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Objectives This study aims to provide insight into educational differences in duration of working life by work-

ing life expectancy (WLE) and working years lost (WYL) through disability benefits and other non-employment
states in the Netherlands.

Methods Monthly information on employment status of the Dutch population (N=4 999 947) between 16 and

66 years from 2001‒2015 was used to estimate working life courses and loss of working years for specific nonemployment states. Across educational groups, bi-directional transitions between paid employment and nonemployment states were calculated. Using a multistate model, the WLE and WYL at age 16, 30, 50 and up to 66
years as statutory retirement age were estimated for each educational group, stratified by gender.

Results Low-educated men and women had a 7.3 (men) and 9.9 (women) years lower WLE at age 30 than

high-educated men and women. Among low-educated men, 3.4 working years were lost due to disability benefit
compared to 0.8 among high-educated men. Low-educated women lost 3.0 working years due to disability benefit
compared to 1.4 among high-educated women.

Conclusions There are large educational inequalities over the course of working life. Among low-educated

workers, more working years are lost due to unemployment, no income, and especially disability benefits. The
latter reflects large educational inequalities in health and working conditions. The metrics of WLE and WYL
provide useful insights into the life-course perspective on working careers.

Key terms education; educational inequality; ill health; inequalities; working life course; working years lost.

With increasing life expectancy and a rapidly ageing
population, there is a need to increase the labor force
participation until age 65 and beyond. The proportion of
older workers in the workforce is growing and, hence, an
increasing proportion of the workforce will face health
problems during working life. A meta-analysis has illustrated that individuals with poor health are at increased
risk for premature labor force exit due to disability benefits [risk ratio (RR) 3.61], unemployment (RR 1.44), and
early retirement (RR 1.27) (1). Particularly workers with
a low educational level are at risk for labor force exit
and health-related labor force exit (2, 3). Educational
inequalities in health-related exit from paid employment
are substantial in all European countries (4), and it may

be hypothesized that, with increasing retirement age,
these disparities will increase, especially in the last years
of working life (5). Although educational inequalities in
labor force exit and re-employment are well-established,
studies on the influence of socioeconomic position and
poor health on displacement from the labor market do
not present a clear insight into the cumulative loss of
work capacity during working life. A life-course perspective is needed.
The metric of working life expectancy (WLE) as
a measure of duration of working careers was first
introduced in 1977 by Hoem (6), and revitalized by
Nurminen and colleagues (7) and others (8). WLE
expresses, in analogy to the concept of life expectancy,
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the number of years that a person is expected to spend
in paid employment until he or she finally leaves the
labor force for statutory retirement (7). It is important
to note that WLE is a population measure, ie, it presents
an estimate of duration of working careers based on
the cumulative labor force attachment of all persons
in a particular study population. With the increasing
statutory retirement age in many countries, WLE has
been acknowledge as an interesting measure to capture
working life course (9). The gap measure working years
lost (WYL) reflects the working time lost due to premature exit from paid employment (10). This life-course
perspective of the workforce, captured in WLE and
health-related WYL, can be used to evaluate long-term
consequences of policy changes in labor legislation, and
provides insight into socioeconomic inequalities during
the working life course.
In the past decade several studies have estimated the
expected duration of working life. In Finland, Nurminen
et al (7) have estimated a WLE at age 16‒64 years of
29.7 years for women and 31.4 years for men (7). They
also reported that 50-year old Finnish persons with poor
health may lose 13‒16 months of their remaining working life. Recently, Pedersen & Bjorner (11) found that
Danish workers with a poor self-perceived health have a
1.4 year lower WLE at age 55 than workers in good selfperceived health (11). In particular occupations, healthrelated WYL may be substantially higher, for example in
the construction industry (10). Studies in specific populations of chronically diseased persons have shown that
persons with mental disorders may lose up to 15 years
of their total working life due to disability benefits (12)
and workers with arthritis three (women) or four (men)
years (13). Focusing on WYL at age 50, Dudel & Myrskylä (14) have shown an educational gradient with an
8-year difference in WLE between workers with higher
education and those with less than high school diploma
(14). Leinonen et al (15) reported that in Finland manual
workers were expected to spend 3.6–3.7 years less in
work than upper non-manual employees (15).
These studies have illustrated that a substantial part
of working careers is lost due to poor health and strenuous working conditions. However, existing studies on
WLE and WYL have some disadvantages that hamper
interpretation and comparability. First, some studies
have addressed only disability benefits as an exit route
(12, 13) without taking into account the competing
risks of other exit routes (16). Second, other studies
have ignored that exit from paid employment may be
temporary, even after receiving a disability benefit (12,
13, 17). Third, some studies have relied on small study
populations (14) or cross-sectional data (18), which are
sensitive to selection bias. Fourth, most studies have
focused on WLE at age ≥50 (16, 19), while many working years might be lost earlier in working life.
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This study aims to estimate the working life expectancy in different educational groups in The Netherlands,
and to study the working years lost in these educational
groups through disability benefits and other states of
non-employment. The study is based on a large proportion of the workforce in the Netherlands over a period
of 15 years. It uses a multistate model that takes into
account all dynamic patterns of entering and quitting
paid employment to get insight into educational inequalities in labor force participation with a longitudinal
perspective over the working life course.

