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In February 2001, the Board of Directors of the Finnish Institute of 
Occupational Health, headed by Director General, Prof. Jorma Rantanen, 
commissioned the Department of Epidemiology and Biostatistics to 
probe the suggestion of developing an indicator termed 'Work Ability 
Adjusted Life Years' as a measure of the quality of work life. The 
measure should take into account the proportion of years lived, having 
good work ability, and thus it would be in accordance with the widely-
used summary measure of population health, viz. 'Disability Adjusted 
Life Years'. 

 
In the course of the subsequent three years of quite intensive pursuit, 
the initial plan and the actual project took shape with two distinctive 
objectives: first, the development of a statistic for the estimation of the 
future work ability and the duration of employment; and, second, the 
application of the statistic to survey data on ageing Finnish municipal 
workers and to the total Finnish employed population. At the outset of 
the project, in October 2001, I was fortunate to come across with a 
novel methodology in recently-published articles by the mathematical 
statisticians at the Australian National University, in Canberra, ACT, a 
research team lead by Emeritus Professor Christopher R. Heathcote. The 
seminal idea of this approach was to replace the traditional life table 
techniques that are based on frequency arguments by modern 
multivariate regression type arguments for modelling and estimation of 
employment and health state expectancies. The latter approach was 
originally developed for the analysis of sequential health surveys based 
on a multinomial model. For the purposes of this project, the method 
was refined and adapted for use in a working life situation.  

 
In the application of the methodology to Finnish occupational survey and 
population census data, the subject-matter issues of the project related 
to the themes of work ability, disability pensioning, early retirement and 
old-age retirement and mortality. It is the quantification of the durations 
stayed in these employment-health states, as well as transitions 
between the states that this project work was concerned with. In this 
context, a distinction was drawn between 'marginal' and 'conditional' 
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probabilities and, thereby, expectancies. The latter depend on the initial 
state, that is, for example, whether a person is disabled or not at the 
given age for which the expectancy is calculated; longitudinal data are 
required in this case. On the other hand, marginal expectancies are 
those lacking such information.  
 
In 2005, the year when the new Finnish legislation on retirement was 
enacted, the produced information on the working life expectancies of 
Finns was deemed most timely and useful in consideration of the 
surveillance of working life conditions. Specific, previously unavailable 
information on the total duration of employment signed under fixed-
term versus permanent contracts for the Finnish population in the 
decade 1997-2006 was worked out in 2007 and published in 2008.  

 
A continuation of the project to encompass the estimation of the 
transitions between occupational classes utilising the individually-linked 
Longitudinal Census File of Statistics Finland in the period 1995 through 
2005 is currently underway.  

 
The purpose of this thesis compendium is dual: first, to bring to the fore 
for researchers engaged in similar quantifications in the health fields, in 
a single volume, the reviews and original articles that appeared in 
international statistical, epidemiological and occupational health 
journals; and second, to present information for societal planners and 
public decision-makers of the estimates and inferences that this project 
produced on work ability and duration of active employment germane to 
the Finnish labour force under transition. 

                                                               
              Markku Nurminen 

                May 2008    
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In this thesis, stochastic process analysis is applied for estimating the 
future employment time and health state movements in the Finnish 
population. The interdisciplinary study is based on formal demographic 
and applied statistical methodology, whilst the observed data originate 
from a longitudinal cohort study in the field of occupational epidemiology 
and from annual official statistics on employment, as well as other states 
such as work disability, retirement, and death. 
 
For the purpose of this research, an indicator was introduced, termed 
working life expectancy. It measures the expected duration of a person's 
working life, starting from a given age until the end of his or her 
vocational career. Unlike the analogous concept of life expectancy, 
working life expectancy is estimated from the time spans that an 
individual is actually employed. These periods can be consecutive or 
interruptive spells of contract work, as in fixed-term employment 
relationships. Nowadays, a working career is rarely a continuous stretch 
of time throughout a person’s entire working life, lasting from first entry 
to employment until final retirement. Yet the prevailing practices of 
quantifying trends in the duration of working career do not keep with the 
first principles of modern, multistate regression methods. The new 
developed techniques permitted a consistent estimation of the marginal 
probabilities that a person occupies a given work-health state or the 
transition probabilities between the states and thereby the expectancies.  
 
Under a non-homogeneous discrete time Markov process model, the 
estimation of transition probabilities can be conditioned on the initial 
work ability state, and to assess its effect on the subsequent occupation 
times and first passage times to other states. The particular age-, 
gender-, and period-specific data analyses focused on: a cohort of aging 
municipal employees, with eleven years of follow-up, including three 
surveys in 1981, 1985, 1992; the total Finnish employed labour force, 
based on annual censuses from 1980 to 2001, and a forecast for 2006; 
and the comparison of fixed-term Finnish employees to permanently 
employed people during 1997-2006. 
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The study produced unique estimates of the working life expectancies, 
which can be used as a scientifically based and unbiased source of 
societal information, to gain insight to the present state and to 
tentatively forecast the future development of the Finnish labour force 
under transition. 
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Time, work, health, and risk are vital elements in man’s journey through 
his life. Risks of accident, disease, disability, suicide, gene mutation, 
cancer, unemployment, and other livelihood threats, act continuously on 
man with varying intensities that are dependent on both inherited genes 
and living environment (de la Chapelle et al. 1977, Nurminen et al. 1999). 
Long before the development of mathematical methods of statistics 
(Cramér 1946), men were interested in the chance of death and the 
duration of life, and they constructed life tables to measure longevity. But 
it was the advances in the modern stochastic analysis and inference that 
lead the way to the study of empirical life processes in human populations 
from the probabilistic point of view (Chiang 1968). The introduction of 
stochastic methods has the major advantage of producing estimates and 
forecasts with confidence limits which are derived from a probability 
distribution model in lieu of having credence in deterministic point-in-time 
estimates.  

In this thesis, stochastic procedures are employed to model and analyse 
empirical processes encountered in working life, and to make inferences 
and forecasts based on the results. Emphasis is placed on applications to 
particular (spatial-temporal) health-related, real-life events in the Finnish 
labour force, built on the theoretical foundations (Miettinen 1985) of 
occupational epidemiology (Hernberg 1991) and biostatistics (Nurminen 
2002). Necessarily, required important results of statistical theory are 
mentioned (Davis 2003), yet this study centres on empirical applications. 
It is mainly concerned with the quantification of the duration of working 
life. The adjoined original papers consider issues that pertain specifically 
to the circumstances in Finland where, as in several well-developed 
countries, the size of the future workforce presumably will be insufficient 
to sustain reasonable economic growth and, in particular, to adequately 
support the escalating numbers of retirees. Even so, the topics taken up 
and pursued herein may have a wider interest due to the emerging 
problems involved in the global development of working life (Stiglitz 
2006).  
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The Finnish population is ageing faster than the people in the other 
European Union (EU) countries. According to the newest population 
projection released by Statistics Finland (2007), the population will 
continue to age and will do so at an accelerating pace from the year 
2010 onwards. The projection is founded on: recorded statistics of the 
past development in fertility, mortality and migration without accounting 
the effects of economic, socio-political, regional policy or other modifying 
factors; and future population development, assuming that the present 
circumstances will prevail. The predictions indicate that by 2020, the 
number of persons aged over 65 years will reach 1.27 million and the 
proportion, 23.0 per cent of the population, will exceed that of those who 
are 20 years or younger. This means that the proportion of people in the 
working-age bracket (15 to 64) will contract from the present 66.5 per 
cent (in 2008) to 60.4 per cent (in 2020). The working-aged population 
will start to fall of, especially from 2010 on, when the large post-war 
baby-boom generations will reach retirement age; the retirees will 
require more expensive and intensive social services and health care. 
Consequently, the present demographic dependency ratio (i.e. the 
number of children and elderly people per that of persons of working 
age) will soon increase significantly. 

The overall employment rate (i.e. the proportion of the employed among 
persons aged 15 to 64) in the 27 EU countries was 64.9 % (Eurostat 
2006/03), while in Finland it was 69.0 % (Statistics Finland 2008/03). 
However, in the elderly age groups, Finland had lagged far behind those 
of the other Nordic countries. For example, the Swedish employment rate 
of the 55-to-64-year olds was 69.6 % which is at the top in the EU 
(average 43.5 % in 2006), whereas Finland is still only at 54.1%. In 
many other EU countries, the employment rate of the older age groups 
was still lower, e.g. in Austria and Italy less than 32 % in 2005. 
Therefore, the EU has set 50 % as a target for the employment rate 
among the 55-to-64-year old people. This target should be attained at 
least by the year 2010. Finland has thus already reached the goal set by 
the EU, but there is no reason to heave a sigh of relief. Undoubtedly, the 
higher the employment rate the better off the Finnish population will be. 

This research concerns the fundamental occupational health and 
societal policy question:  

How long will Finnish people continue to work in the foreseeable future 
and what transitions will occur in their state of health? 
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To cope with the ensuing sociological and economic implications of these 
demographic changes, many developed countries have raised the 
retirement transition age, thus obliging people to work extended years. 
The Finnish employment pension reform was enacted in the beginning of 
2005. According to the new legislation, every employee has the right to 
retire at the age of 63 years or to continue to work until the age of 68 
years. The goal of the reform was to secure the economic foundations of 
a welfare state, to lessen the dependency ratio between the number of 
retired persons and the working population, and to prevent the already 
initiating labour force shortage.  The current size of the Finnish labour 
force is 2.655 million (2008/03); the labour force participation rate (i.e. 
the proportion of the population that belongs to the labour force) stood at 
66.4 %, with a change of -0.2 percentage points from the previous year. 
This declining trend was in spite of the fact that the unemployment rate 
at 6.8 per cent was 0.9 percentage points lower than one year earlier.  

Health problems related to capacity for work increase naturally as people 
age. Occupational health studies indicate that the work ability of ageing 
Finnish workers deteriorates prematurely (Ilmarinen 1999, Nurminen et 
al. 1981) leading to large health and societal concerns. Hence it is of 
importance to know whether this biologic-demographic process can be 
intervened and reversed, or prevented (or rather postponed, since ageing 
is the irreversible biological changes that occur in all living things with the 
passage of time, eventually resulting in death). We refer to the recent 
groundbreaking research from the perspective of work physiology and 
psychology by Ilmarinen (2006) and social policy by Seitsamo (2007).   

Employees who enter into an employment contract for an agreed term, 
for a trial period, or for carrying out certain tasks are considered as being 
engaged in fixed-term employment. Problems that arise from this type of 
employment confront both the employees and the employers: financial 
instability, loose commitment to work, and uncertainty of the future 
working life are among the pressing common concerns. A non-permanent 
employee may also incur adverse health consequences. This form of 
employment is marked by fragmentary periods of work, demands for 
flexibility in working hours and concern for multiple insecurities, which 
are likely to beget serious labour market and societal repercussions. This 
is also the case of Finland where fixed-term contracts are today broadly 
entered. In frequent numbers, young people, particularly part-time 
students and under-employed workers, find that the only available 
avenue into employment takes them down the 'casual' pathway. Further 
concerns are wide gender inequalities and emerging intergenerational 
conflicts. It is rightfully enacted in the Finnish Employment Contracts Act 
that every fixed-term contract, whether consecutive or not, has to be 
justified; such vacancy is a deputyship for a woman on a maternity leave. 
A recent overview of the way that fixed-term employment is nowadays 
arranged in Finland and, by way of comparison, in Australia, is given by 
Nurminen (2007). 
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The Working Life Expectancy Project 

This project estimated how long Finnish people, on average, continue 
actively in working life, and to what extent is the route to retirement 
from employment conditional on work ability. Our interest was also 
concerned with discrepancies in health and economic equity between 
genders and generations. A defined statistical quantity, the working life 
expectancy (WLE), was employed in the quantification. This indicator 
corresponds conceptually to the familiar life expectancy that is used in 
demography (Chiang 1968). Observed expectation of life is the average 
number of years yet to be lived by a person calculated from a given age 
until death, a continuum of time, whereas WLE can consist of several 
inconsecutive employment spells. This method allows one to 
simultaneously consider multiple states of employment and health, and 
the similar characteristics. The life expectancy of Finns has continually 
increased beyond previously-held limits, but it has not been known 
whether the similar trend is expected to take place in working life. For a 
worker of a given initial age, WLE is the expected future time that will be 
spent in employment earning wages and benefits, assuming that the 
prevailing patterns of mortality, morbidity and disability remain 
unchanged. It is a 'period' or 'cohort' measure, depending on whether 
cross-sectional or longitudinal data are available.  

 

The present study produced previously unavailable estimates of the WLEs 
for the following subpopulations in Finland: 

 

 

 

• The total Finnish population of working age  

• A cohort of ageing, long-term municipal employees  

• Permanent versus fixed-term, often short-term employees 
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The aim of this thesis is dual, after reviewing the accrued knowledge, 
primarily to present new research results pertaining to the Finnish work 
life and society ‒ and moreover to highlight the usefulness and versatility 
of the modern methodological approach for application to multi-state 
modelling, stochastic analysis, and statistical inference. 

 

Recalling the Basic Principles 

To orientate the readers to the basic methodological realm of this thesis, 
two reviews on the essential themes are offered. The first (Paper 1) is 
concerned with population health metrics that simultaneously consider 
information on mortality and nonfatal health outcomes as probabilistic 
measures representing the level of well-being in a working population. 
The optimal properties that such a measurement system should have are 
briefly discussed, and the merits and limitations of health expectancies 
are compared versus gap measures. The conceptual basis of the 
measures is considered, with a special view to health promotion.  

The second review (Paper 2) recalls the demographic concept of working 
life expectancy and draws the epidemiologists’ attention to its usefulness 
in pursuing occupational health research, and pension policy making. The 
distinctions between different analytic approaches to the quantification of 
expected workforce status and mobility are pointed out. The recently 
developed multivariate large-sample regression method for the analysis 
of working life tables, applied in this research, is placed into the general 
context of life tables. Given aggregated data from multiple cross-
sectional or longitudinal population surveys, a multistate, multivariate 
regression analysis can be utilised to consistently estimate the marginal 
probabilities that a person is in a given work-health state or the transition 
probabilities between the states and, thereby, the respective WLEs.  
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Quantification of Working Life Developments 

It is common for individuals to permanently leave the workforce before 
reaching the final retirement age. In Finland, one half of the working age 
(15-64 years) population is still working at the age of 60 years, with only 
13 per cent working until the earlier (i.e. before 2005 prevailed) general 
statutory earnings-related retirement age of 65, and only a few (4 per 
cent) continuing after that age. In the past two decades, there has been 
a general decrease in the employment rate, a tendency of evident social 
interest. The major aim of this research was to quantify this trend in the 
total Finnish employed population over the period 1980-2001, for which 
data were available. In addition, the study estimated the respective 
expected times that people will spend on disability pension, are no  
longer more actively participating in working life (e.g. the unemployed), 
or are 'swinging' between the states 'on work' and 'off work' (e.g. 
frequently students). To investigate the effect of work ability on the 
mode of retirement, we reanalysed (using modern statistical methods) 
transitions between employment and heath states among initially active 
ageing municipal workers using pre-existing data from an 11-year follow-
up study with three separate surveys.  

Although the central interest of the research was with the general trends 
in employment and health, particular issues had to do with differences 
between population subgroups. Regarding the case of gender inequality, 
our forecast − submitted for publication in 2003 to the JRSS Statistics in 
Society (Paper 7) − was that the probability of being employed, for 
women aged 50 years and over, will be equal or higher than for men by 
the year 2006. Official statistics evinced that this prediction, in fact, 
proved to be correct: in 2006, the proportion of employed women in the 
age group 50 to 64 years was 30.6 per cent and for men the respective 
figure was 28.2 percent. The cogent reason for pointing out this accuracy 
of the probabilistic model-based estimation is that some sophisticated 
models can truly be useful. Although developed for short-term prediction, 
time series methods can also be used for longer term forecasting 
(Nurminen 1997). Further, it has been recommended that the data series 
should always be longer than the prediction horizon, preferably two to 
three times as long (Alho and Spencer 2005). The data series covered 
the years 1980-2001, and the prediction was for 2006.   

Gender-specific social etc. issues arise also in the context of disability 
pensioning and temporary work. The latter theme was taken up as a 
special investigative target, because of the high prevalence of fixed-term 
contracts in Finland. We estimated the number of years that a Finn, over 
all walks of life is expected to be engaged in irregular work in her/his 
working career. Surprisingly enough, this is the first communication in 
which such estimates have been brought forward as a collective work, 
thanks to the fruitful collaboration with my Australian mathematician-
colleagues. 
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Application of Methodological Advances 

The supplementary aim of the study was to introduce the application of a 
methodology that proved useful in studies of labour force movements in 
the occupational health field. It should be noted, though, that the method 
is not specific to health data but it is generally applicable. Estimates of 
the WLEs were computed by means of statistics on the numbers of 
employed and unemployed persons and mortality rates obtained from the 
Social Insurance Institution of Finland and Statistics Finland. Aggregate 
data compiled from longitudinal data at an individual level were used to 
compute transition probabilities between different work-health states and 
thereby to derive WLEs. A multivariate method based on a Markov chain1 
stochastic process and developed by the Australian mathematicians for 
the estimation of public health expectancies (Davis et al. 2002 b) was 
applied to the particular case of occupational health expectancies. In the 
forthcoming analyses of data obtained from the Finnish Longitudinal 
Census File of 1995, 2000, 2004 and 2005, the interest will focus on 
discrepancies between specific industrial branches and professions. 

As another application of the WLEs, we can mention the assessment of 
the efficacy of an occupational health intervention. Consider workers who 
have undergone a comprehensive program set up to prevent the further 
occurrence of adverse, malignant health effects (e.g. sudden deaths from 
ischaemic heath disease attributed to CS2 intoxications). Fig. 1 depicts a 
hypothetical working life survival curve (albeit reflecting an actual 
experience) for the intervention group as opposed to a referent group 
who adhered to normal practice. Comparison of the profiles of the curves 
quantifies the effectiveness in terms of a change in the outcome of the 
health of the index population. Supposing that the follow-up of the 
program lasted 18 years from its beginning at an average age of 45 
years until retirement at 63, then the effect is a gain of 18 - 15 = 3 years 
of extended life in a worker’s career. 

___________________ 

1 Markov chain is a stochastic process whose future path, given its current state 
and the past history before the immediately preceding time point, depends only 
on the current state (not on how this state has been reached). The current state 
contains all the information (summary of the past) that is needed to characterize 
the future (stochastic) behaviour of the process. Given the state of the process at 
an instance its future and past are independent. Extracted from Lecture notes of 
Virtamo (2001). 
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Figure 1. Probability of working and the expected length of future work 
life gained for a worker via an occupational heath intervention program. 
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In this research, the generalisation from the actual study experience is 
made to the population from which the study data are a sample in the 
technical sense of probability sampling. Such statistical sample-to-
population inference is targeted to a particularistic population, in the case 
of Finland to the employed population and its segments of particular 
interest. It follows that the results of the study apply directly to the 
circumstances that prevailed in the spatiotemporally specific study base, 
even if the captured information would be used for the study of more 
abstract relations in scientific research. The defined populations are of 
two generic types in epidemiologic terms (Miettinen 1985, Sec. 3.2):  
'cohort' and 'dynamic population'; and the occurrence of events are 
covered via a follow-up study or cross-sectional surveys (ibid. Sec. 3.3).  

 

Cohort Surveys 

The occupational health data were derived from three cross-sectional 
surveys of a cohort carried out by the Finnish Institute of Occupational 
Health (FIOH). The study base, visualised in Fig. 2, was defined as a 
cohort of actively employed Finnish municipal workers at the outset of 
the 11-year follow-up with surveys conducted in 1981, 1985, and 1992 
(Tuomi 1999). A representative sample from the national employed 
population consisted of 6,257 persons aged 45 to 58 years at the outset 
of the follow-up study.  Initially, there were 2,797 females and 3,460 
males, and the genders were analysed separately. At the time of the 
third survey in 1992, with an age span from 56 to 69, of the cohort 
members 23 per cent were still active in the workforce. The interest 
focused on ageing and work ability.  

At any particular age, an individual was classified as belonging to one of 
the following four mutually exclusive and exhaustive states: having 
excellent or good work ability (State 1), having fair or poor work ability 
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(State 2), on a disability pension or deceased (State 3), retired on an 
old-age or similar pension (State 4). States 3 and 4 were assumed to be 
absorbing (the few transitions from retirement to death were ignored), 
whereas States 1 and 2 are clearly transient. Note that different state 
spaces were defined in the specific sub-studies (of Papers 3-6).  

These data were originally individually-linked, and then aggregated for a 
stochastic analysis of the working life tables (Paper 4). The analysed data 
used were the observed frequencies of transitions between these states 
during the periods from 1981 to 1985 and from 1985 to 1992 (Fig. 2). 
These frequencies were available for male and female birth cohorts 45 to 
58 in 1981, so there were 14 data points for each gender. The statistical 
procedure was first to compute marginal or transition probabilities 
between the work ability states (see below) and thereby to derive the 
respective cohort WLEs. Formally, we assumed: i) the representative 
sample yields consistent estimates of the year- and age-specific sub-
totals in the population sub-groups of interest; ii) the estimates of these 
population sub-totals are asymptotically normally distributed.  

These assumptions are plausible in the collection of data that come from 
official statistics involving large numbers. The first one is the more 
relevant for the application of the large sample-weighted least squares 
methodology. If the covariance matrix of the asymptotic normal 
distribution is unknown, or cannot be conveniently estimated, or even if 
approximate normality cannot be assumed, then the covariance matrix 
used in our least squares method, nevertheless, is that which would have 
been obtained from simple random sampling. This leads to consistent, 
but not necessarily fully efficient, estimators. In the approach, standard 
errors are calculated using the procedure of Liang and Zeger (1986). 

 

Time 
period 

t3 = 1992 

t2 = 1985 

t1 = 1981 

 

Age  
years 

56-69 

49-62 

45-58 

 

Population 
size 

S3 = 1,101 

S2 = 4,686 

S1 = 6,257 

 Year

Ag
e 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

46
48

50
52

54
56

58
60

62

 

Figure 2. Lexis diagram visualises the demographic age-year-cohort 
follow-up life lines for the workers of the seven age cohorts as well as the 
calendar year and age points for which temporal data were available.  
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Population sizes and time periods are for active male and female workers. 
Event case (c) occurrence rates or probabilities (P) are computed as 
Pj=cj/Tj, where population time Tj= Sj(tj-ti), j>i, i=1,2; j=2,3. 

This sampling design gave rise to certain involved statistical and technical 
problems which arise from the purposeful selection of the sub-cohorts. 
The representativeness of the sample (estimates) could be assumed by 
resorting to asymptotic arguments based on large sample normality. The 
complication created by irregular and widely spaced time periods was 
solved by the developed stochastic interpolation technique, applied on a 
generated pseudo-dataset, which minimizes the loss function based on 
likelihood (i.e. the probability of the actual course of events, given the 
assumed model) using weighted least squares (Davis 2003). The design 
resembles that of the Australian disability surveys of 1981, 1988 and 
1993 (Davis et al. 2001). Tested assumptions included autocorrelation of 
the observations, stochastic independence of the cohorts, and temporal 
homogeneity of the underlying stochastic process, with regard to year 
and age as far as transitions between the defined states are concerned.  

 

Dynamic Population Censuses 

The data were based on the Statistics Finland’s Labour Force Surveys. 
Estimates of the sizes of the employed people in the entire Finnish 
workforce for the years 1980-2001 were extracted from the files 
containing information in the statistical yearbook published by Statistics 
Finland. The analysed data comprised the following subgroups: 
employed, self-employed, unemployed, and people outside the labour 
force (viz. students, and persons on disability or old-age pension).  

According to the definitions of employment (Quality Description: Labour 
Force Survey. http://www.stat.fi):  

•     A person is employed if he/she has, during the survey week been in 
gainful employment at least one hour against wages or salary or 
fringe benefits, or to make profit, or has been temporarily absent 
from work. 

•     A person is unemployed if he/she is without work during the survey 
week, has actively sought employment in the past four weeks as a 
wage earner or entrepreneur and would be available for work within 
two weeks.  

•    The economically inactive population consists of persons who are 
not employed or unemployed during the survey week. The 
economically inactive can also be described with the concept persons 
outside the labour force. 
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Approximately 12,000 persons are interviewed every month about their 
labour force activities during one week. The figures are based on the 
information given by the respondents. The non-response rate of the 
survey was 20 per cent on average. The methods of the Labour Force 
Surveys were revised in 1997-2001. The time series extending from 1989 
onwards were corrected retrospectively according to the new definition, 
which raised the estimates by 1.5 per cent. The figures for the years 
1980-1988 used the old definition. The annual figures are averages. For 
the years 1980-1983, the statistics were available in five-year age 
groups, age range 16 to 64 years. Spline interpolation, using the S-Plus 
function SMOOTH.SPLINE was employed to obtain figures by single years 
and to impose smoothness on the age-period probability surface. 

The data used for the estimation of WLEs of fixed-term employees were 
received from Statistics Finland for the most recent available years 1997-
2006 and single-year age groups. For this decennial, the demographic 
data by the type of employment contract were complete. The ten-year 
period is sufficiently long for the estimation of the probabilities of 
employment and vital states; and the recession effect in the early 1990s 
could be ignored. Estimates of numbers of employed persons, aged 15 to 
64 years, by type of employment were likewise based on the Labour 
Force Surveys conducted by Statistics Finland.  

In the estimation of the expectancies the interest focused on contrasting 
fixed-term employment (Index category) to permanent employment 
(Reference category). The self-employed persons formed an extraneous 
'Other alive' category representing students, unemployed persons, 
persons on disability pension, and early retirees. In 2006, the proportion 
of self-employed persons was approximately twice as high as among men 
in Finland, and it may be thought that a gender-differential shift from 
fixed-term employment to self-employment could have influenced the 
results to some extent. With the 'Other alive' category retained in the 
data base, it was represented by a parameter of its own in the regression 
model; otherwise the analysis would contrast I with the union of R and O 
rather than with R per se. Moreover, it turned out that the estimated WLE 
for the 'Other alive' employment category was similar for both genders 
during the decade 1997-2006 (Appendix Table 1 & 2 in Paper 8).  

Fixed-term employees were counted as those who responded to the 
interview and were noted to be engaged in temporary employment 
during the survey week. This sampling method can be argued to be 
inherently 'length-biased', because persons with longer employment 
contracts may be somewhat over-represented, relative to those who 
have shorter contracts or who were temporarily unreachable for work at 
the time of the interview. Note that, only as of the beginning of 2008, the 
definition was revised so that a temporary absence from work does not 
disqualify a person of being classified as employed if the absence has 
lasted less than three months.  
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To place the recently developed regression modelling methodology using 
working life tables in the general context of demographic life tables, we 
recall the distinctions of the different approaches to the analysis of labour 
force occupation time and transitions between employment and health 
states. Labour force participation rates were originally expressed as age-
specific proportion-type rates, for example, for being in various work 
ability and health states. This situation led to the construction of 
prevalence-rate life tables, formulated in the actuarial tradition. Working 
life tables were also concerned with the dynamic nature of labor force 
participation. Due to the stochastic variability in the transition rates, 
there arose the need to model and estimate the state-to-state 
movements from one age (time) interval to another, and to permit in the 
investigation the accommodation of many explanatory covariates. This 
situation necessitated the advance of modern model-based analysis of 
working life tables.     

 

Traditional Actuarial Approaches 

Health expectancies are indicators of life expectancy in the sense that 
they predict the future duration that a person is expected to live in 
different states of health if the prevailing patterns of mortality, morbidity 
and disability will prevail. WLEs measure the future duration of working 
life. The estimation of WLEs generally requires data on transitions 
between states, such data being available from cohort studies. 
Longitudinal studies are costly and typically suffer from loss of 
information due to recurring changes and incomplete follow-up of the 
study population. Sequential cross-sectional sampling of the population is 
an easier and cheaper alternative way to measure time trends.  

Sullivan (1971) first presented the popular method for the calculation of 
cross-sectional prevalences and health expectancies, by single calendar 
years, which is based on period life tables. However, Sullivan's method 
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does not produce pure period WLEs for the population at a given age, 
because cross-sectional prevalence rates may reflect past conditions, 
rather than current health risks (see Mathers 2000, p. 190). Neither can 
this method supply genuine estimates, except insofar as a period 
measure is accepted as a surrogate for the analogous cohort quantity 
(Davis et al. 2001, p. 1099). The indicator that is often computed from 
traditional working life tables, gives useful summary information of a 
population’s state-occupancy rates, but can only provide partial 
information about the dynamics of working life (e.g. employment-health 
state passage times and sojourn times).  However, a simulation study 
indicated that Sullivan’s method can give acceptable estimates of period 
health expectancy if the changes in the transition rates over a reasonably 
long period are smooth and fairly regular (Mathers and Robine 1997). 

 

Modern Regression Approaches 

Australian (ANU) mathematicians have developed a modern methodology 
for the analysis of health surveys (Davis et al., 2001, 2002a). Their 
objective was to estimate cohort occupation times of disability-free and 
disabled states. This approach obtains cross-sectional information from 
sequential independent surveys in an attempt to reconstruct relevant 
parts of the longitudinal stochastic process that generated the data. The 
method uses a logistic parametrisation of the marginal probabilities for 
the various states of health. These are marginal probabilities in the sense 
that we know only that initially individuals are in the workforce but not 
their commencing state of health or work ability. Parameters are 
estimated using a weighted least squares procedure under a traditional 
regression model, and this in turn leads to estimates of cohort health 
expectancies. Transition probabilities between the various states of work-
health can then be estimated, and these can then be transformed into 
conditional WLEs (i.e. conditionally on the initial state of health; Paper 2).  

It is convenient to describe the method in demographic terms of a cohort 
of labourers initially aged x years. Of particular importance are the 
probabilities that an individual member of the cohort is in state j at a 
subsequent age z>x, written pj(z). In the present application, j=0 
denotes alive and j indexes the exhaustive partition into states, for 
example: 1) employed, 2) disabled, 3) other alive, and 4) dead. The 
probabilities can be estimated from aggregate data available at ages z = 
16, 17,..., w, where w is the maximum age at work before retirement, 
defined here as 64. Since benefits are generally not available until age 16 
we will focus on probabilities and expectancies for the age group 16 ≤ x 
≤ 64, conditional on being alive at age 15 years. The graph of the 
probability p0(x) traces a part of the life course of a person, who is known 
to have survived to age 15. The working life survival curve is given by 
p1(x); e.g. Fig. 7 illustrates specifically the work ability survival curves. 
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Figure 3. The expectancy ej ≡ ej(z) 
for a specific occupation state j, 
expressed as a definite integral of 
the conditional probabilities pj(xlz), 
j=1,2,3,4, over the relevant span 
of age x,  16 ≤ x < z ≤ 64. 

 

Appropriate areas of the form, defined in Fig. 3, give the expectations of 
interest, with e1 yielding the working life expectancy. These quantities are 
conditional only on the fact that an individual is alive at age 15, and they 
should be distinguished from working life expectancies, conditional on 
additional knowledge of the initial state. The integrals can be evaluated 
by using a discrete approximation, but also by applying the S-plus 
function INTEGRATE. Standard errors can be found by Monte Carlo 
sampling from the estimated asymptotic normal distribution of the 
regression coefficients or by using the delta method under the 
generalised linear modelling (GLM) framework. Prediction in the GLM 
approach is achieved simply by inserting appropriate time values.  

There are, in fact, two sets of probabilities of interest: occupation or 
marginal probabilities pi(t,y) that an individual is in state i at time 
(calendar year) t and age (in years) y, and one-step transition 
probabilities pij((t,y),(t+1,y+1)) of being in state j at (t+1,y+1), 
conditional on having been in state i at the preceding (time, age) point 
(t,y). The statistical problem addressed in the cohort follow-up (Papers 4-
6) was to model the transition probabilities pij((t,y),(t+1,y+1)) for the 
index states i, j, as functions of year t, age y, and an indicator for the 
downturn of the national Finnish economy. Typically official agencies use 
cross-sectional data collected in population censuses (Papers 7 and 8), in 
which case only the marginal probabilities can be estimated. Longitudinal 
data are required to treat the conditional probabilities, and this, together 
with irregular spacing, are the methodological issues that taken up and 
these are detailed in the thesis of Davis (2003).  

Millimet et al. (2003) tackled the same problem of modelling and 
estimating the expectation of time in employment (conditional working 
life expectancies) but in a very different way (and from the econometric 
rather than biometric point of view): they did not exploit the theory 
based on the large number of individuals, and they used a standard 
statistical package program for maximising the likelihood function.  

Expectancies

e1(16) = working life expectancy
at age z =16

dxzxpze
z

jj )|()(
64

∫=
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The multivariate method (based on a multi-state model) developed by 
the Australian researchers in 2002 was applied in the analysis of the 
Finnish data. The major novelty of the methodology of Davis et al. 
(2002a) is that it first proves the asymptotic normality of the empirical 
transition frequencies between states. In the second step, the transition 
probabilities are estimated by weighted least squares (as opposed to 
solving non-linear maximum likelihood equations by some numerical 
device). This is why Davis et al. refer to their approach as a large-sample 
version of logistic regression. The developed method can be used for 
making inferences in discrete-time stochastic processes using aggregated 
survey data. Programs for fitting the methods are coded in S-plus.  

Consistent increases in life expectancy (see Fig. 6) have brought to the 
fore the importance of also estimating and forecasting also working life 
expectancies. In this study the goal was to estimate the WLEs of Finland 
in 1980-2001 and to project for the year 2006. The estimates were 
obtained by first extrapolating the regression fits to the log-ratios of 
probabilities, and then using these to forecast the expectancies. The log-
ratios of Lexis paralleloegram occurrence probabilities at ages 16-64 were 
modelled by an age-period regression prediction function with explicit 
polynomial time variates for age and calendar year together with their 
interaction terms to account for nonlinearities in the time series; in all, 
the selection of a parsimonious model contained 30 parameters for 
women and 27 for men. The projections were thus essentially given by 
standard regression methods and no attempt was made to forecast by 
altering regression coefficients to reflect possible future scenarios. 
Neither was the forecast based on expert expectations because they are 
subjective. Special birth-cohort effects and economic-recession effects 
were incorporated into the modelling to improve the prediction accuracy.  

In theory, three-factor models that encompass cohort as the third factor 
could be constructed (Booth and Tickle 2008). However, separating 
between age, period and cohort effects is problematic because of the 
identification problem: any one factor is linearly dependent on the 
remaining two. A solution would be to classify the data in the Lexis 
paralleloegram so that the cohorts are non-overlapping (over age, say),, 
in which case the dependence does not exist. Owing to the dependence 
along the birth cohorts, that is along the diagonals of the (x age, t time) 
plane with c = t-x constant (Fig. 2), the covariance matrix of the 
estimated regression coefficients was calculated by the method of Liang 
and Zeger (1986). The assumption made (Paper 7), viz. that 
asymptotically the birth cohorts are stochastically independent, is 
statistically plausible in circumstances involving the collection of large 
numbers, as is the case of official population census data in Finland. 
However, there was a striking birth-cohort effect for the neighbouring 
populations born in the wartime. This idiosyncrasy of the data was 
especially modelled. See the discussion of Paper 7 on the biological 
plausibility of the peculiar phenomenon. 
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The results of this empirical study apply to the particular experience of 
the Finnish population in the period spanning the interval from 1980 to 
2001. A special population segment, namely the fixed-term employed is 
analysed separately in the decade 1997-2006. A prospective follow-up 
experience of a cohort of ageing municipal workers, with cross-sectional 
surveys conducted in 1981, 1985, and 1992, is also subjected to study. 
The statistical analyses produce estimates of occupation probabilities, 
working life expectancies, as well as of developmental trends. The results 
are mainly presented graphically in order to bring to the fore the 
outstanding findings. Detailed numerical results can be found from the 
tables in the original publications.   

 

Occupation Probabilities 

For the total Finnish population, the interest focused on the four mutually- 
exclusive and overall exhaustive states: employed, disabled, other alive, 
and dead. The occupation probabilities of the states are shown in Fig. 4. 
The empirical data shown were used to estimate the probabilities pj(x) and 
thereafter the expectancies ej(x), illustrated for the most recent year 2001 
of the time series. Similar results were obtained for females and for other 
years. Cubic function of age for the log-ratios of probabilities (index v. 
referent state) was fitted to the observed frequencies. Although there are 
other possible choices, such as the complementary log-log function, the 
logistic transformation is more readily interpretable and was thus used to 
assist the modelling.  

Estimates of employment probabilities are given for Finnish women and 
men, aged 16-64 years for selected ages and years in 1980-2001, along 
with projections for 2006 in Table 1. 
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Figure 4. The observed relative frequencies (proportions) and model 
fitted occupation probabilities for the Finnish male population in 2001.  

 

Table 1. Employment probability.  

For each age and both genders, from 
year 1981 to 2006, the probability of 
employment generally decreased. The 
change was substantial at younger 
ages, the probability reduced by 19 
percentage points for the 16-year-old 
males but declined only by five 
percentage points when the males 
reached the age 30. The decline in the 
probability of being employed in men 
over 60 years was also marked, 
mainly due to early retirement; 
among older women there was no 
change at all. For an expanded table, 
see Appendix.  
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Probability Surfaces  

The advantage of regression modelling is the possibility to incorporate 
demographic, epidemiological, socio-economic, and other relevant prior 
knowledge in a quantitative manner. The formulation of models for the 
probabilities entered statistical variates for cohort effects, episodes of 
unemployment, changes with calendar year and age, as well as their 
interdependent effects. Fig. 5a shows the relative frequency surface for 
employed Finnish men, while Fig. 5b depicts the corresponding model 
fitted probability surface accommodating the idiosyncrasies of the data.  

In general, the estimated probabilities of being employed diminished 
consistently with calendar year for each age and both genders, with a 
compensating increase in the probability of being on an old-age pension.  

The change was substantial at younger ages, e.g., decreasing by 30 per 
cent for 20-year-old males. The major shift in the probability of being 
employed thus seems to reflect changed behaviour in the under 30-year-
olds, which is partly due to an elongated time spent studying. (In 2000, 
the average age of graduation from a Finnish university was 28.7 years; 
only 30 per cent graduated in the prescribed time; HS 2008b).  

The decline in the probability of being employed beyond age 60 years 
was also marked, mainly due to early retirement and not disability, the 
probability of which has been decreasing from a hump at about 1996.  

A cohort effect was discernible for all states of those people, who were 
born during World War II, aged 40 years in 1980, as the alternating 
ridge/furrow–like formation in Fig. 5. Several of the cohorts of people 
who were born in the early 1940s had a significantly lower probability of 
employment later in life, and also a lower probability of being on a 
disability pension, and a higher probability of being on an old-age 
pension and similar pensions than those in the neighboring cohorts. An 
exception is the large cohort of people who were born in the truce year 
1941. The striking cohort effect on labour force activity for people who 
were born during wartime remains enigmatic. Only speculative 
explanations can be put forward (see Discussion in Paper 7). 

Another exceptional year was around 1996 in that the probabilities of 
being employed were markedly smaller than the neighboring estimates 
for both genders. This was an aftermath of the deep economic recession 
in Finland between 1990 and 1994. The recession of the early 1990s led 
to a sharp drop and then a rebound in the probability of employment, 
with consequent effect on expectancies but little discernible effect on the 
long-term temporal trend of the probabilities.  
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Figure 5. Model fitted probability surface for employed Finnish (a) men 
and (b) women 1980-2001.  
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Figure 6. Model fitted (a) disability and (b) mortality probability surfaces 
for Finnish male population in the period 1980-2001.  

There was also a bulge that is particularly evident in the number of 
disabled and deceased people during the economic recession (Fig. 6). 

 

Life and Working Life Expectancies 

The main findings on WLEs can be summed up as follows: The patterns  
were similar for men and women at young ages, although the numerical 
estimates are significantly different. Different trends appeared at older 
ages. During 1981-2001 60-year-old men suffered a decline of ten 
percentage-points or more in the future proportion of working life spent 
actively employed (Table 2a), whereas for women the proportion was 
roughly constant and was projected to overtake the male figure by 2006 
(Table 2b).  

An interesting feature of Table 2 (see Table 3 of Paper 7 for details) is 
that for 1981-1991 the estimated WLE for males for all ages greater than 
the corresponding WLE for females. This difference has a maximum at 
age 20 years after which it decreases monotonically. The projected WLEs 
for 2006 show a different pattern, with the expectancy of employment 
for women being greater than that for men for ages 40-55 years. 
Although these differences do not reach statistical significance, the trend 
should be noted. 
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Table 2. Working life expectancies for Finnish (a) males and (b) females, 
expressed as percentages until final retirement at age 65, for selected 
ages and years.          

(a)  

Male Expectancies (%) 
for Selected Ages and Years

Year

Age 1981 1986 1991 1996 2001 2006

25 75 74 73 64 71 70

35 71 71 69 60 67 67

45 63 61 59 48 57 56

55 48 46 42 29 39 38

Change: - 10 % -points

 

(b) 

Female Expectancies (%) 
for Selected Ages and Years

Year

Age 1981 1986 1991 1996 2001 2006

25 70 69 68 61 67 66

35 66 66 65 59 66 65

45 57 56 55 49 57 57

55 38 38 36 26 38 38

No change
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To put the findings into a more general perspective, the bar Fig. 6 
presents life and working life expectancies for Finnish men and women by 
5-year intervals between 1981 and 2001. The height of the bars stands 
for life expectancy divided into four consecutive phases. The tacit 
assumption ‒ made for the sake of the simplicity of underlying the 
presentation ‒ is that there were no intermittent periods of employment, 
leave, disability or retirement. In interpreting these results, one should 
keep in mind the so-called healthy worker effect,2 because we would 
expect that the labourers are fitter and live longer that common folks. 

The proportion of time in employment between ages 25-65 diminished in 
the period 1981-2001. Although there was a greater increase in the male 
life expectancy (5.1 years) between 1981 and 2001 than in the female 
life expectancy (3.7 years), the future proportion of working life declined 
slightly more for men than for women. While the male WLE at the age of 
25 years, expressed relative to the remaining working life to the previous 
(before 2005 prevailed) general retirement age of 65 years, decreased by 
four percentage-points (from 75 % to 71 %), the respective decline for 
women was three3 percentage-points (from 70 % to 67 %). Moreover, 
the WLE for men was predicted (in 2003) to fall shorter than that of 
women by the year 2006, a forecast which was realised. Thus the longer 
life expectancy is not reflected as a prolonged WLE.  

Two aspects of gender differences in longevity deserve consideration. 
First these differences may be partly explained by the biological 
protection conferred on women. However, in advanced industrialised 
countries, such as Finland, this gap may eventually start to narrow as 
women begin to take on more 'male behaviour' (e.g., smoking, heavy 
drinking, and increased workload). In fact, the vital statistics of Finland 
show that, in 1966-1980, the female-male difference in life expectancy at 
birth widened, whereas during the period 1981-2001 the gap narrowed 
from 8.3 to 6.9 years. Second, even though women outlive men, they 
tend to live in a poorer state of health or with a higher prevalence of 
functional disability than men, when measured by indicators such as self-
perceived ill health that do not necessarily imply work ability. Looking at 
long time trends evinces life expectancy has exceeded all forecasts (Alho 
2008), and would suggest that the general male working age population 
is doing better than ever (ignoring the increase in alcohol-related deaths 
whose quantification is hampered by the difficulties in the classification).  

_____________________________ 

2  The healthy worker effect is a tendency to show lower morbidity and mortality 
attributed to various employment-related factors when a particular worker 
population and "the general population" are being compared. The effect is to be 
considered conditionally on controllable covariates (usually gender, age, and 
calendar time). It implies that an individual must be relatively healthy in order to 
be employable and to enter the work force (cf. to be an able-bodied (wo)man in 
order to pass a medical examination and to be enlisted in the armed forces).  
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Figure 6. Life and working life expectations for Finnish (a) men and 
(b) women at 5-year intervals in 1981-2001.  
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Work Ability 

The data on work capacity derives from the surveys at three points in 
time (t = 1981, 1985, 1992) on ageing and work ability of older workers 
in the municipal sector. The follow-up study were those aged 45 years or 
over in 1981. At any particular age (x), an individual was classified as 
belonging to one of the following four mutually exclusive and exhaustive 
states: having excellent or good work ability (state 1), having fair or poor 
work ability (state 2), on a disability pension or deceased (state 3), 
retired on an old-age or similar pension (state 4). States 3 and 4 are 
absorbing, whereas states 1 and 2 are transient (i.e., non-absorbing). 
The focus is on the one-step transition probability, pij((t,y),(t+1,y+1)), 
that is the probability that a person is in state j at the (year, age) point 
(t+1,y+1), given that (s)he was in state i at the preceding point (t,y). 

 

Work Ability Survival Curves    

These are plots of the probabilities pij(45,x), with i = 1, 2, j = 1, 2, 3, 4, 
of remaining in the workforce as age x increases from the initial age 45. 
Specific curves for a model with the indicator for the recession years 
1990-1992 are shown in Fig. 7 for females with good or excellent initial 
work ability (state i = 1). At any age, the probabilities add up to 1. 

 

 

  

 

 

 

 

Figure 7.  Survival curves for the four work ability state probabilities.  

There was a significant gender effect in occupation times for initial age 
52 to 55 years in favour of women. For example, ê11(55) is 5.2 years for 
women staying with excellent or good work and only 3.2 for men. 
Further, the expected time in the workforce before (the first passage to)  
disability or (finally succumbing to) death for a 45-year-old woman of 
initially good work ability was 14.50 years and with poor ability 12.25, 
the difference being 2.25 years. Thus the initially better work ability state 
has an elongating effect on the expected sojourn in the workforce. 
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WLE Conditional on Work Ability 

At the beginning of the follow-up (in 1981) of the FIOH cohort of actively 
employed Finnish municipal workers, it was assumed that the earliest 
commencing date in employment is in the middle of the initial age 
interval (45-46), and that the retirement date is no later than her or his 
63rd birthday. Thus the maximum duration of work for the cohort 
members was 17.5 years. The "effective" retirement age was 60 years on 
average in Finland in 2007 (Ilmarinen 2008). The work-physiological 
effect of transition at the age of 45 from the initial state of 'poor' to 'good 
or excellent' work ability was estimated to be, rather remarkably, on 
average four years of gained active working life for both genders. Such 
an achieved improvement would effectively mean an advancement of the 
actual retirement age can reach a higher target, viz. 60 + 4 = 64 years.   

The additive partition of the WLEs in relation to the specified levels of 
work ability is an appealing methodological property of the WLE measure. 
The decomposition is helpful in understanding at what stages changes in 
people's health are occurring and quantifying the magnitude of those 
changes (Fig. 8). 
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Figure 8. WLE of male municipal workers by their work ability and age. 
These are plotted along the age axis with the subsequent values for fair 
work ability and good work ability "stacked" on top of the previous ones. 
E.g., at 45 years, an 'average' male worker is expected to be employed 
5.5 (= 11.5 - 6.0) years with good/excellent, 4.5 (= 6.0 - 1.5) years with 
fair, and 1.5 years with poor work ability. The WLEs add up to 5.5 + 4.5 
+ 1.5 = 11.5 years. Six years is spent outside working life before the age 
of 62.5 (= 45 + 11.5 + 6) years.  
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Labour Force Dynamics 

The evolution of labour force over time is, by its nature, a dynamic 
process in which accession to and separation from the working population 
occur in one’s working life multiple times and often via different paths. 
Consider the cohort of Finnish municipal workers which is, by definition, 
static with respect to turnover; that is there are no new admissions, and 
the membership is perpetual (even post mortem). However, in the course 
of follow-up there are movements within the cohort to various states. Fig. 
9 (de Finetti's diagram,3 Rossi 2001) illustrates the random sequence  
leading to the distribution of the probabilities for the three vital states.  

