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Purpose: Identifying employees at the greatest risk of work disability is critical to preventing early exit from the labor market.
Understanding how different factors influence work disability risk in the years leading to a pension is important in preventing early
exits. Our aim in this study is to model the risk factors for an employee applying for a disability pension by using a novel and
extensive register dataset and to evaluate the predicted risk for different occupations in the workforce.

Methods: We use a logistic model to assess the risk of filing a first-time disability pension application using rich register data. We evaluate
the performance of the model and finally present the evaluated risk distribution among current employees. Data are also included for short-
term sickness absences, usually not available for register studies. A pension application is used as a follow-up to include employees whose
application is rejected but who nonetheless carry a physician’s note of diminished work ability, also a new approach to modeling work
disability risk. The data cover all public sector occupations in Finland and their diverse disability risk profiles.

Results: The constructed risk model accurately and transparently predicts the disability pension application risk in different employee
groups. Age, occupation, cumulative sickness days, and number of sickness spells of all lengths, including short ones, were positively
associated with the risk; proximity of retirement age and high earnings were negatively associated. Validation measures allow for using
the model in providing employers with risk profiles of their employees.

Conclusion: The developed model can be used as a tool for predicting the risk status of employee groups and for assessing the
economic effects of sickness absences and disability pension risk. The modeling results reported here are already in practical use by
public sector employers in Finland, eg, for early intervention.

Keywords: early intervention, health impact assessment and monitoring, working life, aging, short term sickness absences

Introduction
In the Nordic countries, the share of the working-age population receiving disability benefits is above the OECD average of 6%.
Figures for Finland show that annual disability pension (DP) expenditure relative to GDP also exceeds the OECD average.' As
the workforce continues to age, the economic dependency ratio is increasing across most of Europe, and the need to prolong
working lives is widely recognized.>* All these trends highlight the need for policies aimed at reducing social expenditure,
extending working lives, and preventing pensioner income poverty. In the Finnish context, where a key focus is to prevent early
exit from the labor market, the years leading to a disability pension present an important window of opportunity for extending
working lives. It is critical to identify those employee groups that are at greatest risk of permanently losing their work ability.
In recent studies, it has been widely recognized that data driven occupational wellbeing management, early interventions
that incorporate customized solutions to different work ability challenges, and comprehensive cost management that enables
the evaluation of all aspects of work disability risk as well as commitment to a sustained benchmarking and networking
process with healthcare, insurance providers, and other stakeholders are the key success factors in diminishing work disability
costs as well as lengthening healthy working lives.* ® There is a need for managerial tools that are able to distill the essential,
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up-to-date information on employees’ diverse work ability challenges, translate these into comparable numbers, and aid in
translating effects of disability risk into monetary terms.

Factors of Work Disability Risk

There is a considerable body of research on the sociodemographic risk factors of disability in the Nordic countries. This
work has shown that long-term sickness absences (SA), age, gender, and occupational group, and income status are
important factors in explaining individual-level risks, both in Finland and elsewhere.”'® A recent Finnish study found
that the risk of disability retirement increased with increasing SAs in all occupations, and that especially long-term SAs
are a strong indicator of disability risk.” The data in that study only included SAs of 10 days or longer. Another Finnish
study suggested that long-term absence spells and the total number of annual sick days are predictors of a disability
pension before age 55, but short spells (1-3 days) only when combined with other factors.®

The associations of long-term SAs with disability retirement differ between diagnostic groups, and the strength of these
associations also depends on occupation and gender.” SAs have been found to be early markers of disability pension risk among
Danish, Swedish, and Finnish employees. In Norwegian studies, age, underlying illness, long absences, earnings, and education
emerged as predictors of disability risk.'®'® Other Finnish studies have also reported increased SA rates for disability pensioners
in the years preceding retirement.'®™'® Another Finnish study analyzed survey data of annual SAs preceding a DP and found
associations between different SA trajectories and 10-year DP risk, using diagnosis, gender, and age as covariates.'’

In Finland, the risk of applying for a disability pension has also been studied separately from the risk of being
awarded a DP.?° The findings showed that occupational class, age, and diagnosis influenced both risks: a white-collar
occupation with a better employment history reduced the risk of applying but increased the odds for a pension being
granted, while age increased both odds. Research into the risk factors of DP that uses large sociodemographic date-
specific register data is scarce in Europe, and most of the existing work uses survey data to explore psychosocial
workplace factors, which are outside the scope of this study.

Tools for Risk Evaluation

For practical purposes, the assessment of the combined effect of multiple risk factors requires a multifactorial model. Previous
work largely entails evaluating the relationships, causal or descriptive, between pension risk and different predictors. For the
task of building a useful risk evaluation tool, the predictors should be easily constructed in different contexts, allow for
repeated measurement, and offer opportunity to varied interpretation. Recently, a prediction model was developed based on
self-reported Finnish data where age, self-rated health, number of sickness absences in previous year, socioeconomic class,
and several health and work-related factors are used to identify high-risk employees.?'** Another Finnish study suggested
preventing several stressors from accumulating to enhance work ability.”> A recent German study used administrative data to
assess the risk of permanent work disability by developing a risk score to identify employees with unmet rehabilitation
needs.>* Data on occupation or short sickness absences were, however, not included in this analysis.

These models, however, rely on self-reported data or include no data on short SAs, occupation, and are able to target
the risk when a pension has already been awarded.

Overall, a sustainable tool for repeated risk evaluation must be based on readily available and continuously updated
register-based data that incorporates different risk factors comprehensively. Our previous work combined demographic
and SA data to model new disability pensions.*> However, we wanted to use pension applications as the risk outcome for
a more proactive intervention tool, build a more parsimonious model for easier interpretation of risk factors in a practical
management tool, and also include additional predictors in the model.

