

We restricted the analyses to those with complete infor-
mation for calculating the WAI (M=5251).

The statistical analyses were conducted using SPSS 
Statistics 21.0 (IBM Corp, Armonk, NY, USA). 

Results

The baseline characteristics of the study population are 
shown in table 2. The Spearman correlation coefficient 
for the association between baseline WAI and baseline 
WAS was 0.80 in the total sample, 0.82 among men, and 
0.79 among women. On average, the change in WAS 
between 1981 and 1985 was -0.9 in the total sample, 
-1.0 points among men, and -0.8 points among women. 
The mean 4-year change in WAI was -2.8 points among 
both men and women. 

Over the follow-up, 2057 subjects (1098 men and 
959 women) were granted DP, 3194 (1196 men and 1998 
women) retired on old-age pension or other non-illness-
based pension and 1612 (974 men and 638 women) died 
before receiving any type of pension. 

Table 3 presents the HR related to baseline WAI and 
the 4-year change in WAI. Overall, covariate addition 

Table 2. Characteristics of the study population at baseline in 1981. [SD=standard deviation.]

All (N=5251) Men (N=2294) Women (N=2957)

Mean SD % Mean SD % Mean SD %
Work ability index (WAI) 35.9 7.6 35.5 7.9 36.3 7.3
WAI-based work ability 
Poor (7–27) 13.9 15.8 12.5
Moderate (28–36) 33.3 33.9 32.9
Good/excellent (37–49) 52.8 50.3 54.6

Work ability score (WAS) 7.4 1.9 7.2 1.9 7.6 1.8
WAS-based work ability
Poor (0–5) 14.2 16.2 12.5
Moderate (6–7) 29.9 34.8 25.8
Good/excellent (8–10) 56.0 49.0 61.7

Basic education
Elementary school not completed 19.5 25.9 14.5
Elementary school 52.4 57.8 48.3
Lower secondary school 17.5 8.2 24.8
Upper secondary school 10.5 8.1 12.4

Professional education
No vocational training 30.4 43.4 20.5
Lower vocational school or vocational 
course 

63.0 48.9 73.7

Higher vocational school (polytechnic) 
or university

6.6 7.7 5.8

Age in years 50.4 3.6 50.4 3.6 50.3 3.6
Age group (years)
44–47 26.9 25.9 27.7
48–50  26.5 27.3 25.8
51–54 30.1 30.3 30.0
55–58 16.5 16.5 16.5

Job content
Physical 39.9 46.8 34.5
Mental 29.4 28.4 30.1
Physical-mental (mixed) 30.7 24.8 35.4
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Table 3. Work ability index (WAI) at baseline in relation to disability pension (DP) awards during follow-up 1981–2009 (models 1 and 2) 
among municipal employees; WAI at baseline and its change during 1981-1985 in relation to DP awards during 1986–2009 (model 3). 
Cox regression analysis. [HR=hazard ratio; 95% CI=95% confidence intervals.]

Disability 
pension  
awards

WAI-based work ability at baseline Change in WAI-based work ability

Good/ 
excellent

Moderate Poor No change/ 
improved

Slightly  
deteriorated

Strongly  
deteriorated

N HR HR 95% CI HR 95% CI HR HR 95% CI HR 95% CI
All
Model 1 a 2057 1.00 2.14 1.94–2.36 5.40 4.81–6.07 . . .. . ..
Model 2 b 2048 1.00 1.98 1.78–2.19 4.96 4.40–5.60 . . .. . ..
Model 3 c 1232 1.00 2.45 2.15–2.79 5.50 4.52–6.69 1.00 1.58 1.37–1.81 3.69 3.08–4.41

Men
Model 1 a 1098 1.00 1.94 1.69–2.23 4.30 3.67–5.03 . . .. . ..
Model 2 b 1093 1.00 1.81 1.57–2.09 4.07 3.45–4.79 . . .. . ..
Model 3 c 614 1.00 2.13 1.77–2.56 4.49 3.41–5.91 1.00 1.58 1.30–1.93 3.83 2.97–4.93