Fig. 9. The progression of the 
distribution of the three states 
(S1 = 'Working', S2 = 'Disabled 
or dead', and S3 = 'Retired') for 
men aged 50-62.  The path to 
point P represents the person’s 
position in which he is relative 
to the three states at given age, 
with the probabilities pi pointing 
out the proximity or distance. 
E.g., the probability of working 
at 62 was p1 = 14%.  

The study of municipal workers further estimated that of the 60-year old 
workers, of both men and women, only 26 % remained actively engaged 
in working life. This finding indicates that a majority of municipal workers 
left working life before the statutory retirement age of 63 years; actually, 
4 years prior to that mark. A man ran a 45 % risk of retiring prematurely 
on a disability pension; for a woman the risk was only 30 %. A man's 
corresponding probability to retire on old-age pension or a similar 
pension was 33 %, whereas for a woman it was much greater, 55 %. A 
man's risk of dying before the age of 63 years was 8 %, for a woman the 
risk was 4 % In general, the men's death rate was 2-4-fold compared to 
the women's rate, and the rate was accentuated in the younger age 
groups.  

__________________ 

3 The triangular diagram is interpreted mathematically as follows. Place a mass 
proportional to the prevalence pi of state i = 1,2,3 at an angle of the equilateral 
triangle (S1, S2, S3) and compute the centre of gravity of the three masses, P. 
Then the distance from P to the side opposite to the vertex Si is pi. In x-y plane 
geometry, the coordinates of P are Σipixi and Σipiyi, where xi and yi are the 
coordinates of the Si, i = 1,2,3. If the height of the triangle equals 1, then the 
point P defines the probability distribution for the states (p1, p2, p3;  p1+p2+p3=1). 
The path formed by the age-specific points describes the stochastic process that 
generated the observations that were used to estimate the probabilities. 

S1:
Working

S2: Disabled
or dead

S3: Retired

p3 = 33%

p2 = 53%

p1 = 14%

Age  50   52   54   56   58   60   62   years

P
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Fixed-Term Employment 

Consider next the dynamic population of the entire Finnish labour force, 
and, in particular, the contrasted contingencies of permanent employees 
and fixed-term employees. The estimation of the WLEs was based on an 
artificial construction intended to recapture the relevant elements of the 
longitudinal stochastic process. This study base on was formed from a 
sequential survey data sets using cross-sectional information. The 
estimated static WLEs will unavoidably be incomplete and provide a 
biased representation of the underlying process. The possible bias will be 
in the direction that favours regular workers with stable job profile. In 
other words, persons who have irregular or temporary employment 
relations with frequent entries and exits would have a systematically 
lower probability to be found still working than those who work under 
permanent contracts. This will be the case even though their ages at 
retirement turn out to be about the same. For further discussion on this 
aspect, see Phang (1995). 

Fixed-term employment is today prevalent in the Finnish labour force. 
Throughout 1997-2006 the prevalence of fixed-term work contracts 
among women was greater than by men. There was a consistent 
increase in the number of female fixed-term workers over the decade, 
whereas for males there took place a slightly attenuating development. 
Observed relative frequencies for permanent and fixed-term employment 
status for women are presented as observed prevalences in Fig. 10. A 
first impression is that the future duration that Finnish workers spend in 
fixed-term employment constitutes a significant share of their entire 
working career, with the distribution of time spent being lop-sided toward 
younger ages. 

                          Permanent                                                                 Fixed-term 

   

Figure 10. Prevalence (relative frequency) of permanent and fixed-term 
Finnish female employees depicted as probability surfaces with person 
age and calendar year axes. 
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Figure 11. Expected number of years of remaining working life spent in 
various employment and health states at different ages for Finnish 
females in the most recent year 2006. Note the relatively large allocation 
of years for the 'other alive' group (topmost segment), for example, 
indicated by lines at ages 25 (due to students) and 55 (due to retirees). 

Figure 11 shows that an 'average' (or randomly chosen) Finnish woman, 
with a minimum starting age of employment at 15 years in 2006, was 
expected to work a total of 6.5 years under a fixed-term employment 
contract, combined over consecutive or separate time spans; that is, 14 
per cent of her maximum working career up to the age 64. For males the 
expected figure was lower, 3.9 years or about 8 per cent. At ages around 
25, the percentages were 23 for women and 16 for men. At 15 the WLE 
in permanent jobs was 23.6 years for women and 25.0 years for men.  

These computed expectancies for the fixed-term employees (often in 
several intermittent jobs) and for the permanent employees combined 
may appear to be rather short: the numerical estimates are presented 
only for the first two employed states; the third state consisted of self-
employed persons who represent a distinct class of the employed, and 
the unemployed who belong to the inactive workforce, as well as pupils 
(age range starting from 15) and students (extending, on average, until 
age 29 in 2000) and persons on pensions due to disability or old age who 
are not in the labour force. The focus in the analysis was to compare the 
WLEs of the first two states.  
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Table 3.  Working life expectancies (in years) of the states (j) 1= 
'employed, permanent', 2='employed, fixed-term', 3='other alive', 
4='dead' for selected ages (x), calendar years (t), and either gender. 

 Males Females 

 Year t 

Age 
x 

State 
j 

1997 2000 2003 2006 1997 2000 2003 2006 

25 1 20.0 21.1 22.4 22.7 19.1 20.0 21.2 21.7 

2 2.66 2.48 2.36 2.36 4.05 4.19 4.36 4.46 

3 16.8 15.8 14.6 14.3 16.3 15.2 13.8 13.3 

4 0.67 0.66 0.65 0.65 0.57 0.57 0.57 0.57 

55 1 2.61 2.87 3.20 3.23 3.00 3.17 3.49 3.68 

2 0.22 0.22 0.23 0.22 0.29 0.32 0.35 0.35 

3 6.64 6.37 6.03 6.02 6.20 6.00 5.64 5.46 

4 0.53 0.53 0.53 0.53 0.51 0.51 0.51 0.52 

 

For fixed-term employees, the changes in the WLEs over the decade took 
different directions for the genders (Table 3; Fig. 2A, 2B in Paper 8). The 
'fixed-term employed' band was markedly wider for females (Fig. 10) 
than for males over the entire age range. The expectancies in 1997-2006 
for females at age 15 rose by +13.4 %-points. By contrast, there was a 
slightly declining trend for male expectancies, -4.2 %-points.  
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Temporary staffing is often a forerunner of economic trends. This was 
also the case of Finland during the economic recession years 2002-2003. 
An exceptional feature of the time series occurred at that time period: 
there was a 5-6 per cent dip in the expectancies for fixed-term male 
employees compared to the start of the interval, 1997. (Fig. 12). In stark 
contrast, the expectancies of their female compatriots bulged by a 
compensating 8-9 per cent over those years. This discrepancy is clearly 
evident in the gender-ratio of fixed-term employees during the economic 
slump around 2002. For example, the female v. male -ratio in 2006, at 
the end of the interval, was 1.9 at age 25 and 1.6 at age 55. Even the 
local downturns in the volume of gross domestic product in 1999 and 
2005 are discernible and without time delay reflected in the gender ratio. 
Considering that the overall prevalences of permanent and fixed-term 
employment fluctuated approximately in the similar way over the decade 
1997-2006 for both genders, the developments in the expectancies 
must, by and large, also be regarded as a consequence of the economic 
cycles. Thus, the gender differences in the WLEs accurately indicated 
economic trends, and predicted them perhaps more precisely than the 
corresponding prevalence ratios which are based on annual mean values. 
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Figure 12. Annual trend (local linear regression fit) for fixed-term 
working life expectancies in 1997-2006, female versus male ratio. The 
dots above the line coincide with the years of the economic downturns.  
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During the bygone decades, occupational health has made great 
progress, thanks to the devoted work of, in the first place, the 
physicians, who were joined by a multidisciplinary team of experts 
representing the ever-enlarging staff of skilled professionals. The present 
exposition brings together the novel developments in the estimation of 
the duration of active vocational life of Finnish employees in recent years. 
The purpose of this thesis to lay bare the most important findings and 
methodological points from the perspectives of probability, statistics, and 
work sociology.  

 

On the Definition of Probability 

This work is essentially concerned with probabilistic questions stated in 
terms of random events or occurrence of phenomena, such as accident, 
disability or death. Throughout this treatise, the concepts of occupation 
times, marginal probabilities, and transition probabilities are employed, 
but not precisely defined. A modern formal mathematical definition of 
these terms is given in a book on probability by Heathcote (1971).  

A philosophical guide to the interpretation of probability (Hájek 2003a) is 
that we find probability wherever there is uncertainty – that is, almost 
everywhere in our lives, and surely in working life under temporary 
employment contracts. What sort of elements are then probabilities in 
the context of occurrence research in occupational epidemiology? Some 
realisations of random phenomena are illustrated in the ending Notes. 

The classic axiomatic treatment of the "elementary theory of probability" 
(Kolmogorov 1933, 1950) implies that the probability is i) non-negative, 
ii) normalized, and iii) an additive set function. Probability defined in this 
way is satisfactorily applicable to a finite sample space, where there are 
only finitely many events under investigation.   
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The Kolmogorov Differential Equations play a crucial role in the general 
treatment of finite Markov processes for transition probabilities under the 
multinomial distribution (Chiang 1968, Section 7.2). However it may be 
the case that we consider probability spaces which contain infinitely many 
events. The orthodox theory does not encompass possible situations in 
which probability has valid everyday usage but for which an extended 
definition for a field of an infinite (uncountable) number of events over a 
sample space is required. This is given by the Kolmogorov Extension 
Theorem.4 

Normalisation of the probability governs that the function obeys the 
restriction P(Ω) = 1, where the argument Ω is the 'universal set' of 
events. This axiom and non-negativity are largely matters of convention, 
although it is non-trivial that probability functions take on at least two 
values 0 and 1 and have a bounded range of one (unlike other measures, 
such as the extent of the universe, which is unbounded). Kolmogorov 
also defined the conditional probability of, say, being in the present state 
of work ability, conditional on having been in another state at a given 
earlier age and point in time. In straightforward applications in which 
used unconditional probabilities are well-defined, the estimating 
equations 5.1-5.3 of Paper 4 give correct expected values. But not all 
situations are such that the probability of the conditioning event is non-
zero. One can think of non-trivial problems of this form that might occur 
in real-life when estimating expectancies (Hájek 2003b).  

With successive conditionalisations on the new accrued evidence, one can 
make the subjectivist (Bayesian) probability interpretations based on 
prior probabilities (beliefs) converge to the classical (frequentist) 
inferences. Unfortunately, there is no theorem which would state how 
rapidly the convergence of the discrepant statistical inferences occurs. A 
necessary condition for causal inferences in an epidemiologic analysis is 
that it is based on a sufficiently detailed conditioning of the confounding 
variates (see, e.g., Nurminen 1997a). Thus, the concepts of stochastic 
and causal dependence must be carefully differentiated (for a lucid 
illustration, see Footnote 6). Powerful causal modelling techniques have 
been presented in the work of Pearl (2000). Another point is to take the 
cases’ histories of the determinant exposure and other factors for the 
etiologically relevant time period prior to the onset of the illness. Note b. 

___________________________________ 

4 The theoretical concern is with the occurrence of a so-called 'improper' 
probability space, as can arise in the limit theorems for the distribution of the 
first passage times (Paper 12, Sec. 6). The problem for stochastic processes is 
the study of the time instant at which the process first reaches a critical level or 
threshold or, in general, it traverses a time-dependent boundary. The definition 
of probability would then have to be extended to cope with the circumstances of 
infinitely many events. In uncountable probability spaces, this condition will 
require the use of infinitesimals (a variate having zero as a limit); see Hájek 
(2003a) and Note a.  
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The Markov Property and Independence 

Sequences of random events indexed by time are in statistics called 
stochastic processes. The work history can be regarded as a random 
process that evolves with age through various states before termination 
into disability, retirement or death. A multinomial counting process was 
assumed (in Papers 3, 7, and 8) for the estimation of the marginal 
probabilities of staying in any of the mutually exclusive states. Hence the 
working life expectancies (WLEs) are also marginal in the sense that we 
know only that initially individuals are alive at a given age but not their 
commencing state of employment or activity in work force participation. 
As shown in Davis et al. (2001), for large total numbers, an asymptotic 
normal or Gaussian distribution can be derived for the log partial odds 
parameterisation of the probabilities. When the multinomial model is not 
true, a modified version of the asymptotic normality still holds (Davis et 
al. 2002b).  

A non-homogeneous discrete time Markov chain1b was applied in Papers 
4-6 for the transition probabilities between the states (Fig. 3 in Paper 1). 
An assertion of any model underlying the process under investigation 
needs to be justified and empirically verified (Note a). Moreover, it was 
assumed that the usual life table assumption of homogeneity holds; that 
is, individuals in the same cohort with the same initial state evolve 
stochastically in an independent and identical course as far as transitions 
between the states are concerned.  

It may be thought that assuming an underlying Markov process would 
simplify the statistical methodology. However, in the cross-sectional 
study (of Paper 3), where it is known only that at the time of the first 
survey in 1981 the individuals were alive and active, that turns out not to 
be the case. Of importance is the 'working' assumption that repeated 
observations on an individual are stochastically independent and that age 
cohorts evolve independently of each other. The first of these 
assumptions is the more restrictive one. Violation will not result in 
inconsistent estimates, but ordinary methods of calculating standard 
errors would be, strictly speaking, invalid. Instead, the method of Liang 
and Zeger (1986) was modified for calculation of the standard errors. The 
theoretical argument is difficult (Davis 2003). Further research is 
required to develop a technique for incorporating the cohort dependence.  

_____________________ 

1b  A stochastic process such that the conditional probability for the state at any 
future time, given the present state, is unaffected by the past history of the 
sequence of random variables. Named after a famous Russian mathematician, 
Andrey Andreyevich Markov (1856-1922), known for his work on the theory of 
stochastic processes which became later known as the Markov chain. (Not to be 
confused with the infamous Daniil ("Danny") Yevgeneyevitch Markov’s chain, 
which also included his unrelated native Andreiy Markov, both professional ice 
hockey players of the Russian squad in the World Championships of 2008.) 
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Under the Markov condition, the transition probabilities depend on the 
current time and the state currently occupied, but they do not depend on 
the person’s history (length of stay in the current state, time of transition 
to the current state, states previously visited, person’s characteristics 
measured before, etc.). Then the study situation is different and simpler, 
because the initial employment or health state is known, as was the case 
of the individually-linked follow-up data (Papers 4-6). A theorem of Davis 
et al. (2002a) states that the observed log partial odds of transitions 
from a given initial state to another state relative to no transition are 
asymptotically independent when the stochastic process is Markovian. By 
ignoring, say, the histories of health-related behaviours, the statistical 
models that make the Markov assumption may carry limitations, which 
can render the analysis inappropriate (Meira-Machado et al. 2007). 

 

Multi-State Modelling for Transition Probabilities 

Multi-state working life table recognizes several states (Willekens 1980).   
Instead of focusing on changes in 'stocks', the actual 'flows' of people are 
followed. For practical applications it is valuable to relate person’s 
characteristics with the transition probabilities through a covariate vector, 
possibly time dependent, in the constructed regression model (for details 
of the modelling, see Tables 1 and 2, and Appendix A in Paper 7).  The 
incorporation of covariates into the model allows to bring in insightful 
explanations of the underling process and to permit the prediction of 
probabilities for individuals.  

Assuming that the stochastic process is a homogeneous Markov chain, 
the development of the sequence in calendar time and over age groups is 
determined completely by the values of the transition probabilities as a 
function of the temporal variables. A multi-state model was defined for 
non-homogeneous Markov process to analyse the longitudinal counts of 
events at discrete, irregular points in chronological time, t1< t2<…<tn 
(Paper 5). An ageing effect, or more generally, temporal non-
homogeneity is an inherent property of the process that was analysed 
herein. The one-step transition probabilities of this process were then 
estimated by the developed method of stochastic interpolation (Davis et 
al. 2002a). With the additional information of the initial probability 
distribution at the start of the cohort or census population follow-up, the 
demographic dynamics are uniquely determined.  

However, some first passage time distributions for Markov chains may be 
improper in the sense that the total probability area of the limiting 
distribution is less than one (Heathcote 1971, § 4.5). This process can 
happen in continuous time when the interval covers all real numbers. 
Consider, for example, a worker who is subjected to a 24-hour 
continuous heart rate measurement using a carry-on medical device. The 
real-time system is set to record extraordinary systolic beats (abnormally 
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irregular events). For such a process the first passage time problem may 
be formulated, but its physical relevance is questionable. This is because 
the process cannot be observed over an infinite time period, and it will 
often be ended before an absorbing (closed) state is reached. 

Multi-state models (Andersen and Keiding 2002) allow the estimation of 
progression rates, the assessment of the effects of independent factors, 
or the prediction of trends. Workers are observed at intermittent surveys 
(e.g. in a cohort follow-up), at which time personal data and covariate 
information are collected, but the considered states occupied in the 
intervals between the surveys are not known, or not officially recorded. 
The 'interval-censored' observations in Papers 5 and 6 were also 'left-
truncated' in the sense that for a worker to be chosen into the study 
(s)he had to be actively employed in the municipal sector.   

Despite its potentials, multi-state modelling for transition probabilities 
has not been as widely applied in epidemiology as, for example, the Cox 
model for survival analysis. This may be due to its unfamiliarity among 
medical researchers and the unavailability of special software in standard 
packages. However, these models may disclose aspects of data which 
might be missed when using a model for marginal probabilities. The 
approach offers a flexible tool for the study of various state systems.    

 

Estimating Working Life Expectancies  

Earlier applications of population health measures such as active life 
expectancy5 have been numerous, especially in the US (Katz et al 1883), 
and more recently also in Finland, in the context of working life by the 
Social Insurance Institution ‒ KELA (Hytti and Nio 2004) and the Finnish 
Centre for Pensions (Kannisto 2006). Active life expectancy answers the 
question: Of the remaining years of life for a cohort of persons, what 
proportion is expected to be spent disability free? The answer has 
implications for individuals, families and societies. Labour market activity 
rate is the percentage of the population that reports in a labour survey 
that they have been actively working during the month of the interview. 
This measure might overstate the activity of persons with disability, 
because some people may have experienced the onset of disability, for 
instance, in the middle of the year and did not work after that.  
_______________________________________ 

5 The general concept of active life expectancy is useful in thinking about the 
functional status and independence in older adulthood. We are concerned with 
the loss of independence or the need to rely on others for assistance with daily 
activities.  The remaining years of life for a group of persons can be 'active' or 
inactive or 'dependent', or some combination thereof.  
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The FIOH approach to estimating working life expectancy differs from 
that of the social and pensions institutes in many fundamental facets. 
First, we use also use data from the life tables and the Labour Force 
Surveys of Statistics Finland; but we estimate the WLEs jointly for 
multiple years throughout the study period, rather than carry out 
separate estimations for a series of particular survey or census years.  

Second, we base our estimation on a large-sample regression model, 
instead of a simple relative frequency calculation using the average 
demographic experiences of the synthetic cohorts at each given age. This 
allows us to draw upon markedly more information about work life 
behavior and also permits much more detailed work life tables to be 
estimated (e.g. by socioeconomic factors).  

Third, the traditional life table technique is limited when applied to 
intrinsically dynamic processes with multiple decrements, like the labour 
force process. In a similar manner, the life table calculated from 
prevalence rates cannot provide the occurrence/exposure rates in a 
continuous time frame. Multi-state life table techniques are developed to 
overcome the limitations of the traditional life table methods. The states 
are defined to be multiple, some of which are transient (or recurrent) 
while others are assumed non-transient. We explicitly defined a four 
employment–health state space (Paper 7): (1) employed (permanently 
employed, employed for fixed-term, and self-employed; (2) disabled 
(currently outside labour force); (3) other alive' (e.g., unemployed, 
students, old-age pensioners); and (4) deceased. This is different to the 
KELA two-state system which estimated the duration of 'active working 
life' by classifying persons as 'active' (in the labour force) or 'inactive' 
(out of the labour force) (Hytti and Nio 2004). The analysis of further 
disaggregated data (e.g. allowing various modes of exit from the labour 
force) would necessarily turn out to be cumbersome or impossible 
without resorting to multistate modelling.  

Finally, because working life tables are generated from survey data, 
sampling variation may be important (e.g., due to population dynamics, 
economic fluctuations, interview methods), especially in small samples. 
Although the Finnish official research institutes acknowledge this fact, 
they do not provide standard error estimates for their active working life 
expectancies (in Appendix Table 4, Kannisto 2006). Under stationary 
conditions (i.e. independent of an initial health state), a new 'equilibrium' 
estimate of the prevalence rate and its approximate variance was 
recently developed by Diehr et al. (2007).  In the Davis et al. (2001) 
approach, standard errors (and covariances) can be found by Monte Carlo 
sampling from the asymptotic normal distribution of the fitted regression 
coefficients or alternatively by using the delta method (Table 4, Paper 7).  

Working life expectancy is an important means to describe and to 
evaluate the development and continuation in employment. Our 
statistical analyses have provided new information of the estimated 
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duration of Finnish people's working life (Paper 7). The results indicated 
that the 45-year-old men and women have, on average, only 11 years 
left in work life. The working life expectancy of men aged over 50 years 
declined by ten percentage points from 1980 to 2001. This decline was 
mainly due to unemployment or early old-age retirement and not 
disability. The increase in general life expectancy is not reflected in a 
better working life expectancy. Therefore, additional years of life do not 
necessarily mean an increased number of years in working life.  

In the past, occupational epidemiology dealt with serious occurrences of 
health problems such as the incidence of asbestos-related lung diseases 
and carbon disulfide (CS2) poisonings (see, e.g., Nurminen 1984). The 
impact of occupational factors on the mortality risk was estimated by the 
number of person-years lost in a life expectancy calculation. Although 
these "traditional epidemiology" studies recorded the individual 
occupational histories of workers, either retrospectively or in a 
prospective follow-up, the statistical outcome was typically coded as a 
(all-or-none or continuous) univariate response (Nurminen 2002).  

An early occupational health study (Kuorinka and Nurminen 1984) 
investigated the career and work arduousness of a population of retired 
iron ore miners and their contemporaries, who continued to work to find 
out what aspects of their work histories were associated with different 
modes of  retirement from work, such as disability pensioning etc. The 
critical question in this connection was: Does the age difference between 
the studied groups explain completely the retirement experience? The 
retired group had entered the mining industry at a more advanced age 
than the referents. The retired miners had also started their employment 
at more strenuous tasks. Later they changed to lighter tasks, but were 
less often promoted in their career. In this occupational investigation, as 
in general, it is important to appreciate the changing role of age. When 
we look at the association of total working years with pensioning, age is a 
confounding factor. However, when restricted to older workers, age is not 
a confounder but a contributing cause when the effects of other factors, 
such as strenuousness of the first task, are under scrutiny. The risk of 
early retirement seems thus to be related to the essential indicators of 
one’s progress in arduous jobs such as the mining vocation.  

At the upper end of the professional ladder, different patterns of 
mortality risks are encountered among physicians: lower overall mortality 
and exceptionally low risk of cancer incidence, but higher suicide risk 
(Rimpelä et al. 1987, Nurminen et al. 1988).6 Physicians are mortal too. 

Recently, it has been prominently questioned whether the growth of 
fixed-term employment is a real phenomenon or a statistical artifact 
(Uusitalo 2008a). The publicised concern was with the prevalence of  
temporary contracts based on the time series extracted from the Finnish 
Labour Force Surveys, 1982-2006. However, ifIf this source of statistics 
were supplemented with data obtained from the interviews in the Quality 
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of Work Life Surveys of Statistic Finland, the conclusion would be that the 
proportion of fixed-term employment grew significantly until 1997; 
thereafter it has slightly decreased (Lehto et al. 2008). Moreover, 
Uusitalo (2008a) aimed to refute the claims of increasing temporary 
contracts by the longer duration of employment regarding the elapsed 
duration under a currently signed contract with the same employer. The 
counterclaim of Lehto et al. was that this is an entirely totally different 
phenomenon. In a rejoinder, Uusitalo (2008b) contended that the 
proportion of fixed-term employees was reduced specifically in the 1990s. 
Mark well that these statistics were presented jointly for both genders. In 
terms of WLEs, and when analyzing the series separately for men and 
women, the opposite courses for the genders become evident. There was 
a linearly rising trend of the WLE over the decade 1997-2006 for women 
and a slightly attenuating inclination for men (Paper 8). We note that the 
model constructed in Paper 8 incorporated the gross domestic product 
figures that largely determine labour supply and availability. 

The econometric research is concerned with the more genuine question 
of how should the duration of employment relationships (rather than 
work careers) be modelled: "Are lifetime jobs disappearing?" A majority 
of the demographic literature continues to be based on considering the 
changes in the duration distribution of the employment contracts in 
sequential cross-sections of the study population, on the prevalence of 
permanency computed from these cross-sections, or on the duration 
distribution of employment contracts for the members of the same cohort 
in consecutive cross-sectional studies (Roope Uusitalo, personal 
communication, 10.3.2008). Instead of focusing on changes in 'stocks', in 
biometry the people’s movements are followed in multi-state modeling 
and analysis based on working life tables (Willenkens 1980).  

It remains a future data-analytic challenge to model the socioeconomic 
stochastic process and to estimate the population dynamics, for example, 
to assess the risk of employment contract termination or premature 
retirement. To tackle this task, an analysis of individually-linked panel 
data of employment contracts obtained from the Longitudinal Census 
___________________  

6 "Thus it is easy to prove that the wearing of tall [say, Doctor’s] hats and the 
carrying of umbrellas enlarges the chest, prolongs life, and confers comparative 
immunity from disease; the statistics show that the classes which use these 
articles are bigger, healthier, and live longer than the class which never dreams 
of possessing such things. It does not take much perspicacity to see that what 
really makes this difference is not the tall hat and the umbrella, but the wealth 
and nourishment of which they are evidence, and that a gold watch or 
membership of a club in Pall Mall might be proved in the same way to have the 
like sovereign virtues. A university degree, a daily bath, the owning of thirty pairs 
of trousers, a knowledge of Wagner’s music, a pew in church, anything, in short, 
that implies more means and better nurture than the mass of labourers enjoy, 
can be statistically palmed off as magic-spell conferring all sorts of privileges."          
‒  George Bernard Shaw (1909) 
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Data File 1970-1995 of Statistics Finland is planned to commence in 2008 
at the Finnish Institute of Occupational Health. The approach applied in 
the Working Life Expectancy project, in which the outlook was to the 
future duration, could possibly offer a viable model beyond the field of 
occupational epidemiology. 

 

Gender Inequalities in Working Life Course  

The life course of the post-war baby-boomer generation (i.e. the large 
age cohorts born in 1945-1949) in Finland is built up from basic 
successive chronological phases: first education, then working and family 
life, and finally retirement. Presumably, a notable proportion of these 
people have spent their entire working career with a single employer. 
(The author, for one, has been employed under a permanent or ongoing 
contract for 37 years singularly by the FIOH.) Later generations’ life 
paths are likely to be much more variable and their work lives consists of 
shorter spells with each employer. Those age groups that have enjoyed 
mostly stable employment are currently approaching retirement age.  

The estimated WLEs provided new information of changes between the 
genders. The female WLEs were predicted to attain or exceed the initially 
higher male figures by year 2006 (Paper 7). The relatively favorable 
situation in Finland compared to the other EU countries has earlier been 
based on the fairly high employment rate among women, and the new 
results would seem to predict that women will support the Finnish 
employment rate even stronger. This gender effect is surprising in a 
country with a traditionally high labor force participation rate among 
women. Therefore, there is reason to study how men's untimely exit from 
the labour force could be postponed. 

Gender imbalance constitutes a marked factor in fixed-term employment 
relations. According to the Finnish Labour Market Survey 2004, 
temporary employment contracts among the highly educated are 
typically a problem of young women. The clustering of work with a fixed-
termination date among females in the family forming age suggests that 
the employers may try to circumvent rules regarding a notice of 
discontinuation of contract and expenses that derive from a family 
(maternity and paternity) leave by using casual labour. Not all employers 
seem to realise, or disregard, the fact that a temporary work contract 
cannot be left limited in duration because of pregnancy or family leave. 
However, for an individual fixed-term employee it can be difficult in her 
or his position to question the basis of the temporariness. According to a 
questionnaire study conducted in Finland by the Office of the Equality 
Ombudsman, the failure to renew a temporary employment contract is 
one of the most common problems of equality, and it can discriminate 
against women.  
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The inferred difference in probabilities and WLEs between the genders is 
an interesting, yet intriguing result of the study, which is difficult to 
explain with confidence. It may be explained simply in terms of the true 
health status, or alternatively, by implicating the Finnish health system in 
that it would somehow intervene dissimilarly on women and men. In 
particular, the juxtaposing question is whether men’s claims for early 
retirement are more easily accepted that those of women, or are women 
offered more opportunities than men to shift to less demanding roles 
(e.g. job-sharing) following a deterioration of health status, or for both 
reasons. There are five further factors that are likely to bear on the 
general issue of gender-inequality in the duration of working life and 
which indirectly affect the permanency of employment.  

First, women are employed more often than men in branches that have 
had, and still have, lower professional retirement ages in reference to the 
present, Finnish statutory retirement age. For example, in 2004, 44 per 
cent of women and 22 per cent men had a retirement age less than 63 
years. It may be that some women were not long enough time on sick 
leave so that they would be transferred to a disability pension.  

Second, women tend to report much more than men complaints that are 
subjectively experienced as troublesome, but for which the medical 
finding remains slight. These ailments include, for example, various 
disorders of the musculoskeletal system such as fibromyalgia. In a 
majority of these cases, pension fund institutes assess the reduction of 
work ability to be much less than the self-assessments of the concerned 
individuals. For women this practice may further the increase in the 
number of adverse decisions on receiving a pension. The accumulation of 
such 'slight' ailments among women could, in part, explain the outcome.  

Third, men were more often on work disability pension than women. This 
is because men’s work in the public (especially municipal) sector is 
frequently technical and physically burdensome. In these cases, the 
rejection of a disability pension is more unlikely. An indication of this is 
the lower-than-general rejection statistics of Finnish mutual pension 
insurance companies that cover, for example, construction workers, 
rescue workers, longshoremen and agricultural workers.  

Fourth, there do not seem be differences in Finland between genders in 
the offering and receipt of occupational rehabilitation. However, for 
women who are employed in the social and health care fields, frequently 
characterised by fixed-term employment, it may be easier than for men 
to find physically lighter work. This is because in these fields workplaces 
are, on average, larger and the chances of finding new (and oftentimes 
better paying) jobs are more plentiful (e.g. for nurses in Sweden, Norway 
and England) than in the typically male-dominated fields.  
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Finally, the economic recession had the effect of discouraging female 
retirement on a premature old age pension, whereas those men with 
good initial work ability were less likely to be transferred to a disability 
pension during a recession. 

By comparison, in Australia, estimates of health expectancies based on 
survey data supported the perspective that, depending on age, two-thirds 
or more of the increase in female life expectancy over the decade 1988-
1998 was spent in the disabled state (Heathcote et al. 2003). The 
situation was worse for men aged 60 years and over for whom all of the 
increased years of expected life were spent in a disabled state. 

On each International Women's Day7 there are concerned opinions over 
the absence of equal numbers of women in high-status professions such 
as in politics, business and the law.  

The problem is that our society is expecting to receive something 
valuable − talented women working at a time of increasing labour 
shortages − while making few concessions to women's needs. One may 
ask: Is the society doing enough to support them in combining child- 
rearing and work? Surveys show that far more women want children than 
there are those who end up having them. It is not just lack of affordable 
child care or paid maternity leave. The problem lies deeper (SMH 2008):  

"The sanctification of paid work fails to challenge a crucial element in 
women's continued disadvantage: the ideal worker norms which 
make it difficult for women to combine motherhood and work. Our 
model for the ideal worker is based on the old male life cycle: 
training early, getting established in the professions, working long 
hours, taking no time out and competing against other men. The 
ideal worker has no family responsibilities to conflict with work. 
Someone else − a wife − takes care of all that." 

One can further argue that (SMH 2008),  

"The values surrounding "proper" work act as a subtle but pervasive 
form of covert discrimination ... Career women, unlike men, are far 
more likely to be childless."  

The preceding discussion on the subject of women’s issues in working life 
may have sounded somewhat pessimistic. Therefore, it should be 
emphasized that women’s studies have been conducted by the FIOH and 
promoted by the Christina Institute of the University of Helsinki. 

______________________________ 

7 Incidentally, on the International Women's Day, March 8, 2008, the author's 
daughter, D.Sc. (Tech.), delivered a baby girl, Mari Tuulia, delighting her family 
and, in prospect, adding one person to the future Finnish active population.     
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Foresight into Labour Force Transitions  

The data analyses of the Finnish studies suggest that the work ability of 
ageing, especially male workers, deteriorates prematurely before the 
retirement age, leading to far-reaching socio-economic consequences. 
This outlook calls for an overall strategy to remedy the situation: On one 
hand, a greater flexibility for younger employees to make working and 
private life activities compatible. Also workers aged 30-to-45 years – in 
the middle of their perhaps most productive working life period – would 
seem to need more flexibility than present working time arrangements to 
enhance their chances to become even more efficient.  On the other 
hand, a concerted effort is needed to encourage higher labour force 
participation of senior workers, particularly expert personnel.  

Free time is clearly appreciated more when one ages, and particularly 
men tend to retire early in order to gain time for their own activities. 
However, mature age workers still have the potential to make a 
continuing social and economic contribution, even if in shorter and fixed 
terms. The extent of this contribution will depend upon their ability to 
remain active in working life, and their interest in doing so. Participation 
will also be influenced by the changing nature of work and the employers’ 
attitude towards the value of mature age workers. The present working- 
age population in Finland, will be reaching the retirement age peak in 
large numbers in about 2008-2012, as younger and smaller cohorts are 
joining the labour force.  

During the last Finnish recession years 2002-2003, even executives were 
employed in interim assignments. There will be many posts available for 
skilled professionals; because the retiring baby boomers will be creating 
job vacancies, but also some not easily replaceable posts will disappear, 
starting from 2009 onwards. A new recession probably would exacerbate 
this labor market turnover. Employers may try to retain talented people, 
but doing so by not keeping them necessarily in the same position or 
same type of assignment. An alternative model is to allow them to retire 
either because of pension issues or other salary issues and then turn 
around and hire them back as independent consultants. The Emerging 
Work Force Study, conducted by a US recruiting and staffing company, 
found that 80 per cent of the baby boomers really do want to work again 
in some way (NYT 2008). An easy and familiar work place to begin a new 
assignment is the one you just left. A contract company can put people 
seeking employment on their payroll or hire them as consultants at their 
company and then bill their client firms for specific assignments. Thus 
they will work on project-based opportunities. This type of employment 
contracting is likely to increase also in Finland.   

For Finland, the predicted consequence of the demographic development 
and change is a steady, ongoing shrinking of the working-aged (15-
64/74) years) population, followed by a slowdown of the employment 
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growth.  This change started in around 2005, with no evident increase in 
the number entering labour market. Hence, Finland is facing a future of 
dwindling numbers of employed who would have to pay for the increased 
costs of health care and social security of the expanding retired 
population. The young may resent the tax burden imposed on them to 
pay for pension and health expenditure of the old. Some parties can 
demand that priority should be given to curbing the burden of taxation on 
the working population. On the other hand, an intergenerational conflict 
can transpire if the baby-boomers must prepare themselves to give way 
economically to the succeeding generations. It may be reasoned that the 
generations now approaching retirement age do not have an automatic 
right to expensive welfare subsidised by younger workers. 

According to the Finnish Government's latest economic forecast (TEM 
2008), the lengthening of work careers will, in the near future, still 
compensate for the reduction in the labour supply owing to the ageing 
structure of the population. Since the recent retirement policy measures 
have been implemented (i.e. the pension reform enacted in 2005), 
various factors which affect the quality of working life by supporting the 
continuation and enjoyment in employment will, in the foreseeable 
future, become even more important. Further, it is likely that the 
lengthening of work careers toward the end of the decade will slow down. 
On the other hand, the impact of the pension reform will likely be to 
increase the number of people staying in working life during this decade.  

The much-discussed labour force reducing effect of the large age-cohorts 
has not yet been fully realised in the labour market. Instead labour 
supply and employment growth have continued rapidly and carried over 
to 2008. Labour supply has been upheld by the continuous lengthening 
of work careers, by which means the threatening labour shortage has still 
been prevented. Since the turn of the century, the work careers of Finns 
in the labour market have extended by 1.4 years, which translates to 
100,000 persons in labour supply (TEM 2008). The growth of labour 
supply has come about mainly from the large age-cohort members, who 
have postponed their retirement and stayed in the labour market longer 
than their predecessors. The share of employed persons aged around 60 
has increased since the turn of the decade by about 10 to 15 percentage 
points. This being so, the expectancy of belonging to the employed 
labour force for a person aged over 50 years could grow during this 
decade up to a total of 2.5 years (TEM 2008).  

It should be noted that the above-cited official estimates and forecasts 
were calculated using the methods applied by the Social Insurance 
Institution of Finland ‒ KELA (Hytti and Nio 2004). These which follow the 
traditional Sullivan approach (see criticism in Paper 2) and differ 
essentially from that applied in this study. The TEM labour market 
forecast uses basically the same method as the one that the Finnish 
Centre of Pensions employs for computing expectancies (Kannisto 2006). 
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However, instead of utilising register data, the TEM computations are 
based on the information from the Labour Force Survey of the persons’ 
labour market status by one-year age categories. In addition, the 
computations utilise the life tables obtained from Statistics Finland. In 
the TEM study, employment is the primary status criterion, whereby a 
person receiving pension can belong to the labour force and be employed 
(Ilkka Nio, personal communication, 12.5.2008). At the end of 2006, of 
those persons who were in the retirement age group of 63-67 years, 
27,000 or 11 per cent had postponed retirement and were still working; 
six per cent of them simultaneously received (super accrual) pension 
(Ilmarinen 2008).  

The KELA-derived estimates of the expected duration of active working 
life for both genders at age 15 until age 75 in 2004 was 32.1yr, whereas 
the FIOH estimate of the WLE for employed men at 16 until 65 in 2001 
was 32.1yr, and the corresponding projection for 2006 was 31.4yr (Table 
3, Paper 7). Thus, the two computing techniques give similar estimates 
at the start of people’s work careers (in practice the choice of the 
starting age 15 or 16 is substantially indifferent). However, the estimates 
are discrepant for persons who have reached the age of 50: KELA 8.8yr, 
FIOF 7.3yr. The observed difference of 1.5yr is meaningful, if true, 
considering that it would mean a flow of about 100,000 workers into or 
out of the labour marker according to the above-mentioned TEM 
inference. A first scrutiny is that the life tables had different ending ages, 
74 and 64, respectively. It was estimated that the extended 10-year time 
span added half a year to the expected duration of belonging to the 
labour force (Hytti and Nio 2004, Appendix Table 1).  

On the surface, it remains enigmatic as to what really makes the residual 
difference. The used data base is the same, but the applied statistical 
methods certainly are not, so what specific aspect of the two approaches 
is accountable for the split. Scratching beneath the surface reveals 
discrepancies in the definition of 'active working life'. As an antonym to 
the Statistics Finland’s definition of 'economically inactive population' 
(see page 11), the active population consists of persons who are 
employed or unemployed during the Labour Force Survey week. Hytti 
(1994) defines 'active time' to mean years of life spent without pension, 
and she depicts the allocation of the life expectancy divided into two 
parts, active time and retirement time (Hytti 1994, Fig. 2). By contrast, 
Fig. 6 of this study shows the distribution of life expectancy into four 
parts, viz. age up to 25 years, working years, time on disability pension, 
and retirement time (old-age pension). The degree of disaggregation is 
of importance, especially when there are significant transitions in 
employment status over time. 

Even though the two approaches yielded quantitatively somewhat 
discrepant results for the expected future duration of active working life, 
the upshot is that the Finnish employed population will be heading on 
toward transitional times. The turbulent character of the ongoing 
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transition is already visible in many parts of current working life, not only 
in the demographic changes but also in its various paradoxes, 
contradictions and uncertainties of well-being at work (Räikkönen 2008).  

 

Relevance and Significance of the Research 

Reiterating the fact that the Finnish population structure is getting older 
means that the above-mentioned trends could entail significant health, 
social and economic consequences for the Finnish people and society in 
the coming years, because an impending labour force shortage can 
undermine the sustainability of a welfare state. According to a report of 
the National Research and Development Centre for Welfare and Health, 
welfare continues to increase in Finland, but so do welfare differences 
(Moisio et al. 2008). Differences in welfare are largely explained by 
unemployment which prevails common. Yet, nine out of ten working-age 
Finns perceive their lives with satisfaction. Factors linked with work and 
income continue to determine welfare (and its deficits). The report also 
reveals that Finns still trust in the welfare state and want to maintain it 
basically in its present form.  

Health expenditure in Finland totaled EUR 13.6 billion in 2006, which in 
real terms is 2.3 per cent up from the previous year (STAKES 2008).  The 
greatest categories were services in specialised and primary health care 
and the consumption of medicines. Comparing the level of health 
expenditure between different countries is hampered by their different 
organisation schemes. The most accurate comparisons can be made 
among the Nordic countries, in which social security is modelled as 
income transfers. In the Nordic comparison, Finland has the lowest level 
of health expenditure measured directly in EUR. In a wider international 
comparison, Finnish health expenditure, as a share of gross domestic 
product (GDP), is below the OECD average, which in 2006 was 8.2 per 
cent. Measuring social security by GDP does not tell much about its 
efficacy. Rather, it is descriptive of the state of economy in a given 
country. According to the GPP model, Finland’s social security was in a 
splendid state during the years following the recession compared to the 
present state; high unemployment reduced GDP and more social security 
was then put to compensate for lesser wage income than today.  

There is plenty of evidence to the effect that labor force participation is 
an important determinant of health inequalities, as indicated by higher 
morbidity and mortality among unemployed people (e.g. Ho et al. 2006). 
But health inequalities exist also among workers across different types of 
employment relationships. The importance of solid employment for health 
was stressed by Burdorf (2008) in the editorial of the same issue of the 
Scandinavian Journal of Work Environment & Health, in which the article 
(Paper 8) on WLEs of fixed-term employees in Finland appeared.  
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− Alex Burdorf (SJWEH 2008) envisions the consequences convincingly: 

"An important question is what society should do with unhealthy job 
seekers, unhealthy workers, and unhealthy jobs. Ill health is an 
important barrier for getting and maintaining paid employment, and 
workers in fixed-term employment may be less well off on than 
workers in permanent employment. Given the profound impact of 
work-related ill health on the socioeconomic position of individuals, 
occupational health researchers and practitioner should investigate 
how people with poorer health can be facilitated to enter and stay 
engaged in the labor market. Occupational health should actively 
pursue a position in the public debate on the expanding costs of 
social security in an ageing society, since timely interventions at the 
workplace and the type of employment contract can contribute to 
labor-force participation among all workers" 

To assist occupational health planning, it is vitally important to know the 
quantitative facts of the development and the branches of industry in 
which these labour force trends are most prominent. As a result of the 
study, new relevant information was acquired that can be utilised to 
promote measures to the effect that Finnish people would continue to 
work longer with good work ability. Once the surveillance has identified 
the problematic industrial classes, then in the second phase of the 
project, it is possible to point out the specific occupations that have the 
shortest working life expectations. This allows pressing intervention 
measures on the determinants and other actions to be taken to promote 
work-health conditions. 

Internationally this line of research has previously been conducted only 
using traditional methods based on prevalence rates collected from 
sequential cross-sectional surveys. In the completed and commencing 
projects, the methodology developed by Australian mathematicians was 
applied for modelling and making inferences based on discrete-time 
stochastic processes using aggregated data. The significance of this novel 
approach is that it will be possible not only to describe and predict the 
trends in duration of employment, but, more importantly, also to analyse 
and explain the causes that are the driving forces behind the current 
transitions. There does not appear to be any other calculations of cohort 
working life expectancies for real cohort population follow-ups except 
those carried out in the Working Life Expectancy Project for the ageing 
Finnish long-term employees in the municipal sector. The problem of 
ageing worker populations is common for the developed European 
countries. Quantitative information of the duration of employment in 
specific branches of industry and occupations would be generally useful in 
countries with similar conditions to Finland. This study design and data 
analysis methodology may serve as model for related future research 
projects to be conducted nationally, and also as international 
collaborative enterprises.  
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In the introduction of this thesis, a pivotal question was posed about the 
prospects of the future development in the WLEs that will be witnessed 
among Finnish people. Will the foreseeable path be towards the better? 
Based on the empirical evidence of this study the answer is tentative: Not 
necessarily ‒ A positive outcome depends on work ability − which can be 
improved by improving physiological work ability and psychological well-
being (a personal choice and the workplace boss’s attitude) as well as by 
enforcing proactive labour policy and legislation (a societal decision).  

The Finnish population structure is ageing fast, as reiterated to boredom. 
The problems are accentuated caused by the fact that in Finland older 
workers exit the labour market earlier than elsewhere. Consequently, the 
labour force will be declining at an increasing speed and scope. As an 
aftermath, Finland will face slower economic growth and ballooning social 
security bills unless incisive action is taken to reverse the transition to 
premature retirement and to enhance productivity.  

Moreover, there is societal concern about the circumstance of fixed-term 
workers. This type of employment is influenced by multiple security 
factors and economic cycles, which affect the genders differently. Over 
the last decade, the duration of fixed-term employment increased 
consistently in the female labour contingent, and it was more pronounced 
during economic slowdowns. This new gender-unequivocal labour market 
development calls for devising standards for flexibility and guarantees for 
security in the fragmented future working lives of temporary employees.  

For reasons of societal planning, it is imperative to have accurate and 
unbiased estimates of the past and current trends in the health and work 
ability of the employed population, as well as forecasts of the future 
developments. The Working Life Expectancy Project has attempted, using 
modern statistical methods, to provide such new relevant information for 
the researchers and public decision makers to guide them in drafting and 
directing occupational health policies. Evidence begets action.  
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Probability is virtually ubiquitously present in our subconscious; it tracks 
us throughout our lives, and we find probability wherever there is 
uncertainty: in the form of insecurity in working life, for instance, in the 
unsafe work environment of a mine, or under an insecure fixed-term 
employment contract, on a tennis court,9 or even in the tranquility of 
one's own living room. The following autobiographical and pedagogic 
elements illustrate the issues of theory and practice: (a) normalisation, 
(b) modelling and interpretation, and (c) stochastic nature of probability.  

 

a. Boundaries of Probability  

Theoretically, events with zero probability need not be impossible, and 
indeed they can be of real significance ― at the very least in the sense 
that mathematics needs infinitesimals to prove its theorems. Consider 
the following contrived example: A person is chosen at random from 
Finland (located between 59.5-69.5o north latitude). What is the 
probability that a person lives in Lapland (L), if (s)he happens to reside 
slapbang on the Arctic Circle (C), latitude 66.56083...o north? Surely it is 
less than ½ taking into account the fact that the land area of the 
northern-most province of Finland is smaller and more sparsely inhabited 
than the area in the country south of the Circle, and assuming that C is 
the border line for the province. A uniform probability measure over a 
surface must assign probabilities to regions in proportion to their areas. 
Yet Kolmogorov’s ratio formula for the conditional probability, P(L|C) = 
P(L&C)/P(C), does not yield the correct answer, because the probability 
of the condition that the person lives on the Circle equals zero, P(C) = 0.  

 _________________________ 

8 On probabilities related to tennis by Markku Nurminen. Tennis 1/1977.         
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Similarly, the formula answers ambiguously to the philosophical question: 
What is the probability that I would be happy, provided I lived forever? 
Immortality is a matter of biology (P = 0), ecclesiastical dogma (P = 1), 
or a subjective belief falling somewhere between the extremes [0, 1].  