Therefore, a separate prediction model is needed for the public sector that is based on up-to-date register data, that
includes all sickness absences of different lengths, and that can recognize earliest possible signs of work disability.
Furthermore, the model needs to differentiate between age and occupational groups so that differences in how SAs and
other factors are associated with the predicted risk of disability can be identified. It is generally assumed that the risks of
work disability and SA patterns are different for younger and older employees, and that accumulating SA days may have
very different consequences for those risks. The study is intended for the domain of predictive modeling rather than to
show causal connections between disability risk and its constituents.
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The SA data used in developing our model include all sickness-related absences from work, including short spells of
less than 10 days, which in most cases are excluded from register-based research studies, although they represent roughly
85% of all SA days.?® Furthermore in our study, a disability pension application (DPA) is used as a follow-up instead of
a marker of passage into retirement, which means we can also include those employees whose applications are eventually
rejected but who still carry a physician’s diagnosis of diminished work ability. Rejected applications comprise approxi-
mately a third of all applications.*® Considerations following from including also rejective decisions in the risk target are
presented in Discussion. Our panel data cover a wide range of occupational classes and employees of different ages.

Our purpose in this study is to see how the DPA risk of Finnish public sector employees can be described using
readily available register data. In the next chapters, we describe a logistic model for DPA risk, and the predictors used in
the analysis. Next, we show how our model for predicting disability applications performs when compared to observed
applications: the estimated risk for different employee groups is compared with the observed risk to evaluate the group-
level performance of the model. We also show how risk profiles differ in age groups 45 and over in different occupations.
Finally, we offer some closing remarks.

Sickness Absence and Disability Pension Rules in Finland

Under current pension rules in Finland, a disability pension may be granted to an individual whose ability to work has
been reduced for at least 1 year because of illness, injury, or disability. The decision is always based on a medical
assessment of the degree to which the employee’s work ability is diminished, either permanently or long term. A DP may
be granted either for a fixed term or until further notice. A fixed-term DP is called a cash rehabilitation benefit. Both
types of pension may be payable as partial pensions, meaning that less rigorous criteria are applied to the degree of
disability, that the amount of benefit paid out is reduced by one half, and that it is assumed the individual will continue to
work part-time while receiving the benefit. Partial pensions can be upgraded into full pensions and cash benefits into
permanent pensions if the disability persists or the individual’s work ability diminishes further. A disability pension and
cash rehabilitation benefit are usually preceded by a period of sickness allowance. Sickness allowance is payable for
a maximum of 300 working days, and an application for DP is usually submitted before this limit is reached.?’

Pension providers’ statistics show that the transition from sickness allowance to full and permanent DP typically occurs via
cash rehabilitation benefits and partial pensions. New disability pensions are mainly in the form of cash rehabilitation benefits,
but most disability pensions are paid out as permanent, full-time disability pensions.?® Therefore, it is reasonable to consider
first DP applications as the first marker of a person’s physician-evaluated diminished work ability.

In 2023, about 37% of all first-time applications for an earnings-related disability pension were rejected. In the public
sector, the figure was slightly lower, 31%.%° The most common reason for a negative pension decision is insufficient proof of
a persistent and irreversible deterioration of work ability. Earlier research has found that 43% of these applicants are granted
a DP in the four following years, and most spend at least part of their time outside employment.*® The odds of applying for
a disability pension rise sharply with age: 72% of applicants are 45 years or over, 52% are 55 or over when applying. The
general minimum old-age pension limit in Finland is currently 65 years with incentives to lengthen the working life.*

This study is limited to disability pensions granted under the earnings-related pension system. Customers of the Social
Insurance Institution with insufficient work history are not included.

Data and Methods

The data for this study were gathered from the administrative registers of the Finnish public sector pensions provider Keva.
They consist of 222,321 municipal sector employees under the age of 65 with no previous history of disability pension
applications. The data include date-specific records on employment spells, sickness spells, occupations, wages, as well as
pension applications and pension payments in 2016—2021. The explanatory variables used in the analysis are described in
Table 1. The data on sickness absences are reported by employers, with dates included for the beginning and end of each
absence spell. Thus, absences of all lengths are included, also those shorter than 10 days, which usually are excluded in these
studies. Employment and wage information consist of working spells, occupations, and pension-insured earnings, as recorded
in the national incomes register. The data for this study comprised about 40% of municipal employees and came mainly from
large and medium-sized municipalities as well as from large joint municipal authorities. Missing data was negligible, as we
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Table | Description of the Explanatory Variables Used in Analysis

Explanatory Variable All No DP Application DP Application

Mean | Std | Min | Max | Mean | Std | Min | Max | Mean | Std | Min | Max

Age, years 430 | 11.7 | 17.1 65.0 427 | 117 | 17.1 65.0 507 | 95| 180 | 639
Gender: female 08| 04| 00 1.0 08| 04| 00 1.0 08| 04| 00 1.0
Proximity of old age pension limit 00| 02 0.0 1.0 00| 02 0.0 1.0 0.0 0.1 0.0 1.0
Annual wage earnings, thousand euros 290 | 19.0 0.0 | 371.0 290 | 19.2 0.0 | 371.0 286 | 14.0 0.0 | 178.0
Occupational risk group 5.2 1.7 2.0 10.0 5.2 1.7 2.0 10.0 5.9 1.6 2.0 10.0
Year 20| 08 1.0 3.0 20| 08 1.0 3.0 19| 08 1.0 3.0
Cumul. annual SA days, previous year 102 | 234 0.0 | 365.0 87 | 186 0.0 | 365.0 415 | 624 0.0 | 365.0
N of SA spells previous year (1-5 days) 1.7 | 23 0.0 55.0 1.6 22 0.0 | 4l1.0 2.6 29 0.0 55.0
N of SA spells previous year (6—10 days) 0.2 0.5 0.0 7.0 0.1 04 | 00 7.0 04 | 07 0.0 6.0