Methods
Data
For this study, Statistics Netherlands enriched the social
statistical database with register information on gender,
age, educational level, and vital status, in order to calculate transition probabilities for entering and exiting the
labor force. In total, complete information was available for 4 999 947 Dutch individuals aged 16‒66 years
at January 2001, of which N=2 761 301 were between
30‒66 years. A starting age of 16 was chosen since in
The Netherlands it is obligatory to go to school until that
age. Individuals of this cohort were followed-up for 15
years (until December 2014). The age of 66 years was
chosen to capture the recent increase in retirement age.
We focus the current presentation on individuals aged
30–66 years because at age 30 most individuals will
have finished their education and entered the labor force.
(Non)employment states
The social statistical database stores monthly information on the main income components, ie, gross wages,
social benefits, and pensions, derived from Dutch tax
registers (20). This information distinguishes seven
mutually exclusive states (i): paid employment, (ii)
disability benefits, (iii) unemployment, (iv) no income
through paid employment, (v) (early) retirement, (vi)
being a student, and (vii) emigration. Death is based on
mortality statistics.
Employed persons had their main source of income
through paid employment or having their own business,
defined by a monthly transaction on income.
Disability benefit is defined as receiving these benefits for ≥50% of the personal income. In The Netherlands, individuals may be granted a disability benefit
when they are partially or fully incapable of working
after two years of sickness absence. The degree of the
disability is determined by the loss of earnings due to
illness relative to the earnings before. Only when there
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is a reduction in income of >35% will disability benefits
be granted (21).
In The Netherlands, individuals receive unemployment benefits in case of loss of paid employment, with a
maximum of 38 months in the study period – depending
on length of contract of past paid employment. After
this period, the corresponding household may receive a
social security benefit in case the disposable (household)
income is below the legislative threshold (21). The state
"unemployment" contains both those with unemployment and social security benefits.
Individuals with no income did not have a personal
income or receive any benefits. These individuals may
have left paid employment voluntarily or may belong to
a household whose disposable income is above the critical threshold for social security benefits. This category
could also include persons who are unemployed but do
not yet receive an unemployment benefit, and individuals not in education, employment, or training (NEET).
Therefore, individuals who had <3 months with "no
income" and received unemployment afterwards were
considered to be in unemployment also in those first
months with no income.
The state pension (AOW) is a base pension. Until
2013, the state pension age was 65 years, and it increased
for both men and women with one month to 65 years and 3
months in 2015 (still increasing to 67 years and 3 months
in 2023). In addition, pension benefits could be available
in case of a pension agreement with the employer. During the study period (2001‒2015), it was also possible to
retire early. In 2005, arrangements for early retirement
pensions became more stringent, which for most employees became effective from 2006 onwards. We defined an
individual as (early-)retired when his or her main source
of income was a retirement benefit. Since retirement
before the age of 45 years is highly unlikely, individuals
who were registered as having retired before the age of
45 were assigned their most recent non-employment state
before the "retirement" state. Younger individuals may
have retirement as most important income source due to,
for example, survivor pension.
Students are individuals who are registered at an
educational institution. Emigration concerns those individuals outside the population, and might therefore also
include those individuals lost in the registrations.
Sociodemographics
Individual characteristics included gender, age, and educational level. Age at baseline was calculated based on
month and year of birth. The highest level of education
was coded according to the 1997 International Standard
Classification of Education (ISCED-97) and categorized
into low (pre-primary, primary, and lower secondary),
intermediate (upper secondary) and high (post-second-