Two score and three years ago, I was an undergraduate majoring in 
mathematics (specialty in stochastics). During a summer semester, I was 
employed by a Finnish company that mined and processed lime stone 
which was cut from an open pit and cavities underneath a lake. In a 
clean, secluded office I made obscure mathematical calculations on 
mineralogy. One day, my boss (a mining engineer) approached me and 
asked the question: "What is the probability that a rock that escapes 
from drilled a hole filled with explosives, orbits a distance of a mile or so, 
penetrates a thick wall, and touches down on the living room floor of an 
elderly couple?" The destruction fell upon them suddenly, I silently 
lamented, but replied: "It must be non-zero (i.e. greater than zero)." 
This was my best, honest estimate, lacking information on basic ballistic 
parameters such as: rock mass, initial velocity, trajectory, wind speed 
and direction. The engineer looked sternly at me like I needed some 
medication, and probably thought in his mind that I should return to the 
university right away (which I did after three months had passed). 
Accidents with a positive probability can and do happen; regardless if we 
don’t want them to happen, of course, or even if they haven't done so 
before.  

On the office wall of the lime stone factory and at the gate of the lift 
which lowered the miners to the abyss, there hung a number calendar. It 
was similar to the one they use in track events to show the runners how 
many laps remain before they reach the goal. However, the numbers on 
this board increased daily, counting the days since occurrence of the 
previous accident at the factory. LaPlace (1814, 1951) gives a Rule of 
Succession: "Thus we find that an event having occurred successively 
any number (N) of times, the probability that it will happen again the 
next time is equal to this number increased by unity divided by the same 
number, increased by two units." In a binomial trial with possible 
outcomes success and failure (antonym), define a successful event as 'no 
accident'. Formally put, P(success on day N+1, given N previous 
consecutive successes) = (N+1)/(N+2)→1, as N→∞.  

Inductively, it would appear that when the future days come and go by, 
the probability of a forthcoming day without an accident approaches 
unity. Is, then, the subjectivist belief that, after a surprisingly long run of 
accident-free days an accident must be imminent, fallacious? The correct 
interpretation is, by theory, just the opposite: the probability of no new 
accident, under similar conditions as prevailed previously, becomes more 
certain when the record accumulates under the favourable condition. But, 
in accident research, the Poisson process is more often modelled which 
assumes that the time interval to the next failure event remains constant 
with the time passing, and it is independent of the length of the time 
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interval or on the number of events occurring within that period of time. 
After three months I turned a new leaf in my life’s calendar – meanwhile 
somebody set the company's calendar at zero. Conditions change too. 

After having completed my B.A. studies, I served in the Anti-Aircraft 
Regiment of the Finnish Reserve Officers’ School Course (No. 127). There 
I attended many lectures of ballistic theory, especially on the shooting 
accuracy of the newly-acquired, Swiss-manufactured artillery (Oerlikon 
35 mm twin cannon). During one lecture, I bravely remarked to the 
lecturer: "The model you are presenting must be wrong, because it gives 
the overall accuracy of hitting the target plane over 100%!" ‒ "Student, 
sit (tacitly implying, or otherwise I will shoot you) down," he reacted.   

Upon passing the course as a Second Lieutenant (candidate), I had the 
opportunity to test and verify, in real practice, the accuracy of the 
artillery in the lead-contaminated, miles-and-miles-long heath firing 
range. The ballistic-typographic models developed by the renowned 
Artillery General V. P. Nenonen, Professor of Mathematics at Helsinki 
University, for the Finnish Army had proved to be very useful, indeed, 
during World War II.             

‒ As George Cox, an influential American statistician, once remarked:  

"All models are wrong, some are useful."  

The worn-out dictum is still very useful today, both in the scientific and 
applied military sense. 

 

b. Probability of Causation 

"There is nothing sinful about going out and getting evidence, like 
asking people how much do you drink and checking breast cancer 
records"  

− Sander Greenland (Science 1995). Remember, he advises:  

"The sin comes in believing that a causal hypothesis is true because 
your study came up with a positive result, or believing the opposite 
because you study was negative."  

Causal inference is not entirely statistical in nature; rather it strives to 
provide scientific explanations or criticisms of proposed explanations that 
would describe the observed data pattern (Greenland et al. 1999a). 
Powerful causal modelling techniques have been presented in recent 
works (Greenland et al. 1999b, Pearl 2000). Here the first important 
thing is to remember that a finding may not be important in practice, 
even if the study shows a significant P-value, and vice versa (Nurminen 
1997b). Weigh and consider.  
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My first work assignment as a biostatistician at FIOH had to do with 
asbestos-related diseases. The author’s mortality study revealed risks of 
past exposure to asbestos decades ago (Nurminen 1972). According to 
the life table analysis, excess deaths from asbestosis and lung cancer 
shortened the expected length of lives of 15-to-24-year-old workers at an 
open quarry and mine of anthophyllite asbestos in Eastern Finland by 
over two years. In older age groups the average loss was in relative 
terms greater, eight per cent. This was followed by a questionnaire study 
of respiratory symptoms carried out at a new mineral-fibre factory in 
Southern Finland manufacturing boards from asbestos-cement.  

Incidentally, my workplace (described above) as a student one summer 
was in the same factory's laboratory, inside a class cabinet, safe from the 
asbestos dust-contaminated environment in certain asbestos loading 
areas. The cited study came up with a statistically non-significant result. 
A reviewer of the manuscript, which reported the findings, suggested its 
rejection. Even if her recommendation to not publish the allegedly minor 
or 'insignificant' results of asbestos exposure may, in the author’s 
opinion, have been scientifically unbiased − despite that both she and her 
husband (epidemiologists) were affiliated to an asbestos producing 
factory in Quebec, Canada − it contributed to a publication bias; that is, 
the propensity of journal editors to decide to reject manuscripts that 
contain, in industrial occupational health practice, informative, albeit 
statistically 'insignificant' results measured by the so-called P-value.9 

− Olli S. Miettinen (Theoretical Epidemiology 1985) puts it frankly: 

"Why pursue validity for potential components of the aggregate 
evidence, when the ultimate, published evidence is a reflection of the 
biases of reviewers and editors anyway? For the cynic the answer is 
that impeccable validity of the study is likely to reduce the ability of 
referees and editors to apply censorship. For a true intellectual, the 
pragmatic question of acceptability is relatively moot: the ultimate 
issue is truth itself, even if known to the investigator alone." 

____________________ 

9 The P-value is the significance probability of obtaining a value of the test 
statistic that is as extreme, in relation to the null hypothesis, as that observed. 
Medical researchers may, in some situations, disagree on its appropriate use or 
on its interpretation as a summary measure of consistency with the null 
hypothesis in a particular data set. More informative statistical measures, such as 
the likelihood ratio and the Bayesian posterior probability, have been suggested 
for drawing inferences from clinical trials and epidemiologic studies.  



Working Life Expectancy                                                                    55 

But it may have been that the time for adverse health outcomes to 
become apparent was at that point in time too limited. A few years later, 
the manager of that company sadly succumbed to (suffocated from) 
asbestosis, certainly caused by his previous exposures at another older 
mineral factory of the same firm. The estimated induction time of 
asbestos-induced diseases with chromic etiology, such as asbestosis, lung 
cancer and pleural mesothelioma, lasts several decades (Nurminen 1972, 
1975; Nurminen et al. 2003) before it is diagnosed (Klebe et al. 2008).  

A few years later, I learned that my ex-foreman at the asbestos plant, a 
chemical engineer, had retired on a disability pension due to some 
undisclosed mental causes. His disability case was rather moot: 
presumably, some psychological state of "cognitive dissonance," which 
may or may not have been attributed to the fact that the risks of 
asbestos exposure were made widely known to the Finnish public (by 
yours truly, Nurminen 1973). Mental disorders increase linearly and 
today account for the majority (34 per cent) of all the disability pensions 
in Finland (Kauppinen et al. 2007). 

 

c. Smoker’s Peril Problem (An arbitrarily modified version of the 
famous Gambler’s ruin problem; cf. Heathcote 1971, §3.5 Exercises 5-7.)  

Medical prologue. Humans have about 100 billion nerve cells and ten to 
fifty times more of supporting cells in the brain with them. The current 
working theory is that there is no real significant change in the number of 
brain cells in adult life. There is a shrinking of brain mass in old age, but 
cell number count probably stays about the same. When brains change in 
function, it is not due to losing or gaining cells. It is usually caused by 
changes in the connections between cells, called synapses. It is the 
weakening and strengthening of the synapses throughout the brain that 
changes how the brain functions for the most part. An early 
epidemiologic-pathologic study found that damage in cerebrospinal fluid 
blood brain barrier (i.e. the semi-permeable membrane that controls the 
capillary leak potential of the circulatory system) occurred among 
patients who had a history of chronic solvent intoxication (Juntunen et al. 
1982). This biological change in the brain probably depleted the brain's 
store of power or capacity for proper cognitive functions. Perhaps one of 
the chemical messengers that neurons use to communicate with one 
another is produced in lesser quantities after it has been intoxicated 
repeatedly, thereby impeding the brain's functioning capacity.  

Many of the agents that have been linked to ischemic heart disease are in 
the vapour phase in environmental tobacco smoke (e.g. carbon 
monoxide), but in mainstream smoke the agents are mainly present in 
the particle phase; so in passive smoking the agents are deposited more 
completely in the lungs and are harder to clear than particle deposits. 
The toxins are cleared into body fluids, where they can circulate to more 
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distant sites, like the heart, the lung, and the brain. Tobacco smoke 
compounds have also been linked to various other cancers; for example, 
4-aminobiphenyl causes bladder cancer, and benzene is a recognised 
occupational carcinogen that increases the risk of leukaemia. A recent 
prospective cohort study of nearly 90,000 Canadian women, using Cox 
proportional hazards modeling, provided some evidence for a dose-
response relation between the number of cigarettes smoked over the 
years and an increase of 50 per cent in the risk of glioma among ever 
smokers who had quit smoking compared with never smokers (Navarro 
Silvera et al. 2006). The 'first passage' phenomenon occurs, for example, 
when a carcinogen eventually, after multiple hits, penetrates a tissue and 
enters the cell. 

Statistical sequel. Consider an addicted smoker who inhales cigarette 
smoke all day which contains over 4,000 chemicals, including 43 known 
carcinogenic (tumour initiating, promoting, and progressing) compounds 
and 400 other toxins. The probabilistic model for multi-stage theory of 
carcinogenesis assumes transitions from stage to stage (Hakama 1971). 
Most tumours of the epithelial type require several changes. The smoker, 
who has a brain capacity which is proportional to the strength of the 
finite number of i initial brain cells (out of the maximum power of b brain 
cells), plays a game with his health (ultimately his life) at stake. The 
game consists of a sequence of puffs, each of which he wins (one 
moment of satisfaction brought by the enticing flavour of nicotine) with 
probability p or loses (changes the power of one cerebral nerve cell) with 
probability q = 1-p. The volatility of the smoker’s brain power over time 
is described by a random walk whose transition probabilities are 
appropriately dealt by a Markov chain model. The game is over when 
either all the size of the cell population is absorbed at 0, and the smoker 
perils, say, from lung or brain cancer, or alternatively from  myocardial or 
cerebrovascular infarction (stroke); or their number reaches b, and he 
wishfully thinks that he will continue living, most probably owing to the 
life-prolonging skills of his surgeons, in perpetuity.  

Because of the stochastic process of multi-stage carcinogenesis, there is 
considerable heterogeneity among any group of smokers with respect to 
the number and size distribution of initiated lesions. Some individuals 

may smoke for years without developing any initiated lesions. Passive 
smoking, which in bygone years was an occupational hazard in office 
work, e.g. in closed meeting spaces, subjected people even to massive 
exposures and caused numerous deaths (Nurminen and Jaakkola 2001). 

The first individuals to develop lung cancer are those with the largest 
burden of initiated cells. Ultimately, over the course of many years, the 
only individuals remaining without cancer are those who, through good 
fortune, had few or no initiated lesions as a result of their past smoking 
habits. But mathematical-statistical theory dictates that for all humans 
with a finite value of b, the game is bound to end in finite time.  
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Supposing that the smoker’s insurmountable opponent (Nature, like an 
academic disputant’s opponent) is endowed with infinite brain capital, 
b=∞. In this case, it is a proven result (see, e.g., Heathcote 1971): the 
probability that the game ends after a finite number of smoked 
cigarettes, is the probability that the smoker will perish. The ensuing 
conclusion is that the ultimate ruin is imminent if the game is fair (p = q) 
or unfavourable (p < q). However, there is still the non-zero probability 
(p/q)i of perish even if the odds are for a favourable closure. 

Retaining the assumption of an approach without limit, ad infinitum 
b=∞, the first passage time, that is the time needed for the delicate 
balance in the brain to get overwhelmingly distorted by the invasion of 
the chemical agents (i.e. for the Markov process to reach state 0 from i), 
is a proper probability distribution only when p≤q. An intriguing end-
result is that if the game is fair, then the smoker’s ultimate perish is 
certain, but the expected sojourn time to the final countdown is infinite. 
For the smoker this is a comforting result in the respect that he can 
continue his unhealthy habit pretending, "it ain’t over 'till it’s over"; but a 
cynic would join in quipping, "in the long run, we shall all transit from the 
state of being quick to dead."  

Epilogue. This note runs counter to the results of a contemporary gallup10 
(HS 2008), ordered by the Finnish Cancer Organisations, according to 
which more than every fourth Finn (27 per cent) believes that the 
incidence of cancer is a happenchance (or a haphazard occurrence). 
Secretary General, Dr. Harri Vertio admits that randomness has its own 
role in the inception of cancer, but people can themselves do much to 
reduce their own risk. Approximately every third case of cancer is 
preventable with the aid of current knowledge. Smoking is the most 
important risk factor of cancer. 

_______________________  
10 Named after an inventive American statistician George Gallup (1901-1984), 
who had his moment of greatest ignominy when he predicted that Thomas 
Dewey would defeat Harry S. Truman in the 1948 US presidential election, by 
five to 15 percentage points. Gallup believed the mistake was due to ending the 
polling three weeks before the election day. Statisticians (like other humans) err 
too. Errare humanum est. 
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Probabilities for Finnish Working Life Tables 

 

Table 1. Multinomial model fitted probabilities of the four discrete states, 
1 = 'employed', 2 = 'on disability pension', 3 = 'other alive', 4= 'dead', 
for  quinquennial years and ages, expressed as percentages, with 
projections for 2006. Standard errors for the estimated probabilities are 
not shown but are all less than 0.023 for women and 0.033 for men. 

 

 

Age State Women Men 

x j 1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006 

16 1 38.82 33.85 29.21 19.32 21.13 17.75 30.88 26.20 21.99 12.65 15.08 12.35 

 2 0.68 0.58 0.49 0.44 0.34 0.28 1.27 1.13 1.01 0.94 0.77 0.66 

 3 60.48 65.55 70.28 80.22 78.52 81.96 67.75 72.57 76.91 86.31 84.08 86.92 

 4 0.03 0.02 0.02 0.02 0.02 0.01 0.10 0.10 0.09 0.09 0.08 0.07 
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20 1 55.09 50.52 45.92 33.70 36.95 32.73 56.69 52.44 48.13 33.56 39.60 35.52 

 2 1.03 0.92 0.82 0.82 0.63 0.54 1.59 1.51 1.41 1.55 1.21 1.11 

 3 43.84 48.52 53.23 65.45 62.39 66.70 41.58 45.93 50.34 64.75 59.07 63.27 

 4 0.04 0.04 0.03 0.03 0.03 0.03 0.13 0.13 0.12 0.14 0.11 0.10 

25 1 71.15 68.07 64.80 53.35 57.78 54.10 77.81 75.82 73.69 61.80 69.01 66.47 

 2 1.45 1.35 1.26 1.40 1.07 0.97 1.75 1.69 1.62 2.08 1.49 1.42 

 3 27.36 30.53 33.89 45.19 41.10 44.88 20.30 22.36 24.56 35.96 29.39 32.00 

 4 0.05 0.05 0.05 0.06 0.04 0.04 0.14 0.14 0.13 0.17 0.12 0.12 

30 1 80.64 78.88 76.98 68.29 72.76 70.43 86.54 85.76 84.92 77.30 83.05 82.02 

 2 1.84 1.76 1.67 2.01 1.51 1.42 2.00 1.92 1.83 2.48 1.67 1.59 

 3 17.46 19.30 21.28 29.62 25.68 28.09 11.29 12.17 13.11 20.03 15.16 16.28 

 4 0.06 0.06 0.06 0.08 0.06 0.06 0.16 0.15 0.14 0.19 0.12 0.11 

35 1 85.12 84.14 83.09 76.59 80.75 79.46 89.25 88.94 88.59 82.89 87.79 87.34 

 2 2.33 2.25 2.17 2.72 2.02 1.94 2.63 2.49 2.36 3.23 2.11 1.99 

 3 12.47 13.53 14.66 20.60 17.16 18.53 7.91 8.39 8.89 13.65 9.96 10.54 

 
4 0.08 0.08 0.08 0.10 0.07 0.07 0.21 0.19 0.17 0.22 0.14 0.13 
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40 1 78.86 85.72 85.01 79.53 83.69 82.98 83.00 88.60 88.41 82.90 87.99 87.72 

 2 3.65 2.93 2.98 3.79 2.82 2.74 3.69 3.72 3.53 4.82 3.13 2.95 

 3 17.37 11.25 11.92 16.55 13.40 14.19 13.02 7.41 7.82 11.96 8.69 9.16 

 4 0.12 0.10 0.10 0.13 0.10 0.09 0.28 0.27 0.24 0.31 0.19 0.17 

45 1 84.09 76.41 83.46 77.90 82.65 82.26 85.21 79.60 85.03 78.28 84.53 84.23 

 2 4.71 4.64 4.47 5.80 4.36 4.27 6.67 4.90 5.90 8.05 5.33 5.02 

 3 11.04 18.77 11.92 16.12 12.85 13.34 7.63 15.09 8.68 13.18 9.84 10.48 

 4 0.15 0.18 0.15 0.18 0.14 0.13 0.49 0.41 0.39 0.49 0.30 0.27 

50 1 77.37 76.48 67.83 70.62 76.73 76.55 77.56 77.87 70.04 67.98 76.02 75.39 

 2 8.08 8.85 8.47 9.82 7.67 7.57 11.98 10.79 8.63 14.03 9.81 9.31 

 3 14.29 14.42 23.42 19.27 15.39 15.68 9.62 10.59 20.73 17.19 13.65 14.85 

 4 0.26 0.25 0.27 0.29 0.21 0.20 0.84 0.75 0.60 0.81 0.52 0.46 

55 1 62.42 61.51 59.61 43.50 62.62 62.60 64.42 62.87 61.13 41.72 60.30 58.76 

 2 15.12 16.35 18.93 17.67 14.82 14.84 21.06 21.23 21.46 18.20 17.72 16.92 

 3 21.99 21.70 21.07 38.35 22.20 22.23 13.11 14.65 16.31 39.03 21.09 23.53 

 4 0.47 0.43 0.39 0.48 0.36 0.33 1.41 1.24 1.10 1.05 0.89 0.79 



62                                                                                        Nurminen 

60 1 37.16 37.28 35.07 27.46 28.68 38.09 46.55 44.79 40.07 26.60 29.41 36.07 

 2 27.16 27.51 32.36 37.70 25.28 28.22 33.56 32.54 35.76 43.76 21.07 26.31 

 3 34.88 34.48 31.95 34.23 45.50 33.19 17.77 20.77 22.58 28.12 48.51 36.45 

 4 0.81 0.73 0.63 0.62 0.54 0.50 2.11 1.90 1.59 1.53 1.02 1.17 
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This review is concerned with population health metrics that simultaneously consider information on mortality
and nonfatal health outcomes as probabilistic measures representing the level of health in a working population.
The optimal properties that such a measurement system should have are briefly discussed, and the merits and
limitations of health expectancies are compared versus health gap measures. The conceptual basis of these
measures are considered, especially with a view to health promotion. The application of worklife expectancies is
illustrated with the data obtained from sequential surveys on the work ability status of aging Finnish municipal
workers. In conclusion, the developed worklife expectancies are considered to be appropriate indicators for
measuring the future duration of occupancy in a given state of work ability, and they should be preferred to
alternative measures of population health in the context of occupational health.
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Summary measures of population health can be used for
detecting differences (eg, between genders, between
groups with different work abilities, etc), changes over
time, or changes as a result of health promotion (1). The
most precise and appropriate approach to monitoring
changes in the health of working populations would be
the longitudinal, detailed measurement of specific mor-
bidity in cohort populations. Examples of specific mor-
bidity measures include incidence rates of acute condi-
tions, such as injuries or acute skin infections, and prev-
alence rates of chronic illness, such as chronic obstruc-
tive pulmonary disease and musculoskeletal disorders.
Population health measures based on diagnostic catego-
ry are highly informative in the search for disease de-
terminants and prevention. An alternative approach
would rely on the general measures of population health
status. General measures have the advantage of captur-
ing the impact of a wide range of illnesses in a popula-
tion, and they are valuable in putting disease-specific
information in perspective at the population level. Ex-
amples of general measures include measures of disa-
bility or perceived health status. The primary obstacle
to the use of these measures is the requirement to ob-
tain valid data from large-scale survey samples. Thus,
as noted by van der Maas (2), “Ideally a summary meas-
ure has a wide range of applications, but inevitably there
is a trade-off between the specificity of the information
that is contained in the measure and its general applica-
bility [p 55]”.

Health expectancy is a generic term for population
indicators that estimate the average time a person would
expect to live in a defined state of health, provided that
the prevailing patterns of mortality, morbidity, and dis-
ability continue to apply (3). Health expectancy is a val-
uable indicator of the appreciation of changes in the
health states of the general population, and it can be used
for allocating resources and evaluating the success of
health policy programs (4). Early efforts to develop such
measures were made by Chiang (5) and Sullivan (6). The
International Network on Health Expectancy (Réseau
sur l’espérance de vie en santé (REVES), Netsites: http:/
/www.revesnetwork.net/ and http://euroreves.ined.fr/
reves/) has furthered and developed the concept and
methods of health-state measurement (7), both of which
are now widely used at the national level and by the
Organization for Economic Co-operation and Develop-
ment to report on population health (8). The World
Health Organization (WHO) has also recommended the
use of health expectancy as a summary indicator of pop-
ulation health (9). This population health measure inte-
grates information on mortality and health-related qual-
ity of life. Health expectancies are linked to the meas-
urement of a particular health state or a set of states,
and they focus on a person’s perceived health and long-
term illness (chronic disease, defect or injury).

Health-related quality of life is defined on a quanti-
tative scale from 1 to 0. The number of years of life lived
in “perfect” health is given the value of unity, and the
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valuation for the state of death is zero. These valuations
imply that health levels lie on a continuum. A cynical
person may criticize that it is difficult “… to apprehend
the concept of health-related quality of life that is
‘equivalent to death’, and equally if its zero value actu-
ally is taken to characterize the health aspects of life
post-mortem! [p 1060]” (10). At the other end of the
health scale, WHO (11) defines health as a state of com-
plete physical, mental, and social well-being and not
merely as the absence of disease or infirmity. If this def-
inition is taken to mean “perfect” health, then this lofty
ideal should be linked to an operational measure.

Measuring work ability and health status

The work ability index developed by Tuomi et al (12)
was contructed from the following seven items: subjec-
tive estimation of current work ability compared with
the lifetime best, perceived work ability in relation to
both physical and mental demands of work, number of
diseases diagnosed by a physician, subjective estimation
of work impairment due to disease, sickness absence
during the past year, own prognosis of work ability af-
ter 2 years, and psychological resources. The index is a
simple sum of the item scores, and it has a scale of val-
ues ranging from 49 to 7. The scale can be transformed
to run from 1 (full work ability) to 0 (unable to work).
This distribution allows the classification of people ac-
cording to the severity of their work disability (break-
ing up the continuum of work ability into polychoto-
mous states). Interestingly, it would seem that the best
predictors of future illness and loss of work ability
would be the person’s own assessment of his or her
health and work capacity—better than any “objective”
clinical examination. A poor work environment, bad
occupational hygiene, a high level of work strain, a high
risk of accidents, and poor work organization, all ap-
peared to be negative predictive factors for maintaining
health and work ability later on (13). Conversely, a well-
functioning work organization, the support of superiors,
the promotion of the worker’s health and functional ca-
pacity, the promotion of professional competence, and
physical activity seem to further the preservation of
work ability (13). The index, which was developed for
measuring health in relation to the quality of worklife
in Finland, has been tested in several other countries as
well {eg, Brazil (14), Germany (15), Lithuania [Pajar-
skiene B, Jankauskas R. Occupational stress and chang-
es in work ability index among employees in five en-
terprises of Lithuania (abstract). European Centre for
Health, Safety and the Environment (ECOHSE) 2000
Symposium, Kaunas, Lithuania, 4–7 October 2000. Net-
site: www.gla.ac.uk/ecohse/abstracts.html; accessed 3

November 2003], Portugal (16), and Sweden (17)}. The
self-assessment of health status has been validated us-
ing clinical methods (18). The results indicate that the
questionnaire responses on health, work ability, and
functional capacity related fairly well to the clinically
assessed factors at the group level. However, work abil-
ity was not validated for psychological resources or for
the physical and mental demands of work (Leena Eske-
linen, personal communication). The concept of work
ability is essentially bound to the societal and investi-
gative context, and, therefore, it is not possible to com-
pletely validate the index. For example, as people ap-
proach retirement age, they tend to think less about re-
tirement than do younger persons (19). For the self-as-
sessment of retirement timing to be consistent in rela-
tion to individual characteristics, it should be anchored
to the respondent’s age. Moreover, some methodologi-
cal issues still need to be rigorously examined; these is-
sues pertain to reliability and item response scaling (20).
Thus it can be questioned whether the index accurately
measures work ability, however conceptually defined.

Self-reported measures of health status are based on
people’s perceptions and expectations of health. In ad-
dition, these perceptions and expectations vary with cul-
ture and community and are also likely to vary with time
(21)—for example, as societies undergo epidemiologic
transition (22) or as public health campaigns and legis-
lative measures alter the community’s awareness of
health problems and attitudes towards health hazards
(23). Murray & Lopez (24) reviewed studies that sug-
gested that there are significant cross-cultural differenc-
es between a self-report and an observation of disabili-
ty and poor health. Thus, although indicators of health
expectancy are potentially attractive for comparing the
health of populations, considerable care must be taken
to ensure their comparability across countries and cul-
tures. Moreover, some epidemiologic questionnaire
studies have shown a tendency to self-appraise health
at a higher level than found in a clinical examination (25).

Summary measures of population health

Murray et al (26) proposed desirable properties that op-
timal summary measures should have for comparing the
health of populations. The criteria are of the following
type. If the severity of a given health state is worse than
average, then the summary measure should also be worse
if, say, everything else is the same. Such criteria were giv-
en specifically for measures of mortality, prevalence, in-
cidence, remission, and severity of illness. For example,
health expectancies based on prevalence data calculated
using Sullivan’s method fail the criterion for severity,
whereas health expectancies based on transition rates meet
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the criterion. No summary measure satisfies simultaneous-
ly the criterion set for prevalence and incidence.

One can construct a summary measure that uses ex-
plicit weights to combine life expectancies into a single
composite number for a set of discrete health states, in-
dicating the expectation of years of “average” health
state (in some sense). For example, the cost-effective-
ness of health-care intervention has been assessed in
terms of a gain in quality-adjusted life expectancy
(QALE) (27–29). For the estimation, experts need to as-
sign values for the years of life lived with disability and
to calculate a weighted average over the years survived.

In worklife applications, one could compute a
weighted measure of life expectancy, for example, with
weights equal to the mean values of the work ability in-
dex. Such a measure could be termed work-ability-ad-
justed life expectancy (WALE) in analogy with the
QALE. Therefore, for example, if a worker gains 5 years
in a work ability state valued at 0.6 (on a scale of 1 to
0), he or she gains 5 × 0.6 = 3 WALE years. One can
also consider an alternative measure of how many work-
life years a person loses because of disability, compared
with an ideal or “perfect” situation, in which there is no
loss of functioning throughout a person’s work career.
In a similar manner, the difference between the quality-
adjusted survival of a healthy person and that of a per-
son with a particular disease measures the utility of
health lost in contracting disease (30). This measure can
be an efficient tool with which to supplement the pri-
mary indicators of health (ie, mortality and incidence
rates). However, there may not be a compelling need
for such a quantification of the data when the objective is
priority setting for health intervention; simple summaries
of epidemiologic data in terms of the number of years lost
will ordinarily suffice in most applications encountered
in occupational health research and policy making.

Worklife expectancy

Worklife expectancy, like health expectancy, is the fu-
ture time that a person at a given age is expected to
spend in employment. While it is a hypothetical con-
struct that is not directly measured, it is an intuitive and
broadly accessible concept. As such, it can provide the
means for summarizing and comparing the health sta-
tus of the employed population, as well as the means
for monitoring time trends in occupational health. Sum-
mary measures for workyears can provide useful indi-
cators for evaluating labor-force potential, as well as for
evaluating the need for employer and pension plan ac-
commodation (31). Although the calculation of work-
life expectancy tables is complex (32–34), their wide use
demonstrates that they are comprehensible. In the ap-

proach adopted by Nurminen et al (35), worklife expect-
ancies were estimated using a logistic regression model
for multinomial probabilities of the health states of ex-
cellent, good, fair, and poor work ability. Work ability
assessments were based on the index developed by Tuo-
mi et al (12). These expectancies can be presented ei-
ther as readily interpretable simple numerical summa-
ries or charted as areas under a worklife survivor curve.
Worklife expectancies have the advantage over other
summary measures in that they are measured in units
(expected years of worklife) that are meaningful to or-
dinary laypersons. Richards & Abele (36) discussed tra-
ditional frequency-based methods for computing work-
life expectancies in the context of forensic economics.
In particular, interest can be focused on the gains in the
probability of being employed, which is related to work
ability and the expected duration of remaining worklife
affected by occupational health care practices or work-
life intervention. Measured together, these items provide
useful information on population health, and they have
the advantage of not assuming that the years of work-
life gained are necessarily healthy years of life.

 Worklife expectancies are formally defined in terms
of worklife table probabilities (32). Thus they have a
direct probabilistic interpretation in contrast to measures
of longevity weighted by disability. Let p(x,y) be the
probability that a person aged y years is employed if he
or she had started work at the age of x years. The work-
life expectancy is then defined as (35):

e(x) = � +
w

xy 1+=
Σ p(x, y), (equation 1)

where w is the person’s age in his or her last year of
employment. In the computations it is assumed that the
earliest commencing date is the middle of the entry year.
The impact of the � factor reduces the total worklife
expectancy by 6 months. Note that e(x) does not depend
on the particular age structure of a population.

This measure of worklife expectancy can be expand-
ed by basing it on the probability of occupancy in a giv-
en state of work ability. Let pi (x, y) denote the proba-
bility that an individual known to be alive at age x is in
state i (eg, excellent or good work ability, i = 1; fair
work ability, i = 2; poor work ability, i = 3; no longer
working, i = 4) at a subsequent age y = x + 1, x + 2, … .
The worklife expectancy of state i is then defined as (35):

ei(x) = πi(x)/2 +
w

xy 1+=
Σ pi(x, y), (equation 2)

where πi(x) is the prevalence of the alive state i at age
x. With the assumption of a regression model for pi (x,
y) and numbers for ages x, ei(x) can be computed numeri-
cally, either with the use of the aforementioned discrete
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approximation or as the following integral function:

ei(x) = �
w

x
pi(z)dz. (equation 3)

The ei(x) represents the area under the worklife survival
curve from x to w.

Figure 1 depicts a hypothetical worklife survival
curve for a population that has undergone occupational
health intervention (eg, via the promotion of work abil-
ity) as opposed to normal practice. Comparison of the
profiles of the worklife survival curve gives an assess-
ment of the effectiveness of the intervention in terms of
a change in the evolution of the health of a working pop-
ulation. In figure 1, x = 45 years, and w = 45 + 18 = 63
years is taken as the statutory retirement age. The ef-
fect is, for example, at the end of worklife (when the
probability of work equals zero), assumed to be equiv-
alent to an average gain of 18 – 15 = 3 years in an ag-
ing worker’s career.

Furthermore, if a person was in state i at the start of
follow-up, then the conditional worklife expectancy of
state j, given initial state i at age x, can be defined us-
ing the equation of Nurminen et al (37) (see the appen-
dix):

eij(x) = � +
w

xy 1+=
Σ pij(x, y), for j = i, i = 1,2,…,

= 
w

xy 1+=
Σ pij(x, y), for j ≠ i, (equation 4)

where pij is the transition probability from work ability
state i to state j. At any particular age, for example, a
person can be classified as being in one of the following

four states: having excellent or good work ability (state
1), having fair or poor work ability (state 2), being on a
disability pension or deceased (state 3), and being re-
tired on an old-age or similar pension (state 4). The pij

can be estimated by a multiple logistic regression mod-
el that can include age and time and the like as covari-
ates. In the estimation of the transition probabilities, one
assumes that the stochastic process that produced the
aggegated data was a discrete time-nonhomogeneous
Markov chain (38).

Example: worklife expectancy of aging Finns

As an illustration of the application of the methodology to the
estimation of worklife expectancy, consider the study of aging
Finns (35). This study appears to be the first to calculate cohort
health expectancies for a real employed population. It estimated
the future duration that a person aged 45 years or older would
live in different states of health, provided that the prevailing
patterns of mortality, morbidity, and disability remain un-
changed. The data obtained from the questionnaire surveys
conducted by the Finnish Institute of Occupational Health in
1981, 1985, and 1992 (39) among 6257 municipal workers were
used for the estimation. The assessment of work ability was
based on self-rated scoring (12). The probability of belonging to
a work ability category was modeled by means of the marginal
distribution of work ability estimated from the sequential cross-
sectional surveys of the worker cohort. Transition probabilities
between different states of employment and health were also
estimated (37). They were then used to compute the worklife
expectancies. This study focused on the future occupation times
in the different health and employment states conditional to a
person’s initial age and state of work ability. The secondary
concern was with gender inequality in population health.

Consider a worker who enters employment at the age of 45
years; this person has, at the most, 17 or 18 years of remaining
worklife before the statutory retirement age of 63 years.2 The
study estimated that a male worker is an active employee for
11.5 years, and a female worker for 12.2 years, on the average
(figure 2). The worklife expectancy was estimated to be 5.5
years for men with excellent or good work ability, 4.5 years for
those with fair work ability, and 1.5 years for those with poor
work ability. The worklife expectancies in the respective work
ability classes for women were estimated to be longer: 5.6
(excellent or good), 5.0 (fair), and 1.6 (poor). In terms of effec-
tiveness (10), the effect of a transition from the initial state of
poor to good work ability was estimated to be, on the average, 4
years of gained active worklife for both the men and the wom-
en. This additive decomposition of health expectancies in rela-
tion to the specified levels of work ability is an appealing
property of the measure of worklife expectancy. The decompo-
sition is helpful in understanding at what stages changes in
population health are occurring and quantifying the magnitude
of those changes.

2 The Finnish data pertain to a period of 10 to 20 years ago when the official retirement age from municipal occupations
ranged from 53 to 63 years. In 1981, 62% of  municipal workers had a retirement age of 63 years, for 35% of the
workers it was 58–62 years, and for only 3% it was lower than 58 years. Currently, the statutory retirement age for
municipal workers varies and is between 63 and 65 years. For the purpose of this review, I have used a retirement age of
63 years because I was not aiming at comparing different occupational groups; instead my emphasis was on a
comparison between groups with different work abilities.

Figure 1. Probability of working and the expected length of future
worklife gained for an aging worker via occupational health interven-
tion. Modified from figure 4 in Williams (46).
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The study further estimated that, of the 60-year-old work-
ers, both men and women, less than 30% remained actively
engaged in worklife. This finding indicates that most municipal
workers left worklife before the statutory retirement age of 63
years. A man ran a 43% risk of retiring prematurely on a
disability pension; for a woman, the risk was only 26%. A
man’s corresponding probability to retire on an old-age or simi-
lar pension was 34%, whereas, for a woman, it was much
greater, 59%. A man’s risk of dying before the age of 63 years
was 6%; for women the risk was 4%. In general, men’s death
rate was two- to fourfold women’s rate, and the rate was accen-
tuated in the younger age groups. Figure 3 [de Finetti’s (40)
diagram 3] illustrates the joint distribution of the probabilities of
the work–health states for men aged 50–62 years.

The study demonstrates that the work ability of an aging
Finnish worker deteriorates prematurely (ie, before the statutory
retirement age), and this deterioration can lead to far-reaching
socioeconomic consequences. Thus it is important to examine
the development of work ability already before the age of 45
years, when it is still possible to intervene in the process by
promoting work ability. Greater labor flexibility and concerted
effort are needed to encourage higher labor-force participation
among older workers, particularly skilled people. Especially
aging male workers would need more flexibility than the present
worktime arrangements. Free time is appreciated clearly more
as one ages, and particularly men tend to retire early in order to
gain time for their own activities. Older workers have the poten-
tial to make a continuing social and economic contribution to
Finland. The extent of this contribution will depend on the

ability of older workers to continue to work, and their interest in
doing so. It will also be influenced by the changing nature of
work and the attitudes of employers towards the value of older
workers. If the employment rate 4 declines, this scenario entails
risks because of the effects of population aging. The present
working-age population, especially the large age cohorts born
in 1945–1949 (relatively the largest in Europe), will be reaching
retirement age in 2005–2014, as younger and smaller cohorts
are joining the labor force. The inevitable consequence will be a

3 de Finetti’s triangular diagram is interpreted mathematically as follows: Place a mass proportional to the prevalence pi
of state i = 1, 2, 3 at an angle of the equilateral triangle (S1, S2, S3) and compute the center of gravity of the three
masses, P. Then the distance from P to the side opposite vertex Si is pi. In x-y plane geometry, the coordinates of P are
Σipixi and Σipiyi, where xi and yi are the cordinates of Si, i = 1, 2, 3. If the height of the triangle equals 1, then point P
defines the probability distribution of the three states (p1, p2, p3; p1+ p2 + p3 = 1). The path formed by the age-specific
points describes the stochastic process that generated the estimated probabilities.

4 Employment rate means the share of employed persons in the working-age population. The working-age population is
traditionally defined as the 15- to 75-year-old population. In practice, the working-age population is often restricted to
15–64 years because the majority of persons older than 64 years in most developed countries are retired. Employed
persons in Finland include all those who had worked at least 1 hour during the week that the Labour Force Survey was
conducted by Statistics Finland.
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male workers according to their work ability
status and age. The worklife expectancies
for poor work ability are first plotted along
the age axis with the subsequent values for
fair work ability and good work ability
“stacked” on top of the previous ones. For
example, at the age of 45 years, a male
worker is expected to be actively employed
1.5 years with poor work ability, 4.5 (= 6.0–
1.5) years with fair work ability, and 5.5 (=
11.5–6.0) years with good or excellent work
ability. The worklife expectanies add up to
11.5 ( = 5.5 + 4.5 + 1.5) years. (Data from the
worklife expectancy project of the Finnish
Institute of Occupational Health)

Figure 3. Probability distribution of work-activity states (S1 = em-
ployed, S2 = retired, S3 = disabled or dead) for men represented by point
P, from which the distance computed from vertex Si to the opposite side
is pi (i = 1, 2, 3). For example, the estimate for the probability of being
employed was p1 = 17%.
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steady shrinkage of the working-age population starting in 2005.
Hence Finland faces a future of dwindling numbers of em-
ployed persons, who will have to pay for the increased costs of
the health care and social security of the expanding retired
population. The young may resent the tax burden imposed on
them to pay for the pensions and health expenditures of the
elderly. Priority should be given to curbing the burden of taxa-
tion on the working population. On the other hand, there is a
looming intergenerational conflict if baby-boomers must pre-
pare themselves to give way economically to succeeding gener-
ations. It could be reasoned that the generations now approach-
ing retirement age do not have an automatic right to expensive
social welfare subsidized by younger workers.

The study concluded that worklife expectancy is an appro-
priate and readily interpretable measure to describe statistically
the way in which a population’s work capacity develops in
different initial states and how it affects premature mortality,
disability, and old-age retirement. Summary measures for work-
life provide useful information for evaluating the labor force
potential and the factors affecting retirement, as well as for
assessing the need for a program to encourage employees to
continue to work.

The defined measure of worklife expectancy has the
distinct connotation that it allows the summary to be
multivariate. In other words, the outcome parameter [eg,
the logarithm of the ratio of the probability of state i, pi

(x, y), to the probability of the referent state] is expressed
in terms of multiple covariates, z1, z2, etc, of a tempo-
ral, spatial, and socioeconomic nature. Greenland (41)
has suggested that covariates may also represent alter-
native actions (or interventions). For example, z1 could
specify that the tax on tobacco is raised by 10%, 20%,
or 30%, and z2 could specify the options for lowering
the tax on alcohol by 30%, 40%, or 50% (eg, in Finland
dictated by circumstances in the European Union). An
analysis of worklife expectancy  using a multivariate re-
gression model enables one to capture the joint impact
of several causes of work disability. With regards to to-
bacco smoking, for example, the analytical model could
be used to assess the components of the legislation to
determine how they affected the disease outcomes of in-
terest (eg, lung cancer incidence or mortality from respi-
ratory and cardiovascular diseases). The various compo-
nents can be assessed within a comprehensive model that
includes epidemiologic data, legislative data, economic
variates (price and consumption data), sociodemographic
variates, and program data (media campaigns). This mul-
tivariate framework can clarify what is captured and
missed by any unidimensional measure of population
health (41). Such a modeling exercise is planned for a time
series of the entire Finnish employed population.

Health gap measure

The considerations of combining life expectancy and
health-related quality of life into a single measure

motivated an alternative method, described first in the
World Development Report (42). It measures health gaps
that quantify the difference between actual health and
the norm for health (43). There are many ways to ex-
press health gaps. A popular measure is disability-ad-
justed life years (DALY), that is, a combination of the
time lost due to premature mortality and the time lived
with a disability, adjusted for the severity of the disa-
bility. This is a concept that has been used to measure
the “global burden of disease” (44) and, subsequently,
has been used in several studies on the national burden
of disease. WHO publishes reports of the global and
national “burden of disease” (45). The DALY has also
been used as a tool for setting priorities in health poli-
cy, especially to guide the allocation of resources for
health care intervention.

The proponents of the DALY suggest that it can be
used for both purposes (24). In a critical appraisal of
the DALY approach, Williams (46) stated that, although
there is some useful information to be obtained from the
present DALY procedure, it is not worth the cost and
there are better strategies for monitoring population
health and prioritizing health resources. He suggested
that, “What we need to measure is what impact differ-
ent interventions will have, not what impact different
diseases have [p 2]”. “Once this is done, things become
much simpler, because we can concentrate on incremen-
tal changes and abandon the attempt to calculate com-
prehensive aggregates on a global basis [p 6]”. Williams
(46) concluded that the calculation of aggregate meas-
ures, which involve too many idiosyncratic elements to
be capable of straightforward interpretation or applica-
tion, is not feasible for solving health policy problems.
Instead, what one needs to know is the marginal impact
of different interventions on people’s health. In re-
sponse, Murray & Lopez (47) noted that Williams’ claim
(ie, that summary measures of population health are ir-
relevant to policy formulation) is contradicted by the
interest shown by many countries and international
agencies, for example,  WHO, in estimating these meas-
ures. In my opinion, it would seem to be an overcritical
and one-sided stance to argue that only incremential
changes through intervention, and not the level of pop-
ulation health, matter. Consider an analogous argument
to employment. Would an economist conclude that the
unemployment rate has no policy relevance and that
only the costs arising from payments to the new unem-
ployed workers and the number of new jobs created
through government policies are informative? Moreover,
Murray et al (48) denied that they have ever claimed that
resources should be directed to health problems solely on
the basis of their relative contributions to premature mor-
tality and nonfatal health outcomes. Summary measures
of population health can give useful information for de-
bates on priorities for health action.
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In another critical review of the DALY, Anand &
Hanson (49) argued that the conceptual and technical
basis of this new measure of disease burden is flawed.
They also questioned the assumptions underlying the
measure and its value judgments. In particular, they
found that the implications of age weighting (reflecting
the social value of people at different ages) and dis-
counting (meaning that benefits are better when deliv-
ered sooner rather than later) to be unacceptable. Anand
& Hanson (49) also stated that allocating resources by
aggregate DALY measures is inequitable because the
information set for measuring the disease burden and
allocating resources differ and the users of the DALY
measure do not make this distinction. In defense of the
DALY, Murray & Acharya (50) maintained that these
measures can guide policies towards delivering more
cost-effective and equitable health care, within an in-
formation set comprising the health conditions of peo-
ple differentiated solely by age and gender. According
to their stance, the DALY measure is grounded on co-
gent economic and ethical principles and can guide de-
cisions regarding heath policies.

In the application of the DALY approach, the par-
ticular health-state weights used to account for nonfatal
health outcomes are derived with the use of the “person
trade-off method”. The question is “If you would have
to choose between extending the life of 100 able-bod-
ied persons versus the life of 100 + x disabled persons,
which number x would make your choice indifferent?”
The chosen number x is then used to calculate disabili-
ty weights that are supposed to quantify the relative se-
verity of different states of disability. But, as pointed
out by Williams (46), the answer to the question depends
on both the valuation of health states and people’s ethi-
cal concerns, which are difficult or impossible to quan-
tify. Note that the method requires that there be more
disabled persons than healthy persons (ie, x>0). Other-
wise, if x<0, it would be implied that disabled persons
are better than healthy persons, and this possibility is
irrational according to the valuation of health states as
adapted in the DALY approach.

In yet another criticism of the DALY measure,
Lyttkens (51) went even further and claimed that the
measure does not do what it purports (to measure popu-
lation health) and concluded that its use in priority set-
ting is ethically dubious (eg, in that it gives higher pri-
ority to prolonging the life of someone who is young
and healthy compared with someone who is old and dis-
abled). It would appear, however, that the DALY indi-
cator has been more readily accepted than the more fa-
miliar and general concept of QALE. Obviously, the
effect of intervention can be calculated either as an in-
crease (gain) in the QALE or as a reduction (gap) in the
DALY. It may be that the DALY has been advocated
as a measurement instrument for preventive health care.

According to Lyttkens (51), this means that prioritizing
concerns “statistical persons”, and explicit prioritizing
is thus less offensive in that context than when the
QALE is measured for priority setting in the (palliative,
therapeutic, or rehabilitative) health care of actual per-
sons. There are also concerns about the use of the DALY
to decide who gets the limited health funds available.
While the DALY may indicate where problems exist (as
do many other summary measures of population health),
it has been argued that it does not give information on
whether investing money in the health problem, for ex-
ample, through intervention, will pay off (52). The pro-
cedure analogous to DALY in the context of work ca-
pacity would require the estimation, probably by sub-
jective considerations, of factors affecting future work.
This approach may be unavoidable in the field of fo-
rensic economics, but is perhaps best avoided in other
contexts and, generally, when direct measures are more
easily interpretable.

Originally, many mortality-gap measures were for-
mulated in terms of the loss to a person. When aggre-
gated to the level of a population, the implications of
individual loss due to premature mortality have not al-
ways been appreciated (26). For example, Murray (53)
has shown that, for many mortality-gap measures and
health gaps, the implied target or the norm for popula-
tion health may change as the mortality level changes,
and it therefore makes direct comparisons between com-
munities impossible. Indeed, as Murray et al (43) re-
marked, “The most fundamental conceptual question for
developing health gap measures is the definition of the
normative health function [p 984]”. A population norm
for an employed population would specify a reference
healthy worklife expectancy, and the health gap would
be calculated as a simple difference between the ob-
served worklife expectancy and this reference. Howev-
er, like health expectancy, this type of health gap is not
easily decomposed into the contribution of different
causes to give the total health gap for a population (48).