N of SA spells previous year (I 1-15 days) 0.1 0.3 0.0 7.0 0.1 0.3 0.0 4.0 0.2 0.5 0.0 7.0
N of SA spells previous year (16-20 days) 00| 02| 00 4.0 00| 02| 00 3.0 0.1 03| 00 4.0
N of SA spells previous year (21-25 days) 00 | Ol 0.0 3.0 00 | Ol 0.0 3.0 0.1 0.2 0.0 3.0
N of SA spells previous year (26—30 days) 00 | Ol 0.0 3.0 00 | Ol 0.0 2.0 0.0 0.2 0.0 3.0
N of SA spells previous year (31—45 days) 00| 02| 00 3.0 0.0 | 0.l 0.0 3.0 0.1 03| 00 3.0
N of SA spells previous year (46—60 days) 0.0 0.1 0.0 3.0 00 | Ol 0.0 3.0 0.1 0.3 0.0 3.0

N of SA spells last year (over 60 days) 0.0 0.1 0.0 3.0 00 | 0.l 0.0 3.0 0.1 0.4 0.0 3.0
Cumulative annual SA days, 2 yrs ago 9.0 | 20.0 0.0 | 365.0 8.1 | 175 0.0 | 365.0 279 | 45.2 0.0 | 365.0
N of SA spells 2 yrs ago (I-5 days) 1.6 | 22| 00| 400 15| 2.1 00 | 360 26 | 28| 00| 40.0
N of SA spells 2 yrs ago (6—10 days) 0.1 0.4 0.0 8.0 0.1 04 | 00 8.0 04 | 07 0.0 7.0
N of SA spells 2 yrs ago (I I-15 days) 0.1 0.3 0.0 7.0 0.1 0.2 0.0 4.0 0.2 0.5 0.0 7.0
N of SA spells 2 yrs ago (16-20 days) 00| 02 0.0 4.0 0.0 0.2 0.0 3.0 0.1 0.3 0.0 4.0
N of SA spells 2 yrs ago (21-25 days) 00 | Ol 0.0 3.0 00 | Ol 0.0 3.0 0.1 0.2 0.0 3.0
N of SA spells 2 yrs ago (2630 days) 0.0 | 0.l 0.0 3.0 0.0 [ 0.l 0.0 2.0 00| 02| 00 3.0
N of SA spells 2 yrs ago (3145 days) 00 | O.l 0.0 4.0 00 | Ol 0.0 3.0 0.1 0.3 0.0 4.0
N of SA spells 2 yrs ago (46—60 days) 0.0 0.1 0.0 3.0 00 | Ol 0.0 3.0 0.1 0.2 0.0 3.0
N of SA spells 2 yrs ago (over 60 days) 0.0 0.1 0.0 3.0 00 | Ol 0.0 3.0 0.1 0.3 0.0 3.0

Abbreviations: DP, disability pension; SA, sickness absence.

were working with administrative records, where the data is comprehensive and complete. All data accessed complied with
relevant data protection and privacy regulations as required for highly sensitive data.

To build the logistic model, the data is split into two parts. The first 3 years (2016-2018) of sickness and work data
are first used for assessing the predictors. For the risk target, we consider a three-year follow-up (2019-2021), where
a total of 2,969 employees (1.3%) filed an application for a disability pension. From these data, a random 10% sample
was further separated aside for testing the model performance later. All pension types (full, partial, fixed-term, until
further notice) were considered as homogeneous outcomes in the analysis: any new DP application filed during the
follow-up was considered a positive outcome for the prediction model. Because our aim is to create a model that gives
a snapshot evaluation of the overall disability risk using recent sickness absences, the follow-up begins immediately upon
the end of the sickness absence data, ie., SAs that translate into a disability pension are included in the data. Workplace
accidents (a specific benefit) were excluded from the SA data. Data selection is described in Figure 1.

Model for DP Application Risk

Previous research literature, institutional knowledge about early signals of disability, and the practical needs for applying
the model in different environments guided the selection of variables. Also in practice, only predictors that are routinely
available in administrative registers and can be updated regularly were considered.

We set out to build an individual-level model for the risk of filing a DPA during a three-year follow-up period by
constructing the risk factor candidates. The annual number of SAs of different durations, annual accrued sickness days,
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2,969 filed a
DP application
. K in 2019-2021
417,637 municipal employees, 405,641 employees under 396,504 had no 222,272 had continuous
alive in 2016-2022 with matched the age 65 and under old history of DP payment ] employment and SA
employment and SA spells age pension limit or DP application records in 2016-2018 219,303 no DP
application in
2019-2021

4,941 employees aged 65 or over 5,859 had history of DP payment 116,765 not present in
records in 2016-2018

7,055 employees over OA 3,278 had history of DP
pension limit applications

57,467 no continuous
records in 2016-2018

Figure | Data selection flow of the study population.

annual earnings, occupation, gender, proximity of old-age retirement, age, and interactions between these factors was all
identified as candidates for risk factors.

SAs were reported as calendar days, and consecutive absences, where the end date of a previous spell is back-to-back
with the start date of the next spell, were merged. In addition, the follow-up year was added as a variable to evaluate the
significance of accrued follow-up time.