ary) education. The highest level of education, certified
by officially acquired degrees and diplomas, in the
period 2001‒2014 was used.
Statistical analyses
Multistate model. The information on monthly transitions
between states of (non-)employment was used to assess
the transitions rates (intensities) between states of (non-)
employment in order to calculate the WLE and WYL.
Individuals may move between stages of (non-)employment over time. The multi-state model is composed of
the previously mentioned seven states of (non-)employment and death as the absorbing state – since no further
transitions are possible after death. All other transitions
between states are possible (total 49 transition possibilities). A transition matrix was constructed to define the
possible transitions between these states and with death.
The calculations were censored at age of 66 years, and
the estimated WLE is thus based on the transitions from
ages 16, 30, and 50 until 66 years.
The R package mstate (version 0.2.11, in R studio
version 1.0.153), developed by Putter et al (22–24), was
used to estimate cumulative transition rates and transition
probabilities and to fit the multistate models. Analyses
were stratified by gender and educational level. Within
each stratum, a semi-parametric cox proportional hazard
model was fitted to estimate the transition rates between
(non)employment states, using age as a time variable.
Within each stratified analysis, a Markov assumption
was made, meaning that the transition rates are only
dependent on the current state. For each of the possible
transitions in the multistate model, the baseline transition hazards were used to obtain transition probabilities.
WLE and WYL. Using the estimated transition probabilities
in the multi-state model, we were able to calculate the
expected length of stay (ELOS) in a state, given the
current state (ELOS function in the mstate R package).
This is estimated by integrating the transition probabilities from the starting time until a give horizon age,
in this study set at age 66 years (25). WLE is defined
as the number of years in the "employed" state, conditional on being in paid employment at the starting ages
of respectively 16, 30, and 50 years. In addition, the
weighted WLE is also calculated across all persons in
the population, thus including those in paid employment
as well as those in all possible non-employment states at
the starting age of 30. Uncertainty around the expected
length of stay was calculated using bootstrapping. Bootstrapping consists of resampling from the study population with replacement. On the bootstrapped population,
the ELOS is calculated, and this is repeated 1000 times.
The lower and upper bound of the ELOS were estimated
as the 2.5th and 97.5th percentile of the bootstrapped
Scand J Work Environ Health 2020, vol 46, no 1
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Table 1. Labor force status in the Dutch workforce of age 30–66 year at baseline (January 2001), stratified by educational level and gender (N=2 761 301)

Men
Low
Intermediate
High
Women
Low
Intermediate
High

N

(Self-)
employed %

Student
%

Disability
benefits %

Unemployment
%

No income
%

(Early) retirement
%

416 449
574 198
404 594

71.9
86.9
90.5

0.0
0.1
0.4

7.7
3.2
1.5

14.1
5.3
3.3

3.8
2.6
2.6

1.8
1.1
0.8

499 206
537 372
329 482

47.0
69.9
81.5

0.0
0.2
1.6

6.5
4.4
3.0

16.9
6.5
3.7

26.1
17.6
9.3

3.5
1.4
0.9

Table 2. Educational differences in working life expectancy (WLE)
between ages 30–66 and 50–66 among men and women in the
Dutch workforce, given being in paid employment at the starting age.
[CI=confidence interval.]
WLE at age 30 (95% CI)
Men
Low
Intermediate
High
Difference (high-low)
Women
Low
Intermediate
High
Difference (high-low)

WLE at age 50 (95% CI)

20.9 (20. 9–21.0)
26.0 (25.9–26.0)
28.2 (28.2–28.2)
7.3

8.4 (8.3–8.4)
9.8 (9.8–9.8)
10.9 (10.9–10.9)
2.5

16.9 (16.8–16.9)
23.7 (23.7–23.8)
26.8 (26.7–26.8)
9.9

7.0 (7.0–7.0)
9.1 (9.0–9.1)
10.4 (10.4–10.4)
3.4

ELOS. The total WYL due to the specific exit pathways
were calculated as the difference between the age of 66
years and the WLE at ages 16, 30, and 50 respectively.
In this publication, the key findings are presented for
WYL at age 30, as at this age most individuals will have
entered the labor force. Results for ages 16 and 50 can
be found in the appendix (www.sjweh.fi/show_abstract.
php?abstract_id=3843), supplementary files 3 and 5.
The scripts are included in supplementary file 1.