Models of disablement

Other critical points regarding health-gap measures in-
clude calculation methods and an array of conceptual
issues regarding the definition, measurement, and valu-
ation of health states. Although the World Development
Report (42), which made use of the DALY, provided
an extensive discussion on disability, disability as a con-
cept was not defined. The definitional concern here has
to do with the fundamental assumption about the nature
of disability that underlies the DALY concept. The
methodology makes the assumption that disability is a
disease. The “medical” model of disablement views
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disability conceptually as a person’s observable devia-
tion from biomedical norms of structure or function that
directly results from disease, trauma, or another condi-
tion of ill health (54, 55). The DALY method attempts
to classify disability states based on the International
Statistical Classification of Diseases (56) by grouping
together a wide range of serious diseases according to
their physical, sensory, intellectual, and emotional con-
sequences. According to WHO (57), however, disease
and disability are distinct concepts, which are to be
viewed independently.

Years of life with a disability need not be viewed
necessarily as years of life “lost” to disability, nor can
they always correctly be described as years “burdened”
by disease (58). A disabled person’s lot in life can be
considerably more productive if he or she has access to
resources and technical aids that will allow more self-
sufficiency. An aging, disability-free worker may have
difficulties with memory, experience limitations in ac-
tively learning the use of new technologies, and partici-
pate in a limited way in areas of worklife that require
teamwork. A worker of the same age with a disability
may not be “handicapped” by such limitations.

Another problem with the DALY method is the as-
signment of a “reduced value” for lives lived with disa-
bility of physical functioning. The approach relied on
the subjective assessment of medical experts to identify
the major disabling sequelae for each of the 107 diseas-
es and injuries and to attach weights to disability condi-
tions according to severity. Unfortunately, this valua-
tion of disability is strikingly at odds with the social,
economic, and human rights gains that have been made
by the disability community (58). Disabled people are
not to be regarded as a net drain on society. What is
called physical or mental disability is not simply an at-
tribute of a person, but rather a complex combination
of conditions, activities, and relationships. The WHO
(59) classificatory instrument has endeavored to define
disability more accurately by emphasizing the social
context within which people live. The “social” model
of disability, on the other hand, sees disability largely
as a problem created by the social environment, whose
management requires collective action at the level of
society. To capture the integration of the various dimen-
sions of functioning more comprehensively, a “biopsy-
chosocial” model was developed by WHO (45). In this
multidimensional approach, the different dimensions of
functioning and disability are conceptualized simulta-
neously at biological, individual, and social levels. Thus
it would appear that the focus has shifted away from the
“medical” model to encompass wider realms. This shift
may be a result of the fact that there is a need to devel-
op the basic “medical” model; yet, an epidemiologist
would be inclined to regard the “biopsychosocial” model
conceptually as a modification of the former.

The DALY method is unable to address disability
in a context beyond that of the individual. For example,
using the “social” model for disability, an actively work-
ing university professor with a spinal cord injury result-
ing in paraplegia may prove far more productive, both
scientifically, socially and economically, than his or her
healthy colleague who engages exhaustively in extra-
curricular (eg, sports) activities during official
workhours. A person’s quality of life and achievements
depend, to a large extent, on the sociocultural, legal, and
economic ramifications of living with a disability (58).
An identical disability for a poor worker living in an
underdeveloped country and a wealthy professional liv-
ing in a developed country might produce very differ-
ent consequences. The latter person’s need for assist-
ance at home or at work may create jobs for some per-
sons. In terms of the DALY, both persons could be
equally burdensome medically to their societies. Yet, the
real issues that affect their lives differentially are eco-
nomic and social.

Finally, there is fear that a specific disease can be
used as a basis in the DALY calculation to justify deni-
al to disabled persons, not only of medical services, but
of other resources from other areas society as well (58).
For example, a person’s impaired ability to walk result-
ing from dyskinetic cerebral palsy should not make him
or her less worthy of an education or of being hired for
work. Although the DALY indicator can help econo-
mists and decision makers distribute health services to
the public benefit, it may also allow them to more easi-
ly justify the disfranchisement of a certain, marginal
segment of the population of its right to health care.

Concluding remarks

The criticism referred to in this review was not present-
ed with the intent of downplaying the efforts put forth
by the health scientists who have developed summary
measures of population health; on the contrary, the in-
tention was to encourage further methodologic work on
the measurement of work (dis)ability. The DALY and
worklife expectancy measures belong to two different
classes of indicators, and both are useful in different
settings. In a recent review, Murray et al (26) examined
a range of options for summarizing population health,
and the main debates and challenges surrounding them.
They concluded that, “Despite the extensive develop-
mental agenda that remains, applications of summary
measures cannot await the final resolution of all meth-
odologic issues, so they should focus on those measures
that satisfy as many basic criteria and desirable proper-
ties as possible [p 981]”. In conclusion, I regard work-
life expectancies as useful indicators for measuring the
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future duration of occupancy in given states of work
ability and prefer them over alternative summary meas-
ures of population health in the context of occupational
health.
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Appendix

Estimation of worklife expectancies

Consider the analysis of cohort data when the numbers
are reasonably large, as in a multistate life table. Work-
life expectancies or occupation times eij(x) of state j fol-
lowing the passage from state i at age x can be estimat-
ed from the transition probabilities, so the main prob-
lem is estimating the latter. Let the multistate transition
probabilities be defined as pij(x, y) = Pr{X(y) = j ⎢ X(x)
= i}, x< y, where, X(x), with the given sequence of val-
ues of x, is the underlying discrete-time stochastic proc-
ess that generated the observed data, with state space
{1, ... , a, a+1, ... , a+b} in which 1, ..., a label initial or
nonabsorbing states (eg, conditions of health or employ-
ment) and a+1, ... , a+b label states that are assumed to
be terminal or absorbing (eg, death from different caus-
es). For the derivation, the transition probabilities are
parameterized as log-partial odds: the probability of a
transition to another state divided by the probability of
no transition [Davis et al (1), equation 1.1] θij(x) =
log{pij(x,y)/pii(x,y)} for j = 1, ... , i-1, i+1, ... , a+b; i =1,
2, ... , a (j ≠ i). This parametrization is convenient for
deriving the asymptotic Gaussian distribution of statis-
tic   ij. Data are assumed to be available in the form of
numbers of transitions for a cohort of n(0) members at
the start of the follow-up (y = 0). That is, one must be
able to observe realizations of random variables ñij(x,y),
that is, the number of the members of the cohort who
are in state i at x and in state j at age y, x < y, for a
sequence of x values.

Consider the special case of the following four
states: state 1 = working; state 2 = on disability pen-
sion; state 3 = on old-age pension; state 4 = deceased.
If states 2, 3 and 4 are terminal (or “absorbing”, that is,
there are transitions from these states), a = 1, b = 3. For
the method to be applicable, a number of tables must be
constructed for both genders and for persons of differ-
ent initial ages. An application then proceeds to the re-
gression modeling of the 3 × 1 data vector of the log
partial odds as

Θ
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For the estimation of the Markov chain, the asymptotic
distribution of    (x) must be found. Since the transition
probabilities sum up to the marginal probability,

p1 =            ,j
j
p1

4

1
Σ
=

the likelihood function for Θ is of the form

                                                              .

The Fisher information matrix is I(Θ) =
       }. Direct computation, with p1j = p1j(x, x+1), yields

I(Θ) = n(0) p1(x)

This multinomial form is due to the Markov assump-
tion. The asymptotic variance-covariance matrix of Θ
is obtained by inversion as follows:

V(x) = I(Θ)-1

= {n(0) p1(x)}–1

The multiplier n(0) pl(x) = n1(x) can be estimated by the
corresponding empirical quantity ñ1(x) and p1j(x, x+1)
by ñ1j (x,x+1)/ ñ11(x,x+1).

The parametrized vector of partial odds can be ex-
pressed in terms of a regression model: Θ(x) = Z(x)’β,
where Z(x) is a known vector depending on age x and
possibly other covariates, such as time and socioeco-
nomic indicators. The likelihood equation to be mini-
mized for obtaining an estimator of β, given in Davis et
al (1, equation 3.3), is L(β) = ∑x {(    (x) – Z(x)’β }’I(Θ)
{   (x) – Z(x)’β}. The transition probabilities are then
estimated from

p11 = [1+     exp(θ1j)]–1

and p1j = p11 exp(θ1j), for j = 2,3,4. Finally, the worklife
expectancies can then be estimated from

e1j(x) = � +        pij(x,y).

The factor � arises because it is assumed that the entry
to worklife occurs in the middle of the initial year.
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This communication reviews the demographic concept of worklife expectancy and draws the epidemiologists’
attention to its usefulness in occupational health research and pension policy making. The distinctions between
different analytic approaches to the quantification of expected workforce status and mobility are pointed out. A
recently developed multivariate large-sample regression method for the analysis of worklife tables is placed into
the general context of life tables. Given aggregated data from multiple cross-sectional or longitudinal population
surveys, a multistate regression model can be used to estimate consistently marginal probabilities that a person is
in a given work–health state or transition probabilities between the states and, thereby, worklife expectancies.
The methodology is illustrated through the application to data from Finnish population statistics on employment,
disability, retirement, and mortality. The paper closes with a discussion of the methodological issues and
empirical findings on pension policy in Finland.
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The life table is a well-established statistical tool in ac-
tuarial science, demography, epidemiology, and biosta-
tistics (1). In occupational health epidemiology, the co-
hort life table technique has been applied in the past to,
for example, the survival analysis of groups of male
workers after exposure to anthophyllite asbestos dust (2)
and carbon disulfide vapor (3). The application of life
table techniques to the study of labor force status and
mobility was first suggested by Hoem (4) and carried
out with data on labor force movements by Hoem &
Fong (5) to construct a worklife table for the Danish
population. They computed estimates of the expected
duration of worklife, or worklife expectancy, by age and
separately for both genders. A life table can be con-
structed, for example, for a fixed group of people who
share a membership-defining event (the cohort), such
as entry into the workforce. For a stratified analysis, the
cohort can be divided into particular subgroups speci-
fied by additional characteristics, for example, level of
education (6), race (7), marital status, number of chil-
dren, and occupation (8). Because of their many uses
and their direct implications in various aspects of so-
cial planning, ordinary life tables and worklife tables
have been constructed, and related expectancies have

been calculated for several national population health
surveys, for example, in the United States (7, 8), The
Netherlands (9), Australia (10), and Finland (11–13).

Worklife and related expectancies are conceptually
the same as health expectancies, both being an expect-
ed occupation time; the difference is that the former
occurs in the context of labor force activity rather than
in health statistics. Consequently, similar methods of
analysis can be used in both fields. The goal of writing
this paper was dual. The main objective was to intro-
duce the notion of worklife expectancy to professionals
who work in various health fields, but who may not be
well versed in applied statistics. The brief treatise of the
subject in the next section involves specified terminol-
ogy, but is methodological rather than theoretical. An
associated objective was to discuss distinctions between
the different analytic approaches to the estimation of
worklife expectancies and, specifically, to place a re-
cently developed large-sample regression analysis meth-
od (14, 15) into the general context of survey method-
ologies. The novel method regards life history as a ran-
dom process and is based on a Markov chain 2 for dis-
crete time-aggregated cohort data. Such modeling gives
a more realistic characterization and a detailed analysis

nurminen.pmd 9.6.2005, 11:37169



Worklife expectancies

170 Scand J Work Environ Health 2005, vol 31, no 3

of labor force dynamics when compared with the fre-
quency-based methods used traditionally in studies of
health expectancies (16). The secondary objective was
to present a recent application of the regression method
to the estimation of worklife expectancies in Finland
(11–13) and to discuss the implications of the main re-
sults regarding workforce activity in Finnish society.

Worklife table methodologies

Construction of the worklife table and estimation of
worklife expectancy

Worklife expectancy is a statistical construct modeled
on the ordinary life table (17, 18), and it analyzes and
projects both labor force participation and trends and
patterns in the rates of disability, retirement, and mor-
tality. Labor force participation rates were originally
expressed as age-specific proportion-type rates, for ex-
ample, for being in different work ability and health
states. This situation led to the construction of preva-
lence-rate worklife tables, usually based on the work
of Sullivan (16). These much-applied conventional tech-
niques are limited to data collected at a single point in
time or from an isolated labor force survey. The preva-
lence rates can be used as estimates of the correspond-
ing marginal probabilities that define the distribution
of state occupancy. Mathers (19) noted that “The prob-
lems with Sullivan’s method arise not because it uses
prevalence and mortality data averaged over all health
states, but because the data it uses are dependent on past
conditions in the population [p 190]”. Therefore, Sulli-
van’s method for calculating period health expectancy
does not produce a “pure” cross-sectional indicator de-
rived from the current health transition rates summariz-
ing the health experience of a population at a point in
time (19). The standard period worklife expectancy (eg,
at the age of 25 years for Finnish men in 2005) is a pure
cross-sectional indicator in the sense that it gives the

expectation of worklife for people who experience, at
each age of their lives, the risk of moving outside the
workforce observed for Finnish men of that age in 2005.
However, a simulation study indicated that Sullivan’s
method provides acceptable estimates of period health
expectancy if the changes in transition rates over a rea-
sonably long period are smooth and fairly regular (20).
In particular, the repeated application of the method can
provide good estimates of trends in health expectancy.
But, as Davis et al (14) pointed out, “By definition the
Sullivan method as described cannot supply these esti-
mates [of cohort health expectancies], except in so far
that a period measure is a surrogate for the analogous
cohort quantity [p 1099].”

Worklife tables are also concerned with the dynam-
ics of labor force participation, that is, with state-to-state
movements. The transition rates are expressed as occur-
rence–exposure rates; that is, the ratios of the number
of occurrences (typically moves from one work–health
state to another) to the total amount of time that the per-
sons occupied the first state (person-time exposed to the
risk of transition). In demography, the term increment–
decrement worklife table is used (21, 22). In epidemi-
ology, this notion is called a multistate worklife table
(23), which recognizes several states, as well as multi-
ple entries to and exits from these states, for example,
within a given age interval. In addition to reversible
transitions between “nonabsorbing” states, the multistate
model can include terminal states. The occurrence–ex-
posure rates can be regarded as the estimates of the cor-
responding transition intensities that generated the ag-
gregated data recorded in the worklife table. There are
numerous methods for transforming the occurrence–ex-
posure rates to the corresponding transition probabili-
ties, and thereby to worklife expectancies (24). For the
estimation of these parameters, data are collected from
sequential (cross-sectional) population surveys (eg, 25).

As an illustration, table 1 presents transition frequen-
cies for a subcohort of Finnish municipal workers aged
50 years in 1985 with four mutually exclusive and ex-
haustive work–health states: (i) “employed”, (ii) “disa-
bled”, (iii) “other alive”, and (iv) “deceased” (12). In
1992, the marginal distribution of the relative frequen-
cies of the respective states was 22%, 33%, 37%, and
8%, respectively. From 1985 to 1992, there were tran-
sitions from the first state to the second through the
fourth, from the second state to the first and third states,
but no transitions from the third state.

For a worker of a given initial age, worklife expect-
ancy is the future time that the person is expected to
spend in employment earning wages and benefits pro-
vided that the prevailing patterns of mortality, morbidi-
ty, and disability remain unchanged. Depending on
whether cross-sectional or longitudinal data are availa-
ble, current (short period) or cohort life tables can be

Table 1. Observed marginal and transitional frequencies for the
Finnish male cohort aged 50 years in 1985, of the four states,
first = “employed”, second = “disabled”, third = “other alive”, and
fourth = “deceased” [Source: Nurminen et al (12)].

Age = 57 years (1992)

First Second Third Fourth
state state state state

First state 41 43 16 17 117
Second state 10 32 60 - 102
Third state - -  9 -  9
Fourth state - - -  2  2
Marginal (row) total 51 75 85 19 230
Distribution 0.22 0.33 0.37 0.08 1.00

Age = 50 years Marginal
(1985) (column)

total
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constructed. Usually, only cross-sectional data can be
obtained, and the period worklife expectancies are esti-
mated for the given years.

There appears to be some variation in the definition
of worklife expectancy. The United States (US) Bureau
of Labor Statistics considers two states of labor activi-
ty, “active” and “inactive” (7). Their definition of work-
life expectancy and the previous Danish usage (17) ap-
ply to “active” persons; the term “active” was simply
taken to refer to an individual who is in the labor force,
but it did not imply that the person is employed. An “in-
active” person was defined as an individual who is not
in the labor force for whatever reason. In the Finnish
application (12), the adopted definition of worklife ex-
pectancy was the expectation of the time spent in em-
ployment, and the estimation of worklife expectancy
was performed jointly with the expected times spent in
the related states of “disabled” or “other alive” (ie, out-
side employment for any other reason than disability).
The latter definition allows the consideration of the ef-
fects of promoting work ability on worklife expectancy
in the employed population. However, it hinders the
comparison of the Finnish estimates of worklife expect-
ancy, for example, with the earlier published US fig-
ures (7). In principle, the Finnish worklife expectancy
estimates could be compared with the more recent US
estimates of worklife expectancy for a population with
three states, “employed”, “unemployed”, and “inactive”
(8). However, the demographic characteristics of the
two countries differ, for example, with respect to edu-
cational level and racial composition so that direct com-
parisons would be misleading or uninformative.

Markov process model of worklife tables

Given aggregated data on labor force activity generat-
ed by a Markov process with a continuous time, a meth-
od was developed for the analysis of worklife tables by
Hoem (17). The general Markov property assumes that
the future transition rates depend only on the state an
individual currently occupies and not on any previous
states of origin. The Markov model assumes implicitly
that all sources of individual-level heterogeneity are
explained by the covariates that are entered in the anal-
ysis of worklife tables (26). The origin-independence
and time-homogeneity specifications are almost surely
not valid for extended time periods. Therefore, the
Markov regression models should be estimated using
data on (piecewise) short age intervals. Land et al (26)
chose 1-year age intervals. To achieve piecewise inde-
pendence of the transition rates of the state of origin in
the case of wider age intervals, Davis et al (15) devel-
oped a stochastic interpolation method. The procedure
hinges on the Markov condition, which provides a re-
cursion formula that connects multiyear to 1-year

transition probabilities. Even so, the specification of the
Markov chain model in itself is often a rough approxi-
mation of empirical data, accepted for convenience with
the tacit assumption that the model is sufficiently real-
istic for the empirical application at issue.

Model-based versus nonmodel-based analysis

Traditional methods to describe and explain the popu-
lation distribution of states and transitions between
states, such as multistate life tables, are often not based
on a parametric model. The relative frequency approach
relies on age group or other subgroup comparisons and
calculates the transition probabilities from the average
behavior of the samples at each age (27). Due to sub-
stantial stochastic variability in the transition rates from
one age interval to another, the techniques do not per-
mit the estimation of life tables with many covariates,
even if relatively large samples are available for the
study of flows into and out of the labor force (26). More-
over, when the multistate life tables of subgroups are
compared, other covariates are not kept constant, so dif-
ferences among subgroups in life expectancies capture
the total rather than the partial effect of the grouping
variate.

The conventional model-based (or parametric) anal-
ysis of multistate life tables applies the estimated pa-
rameterized transition probabilities to the state space at
the aggregate level by cross-classifying all the covari-
ates. In this aggregate-level analysis, the basic statisti-
cal unit is a group, and the sizes of groups are updated,
usually by matrix multiplication. Several empirical stud-
ies have used this method, for example, with active life
expectancy (28), retirement inequality (29), and labor
inequality (30). However, with an increasing number of
covariates, the number of cells increases very fast and
leads to vanishing cell frequencies. In the approach of
Davis et al (14, 15), the explicit modeling of the proba-
bilities as a function of relevant covariates enables one
to alleviate problems of small cell sizes so that the
number of covariates can be fairly large. This approach
is meant for the analysis of panel or cohort data when
the numbers are reasonably large, but frequencies of 10
or more in nonabsorbing cells should be sufficient.

In an individual-level analysis, the basic statistical
unit is an individual, and the characteristics of individ-
uals, and links between them, are updated, usually by a
Monte Carlo simulation that randomly generates values
for uncertain variates over and over to simulate a mod-
el. Based on a parametric model, this technique simu-
lates individual-level transitions of a population, which
are then aggregated to the population distribution (31).
The computerized modeling technique has been applied
to analyze active life expectancies (32). Although these
computer-intensive techniques have many advantages
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(33), the computational complexity and burden has thus
far hindered their routine application, for example, in
the field of occupational health research.

Multistate models for worklife tables

The first multistate model for a worklife table based on
a Markov chain was proposed by Hoem (4) and applied
to the calculation of a worklife table of the whole Dan-
ish population for the years 1972–1974 (5). This was
followed by a study in the United States (US) for 1972
(21). Later US studies were conducted for the years
1992–1993 (34), 1997–1998 (7), and 1992–2000 (8). In
the US studies, the applied methods assumed an incre-
ment–decrement model or a Markov process model of
labor force activity. More recently, worklife expectan-
cies were estimated from survey data on municipal
workers (11, 12) and for the entire population of Fin-
land, for 1980–2001, using census data on population
sizes, mortality statistics, register data on disability, and
labor force surveys on employment activity (13). These
studies applied the method of Davis et al (14, 15), which
uses a large-sample regression based on a multinomial
model and its approximation by a multivariate normal
distribution. The procedure gives estimates of marginal
probabilities of being in a defined work–health state or
transition probabilities between states. The Markov
property was not required for the estimation of the work-
life expectancies using marginal probabilities (14),
whereas the estimation that uses transition probabilities
was done according to the Markov assumption (15). The
failure of the Markov condition would mean that the
estimates are not statistically efficient, but that the meth-
od is still useable. When the Markov property does not
hold, standard errors can be obtained using the method
of Liang & Zeger (35). The multinomial regression ap-
proach is suited to the analysis of discrete-time aggre-
gated data that are usually produced by official statisti-
cal agencies. Different approaches have used a multi-
nomial logistic or log-linear model with covariates built
on a multistate life table or a Markov chain model (25,
26, 36). Brunsdon & Smith (37) used the same logistic
transformation of the marginal probabilities (ie, the log-
arithmic transformation of the ratios of probabilities) as
Davis et al (14). However, they used ARIMA (autore-
gressive integrated moving average) modeling, rather
than weighted least squares, to estimate the model pa-
rameters.

Recently, Millimet et al (8) also used a logistic trans-
formation to estimate transition probabilities and there-
by to derive worklife expectancies. The multivariate

regression model included economic and demographic
variates that determine labor force participation rates.
However, their method differs from the Markov chain
method developed by Davis et al (15). The major dif-
ference, and the novelty of the Davis et al method, is
that they first prove a theorem of the asymptotic nor-
mality of the empirical logarithmic transformations of
the ratios of probabilities (log-ratios). The second step
of this method is the estimation of the parametrized true
log-ratios by weighted least squares. 3 The method can
only proceed in this way because it deals with a large
number of persons. Millimet et al did not exploit the
large number of people, and they used a standard pack-
age for maximizing the likelihood. In a sense, the meth-
od of Davis et al is a large sample version of logistic
regression since it ends up with weighted least squares
as opposed to solving nonlinear maximum likelihood
equations by the Newton-Raphson procedure or some
other numerical device. In the applications, the theorem
allows for the treatment of statistical inferential ques-
tions concerning the Markov chain.

Regression methods have, however, previously been
used also in the study of ordinary life tables (9, 38–40).
The Heligman-Pollard (38) approach fits a regression
model by ordinary least squares to the logistic transform
of the age-specific risk of death. In this approach, the
form of the regression model is determined a priori,
whereas the approach adopted by Davis et al (14, 15)
has the advantage that the model is determined by an
exploratory analysis of the observed log-ratios. The
method of Heathcote & Higgins (9), which is a special-
ization of the Davis at al multistate approach to the case
in which there are only two states (alive and dead), mod-
els the risk of death specific to both age and year and
develops a large-sample weighted least squares tech-
nique for fitting mortality surfaces. These are parame-
terized measures of mortality indexed by age and year,
whose random elements are generated by stochastic proc-
esses defined on the diagonals of the Lexis plane (41).

There are two basic approaches to constructing
multistate worklife tables. Hoem & Funck Jensen (42)
argued from a mathematical statistics perspective that
the proper starting point for the estimation of worklife
tables is to specify a state space and a model for transi-
tion intensities, since the transition probabilities can be
found, in principle, by solving the Kolmogorov differ-
ential equations, which play a central role in the analy-
sis of Markov processes in a continuous time (1, p 114–
115). This is the case for the three-state labor force in-
crement–decrement table with nondifferential mortali-
ty (5). In more complicated situations, one usually has

3 A method of fitting a mathematical form to data by minimizing the sum of squares of deviations between observed and
fitted values. The applied model is nonlinear in the parameters, and the errors are normally distributed with constant
variance. Therefore, the least squares estimates become equivalent to maximum likelihood estimates.
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to resort to approximation formulas (43) in order to pro-
duce the transition probabilities. From these probabili-
ties one can subsequently compute other derived quan-
tities, such as worklife expectancies.

On the other hand, many demographers and statisti-
cians prefer to formulate their assumptions directly in
terms of transition probabilities rather than defining
transition intensities, which are interpreted as instanta-
neous hazard rates (44). Many of the methods available
in demographic literature are based on various assump-
tions of the parametric form of the transition probabili-
ties, usually polynomials in age or time. Unfortunately,
this approach can be problematic, as it may lead to un-
realistic results for the transition intensities induced by
the modeling assumptions. The problems in that line of
approach are not caused by the real-life phenomena
studied or the complexity of the theory of Markov
chains, but are produced by the technicalities of the
methodology (42). Therefore, the modeling assumptions
related to the parametric function of the transition prob-
abilities should be regarded as a method of numerical
analysis and should not be taken as part of the multi-
state model specification.

Given that proper data are available, the semi-para-
metric (proportional hazards) regression model (45) and
its extensions can be applied in a straightforward man-
ner to study transitions in multistate demographic mod-
els at an individual level. However, it is doubtful wheth-
er these models are very useful in traditional popula-
tion projections. The problem is that retrospectively
obtained life histories from cross-sectional surveys can-
not readily be analyzed using a Cox regression without
bias being introduced (46).

Empirical results

The results concerning the worklife expectancies for the
entire Finnish population have been published in detail

elsewhere (13). Here we give worklife expectancy esti-
mates for Finnish men and women for selected 5-year
age intervals and calendar-year periods (table 2). For
each age and both genders, from 1981 to 2001, the
worklife expectancies generally decreased. The change
was substantial for the under 30-year-olds, no doubt
partly due to the increased years of education. The pat-
terns of worklife expectancies were similar for the men
and women at young ages, although the numerical esti-
mates were often discrepant. At older ages different
trends appeared. For example, during 1981–2001, for
the men 55 years of age, the worklife expectancy for
employment to the age of 64 years declined from 4.7 to
3.9 years. On the other hand, for the women 55 years of
age, the worklife expectancy stayed roughly constant,
and the male figure was projected to fall below the ini-
tially lower female figure by 2006. For both genders,
the deep economic recession of the early 1990s in Fin-
land led to a sharp drop and then to a rebound in the
probability of employment, with a consequent effect on
expectancies.

A comparison between worklife and general life ex-
pectancies is of considerable interest for two reasons.
First, there is a growing propensity towards early retire-
ment in many western European countries, especially
in Finland. Second, the Finnish population is rapidly
aging. A quantification of life and worklife expectan-
cies for men and women is presented in figures 1 a and
1 b, respectively.

Although there was a greater increase in the male
life expectancy (5.1 years) between 1981 and 2001 than
in the female life expectancy (3.7 years), the future pro-
portion of worklife declined slightly more for the men
than for the women. While the male worklife expectan-
cy at the age of 25 years, expressed as the percentage
of future worklife to the statutory retirement age of 65
years, decreased by 4%-units (from 75% to 71%), the
respective decline for the women was 3%-units (from
70% to 67%).

Table 2. Worklife expectancies (years in employment to the age of 64 years) of the Finnish population for selected years and ages, with
projections for 2006 [Source: Nurminen et al (13)].

Men Women

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 34.9 34.3 33.4 28.7 32.1 31.4 32.9 32.2 31.4 27.6 30.3 29.7
20 33.2 32.8 32.0 27.8 31.0 30.5 31.0 30.5 29.9 26.6 29.2 28.7
25 29.7 29.5 28.9 25.4 28.3 27.9 27.9 27.6 27.1 24.4 26.8 26.5
30 25.0 25.9 24.9 21.9 24.4 24.1 24.0 23.9 23.5 21.3 23.5 23.4
35 21.2 21.0 20.6 17.8 20.1 19.9 19.9 19.8 19.5 17.7 19.6 19.6
40 16.7 16.6 16.1 13.7 15.7 15.5 15.6 15.5 15.3 13.8 15.5 15.5
45 12.4 12.2 11.8 9.6 11.4 11.2 11.4 11.2 11.0 9.8 11.3 11.4
50 8.3 8.1 7.6 6.0 7.3 7.2 7.3 7.2 7.0 6.1 7.3 7.4
55 4.7 4.5 4.1 2.8 3.9 3.8 3.8 3.7 3.6 2.9 3.8 3.8
60 1.9 1.8 1.6 0.9 1.3 1.4 1.2 1.2 1.2 0.8 1.2 1.3

Age
(years)
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Discussion

Methodological issues

Davis et al (14, 15) developed a multivariate model for
analyzing longitudinal aggregated data. The modeling
approach uses modern, sophisticated methodologies to
estimate the probabilities of being in a given work–
health state and movements between the states. This
development makes possible the handling of multiple
concomitant variates that affect the probabilities.

When applied to the total Finnish population data,
the new multistate regression method provided estimates
of the expected time that a person will be actively em-
ployed, disabled, in the state “other alive” (eg, retired),
or dead from 15 to 64 years of age, under current con-
ditions (13). The worklife expectancies and related ex-
pected sojourn times in the specified work–health states
are readily interpretable by epidemiologists and other
professionals working in health fields. [For other sum-
mary measures of population health, such as health gaps,
see Nurminen (47).]

The multivariate large-sample regression method of
Davis et al (14, 15) is, in important respects, advanta-
geous over methods that have been previously applied
to the study of multistate life tables (eg, 26, 42, 48, 49).
First, Davis et al base their discussion on stochastic
processes in a discrete—rather than continuous—time
and argue that this procedure makes the modeling of
probabilities easier. Discrete-in-time models are less
demanding with respect to proficiency in mathematics,
and their implementation is simpler. For example, the
parametrization, and hence simultaneous dependence on
age and time, is determined by an exploratory analysis
of the observed logarithmic transformations of the ra-
tios of transition rates, and not determined beforehand.

The final transition probabilities are estimated by a
weighted least squares (essentially estimating equations)
method using standard regression procedures. The re-
gression formulation is very familiar and widely under-
stood, which makes the method more immediately ac-
cessible to a broader audience. In the marginal frequen-
cy case the multinomial frequencies are autocorrelated
and the standard errors are calculated using the method
of Liang & Zeger (35). An important result with the
method of Davis et al (15) is that the log-ratios of the
transition probabilities at different ages are asymptoti-
cally independent if the process is Markov. This useful
finding means that, when samples are large, one can ig-
nore autocovariances. On the other hand, continuous-
in-time models provide information at all times, and
they more clearly show the qualitative effects that can
be expected when the value of an explanatory variate is
changed. The alternative Markov regression models
with log-ratio transformations of the transition proba-
bilities are generally not applicable when the number
of transient states is greater than two (26). In contrast,
the method of Davis et al allows the modeling of a larger
number of initial states. Finally, the explicit modeling
of the probabilities as a function of relevant covariates
enables one to alleviate problems of small cell sizes. It
follows that the number of covariates entered in the
model can be fairly large. In the Finnish application
(13), for example, the national data consisted of a four-
dimensional array of 8800 frequencies indexed by age,
calendar year, work–health status, and gender. In addi-
tion to linear, quadratic, or cubic terms in age and line-
ar terms in time, as well as their interactions, the model
included statistical terms (such as normal density and
continuous piecewise linear surface) to describe the
characteristics of the data. The parametric model

Figure 1. Life and worklife expectancies for the Finnish population according to 5-year intervals between 1981 and 2001, separately for the men
(a) and women (b). The height of the bars stands for life expectancy (in years) divided into four successive periods: age up to 25 years, worklife
expectancy at age 25 years, time on disability pension, and time on retirement or outside employment for any other reason than disability and
retirement. The tacit assumption underlying this presentation is that there are no intermittent periods of employment, disability, or retirement. The
line indicates the statutory retirement age of 65 years in Finland.
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permitted the estimation of 27 parameters for men and
30 parameters for women. This model was similar to
the regression model of mortality applied in the study
of Heathcote & Higgins (9) for ordinary life tables. The
method of Davis et al is more general than the regres-
sion methods that have been presented previously in that
it models the probabilities specific to both age and year
and their product term simultaneously. Polynomial in-
terpolation in the time dimension (50) and in the age
dimension (graduation) is well known, but fitting a two-
dimensional polynomial with interaction to the Lexis
surface is novel.

One aim of this paper was to outline the different
methodologies available for the calculation of worklife
expectancies, given aggregated data on worklife activi-
ty. The choice of analytic technique will involve at least
four considerations, namely, the objectives of the study
(eg, estimation or projection of workforce dynamics),
the type of data that are available (eg, marginal or tran-
sition frequencies for the cohort), the properties of the
methodological approach (frequency- or model-based
method), and the weighing of the technique’s computa-
tional complexity and burden (eg, simple iterative proc-
ess or computer-intensive simulation). Given aggregat-
ed data from multiple cross-sectional surveys of a pop-
ulation, the multistate worklife table methodologies with
large-sample regression modeling offer a versatile ap-
proach for a detailed analysis of the progression of
worker’s occupational career and health.

Empirical findings on pension policy in Finland

In the Finnish study (13), we applied the worklife ex-
pectancy indicators to the official statistics of Finland
to determine the duration that a worker spends in em-
ployment, on disability pension, or on retirement pen-
sion or otherwise outside employment. This quantifica-
tion was done separately for both genders in the period
1980–2001, together with a projection for 2006. The
projection gives the estimated worklife expectancy if the
current labor market conditions prevail. In future anal-
yses, predictive covariates—such as employment rate,
number of hours worked, change in production com-
pared with that in a previous year, increased hours of
overtime work—can be entered into the multivariate re-
gression model to improve the estimation. This model
can then be used to predict the impact that potential in-
terventive measures have on the development of the la-
bor market.

Two aspects of gender differences in longevity de-
serve consideration. First, these differences may partly
be explained by the biological protection conferred on
women. However, in advanced industrialized countries
like Finland, this gap may eventually start to narrow as

women begin to take on more “male” behavior (eg,
smoking, heavy drinking, and increased workload) (51).
In fact, the vital statistics of Finland show that, in 1966–
1980, the female–male difference in life expectancy at
birth widened, whereas for the past 20 years the gap has
narrowed from 8.7 to 6.6 years. Second, even though
women outlive men, they tend to live in a poorer state
of heath (52) or with a higher prevalence of functional
disability than men, when measured by indicators such
as self-perceived ill health that do not necessarily im-
ply work disability (6).

Hytti (53) studied active and retirement life expect-
ancy for in the Finnish population over the period 1970–
1993 using the prevalence-rate method (16). Her cen-
tral finding was that the increase in life expectancy had
almost exclusively lengthened the time spent in retire-
ment. Early retirement concentrated increasingly into
the age group of 55–64 years. Hytti concluded that pro-
longing active life expectancy at birth by 1 year per de-
cennium from 1990 to 2020 would nearly halve the in-
crease in the pensioner population when it is compared
with the growth projected on the basis of the 1990 prev-
alence rates.

According to the Finnish Centre for Pensions (54),
the disability to work continues to be the most common
reason for persons retiring on an earnings-related pen-
sion in Finland, followed by old-age pensions and un-
employment pensions. Disability rates increased in the
early 1990s and attained peak values in 1994, after
which they started to decline. There are several reasons
for this development. [See, eg, Gould & Nyman (55).]
The proportion of people on disability pension in the
population decreased after the recession in Finland in
1990–1994. In addition, the proneness to apply for a dis-
ability pension and the number of new disability pen-
sions decreased during the 1990s, although, at the end
of the decade, both again started to increase slowly. The
inclination towards early retirement has been observed
to increase when a person approaches the age that per-
mits leaving the workforce. However, this trend contin-
ues only up to 60 years of age, after which it declines
or levels off (56). The number of those drawing an in-
dividual early-retirement pension grew rapidly at the
end of the 1980s and in the beginning of the 1990s when
this pension was introduced in the governmental and
municipal sectors. Toward the end of the 1990s a large
number of individual early-retirement pensions changed
to old-age pensions because the early retirement pen-
sioners of the late 1980s reached retirement age. This
phenomenon was reflected in the Finnish data on the
“other alive” persons, who included people on ordinary
or early old-age pensions (13).

In Australia, estimates of health expectancies based
on survey data supported the view that, depending on
age, two-thirds or more of the increase in female life
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expectancy over the decade 1988–1998 was spent in the
disabled state (41). The situation was worse for older
men (ie, aged 60 years and over), for whom all of the
increased years of expected life were estimated to be
spent in a disabled state.

In Finland, a significant proportion of the “other
alive” group comprised the unemployed (13). Finland
has suffered from high unemployment for years. Ac-
cording to the Labour Force Survey of Statistics Fin-
land (http://www.stat.fi/til/tyti/. Accessed on March 10,
2005.), there were 249 000 unemployed persons (9.8%
of the workforce) in January 2005, but over the last 10
years the unemployment rate has been considerably
higher (16% in 1993). As more unemployed and retired
people are being supported by fewer working people,
future economic success depends on how society can
cope with the high level of the economic dependency
ratio, that is, the ratio of unemployed persons and those
outside the labor force to the number of employed per-
sons. The countries that will do worst are those in which
the population is aging the fastest and those with gov-
ernments that have made the most optimistic promises,
for example, regarding the reduction of unemployment
(57). Here we can look mainly at Europe, and especial-
ly at Finland, to find this combination of problems.

The Finnish population is aging earlier and more rap-
idly than that of most other European Union countries
(58). With an increasing proportion of older people in
the Finnish population, to keep the pension costs in
check, retirement schemes may need to be adjusted to
increased longevity (59).

According to the macroeconomic forecast of the
Bank of Finland, the employment rate 4 should be about
67.7% in 2005 (60). In January 2005, the employment
rate was 65.3% (The Labour Force Survey of Statistics
Finland. http://www.stat.fi/til/tyti/. Accessed on March
10, 2005.). It is calculated that the unused potential la-
bor force of Finland totals 200 000–300 000 persons
(employed workforce 2.55 million). To increase the
employment rate to about 75%, the number of employed
would need to increase by about 250 000. The official-
ly held target of the Finnish government, to increase
employment by at least 100 000 persons (an increase in
the employment rate to 68.8%) by the year 2007 may
prove to be extremely difficult to attain. However, it has
been predicted that a 70% employment target is insuf-
ficient to prevent the economic dependency ratio from
soaring after 2010 (61). Another conclusion of the study
was that increasing the average age of retirement would

improve the employment rate and economic dependen-
cy ratio.

According to the Organisation for Economic Co-op-
eration and Development (62), disability pensions
should be awarded more restrictively in Finland in or-
der to avoid the risk of an increased use of disability
schemes. Furthermore, reforms aimed at raising the re-
tirement age are urgently needed. In 2003, the average
effective retirement age was below 59 years (63). Ac-
cordingly, the aim of the Finnish government is to raise
the retirement age. In the strategic vision of the Minis-
try of Social Affairs and Health, the following strategic
objectives were set (64): people stay at work for 2–3
years longer than they do at present, the general func-
tional capacity of the population improves, and work is
more attractive and promotes well-being. To achieve the
first objective, in 2003, the Parliament passed new leg-
islation for the private sector that introduces a flexible
statutory earnings-related retirement age between 62 to
68 years with strong incentives to remain at work. Most
importantly, pension entitlements will be linked to life-
time earnings, and the increasing life expectancy will
be allowed to affect retirement age. Furthermore, the
individual early retirement pension (a special disability
pension for aging employees) and the unemployment
pension will be abolished. Thus there will be only two
routes to early retirement: the ordinary disability pen-
sion and the earnings-related partial disability pension.
The elimination of other early retirement pension
schemes will probably increase the number of disabili-
ty pensioners. On the other hand, the pension reform
will probably improve the employment rate among the
aging labor force. All these measures, which came into
effect in 2005, are geared at providing more incentives
in the future for people to remain in the labor force over
a longer period.

In conclusion, there exists a risk that reasonable eco-
nomic growth will not be realized in Finland, because
employed persons will, in the coming years, leave work-
life in great numbers. The new working population en-
tering the labor market will not suffice to compensate
for the persons who retire, who will constitute an in-
creasing proportion of the aging population. These
trends can lead to a serious social and economic out-
look for Finnish society because of the looming labor
force shortage that can undermine the sustainability of
a welfare state unless interventive policy measures are
able to reverse the development and make the present
forecasts not come true.

4 “Employment rate” means the share of employed persons in the working-aged population. The working-aged
population is traditionally defined as the 15- to 75-year-old population. In practice, the working-aged population is
often restricted to the age range 15–64 years because most people older than 64 years in most developed countries are
retired. Employed persons in Finland include all those who had worked at least 1 hour during the week that the Labour
Force Survey was conducted by Statistics Finland.
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Estimating Marginal Cohort Working Life Expectancies
from Sequential Cross-sectional Survey Data

Markku M. Nurminen1, Christopher R. Heathcote2, and Brett A. Davis3

This article applies recently developed health expectancy methodologies to estimate the
average duration of future work life in different states of work ability. Data on working
capacity obtained from sequential cross-sectional samples of the cohort population were
available from Finnish surveys conducted among active municipal employees. We used these
data to estimate cohort marginal probabilities and expected occupancy times in the work
ability states. One finding is that the proportion of workers with excellent or good work ability
decreased monotonically with advancing age for both genders, but men were prone to have
worse work ability and a shorter work career than women. Transition from poor to good or
excellent work ability state was estimated to increase working life expectancy of a 45-year-old
person by four years for both genders. This study indicates that the work ability of aging
Finnish workers deteriorates prematurely, leading to serious socio-economic consequences.
Thus it is important to examine the development of work ability already at an early age when
it is still possible to intervene in the process.

Key words: Biostatistics; epidemiological methods; health expectancy; work ability.

1. Introduction

Working life expectancies are indicators of the expected duration of working life. This

article is concerned with estimating cohort working life expectancies of the three states (1)

excellent or good work capacity, (2) fair work capacity, (3) poor work capacity, for aging

Finnish municipal workers, using large sample logistic regression methods that seem not

to have been used previously in studies of working life expectancy.

The estimation of working life expectancies generally requires data on transitions

between states, such data being available from cohort studies. However, longitudinal

studies are costly and typically suffer from loss of information due to recurring changes

and incomplete follow-up of the population under study. The use of multiple cross-

sectional samples of the population is an easier and cheaper alternative approach to

measure trends in working expectancies. Sullivan (1971) first presented a popular method

for the calculation of conceptually similar health expectancies; this method is

predominantly based on period life tables. Using Sullivan’s method and indicators of
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disability and poor health based on three variates (limiting long-standing illness,

functional disability or poor self-rated health) from the nationwide survey of living

conditions, Valkonen et al. (1997) calculated the disability-free life expectancy and the life

expectancy with disability in Finland. This provides estimates of life expectancies

adjusted to the prevalence and severity of the health state at issue.

Davis et al. (2001) and Davis, Heathcote, and O’Neill (2002) recently proposed an

alternative method to estimate cohort occupation times of disability-free and disabled

states. This approach uses cross-sectional information from sequential independent

surveys in an attempt to reconstruct relevant parts of the longitudinal stochastic process,

using logistic parametrization of the marginal probabilities of the various health states.

These are marginal expectancies in the sense that it is known only that initially the

individuals are actively employed in the work force, and their commencing state of health

or work ability is not known. This technique was applied to the data from the Australian

disability surveys previously discussed by Mathers (1996). Deaton (1985) developed a

different approach which is based on measurement error models for a series of

independent cross-sectional samples. Brunsdon and Smith (1998) developed time series

models to estimate probabilities from a sequence of surveys. Although there is some

similarity with our approach, the methods are essentially different.

In this article, we apply the methodology of Davis et al. (2001) and Davis, Heathcote,

and O’Neill (2002) to estimate expectancies of the three states of work ability mentioned

above for an active population of Finnish municipal workers. Cross-sectional survey data

are used in the application. An estimating equations approach for a multinomial counting

process was applied in the estimation of working life expectancies. The method differs

from the frequency-based arguments usually used to estimate these expectancies, as for

example that of Richards and Abele (1999). This estimation supplements the

comprehensive research project on the health and work ability of aging workers (Tuomi

1997). Although we describe the Finnish experience in terms of an applied measure of

working life expectancy, the discussion of some general methodological issues may offer a

wider perspective on measuring population health or work capacity.

The article is organized as follows. Work capacity is described in the next section,

Section 3 defines working life expectancies in probabilistic terms, Section 4 presents

numerical results, and Section 5 comprises a discussion of alternatives to these

expectancies, such as measures of disability-adjusted life years. The Appendix gives an

outline of the weighted least squares estimation of probabilities and prevalences.

2. Finnish Work Ability Surveys

The data analyzed here originate from the sequential surveys on aging and work ability

carried out by the Finnish Institute of Occupational Health (FIOH) in 1981, 1985, and

1992. We refer to Tuomi (1997) for a description and discussion of the cross-sectional

surveys. For the purposes of this article, it suffices to note the following points.

The purpose of the survey was to collect information related to retirement age policies

from different types of municipal occupations and to compare these occupational groups

with respect to health status and work ability. At the start of the survey in 1980, the

sampling frame comprised 335,232 employed workers within the municipal pension
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system, which included about 2,500 professional or job titles. The member communities of

the Municipal Pension Institute, which is to say the 879 municipal employers, were at that

time usually city municipalities, rural communities (towns) or unions of towns. A total of

112 professional titles were selected fulfilling the following criteria for variation: the title

comprises a sufficiently large number of employees; the rate of retirement from the

profession on a disability pension is either high or low; professions that involve either

heavy or light physical or mental stress; professions that are predominantly pursued by

women or men or both. The sample comprised persons born during the period 1923–1936

who had worked in their present occupation for at least five years. The subjects were

selected in co-operation with the municipal employers, using information on municipal

workers provided by Statistics Finland. The study sample was selected so that it

represented municipal workplaces of various sizes (mainly larger ones) from all the 11

provinces of Finland. The minimum size of the occupational groups was set at 200, which

was fulfilled by 40 groups (obtained by combining occupational titles). As for the other

occupational groups, the attainment of the target size was deemed too tedious or

impossible, because there were not a sufficient number of workers in the relevant age

groups. A sample was taken that was representative with regard to occupational grouping,

and the regional and administrative representations were regarded as reasonably

satisfactory. Thus the cohort was purposefully assembled from a national subpopulation.

Documentation on details of the sampling scheme is no longer available. However, it is

reasonable to assume that the sample design was such that, if not yielding unbiased

estimates of population subtotals, these estimates are approximately unbiased in the sense

of satisfying the theoretical property of consistency, i.e., asymptotic unbiasedness as the

sample size increases indefinitely. More formally put, we assume:

(A1) The sample yields consistent estimates of the year- and age-specific subtotals in the

population health-state groups of interest, (State 1) excellent or good work capacity,

(State 2) fair work capacity, (State 3) poor work capacity.

(A2) Estimates of these population subtotals are asymptotically normally distributed.

These are assumptions that are reasonable and will often hold irrespective of the details of

the sample design. The first one is the most relevant for the application of our large

sample-weighted least squares methodology. If the covariance matrix of the asymptotic

normal distribution is unknown or cannot be conveniently estimated, or even if

approximate normality cannot be assumed, then the covariance matrix used in our least

squares method is that which would be obtained from simple random sampling. This is

shown in the Appendix and leads to consistent but not necessarily efficient estimators.