Occupation was included in the model by rating occupational groups according to their relative susceptibility to DPA.
The variable “Occupational risk group” was constructed to measure differences in the ex-ante disability risk across
occupations. First, all public sector occupations were aggregated to the ISCO-08 classification, and the relative DPA
count for each class was measured during the latest 5 years before the follow-up period. Each occupational class was then
ordered according to this ex-ante risk into 10 groups or bins. The resulting variable takes the values 1-10 and may be
added to the risk model as a numerical variable. See also (25).

Proximity of old-age retirement was included as a variable 1/x, where x € {1,2,3} denotes the number of years to
reaching retirement age.

Although prediction is the goal, interactions were not preferred in the model, because the practical use of the results
for employers requires interpreting the individual predictors with odds values. In addition, AUC analyses suggested that
interactions did not improve predictive performance, and thus focusing on the main effects was reasonable.

To assess overfitting, we considered the number of outcome events relative to the effective degrees of freedom in the
model (EPV), which was 108. Although the traditional rule for EPV > 10 yields a useful reference, we primarily
addressed overfitting through model parsimony, and evaluation of predictive performance in an independent validation
dataset.

We assessed multicollinearity using variance inflation factors and condition indices. This analysis shows some
collinearity between the total number of SA days and the numbers of SA spells of different lengths. Any remarkable
correlation was only found between the total number of SA days and the number of SA spells over 60 days. With VIF
values of 5.3 and 4.2, translating to tolerances of 0.19 and 0.23, respectively, it can be argued that the total days could in
principle be clustered with at least the “over 60 days” category for better predictor stability, but in this case, we wanted to
include both measures in the model for practical applications. These are also measures that Finnish employers use in
their day-to-day work.

Logistic regression was used to model the risk of applying for a disability pension during a three-year follow-up.
Three years of SA history was available for all employees. The analyses were performed using SAS 9.4.

Results
The odds ratios for the predictors in the final model (AUC: 0.8269) and corresponding 95% confidence intervals are
presented in Figure 2.

The calibration plot in Figure 3 shows the overall good performance of the model estimates compared to observa-
tions. For the highest risk deciles, the estimates are slightly too high compared to outcomes. The Brier score for the
whole population was 0.036, which is very close to zero. Despite a minor overestimation of risk at the upper end of the
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# Predictor
2.00 1 Age, years
{ 2 Proximity of old age pension limit
1.80 3 Annual wage earnings, in thousand euros
4 Cumulative annual SA days, 2 yrs ago
1.60 5 Cumulative annual SA days, last year
6 Year
1.40 7 Occupational risk group
8 N of SA spells previous year (1-5 days
1.20 9 N of SA spells previous year (6-10 days)
M |‘| M H ﬂ 10 N of SA spells previous year (11-15 days)
1.00 ———— 11 N of SA spells previous year (16-20 days)
123 45|67 8 91011121314151617 18192021 12 N of SA spells previous year (21-25 days)
0.80 13 N of SA spells previous year (26-30 days)
14 N of SA spells previous year (31-45 days)
0.60 15 N of SA spells previous year (46-60 days)
16 N of SA spells last year (over 60 days)
0.40 17 N of SA spells 2 yrs ago (6-10 days)
18 N of SA spells 2 yrs ago (11-15 days)
0.20 19 N of SA spells 2 yrs ago (21-25 days)
20 N of SA spells 2 yrs ago (31-45 days)
0.00 = 21 N of SA spells 2 yrs ago (46-60 days)

Figure 2 Odds ratios with 95% confidence intervals for significant factors in the model with two years of sickness absence and earnings history.
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Figure 3 Calibration curve for the model.
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prediction scale, the model showed good discrimination (AUC) and overall accuracy (Brier score), supporting satisfac-
tory model performance.

To assess practical validity, a decision curve analysis was performed as well. The results in Figure 4 show that the
model developed should be preferred to both strategies of treating all or treating none with all threshold probabilities.
Thus, we can say that the model is useful in decision-making.

Predictor values are given in Table 2. Age, risk class of occupation, cumulative days of SAs in the preceding 2 years,
number of SA spells of all lengths in the previous year, and SA spells of most lengths in the penultimate year were found
to have a positive association with DP risk. Proximity of old-age retirement age, annual earnings, and number of years
observed were associated with a lower the risk of applying for a DP. For example, the odd ratio given for age, 1.088,
means that for every additional year of age, the risk of DPA increases by 8.8%, other factors staying the same.

Comparing the positive association of SA spells of different lengths with the risk estimate, we can see that the
association generally gets stronger with increasing length of the SA spell. The range of 46-60 SA days is most strongly
correlated with the overall risk: each spell is associated with an increase in the risk by 89%, with 95% ClIs of 80-98%.
A SA spell of 30—45 days is associated with a 46% rise in the overall risk (CI: 40%, 52%) and a spell of 26-30 days by
50% (CI: 41%, 58%). Sickness absences shorter than or equal to 10 days are associated with a less profound increase in
the risk: 1-5 days’ SA spells with 7.0% (CI: 6.6%, 7.7%) and 610 days’ spells 22% (CI: 20%, 24%). It is worth noting
that short SA spells are associated with a higher risk other factors staying the same although the association is weaker.

Proximity of retirement age has the greatest negative association with the DPA risk. From 3 years before reaching
retirement age, each year of age is associated with a decrease in overall risk by 95.5% (CI: 95.1%, 95.9%). Annual
earnings are associated with a 1.48% (CI: 1.41%, 1.55%) decrease in risk for every increase of one thousand euros.
Annual cumulative SA days in the previous year are associated with a 1.18% (CI: 1.12%, 1.24%) increase in the risk for
every sickness day, and SAs in the penultimate year with a 0.73% (CI: 0.70%, 0.76%) increase. Not all lengths of SA
spells accumulated in the penultimate year had a significant association with the risk, nor did gender. Female gender had
a negative association of 0.7% (CI: —1.5%, 2.7%), not significant in this data. There were no significant interactions
between risk factors.