Results
In the 2001 Dutch workforce, disability benefits among
men (5.0 times) and women (2.2 times) were more prevalent among individuals with a low compared to high
educational level (table 1). Men (4.3 times) and women
(4.6 times) with a low educational level were also more
likely to be unemployed. Participation in (self-)employment between 30‒66 years is the highest (men 90.5%,
women 81.5%) among high-educated individuals. The
mean age among men and women decreased by educational level, reflecting the increased educational level
over time. The figure in supplementary file 2 graphically
presents the proportion of individuals in the different
states by age, stratified by education and gender.

80

Scand J Work Environ Health 2020, vol 46, no 1

Educational differences in working life expectancy
Table 2 shows the WLE at different ages, stratified by
educational level and gender. At age 30, the WLE for
men was 20.9 years among low-educated and 28.2 years
among high-educated individuals with a gap of 7.3 years.
For women, this gap was 9.9 years, primarily due to the
low WLE of 16.86 years among low-educated women.
For those working at age 50, there were still educational
differences in WLE (men: 2.5 years, women: 3.4 years).
At all ages, the educational inequalities were larger for
men than women. The gap in WLE is relatively small
between the intermediate and high educational levels
and is particularly apparent for the low education level.
Table 2 shows the WLE conditional of being in paid
employment at ages 30 and 50 (age 16 in supplementary
files 3). When other starting non-employment states are
taken into account, the weighted WLE at age 30 was
up to 1 year lower compared to WLE based on paid
employment as starting state (supplementary table S5).
Educational differences in working years lost
Low-educated men at age 30 lost in total 15.1 years of
paid employment during their working life of which
41.5% due to unemployment, 22.5% to disability, 10.5%
to no income, and 13.1% to (early) retirement (see table
3, for working years lost at age 16 and 50 years, supplementary files S3 and S5). The other non-employment
states (time spent in education: 0.2%, emigration: 5.9%,
and mortality: 6.4%) accounted for 12.5% of the WYL.
Absolute educational inequalities in WYL were largest
for unemployment and disability benefits. Low-educated
men lost 4.3 (unemployment) and 2.6 (disability benefits) working years more than high-educated individuals.
Low-educated women lost in total 19.1 years of paid
employment during their working life of which 36.3%
due to unemployment, 31.3% to no income, 15.7% to
disability, and 10.7% to early retirement. The other
non-employment states (time spent in education: 0.3%,
emigration: 2.5%, and mortality: 3.2%) contributed
6.0% to the WYL. Absolute educational inequalities in
WYL among women were largest for unemployment
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Table 3. Total working years lost (WYL) in the Dutch workforce between ages 30–66 through several pathways assuming paid employment at age
30, stratified by gender and educational level. [CI=confidence interval.]

Men
Low
Intermediate
High
Absolute difference
(low-high)
Women
Low
Intermediate
High
Absolute difference
(low-high)

Disability benefits

Unemployment

(Early) retirement

No income

Death

Student

Emigration

WYL (95% CI)

WYL (95% CI)

WYL (95% CI)

WYL (95% CI)

WYL (95% CI)

WYL (95% CI)

WYL (95% CI)