Women
Model 1 a 959 1.00 2.36 2.04–2.73 7.45 6.28–8.85 . . .. . ..
Model 2 b 955 1.00 2.20 1.89–2.56 6.67 5.57–7.98 . . .. . ..
Model 3 c 618 1.00 2.77 2.31–3.32 7.08 5.34–9.40 1.00 1.58 1.30–1.92 3.40 2.62–4.40

a Baseline WAI, age, and gender (unless gender-stratified) included as covariates.
b Baseline WAI, age, gender (unless gender-stratified), basic education level, and job content included as covariates.
c Baseline WAI, change in WAI from 1981 to 1985, age, gender (unless gender-stratified), basic education level, and job content included as covariates. 

The follow-up of disability pension awards started in 1986.

had little effect on the estimates. In the total sample, the 
HR related to poor WAI-based work ability at baseline 
was 5.40 (95% CI 4.81–6.07) when adjusted for age 
and gender and 4.96 (95% CI 4.40–5.60) when further 
adjusted for basic education and job content. The HR 
were higher among women than men. In model 3 – 
which included the baseline WAI, the 4-year change in 
WAI, age, basic education, and job content as indepen-
dent variables – a strong decline in WAI was associated 
with DP [HR 3.83 (95% CI 2.97–4.93) among men and 
HR 3.40 (95% CI 2.62–4.40) among women].

Both poor and moderate WAS-based work ability 
were associated with DP (table 4) but the HR were lower 
than those related to WAI. Between men and women, 
the differences in HR related to low baseline WAS 
were less pronounced than those related to low WAI. In 
model 3 – which included the baseline WAS, the 4-year 
change in WAS, age, basic education, and job content 
as independent variables – a strong decline in WAS was 
associated with DP [HR 2.23 (95% CI 1.78–2.79) among 
men and HR 2.54 (95% CI 2.03–3.19) among women].

 In the job content-stratified analyses conducted 
among men (table 5), the HR related to work ability 
measures varied fairly little across the strata. A slight 
decline in either WAI- or WAS-based work ability was 
not associated with subsequent DP among men in mixed 
type of work, but otherwise, all associations of work 
ability measures with DP were statistically significant. 
The HR associated with moderate and poor baseline 
WAI-based work ability were somewhat increased by 
the inclusion of longitudinal data on WAI in the model 
(model 2 versus model 3). The HR related to moderate 
and poor baseline WAS-based work ability were essen-

tially similar in models 2 and 3. 
Among women (table 6), the HR related to poor WAI-

based work ability at baseline varied 5.78–9.09 in the 
basic model and 6.54–8.01 in the further adjusted model 
and were thus higher than those for men. The highest HR 
were observed among women with mixed job demands. 
The HR related to poor WAS-based work ability [3.37 
(95% CI 2.71–4.19) in physically demanding jobs; 3.53 
(95% CI 2.49–4.98) in mentally demanding jobs; 5.24 
(95% CI 3.80–7.22) in mixed type of work] were lower 
than those related to WAI and were further decreased by 
the inclusion of the change in WAS in the analysis. 

The AUC value for the baseline WAI predicting dis-
ability retirement during 1981–1985 was 0.68 (95% CI 
0.64–0.72) among men and 0.79 (95% CI 0.75–0.82) 
among women. The AUC value for the single-item WAS 
in corresponding analyses was 0.65 (95% CI 0.61–0.69) 
for men and 0.76 (95% CI 0.72–0.80) for women. 
Among men, the optimal cut-off point of WAI – based 
on the Youden index – was 24.0 (sensitivity 58.5% and 
specificity 67.1%); among women, it was 23.9 (sensi-
tivity 75.3% and specificity 71.3%). For the WAS, the 
optimal cut-off point among men was 4.5 (sensitivity 
56.7% and specificity 68.7%); in women, it was 4.6 
(sensitivity 58.7% and specificity 81.2%).