0.1

-0.1

-0.2

Net benefit

-0.3

-0.4

-0.5

Threshold probability

..... NB prediction

NBtreatall  ——e= NBtreatnone

Figure 4 Decision curve for the model.
Abbreviation: NB, net benefit.
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Table 2 Estimates for Parameters of the Final Model with Odds Ratios and Limits of 95%
Confidence Intervals

# Predictor Estimate | OR CLL CLU
0 Intercept ok —7.402 | 0.001 0.001 0.001
| Age, years Hokk 0.084 1.088 1.086 1.089
2 Proximity of old age pension limit Hokk —3.102 | 0.045 | 0.041 | 0.049
3 Annual wage earnings, in thousand euros ok —0.015 | 0.985 | 0.985 | 0.986
4 Cumulative annual SA days, 2 yrs ago Hokk 0.007 | 1.007 | 1.007 1.008
5 Cumulative annual SA days, last year Hokk 0.012 1.012 1.011 1.012
6 Year ok —0.215 | 0.806 | 0.798 | 0.815
7 Occupational risk group ok 0.110 1.116 1.110 1.122
8 N of SA spells previous year (1-5 days) ok 0.067 | 1.070 | 1.066 | 1.073
9 N of SA spells previous year (6—10 days) ok 0.199 | 1.220 | 1.203 1.238
10 | N of SA spells previous year (I1-15 days) | ** 0281 | 1325 | 1296 | 1.355
Il | N of SA spells previous year (16-20 days) | *** 0327 | 1.386 | 1.341 1.434
12 | N of SA spells previous year (21-25 days) | *** 0336 | 1.399 | 1.34] 1.460
13 | N of SA spells previous year (26-30 days) | ** 0411 | 1.508 | 1.435 | 1.584
14 | N of SA spells previous year (3145 days) | *** 0377 | 1458 | 1.402 | 1517
I5 | N of SA spells previous year (46—60 days) | *** 0.638 | 1.893 | 1.80I 1.990
16 | N of SA spells last year (over 60 days) ok 0.424 | 1.528 | 1.422 | 1.642
17 | N of SA spells 2 yrs ago (6—10 days) ok 0.118 1.126 1.109 1.142
18 | N of SA spells 2 yrs ago (11—I5 days) ok 0.153 | 1.166 | 1.139 | 1.193
19 | N of SA spells 2 yrs ago (21-25 days) ok 0.099 | 1220 | 1.166 | 1.278
20 | N of SA spells 2 yrs ago (31—45 days) ook 0.177 | 1194 | 1.146 | 1244
21 | N of SA spells 2 yrs ago (46-60 days) ok 0261 | 1.298 | 1234 | 1.365

Notes: **Significant with 99.9% confidence level.

Model Validation

The performance of the risk model can be assessed by comparing the model predictions for 2019-2021 with true
outcomes in years 2019-2021 using the validation data (10% of original sample). We do this by summarizing the
employee-level DPA risk estimate across age, gender, and occupation groups, and by then averaging the risk across the
number of employees in those groups. We also present and compare the Brier scores in each group.

The average observed number of applications per employee compared to the average estimated risk of applications
indicates that the model provides relatively accurate estimates of the total DP application risk by employee age and
gender. The model slightly overestimates the risk for employees aged 40-54 and for those over age 60 and under-
estimates the risk for those aged under 40 and those aged 55-59. The Brier scores increase with age until age 59, and they
also show slightly larger inaccuracy for age group 55-59. The predictive performance of the model varies slightly
between men and women of all ages, inaccuracy for women being slightly higher. These results are presented in Table 3.

The risk of DPA increases with age but decreases after the age of 60. Women’s overall estimated application risk is
32% higher than men’s.

Similarly, the total estimated risk per employee in different occupations can be compared with the observed number
of DP applications. This is illustrated in Table 4. Estimated risk per employee varies greatly between occupational
groups: it is lowest for teachers and physicians and highest for secretaries, kitchen aids, and hospital care assistants. In
general, it seems that our model underestimates the risk for nursing occupations, general practitioners, other healthcare
workers, and construction workers. On the other hand, the risk per employee predicted for secretaries, social workers,
firefighters, kitchen workers, and experts in administration, among others, was lower than the share of observed DPAs.
The Brier scores are low but increase slightly with increased predicted risk, pointing at slightly higher inaccuracy. In
general, the model is able to differentiate rather well between age groups and occupations.
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Table 3 Model Performance: Estimated and Observed Number of Disability Pension Applications per Employee and Brier Scores
According to Age and Gender

Women Men All

Observed | Predicted | Brier Observed | Predicted Brier Observed | Predicted | Brier

% % Score % % Score % % Score
Age group
—24 1.06% 0.69% 0.010 1.01% 0.52% 0.010 1.05% 0.65% 0.010
25-29 1.54% 1.01% 0.014 0.99% 0.77% 0.010 1.40% 0.95% 0.013
30-34 1.94% 1.55% 0.018 0.80% 1.05% 0.007 1.65% 1.43% 0.016
35-39 2.64% 2.32% 0.024 1.48% 1.60% 0.014 2.35% 2.14% 0.021
40-44 3.10% 3.60% 0.027 1.82% 2.51% 0.016 2.79% 3.34% 0.024
45-49 4.72% 5.49% 0.040 2.89% 4.07% 0.025 4.29% 5.15% 0.036
50-54 7.07% 7.92% 0.057 4.88% 5.52% 0.041 6.55% 7.35% 0.053
55-59 13.68% 11.01% 0.100 9.42% 7.70% 0.073 12.73% 10.28% 0.094
60- 4.63% 6.16% 0.038 3.44% 421% 0.034 4.36% 5.72% 0.037
All 4.85% 4.70% 0.039 3.06% 3.20% 0.026 4.42% 4.34% 0.036