Standard errors are calculated using the technique of Liang and Zeger (1986). The

Appendix presents a brief outline of the methods of Davis et al. (2001) and Davis,

Heathcote, and O’Neill (2002).

The health status of the workers was investigated by means of a questionnaire mailed to

7,534 persons, using information obtained from the municipal employers. Of those who

responded, 190 did not fulfil the inclusion admissibility criteria. These persons were

excluded from the sample, whose size thus became 7,344. The nonresponse rate after two

mailings was 14.3%. After omitting a few retired and deceased persons, the purposefully

assembled cohort finally comprised 6,257 active municipal employees, aged 45 to 58 years
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in 1981 (Table 1). Since the follow-up commenced in 1981, data from the three surveys

could be used in the estimation procedure. At the time of the second survey, the subjects

were divided into groups of active workers, persons who did not reply to the questionnaire

but who were not on pension (e.g., unemployed persons), disability pensioners (including

persons with a permanently lowered work capacity who are on individual early disability

pension), retired workers (persons on old-age, early old-age, unemployment or veterans’

pension), and deceased persons. In the third survey, when the subjects were 56–69 years

old, altogether 18% of them were still actively working, 5% did not respond to the

questionnaire (but were not on pension), 30% were on disability pension, 41% were

retired, and 6% had died. The actual retirement age is on average 59 years in Finland. At

present the general statutory retirement age for municipal workers varies within the age-

range 63–65 years. The identification of work ability and its level relied on self-

assessment by the workers who responded to the questionnaire.

The so-called work ability index was constructed from the following seven items (Tuomi

et al. 1998): subjective estimation of present work ability compared with the lifetime best,

perceived work ability in relation to both physical and mental demands of the work, number

of diagnosed diseases, subjective estimation of work impairment due to disease, sickness

absence during the past year, own prognosis of work ability after two years, and

psychological resources. The index score (re-scaled to run from 0 to 1) was classified into

four mutually exclusive and exhaustive categories: 1 ¼ excellent (score $ 0.85),

2 ¼ good (score 0.7–,0.85), 3 ¼ fair (score 0.5–,0.7) and 4 ¼ poor work ability

(score ,0.5). Of course, the cut-off scores are arbitrary. These categories comprised 21%,

33%, 32%, and 14%, respectively, of those who responded to the inquiry in 1981 (Table 1).

Because epidemiological questionnaire studies (Maddox and Douglass, 1973) and

validation studies (Eskelinen et al. 1991) have shown a tendency to self-appraise health at a

Table 1. The original Finnish cohort of 6,257 municipal employees by sex, employment, or work ability status

in the survey years 1981, 1985, and 1992

Employment or work 1981 1985 1992
ability status Age: 45–58 Age: 49–62 Age: 56–69

Men Women Men Women Men Women

Active employee 3,460 2,797 2,685 2,001 669 432
Work ability:
Excellent 640 464 268 208 81 61
Good 976 690 701 525 154 78
Fair 972 778 1,048 750 262 172
Poor 369 362 358 274 123 85
No information on work

ability
503 503 310 244 49 36

No response; no information
on pension

2 2 215 257 152 162

Disability pensioner 2 2 246 298 947 906
Retired 2 2 289 174 1,573 1,022
Deceased 2 2 25 67 119 275
Total 3,460 2,797 3,460 2,797 3,460 2,797
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higher level than found in a clinical examination, the categories of excellent and good work

ability were combined in the analyses. The data from the inquiry were complemented with

information from disability and mortality registers. The analysis of transitions between the

different employment and vital statuses will be reported elsewhere.

3. Working Life Expectancies

Consider a health surveillance program for active employees conducted over the period of

active working years until retirement (due to disability or old age) or until death,

whichever comes first. Let p(x, y) denote the conditional probability that an individual is

working at age y, given that he or she was working at an earlier age x. For fixed x, the

average duration of the future work life or working life expectancy is the area under p(x, y)

as y varies between x and the maximum age w of mandatory retirement, here taken as 63.

A trapezoidal approximation to this area (see Chiang 1968, Section 10.5) with p(x, x) ¼ 1

and p(x, w þ 1) ¼ 0 is

eðxÞ ¼ 1=2
Xw

y¼x

�
pðx; yÞ þ pðx; y þ 1Þ

�
¼ 1=2 þ

Xw

y¼xþ1

pðx; yÞ ð3:1Þ

which is taken to define working life expectancy. Thus e(x) is the expected time that a

person will be occupied in active employment between age x and withdrawal from

working life due to retirement or death.

Suppose that a worker’s ability to work is partitioned into k-1 disjoint categories or

states determined by the work ability index. These are nonabsorbing states in the sense that

a worker may move between them with the passage of time. State k will denote an

absorbing state, indicating departure from the work force by retirement or death. If pi(x, y)

denotes the probability that an individual is in State i at age y conditional on having

worked at x, then the future work life in i at age x or working life expectancy of State i at x

is the area under pi(x, y) as y varies from x to w. Just as (3.1) was obtained by a discrete

time approximation to an area, this working life expectancy is defined by

eiðxÞ ¼
piðxÞ

2
þ

Xw

y¼xþ1

piðx; yÞ; i ¼ 1; 2; · · ·; k 2 1 ð3:2Þ

where pi(x) is the prevalence at initial age x of work ability State i. We note a minor error

in the formula used by Davis et al. (2001) in which the factor 1/2 was omitted.

The epidemiological concept of prevalence is the proportion of individuals in the

population at issue at a given point in time, and thus relates to a cross-sectional sample.

From a statistical point of view, it is natural to interpret prevalence as probability and to

relate observable quantities to this parameter via a probabilistic model (see Haberman

1978). Note that

Xk21

i¼1

piðx; yÞ ¼ pðx; yÞ;
Xk21

i¼1

piðxÞ ¼ 1;
Xk21

i¼1

eiðxÞ ¼ eðxÞ
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The problem is to estimate the ei(x), or equivalently the pi(x, y), from cross-sections of a

cohort at a sequence of time points. Our case has k ¼ 4 with State 1 denoting excellent or

good work ability, State 2 fair work ability, State 3 poor work ability, and State 4 no longer

working due to disability, retirement, or death.

The method of Davis et al. (2001) models and estimates a logistic transform of the

probabilities

p1ðx; yÞ ¼

�
1 þ

X4

i¼2

exp{uiðx; yÞ}

�21

piðx; yÞ ¼ p1ðx; yÞ exp{uiðx; yÞ}; i ¼ 2; 3; 4

ð3:3Þ

where the ui(x, y) are polynomial functions of x and y. We model and estimate the log odds

uiðx; yÞ ¼ log{piðx; yÞ=p1ðx; yÞ}; i ¼ 2; 3; 4 ð3:4Þ

Note that their form need not be fixed a priori, but can be determined from the data and can

incorporate covariates of a temporal and socio-economic nature. In a similar way the

prevalences are estimated from

uiðxÞ ¼ log{piðxÞ=p1ðxÞ}; i ¼ 2; 3 ð3:5Þ

It is assumed that a worker of the group retires no later than his or her 63rd birthday, and

that the earliest commencing date is the middle of the age interval (45, 46). Thus the

maximum duration of work life for the cohort members is 17.5 years. We estimated ei(x),

i ¼ 1, 2, 3 by the methods described in the Appendix and estimated e4ðxÞ by

ê4ðxÞ ¼ ð63 2 xÞ2 1=2 2
X3

i¼1

êiðxÞ ð3:6Þ

The data used comes from seven birth cohorts aged 45 to 51 in 1981, who were

subsequently aged 49 to 55 in 1985 and 56 to 62 in 1992. Age groups 44 and 45 years were

combined because there were only five persons in the former. The older birth cohorts aged

52 to 58 years in 1981 were not included in the analyses because of incomplete 11-year

follow-up. After inspection of the plots of the observed values, the log partial odds, ui(x, y),

were parameterized as linear or quadratic polynomials in y. The log partial odds u2(x) and

u3(x), which correspond to the prevalences p1(x), p2(x) and p3(x), were estimated using

data from all three surveys. That is, there were three data vectors for each of the seven-

birth cohorts aged 45–51 in 1981. However, since all sampled individuals were actively

working at the time of the first survey, then observation of the vector

{ ~u2ðx; yÞ; ~u3ðx; yÞ; ~u4ðx; yÞ} was possible only in the second and third surveys. Hence,

under the assumption that the same parameters apply to all seven birth cohorts there were

21 data vectors from which to estimate the prevalences {p1(x),p2(x),p3(x)}.

For the probabilities {p1(x, y), p2(x, y), p3(x, y), p4(x, y)} there were 14 vectors on which

to base inference. No predictions were made beyond the observed age-range. Nonresponse

was ignored in the estimation, as it is believed to make little difference. The parameter

estimates (and their standard errors), computed in S-Plus, are given in Table 2.
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4. Results

Table 1 shows changes in the marginal work ability distribution of the female and male

cohort members at entry, and during the successive 4-year and 7-year follow-up periods,

respectively. In the period 1981–1985, the marginal distributions shifted markedly

towards worse capacity for work. In 1981, for example, 21% of the respondents were in

excellent health, whereas in 1985 the corresponding figure was only 12%. During the latter

period, 1985–1992, the shift in the distribution was slightly more lopsided towards poor

work ability because of the longer follow-up. In 1985, for example, 15% of the women

were in the poor work ability class, whereas in 1992 the corresponding figure had risen

to 21%. The trends were similar for both genders. Weighted least squares estimation

led to the fitted values of log partial odds for prevalences and probabilities shown in

Figures 1 and 2.

Table 3 shows the estimated marginal probabilities of being at a given age either in one

of the three states of self-rated work ability (with the states of excellent and good work

ability combined) or outside the work force (disability pensioners, retired, or deceased). Of

course, the probabilities add up to 100%. The standard errors of the probability estimates

are shown in parentheses. The proportion of workers with excellent or good work ability

decreased monotonically with advancing age for both genders (Figures 3a and 3b).

However, a notable gender gap emerged: at most ages, women were estimated to have

better work ability than men, but the difference was not always statistically significant.

The standard errors in Table 3 enabled us to test the statistical significance of the

difference in estimated probabilities between women and men for a particular age and

state. For example, at age 45 the estimated marginal probability for State 1 (excellent or

good health) was 56.8% for women and 59.4% for men. Since the standard errors of these

estimates were 3.1% and 2.3%, we then calculated the standard error of the difference as

[(3.1%)2 þ (2.3%)2]0.5 ¼ 3.9%. Hence, the 95% confidence interval for this difference

was (210.4%, 5.2%). We therefore inferred that the gender difference for State 1 at age 45

was not statistically significant. In contrast, at age 55 the corresponding 95% confidence

interval was (0.2%, 7.4%), indicating a significant difference. Applying the same

Table 2. Parameter estimates and their standard errors (in parentheses) for the log partial odds of prevalences

and probabilities, separately for women and men

Men – log partial odds for prevalences Women – log partial odds for prevalences

u2ðxÞ ¼ 24:739 þ 0:0868x
ð0:516Þ ð0:0097Þ

u2ðxÞ ¼ 24:468 þ 0:0814x
ð0:282Þ ð0:0058Þ

u3ðxÞ ¼ 27:731 þ 0:127x
ð0:350Þ ð0:0072Þ

u3ðxÞ ¼ 220:087 þ 0:597x 2 0:00449x 2

ð6:130Þ ð0:239Þ ð0:0023Þ

Men – log partial odds for probabilities Women – log partial odds for probabilities

u2ð45; yÞ ¼ 23:265 þ 0:0603y
ð0:594Þ ð0:011Þ

u2ð45; yÞ ¼ 22:180 þ 0:0404y
ð0:6994Þ ð0:013Þ

u3ð45; yÞ ¼ 29:137 þ 0:152y
ð0:704Þ ð0:014Þ

u3ð45; yÞ ¼ 243:922 þ 1:495y 2 0:0129y 2

ð11:591Þ ð0:432Þ ð0:004Þ
u4ð45; yÞ ¼ 225:851 þ 0:474y

ð1:132Þ ð0:018Þ
u4ð45; yÞ ¼ 228:715 þ 0:517y

ð1:370Þ ð0:023Þ
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argument to other comparisons we found that for State 1 there was a significant gender

difference only for ages 55–59 years; each of these significant differences favored women.

The estimated proportion of female workers with fair work ability first increased until

age 48 years, after which it decreased. Similarly, for male workers the proportion

increased to age 50 years and then decreased. Also, the proportion for women was higher

than that for men at all ages from 45 to 62 years, but the only statistically significant

difference (at the 5% level) occurred at age 58 years.

At ages 49 to 57 years, women were more prone to have poorer work ability than men,

and less prone in the other age groups. For this state the gender difference was significant

at the following ages: 45, 46, 51, 52, 53, 54, 60, 61, and 62 years. The gender gap among

the proportion of workers remaining actively employed was in favor of women for ages

45–60 years, after which it favored men. The gender difference was significant at the

following ages: 45, 51, 52, 53, 54, 55, 56, 57, and 58 years.

Fig. 1. Log partial odds for prevalences: (a), (c) ui(x), i ¼ 2, 3 for men; (b), (d) ui(x), i ¼ 2, 3 for women.

Fitted value ¼ solid line, observed value from 1981 survey ¼ *, observed value from 1985 and 1992

surveys ¼ #. The vertical axes of graphs (a) and (b) have the same scale. Similarly, graphs (c) and (d) have the

same scale on the vertical axis
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Finally, Table 4 gives the expected duration of remaining work life in the various states.

Under the discrete approximation, at the age of 45 years a municipal worker has up to 17.5

years of working time left. Note that the expectations add up to the duration of maximum

remaining work life at age x (i.e., 62 2x þ 1/2 years). Of this time, on average, a female

worker was actively employed for 12.2 years and a male worker for 11.5 years. While

employed, women were expected to have excellent or good work ability for 5.6 years, fair

work ability for 5.0 years and poor work ability for 1.6 years (Figure 4a). The average

duration for men in the respective states of work ability was estimated to be 5.5, 4.5, and

1.5 years (Figure 4b). Women were expected to be working longer than men at the ages of

45–58 years, after which the difference was in favor of men. Statistically significant

differences occurred for ages 45–52 years. Transition from poor to good or excellent work

ability was estimated to increase working life expectancy of a 45-year person by four years

for both genders.

Fig. 2. Log partial odds for probabilities: (a), (c), (e) ui(45,y), i ¼ 2,3,4 for men; (b), (d), (f) ui(45,y), i ¼ 2,3,4

for women. Fitted value ¼ solid line, observed value from 1985 and 1992 surveys ¼ *. The vertical axes of

graphs (a) and (b) have the same scale. Similarly, the pairs (c), (d) and (e), (f) have the same scale on the

vertical axis
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Table 3. Estimated probabilities (%), at age x, of being in a state of excellent/good, p1(x), fair, p2(x), or poor, p3(x), work ability, or not actively employed, p4(x). Standard errors are

shown in parentheses

Age, years x Men Women

p1(x) p2(x) p3(x) p4(x) p1(x) p2(x) p3(x) p4(x)

45 59.4 (2.3) 34.1 (2.2) 5.8 (0.5) 0.7 (0.2) 56.8 (3.1) 39.5 (2.8) 3.5 (0.9) 0.2 (0.09)
46 57.4 (2.0) 35.0 (2.1) 6.6 (0.5) 1.0 (0.3) 55.1 (2.8) 39.9 (2.5) 4.6 (0.8) 0.4 (0.1)
47 55.2 (1.7) 35.8 (1.9) 7.4 (0.4) 1.6 (0.5) 53.2 (2.4) 40.1 (2.2) 6.0 (0.7) 0.7 (0.2)
48 52.9 (1.5) 36.5 (1.7) 8.2 (0.4) 2.4 (0.6) 51.2 (2.1) 40.2 (1.9) 7.5 (0.6) 1.1 (0.3)
49 50.4 (1.2) 36.8 (1.6) 9.1 (0.4) 3.7 (0.9) 49.0 (1.7) 40.1 (1.7) 9.2 (0.3) 1.7 (0.5)
50 47.5 (0.9) 36.9 (1.5) 10.0 (0.4) 5.6 (1.3) 46.7 (1.3) 39.7 (1.6) 10.9 (0.2) 2.7 (0.7)
51 44.3 (0.7) 36.5 (1.5) 10.8 (0.4) 8.4 (1.7) 44.1 (1.0) 39.1 (1.5) 12.5 (0.4) 4.3 (0.9)
52 40.6 (0.7) 35.5 (1.6) 11.5 (0.5) 12.4 (2.2) 41.3 (0.9) 38.1 (1.4) 13.8 (0.7) 6.8 (1.3)
53 36.4 (0.9) 33.8 (1.8) 12.0 (0.5) 17.8 (2.7) 38.2 (1.0) 36.7 (1.5) 14.6 (0.9) 10.5 (1.7)
54 31.6 (1.1) 31.3 (1.9) 12.2 (0.6) 24.9 (3.1) 34.6 (1.2) 34.6 (1.4) 14.8 (1.0) 16.0 (2.1)
55 26.6 (1.2) 27.9 (1.9) 11.9 (0.7) 33.6 (3.3) 30.4 (1.4) 31.7 (1.4) 14.3 (1.0) 23.6 (2.4)
56 21.4 (1.2) 23.9 (1.8) 11.2 (0.7) 43.5 (3.1) 25.7 (1.5) 27.9 (1.2) 12.9 (1.0) 33.5 (2.5)
57 16.5 (1.0) 19.6 (1.6) 10.0 (0.7) 53.9 (2.7) 20.7 (1.5) 23.4 (1.0) 10.7 (0.9) 45.2 (2.4)
58 12.2 (0.8) 15.3 (1.3) 8.6 (0.6) 63.9 (2.2) 15.7 (1.3) 18.5 (0.8) 8.2 (0.8) 57.6 (2.1)
59 8.6 (0.6) 11.5 (1.0) 7.1 (0.6) 72.8 (1.6) 11.2 (1.0) 13.8 (0.6) 5.8 (0.6) 69.2 (1.6)
60 5.9 (0.4) 8.4 (0.8) 5.6 (0.5) 80.1 (1.1) 7.6 (0.8) 9.7 (0.5) 3.8 (0.5) 78.9 (1.2)
61 4.0 (0.3) 5.9 (0.6) 4.4 (0.4) 85.7 (0.8) 5.0 (0.6) 6.6 (0.5) 2.3 (0.4) 86.1 (0.9)
62 2.6 (0.2) 4.1 (0.4) 3.3 (0.4) 90.0 (0.6) 3.1 (0.4) 4.4 (0.4) 1.3 (0.3) 91.2 (0.6)
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Fig. 3a, b. Probability distribution of work ability states for (a) male/(b) female workers at different ages
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Table 4. Expected number of years of remaining work life at age x, spent with excellent/good, e1(x), fair, e2(x), or poor, e3(x), work capacity, or not actively employed, e4(x).

Standard errors are shown in parentheses

Age, years x Men Women

e1(x) e2(x) e3(x) e4(x) e1(x) e2(x) e3(x) e4(x)

45 5.46 (0.10) 4.49 (0.21) 1.54 (0.06) 6.01 (0.27) 5.65 (0.12) 4.99 (0.18) 1.56 (0.07) 5.30 (0.19)
46 4.87 (0.09) 4.15 (0.20) 1.48 (0.06) 6.00 (0.27) 5.09 (0.11) 4.59 (0.16) 1.53 (0.07) 5.29 (0.19)
47 4.31 (0.09) 3.79 (0.19) 1.41 (0.06) 5.99 (0.26) 4.55 (0.10) 4.20 (0.14) 1.47 (0.07) 5.28 (0.19)
48 3.77 (0.09) 3.44 (0.17) 1.33 (0.06) 5.96 (0.26) 4.02 (0.10) 3.80 (0.13) 1.40 (0.07) 5.28 (0.18)
49 3.25 (0.09) 3.08 (0.16) 1.25 (0.06) 5.92 (0.25) 3.52 (0.10) 3.41 (0.11) 1.31 (0.07) 5.26 (0.18)
50 2.77 (0.08) 2.71 (0.15) 1.15 (0.06) 5.87 (0.24) 3.04 (0.10) 3.02 (0.10) 1.21 (0.07) 5.23 (0.18)
51 2.31 (0.08) 2.36 (0.14) 1.05 (0.06) 5.78 (0.22) 2.59 (0.10) 2.63 (0.08) 1.09 (0.07) 5.19 (0.17)
52 1.89 (0.08) 2.01 (0.13) 0.94 (0.06) 5.66 (0.20) 2.16 (0.10) 2.26 (0.07) 0.96 (0.06) 5.12 (0.16)
53 1.52 (0.07) 1.68 (0.11) 0.82 (0.05) 5.48 (0.17) 1.77 (0.09) 1.90 (0.06) 0.82 (0.06) 5.01 (0.14)
54 1.19 (0.06) 1.37 (0.09) 0.71 (0.05) 5.23 (0.14) 1.41 (0.08) 1.56 (0.05) 0.68 (0.05) 4.85 (0.12)
55 0.91 (0.05) 1.09 (0.08) 0.60 (0.04) 4.90 (0.11) 1.09 (0.07) 1.25 (0.04) 0.54 (0.04) 4.62 (0.10)
56 0.69 (0.04) 0.86 (0.06) 0.49 (0.04) 4.46 (0.08) 0.83 (0.06) 0.98 (0.03) 0.41 (0.04) 4.28 (0.08)
57 0.51 (0.03) 0.67 (0.04) 0.40 (0.03) 3.92 (0.06) 0.61 (0.05) 0.75 (0.03) 0.31 (0.03) 3.83 (0.06)
58 0.38 (0.02) 0.52 (0.03) 0.32 (0.03) 3.28 (0.04) 0.45 (0.03) 0.57 (0.02) 0.23 (0.02) 3.25 (0.04)
59 0.28 (0.01) 0.41 (0.02) 0.25 (0.02) 2.56 (0.02) 0.33 (0.02) 0.44 (0.02) 0.17 (0.02) 2.56 (0.03)
60 0.21 (0.01) 0.33 (0.02) 0.20 (0.02) 1.76 (0.01) 0.24 (0.02) 0.35 (0.01) 0.14 (0.02) 1.77 (0.02)
61 0.16 (0.01) 0.27 (0.01) 0.17 (0.01) 0.90 (0.01) 0.18 (0.01) 0.29 (0.01) 0.12 (0.02) 0.91 (0.01)
62 0.12 (0.01) 0.24 (0.01) 0.14 (0.01) 0.00 (0.00) 0.14 (0.01) 0.26 (0.02) 0.10 (0.02) 0.00 (0.00)
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The standard errors given in Table 4 can be applied to test the statistical significance of

difference in working life expectancy for a given state at a specific age. For example, in

State 1 at age 45 years the expectancy of women was 0.19 years more than that of men.

From the standard errors on these estimates, 0.12 years for women and 0.10 years for men,

Fig. 4a, b. Expected number of years of remaining work life spent with excellent/good, fair, or poor work

capacity for (a) male/(b) female workers at different ages

Nurminen et al.: Estimating Marginal Cohort Working Life Expectancies 507



we calculated the standard error of the difference as ((0.12)2 þ (0.10)2)0.5 ¼ 0.16 years.

Hence, the 95% confidence interval for this difference was (20.13, 0.51) years. The 95%

confidence intervals (in years) for the other states at this initial age were: (20.06, 1.06) for

State 2, (20.16, 0.20) for State 3 and (21.37, 20.05) for State 4. We inferred that the

only statistically significant difference between the genders at age 45 years occurred in

State 4. In contrast, at age 51 years the 95% confidence intervals (in years) for the gender

differences were: (0.02, 0.54) for State 1, (20.05, 0.59) for State 2, (20.14, 0.22) for State

3 and (21.15, 20.03) for State 4. Thus, there was a significant difference in State 1 as well

as in State 4.

5. Discussion

5.1. Remarks on results

The aim of this article was to propose an applicable regression methodology for estimating

working life expectancies, illustrated by the particular experience of aging Finnish

municipal workers. Working life expectancy gives the number of years one expects to

continue in work life. This concept takes into account the fact that a person may choose to

leave the work force, or may be unable to continue to work during his or her lifetime. The

contingencies to be considered include disability, retirement and death. For example,

Gamboa et al. (1989) pointed out the importance of considering disability when addressing

working life expectancy.

The World Health Organization (WHO) defines disability as “any restriction or inability

(resulting from an impairment) to perform an activity in the manner or within the range

considered normal for a human being” (WHO 1980). Although the prevalence of disability

differs across populations, two findings are generally consistent. The first is, naturally, that

disability increases with age, and the second is that a larger percentage of women are

disabled than men (see Newman and Brach 2001, and references therein). The latter

finding has to do with the fact that women live longer than men, so also the period of

disabled life expectancy is longer for women than for men, as discussed for example by

Guralnik et al. (1993). However, largely because the status after age 63 was not considered

in the Finnish municipal worker population, the percentage of men who were on work

disability pension was larger than that of women (Table 1).

These statistics may be explained by the fact that men run a greater risk of suffering

from work-related injuries and occupational diseases than women do (Karjalainen et al.

2001). Men are more often engaged in physically heavier outdoor work (e.g., construction)

than women. Men’s work in industrial settings exposes them to chemical and physical

hazards (e.g., noise can cause work-related stress). More men than women hold

demanding managerial positions that can involve psychological stress. On the other hand,

women’s professions (e.g., a nurse doing shift work) also involve psychological hazards

that can cause work-related stress (Kauppinen and Kandolin 1998).

The law stipulates that work disability pension always be based on a medically

diagnosed disease, whereas health interview surveys on disability often define disability as

the person’s inability to cope with the everyday routines of normal life. Individual early

pension is granted on less strict medical grounds than the proper disability pension, but it is
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based on permanently lowered work capacity. In the 1980s, women’s occupational

positions were at a lower level than those of men. Therefore, the work ability index based

on self-rated assessment may be distorted by gender differences in the working conditions

(Skiöld 2000). There is also evidence that women tend to complain more often than men

about their symptoms (Nolen-Hoeksema et al. 1999). Be that as it may, a useful way to

illustrate differences in disability is to examine working life expectancies. A disability-

free working life expectancy may be defined as the number of years spent in excellent or

good capacity for work. With this definition, the disability-free expected duration of

remaining working life was shorter for men than for women at all ages (Table 4).

The present analyses add new quantitative information not included in the original study

of aging workers by Tuomi (1997). The value of statistical modeling of health state

probabilities lies in that it facilitates their joint estimation. By contrast, Tuomi et al. (1997)

estimated, for example, the relative frequencies leading to the state of disability directly by

first excluding persons who had retired or died. Because the exclusions were of different

magnitude for women and men at different ages, and because disability is associated with

mortality, the obtained estimates of the sex-specific proportions are not comparable and do

not characterize the underlying counting process. In addition, the relative frequency

approach treats, for example, all women aged 54–58 years alike with regard to their

working status. The four-state labor-force status model adopted in this article assumed that

the probabilities of being in the states depend on age and calendar year. The advantage of

the modeling approach is that we can estimate more precisely a person’s occupancy in

these states at each age. This also enables us to circumvent problems of small sample sizes.

The new analyses of the data from the surveys suggest that the work ability of Finnish

aging workers deteriorates prematurely (that is, before the statutory retirement age, which

varied between 55 and 63 years) leading to far-reaching socio-economic consequences.

This calls for greater labor flexibility and concerted effort to encourage higher labor force

participation of older workers, particularly skilled people. Especially aging male workers

would need more flexible working time arrangements than the present ones. Free time is

clearly appreciated more when one ages, and particularly men tend to retire early in order

to gain time for their own activities. Mature-age workers have the potential to make a

continuing social and economic contribution to Finland. The extent of this contribution

will depend upon the ability of these workers to continue to work, and their interest in

doing so. It will also be influenced by the changing nature of work and the attitudes of

employers towards the value of mature-age workers. If the employment rate declines, this

scenario entails risks arising from the effects of population aging. The present working-

age population (15–64 years), especially the large age cohorts born in 1945–1949 (“baby-

boomers”) will be reaching retirement age in the years 2005–2014, as younger and smaller

cohorts are joining the labor force. The inevitable consequence is a steady shrinking of the

working-age population starting in 2005. Hence Finland will face a future of dwindling

numbers of employed persons who will have to pay for the increased costs of health care

and social security of the expanding retired population. The young may resent the tax

burden imposed on them. Priority should be given to curbing the burden of taxation on the

working population. On the other hand, there is a looming intergenerational conflict if

baby-boomers must prepare themselves to give way economically to the succeeding
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generations. It could be reasoned that the generations now approaching retirement age do

not have an automatic right to expensive social welfare subsidized by younger workers.

When preparing for this aging demographic progression in order to alleviate the

pressure for growing health care expenditure, the Parliament of Finland passed new

legislation in 2003 for the private sector to postpone pensioning off from work. The

legislative package includes several measures. The age at which it is first possible to

receive early old-age pension will go up from 60 to 62 years, and the upper limit for work

life will be extended from 65 to 68 years. The transfer to a disability pension will be made

easier, but the threshold will be clearly higher than that of the present early retirement of

individual early retirement pension. The latter type of retirement is intended for persons

whose work ability has diminished but who are not entitled to disability pension. This

individual old-age pension will no longer, as of 2004, be granted to persons born after

1943. Unemployment pension will be discontinued. The age limit for part-time pension

will be elevated from 56 to 58 years for persons born in 1947 or thereafter (with a lowering

of the amount of subsequent old-age pension). Most importantly, pension entitlements will

be linked to lifetime earnings, and increasing life expectancy will be allowed to affect the

retirement age. All these measures, which will come into effect in 2005, are geared to

providing more incentives in the future for people to remain in the labor force over a

longer period.

Thus it is vital to examine the development of the working ability of the population at an

early age when it is still possible to intervene in the process. Figure 5, modified from

Williams (1999), illustrates the effect of intervention, such effects being measured by

changes in probabilities and expectations. In this example, for a 45-year-old worker the

effect would be three additional years of working life.

5.2. Notes on statistical assumptions and methods

The study conducted by the FIOH was designed for research purposes other than those of

the present study. That is, the survey aimed at comparing municipal occupations with

Fig. 5. Probability of working and expected length of future work life gained for an aging worker via an

occupational health intervention. (Modified from Figure 4 in Williams (1999).)
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regard to their incumbents’ retirement plans, self-rated work ability, etc. However, the

different aims of the two studies do not by any means render the population sample

unusable for the estimation and comparison of working life expectancies. Admittedly, the

design would have been more efficient statistically if a simple random sample had been

drawn from the base population. But we wanted to utilize the existing data containing

valuable information on work ability. Nevertheless, we maintain that the readily available

sample suited the requirements of our analysis reasonably well, particularly since only

fairly general assumptions are required for the least squares technique used, and maximum

efficiency is not claimed.

The objective of the present study was not to focus on the particular population of

municipal workers, but to gain a general understanding of the work ability of an aging

Finnish employed population from the point of view of the age trend. Moreover, the original

interest was in the differences in the working life expectances of employees in the work

ability classes and between the genders, rather than in the absolute expected duration of

future working life of an average municipal worker. Thus, the statistical inference was not

concerned with the particularistic experience of the municipal workers per se. Of course, the

study could be extended to concern the relative performance of different occupational

groups regarding work force participation. Finally, it is believed that the survey design did

not involve any complex sampling scheme that would have had to be taken into account in

the analysis, as was the case in the multi-purpose Mini-Finland Health Survey that used a

nationally representative stratified sample (Heliövaara et al. 1993). Therefore, in our

judgement, the sampled data were adequately pertinent to our study.

It is also important to note that individuals within the same cohort who are in the same

initial health state evolve with age independently and identically, as far as the transitions

between health states are concerned. Then the distribution of the number of people in work

state i at age y is multinomial. As shown in Davis et al. (2001), for large total numbers an

asymptotic normal distribution can be derived for the log partial odds, ui(x, y). If simple

random sampling can be taken as an adequate large-sample approximation to the Finnish

sampling scheme, then this will hold for the data discussed here.

It may be thought that assuming an underlying Markov process would simplify the

statistical methodology. However, in the present case, where it is known only that initially

the individuals were in the work force. Of importance is the “working” assumption that

repeated observations on an individual are independent and that age cohorts are

independent. The first of these assumptions is the more restrictive. Violation will not result

in inconsistent estimates, but standard methods of calculating standard errors would be

invalid. For this reason the method of Liang and Zeger (1986) was used to calculate the

standard errors of regression coefficients. Curiously enough, the situation is different and

much simpler when the initial health state is known (see Davis, Heathcote, and O’Neill

2002). Nevertheless, there is need for methodologic studies in which survey data sets are

simulated from an underlying process that accounts for dependence between repeated

observations on the same individual and age cohorts.

For a cohort on which survival data are available, we can perform repeated cross-

sectional surveys among the surviving persons to obtain assessments of their work ability

at different ages. These data can be combined with work disability and mortality data to

estimate the expected duration of the various states of work ability as well as the active
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working life expectancy. To avoid bias, the surveys should draw representative samples

from the study base population and the causes of nonresponse should be investigated for

possible lack of representativeness. If there is any reason to suspect that the workers who

responded were more likely to have a higher or lower rate of work disability than those

who did not respond, then this issue should be discussed when making inferences. For

example, the nonresponse and disability rates of the men were higher than those of the

women (Table 1). But, fortunately, only 5% of the subjects who were examined in 1981

did not respond to the third questionnaire in 1992.

Regarding the interpretation of the results, an essential issue is the cross-sectional

design. The health state of a population affects the rates of labor force participation. Owing

to the lack of information about health-based selection of the municipal workers, it is not

known how much the demands of work have affected the rates of work ability and

disability before the commencement of the study. At any rate, in the first cross-sectional

survey, in 1981, all the subjects were still active employees.

We applied the method of Davis et al. (2001) and Davis, Heathcote, and O’Neill (2002) to

estimate working life expectancies, at the same time correcting a minor error in that article

in which the factor of 1/2 was omitted from the defining equation of ei(x). The effect of this

factor reduces the total working life expectancy by six months. For example, if the initial age

of the person is 45 years, his or her working life expectancy amounts to 17.5 years (rather

than 18 years). Note that this is consistent with the assumption of uniformly distributed entry

times during the first year. For the Finnish data, the coincidence of the origin year and the

first year of the survey is the reason for separately modeling the prevalences of the active

working states, States 1, 2, and 3, at initial age x, that is, modeling pi(x) as a function of x.

Our aim was to ensure that the working life expectancies estimated from the Finnish data

have the same interpretation as those estimated from the Australian disability data (see

Mathers 1996). Hence, for i ¼ 1,2,3 we have used pi(x) as an estimate of the conditional

probability of an individual being in state i at age x, given that they were actively employed

at this age. Note that from cross-sectional data we can only estimate marginal expectancies

for an individual known to be in the work force at a given initial age.

5.3. Direct versus adjusted life year measures

Working life expectancies, like health expectancies, are expected future occupation times of

well-defined states. As such they are direct summary measures of population health. Most

health expectancies are linked to a particular health status measurement, focussing on an

individual’s perceived health and long-term illness (chronic disease, defect or injury). For

example, the cost-effectiveness of health-care interventions has been assessed in terms of a

gain in quality-adjusted life expectancy (QALE) (see Bowling 1993; Gold et al. 1994;

Wilkins and Adams 1992). For the estimation, experts need to assign values for the

years of life lived with disability, and to calculate a weighted average over the years

survived.

The work ability index developed by Tuomi et al. (1998) is used for the self-assessment

of physical and psychological work strain as well as an individual’s work ability. The

index, which was developed for measuring health in relation to quality of work life in

Finland, has been tested in many other countries. The self-assessment has been validated
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using clinical methods (Eskelinen et al. 1991). The results indicate that the questionnaire

responses on health and work ability have related well with the clinically assessed

factors at the group level. However, there remain methodological issues pertaining to

reliability and item response scaling (Bowling 1993) that need to be examined more

closely.

As noted by Mathers (1991), self-reported measures of health status are based on

perceptions and expectations of health that vary with culture and community, and are also

likely to vary with time – for example, as societies undergo epidemiological transition

(Johansson 1991) or as public health campaigns and legislative measures alter the

community’s awareness of health problems and attitudes to health hazards

(Heloma 2003). Murray and Lopez (1996) reviewed studies which pointed to significant

cross-cultural differences between self-report and observation of disability and poor

health.

These considerations appear to have motivated an alternative method, described in the

World Development Report (1993) and elsewhere, which measures health gaps. This

measure is the disability-adjusted life years (DALY), that is, a combination of the time lost

because of premature mortality and the time lived with a disability, adjusted for the

severity of the disability. This is a concept that has been used, among other applications, to

measure the “burden of disease” in populations, and as a tool for setting priorities in health

policy, especially to guide allocation of resources for health care interventions. Obviously,

the effect of an intervention can be calculated either as an increase (gain) in the QALE or

as a reduction (gap) in the DALY. The procedure analogous to DALY in the context of

work capacity requires the estimation, probably with the inclusion of subjective

considerations, of factors affecting future work. This may be unavoidable in the field of

forensic economics, but is perhaps best avoided in other contexts and, generally, when

direct measures are more readily interpretable.

5.4. Concluding remarks

In summary, we restate briefly the major findings and conclusions of the study. The

formulated working life expectancy measure shows the number of years one expects to

continue to participate in the work force. This concept takes into account the fact that a

person may choose to leave employment, or may be unable for health reasons to

continue to work any longer. We found that for a Finnish male worker aged 45 years in

1981, the working life expectancy was 11.5 years; the corresponding figure for women

was 12.2 years. The probability of future working life to age 63 when not actively

employed was more than 50% from the age of 57 for men and 58 years for women.

Transition from poor to good or excellent work ability state was estimated to increase

working life expectancy of a 45-year person by four years for both genders. The study

indicates that the work ability of aging Finnish workers starts to deteriorate long before

the general statutory retirement age of 63 years. In view of the labor force shortage due

to the high unemployment rate and the approaching retirement of the so-called large

age cohorts (born in 1945–1949), it would be extremely valuable to maintain

and promote the work ability of aging workers, starting at the relatively young age of

45 years.
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Appendix

Estimation of Probabilities and Prevalences

We give a brief exposition of the method developed by Davis et al. (2001) and Davis,

Heathcote, and O’Neill (2002) to estimate the probabilities pi (x, y), y ¼ x þ 1, x þ 2, : : : ,

w, and the prevalences pi(x) for the Finnish data. There is a total of k states, of which the

first k-1 are nonabsorbing and denote work ability levels, in contrast to state k which is

absorbing. A first assumption is that for a cohort of n(x) independent individuals known to

be working at age x the frequencies Ni(x, y), i ¼ 1, 2 , : : : , k, of states at the subsequent age

y are multinomially distributed. This assumption is not essential although it will frequently

be a good approximation for large sample sizes. Its failure leads to inefficient but still

consistent estimators. Secondly, assume that the Ni(x, y) satisfy a law of large numbers in

the sense that n(x)21Ni(x, y) converges in probability to pi(x, y) as n(x) tends to infinity.

Note also that the Ni(x, y) and Nj(x, u), y , u, are correlated, but this affects only the

calculation of standard errors and not point estimates. We ignore this autocorrelation in the

estimation procedure and use the method of Liang and Zeger (1986) to find standard

errors.

For the case of interest with k ¼ 4 states (State 4 absorbing) and reference State 1,

the probabilities are given by (3.3) in terms of log partial odds, ui(x, y) ¼ log{pi(x, y)/

p1(x, y)} ¼ log{ni(x, y)/n1(x, y)}, i ¼ 2, 3, 4. The prevalences of the non-absorbing states

at the initial age x are pi(x) ¼ ni(x)/n(x), i ¼ 1, 2, 3, where ni(x) is the expected

number of individuals in State i (i ¼ 1, 2, 3) at age x, and the relevant log partial odds are

ui(x) ¼ log{ni(x)/n1(x)}, i ¼ 1, 2, 3. Note that in contrast to (3.3)

p1ðxÞ ¼ 1 þ
X3

i¼2

exp{uiðxÞ}

" #21

piðxÞ ¼p1ðxÞ exp{uiðxÞ}; i ¼ 2; 3

ðA:1Þ

Natural estimates for the log partial odds are ~uiðx; yÞ ¼ log{Niðx; yÞ=N1ðx; yÞ} and for the

log partial odds derived from prevalences, ~uiðxÞ ¼ log{NiðxÞ=N1ðxÞ}, where Ni(x) is

the frequency of State i at age x. Substitution into (3.3) and (A.1) gives estimates of the

probabilities and prevalences.

A basic result established in the Appendix of Davis et al. (2001), and more simply and in

greater generality in Section 4 of Davis, Heathcote et al. (2002), is that for a large cohort

the random vector ~uðx; yÞ ¼ { ~u2ðx; yÞ; ~u3ðx; yÞ; ~u4ðx; yÞ}T is approximately normally

distributed with mean uðx; yÞ ¼ {u2ðx; yÞ; u3ðx; yÞ; u4ðx; yÞ}T . If simple random sampling

holds, the covariance matrix V(x, y) can be estimated from the data and for the case of

interest, with k ¼ 4, this V(x, y) is equal to

n2ðx; yÞ21 þ n1ðx; yÞ21 n1ðx; yÞ21 n1ðx; yÞ21

n1ðx; yÞ21 n3ðx; yÞ21 þ n1ðx; yÞ21 n1ðx; yÞ21

n1ðx; yÞ21 n1ðx; yÞ21 n4ðx; yÞ21 þ n1ðx; yÞ21

0
BB@

1
CCA

In practice, the expectations ni(x, y) are replaced by observed Ni(x, y).
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A plot of the observed ui(x, y) suggests a suitable parametrization, for example a linear

or quadratic fit. If the matrix of parametrizised log partial odds is u(bx; yÞ ¼ Zðx; yÞb; then

parameter vector b is estimated by minimizing

LðbÞ ¼
y

X
½ ~uðx; yÞ2 Zðx; yÞb�T Vðx; yÞ21½ ~uðx; yÞ2 Zðx; yÞb�

Here the design matrix Z(x, y) is determined by the nature of the parametrization and we

note that indicators for socio-economic variates could be included when appropriate data

are available. Figures 1 and 2 illustrate the results. Estimates of the probabilities follow

from (3.3). A similar argument yields estimates of the prevalences.

For a given cohort, observed values of the log partial odds in consecutive surveys cannot

be assumed to be asymptotically independent. Although weighted least squares gives a

consistent estimate b̂ of the regression coefficients, the corresponding estimate of their

covariance matrix is invalid because it does not take into account the autocorrelation in the

observed values of the ui(x, y). For this reason the Liang and Zeger (1986) “sandwich”

form estimator was used for the covariance matrix Var(b̂). We stress that this is a method

of calculating standard errors, and it does not affect the value of the point estimate b̂.

Standard errors of the estimated probabilities and expectancies were calculated by the

delta method.
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1. Introduction 
 
Official statistical agencies frequently publish data in the form of counts of  the numbers of 
individuals in different states, such as employed, unemployed, not in the workforce or dead, at 
regular time intervals.  The problem discussed in this paper is the modelling and estimation of 
probabilities of these states, and related quantities, as functions of year and age when there are 
irregular intervals in the sequence of counts. Irregular temporal spacing is not uncommon with 
longitudinal surveys, and the analysed data arose from such a situation in which there were only 
three passes in twelve years, with the annual transition probabilities to be estimated for a 2-
dimensional state space, discrete time series. 
 
  There are, in fact, two sets of probabilities of interest: marginal probabilities pi(t,y) that an 
individual is in state i at year t and age y, and one-step transition  probabilities pij((t,y),(t+1,y+1)) 
of being in state j at (t+1,y+1), conditional on having been in state i at the preceding (time, age) 
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point (t,y). Typically official agencies use cross-sectional data, in which case only the marginal 
probabilities can be estimated. Longitudinal data are required to treat the conditional 
probabilities, and this, together with irregular spacing, is the issue taken up in this paper. 
   
  Under a Markov condition, we use the methodology for estimating one-step transition 
probabilities presented by Davis et al. (2002), with an application in Nurminen et al. (2004) to 
data in the occupational health field. In the present paper, we develop and extend material based 
on these two sources. Related work treating marginal probabilities by similar methods can be 
found in Nurminen et al. (2005). The working life expectancies estimated in the latter paper were 
marginal expectancies based on nationwide cross-sectional register data. By way of contrast, the 
corresponding quantities discussed below are working life probabilities and expectancies 
conditional on knowledge of the initial state, but with a smaller irregularly spaced data set. 
Modelling one-step transition probabilities and inference must perforce be based on this smaller 
longitudinal sample. It is convenient to retain the Markov assumption, but that is not always 
strictly necessary. 
 
   Life expectancycy is perhaps the best known quantity related to working life processes. If there 
are only two states, alive and dead, then life expectancy at a given age is the expected future 
occupation time of the alive state. Other expectancies arise as expected future occupation times 
when the alive state is partitioned according to the application at issue; for example, as states of 
working life or states of health. Similarly there are circumstances in which the absorbing state of 
death is partitioned into, say, causes of death or different ways of permanently leaving the 
workforce. Multistate life table methods could be invoked, but our preference is for the large-
sample logistic regression technique of Davis et al. (2002), which is described briefly in Section 
3.  Inferences on the transition probabilities and expectancies are discussed in Sections 4 and 5.  
Our approach, which is related to the work of Brunsdon and Smith (1998) and Millimet et al. 
(2003), is an alternative to the traditional route followed by demographers and other social 
scientists (e.g., Richards and Abele,1999).  A brief comparative perspective of the two 
approaches is given in Nurminen and Nurminen (2005). 
 
   Section 2 gives a description of the Finnish work ability data as a case to which our modelling 
technique is applicable.  Numerical estimates of selected one-step transition probabilities and 
expectancies are given in Sections 6.  This paper closes with a few comments concerning pension 
policy in Finland. 
 
2. The Finnish Work Ability Data 
 
The data used for illustrative purposes derives from the surveys of 1981, 1985 and 1992 on aging 
and work ability of older workers in the municipal sector carried out by the Finnish Institute of 
Occupational Health; the workers considered were those aged 45 years or over in 1981. A brief 
description of these surveys can be found in Nurminen et al (2004) with details in Tuomi (1999). 
At any particular age, an individual was classified as belonging to one of the following four 
mutually exclusive and exhaustive states: having excellent or good work ability (State 1), having 
fair or poor work ability (State 2), on a disability pension or deceased (State 3), retired on an old-
age or similar pension (State 4). States 3 and 4 are assumed to be absorbing (the few transitions 
from retirement to death were ignored), whereas States 1 and 2 are clearly transient (i.e., non-
absorbing). Our interest focuses on the one-step transition probability,  pij((t,y),(t+1,y+1)) which 
is the probability that an individual is in state j at the (year, age) point (t+1,y+1) given that he/she 
was in state i at the preceding point (t,y), i = 1, 2 and j = 1, ... , 4. 
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   The sample consisted of 6,257 active municipal employees in states 1 or 2 in 1981. There were 
2,797 females and 3,460 males and the genders were analysed separately. In 1981, the age range 
was from 45 to 51 inclusive, giving 7 age cohorts. At the time of the third survey in 1992, with an 
age span from 56 to 69, of these 23% were in states 1 or 2; that is, still active in the workforce. 
Figure 1 shows the (year, age) Lexis plane of the 3×7 = 21 points (t, y) or which counts were 
obtained from the three years of the longitudinal survey.  The missing data problem arises 
because annual passes would have given 84 such data points.  The problem is to model 

( ) ( )( ), , 1, 1ijp t y t y+ +  for the index states i, j, as functions of year t, age y, and an indicator for 
the downturn of the national economy. 

Year

Ag
e 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

46
48

50
52

54
56

58
60

62

  
Fig. 1.  Lexis diagram showing the seven age cohorts and (t,y) points for which data are available 
 
3. Estimation of the Regression Model 
 
For convenience of exposition suppose that there is a single time (age) variable y and that a cohort 
of  l(0) like individuals is observed at the irregularly spaced and sparse times y = y0, y1, ... , yn.  
Let the underlying Markov chain have a non-absorbing states (such as states of work ability) and 
b absorbing states.  For the Finnish data described in the last section, a=b=2 and y indexes the age 
of a cohort along a diagonal of Figure 1. 
 