At the cut-off point of poor WAI (27) in the total 
material, the AUC was 0.66 (95% CI 0.6–0.69), sensitiv-
ity and specificity were 49.2% and 82.9%, respectively. 
At the cut-off point of moderate WAI (36) the respective 
figures were AUC 0.64 (95% CI 0.62–0.67), sensitivity 
84.2% and specificity 44.3%. For the WAS, at cut-off 
point 5, these were AUC 0.63 (95% CI 0.62–0.66), 
sensitivity 41.9% and specificity 85.0%, and for cut-



	 Scand J Work Environ Health, vol 42, no 6	 495

Jääskeläinen et al

off point 7, AUC 0.65 (95% CI 0.63–0.68), sensitivity 
78.2% and specificity 52.7%.

Discussion 

Using register data on retirement events and mortality 
covering years 1981–2009, we found that both WAI and 
WAS predicted DP among Finnish municipal employees, 
WAI somewhat better. WAI-based poor work ability 
at baseline was associated with a higher risk of DP 
for women than men. Job content-stratified analysis 
revealed it was particularly strong among women in 
mixed-demand occupations, such as nursing, dental 
work, and kitchen supervision. In addition, a strong 
decline in WAI or WAS over the first four years of 
follow-up was clearly associated with the risk of DP 
in models that also included the baseline level of WAI 
or WAS: HR connected with the change ranging from 
2.0–4.6. Based on AUC values, the ability of the WAI 
and WAS in discriminating subjects with future disabil-
ity retirement during the first four years of follow-up 
was adequate among women (WAI 0.79, WAS 0.76) and 
moderate among men (WAI 0.68, WAS 0.65). The result 
in men is in line with previous findings among construc-
tion workers (11), with the difference that the latter had a 
shorter follow-up of a younger sample. The optimal cut-
off points of WAI and WAS were very similar for both 
genders (WAI: men 24.0, women 23.9; WAS: men 4.5, 
women 4.6), and the associated sensitivity and specific-
ity were adequate, being higher among women. When 
we further analyzed the disability pensions awarded 
during 1986-1990 and included also the 4-year change in 

the work ability score during 1981–1985, in addition to 
the baseline score as an independent variable, the AUC 
values for the model increased and were satisfactory also 
for the WAS (WAI: men 0.73, women 0.80; WAS: men 
0.71, women 0.79). 

Not all the participants who rated their WAS as high 
scored the highest WAI points, but the correlation of the 
measures was however high. It is possible that some par-
ticipants had never regarded their work ability as good 
(low WAI) and estimated their current work ability to be 
close to their lifetime best (high WAS). This reflects the 
different content of these work ability measures. WAS 
takes into consideration previous abilities, and although 
it is an integral part of the WAI questionnaire, WAI is 
generally more focused on the current level of work 
ability and includes also an estimation of future work 
ability. Moreover, WAI covers recent sickness absences 
and physician-diagnosed illnesses that belong intrinsi-
cally to the process leading to a DP. 

Our findings concerning the significance of WAI in 
relation to disability retirement are in line with several 
previous reports (3, 4, 26, 27). Among the studies on 
both WAI and WAS predating disability retirement, ours 
is the first to use longitudinal data on work ability. How-
ever, Ahlstrom et al (6) used 6-month changes in WAI 
and WAS and found them comparable to WAI and WAS 
measured at one time point, in relation to sick leave and 
several other health-related outcomes. Furthermore, 
previous studies have not taken into account the effect 
of the nature of the work on the associations.

The strengths of our analysis were the use of data on 
disability retirement drawn from national registers, the 
long-term follow-up, and the inclusion of the nature of 
work in the analyses (as a covariate and a possible modi-

Table 4. Single-item work ability score (WAS) in relation to disability pension (DP) awards during follow-up 1981–2009 (models 1 and 2) 
among municipal employees; WAS at baseline and its change during 1981-1985 in relation to DP awards during 1986–2009 (model 3). 
Cox regression analysis. [HR=hazard ratios; 95% CI=95 % confidence interval; NC=no change.]