Table 4 Model Performance: Estimated and Observed Number of Disability
Applications per Employee and Brier Scores by Occupation (ISCO-08 Like Groups)

Occupation Observed % | Predicted % | Brier Score
Customer service 5.5% 6.2% 0.045
Experts in economics, law, administration 1.0% 2.2% 0.015
Directors 1.3% 2.6% 0.020
Nursing 5.7% 5.0% 0.046
Janitorial work 4.2% 5.0% 0.044
Library, museum, and archives 5.3% 5.1% 0.040
School assistants 5.7% 5.7% 0.042
Culture, art, sports 1.4% 2.3% 0.017
Physicians 2.2% 1.6% 0.020
Drivers 6.4% 7.3% 0.045
Specialists in science and technology 3.5% 3.3% 0.025
Teachers 2.3% 2.2% 0.020
Firefighters 2.0% 2.6% 0.023
Builders 6.1% 5.1% 0.045
Hospital care assistants 7.7% 7.8% 0.061
Secretaries 5.8% 7.6% 0.048
Cleaning and kitchen work 8.2% 8.0% 0.065
Social workers 3.0% 3.7% 0.033
Social sector nurses 3.6% 3.8% 0.033
Specialists in administration 4.2% 4.6% 0.033
Other healthcare specialists 5.6% 4.5% 0.037
Primary school teachers 5.2% 5.3% 0.042
All 4.4% 4.3% 0.037

Additionally, an analysis was performed modeling both rejected and accepted applications separately against not
filing an application, using the same predictors as used in the main analysis. The results, not presented here, revealed no
significant differences between the coefficients for accepted and for rejected applications.
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Disability Risk for Ages Over 45: Occupational Differences
Next, we present some results about the current disability pension application risk in the Finnish public sector, focusing
on ages over 45 years and using the model outlined in the sections above.

Applying the model to data for employees at year-end 2021 yields the risk estimates presented for each five-year age
group in Table 5 (CLs omitted for clarity). The table also includes some descriptive statistics for SAs in the most
recent year: annual cumulative SA days, number of SA spells of 1-10 days, and number of SA spells of over 30 says,
averaged across occupational groups. These measures are commonly used to assess the number of SAs indicating an
elevated disability pension risk and to optimize the timing of intervention.

The role of age is highlighted in the risk estimate: in all occupations, the DPA risk increases with age and is greatest
for employees aged 55-59 and decreases among those over 60. In addition, as expected, the number of short spells
generally decreases with age and the number of long spells increases with age. Differences between occupational groups
are clear in all age groups, and large numbers of all SAs occur in those occupations with the greatest predicted risk.

The effect of occupational stress and other non-SA related risk factors emerges clearly when comparing occupations
with similar SA measures. For example, physicians and specialists in science and technology have similar SA measures,
but the risk estimate for the latter group is much higher. On the other hand, physicians and directors have similar
predicted levels of disability risk, but directors’ SA measures are much lower. Another comparison between firefighters
and customer service workers shows that the former have much lower levels of predicted risk even though the SA
measures are similar. These examples highlight the complexity of estimating disability risk using SAs alone in a diverse
range of employees.

Discussion

In this study, we presented a statistical model for the risk of filing a first-time application for a disability pension and
identifying the factors affecting disability risk. Including sickness absences of different lengths in our analysis, we also
described the associations of different socioeconomic predictors with the outcome, ie., the probability of a DP applica-
tion. To include the earliest indications of risk in the analysis, the data comprise all sickness-related absences from work,
including short spells of less than 10 days, and the disability pension application is used as a follow-up measure rather
than marking passage into retirement.

We constructed and evaluated a prediction model for the three-year risk of filing an application. The risk factors in the
model include age, annual earnings, occupational stress, and SAs of different durations in the last 2 years. The proposed
model adequately predicts the risk of applying for a disability pension in different employee groups. Age, occupation,
cumulative sickness absence days preceding the application, and the number of sickness absence spells of all lengths
have a positive association with the disability pension application risk. High earnings are negatively associated with the
disability risk, as is the proximity of retirement age. While lengthened SA spells have a stronger correlation with the risk,
short spells do prove to add value to the model. Finally, we presented some estimates for the work disability risk using
the model for public sector occupations and age groups.

Contrary to expectations, we found that the applicant’s gender had no association with the disability pension risk in
this data. This may be due to the highly gendered occupational structure of municipal employees: in fact, the gender
effect could be captured by the occupational risk factor. While gender as a predictor turned out to be insignificant in this
model, it does not imply gender equality in disability risk.