3.4 (3.4–3.4)
1.8 (1.8–1.8)
0.8 (0.8–0.8)
2.6

6.3 (6.2–6.3)
3.4 (3.4–3.5)
1.9 (1.9–1.2)
4.3

2.0 (2.0–2.0)
2.3 (2.3–2.3)
2.4 (2.4–2.5)
–0.5

1.6 (1.6–1.6)
1.1 (1.1–1.1)
1.0 (1.0–1.0)
0.6

1.0 (0.9–1.0)
0.7 (0.7–0.7)
0.5 (0.5–0.5)
0.5

0.0 (0.0–0.0)
0.1 (0.1–0.1)
0.1 (0.1–0.1)
–0.1

0.9 (0.9–0.9)
0.6 (0.7–0.7)
1.1 (1.1–1.1)
–0.2

3.0 (3.0–3.0)
2.0 (2.0–2.1)
1.4 (1.3–1.4)
1.7

7.0 (6.9–7.0)
3.3 (3.3–3.3)
1.8 (1.7–1.8)
5.2

2.1 (2.0–2.1)
2.1 (2.1–2.1)
2.3 (2.2–2.3)
–0.2

6.0 (6.0–6.0)
3.7 (3.7–3.8)
2.4 (2.4–2.4)
3.6

0.6 (0.6–0.6)
0.5 (0.5–0.5)
0.4 (0.4–0.4)
0.2

0.1 (0.1–0.1)
0.2 (0.2–0.2)
0.2 (0.2–0.2)
–0.2

0.5 (0.5–0.5)
0.4 (0.4–0.4)
0.8 (0.8–0.8)
–0.3

(5.2 years), followed by no income (3.6 years), and disability benefits (1.7 years).
From age 30 onwards, educational inequalities were
lowest for emigration, (early) retirement, death, and
being a student. High-educated workers had slightly
higher emigration and also spent slightly more years in
(early) retirement than low-educated workers. Mortality
was substantially higher among men than women and
also showed the expected educational gradient. WYL at
age 16 (supplementary file 3) shows that high educated
workers spent >7 years (men: 7.8 years, women: 7.4
years) in education, whereas low educated workers lose
a similar amount of working years due to unemployment. Educational inequalities concerning WYL at age
50 are largest for unemployment and disability benefits
(men) and for unemployment and no income (women)
(supplementary file 5)

Discussion
This study showed large educational inequalities in
working life expectancy in the workforce in The Netherlands. At age 30, high-educated men are expected
to work 7.3 years longer during their life course than
low-educated men. Among women, this difference is
9.9 years. A considerable amount of the lost working
time, up to 4.4 years among low-educated men, is
health-related due to disability benefits and premature
death. Educational inequalities in health-related working
years lost were much larger among men than women.
Both among men and women, absolute inequalities were
largest for unemployment.
The WLE and WYL metrics provide information
regarding labor force participation and premature loss of
paid employment during the life course. As mentioned
in the introduction, several models have been developed to estimate WLE and WYL. Our model improves