Disability 
pension  
awards

WAS-based work ability at baseline Change in WAS-based work ability
Good/ 

excellent
Moderate Poor NC/ 

improved
Slightly  

deteriorated
Strongly  

deteriorated
N HR HR 95% CI HR 95% CI HR HR 95% CI HR 95% CI

All 
Model 1 a 2057 1.00 1.88 1.72–2.07 3.70 3.33–4.11 . . .. . ..
Model 2 b 2048 1.00 1.78 1.62–1.95 3.38 3.03–3.77 . . .. . ..
Model 3 c 1232 1.00 1.87 1.67–2.10 2.66 2.27–3.12 1.00 1.32 1.18–1.48 2.37 2.02–2.78

Men
Model 1 a 1098 1.00 1.79 1.58–2.02 3.25 2.81–3.75 . . .. . ..
Model 2 b 1093 1.00 1.72 1.51–1.95 3.07 2.64–3.57 . . .. . ..
Model 3 c 614 1.00 1.80 1.54–2.11 2.52 2.02–3.14 1.00 1.34 1.14–1.57 2.23 1.78–2.79

Women
Model 1 a 959 1.00 1.96 1.71–2.26 4.24 3.63–4.95 . . .. . ..
Model 2 b 955 1.00 1.81 1.57–2.09 3.72 3.17–4.37 . . .. . ..
Model 3 c 618 1.00 1.94 1.64–2.30 2.84 2.26–3.58 1.00 1.31 1.11–1.55 2.54 2.03–3.19

a Baseline WAS, age, and gender (unless gender-stratified) included as covariates.
b Baseline WAS, age, gender (unless gender-stratified), basic education level, and job content included as covariates.
c Baseline WAS, change in WAS from 1981 to 1985, age, gender (unless gender-stratified), basic education level, and job content included as covariates. 

The follow-up of disability pension awards started in 1986.
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Table 5. Work Ability Index (WAI) and the single-item Work Ability Score (WAS) at baseline in relation to disability pension (DP) awards 
during 1981-2009 among men. Cox regression analysis stratified by job content (physical, mental or mixed). Hazard ratios (HR) and their 
95 % confidence intervals (CI).

Physical jobs Mental jobs Mixed jobs

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

WAI at baseline
Good/excellent 1.00 a .. 1.00 b .. 1.00 a .. 1.00 b .. 1.00 a .. 1.00 b ..
Moderate 1.63 a 1.34–1.98 1.86 b 1.44–2.41 2.81 a 2.16–3.67 4.07 b 2.80–5.93 1.62 a 1.17–2.25 2.66 b 1.70–4.18
Poor 4.02 a 3.23–5.01 4.48 b 3.02–6.63 5.66 a 4.05–7.91 6.55 b 3.90–11.01 3.82 a 2.69–5.42 5.29 b 2.83–9.86

Change in WAI
No change/improved . .. 1.00 b .. . .. 1.00 b .. . .. 1.00 b ..
Slightly deteriorated . .. 1.66 b 1.25–2.20 . .. 1.79 b 1.22–2.63 . .. 1.54 b 0.97–2.46
Strongly deteriorated . .. 4.33 b 2.98–6.30 . .. 4.00 b 2.54–6.31 . .. 3.11 b 1.63–5.95

WAS at baseline
Good/excellent 1.00 c .. 1.00 d .. 1.00 c .. 1.00 d .. 1.00 c .. 1.00 d ..
Moderate 1.60 c 1.35–1.91 1.70 d 1.37–2.11 2.17 c 1.71–2.75 2.22 d 1.67–2.96 1.51 c 1.13–2.02 1.84 d 1.25–2.71
Poor 2.95 c 2.41–3.60 2.51 d 1.85–3.41 4.11 c 2.90–5.83 4.73 d 2.84–7.89 2.83 c 2.11–3.81 3.05 d 1.92–4.86