Comparison of the associations of these factors confirms the results of many previous studies but also adds to the
existing body of knowledge. It is well established that the longer the SA, the greater its associations with the risk of DP
pension (7-8, 11, 13), which was also one of our results; but in our analysis, even short absences did have a positive
association with the risk. This adds to the results presented in (8), where short SAs were concluded to have an effect only
combined to other factors, while with our data and model, we were able to find an independent association of short
absences and DP risk. The odds ratio for a short (0—5 days) SA spell is 1.070 (CI: 1.066, 1.073) in the final risk model,
and increases rapidly with the length of the spell, until a 4660 days’ spell has an OR of 1.893 (CI: 1.801, 1.990). This
emphasized the importance of early intervention.
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Table 5 Sickness Absences and Predicted Risk for Public Sector Occupations at the End of 2021

DPA Risk for 2021 Employees

1-10 days’ SA spells, avg

Over 30 days’ SA spells, avg

Predicted DP Application Risk

Occupation

Customer service

Experts in economics, law, administration
Directors

Nursing

Janitorial work

Library, museum, and archives
School assistants

Culture, art, sports

Physicians

Drivers

Specialists in science and technology
Teachers

Firefighters

Builders

Hospital care assistants
Secretaries

Cleaning and kitchen work
Social workers

Social sector nurses
Specialists in administration
Other healthcare specialists
Primary school teachers

All

Age

Mean SA days
45-49 | 50-54
12.4 9.9
4.8 5.4
2.1 3.6
14.7 16.1
10.9 9.3
9.9 1.3
159 16.3
37 3.9
5.7 6.4
10.6 11.0
6.3 6.0
6.2 7.0
8.7 10.6
9.3 7.6
13.0 15.1
10.0 10.8
1.1 10.8
9.8 9.8
10.9 1.7
5.0 7.7
10.9 13.3
16.2 15.6
10.4 11.3

55-59
13.5
5.8
34
16.1
12.1
9.7
16.5
4.6
7.5
1.1
8.5
74
13.0
84
14.6
12.5
12.7
10.0
11.4
6.1
12.7
15.9
1.7

6.5
7.0
57
16.0
9.8
10.4
133
5.7
74
12.5
7.6
8.6
13.2
8.1
17.4
10.2
13.1
83
15.5
9.6
12.1
16.4
12.0

45-49 | 50-54 | 55-59 | 60-
1.26 1.24 1.81 1.03
0.56 0.51 0.49 0.48
0.40 0.34 0.33 0.37
2.46 2.34 2.11 1.98
1.21 .16 0.98 0.87
1.70 1.62 1.32 1.41

2.34 2.59 2.28 2.08
0.37 0.41 0.41 0.46
0.89 0.83 0.72 0.71

1.63 1.51 1.33 1.00
091 0.74 0.70 0.59
1.24 1.13 1.08 0.92
0.97 1.12 1.18 1.03
1.28 1.08 0.96 0.81

2.01 1.82 1.51 1.45
1.6l 1.40 1.32 I.16
1.44 1.29 1.09 0.95
1.32 1.23 1.03 1.14
1.69 1.69 1.80 1.59
0.72 0.67 0.76 0.56
1.74 1.54 1.39 1.65
2.87 2.55 2.50 2.19
1.72 1.62 1.50 1.36

45-49 | 50-54 | 55-59 | 60-

0.09 0.07 0.07 0.03
0.04 0.04 0.05 0.06
0.00 0.03 0.03 0.05
0.07 0.09 0.10 0.10
0.07 0.07 0.08 0.08
0.06 0.07 0.08 0.05
0.10 0.07 0.10 0.09
0.02 0.02 0.03 0.05
0.04 0.04 0.06 0.06
0.07 0.06 0.07 0.07
0.04 0.04 0.07 0.07
0.03 0.04 0.05 0.06
0.07 0.08 0.10 0.08
0.05 0.05 0.04 0.05
0.07 0.08 0.09 0.11

0.06 0.07 0.09 0.07
0.05 0.07 0.09 0.10
0.07 0.07 0.07 0.06
0.08 0.07 0.06 0.08
0.04 0.06 0.04 0.07
0.07 0.10 0.09 0.06
0.07 0.08 0.09 0.09
0.06 0.07 0.07 0.08

45-49 50-54 55-59 60-
2.90% 4.01% 7.47% 3.39%
0.96% 1.53% 2.37% 1.59%
0.73% 1.13% 1.59% 1.33%
3.03% 4.60% 6.40% 4.19%
2.46% 3.26% 5.40% 3.13%
2.25% 3.68% 4.80% 3.79%
3.43% 4.92% 6.46% 4.55%
1.22% 1.99% 2.83% 2.04%
0.74% 1.07% 1.67% 1.36%
2.66% 4.05% 5.86% 3.94%
1.12% 1.90% 2.94% 1.83%
1.10% 1.79% 2.56% 2.13%
1.72% 2.52% 3.94% 2.35%
2.14% 2.60% 4.17% 2.63%
3.37% 5.40% 7.33% 5.09%
2.93% 4.10% 6.14% 3.81%
3.18% 4.53% 6.88% 4.67%
1.86% 2.80% 4.05% 2.67%
2.18% 3.14% 4.71% 4.18%
1.24% 2.36% 3.06% 2.35%
2.15% 3.78% 5.18% 3.35%
3.18% 4.27% 6.10% 4.45%
2.17% | 3.32% | 4.85% | 3.40%

Abbreviations: DPA, disability Pension Application; DP, disability Pension.
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It is also known that there are clear differences in the estimated risk between age groups and occupations (7,9), which
we were able to address at a level of detailed occupational groups when previous studies used a cruder division, and also
make comparisons on the level of the whole Finnish public sector. For example, the estimated three-year DPA risk for
a 55-59-year-old (10.3%) is on average threefold compared to a 25-29-year-old (1.0%) and threefold compared to
a 40—44-year-old (3.3%). The average three-year DPA risk for a teacher (2.2%) is half of the public sector average
(4.3%), while for a kitchen worker (8.0%) it is almost double the average.

The model developed here is an advancement to existing register-based risk modeling. For example in (22), a recent survey
data based self-screening tool developed for Finnish workers, lower income, older age, and all sickness benefits were
associated with higher DP risk. While the intended use of the tool in (22) and our modeling results are very different (internet
self-survey vs. employer risk management) and our register data does not include health measurements outside SA patterns,
our results partially confirm these survey-based results, presenting odds ratios for factors based on large administrative
registers, as well as additionally including occupational stress into the model on an ex ante risk-based scale.