these models by using bi-directionality of entering and
quitting paid employment and different exit routes to
non-participation. Our model also encompasses a broad
age range instead of older workers only, and presents
detailed estimates for gender and educational level.
A previous study has shown a substantial return to
paid employment after a period of non-employment,
including non-employment due to disability (26). The
presented model takes into account that individuals can
re-enter paid employment after non-employment and
disability benefit.
Recently, two studies estimating WLE in The Netherlands were published – both focusing on WLE of older
workers. Van der Noordt et al (17) reported WLE at age
58 years varying from 4.1–5.1 among lower educated
individuals to 5.0–5.9 among higher educated individuals (17). De Wind et al (19) reported, based on the same
data, a WLE at age 55 years of 5.7–6.8 years. Our study
adds to these publications a life-course perspective on
labor force participation from young age onwards. Our
results show an WLE at age 30 of 21–28 years among
men and 17–27 years among women. Assuming the age
of 66 as an absorbing state, men lose 8–15 working years
over the working life course and women 9–19 years.
Especially among lower educated workers, a substantial
number of working years are already lost before the age
of 50 years.
The WLE at age 16 among Dutch men (32.7 years)
is higher than the WLE in Finland projected for 2006
(31.4 years), as reported by Nurminen et al (7). Among
Dutch women, the WLE at age 16 (29.3 years) was marginally lower compared to the WLE of 29.7 years among
Finnish women. Our model takes into account the main
source of income, regardless the number of working hours that may differ between Finnish and Dutch
women. This comparison of WLE between Finland
and The Netherlands also captures other differences.
Our study presents WLE to the age of 66, compared to
an age of 64 in the Finnish study, which will result in
Scand J Work Environ Health 2020, vol 46, no 1
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higher estimates in The Netherlands. In contrast, the
higher labor force participation in Finland, especially
among women, will have increased WLE compared
to The Netherlands. In the more recent study period,
in The Netherlands national policies to postpone early
retirement have been enacted, which will have increased
WLE in The Netherlands compared to Finland. It is of
interest to note that in an international comparison of
WLE across 26 European countries in 2009, the WLE
at age 50 in the Netherlands was among the highest
quartile for men, but only around the mean value for
women (27).
The contribution of the different exit pathways to the
number of working years lost is a unique feature of this
study and shows large differences between sociodemographic groups. At age 30, when the majority of the individuals have finished their school or study, low-educated
individuals have a 7 (men) to 10 (women) years lower
WLE than high educated individuals. While individuals with a low educational level enter paid employment
much earlier than individuals with a high educational
level, our model indicates that over the total life course
high-educated persons spent substantially more years
in paid employment than low-educated persons. Among
women, the educational inequalities are larger than
among men, and this can particularly be attributed to
lost WYL due to "no income".
Poor health is a prerequisite for receiving disability
benefits and the educational differences in years with
disability benefits reflect educational inequalities in
health (28), as well as in strenuous working conditions and unhealthy behaviors. Our results concerning
educational inequalities in working years lost due to
disability benefits are in line with a recent Finnish
study showing that the highest educated men lost 0.6
years due to disability retirement compared to 2.7 years
among the lowest educated group. For women this was
0.7 and 2.6 years (29). The working years lost due to
premature death also reflect the well-known educational
inequalities in mortality. The health-related WYL are
underestimated, since in The Netherlands a disability
benefit is usually granted after a period of two years
of (partial) sickness absence paid by the employer. In
our study, these years in sickness absence are counted
as paid employment, since information is lacking on
time spent in full sickness absence or partial return to
work. Two mechanisms might play a role in the educational inequalities in disability benefit. First, poor
health is more prevalent among individuals with a low
educational level (30) leading to a higher prevalence
of disability benefits in this educational group. Second,
individuals with a low educational level are more likely
to carry out more strenuous work. With similar health
problems, workers with strenuous work demands might
be more likely to become work disabled (3). More
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insight is needed to disentangle these two mechanisms.
Health problems are also related to unemployment
(1), which is also more common among low- compared to high-educated individuals. New old-age retirement regulations might further influence socioeconomic
health inequalities, since particularly lower educated
workers will have more problems to stay healthy at
work until the increased statutory retirement age. An
uniform retirement age completely disregards the large
educational inequalities in life expectancy and, in particular, healthy life expectancy. It would be relevant to
get insight into the influence of WYL on (healthy) life
expectancy after retirement.
It is of interest to note that 2‒2.5 working years
are lost due to (early) retirement, and higher educated
workers spent more time in retirement than lower educated workers. Workers with a low educational level
might need to work longer because they lack financial
resources. In The Netherlands, collective agreements
to retire early have been abolished from 2006 onwards,
leading to a steep rise in the actual retirement age in
The Netherlands. At the same time eligibility criteria
for disability benefits have become more stringent. In
Finland, a decrease has been shown in the time spent on
disability pension over time. Since 2013, the statutory
retirement age has also risen to 67 years and 3 months
for future generations. It is of interest to get insight on
how this rising retirement age has influenced loss of
paid employment through other exit pathways out of
paid employment.
If we disregard WYL due to education, the results
show that workers with a high educational level in particular lose working years after the age of 50. For those
with a low educational level, a substantial number of
working years is already lost between 16‒50 years. This
indicates that in order to increase participation in paid
employment among individuals with a low educational
level, it is important to target also those in the younger
age groups, while for high-educated workers measures
targeting those aged ≥50 years might be more effective.
The model presented can be expanded to evaluate
the impact of policy changes on participation in paid
employment and working years lost due to specific exit
pathways. Therefore, the concepts of WLE and WYL
could therefore also be highly relevant for policy-makers.
A strength of the study is the use of a large national
dataset representing Dutch individuals with 15 years of
follow-up with monthly information on tax registries to
define the states of employment and non-employment,
which provides a robust estimate of WLE. The large time
span includes diverse economic situations, which makes
the estimation less vulnerable to specific situations in a
certain year. There are also limitations to be mentioned.
First, in the Dutch system, the states of unemployment and no income cannot be distinguished optimally.
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Unemployed persons may receive unemployment or
social security benefits, but the latter benefit depends on
the household income. Therefore, individuals with no
income may have lost their job, and, therefore, the WYL
due to unemployment may have been underestimated.
Second, although the register contains a large number
of individuals, for 6 725 061 individuals no information
on educational level was present. The linkage of school
diplomas with education level was implemented in the
early 1970s, and, thus, for many older workers educational level is not available. However, the current study
population still contains a large number of older workers
and the measures of WLE and WYL are not sensitive to
the age distribution. Furthermore, there is also missing
information on education as a consequence of immigration and emigration. Third, the model is based on the
Markov assumption that a future state only depends on
the current state, and not on the events that occurred
before. This might not always be the case. For example,
Schuring et al (26) have shown that a transition from disability benefits to paid employment is more likely during
the first two years of disability than after a longer period
of disability. A linked limitation is that changes in transition rates over calendar time are disregarded. In our
model, the estimated transitional probabilities reflect the
mean transition in a given year, based on the underlying
distribution of years in and out of paid employment,
which will largely account for time-dependent events.
The study shows that there are large educational
differences in WLE, both among men and women. A
considerable amount of the lost working time is healthrelated due to disability benefits and premature mortality. In comparison to high-educated workers, those with
a low educational level lose a much larger part of their
working life due to disability benefit, unemployment,
and no income. The metrics of WLE and WYL provide
unique insights into the life-course perspective of how
health will influence duration of working careers.