Change in WAS 
No change/improved . .. 1.00 d .. . .. 1.00 d .. . .. 1.00 d ..
Slightly deteriorated . .. 1.34 d 1.07–1.67 . .. 1.54 d 1.16–2.04 . .. 1.42 d 0.95–2.14
Strongly deteriorated . .. 2.54 d 1.85–3.48 . .. 3.58 d 2.21–5.82 . .. 2.10 d 1.31–3.36

a Baseline WAI and age included as covariates; number of DP awards=583 for physical, 303 for mental, and 212 for mixed-demand jobs.
b Baseline WAI, age, and change in WAI included as covariates; number of DP awards=310 for physical, 203 for mental, and 103 for mixed-demand jobs.
c Baseline WAS and age included as covariates; number of DP awards=704 for physical, 331 for mental, and 268 for mixed-demand jobs.
d Baseline WAS, age, and change in WAS included as covariates; number of DP awards=409 for physical, 235 for mental, and 147 for mixed-demand jobs.

Table 6. Work ability index (WAI) and the single-item work ability score (WAS) at baseline in relation to disability pension (DP) awards 
during 1981–2009 among women. Cox regression analysis stratified by job content (physical, mental or mixed). [HR=hazard ratio; 95%CI= 
95% confidence intervals.]

Physical jobs Mental jobs Mixed jobs
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
WAI-based work ability 
at baseline
Good/excellent 1.00 a .. 1.00 b .. 1.00 a .. 1.00 b .. 1.00 a .. 1.00 b ..
Moderate 2.09 a 1.66–2.64 2.64 b 1.98–3.52 2.39 a 1.83–3.13 2.92 b 2.12–4.01 2.28 a 1.71–3.05 2.65 b 1.85–3.78
Poor 6.18 a 4.80–7.96 6.54 b 4.39–9.73 5.78 a 3.90–8.56 6.68 b 3.61–12.37 9.09 a 6.39–12.94 8.01 b 4.55–14.10

Change in WAI-based 
work ability
No change/improved . .. 1.00 b .. . .. 1.00 b .. . .. 1.00 b ..
Slightly deteriorated . .. 1.61 b 1.19–2.18 . .. 1.67 b 1.16–2.41 . .. 1.27 b 0.88–1.85
Strongly deteriorated . .. 2.75 b 1.85–4.10 . .. 3.73 b 2.36–5.89 . .. 3.75 b 2.24–6.28

WAS-based work abil-
ity at baseline
Good/excellent 1.00 c .. 1.00 d .. 1.00 c .. 1.00 d .. 1.00 c .. 1.00 d ..
Moderate 1.72 c 1.40–2.10 1.85 d 1.44–2.37 1.90 c 1.44–2.51 1.77 d 1.28–2.46 1.95 c 1.47–2.58 2.54 d 1.80–3.59
Poor 3.37 c 2.71–4.19 2.88 d 2.09–3.98 3.53 c 2.49–4.98 2.12 d 1.30–3.46 5.24 c 3.80–7.22 4.19 d 2.57–6.82

Change in WAS-based 
work ability
No change/improved . .. 1.00 d .. . .. 1.00 d .. . .. 1.00 d ..
Slightly deteriorated . .. 1.23 d 0.95–1.59 . .. 1.40 d 1.05–1.88 . .. 1.33 d 0.96–1.84
Strongly deteriorated . .. 2.78 d 2.01–3.84 . .. 2.39 d 1.57–3.63 . .. 2.97 d 1.78–4.98

a Baseline WAI and age included as covariates; number of DP awards=452 for physical, 268 for mental, and 239 for mixed-demand jobs.
b Baseline WAI, age, and change in WAI included as covariates; number of DP awards=264 for physical, 205 for mental, and 153 for mixed-demand jobs.
c Baseline WAS and age included as covariates; number of DP awards=521 for physical, 285 for mental, and 268 for mixed-demand jobs.
d Baseline WAS, age, and change in WAS included as covariates; number of DP awards=331 for physical, 222 for mental, and 181 for mixed-demand jobs.
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fier). Previously, Roelen and colleagues (11) reported 
that among male construction workers after an average 
follow-up of 2.3 years, both WAI and WAS were associ-
ated with DP, but WAS poorly differentiated high- and 
low-risk individuals. As they used self-reported data on 
work status, social desirability bias may have affected 
their findings. According to Svedberg et al (28), who 
compared self-reports with national register data, the 
sensitivity for DP was only 70%, ie, 30% of those with 
registered DP did not report them correctly. Register 
data are preferred in research because they are more 
accurate than self-reports and ensure complete data sets. 