Compared to the model developed in (25), where new pensions were used as a target, while including different sets of
predictors, we can see that estimates for predictors show similar associations. Thus, targeting new applications rather than new
pensions is a valid modeling choice as similar mechanisms in data seem to govern both phenomena, while having DPA as risk
target widens the population at risk, offering an earlier point of view onto DP risk. We were also able to include earnings into
our model. Female gender did not have any significant association with DPA in our analysis, compared to (25) where female
gender was associated positively with a new pension. This might also mean that earnings, compared with occupational risk,
account for the variance otherwise associated with gender. We were also able to assess our model in terms of predicting
performance and point out that especially modeling high-risk cases might benefit from additional predictors.

In addition, we presented a risk estimate for public sector employees over the age of 45 at the end of 2021 to highlight
the differences between occupations in both SAs and risk estimates: although higher SA levels lead to a higher level of
estimated risk, there are occupation-specific differences in the level of predicted risk, which we were able to present at
the level of occupational group.

The key results of this study suggest that sickness absences of all lengths, also short ones, have a significant positive
association with the three-year DPA risk, and that the strength of this association varies significantly according to age and
occupation. Register-based data on employment, earnings, and SA spells combined with demographic factors are very
useful in describing the disability pension application risk in different public sector employee groups. However, when the
prediction model’s estimates are compared with observed pension applications, some disparities emerge which suggest
that the model could benefit from additional employee-level information, such as health behavior, motivation, psycho-
social work environment, and other stressors that cannot be measured by SA, or data on underlying SA illness
(diagnosis). For example, personal motivation of an employee could have a large effect on how well a return to work

1S feasible,31’32

something that currently cannot be measured with the existing data. On the other hand, underlying
illnesses may dictate how SAs reflect the diminishing work ability.

The risk target, filing an application for a disability pension, reflects the risk signal, which in practice is the medical
professional’s certification of diminished work ability. Thus, even in the case of a rejective decision, the applicants have indeed
already received a physician’s certificate of a perceived disability risk. These employees will all need preventive support from
the employer and occupational healthcare, and therefore they should be included in the group considered being at risk. While it
is reasonable to argue that including both positive and rejective decisions in the target might introduce administrative and
social heterogeneity, in this case, misclassification based on this choice is not expected to play any major role. Thus, using this
model is reasonable given the goal of recognizing disability risk at the earliest possible time.

During the COVID-19 pandemic, there were population level fluctuations in SA patterns.*>** In some occupations,
working from home became more popular.’>~° Our model measured SA patterns before the start of the pandemic and
using SA numbers measured during the pandemic might result in biased results. The key is to update the model at
appropriate intervals to best reflect the situation at each timeframe of prediction.

The model and the risk estimates are meant to be used at group level for risk-based stratification of employees, aimed at
allocating limited support measures. In practice, the results are already provided for the employers as a tool for determining the
disability risk in their employees at an appropriate group level for allocating limited resources of interventional action. In early
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intervention, the goal is to recognize employees who would most benefit from eg. occupational rehabilitation. These results
give the employer tools to estimate the average cost of future disability at group levels, highlighting the cost-benefit ratio of
intervention. The results should always be presented over appropriately sized employee groups so that no single employee
may be recognized. In addition to organization-level governance of a model before utilization, it is essential to ensure that
statistical models can handle uncertainties resulting from outside events, and it is important that they are regularly updated.

Transferability of the results beyond the Finnish context is an important issue. By using predictors that can be similarly
constructed elsewhere and adding multiple levels of SA measurement, we ensured that the model in principle is suited for use
in different environments. In the Nordic countries, the sickness and disability systems and the labor markets are reasonably
similar, but since workplace and pension practices as well as other labor market policies elsewhere may differ substantially, the
practical aspects of using the model should be considered case by case.

Conclusions

In this study, a novel approach for incorporating corporate data from person-level sickness absences to pension insurance
provider’s registers of employment and earnings, disability pension applications, occupations, and other socioeconomic
factors were combined to build insight into how they affect the risk of work disability. Information on the patterns of
sickness absences from work is of special interest, as researchers rarely get to incorporate detailed information about
short absences into their studies. We were also able to use the disability pension applications as risk indicators to include
those employees who end up receiving a rejective decision to their application while still carrying a physician’s certificate
of diminished work ability, allowing for an earlier view into the process of work disability.

The model presented for the risk of applying for a disability pension illustrates the potential benefits of predicting the
three-year application risk for municipal employees. Using a straightforward regression method, the associations of
factors of risk can be easily compared and different explainable scenarios built. This provides a basis for developing
register-based tools for professionals in human resources, risk management, and occupational healthcare, allowing them
to visualize the disability risk, highlight the differences between occupational and age groups, and help allocate scarce
resources for risk management and early intervention. The associations of SAs of varying lengths with the overall risk
can thus be assessed in concrete terms of the impact on the immediate costs of sickness absences or on employers’ future
pension contributions, for example. Several risk assessment tools in the form of regularly updated, interactive reports are
already available for most Finnish municipal sector employers based on the work.

To incorporate differences between illnesses behind declining work ability into risk assessment, future studies will
need to examine how DP risk factors differ between major diagnostic groups. Also, it would be interesting to know
whether the analysis presented here would benefit from the inclusion of register-based, health, and motivation-related
factors. Our findings on the impact of short SAs on the short-term disability risk are particularly interesting, and further
studying of this role would probably also benefit from the inclusion of additional risk factors in the model, such as data
on medical diagnosis.
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