Acknowledgements
We thank Coos H Arts and Ferdy WJ Otten from Statistics Netherlands for discussing our work, providing the
data, and answering many questions. This work was conceived with financial support from the Joint Programming Initiative More Years Better Lives (WORKLONG
project). Suzan Robroek was funded by a fellowship
from the Erasmus University Rotterdam.

References
1.

van Rijn RM, Robroek SJ, Brouwer S, Burdorf A. Influence
of poor health on exit from paid employment: a systematic
review. Occup Environ Med 2014 Apr;71(4):295–301.
https://doi.org/10.1136/oemed-2013-101591.

2.

Carr E, Fleischmann M, Goldberg M, Kuh D, Murray
ET, Stafford M et al. Occupational and educational
inequalities in exit from employment at older ages:
evidence from seven prospective cohorts. Occup Environ
Med 2018 May;75(5):369–77. https://doi.org/10.1136/
oemed-2017-104619.

3.

Robroek SJ, Rongen A, Arts CH, Otten FW, Burdorf A,
Schuring M. Educational inequalities in exit from paid
employment among Dutch workers: the influence of health,
lifestyle and work. PLoS One 2015 Aug;10(8):e0134867.
https://doi.org/10.1371/journal.pone.0134867.

4.

Schuring M, Schram J, Robroek SJ, Burdorf A. The
contribution of health to educational inequalities in exit
from paid employment in five European regions. Scand
J Work Environ Health 2019;45(4):346-355. https://doi.
org/10.5271/sjweh.3796.

5.

Kadefors R, Nilsson K, Östergren PO, Rylander L, Albin
M. Social inequality in working life expectancy in Sweden.
Z Gerontol Geriatr 2019 Feb;52 Suppl 1:52–61. https://doi.
org/10.1007/s00391-018-01474-3.

6.

Hoem JM. A Markov chain model of working life tables.
Scand Actuar J 1977;1(1):1–20. https://doi.org/10.1080/03
461238.1977.10405621.

7.

Nurminen M, Nurminen T. Multistate worklife expectancies.
Scand J Work Environ Health 2005 Jun;31(3):169–78.
https://doi.org/10.5271/sjweh.866.

8.

Lievre A, Jusot F, Barnay T, Sermet C, Brouard N, Robine
JM et al. Healthy working life expectancies at age 50 in
Europe: a new indicator. J Nutr Health Aging 2007 NovDec;11(6):508–14.

9.

Eurostat [Internet]. Duration of working life – statistics.
Luxembourg, 2017. Available from: http://ec.europa.eu/
eurostat/statistics-explained/index.php/Duration_of_
working_life__statistics

10. Järvholm B, Stattin M, Robroek SJ, Janlert U, Karlsson B,
Burdorf A. Work disability and consequences for working
life in Swedish construction workers during long term
follow-up. Scand J Work Environ Health 2014;40:335–42.
https://doi.org/10.5271/sjweh.3413.
11. Pedersen J, Bjorner JB. Worklife expectancy in a cohort of
Danish employees aged 55-65 years - comparing a multi-state
Cox proportional hazard approach with conventional multistate life tables. BMC Public Health 2017 Nov;17(1):879.
https://doi.org/10.1186/s12889-017-4890-7.
12. Knudsen AK, Øverland S, Hotopf M, Mykletun A.
Lost working years due to mental disorders: an analysis
of the Norwegian disability pension registry. PLoS
One 2012;7(8):e42567. https://doi.org/10.1371/journal.
pone.0042567.
Scand J Work Environ Health 2020, vol 46, no 1