It should be noted that mortality was relatively high 
in our sample due to the fact that the sample consisted 
of middle-aged employees. It has been shown within 
this sample that the perceived work ability (WAS) was 
predictive of mortality (29). It can be assumed that the 
deceased persons had more severe morbidities com-
pared to the survivors. Consequently, DP and death are 
competing outcomes in our study resulting in lower risk 
estimates of DP related to work ability. 

The generalizability of our findings has some limita-
tions. First, it should be noted that the data on work abil-
ity were collected in Finland in the early 1980s. Work, 
educational structure and the labor market have since 
changed considerably (30). The current demands of 
work are more often mental than physical and psychoso-
cial workload has increased. Meanwhile, the work abil-
ity of the population has improved – thus, eg, poor work 
ability (WAI score 7–27) among municipal employees 
nowadays would be less prevalent. This improvement 
has been explained by the change in the population’s 
educational level, especially that of women (19). More-
over, the physical health and functional capacity of 
Finns has improved (31), which might have affected 
work ability considering that health along with work is 
the main determinant of work ability. However, although 
subjective wellbeing at the population level has been 
found to be fairly stable (32), the share of mental health-
related work disability has increased (33). 

Second, work ability decreases with age even among 
the healthy. In the Finnish Health 2000 survey, nearly half 
of young adults perceived their work ability as excellent 
(WAI score 44–49), compared with 8% of 55–64 year-
olds (19). In fact, it has been questioned whether the 
reference values of the WAI are suitable for the study of 
young employees (34). Further, owing to age-related dif-
ferences in the causes of work disability, the results may 
not be generalizable to younger age groups.

Third, pension systems and work disability schemes 
(retirement age, eligibility criteria) vary from country 
to country, and legislative changes in social protection 
systems occur frequently, complicating the interpreta-
tion of pension statistics. In Finland, the prevalence of 
work disability has decreased since the 1980s in all age 

groups; however, the number of recipients of DP peaked 
between the mid-1980s and the mid-1990s (33, 19). This 
increase was due to so-called individual early retirement 
pension for people aged ≥55 years, introduced in the pub-
lic sectors in 1989 (private sectors 1986). Since its main 
eligibility criterion was a permanent reduction in working 
capacity due to an illness, we considered it equivalent to 
DP in the present study. Individual early retirement pen-
sion was abolished in 2005. In addition, early retirement 
pension for war veterans was an illness-based pension that 
came into force in 1982 and caused a temporary increase 
in the number of older men retiring (35).

In our data, the proportion of missing data in the 
baseline WAI assessment due to incompletely filled 
questionnaires was 16%. In another study, in which the 
WAI questionnaire was administered as part of a medi-
cal examination, the rates of complete and partial non-
responses were high: 44% and 28%, respectively (7). The 
factors that influence participation in work ability assess-
ment require further study, but it has been suggested that 
there could be an association between perceived health 
and participation, such that those with poor or declining 
health might not complete the questionnaire out of fear 
of being considered unfit for work (7). It has been shown 
that healthy individuals are more likely to participate in 
health surveys than those with poor health, a phenomenon 
called the "healthy volunteer effect" (36). Incomplete 
responses could be due to the difficulty of the question-
naire and a lack of understanding of its aim. 

In conclusion, the single-item WAS can be con-
sidered a reasonable alternative to the 7-item WAI in 
describing the risk of future DP and as a prognostic 
tool. Longitudinal information on the development of 
WAI and WAS further increased the associated risk and 
discriminative ability of the measures. However, the 
generalization of the findings is limited by some factors, 
such as the characteristics of the study population (eg, 
age and occupation), national differences in retirement 
policies and the time point of the data collection.
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