3.1 The Log Odds 
 
With i denoting the non-absorbing states i = 1,2, ... , a and j any state j=1,2, ... , a+b define the log 
odds as   

 ( ) ( )
( )

1
1

1

,
, log , .

,
ij r r

ij r r
ii r r

p y y
y y i j

p y y
θ +

+
+

 
= ≠  

 
 

They are called the log ratios by Brunsdon and Smith (1998) but we will follow the notation and 
arguments of Davis et al (2002) to describe a variant of large sample multiple logistic regression. 
 
Inverting the transform gives the transition probabilities 
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Note that ( )1,ij r ry yθ +  is the log-odds of ( )1r ry y+ − -step transition probabilities. It is a 
complicated function of the one-step transition probabilities, which are the focus of interest, 
determined by the Markov recurrence 
   
 ( ) ( ) ( ), , 1 1, .ij ik kj

k
p y u p y y p y u= + +∑  

If the one-step Markov property does not hold, then some other recurrence formula is required to 
implement a version of the technique. For example, if the underlying process is Markov of 
arbitrary order then it seems that essentially the same technique can be implemented with a very 
little (further) technical complication. 
    
   A non-parametric estimate of ( )1,ij r rp y y +  is ( ) ( ) ( )1 1, ,ij r r ij r r i rp y y l y y l y+ += % %% , where the 

random variables ( )1,ij r rl y y +
%  and ( )i rl y%  denote respectively the observable numbers of 

individuals in state i at yr and j at 1ry + , and the number in i at ry . It follows that a non-parametric 

estimate of the log-odds ( )1,ij r ry yθ +
%  is  

 ( ) ( ) ( ){ }1 1 1, log , , . ij r r ij r r ii r ry y l y y l y yθ + + += % %%                       (3.2) 

 
Parametrised  log-odds are estimated by a weighted least squares method as described below. 
 
   Suppose that the initial number of lives (individuals) in the non-absorbing states is (0)l , with 

(0)kl  in state k.  The initial frequencies are assumed to be known. As time increases these l(0) 
move between the non-absorbing states or are absorbed according to one-step transition 
probabilities ( ), 1ijp y y + . Note that the discussion in the previous paragraph refers to a 

( )1r ry y+ −  -step transition probability. Under the Markov assumption, and also the assumption 
that the l(0) individuals evolve independently, Theorem 1(ii) of Davis et al. (2002) yields: 
 
   Result  1 For fixed i the random variables ( )1, , ,ij r ry y j iθ + ≠%  are, for large l(0), approximately 

normally distributed with the means ( )1,ij r ry yθ + and covariance matrix           

 ( ) ( )( )1 1, , v , ,r r kj r rV i y y y y+ +− =  
where         

 

( ) ( ) ( )

( ) ( )

kk 1
1 1

kj 1
1

1 1v ,
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1v , , .                           (3.3)
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Further, under the Markov condition the log-odds over disjoint intervals are asymptotically 
independent. Stating the result in this way emphasises that available longitudinal data may be 
sparse and irregularly spaced, such as the data for Finland described in the previous section. The 
problem is to estimate the one-step transition probabilities of the underlying Markov chain from 
what, in effect, are frequency data that are only directly applicable to higher order transition 
probabilities.  
 
3.2 Weighted Least Squares 
 
    Suppose the one-step log-odds are modelled by a linear function of the parameters specified by 
 
                ( ) ( ), 1 ( ), , 1ij ij j j jy y i y y (i) (i)θ θ ′+ = + =β z β                      (3.4) 
 
where ( )jz i is a vector of explanatory variables and ( )j iβ is a parameter vector to be estimated.  
The method of estimation used is weighted least squares with weights specified by the inverse of 
the covariance matrix ( )1, ,r rV i y y +− . Given frequencies at the times y  = 0, y1  , … , yn the 
weighted least squares loss function to be minimised for the estimation of parametrised one-step 
log-odds of (3.4) involves only data from these times.  The loss function is 

( ) ( ) ( )( ) ( ) ( ) ( )( )

( )

1
1 1 1 1 1

1

1
1

, , , , , , , , , ,             

         = , , ,                                                                                         

a

r r r r r r r r r r
i r
a

r r
i r

L i y y y y V i y y i y y y y

S i y yβ

−
+ + + + +

=

+
=

′
= − − − − −∑∑

∑∑

% %β θ θ β θ θ β

  (3.5)

where a is the number of non-absorbing states, ( )1, ,r ri y y +−%θ  is the vector of observable log-

odds, and ( )1, ,r ry y +θ β  is a function of the one-step parameter vector defined by (3.4).  Suppose 
that there are m parameters to be estimated so that β  is 1m × . 
 
Following the conventions of Magnus and Neudecker (1999) and suppressing arguments the 
derivative of the summand S with respect to β  is 

 ( ) 12 .m
S V Iθ

θ θ
β β

−∂ ∂′= − −
′ ′∂ ∂

%  

 
Hence, the corresponding Hessian is  
 

  ( )1 1( ) 2 ( )mH S V I V Hβ β
θ θ

θ θ θ
β β

− −′ ∂ ∂  ′= − ⊗ −  ′∂ ∂   
%  

 
The covariance matrix of the estimated parameter vector β̂ , obtained using the Newton-Raphson 
method, is 

( ) ( )( )( ) ( ) ( ) ( ) ( )( )( )1 111 1
1

1

, ,ˆ 4 ,
n

r r r r
r r

r

y y y y
Var H L V y y H Lβ β

θ θ
β β β

β β

− −−+ +
+

=

 ′∂ ∂ =
′ ∂ ∂

 
∑  
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The probabilities are functions of β  and the next step is to find the derivative of the vector of 
probabilities with respect to β . This can be done using (3.1).  Finally recursions must be found 
for the first two derivatives of the probabilities ( )1,ij r rp y y +  in terms of the one-step 

probabilities ( ), 1ijp y y +  using the Markov property.  Details are tedious. A very brief account 
can be found in Appendix 2 of Davis et al (2002), with more details in the Ph.D. thesis of Davis 
(2003). 
 
3.3 Transition Probabilities 
 
The end results are estimates ( )ˆ , 1ij y yθ +  of the parameters in (3.4) and hence, from (3.1) we 

obtain estimates ( )ˆ , 1ijp y y +  of the one-step transition probabilities.  Estimates of higher order 
transition probabilities are obtained by matrix multiplication using the Markov property. 
 
   Standard errors of the estimated log-odds follow from Equation (3.3) with yr = y,  yr+1 = y +1 
and on substituting relative frequencies for the probabilities in Equation (3.1). Standard errors of 
the ( )ˆ , 1ijp y y +  can be obtained using the delta method, as shown on pages 100-101 of Davis et 

al. (2002). We write ( )ˆVar β  for the covariance matrix of the β̂ and find: 

 
   Result 2   For large l(0) and y<u the random vector ( )ˆ ,i y up  of the ( )ˆ ,ijp y u  is approximately 

normally distributed with mean ( ),i y up and covariance matrix 

    ( ) ( ) ( ) ( ), ,ˆ, .i i
i

y u y u
W y u Var

′∂ ∂   
=    ∂ ∂   

p p
β

β β
 

The covariance matrix of ( )ˆ ,i y up  and ( )ˆ ,k y up  when i k≠  is 

             ( ) ( ) ( ) ( ), ,ˆ, i k
ik

y u y u
W y u Var

′∂ ∂ 
=  ∂ ∂ 

p p
β

β β
. 

 
   Even though individuals evolve independently from different initial states, nonetheless the 
estimates ( )ˆ ,i y up  and ( )ˆ ,k y up  are correlated when i k≠  because the method of estimation 

relies on minimising the loss function ( )L β of (3.5). There is, of course, no correlation between 
results for females and males provided that the two analyses are done separately. 
 
4. Inference on the Transition Probabilities 
 
Whenever possible, questions concerning transition probabilities will be dealt with through the 
log-odds, since in that case the weighted least squares results are directly applicable. However,    
a recourse to the standard errors obtained by the delta method is usually required. 
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4.1 Comparing Transition Probabilities 
 

  Consider the linear combination 

  
( , 1)

( , 1) ( , , 1)=log .
( , 1)

ja
ij

j ij
j i j ii

p y y
a y y i y y

p y y
θ

≠

 + 
′  + = − +   +  

∑ ∏a θ    

Then the estimate 

            
ˆ ( , 1)

ˆ ( , 1)
ˆ ( , 1)

ja
ij

i
j ii

p y y
g y y

p y y
+ 

+ =  + 
∏  

has, asymptotically, a log-normal distribution. 
 
   The comparison of ratios of one-step transition probabilities is straightforward. Thus, to 
compare ( ), 1imp y y +  and ( ), 1ikp y y + , take am   = 1, ak  = −1, all other aj  zero, to obtain 

( ) ( ){ } ( ) ( )( ), 1 , 1 exp , 1 , 1 .im ik im ikp y y p y y y y y yθ θ+ + = + − +  Hence, a large-sample 95% 
confidence interval for the ratio on the left side of the above expression is 

( ) ( )( )exp , 1 , 1 1.96im iky y y y sθ θ+ − + ± , where s is the standard error of 

( ) ( ), 1 , 1im iky y y yθ θ+ − +  obtained from Equation (3.3).  
 
4.2  Testing Temporal Homogeneity of the Markov Chain 
 
An issue of importance in some situations is whether or not the Markov chain generating the data 
is temporally homogeneous. Working life probabilities by their nature depend on year or age or 
both and therefore a hypothesis of temporal homogeneity is bound to be rejected in this context. 
Nonetheless for completeness, and because the question is of general interest, we outline how 
arguments from regression analysis can be developed to find an F ratio to test such a hypothesis 
 
Let 

( )
 number of observed data points

number of entries in parameter vector 
number of non-absorbing states
number of absorbing states

n
m
a
b

=

=

=
=

β β
 

 
We consider the following postulated model 
 
   ( , 1) ( ; , 1),y y y yθ θ+ = +β        (4.1) 
 
and test the null hypothesis of temporal homogeneity of the underlying Markov chain. That is, we 
test the goodness-of-fit hypothesis that the model 
 
   ( , 1)y yθ + = γ ,                                           (4.2) 
 
with γ a parameter vector of constants of length ( 1)a a b+ − , is not significantly worse than that 
of the model in Equation (4. 1). 
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  Davis (2003) showed that the loss function in Equation (3.5) is asymptotically the sum of 
squares of independent standard normal random variables, and that the test statistic, given by the 
likelihood ratio, is 
 

 
( ) ( )( ) ( )( )

( ) ( )( )
ˆ ˆˆ ( 1)

.
ˆ ˆ

L L m a a b
F

L n m

− − + −
=

−

γ β β

β β
      (4.3) 

 
This statistic has the F distribution with ( )( )( 1)m a a b− + −β  and ( )( )n m− β  degrees of 
freedom. 
 
5.  Expectancies 
 
For two ages y and u, y < u, and both less than the maximum age w, we first introduce the 
indicator function:  Iij(y,u) = 1, if a specific individual is in state j at age u given that he/she was in 
state i at age y, and 0 otherwise. Then the future occupation time of state j by this individual is 
 

         ( ) ( , ) ,
w

ij ij
y

O y I y u du= ∫       (5.1)  

 
where w is the maximum observable time.  Since ( )( , ) ( , )ij ijE I y u p y u= , the expected future 
occupation time, or expectancy, of state j of an individual in state i at y is 
 

   
1

( ) ( , ) ( , ).
2

w w
ij

ij ij ij
u yy

e y p y u du p y u
δ

= +

= ≅ + ∑∫    (5.2) 

 
On the right hand side of equation (5.2) ijδ  is equal to 1 if  i = j and zero otherwise, and the sum 
is the commonly used discrete-time expression for the expectancy based on the assumption that 
transitions occur in the middle of the year. 
 
      A natural estimate of eij(y) is 
 

    
1

ˆ ˆ( ) ( , ).
2

w
ij

ij ij
u y

e y p y u
δ

= +

= + ∑     (5.3) 

 
With ( )i ye  the vector of expectancies ( )ije y  and ˆ ( )i ye  its estimate, use of earlier arguments 
and the delta method yields: 

 
  Result 3  The random vector ˆ ( )i ye  is, for large l(0),  approximately normally distributed with 
the mean ( )i ye and the covariance matrix 

         ( ) ( ) ( ) ( )
1 1

, ,ˆ .
w w

i i
i

u y u y

y u y u
U y Var

= + = +

′   ∂ ∂
=    ∂ ∂   

∑ ∑
p p

β
β β

  (5.4) 
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6. Application to the Finnish Data 
 
The first step is to estimate the coefficients of the log odds as described in Section 3.  After some 
experimentation the model decided on for these data was quadratic in age x, linear in year t, a 
cross-product term tx and an indicator for the recession during the years 1990-92.  That is, the 
Indicator took value zero for the years 1981-89 of relative prosperity and took the value unity for 
the recession years 1990-92. Table 1a gives estimated coefficients (see (3.4)) of the log odds for 
females and Table 1b for males. The Intercept is the average (constant model) log odds. 
  
Table 1a.  Parameter estimates and corresponding t-value for the one-step log odds for females.  

( ),ij ij t xθ θ=  are the log odds defined in Section 3.1. 
 
 

12θ  13θ  14θ  
 Estimate t-value Estimate t-value Estimate t-value 

Intercept -2.781 -11.55 -19.762 -1.97 -4.208 -9.83 
x 0.312 3.90 -4.915 -1.16 0.253 1.65 
x2 -0.028 -2.02     
t -0.235 -3.55 4.102 3.12 0.344 2.79 
tx 0.066 2.84 -3.392  -11.32   

Indicator     -14.501 -22.40 
 
 
 

21θ  23θ  24θ  
 Estimate t-value Estimate t-value Estimate t-value 

Intercept -3.084 -29.86 -2.816 -25.92 -6.286 8.69 
x -0.065 -1.81 0.117 4.44 0.627 5.34 
x2       
t   0.117 3.63   
tx       

Indicator       
 
 
Table 1b.  Parameter estimates and corresponding t-value for the one-step log odds for males.  

( ),ij ij t xθ θ=  are the log odds defined in Section 3.1. 
 
 

12θ  13θ  14θ  
 Estimate t-value Estimate t-value Estimate t-value 

Intercept -2.001 -30.24 -5.869 -5.69 -5.195 -13.93 
x 0.057 3.20 -0.068 0.25 0.448 8.01 
x2       
t       
tx       

Indicator   -16.246 -6.80   
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21θ  23θ  24θ  
 Estimate t-value Estimate t-value Estimate t-value 

Intercept -3.129 -24.21 -2.797 -24.75 -4.889 -9.89 
x -0.093 -1.85 0.154 2.88 0.706 3.00 
x2       
t   -0.001 -0.22 -0.048 -1.94 
tx       

Indicator   0.848 2.29   
 
 
  A selection of estimated probabilities is given in Table 2.  An inferential question of interest is 
whether there is a difference between the genders. A glance at Table 2 shows the differences 
between their probabilities for the states over the age decade 45 –54 years, with only differences 
in ( )54,4512p  being significant. The picture that emerges is that female municipal workers are 
more resilient to transitions to disability and old-age pension than their male colleagues. Note, in 
particular, significant difference in the probabilities of staying in the workforce in the initially 
good work ability state p11(45,54). Yet, the interpretation of these findings is clouded by the 
different types of work performed. 
 
Table  2.  Estimates of transition probabilities ˆ (45,54)ijp for females and males.  Standard errors 
are shown in parentheses. 
 

                                    Females                        Males              Females-Males                                      
( )11ˆ 45,54p     0.4534  (0.0374)           0.3709  (0.0192)     0.0825 (0.0421) 

( )12ˆ 45,54p     0.3336  (0.0316)           0.4080  (0.0182)     -0.0744 (0.0364) 

( )13ˆ 45,54p     0.1206  (0.0133)           0.1562  (0.0172)     -0.0357 (0.0218) 

( )14ˆ 45,54p     0.0925  (0.0245)           0.0649  (0.0091)     0.0276 (0.0262) 

( )21ˆ 45,54p     0.1913  (0.0199)           0.1583  (0.0189)     0.0330 (0.0274) 

( )22ˆ 45,54p     0.4772  (0.0254)           0.4646  (0.0253)     0.0126 (0.0358) 

( )23ˆ 45,54p     0.2889  (0.0239)           0.3114  (0.0278)     -0.0225 (0.0367) 

( )24ˆ 45,54p     0.0426  (0.0107)           0.0656  (0.0111)     -0.0230 (0.0154) 
 

 
  
  Next, just as the usual survival curve is a plot of the probability of remaining in the initial alive 
state as age increases, so working ability survival curves are plots of the probabilities (45, )ijp u , 
with i = 1, 2 and j = 1, 2, of remaining in the workforce as age u  increases from the initial age 45. 
These curves are shown in Figure 2.  The maximum working age is taken as 62.5, since it is 
known that Finnish municipal workers earlier often retired before age 63. 
.   
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Figure 2.  Working ability survival curves ( )ˆ 45,ijp y  for females and males for the data 

described in Section 2.  For i = 1,2, ( )1ˆ 45,ip y  is shown by a solid line, ( )2ˆ 45,ip y  is shown by 

. . ., ( )3ˆ 45,ip y  is shown by _ , and ( )4ˆ 45,ip y  is shown by _ _.              
 
 
Tables 3a and 3b give selected estimates of the ( )ije y  for the Finnish data described in Section 2; 
the estimates are for i = 1,2 and ages 45 and 50. Also given are the percentages 
 

           
ˆ ( )

ˆ ( ) 100%
62.5

ij
ij

e y
r y

y
= ×

−
 

 
of working life expectancy as a proportion of the remaining maximum possible time in the 
workforce. 
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Table 3a.  Estimated Finnish female working life expectancies ˆ ˆ ( )ij ije e y=  and the percentage 

ˆ ˆ ( )ij ijr r y=  of () for ages y=45 and 50. 
  

                       Age 45                            Age 50                                     
( )11 11ˆ ˆ,e r     (7.74, 44.24%)               (5.14, 41.15%)                              

( )12 12ˆ ˆ,e r    (4.43, 25.32%)               (3.42, 27.37%) 

( )13 13ˆ ˆ,e r    (3.29, 18.77%)                (1.70, 13.57%) 

( )14 14ˆ ˆ,e r    (2.04, 11.67%)               (2.24, 17.90%) 

( )21 21ˆ ˆ,e r   (2.08, 11.90%)               (0.92, 7.34%) 

( )22 22ˆ ˆ,e r   (8.55, 48.86%)               (6.40, 51.22%) 

( )23 23ˆ ˆ,e r   (5.50, 31.43%)               (3.32, 26.54%) 

( )24 24ˆ ˆ,e r   (1.37, 7.81%)               (1.86, 14.90%) 
 
 

Table 3b.  Estimated Finnish male working life expectancies ˆ ˆ ( )ij ije e y=  and the percentage 

ˆ ˆ ( )ij ijr r y=  of () for ages y=45 and 50. 
  

                         Age 45                            Age 50                       
( )11 11ˆ ˆ,e r     (7.26, 41.48%)               (5.15, 41.20%)                                        

( )12 12ˆ ˆ,e r    (3.79, 21.65%)               (2.13, 17.03%) 

( )13 13ˆ ˆ,e r    (3.49, 19.96%)               (1.33, 10.63%) 

( )14 14ˆ ˆ,e r    (2.96, 16.91%)               (3.89, 31.15%) 

( )21 21ˆ ˆ,e r   (1.90, 10.84%)               (0.65, 5.17%) 

( )22 22ˆ ˆ,e r   (7.51, 42.90%)               (4.70, 37.62%) 

( )23 23ˆ ˆ,e r   (5.63, 32.17%)               (3.43, 27.44%) 

( )24 24ˆ ˆ,e r   (2.47, 14.09%)               (3.72, 29.77%) 
   
For the Finnish data standard errors of the ˆ ( )ije y , produced by Equation (5.4), are all less than 

0.6 with most between 0.1 and 0.3. This implies that the standard errors of the ˆ ( )ijr y are all less 
than 3.4 percentage points with most between 0.6 and 1.7.  The standard errors permit test of 
statistical significance of the difference in estimated occupation times between women and men. 
For example, ê11(50) = 5.14 years for women and 5.15 years for men. There was a statistically 
significant difference in e11(x) for initial age x = 52 years in favour of women.  
 
  To illustrate the comparison of percentages, consider the female versus male difference of future 
percentage working life in state 1 for a person known to be in that state at age 45. That is, 
examine the difference ( ) ( )

11 11(45) (45)F Mr r− , where the superscripts F and M denote female and 
male respectively.  The standard error turns out to be 2.19, and the conclusion is that there is no 
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significant gender difference for this measure. On the other hand, ( ) ( )
22 22ˆ ˆ(45) (45)F Mr r− = 5.96 

is greater than two standard errors, indicating a significant difference in this case. Other 
numerical results for the Finnish expectancies, but for a simpler model without the recession 
indicator, can be found in Nurminen et al. (2004). 
  
   The inferred difference in probabilities and working life expectancies between the genders is 
an interesting empirical result of this study. Yet it is difficult to interpret with confidence. It may 
be explained simply in terms of the true health status, or, alternatively, by implicating the 
Finnish health system in that it would somehow intervene dissimilarly on men and women. In 
particular, the juxtaposing question is whether men’s claims for early retirement are more easily 
accepted than those of women, or whether women are offered more opportunities than men to 
shift to less demanding working roles (e.g. job-sharing) following a deterioration of health 
status, or for both reasons.  
 
   We raise five further factors that are likely to bear on the issue of gender-difference in working 
life expectancies. First, women are employed more often than men in branches that have had, and 
still have, a lot of lowered professional retirement ages in reference to the statutory retirement 
age. Second, women tend to report much more than men complaints that are subjectively 
experienced as troublesome, but for which the medical finding remains slight. Third, there does 
not seem be discrepancies in Finland between genders in the offering of occupational 
rehabilitation and putting it into practice. Fourth, the percentage of men who were on work 
disability pension was greater than that of women. This may be explained by the fact that men run 
a greater risk of suffering from work-related injuries and occupational diseases than women do 
(Karjalainen et al, 2001). This is because men are more often engaged in physically heavier 
outdoor (e.g. construction) work than women. Men's work in industrial settings also exposes them 
to chemical and physical hazards (e.g. noise can cause work-related stress). In these cases, the 
rejection of a disability pension is unlikely. Finally, the economic recession had the effect of 
discouraging female retirement on a premature old age pension, whereas those men with good 
initial work ability were less likely to be transferred to a disability pension during the recession. 
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Abstract 

In this paper, we estimate transition probabilities between different health states that lead to the 
estimation of future occupation times in the work ability states conditional on an individual's 
initial state and age. We analyse data obtained from three longitudinal surveys on active Finnish 
municipal workers. We found that men permanently leave the work force due to disability or 
death earlier than women in all age groups, regardless of whether they commenced in a better or 
worse work ability state. Women tend to retire on old-age or similar pension before men, 
especially those women with an initially fair or poor capacity for work. The data suggest that the 
work ability of Finnish aging workers appears to deteriorate prematurely and that individuals 
leave employment before the statutory retirement age. Thus the work ability of employed 
persons should be followed already at sufficiently early ages when it is still possible to intervene 
in the process. 



2 
 

Introduction 

In this paper, we analyse a cohort whose members move between four health states: (1) having 
excellent or good work ability; (2) having fair or poor work ability; (3) on a disability pension or 
deceased; and (4) retired on an old-age or similar pension. The purpose of this study is to 
estimate occupation times in the four states, given initial state, sex, and age. Clearly the paper 
addresses a problem which is relevant to occupational health policy. The usefulness of this 
quantification becomes vital considering that in many developing countries populations are 
aging, and that the large age cohorts will in a few years retire and will require more intensive and 
more expensive health care. Thus it is important to know what are the average times that people 
continue working in a given health state. We differentiate nonworking life by defining disability 
and retirement as separate states. This is especially important in understanding the quality of life 
among aging persons and the inequities of access to retirement.  

The data on work ability analysed in this paper originate from the surveys on aging and work 
ability carried out by the Finnish Institute of Occupational Health (FIOH) in 1981, 1985 and 
1992. For these three sample years it was possible to observe what, in effect, is a fragmentary 
longitudinal survey giving the numbers of transitions between the four states. On the basis of this 
limited data set the problem is to estimate the expected times spent in each of these states by 
workers who were aged 45 to 51 years in 1981. 

We used a non-homogeneous discrete time Markov chain on the above four states to model the 
data with the longitudinal counts of transitions at irregular time points. We then estimated the 
one-step transition probabilities of this process by a recently developed method of least squares 
interpolation. Interpolation is required to estimate the one-step probabilities because the data are 
available only at widely and irregularly spaced times. Given an individual's initial state of work 
ability at a specific age and year, we used estimates of the transition probabilities to estimate the 
expected future occupation times, called expectancies, of the different states and their standard 
errors. These expectancies are conditional on knowledge of the initial state and as such they are 
called conditional working life expectancies. Details of the estimation of transition probabilities 
can be found in Davis et al. 1 and a brief description is given in the Appendix. Similar methods 
for treating marginal cross-sectional data are described in Davis et al. 2 The most important 
difference with methods that are better known in demography3, 4 is that we interpolate in the time 
dimension and age dimension simultaneously. Polynomial interpolation in the time dimension5 
and in the age dimension (graduation) are well known. But fitting a two-dimensional polynomial 
with interaction terms to the Lexis surface is to the best of our knowledge a novel approach. For 
a similar approach in the field of mortality studies, see Heathcote and Higgings. 6    A related 
paper is Millimet et al. 7 Existing methods for analysing multistate (increment-decrement) life-
table data have been described comprehensively in the demographic literature. 8, 9,10 and applied 
to study the association between economic activity and health. Thus, these methods are well-
known among economists, but less familiar among epidemiologists. For economists, the 
principal obstacle to labor force participation is often illness, and for epidemiologists, disability 
is often revealed by the inability to work normally.  

The data come from a longitudinal survey of Finnish municipal workers who are required to 
leave the work force on or before their 63rd birthday. States (1) and (2), describing levels of work 
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ability, are non-absorbing, whereas states (3) and (4) are absorbing in the sense that no return 
from them to the workforce is possible. The maximum working age constraint means that the 
comparison of expected occupation times for the absorbing states has direct inferential 
implications for the propensity of workers to be affected by events which cause their working 
lives to cease. Consider the subpopulation of all individuals of a specific age and work ability 
state at a particular point in time. Due to the imposition of a maximum working age, all such 
individuals will be observed for the same time period which, for each individual, consists of time 
in active work followed by transition into one of the absorbing states. Hence, comparing 
expected occupation times for the absorbing states is equivalent to comparing the effects of 
causes of work life termination. That is, an absorbing state with a long expected occupation time 
corresponds to a cause of early exit from the work force. 

This paper is organized as follows. In the next section, we describe the longitudinal surveys of 
aging Finnish municipal workers. The following two sections compare the observed and 
modelled multi-multi-step transition probabilities and give expressions for working life work life 
expectancies. The Results section presents estimates of future occupation times and discusses the 
statistical significance of their differences. The final section closes with remarks on the analysis 
of aggregate data and the significance of the empirical results on the prevention of disability and 
premature retirement. The Appendix gives some technical details.  

 

Data and methods 

The Finnish work ability surveys 

The determination of work ability and its level relied on the self-assessment of workers who 
replied to a questionnaire from the FIOH in 1981, 1985 or 1992. The non-responders were 
persons who either did not return the questionnaire or did not answer the questions regarding 
work ability, but who neither received pension nor were deceased. The non-responders may 
include unemployed persons, though unemployment in the municipal sector was rare before the 
depression started in Finland in 1992. The non-response rate was only 5% of the subjects 
enrolled in 1981, and it was ignored in our analysis, as it was judged to make little difference. 
Tuomi11 and Tuomi et al. 12, 13 give a detailed description and discussion of the study. An analysis 
of the cross-sectional distributions of the cohort population in the different work ability states 
will be reported elsewhere.  

For the purposes of this paper, it suffices to note the following points. The cohort was assembled 
through a nationally representative sample of 6 257 active municipal employees, aged 45 to 58 
years in 1981. As the initial study commenced in 1981 when all the cohort members participated 
actively in the work force, we obtained the cohort data at three time points. At the time of the 
second survey, the subjects were divided into groups of active workers (including persons who 
did not respond to a questionnaire but who had not retired), ex-workers (on disability or old-age 
pension), and deceased persons. In the third survey, when the subjects were 55-69 years old, 
23% of them were still actively working, 30% were on disability pension, 41% were retired on 
old-age pension, and 6% had died. The actual retirement age is about 59 years on average in 
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Finland, despite the common official retirement ages of 63 or 65 years. At present the statutory 
retirement age for municipal workers varies and is between 63-65 years.  

The work ability of a worker is classified as excellent, good, fair or poor depending on a work 
ability index score; for details on the construction of this index, see Tuomi et al. 14 Individuals 
may permanently leave the work force due to disability or retirement or death. Disability 
pensioners are here defined as persons with a medically diagnosed disabling disease and persons 
aged 60-64 years with a permanently weakened work ability which incapacitates them to work 
for wages. Retired persons are ex-workers who have permanently left the work force for reasons 
other than disability or death; that is, persons on old-old-age, unemployment, early-retirement or 
veteran's pension. Since the frequency of death in the observed age range is small we have 
combined death and disability into one state. Hence, at any particular age, an individual is 
classified as belonging to one of the following four mutually exclusive and exhaustive states: 
having excellent or good work ability (state 1), having fair or poor work ability (state 2), on a 
disability pension or deceased (state 3), retired on an old-age or similar pension (state 4). States 3 
and 4 are assumed to be absorbing (the few transitions from retirement to death were ignored), 
states 1 and 2 are clearly transient (i.e., non-absorbing).  

The data used are the observed number of transitions between these states during the periods 
1981 to 1985 and 1985 to 1992. These frequencies were available for the male and female birth 
cohorts aged 45 –51 years in 1981, so there are 14 data points for each gender. Table 1a shows 
the observed transition frequencies for the female cohorts aged 45 and 46 years in 1981, the 
corresponding data for men are shown in Table 1b. Note that occupation times in each state are 
not known, in spite of the longitudinal design. 



5 
 

Table 1a: Observed transition frequencies for the female cohorts aged 45 and 46 years in 1981. 

 

 

 

Table 1b: Observed transition frequencies for the male cohorts aged 45 and 46 years in 1981.  
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Parameter estimates 

Let pij (xr,xr+1) be the conditional multi-step probability that an individual is in state j at age xr+1 
given that he/she was in state i at age xr . Then for time interval (xr,xr+1) and transient state i, 
consider the log partial odds Θij (xr,xr+1) of transition to state j ≠ i defined by  

(1) 

Θij(xr,xr+1) = log{pij (xr,xr+1)/pii(xr,xr+1)}  

The use of log partial odds is convenient as it gives estimates of the transition probabilities 
through the logistic formulation. Suppose further that the Θij (xr,xr+1) are parametrised as 
Θij(β,xr,xr+1), where β is the parameter vector of the one-step log partial odds Θij(x)=log{pij (x,x 
+ 1)/p(ii(x, x+1)}. Inverting the one-to-one correspondence in equation (1) yields the following 
logistic formulation of the transition probabilities  

(2)  

 

Working life expectancies are given by formula (3) below. 

In the case of the Finnish work ability data, the regressors for the one-step log partial odds are 
age x and year t of transition. For each Θij(βij ;(x,t),(x + 1, t + 1)) , it is necessary to determine the 
form of the most suitable polynomial model. To do this we generated a pseudo-dataset consisting 
of observed transition frequencies obtained using spline interpolation to a unit time grid in both 
age and year. In each case, the inspection and exploratory analysis of the plots of the observed 
partial odds, Θĩj(βij;(x,t),(x + 1, t + 1)) , for the pseudo data were used to determine the most 
appropriate model. (Superimposing a tilde on a letter indicates that it is a random variable with 
the same letter without a tilde being its expectation.) Note that the logistic regression method has 
the advantage that the form of the model for each of the observed partial odds need not be fixed a 
priori but can be determined by the pattern of the data. Although there are other possible choices, 
such as the complementary log-log function, the logistic function is more readily interpretable. 
The regression models can include indicator variables for factors such as socio-economic status 
when appropriate data are available.  

The parameter estimates and their standard errors, computed in S-Plus using the method outlined 
in the Appendix, are given in Table 2.                                                          
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Table 2: Parameter estimates and their standard errors (in parentheses) for the one-step 
log partial odds, separately for women and men.  

 

 

A polynomial in age, and interactions with year, improved the quality of the model fit. Also a 
plot of the observed p̃ij((xr,tr),(xr + 1, tr + 1)) and the results of the weighted least squares 
estimation, the pij(β*;(xr,tr),(xr + 1, tr + 1)), are shown graphically for women in fig. 1, fig. 2 and 
fig. 3. The corresponding plots for men are displayed in fig. 4, fig. 5 and fig. 6. Note that in these 
figures the fitted multi-step transition probabilities, the pij(β*;(xr,tr),xr,xr+1), are obtained by 
multiplying the appropriate estimated one-step transition probabilities. The figures also show the 
95% confidence intervals for the pij(β*;(xr,tr),xr,xr + 1) based on standard errors obtained by the 
delta method.        
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Figure 1: Transition probabilities for women: (a) p11(x,x+4) and p21(x,x+4); (b) 
p11(x+4,x+11) and p21(x+4,x+11); (c) p13(x,x+4) and p23(x,x+4); (d) p13(x+4,x+11) and 
p23(x+4,x+11). For j = 1, 3, fitted value of p1j(x,x+4) and p1j(x+4,x+11) shown by solid line 
with observed value indicated by *, and fitted value of p2j(x,x+4) and p2(x+4,x+11) shown 
by dotted line with observed value indicated by ^. 95% confidence intervals are shown by 
dashes.  
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Figure 2: Transition probabilities for women: (a) p12(x,x+4); (b) p12(x+4,x+11); (c) 
p22(x,x+4); (d) p22(x+4,x+11). Fitted value shown by solid line, observed value indicated by 
* and 95% confidence interval is shown by dashes.  
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Figure 3: Transition probabilities for women: (a) p14(x,x+4); (b) p14(x+4,x+11); (c) 
p24(x,x+4); (d) p24(x+4,x+11). Fitted value shown by solid line, observed value indicated by 
* and 95% confidence interval is shown by dashes.  
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Figure 4: Transition probabilities for men: (a) p11(x,x+4) and p21(x,x+4); (b) p11(x+4,x+11) 
and p21(x+4,x+11); (c) p13(x,x+4) and p23(x,x+4); (d) p13(x+4,x+11) and p23(x+4,x+11). For j 
=1,3, fitted value of p1j(x,x+4) and p1j(x+4,x+11) shown by solid line with observed value 
indicated by *, and fitted value of p2j(x,x+4) and p2j(x+4,x+11) shown by dotted line with 
observed value indicated by ^. 95% confidence intervals are shown by dashes.  
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Figure 5: Transition probabilities for men: (a) p12(x,x+4); (b) p12(x+4,x+11); (c) p22(x,x+4); 
(d) p22(x+4,x+11). Fitted value shown by solid line, observed value indicated by * and 95% 
confidence interval is shown by dashes.  
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Figure 6: Transition probabilities for men: (a) p14(x,x+4); (b) p14(x+4,x+11); (c) p24(x,x+4); 
(d) p24(x+4,x+11). Fitted value shown by solid line, observed value indicated by * and 95% 
confidence interval is shown by dashes.  
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Working life expectancies 

Consider a health surveillance program conducted for a population of workers who are known to 
permanently leave the work force on or before reaching a maximum working age w. For 
example, Finnish municipal workers can remain in the work force until their 63rd birthday at the 
latest, that is, w is here taken to equal to 62 years. Recall that an individual's reason for removal 
from the Finnish work force is classified into either of the following two categories: disability 
and death (state 3), or retirement (state 4). 

For an individual initially in state i at age x in year t (both age and year fixed), the expected 
future occupation time in state j is the area under pij((x,t),(y, t + y - x)) as y varies between x and 
the maximum working age w. A standard approximation to this area cf.15, Part 2 is  

(3)  

 

Equation (3) is taken as the conditional working life expectancy of state j given initial state i at 
age x in year t. Replacing pij((x,t),(y,t+y-x)) with its estimate pij(β*;(x,t),(y,t+y-x)) in (3) gives an 
estimate êij(x,t) of this occupation time. 

The results discussed always have the initial year fixed at 1981 (the year of the first survey) so, 
for ease of notation, we will henceforth suppress the argument t. Under this convention, (3) can 
be rewritten as follows:(4)  

 
Consider a worker initially aged 45 years; this individual has at most between 17 and 18 
years of remaining work life (before reaching his/her 63rd birthday). Under the discrete 
approximation in (4), for a given initial state, the conditional working life work life 
expectancies sum to 17.5. In general, these expectancies sum to (62 - x + ½) years for 
a worker initially aged x years.  
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Results 

Table 3a gives values of êij (x), with i = 1,2 and j =1,2,3,4, for the female cohorts aged x = 
45,46,...,55 years in 1981 (standard errors are given in parentheses). The same information for 
the corresponding male cohorts is given in Table 3b. 

Table 3a: Estimated conditional working lifework life expectancies êij (x) for women with 
initial age x years in 1981. Standard errors are shown in parentheses.  
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Table 3b: Estimated conditional working lifework life expectancies êij(x) for men with 
initial age x years in 1981. Standard errors are shown in parentheses.  

 

 

The standard errors permit tests of the statistical significance of the difference in estimated 
occupation time between women and men for a particular initial age in 1981. For example, 
êii(45) is 7.73 years for women and 7.28 years for men. Since the standard errors on these 
estimates are 0.29 and 0.24 years, the standard error of the difference is [(0.29)2 + (0.24)2 ]0.5 = 
0.38 years. Hence, the 95% confidence interval for this difference is (-0.31, 1.21) years. 
Therefore, for persons aged 45 years in 1981 initially in state 1, we infer that the gender 
difference in future occupation time of this state is not statistically significant.  
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Table 4: Statistically significant gender differences in conditional working life work life 
expectancy for cohorts aged 45-55 years in 1981.  

 

In contrast, for age 52 years, the corresponding 95% confidence interval is (0.11, 1.71) years 
indicating a significant difference in favour of women. Similarly, for initial ages x = 45,46, ... , 
55 years in 1981, two-tailed hypothesis tests (with a significance level of 5%) for equality 
between the sexes in êij(x) were carried out for i = 1,2 and j = 1,2,3,4. The results are 
summarized in Table 4. 
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Table 5a: Estimates, 95% confidence intervals (CIs) and Student's t-values for e13(x) – 
e23(x) and e14(x) – e24(x), for women aged x = 45 – 55 years in 1981.  

 

 

Occupation times for the absorbing states are of particular interest because, under the assumption 
of a maximum working age, these estimates provide information on the timing and cause of an 
individual's permanent removal from the work force. For example, consider the female cohort 
aged 45 years in 1981. For state 3, the estimated future occupation time is 3.0 years for 
individuals initially in excellent or good health, and 5.3 years for those initially in fair or poor 
health. Hence, an individual in state 2 is estimated to be affected by disability or death 2.3 years 
sooner than an individual in state 1. Table 5a shows values of the differences ê13(x) - ê23(x) and 
ê14(x) - ê24(x), together with 95% confidence intervals and Student's t – statistics, for the female 
cohorts aged 45-55 in 1981. The same information for the corresponding male cohorts is given in 
Table 5b. 
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Table 5b: Estimates, 95% confidence intervals (CIs) and Student's t-values for e13(x) – 
e23(x) and e14(x) – e24(x), for men aged x = 45 – 55 years in 1981.  

 

 

For all female cohorts aged between 45 and 55 years in 1981, individuals initially in state 2 
affected by disability or death are estimated to leave the work force earlier than those similarly 
affected but with initial state 1. Considering state 4 we observe that, for initial ages 45-51, those 
commencing in the better work ability state retire before individuals commencing in the worse 
work ability state, and conversely for ages 52-55 years. Note that the differences in occupation 
times for state 3 are statistically significant for all initial ages, and for state 4 the differences are 
significant at all ages except 51 and 52 years. 
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Table 6a: Estimates, 95% confidence intervals (CIs) and Student's t-values for e13(x) – 
e14(x) and (CIs) e23(x) – e24(x), for women aged x = 45 – 55 years in 1981.  

 

 
 

Estimates from all the corresponding male cohorts indicate that, for those affected by disability 
or death, individuals initially in state 2 have significantly shorter work lives than individuals 
initially in state 1. Also, in the case of all the male cohorts studied, persons initially in state 1 
retire before individuals initially in state 2 with significant differences occurring at initial ages 
48-52 years. 

For given initial work ability state, age and year, we can also compare the expected future work 
life of individuals leaving the work force into state 3 with individuals leaving into state 4. Table 
6a shows values of the differences ê13(x) - ê14(x) and ê23(x) - ê24(x), together with 95% 
confidence intervals and Student's t-statistics, for the female cohorts aged 45-55 years in 1981. 
The same information for the corresponding male cohorts is given in Table 6b. 
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Table 6b: Estimates, 95% confidence intervals (CIs) and Student's t-values for e13(x) – 
e14(x) and (CIs) e23(x) – e24(x), for men aged x = 45 – 55 years in 1981.  

 

 

Consider initial state 1, women aged 50-55 years in 1981 leaving to state 3 are estimated to have 
significantly longer work lives than those who leave to state 4. For men this is the case for initial 
ages 53-55 years, and significant differences in the opposite direction are estimated for ages 45-
49 years. 

In the case of initial state 2, women leaving to state 3 are estimated to have significantly shorter 
work lives than those leaving to state 4 for initial ages 45-51 years and significantly longer 
working lives for initial ages 54 and 55 years. For males, in this comparison, individuals in all 
cohorts aged 45-55 years in 1981 are estimated to have significantly shorter work lives when 
leaving to state 3.  
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Concluding remarks and summary 

Methodologic issues 

We applied the methodology of Davis et al.1 for aggregate longitudinal data with the objective of 
describing transitions between health states in terms of a regression model for covariates, while 
taking into account the correlation among repeated observations for an individual. In this case, 
the regression coefficients have implications for the population rather than to an individual, and 
hence the concept of 'population-averaged' model can be applied. 16 This approach has two 
distinctive features. The first is that the population average response is the focus, and the second 
is that subject heterogeneity is not explicitly modeled. This type of modeling is effectively 
applied in epidemiologic studies such as those conducted on occupational health. Here the focus 
is the difference in the outcome rate between two groups (e.g., persons with work ability status 1 
vs. 2) with different risk factors, rather than the changes in an individual's probability of a certain 
endpoint over time as a function of covariates.  

Often in the case of longitudinal data, for some observations we may not know the exact time of 
the event at issue but only that it occurred within a certain time interval, known as ‘interval-
censored' data. We tackled the problem of incomplete time-to-event information by modeling 
missing observations as a smooth regression surface of the calendar year and participants' age. 
The adopted estimation and interpolation procedure is similar to the practice of using a two-
dimensional projection-pursuit regression surface, 17 but is superior to simpler method of using a 
polynomial interpolation in the time dimension because it is also based on participants' age. The 
importance of smoothing simultaneously on the age dimension is that, because of the underlying 
'censoring' process, the true observations typically are conditional on participants' age.  

Use of the log partial odds and logistic parametrisation has the advantage that it facilitates the 
joint estimation of the transition probabilities. By contrast, Tuomi et al.13 estimated the 
probabilities leading to the state of disability, e.g., directly by first excluding persons who had 
retired or died. Because the exclusions were of different magnitude for women and men at 
different ages, and because disability is associated with mortality, the obtained estimates of the 
sex-specific probabilities are not comparable and do not characterize the underlying counting 
process.  

There are alternative approaches to log partial odds regression modelling, which make use of 
aggregate data. Time series can be constructed from a sequence of cross-sectional surveys. In 
autoregressive models, the series are generally assumed to be time-dependent. However, it is not 
obvious that the autoregression methods have offsetting advantages over simpler model-building 
procedures, which would compensate for being statistically involved. The autoregressive 
methods comprise complex estimation processes that demand computer-intensive tasks. The 
quasi-likelihood approach for 'observation-driven'18 and 'parameter-driven'19 models for time 
series are examples. 

The multi-state (multiple ‘increment-decrement') models used in demography have their own 
limitations.8, 9, 10 These models are not generally applicable when the number of non-absorbing 
states in the model is greater than two. Also, the methods do not permit the direct parametric 
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modeling of the age dependence on transition probabilities. Furthermore, formulae for the 
standard errors of the working life expectancy estimates need development. 

Empirical findings 

The Finnish data pertain to a period of time 10 to 20 years ago when the official retirement age 
from some municipal occupations was as low as 55 years, which is several years lower than 
today. Although the average retirement age in Finland rose from 1995 to 2000 by two years, 
from 57 to 59 years, premature retirement has been very frequent in Finland compared to most 
other countries, and it can entail far-reaching socioeconomic consequences. Mature age workers 
have the potential to make a continuing social and economic contribution to Finland. The extent 
of this contribution will depend upon the ability of mature age workers to continue to work, and 
their interest in doing so. It will also be influenced by the changing nature of work and the 
attitudes of employers towards the value of mature age workers.  

In Finland, it has not been especially difficult to retire on a disability pension. In recent years, 
about 80% of all the applications have been accepted. Compensated work disability pension is by 
law always based on a medically diagnosed disability caused by disease, deficiency or 
disablement. Perceived lowering of work ability is associated with many factors such as 
increased demands of work, burdening, long absence from work due to unemployment, 
elongated incapability caused by sickness or accident, poor professional competence, poor 
personal relations, etc. Not all of these problems are medical, and they should not be examined 
and treated as such. There are efficient means to prevent disability and to sustain work ability, 
such as training services, changing work tasks, rehabilitation, occupational health care services, 
work protection, work supervision measures, commitment of the management, communication 
with employees, coordination with organized labour, workplace redesign and proactive return-to-
work programs. The illness-based concept of disability mainly concentrates on the loss of work 
ability, but the recently introduced Finnish functional capacity approach via vocational 
rehabilitation focuses on residual ability instead of emphasizing the incapacity. 20 In disability 
policy, this approach would mean not only the integration of disabled persons into labor force 
but also the improvement of the quality of working life. 21  

We have been able to quantify the most significant and anticipated result of this study which is 
that for all female and male cohorts aged 45 to 55 years in 1981, the persons initially in a state of 
fair or poor work ability are estimated to leave the work force due to disability or death earlier 
than those with an excellent or good initial capacity for work. The usefulness of quantifying this 
finding becomes even more compelling when the so-called large age cohorts (the age groups 
born after the Second World War in 1945-1949 were 30% larger than the preceding ones), aged 
53 to 57 years in 2002, will in a few years reach retirement age and will require more demanding 
health services and costlier medical care. The situation is accentuated by the increase in life 
expectancy by 6 years in Finland over the past 30 years. In preparation for this aging 
demographic progression and in order to alleviate the pressure for growing health care 
expenditures, the Parliament of Finland passed in 2003 new legislation for the private sector to 
postpone pensioning off from work. The legislative package includes several measures. First of 
all, the possibility to move on to early old-age pension will be changed from 60 to 62 years, and 
the upper limit for work life will be extended from 65 to 68 years. Secondly, the transfer to a 
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disability pension will be made easier, but the threshold will be clearly higher than that of the 
present early retirement on personal pension. The latter type of retirement is intended for persons 
whose work ability has diminished, but who are not entitled to disability pension. Personal 
pension will no longer, as of year 2004, be granted for persons born after 1943. Thirdly, the age 
limit for part-time pension will be elevated from 56 to 58 years for persons born in 1947 or 
thereafter (with a lowering of the amount of subsequent old-age pension). Finally, 
unemployment pension will be discontinued. All these measures, which will come into effect in 
2005, are geared at providing more incentives in the future for people to remain in the labour 
force over a longer period. Moreover, the National Program for Aging Workers (1998-2002) 
aimed to tackle the pension problem by developing new means to improve working conditions 
and to promote the work capacity of aging workers. A proposal for a new law on pensions for the 
municipal sector was put forth in 2002.  