83

Working life expectancy in The Netherlands

13. Lacaille D, Hogg RS. The effect of arthritis on working life
expectancy. J Rheumatol 2001 Oct;28(10):2315–9.
14. Dudel C, Myrskylä M. Working Life Expectancy at
Age 50 in the United States and the Impact of the Great
Recession. Demography 2017 Dec;54(6):2101–23. https://
doi.org/10.1007/s13524-017-0619-6.
15. Leinonen T, Martikainen P, Myrskylä M. Working Life and
Retirement Expectancies at Age 50 by Social Class: Period
and Cohort Trends and Projections for Finland. J Gerontol
B Psychol Sci Soc Sci 2018 Jan;73(2):302–13. https://doi.
org/10.1093/geronb/gbv104.
16. Reeuwijk KG, van Klaveren D, van Rijn RM, Burdorf A,
Robroek SJ. The influence of poor health on competing
exit routes from paid employment among older workers in
11 European countries. Scand J Work Environ Health 2017
Jan;43(1):24–33. https://doi.org/10.5271/sjweh.3601.
17. van der Noordt M, van der Pas S, van Tilburg TG, van den
Hout A, Jh Deeg D. Changes in working life expectancy
with disability in the Netherlands, 1992-2016. Scand J Work
Environ Health. 2019;45(1):73-81. https://doi.org/10.5271/
sjweh.3765.
18. Hytti H. Nio I [Internet]. Monitoring the employment
strategy and the duration of active working life. Finland:
Ministry of Labour, Kela, the Social Insurance Institution,
2004. Available from: https://ec.europa.eu/eurostat/cache/
metadata/Annexes/lfsi_dwl_a_esms_an1.pdf.
19. de Wind A, van der Noordt M, Deeg DJ, Boot CR. Working
life expectancy in good and poor self-perceived health
among Dutch workers aged 55-65 years with a chronic
disease over the period 1992-2016. Occup Environ
Med 2018 Nov;75(11):792–7. https://doi.org/10.1136/
oemed-2018-105243.
20) Bakker BFM, Van Rooijen J, Van Toor L. The system of
social statistical datasets of Statistics Netherlands: an integral
approach to the production of register-based social statistics.
Statistical journal of the United Nations ECE. 2014;30:411424.
21. Ministry of social affairs and employment. A short survey
of social security. Government [Internet]. The Netherlands,
the Hague, 30 June 2011. https://www.government.nl/
documents/leaflets/2011/06/30/short-survey-of-socialsecurity-in-the-netherlands-1-july-2011.

84

Scand J Work Environ Health 2020, vol 46, no 1

22. Putter H [Internet]. Tutorial in biostatistics: Competing risks
and multi-state models. Analyses using the mstate package.
Available from: https://cran.r-project.org/web/packages/
mstate/vignettes/Tutorial.pdf
23. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics:
competing risks and multi-state models. Stat Med 2007
May;26(11):2389–430. https://doi.org/10.1002/sim.2712.
24. De Wreede LC, Fiocco M, Putter H. An R package for the
Analysis of Competing Risks and Multi-State Models. J Stat
Softw 2011;38(11).
25. Beyersmann J, Putter H. A note on computing average state
occupation times. Demogr Res 2014;30:1681–96. https://
doi.org/10.4054/DemRes.2014.30.62.
26. Schuring M, Robroek SJ, Otten FW, Arts CH, Burdorf A.
The effect of ill health and socioeconomic status on labor
force exit and re-employment: a prospective study with ten
years follow-up in the Netherlands. Scand J Work Environ
Health 2013 Mar;39(2):134–43. https://doi.org/10.5271/
sjweh.3321.
27. Loichinger E, Weber D. Trends in working life expectancy
in Europe. J Aging Health 2016 Oct;28(7):1194–213.
https://doi.org/10.1177/0898264316656509.
28. Dieker AC, IJzelenberg W, Proper KI, Burdorf A, Ket JC,
van der Beek AJ et al. The contribution of work and lifestyle
factors to socioeconomic inequalities in self-rated health ‒
a systematic review. Scand J Work Environ Health 2019
Mar;45(2):114–25. https://doi.org/10.5271/sjweh.3772.
29. Laaksonen M, Rantala J, Järnefelt N, Kannisto J. Educational
differences in years of working life lost due to disability
retirement. Eur J Public Health 2018 Apr;28(2):264–8.
https://doi.org/10.1093/eurpub/ckx221.
30. Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM,
Menvielle G, Leinsalu M et al.; European Union
Working Group on Socioeconomic Inequalities in Health.
Socioeconomic inequalities in health in 22 European
countries. N Engl J Med 2008 Jun;358(23):2468–81. https://
doi.org/10.1056/NEJMsa0707519.

Received for publication: 5 April 2019