The impressive difference in working life expectancies between genders is an interesting but 
intriguing result of this study. Yet it is difficult to explain with certainty. Can this gender 
difference be explained simply in terms of the true health status, or, alternatively, does the 
Finnish health system intervene differently on men and women? In particular, the question is 
whether men's claims for early retirement are more easily accepted than women's claims, or 
whether women are offered more opportunities than men to shift to less demanding working 
roles (e.g. job-sharing) following a deterioration of health status, or both. 

We contemplated on four factors that are likely to bear on the issue of gender-difference in 
working life expectancies. First, women are employed more often than men in branches that have 
had and still have a lot of lowered professional retirement ages in reference to the present, 
statutory retirement age (i.e. 63-65 years). At the time of the study 44% of women and 22% of 
men had a retirement age less than 63 years. Hence a part of women did not have time to be on 
sick leave long enough so that they would be transferred to a disability pension. Second, women 
tend to report much than men complaints that are subjectively experienced as troublesome, but 
for which the medical finding remains slight. These ailments include, for example, various 
disorders of the musculoskeletal system such as fibromyalgia. In a majority of these cases, 
pension fund institutes assess the reduction of work ability to be much less than the self-
assessments of the concerned individuals. For women this practice may contribute to the increase 
of the number of adverse decisions on receiving a pension. In principle, there exist no differences 
between the genders, but, in reality, the accumulation of such ‘slight' ailments among women 
could, in part, explain the result. Third, men's work in the municipal sector is frequently 
technical and physically burdensome. In these cases, the rejection of a disability pension is 
unlikely. An indication of this is the lower than general rejection statistics of Finnish mutual 
pension insurance companies that cover, for example, construction workers, longshoremen and 
agricultural workers. Fourthly, there does not seem be differences in Finland between genders in 
the offering of occupational rehabilitation and putting it into practice. However, for women who 
are employed in the social and health care fields it may be easier than for men to find lighter 
work. This is because in these fields workplaces are on the average larger and the possibilities of 
finding jobs are more plentiful than in the typically male dominated fields. On the other hand, the 
numbers of rehabilitated persons are relatively small, and considering that there are less men 
than women working in the municipal sector (in 1981, 72% of the workers were women), this 
gender imbalance may not be a significant factor.  
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Summary 

In brief, we restate the major findings and conclusions. Working life expectancy shows the 
number of years one expects to continue to participate in the work force. This concept takes into 
account the fact that a person may choose to leave the work force, or may be unable due to health 
reasons to continue to work during his or her lifetime. Contingencies to be considered include 
disability, retirement and mortality. We found that men permanently leave the work force due to 
taking a disability old-age pensioner death earlier than women in all age groups, regardless of 
whether they commenced in a better or worse work ability state. For example, for 45-year-old 
men initially with an excellent or good work ability the expected occupation time in the disabled 
state was 4.1 years, whereas for those with initially a fair or poor capacity for work it was 
markedly longer, 6.3 years. For women the corresponding expectancies were shorter 3.0 years 
and 5.3 years. The usefulness of this quantification becomes vital considering that the Finnish 
population is aging, and that the large age-cohorts will in a few years retire and will require more 
intensive and more costlier health care. On the other hand, women tend to retire on old-age or 
similar pension before men, especially those women with an initially fair or poor capacity for 
work at ages 49-55 years. This gender difference in the duration of active work life is 
accentuated by women's longer life expectancy. The data from this study suggest that the work 
ability of Finnish aging workers deteriorates prematurely and individuals leave employment 
before the statutory retirement age. This adverse development can lead to serious socioeconomic 
consequences for the Finnish society. These results stress the importance of following the work 
ability of employed persons already at sufficiently early ages when it is still possible to intervene 
in the process. Finally, we hope that the newly developed Markov chain methodology for 
analysing transitions between health states as applied in this paper to the Finnish working life 
survey data will prove useful in similar epidemiologic studies elsewhere as well. 
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Appendix: Some statistical issues 

The results of Davis et al.1 adapted to the present application of two absorbing and two non-
absorbing states, are briefly described in this appendix. It must be remembered that an important 
feature of the data is that observations are possible only on three occasions. The assumptions 
stated below concern the evolution of a cohort of workers in a longitudinal system whose state 
space consists of the four states of work ability. These assumptions will be taken to hold in all 
further discussion on modeling and estimation of the transition probabilities.  

Assumption 1. At the initial age of observation x0 , the l(x0) workers are distributed between 
transient states 1 and 2 with known initial frequencies l1(x0) and l2(x0). 

Assumption 2. As age increases from x0 by integer increments, the l(x0) individuals evolve 
independently. That is, at any age x ≥ x0 , the transitions of any two individuals are mutually 
stochastically independent. 

Assumption 3. For all l(x0) individuals, the same discrete-time non-homogeneous Markov chain 
X(x) governs transitions between the states of the longitudinal system. 

Consider the situation in which, for a sequence of ages {x1, x2, ... , xn } with x0 ≥ xr < xr+1 , the 
transition frequencies between the four states of X(x) from xr to xr+1 are observable. Let lĩj(xr, 
xr+1) be the random variable denoting the number of individuals in state i at age xr and in state j 
at age xr + 1 . Further let pij(xr, xr+1) be the conditional probability that an individual is in state j 
at age xr + 1 given that they were in state i at age xr . Random variables will always carry a 
superscript ,tilde, as in lĩ(xr), the random variable denoting the number of individuals in state i at 
age xr . The corresponding symbol without the tilde will denote an expectation or sometimes a 
limit in probability. Note that on occasion the transition probability will depend on both age x 
and year t of transition, in which case the transition probability will be denoted pij((xr,tr),(xr+1, 
tr+1)).  

Note that 

(5)  

 

 

From assumptions 2 and 3 it follows that for xr+1 > xr ≥ x0 , given lĩ(xr), the conditional 
distribution of lĩl(xr, xr+1), lĩ2(xr,xr+1), lĩ3(xr,xr+1), lĩ4(xr,xr+1)) is multinomial with parameters lĩ(xr), 
and p̃i1(xr,xr+1), p̃i2(xr,xr+1), p̃i3(xr,xr+1), p̃i4(xr,xr+1)). Then  
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(6)  

 

 

For time interval (xr, xr+1) and transient state i, as in (1) consider the log partial odds Θij(xr, xr+1) 
of transition to state j ≠ i defined by 

(7) 

 

 

The Θij (xr, xr+1) parameters are naturally estimated by the observed log partial odds Θĩj(xr, xr+1) = 
log{lĩj(xr, xr+1)/ lĩi(xr, xr+1)}. 

The assumptions that the l(x0) individuals evolve independently and that transitions in work 
ability are governed by a Markov process imply, by Theorem 1(ii) of Davis et al.1 , that for the 
non-absorbing states i = 1, 2, as l(x0) tends to infinity the vector 

(8)  

 

 

is asymptotically normally distributed with mean  

(9)  

 

 

and covariance matrix 
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(10)  

 

 

where is the 3x1 matrix with each of its entries equal to one. 

For example, the asymptotic covariance matrix of Θ(̃-1, xr, xr+1) - Θ(-1, xr, xr+1) is 

(11)  

 

For xr < xr+1 and xs < xs+1 , by Theorem 1(ii) of Davis et al.1 , xr ≠ xs or i1 ≠ i2 implies Θ(̃-i1, xr, 
xr+1) and Θ(̃-i2, xx, xx+1) are asymptotically independent as l(x0) tends to infinity. 

If the one-step log odds Θ(-i,x,x+1) are parametrised as Z(-i,x)βi then the two vectors β1 and β2 
can be estimated by minimising 

(12)  

 

 

Because X(x) is a Markov process there is a recurrence between the transition probabilities, for 
example,  

(13)  

 

 



29 
 

and hence a recurrence between the log odds. This fact can be used to establish recurrences for 
the derivative and Hessian of L(β1, β2)and so to obtain estimates of β1, β2 , the parameters of the 
one-step probabilities. Technicalities are complicated but are given in Davis et al.1  

In the case of the Finnish work ability data, for each gender, there are seven birth cohorts aged 
45 – 51 years in 1981 whose transitions are observed for the periods 1981 to 1985 and 1985 to 
1992. We assume that the same parameters apply to all 14 data points and so the summation in 
equation (12) is taken over all available points. Also for this dataset the parametrisation 
Θ(xr,xr+1) = Θ(β, xr,xr+1) involves both age and year of transition as significant explanatory 
variables. That is, our Markov model is nonhomogeneous with respect to both age and time. 
However, for ease of notation we have suppressed the arguments indicating dependence on time. 
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Abstract 

We estimated the future duration that a worker of a given age would spend in different states of 
occupational health. We used data from questionnaire surveys of 6257 aging Finnish municipal workers 
in 1981, 1985, and 1992. Work ability was assessed by self-rated scoring. Complementary information 
was obtained from disability and mortality registers. We first estimated age-specific transition probabilities 
between different occupational health states. We then summed up the probabilities to calculate working 
life expectancies. We estimated that the remaining working life expectancy for a 49-year-old workers was 
9 years for both men and women up to the statutory retirement age of 63 years. Transition from poor to 
good work ability increased working life expectancy of a 45-year person by 4 years for both genders. For 
all female and male cohorts aged 45 to 51 years in 1981, persons initially in a state of worse than 
average work ability left work force due to disability or death earlier than those with a better initial capacity 
for work. The study indicates that the work ability of aging Finnish workers deteriorates prematurely. This 
unfavorable upshot can lead to significant socioeconomic consequences for the society because of a 
looming labor force shortage that could undermine the sustainability of a welfare state. 
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Introduction 

Health problems related to capacity for work increase naturally as a population ages. 
Study results show that aging Finnish workers' work ability deteriorates prematurely. 1 
This development can cause serious social and economical consequences because of 
a looming labor force shortage. Thus, it is important to examine the development of 
work ability at relatively early ages when is still possible to intervene in the process of 
human resources in relation to work. The International Labor Office defines an aging 
person as an individual who is 45 years or older. 2 (The age limit of 45 years is, of 
course, arbitrary; in other studies an aging person has been defined as being 50- or 55-
years old.) The need for early preventive measures has been stressed by the low labor 
force participation rate in the age groups of 55-years and older and by the untimely exit 
of aging workers from worklife. 3 In this study, we considered the measurement of the 
quality of work life taking into account the proportion of life years that a person spends 
with a given capacity for work. The aim of the study was to quantify how long a 45-year-
old municipal worker, on the average, continues in work life, and what is the evolution of 
his/her capacity for work. For the assessment we developed a novel statistic that we call 
working life expectancy (WLE). This indicator corresponds conceptually to life 
expectancy, which is used in demography, in the sense that it measures the time that a 
person of given age is expected to be working in the future assuming that disability, 
morbidity and mortality prevail at the current level. WLE a statistical abstraction based 
on age-specific mortality rates as well as on prevalence rates of health and on work 
ability states. Estimates of WLEs were derived using epidemiologic research data and 
population statistics. 

The estimation of a WLE requires usually that data on a population's transition from one 
work ability state to another are available. Such information can be extracted from 
epidemiologic cohort studies. For example Valkonen et al. 4 computed the life 
expectancy for able-bodied and disabled persons in Finland by applying Sullivan's 5 
prevalence-based method to the data of the 1986 nationwide Survey of Living 
Conditions 6 conducted by Statistics Finland. This method produces life expectancy 
adjusted by health state expressed as a weighted index. However, it is basically based 
on a traditional period life table and cannot be used to estimate the WLEs between 
different health states. 

Recently Davis et al., 8, 9 developed a method based on a stochastic process for the 
analysis of Australian  7health survey data. This new procedure makes it possible to 
estimate transition probabilities from one health state to another as the study cohort 
ages. However, longitudinal studies are often expensive and typically suffer from loss of 
information because of incomplete follow-up. For these reasons independent  sequential 
cross-sectional surveys of the cohort is an easier and cheaper alternative approach for 
the computation of WLEs. Using a regression model for the probabilities we can 
reconstruct relevant parts of the underlying longitudinal process.  
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Data and Methods  

The data analyzed in this study originated from cross-sectional surveys of aging 
municipal workers conducted by the Finnish Institute of Occupational Health in 1981, 
1985, and 1992. 10 The total cohort consisted of a representative sample of “active” (i.e. 
full-time) workers employed in the municipal sector. The sample size was 6,257, and 
the age range was 45-58 years at the start of the follow-up (Table 1). Seven birth 
cohorts aged 45 to 51 years in 1981 were included in the analysis. Older birth cohorts 
(aged 52 to 58 in 1981) were excluded because of an incomplete 11 year follow-up 
period. At time of the third survey when the persons were 55-69 years old, 18% of them 
were still working, 5% did not respond to the questionnaire but were not on pension, 
30% were on disability pension, 41% belonged to the group 'other alive' (students, 
conscripts, unemployed, old-age retirees etc.), and 6% had died. Information on 
disability was obtained from the Finnish Centre for Pensions and mortality data were 
extracted from the cause of death register kept by Statistics Finland.  

Table 1: The original Finnish cohort of 6,257 municipal employees by gender, 
employment or work ability status in the survey years 1981, 1985, and 1992. 
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Table 1 shows changes in the distributions of the female and male cohorts at entry as 
well as during the successive 4-year and 7-year follow-up periods, respectively. In the 
period 1981-1985, the distributions shifted markedly towards worse capacity for work. In 
1981, for example, 21% of the respondents were in excellent work ability, whereas in 
1985 the corresponding figure was only 12%. During the latter period, 1985-1992, the 
shift in the distributions was slightly more lopsided towards poor work ability because of 
the longer follow-up. In 1985, for example, 15% of the women were in the poor work 
ability class, whereas in 1992 the corresponding figure had risen to 21%. The trends 
were similar for both genders. 

The determination of work ability status was based on self-perceived assessments of 
the workers using a work ability index. 11 The index consists of seven items that measure 
subjective estimation of present work ability compared with the lifetime best, perceived 
work ability in relation to both physical and mental demands of the work, number of 
diagnosed diseases, subjective estimation of work impairment due to disease, sickness 
absence during the past year, own prognosis of work ability after two years, and 
psychological resources. We classified the index into four categories: 1 = excellent, 2 = 
good, 3 = fair, and 4 = poor work ability. These categories comprised 21%, 33%, 32%, 
and 14%, respectively, of those who responded to the inquiry in 1981 (Table 1).  

For the estimation of WLEs we applied the methodology developed by Davis et al. 7 , 8 
We first estimated the transition probabilities of moving from one occupational health 
state to another. We considered two different state spaces with four states in each: 
('excellent or good work ability', 'fair or poor work ability', 'on disability pension or dead', 
'retired or other alive') and ('employed', 'on disability pension', 'retired or other alive', 
'dead').  

Of importance are the probabilities that an individual is in work-health state i at a 
subsequent  age x, written pi (x). The expectations of interest are of the form (defined 
here for age range 16-63 years) 

 

 

If state 1 is 'employed', then e 1(x) yields the working life expectancy. We are also 
interested in transitions from a work-health state to another and the corresponding 
probabilities and expectancies. The statistical details have been presented in a previous 
article. 12  
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Results 

Figure 1 presents the distribution of estimated probabilities of being at a given age in 
one of the four states: (1) either 'working', (2) 'on disability pension or otherwise outside 
the work force', (3) 'other alive state (retired etc.)', or (4) 'deceased'. The employment 
rate decreased monotonously with age for both genders in the age interval 49-62 years. 
The gender gap among the proportion of workers remaining employed was in favor of 
women for ages 45-59 years, after which it favored men. Men were more prone than 
women to leave for a disability pension, especially at the older ages, 60-62 years. To 
counterbalance this development, women tended to retire more often than men at ages 
58-62 years.  

 

 

Figure 1a: Probability distribution of work-health states for female workers at 
different ages. 
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Figure 1b: Probability distribution of work-health states for male workers at 
different ages. 

 

 

Table 2 gives the following numerical results. Of the 60-year-old female and male 
workers 28% and 30%, respectively, remained actively engaged in work life. At the age 
of 62 years only 12% of women and 17% of men continued working. This finding 
indicates that most municipal workers left work life before the statutory retirement age. 
A man ran a 43% risk of retiring prematurely on a disability pension; for a woman, the 
risk was only 26%. A man's corresponding probability to retire on an old-age pension or 
similar pension was 34%, whereas; for women it was much greater, 59%. A man's risk 
of dying before the age of 63 years was 6.3%; for a woman the risk was 3.8%. In 
general, men's death risk was two- to fourfold women's rate, and the rate was 
accentuated in the younger age groups. 
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Table 2: Estimated probabilities, at age x, for staying employed (state 1), p1(x), or 
moving from that state to the state of being on disability pension (state 2), p2(x), 
old-age pension or other alive (state 3), p3(x), or dead (state 4), p4(x). 
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Figure 2a: Expected number of years of remaining work life spent in different 
work-health states for women at different ages. 

 

The distribution of the expected duration of remaining work life in the states of being 
'employed', 'on disability pension', 'other alive', and 'dead' is depicted in Figure 2. 
Numerical results are given in Table 3. Consider a worker who enters employment at 
the age of 49 years. This individual has at most 14 years of remaining work life before 
the statutory retirement age of 63 years. The study estimated that a male worker is an 
active employee for 8.9 years, and a female worker for 9.2 years, on average. Women 
were expected to be working longer than men at the ages of 45-58 years, after which 
the difference was in favor of men. At all ages a man's expected duration of being on 
disability pension was longer than that of a woman, although the difference diminished 
with age. To counterbalance this trend, women stayed consistently longer than men in 
the 'other alive' state, most likely as students in the younger age groups, as house 
wives in the middle age groups, and as retirees in the older age groups.  
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Figure 2b: Expected number of years of remaining work life spent in different 
work-health states for men at different ages. 
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Table 3: Expected number of years of remaining work life up to age 63 years at 
age x, spent working (state 1), e1(x), disability pension (state 2), e2(x), on old-age 
pension or 'other alive' (state 3), e3(x), or being deceased (state 4), e4(x).  

 

 
 

The WLE of 45-year-old men having excellent or good work ability was estimated to be 
5.5 years, 4.5 years with fair work ability, and 1.5 years with poor work ability (Figure 3). 
The WLEs in the respective work ability classes for women were estimated to be longer: 
5.6 ('excellent or good'), 5.0 ('fair'), and 1.6 ('poor') years. Thus, the effect of a transition 
at the age of 45 years from the initial state of 'poor' to 'good' work ability was estimated 
to be, on average, 4 years of gained active work life for both genders. 
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Figure 3: Working life expectancy of Finnish male municipal workers according to 
their work ability status and age. The expectancies are first plotted along the age 
axis with the subsequent values for fair work ability and good work ability 
“stacked” on top of the previous ones. For example, at the age of 45 years, a male 
worker is expected to be employed 1.5 years with poor work ability, 4.5 (= 6.0 − 
1.5) years with fair work ability, and 5.5 ( = 11.5 − 6.0) years with good work 
ability. 

 

For all female and male cohorts, aged 45 to 51 years in 1981, the persons initially in a 
state of worse than average work ability left the work force due to disability or death 
sooner than those with better initial capacity for work. For example, we estimated that a 
45-year-old individual in a 'poor/fair state was affected by disability or death 2.2 years 
sooner than an individual in a 'good/excellent' state. For detailed results of these 
conditional WLEs that depend on the initial work ability state, see Nurminen et al. 12  
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Discussion 

What sort of picture do the estimated WLEs paint of an aging municipal worker's ability 
to cope with major changes that occur in relevant work-related functions during the 
course of work life? Is working 6 years in the age interval of 45-62 years with 'poor or 
fair' work ability (see Figure 3) a large or small fraction of the maximum WLE? Answers 
to these questions depend, of course, on what kind of population is selected as a 
referent population to which the estimates are compared. But, if we consider the 
expectancies as percentages of future working life up to age 63 years, then, for 
example, a 45-year-old female worker was employed 70% of the maximum time of 17.5 
years. The corresponding male figure was 66%. But, more than a half of this work time 
was spent with 'poor/fair' work ability for both genders. Thus — taking into account the 
previously lower retirement age in the municipal sector — we have to verify that the 
WLE of 12 years with 'good/excellent' work ability cannot be regarded as a satisfactory 
result. One has to remember, though, that this result reflects working conditions mainly 
in the 1980s.  

The present study demonstrates that the work ability of an aging Finnish worker 
deteriorates prematurely (i.e. before the statutory retirement age), and this can lead to 
far-reaching socioeconomic consequences. Thus, it is important to examine the 
development of work ability already before the age of 45 years, when it is still possible 
to intervene in the process by promoting work ability. Greater labor flexibility and 
concerted effort are needed to encourage higher labor force participation of older 
workers, particularly skilled people. Especially aging male workers would need more 
flexible working time arrangements. Free time is appreciated clearly more when one 
ages, and particularly men tend to retire early in order to gain time for their own 
activities. Older workers have the potential to make a continuing social and economic 
contribution to Finland. The extent of this contribution will depend on the ability of older 
workers to continue to work, and their interest in doing so. It will also be influenced by 
the changing nature of work and the attitudes of employers towards the value of older 
age workers. 

If the employment rate declines, this scenario entails risks because of the effects of 
population aging. The present working-aged population, especially the large age 
cohorts born in 1945-1949 (relatively the largest in Europe), will be reaching retirement 
age in the years 2005-2014, as younger and smaller cohorts are joining the labor force. 
The inevitable consequence will be a steady shrinkage of the working-aged population 
starting in 2005. Hence Finland faces a future of dwindling numbers of employed who 
will have to pay for the increased costs of health care and social security of the 
expanding retired population.  

The young may resent the tax burden imposed on them to pay for pension and health 
expenditure on the elderly. Priority should be given to curbing the burden of taxation on 
the working population. On the other hand, there is a looming intergenerational conflict if 
baby-boomers must prepare themselves to give way economically to the succeeding 
generations. It could be reasoned that the generations now approaching retirement age 
do not have an automatic right to expensive social welfare subsidised by younger 
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workers. Thus the future economic success of all developed countries depends on how 
they can cope with the high level of the economic dependency ratio. The countries that 
will do worst are those where the population is aging the fastest, and where 
governments have made the most generous promises, for example, regarding the 
reduction of unemployment. 13 Here we are looking mainly at Europe, and especially at 
Finland, to find this combination of problems.  

We conclude that WLE is an appropriate and readily interpretable measure to describe 
statistically the way in which a population's working capacity develops in different initial 
states and how it affects premature mortality, disability, and old-age retirement. 
Summary measures of working population health 14 provide useful information for 
evaluating the labor force potential and the factors affecting retirement, as well as for 
assessing the need for a program to encourage employees to continue in work life.  
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Summary. Working life expectancy is the future time that a person is expected to spend in
employment. The paper is concerned with its estimation jointly with the expected times spent
in the related states of ‘on disability pension’ and ‘other alive’. The method, which is novel in
this field, first estimates year- and age-dependent probabilities of being in the states of interest
by large sample multivariate logistic regression. Estimates of probabilities, and subsequently
expectancies, are given for the case of Finnish women and men aged 16–64 years for selected
years in the period 1980–2001, together with projections for 2006. Since 1996 the decline in
the employment of males has largely been due to the increasing popularity of early retirement.
It was not due to an increase in disability. There has been no such decline for women, and
the working life expectancy for males has been predicted to decline to or to fall below the ini-
tially lower figure for females by 2006. Considering that the Finnish population is aging rapidly,
these trends could entail serious social and economic consequences for society in the coming
years because of a looming shortage in the labour force that could undermine the sustainability
of a welfare state.

Keywords: Disability; Employment; Expectancy; Logistic regression; Working life

1. Introduction

It is quite common for individuals to leave the workforce permanently before reaching retire-
ment age. In Finland, half of the total population is still working at age 60 years, with only
13% working until the general statutory retirement age of 65 years and a few (4%) continuing
even after that age (Statistics Finland, 2004). In the past two decades, there has been a general
decrease in the rate of employment, a tendency that is of evident social interest. The major aim
of this paper is to quantify this trend and related developments in Finland over the period 1980–
2001 for which data are available. A secondary aim is to introduce methodology that seems new
in studies of labour force movements.

For a worker of given initial age, the working life expectancy (WLE) is the expected future
time that will be spent in employment earning wages and benefits, assuming that the prevail-
ing patterns of mortality, morbidity and disability remain unchanged. It is a period or cohort
measure, depending on whether cross-sectional or longitudinal data are available. Usually, as
in the present case, only cross-sectional data can be obtained, a situation that is similar to the
usual circumstances in which period life expectancy is calculated. Our interest is in WLE and
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similar expectations of times spent in states other than employment, e.g. on disability pension or
‘other alive’ but not working. For people of working age, taken as 16–64 years, the sum of these
expectations is equal to the partial life expectancy between exact ages 16 and 65 years. This
paper is concerned with the joint estimation by year and age of the probabilities and expectan-
cies of the three states 1, ‘employed’, 2, ‘on disability pension’, and 3, ‘other alive’, by using
cross-sectional data from Finland for each of the years from 1980 to 2001. Our estimates are
inclusive for ages 16–64 years, conditionally on an individual being alive at age 15 years.

There appears to be some variation in the definition of WLE. The US Bureau of Labor Statis-
tics considers two states of labour force activity, active and inactive, with the former including
both the employed and the unemployed. ‘Inactive’ refers to a person who is not in the labour
force for whatever reason. Their usage of WLE applies to active people, i.e. to a component
of this two-state system, and the traditional frequency-based calculations for its estimation are
described at length by Richards and Abele (1999). More recently, Millimet et al. (2003) gave
estimates of expectancies for a system with three states, employed, unemployed and inactive,
using a logit formulation to estimate one-step transition probabilities between the states. Their
definition of WLE is the same as the definition that we adopt, namely the expectation of time
spent in employment. We also use a logistic transform to estimate probabilities, but in a very
different way.

Working life and related expectancies are conceptually the same as health expectancies, both
being expected occupation times; the difference is that the former arise in the context of labour
force activity rather than health status. Consequently, given a suitable formulation of the prob-
lem, similar methods of analysis can be used, and we employ the large sample logistic regression
techniques that were developed in Davis et al. (2001), which are described in detail and gen-
eralized in Davis et al. (2002b). This approach is different from the frequency-based methods
that have been used traditionally in studies of health and WLEs. In addition to the two stud-
ies quoted above, some references on estimating WLEs are Krishnan (1977), Hoem (1977),
Gamboa et al. (1989) and Ciecka et al. (2000). Related methodology applied to health expec-
tancies is usually based on the work of Sullivan (1971), and an extensive bibliography can be
found in Réseau sur l’Espérance de Vie en Santé (2002).

The logistic regression approach that is used is suited to the analysis of large sample discrete
time aggregate data that are usually produced by official statistical agencies and has a superfi-
cial similarity to the time series modelling of a sequence of probabilities that was developed by
Brunsden and Smith (1998). Also, we treat expectations that are marginal in the sense that it
is known only that an individual is alive at the initial age. This is because, as is common with
official statistics, the data are cross-sectional, and it is not possible to estimate transition proba-
bilities. Expectancies that are conditional on an initial state can be estimated from longitudinal
data, and some relevant results, under a Markov condition, are given in Davis et al. (2002a).

The paper is organized as follows. The Finnish data are described in the next section, and
Section 3 presents an outline of the methodology. Results of modelling and estimating proba-
bilities are presented in Section 4, and those of WLEs in Section 5. Details of the modelling are
given in Appendix A.

2. The data

Estimates of the size of the gainfully employed population in the Finnish workforce for the years
1984–2001, by sex and single-year age groups from 15 to 64 years, were extracted from the files
containing information in Statistics Finland (2002). For the years 1980–1983 the statistics were
available in 5-year age groups. Spline interpolation (Green and Silverman, 1994; Venables and
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Ripley, 2001) was used to obtain figures by single years. These data were based on the Labour
Force Surveys, the methods of which were revised in 1997–2001. The time series extending
to 1989 were corrected retrospectively according to a new definition, which raised the estim-
ates by 1.5%. The figures for 1980–1988 use the old definition. In the monthly surveys, about
12000 people were interviewed and the annual figures are averages. The non-response fluc-
tuates about 14%. Owing to the sampling error rate (e.g. 3.4% for the estimate of the number of
unemployed people) the figures are given to the nearest 100. The numbers of annual deaths were
obtained by multiplying the population sizes by the respective mortality rates provided by
Statistics Finland for 1980–2001. The average numbers of disability pensioners were obtained
for the corresponding years from statistics compiled by the Social Insurance Institution of
Finland (Social Insurance Institution, 2002). The disability pension is payable to people be-
tween ages 16 and 65 years who, on account of disease, defect or injury, cannot maintain them-
selves by their regular work or any other kind of work which, considering their age, occupation,
education and place of residence, would be suitable for them.

In all, the original data consisted of a four-dimensional array of 8800 frequencies indexed
by age (15–64 years), calendar year (1980–2001), employment or health state and sex. Fig. 1
shows the actual data which we used to estimate expectancies for males for the years 1990 and
2001. Our interest focused on the three mutually exclusive ‘alive’ states employed, labelled 1,
disabled, labelled 2, and other alive, labelled 3, which was obtained by subtracting the number
of lives in states 1 and 2 from the size of the total population at a given age. This complementary
other alive group represents a mixed population and includes people who are unemployed or on
pension due to causes other than disability, and also students, conscripts and civil servants. The
absorbing state, death, is referred to as state 4, and its complement, alive, will be referred to as
state 0.

The sizes of some of the other alive age groups that were obtained by subtracting the number
of employed and disabled from the total population turned out to be negative, predominantly
in the groups 35–55 years in which the numbers of gainfully inactive people are small. Nega-
tive frequencies emerged because the sizes of the populations of employed were estimated by
statistical sampling. To avoid this anomaly, the total population figures and the numbers of
employed people were smoothed by using the S-PLUS function smooth.spline (see, for
example, Venables and Ripley (2001), page 284). The smoothing decreased the variability
of the other alive group figures by averaging the population sizes. The sizes of the cohorts
born in 1940–1944 (i.e. individuals aged 57–61 years in 2001) are particularly highly dis-
persed (Fig. 1(b)), owing to the World War II conditions in Finland which covered inter-
mittent periods of war and truce. After smoothing the frequencies, 3.6% of the other alive
group counts were still negative, and these points were ignored in the estimation of the proba-
bilities.

3. Outline of the method

It is convenient to describe the method that is used in terms of a hypothetical cohort of n lives
initially aged 15 years. Of particular importance are the probabilities that an individual is in
state j at a subsequent age x, written pj.x/. In the present application, j =0 denotes alive and
j = 1, 2, 3, 4 indexes the exhaustive partition into states 1, employed, 2, on disability pension,
3, other alive, and 4, dead. Aggregate data from which the probabilities can be estimated are
available at ages x = 16, 17, . . . , 64 years. Since benefits are not available until age 16 years, we
shall focus on probabilities and expectancies for the age group 16�x�64 years conditional on
being alive at age 15 years.
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Fig. 1. Frequencies for males per 1000 persons for (a) 1990 and (b) 2001: , employed; . . . . . . .,
disabled; � - � - �, other alive; – – –, dead

The graph of p0.x/, 15 <x< 65 years, traces part of the survival curve of a life that is known
to have survived to age 15 years. What we shall call the working life survival curve is given by
p1.x/. Appropriate areas of the form (defined here for age 16 years)

ej ≡ ej.16/=
∫ 64

16
pj.x/ dx

give the expectations of interest, with e1 yielding the WLE. These quantities are conditional
only on the fact that an individual is alive at age 15 years, and they should be distinguished from
WLEs that are conditional on knowledge of the initial state. Observe that e0 =Σ3

j=1 ej is the
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partial life expectancy to age 65 years for an individual who was known to have been alive at
15 years, and that Σ4

j=1 ej =49.
Estimation of the probabilities pj.x/ is done by large sample logistic regression. Advantage

is taken of the fact that official statistics are almost always given in terms of large numbers,
which in the present case translates as large n, the number of individuals in the cohort. The
main theoretical result in the method of Davis et al. (2001, 2002b), which is outlined below, is
an asymptotic result, holding as n becomes arbitrarily large.

For j =1, 2, 3, 4 and 15<x<65 years, let l̃j.x/ be the random variable denoting the number of
lives in state j at age x, and let l̃.x/= .l̃1.x/, l̃2.x/, l̃3.x/, l̃4.x//′ be the vector of these frequencies.
Then define the expectations lj.x/=E{l̃j.x/} and l.x/=E{l̃.x/}, and assume the following.

(a) The expectations lj.x/=n pj.x/.
(b) As n→∞, n−1=2{l̃.x/− l.x/} is asymptotically normally distributed with zero mean and

covariance matrix B of rank 3.
(c) Birth cohorts are stochastically independent, and for each age x the random vector l̃.x/

is, for large n, approximately multinomially distributed with parameters n and pj.x/, j =
1, 2, 3, 4.

These assumptions are plausible in a wide variety of circumstances involving the collection of
official statistics and can clearly be rephrased to cover the case when the number of states is
other than 4. The requirement in assumption (b), that the rank of B is one less than the number
of states, is because the four states form an exhaustive partition and Σ4

j=1 l̃j.x/=n for all x. The
covariance matrix is left general at this stage since a version of the asymptotic normality that
is given below continues to hold when the multinomial requirement of assumption (c) is not
true (see page 71 of Davis et al. (2002b)). In particular, our argument can easily be modified
to accommodate the case of a covariance matrix including finite sample corrections or other
features reflecting the sampling scheme. For the present purposes, a failure of the multinomial
assumption (c) results in an incorrect weight matrix in the weighted least squares estimation
that is described below, leading to inefficient but still consistent estimators.

As in Brunsden and Smith (1998), choose a reference state, say state 4, to be definite, and
form the log-ratios (also called log-odds)

ξj.x/= log{pj.x/=p4.x/}= log{lj.x/=l4.x/}, j =1, 2, 3:

These log-ratios are estimated consistently by ξ̃j.x/= log{l̃j.x/=l̃4.x/}.
Next let ξ.x/ = .ξ1.x/, ξ2.x/, ξ3.x//′ be the vector of the log-ratios and ξ̃.x/ = .ξ̃1.x/, ξ̃2.x/,

ξ̃3.x//′ be its estimator. It is shown in Davis et al. (2001), and more simply and generally in
Davis et al. (2002b), that the following holds.

Result 1. Under assumptions (a)–(c), as n→∞, n1=2{ξ̃.x/−ξ.x/} is asymptotically normally
distributed with zero mean and covariance matrix

V.x/=

p−1

1 +p−1
4 p−1

4 p−1
4

p−1
4 p−1

2 +p−1
4 p−1

4
p−1

4 p−1
4 p−1

3 +p−1
4


,

where pj ≡pj.x/.

Exploratory analysis can be used to suggest a parametric form for the log-ratios,ξ.x/≡ξ.x;β/,
and the estimation of β is done by weighted least squares using the loss function that is given
by equation (3) in Appendix A. With β̂ the resulting estimate of β we have the estimates
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ξ̂.x/=ξ.x; β̂/,

p̂4.x/=
[

1+
3∑

j=1
exp{ξ̂j.x/}

]−1

,

p̂j.x/= p̂4.x/exp{ξ̂j.x/}, j =1, 2, 3,




.1/

and thence the estimated working life and related expectancies

êj =
∫ 64

16
p̂j.x/ dx: .2/

These integrals can be evaluated by using a discrete approximation, but we applied the S-PLUS
function integrate. Standard errors can be found by Monte Carlo sampling from the esti-
mated asymptotic normal distribution of β̂ or alternatively by using the delta method. Our
experience was that numerical differences are small and we used the latter. Note incidentally
that the inverse V.x/−1 is the covariance matrix of a multinomial distribution with probabilities
pj.x/, j =1, 2, 3, 4.

The preceding arguments apply to estimating current survival curves and expectancies as
functions of age for a given year. However, we have data available for 22 years, 1980–2001, and
clearly year-to-year variation is also of interest. It is therefore natural to formulate the vector of
log-ratios as a function of both year t and age x, ξ.t, x/, always bearing in mind that only cross-
sectional data are available. One approach is to estimate the log-ratios for each year separately
and then to model temporal trends in the parameters, as was done by McNown and Rogers
(1989) in their analysis of cross-sectional mortality data over a number of years. Our preference
is to use the large sample logistic regression that was described above, of which further details
and the estimates that were obtained from the Finnish data are given in Appendix A.

4. Estimates of the probabilities

Although acknowledging that a variety of plausible forms can be used to describe the same data,
our selection of a parsimonious parametric model, given in Appendix A, required the estima-
tion of 30 parameters for women and 27 for men. To motivate the argument, first consider the
frequencies for males for 1990 and 2001 that are plotted in Fig. 1. A cubic function at age x for
the log-ratios was estimated from the frequencies. Fig. 2 shows the resulting fitted and observed
log-ratios and probabilities for 2001, and similar results were obtained for other years and for
women.

Cohort effects, episodes of unemployment and the like enter the formulation of models incor-
porating change with year as well as age. Figs 3(a), 3(c), 3(e) and 3(g) give the observed frequen-
cies for males. Experimentation leads to the fitted model parameters that are listed in Tables 1
and 2 together with their standard errors. Substitution in equation (1) gives the fitted surfaces
for the probabilities that are shown in Figs 3(b), 3(d), 3(f) and 3(h). For brevity, estimates of
probabilities and associated standard errors and covariances are not shown. A comment is that
the standard errors are all less than 0.023 for women and 0.033 for men. As an example the
estimated probability of employment for 20-year-old males decreased from 0.567 in 1981 to
0.396 in 2001, which is a highly significant difference.

Note the cohort effect for all states of those people who were born during World War II, aged
40 years in 1980 (see the ridge-like formations in Figs 3(b), 3(d), 3(f) and 3(h)). The cohorts of
people who were born in the early 1940s had a significantly lower probability of employment
later in life, and also a lower probability of being on disability pension, and a higher probability
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Fig. 2. (a) Observed and fitted log-ratios and (b) probabilities for males in 2001: �, , employed;
�, . . . . . . ., disabled; �, � - � - �, other alive; 4, – – –, dead

of being on old age pension and similar pensions than those in the neighbouring cohorts. An
exception is the large cohort of people who were born in the truce year 1941. In general, the
estimated probabilities of being employed diminish consistently with calendar year for men. An
exception is the year 1996 for which the probabilities are markedly smaller than the neighbour-
ing estimates for both sexes. This is an aftermath of the economic recession in Finland between
1990 and 1994. There is also a bulge that is particularly evident in the number of disabled people
during the economic recession.

The striking cohort effect on labour force activity for populations who were born in wartime
remains enigmatic, and only speculative explanations can be put forth. A Dutch study exam-
ined the potential causal role of malnutrition during pregnancy (Neugebauer et al., 1999).
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Table 1. Parameter estimates and standard errors for females

Regression Results for state employed Results for state disabled Results for state other alive
term

Param- Estimate Standard Param- Estimate Standard Param- Estimate Standard
eter error eter error eter error

Intercept β1 7.44 0.871 β11 2.63 0.596 β23 11.0 0.371
x β2 −0.0286 0.0696 β12 0.0589 0.0462 β24 −0.236 0.0216
x2 β3 0.00189 0.00171 β13 −0.00145 0.00109 β25 0.00192 0.000259
x3 β4 −0.0000403 0.00001032 β14 0.0000117 0.00000801
t β5 −0.00274 0.0309 β15 −0.00434 0.0195 β26 0.0674 0.0250
tx β6 −0.000431 0.00158 β16 −0.000687 0.000963 β27 −0.00226 0.00145
tx2 β7 0.0000134 0.0000189 β17 0.0000183 0.0000112 β28 0.0000236 0.0000174
a in g β8 0.262 0.0369 β29 −0.0585 0.0602
b in g β9 0.254 0.0263 β30 0.330 0.0576
Intercept β18 37.2 20.8

fnorm
x for fnorm β19 −2.40 0.892
x2 for fnorm β20 0.0344 0.00951
t for fnorm β21 2.55 0.631
tx for fnorm β22 −0.0579 0.0119
I.13� t �16/ β10 −0.328 0.0333

Table 2. Parameter estimates and standard errors for males

Regression Results for state employed Results for state disabled Results for state other alive
term

Param- Estimate Standard Param- Estimate Standard Param- Estimate Standard
eter error eter error eter error

Intercept β1 2.14 0.737 β11 2.57 0.186 β23 9.95 0.557
x β2 0.343 0.0648 β12 −0.00671 0.0101 β24 −0.251 0.0357
x2 β3 −0.00821 0.00175 β13 0.000161 0.000125 β25 0.00199 0.000443
x3 β4 0.0000460 0.0000146
t β5 −0.0834 0.0233 β15 −0.0354 0.0201 β26 0.0286 0.0269
tx β6 0.00472 0.00125 β16 0.00184 0.00113 β27 −0.000414 0.00168
tx2 β7 −0.0000518 0.0000152 β17 −0.0000169 0.0000144 β28 0.0000135 0.0000211
a in g β29 1.07 0.0908
b in g β30 0.685 0.105
Intercept β18 93.9 21.4

fnorm
x for fnorm β19 −4.50 0.944
x2 for fnorm β20 0.0528 0.0102
t for fnorm β21 2.09 0.970
tx for fnorm β22 −0.0462 0.0174
I.13� t �16/ β10 −0.435 0.0356

A relationship was found between prenatal exposure to famine (during World War II) and the
development of antisocial personality disorder in early adulthood that affects competence and
coping skills throughout life. A Finnish study (Barker et al., 2001) concluded that men who
grow slowly in utero remain biologically different from other men. They are more vulnerable to
the effects of low socioeconomic status and low income on coronary heart disease.
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Table 3. Expectancies of the three states 1, employed, 2, on disability pension, and 3, other alive, for
selected years and ages, with projections for 2006

Age x State j Expectancies (years) for females Expectancies (years) for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 32.91 32.22 31.36 27.61 30.32 29.67 34.93 34.31 33.42 28.70 32.08 31.42
2 4.19 4.26 4.61 5.38 4.05 4.08 5.39 5.14 5.22 6.56 4.65 4.23
3 11.78 12.41 12.94 15.90 14.54 15.18 8.38 9.28 10.13 13.49 12.09 13.18

20 1 31.03 30.53 29.86 26.57 29.17 28.67 33.17 32.75 32.04 27.82 31.02 30.51
2 4.16 4.23 4.58 5.36 4.04 4.06 5.33 5.09 5.17 6.52 4.62 4.20
3 9.70 10.13 10.47 12.98 11.71 12.19 6.20 6.91 7.57 10.44 9.19 10.14

25 1 27.85 27.55 27.08 24.39 26.79 26.50 29.74 29.47 28.92 25.40 28.25 27.91
2 4.09 4.17 4.53 5.31 3.99 4.02 5.25 5.01 5.09 6.42 4.55 4.13
3 7.95 8.18 8.31 10.22 9.14 9.41 4.72 5.27 5.76 7.96 7.04 7.81

30 1 24.03 23.85 23.50 21.32 23.50 23.36 25.60 25.39 24.91 21.87 24.39 24.13
2 4.01 4.10 4.46 5.22 3.93 3.96 5.16 4.92 5.01 6.31 4.47 4.06
3 6.86 6.97 6.96 8.38 7.50 7.62 3.96 4.44 4.87 6.61 5.98 6.66

35 1 19.87 19.75 19.48 17.67 19.64 19.59 21.19 21.00 20.55 17.83 20.09 19.87
2 3.91 4.00 4.36 5.11 3.84 3.88 5.04 4.81 4.91 6.17 4.38 3.97
3 6.12 6.16 6.08 7.15 6.45 6.48 3.50 3.95 4.34 5.79 5.37 6.02

40 1 15.59 15.50 15.26 13.75 15.51 15.51 16.70 16.56 16.12 13.67 15.68 15.48
2 3.78 3.87 4.24 4.95 3.73 3.77 4.88 4.66 4.77 5.98 4.25 3.85
3 5.55 5.56 5.43 6.24 5.71 5.68 3.17 3.56 3.93 5.17 4.92 5.54

45 1 11.35 11.24 11.04 9.80 11.34 11.36 12.38 12.16 11.77 9.63 11.36 11.16
2 3.59 3.71 4.05 4.71 3.55 3.60 4.64 4.44 4.54 5.68 4.05 3.66
3 4.99 4.99 4.85 5.44 5.06 5.00 2.78 3.21 3.53 4.56 4.47 5.06

50 1 7.29 7.22 7.00 6.06 7.33 7.36 8.30 8.06 7.64 5.95 7.32 7.15
2 3.28 3.41 3.78 4.34 3.26 3.31 4.20 4.09 4.17 5.15 3.69 3.32
3 4.37 4.32 4.18 4.57 4.38 4.29 2.36 2.73 3.08 3.82 3.90 4.45

55 1 3.75 3.74 3.55 2.87 3.80 3.84 4.72 4.53 4.13 2.84 3.88 3.76
2 2.73 2.79 3.17 3.71 2.73 2.78 3.40 3.30 3.47 4.23 3.03 2.69
3 3.49 3.44 3.25 3.41 3.46 3.37 1.81 2.11 2.35 2.89 3.06 3.52

60 1 1.22 1.23 1.19 0.81 1.22 1.28 1.91 1.80 1.62 0.88 1.29 1.36
2 1.69 1.71 1.85 2.41 1.74 1.72 2.04 1.96 1.97 2.68 1.85 1.60
3 2.09 2.05 1.96 1.78 2.03 1.99 1.03 1.23 1.39 1.44 1.85 2.03

5. Working life expectancies

Table 3 gives estimates of the expectancies of states 1, 2 and 3 for selected ages. The numerical
values were obtained by using equations (2) and (4). Entries for the year 2006 were obtained by
first extrapolating the regression fits to the log-ratios and using these to give forecast probabil-
ities and expectancies. The projections are thus essentially those given by standard regression
methods and no attempt has been made to forecast by altering regression coefficients to reflect
possible future scenarios. Incidentally, our forecast is that by 2006 the probability of employment
for females will be larger than that for men for ages over 50 years.

The standard errors in Table 4 can be used to make comparisons. For example, the entries in
Table 3 for state 2 (disability) are higher for men than for women, with the standard errors of the
difference being generally no greater than 0:08+0:14=0:22. To take a particular case, consider
the expectancies for females and males of state 2 for people who were 35 years old in 2001. Their
difference is 4:38 − 3:84 = 0:54, which is greater than 2 standard errors, and we may infer that
men of that age and year expect to spend statistically significantly more future time (only about
6 months in this case) in the disabled state than women. Covariances between the estimates are
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Table 4. Standard errors for the expectancies in Table 3

Age x State j Standard errors for females Standard errors for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 0.32 0.22 0.17 0.33 0.33 0.48 0.33 0.25 0.20 0.31 0.30 0.43
2 0.05 0.03 0.05 0.06 0.08 0.12 0.07 0.04 0.09 0.11 0.14 0.28
3 0.31 0.22 0.18 0.30 0.32 0.48 0.32 0.27 0.23 0.27 0.30 0.47

20 1 0.33 0.23 0.16 0.31 0.32 0.48 0.36 0.27 0.20 0.30 0.30 0.45
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.05 0.10 0.11 0.14 0.28
3 0.32 0.23 0.17 0.28 0.32 0.47 0.35 0.28 0.23 0.26 0.30 0.47

25 1 0.31 0.21 0.16 0.29 0.32 0.47 0.34 0.25 0.19 0.28 0.30 0.44
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.05 0.10 0.11 0.14 0.28
3 0.30 0.21 0.17 0.27 0.31 0.46 0.33 0.27 0.22 0.25 0.30 0.47

30 1 0.27 0.19 0.15 0.28 0.30 0.43 0.30 0.22 0.17 0.26 0.28 0.41
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.04 0.09 0.11 0.14 0.28
3 0.26 0.19 0.16 0.26 0.30 0.43 0.28 0.23 0.21 0.24 0.29 0.46

35 1 0.22 0.16 0.14 0.26 0.28 0.38 0.25 0.18 0.15 0.25 0.27 0.37
2 0.05 0.03 0.05 0.06 0.08 0.12 0.06 0.04 0.09 0.11 0.14 0.28
3 0.21 0.16 0.15 0.24 0.27 0.38 0.23 0.20 0.19 0.23 0.28 0.45

40 1 0.19 0.13 0.12 0.23 0.25 0.33 0.21 0.15 0.13 0.23 0.25 0.35
2 0.05 0.03 0.05 0.06 0.08 0.13 0.06 0.04 0.09 0.10 0.14 0.28
3 0.18 0.13 0.13 0.21 0.24 0.34 0.20 0.16 0.16 0.21 0.27 0.43

45 1 0.16 0.11 0.10 0.18 0.22 0.29 0.16 0.12 0.10 0.19 0.23 0.31
2 0.05 0.03 0.05 0.05 0.08 0.13 0.06 0.04 0.09 0.09 0.14 0.28
3 0.16 0.11 0.11 0.17 0.21 0.31 0.15 0.13 0.13 0.18 0.25 0.41

50 1 0.13 0.08 0.08 0.13 0.19 0.25 0.12 0.08 0.08 0.14 0.19 0.26
2 0.05 0.03 0.05 0.05 0.07 0.12 0.06 0.03 0.09 0.08 0.13 0.27
3 0.14 0.09 0.09 0.12 0.18 0.27 0.12 0.09 0.10 0.14 0.22 0.38

55 1 0.11 0.07 0.06 0.09 0.15 0.21 0.10 0.07 0.07 0.09 0.14 0.20
2 0.05 0.03 0.05 0.04 0.07 0.11 0.05 0.04 0.08 0.06 0.11 0.25
3 0.12 0.07 0.07 0.09 0.15 0.23 0.11 0.07 0.07 0.10 0.17 0.32

60 1 0.07 0.05 0.05 0.05 0.11 0.13 0.10 0.08 0.08 0.05 0.09 0.12
2 0.04 0.02 0.03 0.04 0.06 0.08 0.05 0.04 0.07 0.06 0.08 0.18
3 0.10 0.06 0.05 0.06 0.11 0.16 0.10 0.07 0.05 0.06 0.11 0.20

not shown and can be obtained from the authors.
An interesting feature of Table 3 is that for 1981–1991 the estimated WLE for males, ê1.x/,

is for all ages greater than the corresponding WLE for females. This difference has a maximum
at age 20 years after which it decreases monotonically. Projected WLEs for 2006 show a differ-
ent pattern, with the expectancy of employment for females greater than that for men for ages
40–55 years. Although the differences do not reach statistical significance, the trend should be
noted.

Table 5 lists expectancies as percentages of expected future working life up to age 64 years.
For example, the first entry is calculated from Table 3 as follows: 100ê1.16/=ê0.16/ = 100 ×
32:91=.32:91+4:19+11:78/=67%.

The percentages for females are fairly stable, with little movement during the 26 years to 2006
except at younger ages. In the same period, for men there is a drop of about 10 percentage
points in the future proportion of life spent in employment, especially for those aged 50 years
and over. The decline is due mainly to early retirement, which is a major component of the
state other alive at older ages, and not disability, for which the percentage has been decreas-
ing for both genders since around 1996. The WLE for males for ages 40 years and above is
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Table 5. Expectancies as percentages of future working life, of the three states 1, employed, 2, on disability
pension, and 3, other alive, for selected years and ages, with projections for 2006

Age x State j Expectancies (%) for females Expectancies (%) for males
(years)

1981 1986 1991 1996 2001 2006 1981 1986 1991 1996 2001 2006

16 1 67 66 64 56 62 61 72 70 69 59 66 64
2 9 9 9 11 8 8 11 11 11 13 10 9
3 24 25 26 33 30 31 17 19 21 28 25 27

20 1 69 68 66 59 65 64 74 73 72 62 69 68
2 9 9 10 12 9 9 12 11 12 15 10 9
3 22 23 23 29 26 27 14 15 17 23 21 23

25 1 70 69 68 61 67 66 75 74 73 64 71 70
2 10 10 11 13 10 10 13 13 13 16 11 10
3 20 21 21 26 23 24 12 13 14 20 18 20

30 1 69 68 67 61 67 67 74 73 72 63 70 69
2 11 12 13 15 11 11 15 14 14 18 13 12
3 20 20 20 24 21 22 11 13 14 19 17 19

35 1 66 66 65 59 66 65 71 71 69 60 67 67
2 13 13 15 17 13 13 17 16 16 21 15 13
3 20 21 20 24 22 22 12 13 15 19 18 20

40 1 63 62 61 55 62 62 67 67 65 55 63 62
2 15 16 17 20 15 15 20 19 19 24 17 15
3 22 22 22 25 23 23 13 14 16 21 20 22

45 1 57 56 55 49 57 57 63 61 59 48 57 56
2 18 19 20 24 18 18 23 22 23 29 20 18
3 25 25 24 27 25 25 14 16 18 23 22 25

50 1 49 48 47 40 49 49 56 54 51 40 49 48
2 22 23 25 29 22 22 28 27 28 35 25 22
3 29 29 28 31 29 29 16 18 21 26 26 30

55 1 38 38 36 29 38 38 48 46 42 29 39 38
2 27 28 32 37 27 28 34 33 35 42 30 27
3 35 35 33 34 35 34 18 21 24 29 31 35

60 1 24 25 24 16 24 26 38 36 32 18 26 27
2 34 34 37 48 35 35 41 39 40 54 37 32
3 42 41 39 36 41 40 21 25 28 29 37 41

predicted to descend to or to fall below the level of the initially lower figure for females by year
2006.

6. Concluding remarks

The main findings can be briefly stated as follows. First, for each age and both genders, from
1980 to 2001, the probability of employment generally decreased, with a compensating increase
in the probability of being on an old age or similar pension. The change was substantial at
younger ages, for example, decreasing by 30% for 20-year-old males. The major shift in the
probability of being employed thus seems to reflect changed behaviour in under 30-year-olds,
which is no doubt partly due to increasing years of education. The decline in the probabil-
ity that people over 60 years of age will be employed was also marked, mainly due to early
retirement and not disability, the probability of which has been decreasing from a hump at
about 1996. Further, our forecast for 2006 is that women who are over the age of 50 years
will have a higher probability of being employed than men. A similar general picture holds for
WLEs.
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Secondly, the patterns of probabilities and expectancies are similar for men and women at
young ages, although the numerical estimates are often significantly different. Different trends
appear at older ages. For example, during 1980–2001 older men suffered a decline of about 10
percentage points in the future proportion of life to the age of 64 years spent in employment.
In contrast, for women the proportion was roughly constant and is predicted to overtake the
figure for males by 2006. Thirdly, the economic depression of the early 1990s led to a sharp drop
and then a rebound in the probability of employment, with a consequent effect on expectancies
but little discernible effect on the temporal trend of the probabilities. Fourthly, the people in
the cohorts of those who were born in the early 1940s have a significantly lower probability of
employment and higher probability of being on an old age or similar pension than the people
in neighbouring cohorts, but there seems little difference in the probability of disability.

Finally, although many of the issues that are raised here are specific to Finland, none-the-less,
as in several developed countries, the size of the future workforce may be insufficient to sustain
reasonable economic growth and, in particular, to support adequately the increasing number of
retirees. This paper has been mainly concerned with the quantification of one aspect of this trend.
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Appendix A: Details of the modelling

Graphical and numerical exploration of the data led to the formulation of parametric surfaces over the
rectangle 1980� t �2001, 15 <x< 65. Apart from exceptional cohort or temporal effects, it emerged that
the log-ratios can be represented by linear models that are quadratic or cubic in x and linear in t, and
contain cross-product terms. For convenience, the year of origin is taken as 1980, and so in what follows
t =0, 1, . . . , 21.

With the vector of log-ratios modelled by ξ.t, x/≡ξ.t, x;β/=Z.t, x/′β, where Z.t, x/ is an appropriately
chosen design matrix, the loss function to be minimized with respect to β is

L.β/=
21∑

t=0

64∑
x=16

.ξ̃.t, x/−Z.t, x/′β/′ V.t, x/−1.ξ̃.t, x/−Z.t, x/′β/: .3/

Owing to dependence along birth cohorts, i.e. along diagonals of the .t, x/ plane with c = t −x constant,
the covariance matrix of β̂ was calculated by the method of Liang and Zeger (1986). The part of assump-
tion (c) asserting the stochastic independence of birth cohorts is important here. Standard errors for the
expectancies calculated by the delta method are given in Table 4.

The estimation of expectancies conditional on having reached an age z that is greater than 15 years is
done as follows. Changing the notation slightly, for a fixed year, let

pj.x/=pj.15, x/=Pr.individual is alive and in state j at x|alive at 15/

=Pr.individual is alive at z, and alive and in state j at x|alive at 15/

=Pr.alive at z|alive at 15/ Pr.alive and in state j at x|alive at z/

=
{

3∑
i=1

pi.15, z/

}
pj.z, x/, 15 <z<x:

Then the expectancy of state j for an individual of initial age z is

ej.z/=
∫ 64

z

pj.z, x/ dx=
{

3∑
i=1

pi.z/

}−1 ∫ 64

z

pj.x/ dx, .4/

and this can be estimated consistently by substituting the p̂j.x/ of equation (1).
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To model the irregularities in data for people in the cohorts aged about 40 years in 1980, first introduce
the normal density with mean µ.x/=0:8x−32 and standard deviation 3,

dnorm.t, x/= φ[{t −µ.x/}=3]
3

,

where φ.·/ is the standard normal density, and the normal (cumulative) distribution function

cnorm.t/=
∫ t

−∞
0:83−1 φ{.u−2:5/=0:83} du:

Also let fnorm.t, x/= I.x�40/ dnorm.t, x/ cnorm.t/, where I.·/ is the standard indicator function.
There is a sharp trough in the observed log-ratios of state 3 (other alive) for the 1942 birth cohort

and a peak for people who were 1 year older (Fig. 2(a)), an effect which is present in the data for both
males and females. Also, in the observed log-ratios of state 1 (employed) for women an opposite effect
was noted. To model these characteristics of the data we define the continuous piecewise linear surface
g.t, x/≡g.t, x; a, b/=h.x− t −37/, where

h.y/=




−ay, 0�y< 1,
−.2a+b/+ .a+b/y, 1�y< 2,
3b−by, 2�y �3,
0, otherwise:

Here, a and b are two parameters that are to be estimated. They represent the depth of the trough and the
height of the peak referred to above respectively. For example, in 1990, t = 10. In that year, for the 1942
cohort, x=48, so g.t, x/=h.1/=−a, and, for the 1941 cohort, x=49, so g.t, x/=h.2/=b.

With state 4 (death) as the reference, as before, let ξj.t, x/= log{pj.t, x/=p4.t, x/}, j =1, 2, 3. After some
experimentation the models that were chosen for females were linear, quadratic or cubic in age x, linear in
year t (measured from 1980), with cross-product terms, with fnorm.t, x/ appearing in ξ2.t, x/, with g.t, x/
in both ξ1.t, x/ and ξ3.t, x/, and with an indicator function in ξ1.t, x/ to model the recession effect from
1993 to 1996. Explicitly, the models for the log-ratios for females are as follows:

ξ1.t, x/=β1 +β2x+β3x
2 +β4x3 +β5t +β6xt +β7x

2t −g.t, x;β8, β9/+β10 I.13� t �16/;

ξ2.t, x/=β11 +β12x+β13x
2 +β14x3 +β15t +β16xt +β17x

2t + .β18 +β19x+β20x
2 +β21t +β22xt/ fnorm.t, x/;

ξ3.t, x/=β23 +β24x+β25x
2 +β26t +β27xt +β28x

2t +g.t, x;β29, β30/:

The models that were chosen for the log-ratios for males have the same form but with β8 =β9 =β14 =0.
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Australian Workplace Agreements, which give the 
vertebra to the Federal Government’s Work Choices 
legislation, have captured the public attention and 
imagination. They have even been deemed a subject 
worthy of television drama—an episode of the series 
McLeod’s Daughters featured Patrick the mechanic 
being pressured to sign an AWA by an unscrupulous 
boss. “It’s not actually your choice,” Phil the boss 
told his employee. “You either sign this contract or I 
have to employ someone else . . . it’s either my way 
or . . .” “I’ll take the highway,” Patrick replied, and 
out he walked. 

—An extract from an article entitled Enslaver or 
liberator? AWAs conundrum by Jacqueline Maley in 
The Sydney Morning Herald May 21, 2007

intermittent jobs), for a trial period, or for carrying out 
certain tasks. This development has partially led to what 
can be characterized as a “center–outskirts” structure of 
the labor force, in which the center comprises employees 
with permanent wage jobs, while the outskirts consist 
of workers with irregular, often unstable and insecure 
work arrangements. There are, in fact, several dimen-
sions of insecurity, such as income insecurity and job 
insecurity (2). The new situation means fragmented 
futures for nonpermanent workers and challenges for 
the employers in organizing industrial relations (3). This 
is also the case in Finland, where fixed-term contracts 
and agency hiring are today broadly used. Frequently, 
the only route into employment is via the fixed-term, 
or casual pathway. Problems that arise from fixed-term 
employment confront both employees and employers. 
Financial instability, loose commitment to work, and 
uncertainty of worklife progress are among the current 
common concerns. An overview of the way that fixed-
term employment is nowadays arranged in Finland can 
be found in an earlier publication (4), whereas, in my 

Over the past decade or so, different new forms of 
employment relationships have emerged and remained 
a part of global change in the labor market (1). The 
regular form of employment contract, that is, one that is 
permanent (or ongoing), is increasingly being replaced 
by a contract signed for a fixed-term (often with several 
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current paper, I am particularly interested in the estima-
tion of the worklife expectancies of Finnish fixed-term 
employees.

Duration of fixed-term employment

The notion of worklife expectancy is the future dura-
tion that a person is expected to spend in employment, 
or the remaining number of years in a worker’s career 
until he or she finally leaves the labor force. Note that 
this statistic is not, as sometimes assumed, the number 
of years until the person retires (turns 65 years of age 
or whatever the mandatory or voluntary age of retire-
ment might be). The latter assumption is incorrect for 
the following two basic reasons: (i) an average worker 
has breaks in employment (withdrawals and re-entries) 
before his or her final retirement and (ii) the expected 
durations of worklife expectancy are estimated from 
occupancy probabilities for the employment states that 
form a probability distribution of the defined state space 
and compete with each other (compare with competing 
causes of death). These reasons naturally explain why 
the expectancies combined for people working under 
either of the two main types of employment contract, 
permanent or fixed-term, are shorter than the total du-
ration of active worklife. In addition, there is the third 
type of employment, which consists of self-employment 
(including employers), which represents a distinct class 
of the employed labor force. Moreover, there are the 
unemployed who belong to the (gainfully inactive) labor 
force, as well as pupils (starting from 15 years of age) 
and students (until their late 20s), who are occasionally 
“swinging” between studies and employment but are 
not counted in the labor force. My comparative analysis 
primarily focuses on the relative duration of worklife in 
the first two primary employment contract states. 

Information on the duration of the stay in fixed-term 
employment is generally lacking, and still less is known 
about workhours (frequently overtime) in this type of 
temporary employment. From the Finnish perspective, 
the situation is far more satisfactory in that the Labour 
Force Survey of Statistics Finland provides a continu-
ous time series from 1997 on. In 1998, the longitudinal 
data file was revised in order for it to agree with the 
International Labour Organization’s definition of labor-
force participation. The database describes, among other 
things, the demographic and socioeconomic structure 
of the employed population by gender, age, education, 
and occupation, as well as the sector and permanency 
of employment. Based on these register and interview 
data, a comprehensive investigation provided detailed 
information on the prevalence of fixed-term employment 
relationships and knowledge of the changes that took 
place in Finland in the 1990s (5). In the past decade, 
1997–2006, the prevalence of fixed-term work was 

stable, in 2006 at 16% (20% for women and 13% for 
men). According to a survey of Finns’ quality of life (6), 
the average length of time period in the same job was 
10 years. In Finland, the probability of job change in 
fixed-term employment was as high as 76%, whereas for 
permanent work it was only 31%. It appears, however, 
that quantitative data on the permanency or duration of 
fixed-term employment has been neither extracted from 
administrative registers nor estimated.

Previous demographic studies and the present analysis

Previously, worklife expectancies have been estimated 
for aging municipal workers as a function of work 
(dis)ability (7, 8) and for the total Finnish population 
for different work or health states (9). As a result of 
these studies, new information was produced that can 
be utilized to promote measures or introduce incentives 
to prompt or entice Finnish people to continue working 
longer. In this paper, I present quantitative estimates of 
the duration that Finnish employees are expected to be 
engaged in fixed-term jobs, with a comparison to the 
time in permanent posts. The statistical problem is the 
modeling and estimation of probabilities of being oc-
cupied in these contract states as a function of age and 
year, separately for men and women, and taking into 
account the economic volatility of the time series. I close 
with a discussion of the socioeconomic implications of 
fixed-term employment in Finland.

Study population and methods

The sizes of the Finnish employed population for the 
most recent available and relevant years, 1997–2006, by 
gender and single-year age groups from 15 to 64 years 
were extracted from the statistical yearbooks published 
by Statistics Finland. For these years the demographic 
data by type of employment contract were complete. 
Existing data from some previous years were excluded 
to avoid interpolation. The 10-year period is sufficiently 
long for the estimation of the probabilities of employ-
ment and heath status; moreover the recession effect in 
the early 1990s could be ignored. Estimates of the num-
bers of gainfully active persons by type of employment 
were based on the monthly surveys conducted among the 
labor force by Statistics Finland. In these surveys, fixed-
term employees were counted as those who happened to 
be working in such jobs during the week of investiga-
tion. The numbers of annual deaths are the actual counts 
provided by Statistics Finland. 

In all, the data consisted of a four-dimensional array 
of 3200 frequencies indexed by gender, age, calendar 
year, employment, and civil or vital status. 



	 Scand	J	Work	Environ	Health	2008,	vol	34,	no	2	 85

Nurminen

The work history was regarded as a random process 
that evolves with age through various states before ter-
mination into retirement or death. My interest focused 
on the three transient index (“alive”) states “permanent 
employees” (employed on a permanent or ongoing ba-
sis), “fixed-term employees” (employed on a fixed-term 
contract), and “other alive” (obtained by subtracting 
the number of those alive in the two former states from 
the size of the total population). The employed popula-
tion was analyzed using the “permanent employees” 
versus “fixed-term employees” dichotomy, excluding 
self-employed persons (owner managers and unpaid 
family members). The (predominantly young) persons 
who could not state their employment arrangement 
constituted only approximately 0.1% of the employed, 
and they were discarded in the analysis. The comple-
mentary “other alive” group included, in addition to 
self-employed and unemployed persons (inactive labor 
force), those who were not in the labor force (students 
and persons on pensions due to disability or old age). 
In principle, one could partition the third “other alive” 
group into subpopulations. Unfortunately, this approach 
was not realistic because of the ensuing unmanageably 
large number of parameters in the regression model. The 
absorbing state, “death”, labeled state 4, was taken as 
the reference state.

A multinomial model was assumed for estimating 
the occupancy or “marginal” probabilities (that form a 
probability distribution at a given age) of being in any 
of the four mutually exclusive states. It was further as-
sumed that the usual life-table assumption holds, that 
is, people in the same (age–year) cohort with the same 
initial evolve state stochastically in an independent and 
identical course as far as transitions between the states 
are concerned. Hence worklife expectancies are also 
“marginal” in the sense that we know only that initially 
people are alive (state 1, 2, or 3) but not the distribution 
of their commencing state of employment or the activity 
of workforce participation.

Of pivotal importance are the occupancy probabili-
ties, written pj(z, x), that a person, conditional on having 
reached age z, that is, 15 years or greater, is in state j at 
a subsequent age x > z. In the present application, j = 1, 
2, 3, 4 indexes the exhaustive states (1 = “permanently 
employed”, 2 = “employed for a fixed-term”, 3 = “other 
alive”, and 4 = “dead”). The expected future occupation 
time of state j at age z takes on the following form (9, 
equation 4, page 579): 

ej(z) = ∫
w

z
jp (x(x Iz)dx, equation 1

where the maximum age w before retirement (due to 
disability or old age) or until death, whichever comes 
first; here it is assumed that w = 64 (ie, retirement at age 

65 years). Aggregated data from which the occupancy 
probabilities can be estimated, on the assumption of a 
multinomial distribution model for the aggregated data, 
were available at ages x = 15,...,64. The elegance of 
this simple mathematical formula lies in that, because 
the marginal probability pj assumes a value between 0 
and 1 in any age differential dx—, the definite integral 
convolutes the pj into the respective expectation for 
state j. The ejs yield the expectations of interest, with ê1 
donating an estimate of the worklife expectancy. This 
integral can be evaluated using a discrete time approxi-
mation, but a real-valued function integrate was applied, 
as implemented in the S-PLUS system (10). Note that 
these quantities are conditional only in the sense that 
they depend only on the fact that a person is alive at 
the age of 15 years (7), and they should be distinguished 
from worklife expectancies conditional on knowledge of 
the initial state [compare with the work of Nurminen et 
al (8), in which an underlying inhomogeneous discrete-
time Markov chain was assumed]. The probabilities were 
estimated with the use of a multistate logistic regression. 
Advantage was taken of the fact that official statistics are 
almost always given in terms of large numbers, even for 
age strata. Standard errors of the parameter estimates, 
which can be determined with the delta method, were 
negligible. Practically all of the tested differences be-
tween the subgroups will be statistically significant. 

The preceding arguments apply to estimating worklife 
survival surfaces and expectancies as functions of age for 
a given year. However, data were available for the 10-year 
period 1997 to 2006, and clearly variation with year was 
also of interest. It was therefore natural to formulate the 
vector of log ratios as a function of both age x and year 
t. In an exploratory analysis, it emerged that the loga-
rithm of the frequency of fixed-term employees can be 
represented by a multivariate model that has polynomial 
regression terms in time (x and t). In addition, a satisfac-
tory model contained a term for the annual change in the 
volume of the gross domestic product (GDP) to account 
for economic cycles and, especially, the recession effects 
in around 2002. The most parsimonious model (with 3 
alive states) involved 3 x 9 = 27 parameters. 

The analysis followed the procedure detailed earlier 
by Nurminen et al (9) to construct a parametric form 
in t and x for the logarithm of the probabilities for the 
index versus reference state ratios, log{pj(x,t)/p4(x,t)}, j 
= 1,2,3. The model fits were depicted as surfaces over 
the rectangle 1997≤t≤2006, 15≤x≤64. The addition of 
quadratic and cubic terms of age and their interactions 
with the GDP introduced strong collinearities between 
the main effects and the interaction. Orthogonalization 
of the variates eliminated the collinearity (which center-
ing of the variates alone did not achieve) and rendered 
the design matrix nonsingular. To conserve space, I have 
not included the explicit forms of the multistate models; 



86	 Scand	J	Work	Environ	Health	2008,	vol	34,	no	2

Worklife	expectancies	of	fixed-termed	workers	in	Finland

these and the S language program code are available 
upon request. 

Results

Throughout 1997–2006 the prevalence of fixed-term 
employment relationships among the women was mark-
edly greater than among the men. There was a consistent 
increase in the number of female fixed-term workers over 
the decade, whereas, for the men, there was a slightly 
attenuating development. The observed relative frequen-
cies for the permanent and fixed-term employment status 
for women and men are presented as surfaces in figure 1. 
Numerical estimates for the integrated year- and age-
specific worklife expectancies have been tabulated in 
the appendix. Table 1 in the appendix shows that, for 
example, the worklife expectancy of an “average” (or ran-
domly chosen) 25-year-old woman in the year 2000 was 
estimated to be ê F

1 (25, 2006) = 21.7 in state 1, ê F
2 (25, 

2006) = 4.5 in state 2, and ê F
3 (25, 2006) = 13.2 in state 

3. Thus the total expectancy for the three alive states was 
39.4 years (and 0.6 years as deceased) until a person turns 
63 (or would have had his or her 63rd birthday). In the 
defined state space, the ê F

3 cannot, for modeling reasons, 
be broken down into two parts: one for those who belong 
to the workforce and the other for those who do not.

During the 10-year study period, there was a general 
increasing trend for the permanent employees’ worklife 
expectancies for both genders. Figure 2 depicts the ex-
pectancies of the various employment states separately 
for women (A) and men (B) in 2006. For example, the 
worklife expectancy for an “average” (or randomly 
chosen) 15-year-old permanent female worker (table 1 
in the appendix) was ê F

1 (15, 1997) = 20.6 years, ê F
1 (15, 

2006) = 23.6 years (ie, +14.7%); and, for a 15-year-old 
male worker (table 2, in the appendix), it was ê M

1 (15, 
1997) = 21.9 years, ê M

1 (15, 2006) = 25.0 years (ie, 
+14.2%). This result is an aftermath of the productivity 
growth in Finland, which accelerated at a brisk rate in 
the beginning of 2006, the GDP exceeding the preceding 
year’s level by 6%. The economic growth rate in 2006 
was at the same top level as in 1997–1998 (figure 3). 
The exceptional extent and force of the growth led to a 
self-feeding cycle the like of which had been seen only 
a few times during the previous 35 years. The upswing 
was predicted to have an above-average duration, but 
the growth slowed down to 4.4% in 2007, and it will 
decrease further to 3.2% in 2008 (11). Note incidentally 
that there was a consistent drop in the expectancies from 
2005 to 2006 for both genders and at all ages among 
the permanently employed people. This finding may be 
the model-based anticipation of a downward turn in the 
economy, and it deserves to be followed in view of the 
looming slowdown (or recession) in 2008.

Figure 1. Observed relative frequencies of permanent and fixed-term Finnish female (A) and male (B) employees joined as a surface with age 
and year axes. 
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Figure 1 a. Observed relative frequencies of permanent and fixed-term Finnish female employees 

joined as a surface with age and year axes  
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Figure 1 b. Observed relative frequencies of permanent and fixed-term Finnish male employees 

joined as a surface with age and year axes 
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Figure 1 a. Observed relative frequencies of permanent and fixed-term Finnish female employees 
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Figure 2 a. Expected number of years remaining worklife spent in various employment and 

health states at different ages for Finnish females in year 2006. Note the relatively large 

allocation of years for the 'other alive' group (topmost segment) [eg, at ages 25 (due to 

students) and 55 (due to retirees]. 
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Figure 2 b. Expected number of years remaining worklife spent in various employment and 

health states at different ages for Finnish males in year 2006. Note the relatively large 

allocation of years for the 'other alive' group (topmost segment) [eg, at ages 25 (due to 

students) and 55 (due to retirees)].

Figure  2. Expected number of years remaining in worklife 
spent in various employment and health states at different 
ages for Finnish women  (A) and men (B) in 2006. Note 
the relatively large allocation of years for the “other alive” 
group (topmost segment) [eg, at the ages of 25 (due to 
students) and 55 (due to retirees) years].

A	Female	employees

B	Male	employees

Figure 3. Annual percentage of change in the volume 
of the gross domestic product in 1997–2006. [Source: 
National Accounts 1997–2006, Statistics Finland] Year

Change in the volume of gross domestic product, percent

Figure 3. Annual change in the volume of gross domestic product 1997–2006, per cent.  

Source: National Accounts 1997–2006, Statistics Finland. 
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In the case of fixed-term employees, the changes 
in worklife expectancies (following the corresponding 
trends in prevalences) over the decade took different 
directions for the genders (figure 2). The band was 
markedly wider for women than for men over the entire 
age range. For example, the male versus female ratio 
ê F

2 (25, 2006)/ ê M
2 (25, 2006) = 1.9 and ê F

2 (55, 2006)/ 
ê M

2 (55, 2006) = 1.6. The gender-specific overall trend 
rose annually for the female expectancies (table 1, in the 
appendix): ê F

2 (15, 1997) = 5.8 years, ê F
2 (25, 2006) = 

6.5 years (ie, +13.0%). By contrast, there was a slightly 
declining trend for the male expectancies (table 2, in the 
appendix): ê M

2 (15, 1997) = 4.0 years, ê M
2 (15, 2006) = 

3.9 years (ie, –4.2%). These figures constituted 13% of 
the women’s maximum careers until retirement, and 8% 
of the men’s careers. The age trends show even higher 
proportions for the times worked in fixed-term jobs in 
the 10-year age interval 20–29 years (table 1, in the ap-
pendix); for example, in 2006, the difference in worklife 
expectancies was ê F

2 (20, 2006) – ê F
2 (30, 2006) = 5.6 

– 3.3 = 2.3 years (ie, 23%). For the men, the correspond-
ing difference was smaller (table 2, in the appendix): ê
M
2 (20, 2006) – ê M

2 (30, 2006) = 3.2 – 1.6 = 1.6 years (ie, 
16%). Thus the annual trends in fixed-term employment 
were substantially dissimilar for the genders. 

An exceptional feature of these time series is that, 
during the economic recession in 2002–2003, there was 
a 5–6% dip in the expectancies for fixed-term male 
employees. In stark contrast, the expectancies of their 
female compatriots increased by a compensating 8–9% 
over these years. This discrepancy is clearly evident in 
the female versus male ratio of fixed-term employees 
during the economic slump around 2002 (figure 4). 
Even the local downturns in the volume of the GDP in 
1999 and 2005 are discernible and, without time delay, 
are reflected in the gender ratio. Considering that the 
prevalences of both permanent and fixed-term employ-
ment stayed approximately at the same level over the 

decade 1997–2006 for both genders, the developments 
in the expectancies must, by and large, be regarded as a 
consequence of the economic cycles. 

To counterbalance the general increasing trend 
among permanent employees, the estimated worklife 
expectancies for the “other alive” subpopulation (ê3) de-
clined by 16.4% among the women and by 12.5% among 
the men. The concomitant falling unemployment rate, 
by 5 percentage points for either gender (from 13.1% to 
8.1% for women and from 12.4% to 7.5% for men) may 
have contributed to this development. Note the relatively 
large allocation of years for the “other alive” group, 
which is presumably due to the elongation of students’ 
studies (eg, at the age of 25 years) and due to early re-
tirement (eg, at the age of 55 years). [See figure 2.]

Discussion

Expectancy and course of worklife 

Worklife expectancy (compare with life expectancy) is a 
summary measure of a population’s state of employment 
and health (12). It is useful in a quantitative analysis, 
whereas the “worklife course” approach provides a ba-
sically qualitative perspective. The cross-sectional data 
published by Statistics Finland have not earlier been 
processed to the point that they could be used for esti-
mating longitudinal processes. However, the life-course 
information may contribute to a socioeconomic policy 
debate on the reorganization of worktime arrangements 
to make allowance for private life. A report of the Eu-
ropean Foundation for the Improvement of Living and 
Working Conditions addresses the subject of reorganiz-
ing time requirements in fixed-term and part-time work 
specifically from the life-course perspective (13). These 
two approaches are best seen as supplementary, rather 
than as competing, methodologies. 

In this paper, worklife expectancy was the method 
of choice because of its advanced statistical qualities 
(14). Consider, for instance, the property of the large-
sample regression model used to estimate employment 
trends over time and across age groups of permanent 
and fixed-term workers, using information from cross-
sectional surveys of a cohort population to reconstruct 
relevant parts of the longitudinal work career. This 
novel approach is an alternative to the traditional route 
followed by demographers and other social scientists in 
the analysis of “increment–decrement” life tables (14). 
Population projection methodology, including probabi-
listic methods, has been used to analyze changes in the 
state of populations in spatiotemporal studies (eg, the 
transition model for period–cohort life-table data). Giv-
en aggregated data from sequential cross-sectional popu-
lation surveys or from longitudinal follow-up studies, 

Figure 4. Annual trend (local linear regression fit) for fixed-term worklife 
expectancy in 1997–2006, gender ratio.
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a multistate regression model can be used to estimate 
consistently marginal probabilities that a person is in a 
given work–health state (the case in point) or transition 
probabilities between the states, and thereby worklife 
expectancies. A comparative perspective of the life-table 
and regression analysis approaches can be found in an 
earlier publication (15). 

While prevalence by type of employment gives a 
cross-section of the status distribution of the working 
population, expectancy is intrinsically an individual 
measure that projects the duration from a person’s 
present age to the finish of his or her worklife. And, 
the closer an employee comes to retirement age, the 
more vital the information conveyed by the remaining 
worktime worklife expectancy. In my own case, ê M

1 (60, 
2006) = 1.2 years. 

Gender differences

Gender imbalance constitutes a significant factor in 
fixed-term employment relationships (16). According to 
a recent Finnish survey of the labor market, temporary 
employment contracts among the highly educated are 
typically a problem for young women (17). The cluster-
ing of work with a fixed termination date among women 
in the family-forming age range suggests that employers 
may try to circumvent rules regarding a notice of the 
discontinuation of a contract and the expenses that de-
rive from a family (more often maternity than paternity) 
leave by using temporary jobs. Not all employers seem 
to realize (or disregard) the fact that a temporary work 
contract cannot be left unrenewed or limited in duration 
because of pregnancy or family leave. However, for an 
individual fixed-term employee, it can be hard in his or 
her position to question the basis of the temporariness. 
According to a questionnaire study conducted in Finland 
by the Office of the Equality Ombudsman (18), the 
failure to renew a temporary employment contract is 
one of the most common problems of equality, and it 
can discriminate against women. 

Adverse health consequences

A systematic search for studies of temporary employ-
ment and various health outcomes identified 27 studies 
(19). The evidence suggests that temporary workers have 
increased psychological morbidity and high employment 
instability when they are compared with permanent 
employees.

A Finnish study (20) examined self-reported health 
and recorded sickness absences of a cohort of 5650 
fixed-term employees and substitutes in 10 hospitals. 
The perhaps unexpected findings were that contingent 
employees fared better in both respects than their per-
manent counterparts. The differences in self-rated health 

may be partly explained by differential selection out 
of the workforce for health reasons and differences in 
sickness absence by unequal thresholds of taking sick 
leave or working while ill. But no difference was found 
in the prevalence of diagnosed diseases and psychiatric 
morbidity between the compared groups. 

Another Finnish questionnaire study of perceived 
morbidity in the labor market (21) found fewer fixed-
term employees than permanent employees reporting 
work-related illnesses and symptoms. On the other 
hand, more work accidents were reported by fixed-term 
employees, who often change jobs and have to adjust 
to new work environments. The rate of work accidents 
diminished with the continuation of the work relation-
ship (22), which is no doubt partly due to increasing 
years of experience. 

It has been hypothesized that fixed-term employment 
can cause mental stress. When fixed-term or temporary 
work is perceived as an interim phase in worklife, it 
can be connected to finding longer term or permanent 
employment (23). It has been argued that fixed-term 
employment is always better than no work at all (24). 
The situation becomes stressful when fixed-term em-
ployment forms a trap of insecurity from which the 
only escape is unemployment (24). Studies have shown 
that the effects of insecurity are apparent in the lowered 
mental well-being of employees, for example, as signs 
of work dissatisfaction and work tiredness, as well as 
stress and psychosomatic symptoms (25, 26). A register 
linkage study of 65 200 civil servants in 10 Finnish 
towns found that temporary employment is associated 
with antidepressant use among women and men and 
that this use is more pronounced when employment 
is unstable (27). The highest use was found among 
long-term unemployed persons who were in short-term 
government-subsidized temporary employment. 

In addition to the psychosocial stress associated with 
the uncertainty of work continuation (28), temporary 
employment carried a 1.2 (women) to 1.6 (men) times 
higher risk of mortality, especially from alcohol-related 
causes and smoking-related cancer, compared with the 
risk among permanent employees in Finland (29). Mov-
ing from temporary to permanent employment was 
found to lower the risk of death significantly. 

A Finnish epidemiologic study found that good 
health status seems to promote the chances for a fixed-
term hospital employee to reach permanent employ-
ment (30). A recent Finnish study of initially fixed-term 
employees in the public sector provided evidence of 
health-related selection into employment trajectories and 
suggested that these trajectories carry different health 
risks (31). But, despite the adopted design, the direction 
of causation could still be the reverse, in other words, a 
case of people who became sicker during the follow-up 
period being less capable of having stable employment, 
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rather than a case of people entering unstable employ-
ment tending to incur poorer health.

Effect of economic factors on workplace relations

The causes for fixed-term employment vary naturally 
according to the branch of economic activity. In the 
female-dominated municipal sector, the most important 
basis is temporary substitution. For example, teachers 
are hired only for a year of study or the workdays of 
a term. In the public sector, fragmentary funding is 
regarded the main cause. At universities, for example, 
teaching and research work is predominantly fixed-term. 
A significant part of fixed-term jobs is a result of proj-
ects carried out with outside funding that lasts a certain 
length of time. Many of these jobs are due to (mainly 
postgraduate) studies done in a work relationship. In the 
private sector, the temporariness of work is related to the 
project nature of the work assignment. 

In times of economic growth, municipalities can 
more easily hire substitutes and other fixed-term em-
ployees, whereas in stricter times communities strive to 
save personnel expenses by laying off staff. Concrete 
evidence of this business-cycle phenomenon occurred 
during the economic recession in the early 1990s. The 
number of fixed-term employees decreased, especially 
in the public sector, which suffered from a very tight 
budget as a result of the deep recession and a lower tax 
income. Those who survived the slump—particularly 
people over 55 years of age—remained employed. After 
the recession, the number of fixed-term employees again 
increased due to a growing demand for services related 
to a structural change in the economy. Temporary em-
ployment started to affect also workers who had already 
accumulated long work experience. However, women 
entering the labor market from the mid-1990s on have 
experienced difficulties in stabilizing their careers in 
the long run (32). And a new economic downturn that 
reached its low around 2002 again temporarily increased 
the number of unemployed men.

Expected status of the Finnish labor force

The employed sector of the Finnish population is aging 
more rapidly than that of most other European countries, 
and this demographic development can entail serious 
social and economic implications for society in coming 
years (33). This outlook is due to the fact that the de-
crease in the labor supply will, in the near future, shake 
the financial base of an established market economy and 
thereby undermine the foundation of a welfare society 
(34). This dire forecast is made despite the good status 
of employment, which rises in parallel with the GDP. 
The sustainability of pension systems, intergeneration 
fiscal equity under the demographic gradation, and the 

consideration of medical expenditures and health care 
costs of future retirees remain among the current core 
of demographic and social policy issues that need to be 
addressed. 

The possibilities to increase the supply of labor de-
pend on current employees’ postponing their retirement, 
but also on laborers coming from outside the Finnish 
workforce (2.4 million employed). Annually only 30 000 
foreigners work in Finland in fixed-term and other 
temporary jobs. Because of the acute labor shortage, in 
particular in the health care and service sectors in the 
Helsinki metropolitan area (35) and in seasonal jobs in 
Finnish Lapland (36), organized immigration to Finland 
is expected in increasing numbers in the future (37). 

According to the economic forecast of the Ministry 
of Finance in Finland (11), the number of employed will 
increase by about 50 000 people in 2007. This develop-
ment means that the employment rate will rise to 70%. 
Job creation has been particularly good in private servic-
es and construction. Labor supply will exceed the 2006 
figure by 30 000. A forecast has also been made that 
the seasonally adjusted unemployment rate will still be 
below the 7% mark at the end of 2007. While reducing 
unemployment and promoting migration are important 
ways to increase the workforce, other European studies 
suggest measures that would accomplish later retire-
ment. For example, in the Netherlands, measures have 
been considered to encourage Dutch employers to raise 
older workers’ participation in the workforce (38). These 
measures included part-time early retirement or prepaid 
pensioning, additional leave or increased holidays, 
prolonged career interruptions, age limits for irregular 
work, exemption from overtime work, flexible work-
hours, training programs, reductions of workloads, and 
ergonomic improvements. The challenge is to change 
the employers’ attitude to not necessarily associate older 
workers with lower productivity and higher wage costs. 
There is a need for incentives to keep aging workers 
employed in order to meet or alleviate the replacement 
demand in the current tight situation within the labor 
market. The growing labor shortage, which is linked to 
the economic cycle, is becoming more structural in Fin-
land as a result of ongoing demographic development. 
As the labor supply decreases, economic growth will 
have to be based on improved productivity.

The reduction of the labor force is not only the result 
of premature retirement. The problem is that increas-
ing numbers of working-aged persons have completely 
stayed outside the labor market. The major shift in 
the probability of being employed seems to reflect a 
changed behavior among those under 30 years of age, 
no doubt partly due to increasing years of education 
(with studies extending until the late 20s). A prolonged 
absence from the labor market often makes the return 
to work more difficult. These employment breaks are 
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reflected in worklife expectancies but not necessarily in 
average retirement ages. 

Statistics Finland publishes data on the distribution 
of the number of employees doing full-time and part-
time work, and the Ministry of Labour has compiled 
statistics on the duration of employment contracts, 
possibly combined from separate periods of work for 
the same or different employers. However, the duration 
of employment contracts has only been considered by 
dichotomizing it in terms of whether it lasts less or more 
than a year (5). However, thus far, there have been no 
quantitative estimates available on the expected duration 
of fixed-term employment in Finland, or, for that matter, 
in any other developed country. Instead, in this paper 
the actual worklife expectancies were estimated. Over 
the decade 1997–2006, the expectancies for fixed-term 
workers in their entire careers averaged 6 years for a 
woman and 4 years for a man. By comparison, under 
Hungarian law, the maximum duration of a fixed-term 
contract is 5 years (39). Yet, for many employees, the 
combined duration of fixed terms is years longer. The 
duration that Finnish workers spend in nonstandard 
employment relationships constitutes marked phases 
of their career, and, especially for people in their 20s, 
this length of time is significant. This situation calls for 
standards for flexibility and guarantees for security in 
the fragmented futures of fixed-term workers.

Workplace relations and social segmentation

Usually fixed-term contracts are regarded as more in-
secure than permanent ones. A permanent work rela-
tionship is often a significant rewarding factor for an 
employee (40). It creates security and possibilities to 
better plan one’s personal economy. Persons employed 
in permanent jobs can also commit better to the tasks of 
a workplace. Persons with a fixed-term contract have to 
consider alternative plans more often, and they experi-
ence job insecurity. But a fixed-term worker can also feel 
relative security, provided that the economic outlook of 
the organization is such that it affirmatively promises 
continuation of the contract. 

If an average employee is expected to be in a fixed-
term contract for 5 years and to have a permanent posi-
tion the rest of his or her career, the issue of whether a 
fixed-term contract is a problem (except possibly for 
gender differences) could be raised. Problems probably 
arise when there is a division between insiders and 
outsiders in the labor force. Open questions of the con-
ditional form “What are the chances to remain in fixed 
employment contracts over one’s career?” and “Do the 
opportunities of getting a permanent post (given that 
a person is still working under a fixed-term contract) 
increase or decrease as a worker ages over time?” were 
not posited in this study. [Mark well that the occupancy 

probabilities were assumed independently of the initial 
employment state, and transition probabilities were not 
estimated.] A possible answer can be sought from local 
Finnish circumstances. 

A Finnish study questioned whether the increase in 
fixed-term employment leads to poor psychosocial work 
environments. The researchers’ argument (41) was “The 
growth of temporary employment as such seems to have 
only limited potential to create new social divisions or to 
strengthen existing ones[;] in Finnish labor markets poli-
tics and policies do still matter in issues of working life 
[p 205].” In Finland, the basis for the growth of fixed-term 
employment differs greatly with regard to the structure 
of the labor force from that in the United Kingdom and 
in the United States. The researchers stressed that this 
expansion has not led to a significant division between 
better jobs for permanent employees and worse jobs for 
fixed-term employees. This relatively small segmentation 
of the labor market is (or has been) thus far due to special 
local Finnish conditions, such as the large public sector, 
the small size of establishments, high union participation, 
and an ethnically homogeneous population (42).

Still, there may exist a real risk in Finland of an 
economic division of labor into an “inner” and “outer” 
circle (43), namely, those whose positions in the labor 
market are permanent and financially well-founded 
(inner circle) and those in atypical employment with 
incidental income (outer circle). The latter subpopula-
tion acts as a labor-force buffer to the inner circle, whose 
position thus becomes more secure. Although enterprises 
hire fixed-term employees as a result of demands for 
flexibility regarding labor availability and cost sav-
ing, the insecurity is stressful to the individual worker 
regardless of its reason. An interesting recent observa-
tion is that firms are interested in changing fixed-term 
contracts into permanent ones in view of the expected 
economic downturn and the following labor shortage. In 
addition, the Australian Bureau of Statistics Survey (44), 
on employment arrangements, found that a clear major-
ity of fixed-term employees (72%) expected that their 
contract would be renewed. This finding indicates that 
many fixed-term employees may have a longer tenure 
than their employment arrangement would suggest. It 
follows that fixed-term employment can be viewed either 
with a negative attitude or a positive attitude, depending 
on the individual worker’s personal employment or life 
situation. Either way, the length of the work careers of 
fixed-term employees in Finland falls way short of those 
of employees in typical work relationships, the duration 
of employment varying greatly by gender and age. 

Concluding remarks

The preceding discussion and the empirical results of 
this study stress the importance of the more cautious 
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employment (rather than deployment) of fixed-term la-
bor so as to enhance its longer term development and not 
undermine the growth of permanent employment [com-
pare with the conclusions of Buchanen (45)]. For the 
social policy decision maker, the question is whether to 
actively influence the employment process or let it flow 
volatilely with economic market currents. Regulation 
with new labor legislation is one solution for controlling 
the situation. From the beginning of 2008, changes in 
Finnish legislation came in force that are aimed at reduc-
ing the number of unjustified fixed-term employment 
contracts and at converting them into permanent ones. 
Negligence to comply with the employment contract 
conditions will be punishable by law. Other suggestions 
on how to improve work standards are provided by ref-
erence to new practices and arrangements concerning, 
for example, professional training and improvement in 
parental leave, as well as to better meeting the demands 
of work versus compelling family commitments and the 
interests of private life. 
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Appendix

Numerical estimates of worklife expectancies for Finnish women and men.

Table 1. Women’s future worklife expectancies for two states of employment (1=“employed, permanent” and 2 = “employed, fixed term”) 
for quincennial ages, 15–60 years, and for the 10-year period 1997–2006. For states 3 (“other alive”) and 4 (“dead”), figures are shown 
only for ages 25 and 55 years.

Age (x) Year (t)

  1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

15 years

 State (j) 1 employed, permanent 20.61 21.14 21.72 21.85 22.55 22.91 23.24 23.45 23.84 23.64
 State (j) 2 employed, fixed-term 5.75 5.78 5.86 5.95 6.08 6.19 6.27 6.30 6.41 6.52

20 years

 State (j) 1 employed, permanent 20.11 20.54 21.09 21.21 21.89 22.19 22.51 22.72 23.10 22.95
 State (j) 2 employed, fixed-term 5.03 5.06 5.13 5.20 5.30 5.39 5.45 5.46 5.54 5.61

25 years

 State (j) 1 employed, permanent 19.07 19.43 19.94 20.04 20.70 20.93 21.24 21.44 21.79 21.66
 State (j) 2 employed, fixed-term 4.05 4.09 4.14 4.19 4.25 4.32 4.36 4.36 4.41 4.46
 State (j) 3 other alive 16.30 15.91 15.35 15.20 14.49 14.18 13.84 13.63 13.23 13.32
 State (j) 4 dead 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57

30 years

 State (j) 1 employed, permanent 17.37 17.65 18.13 18.20 18.83 19.02 19.30 19.47 19.80 19.65
 State (j) 2 employed, fixed-term 3.03 3.06 3.09 3.13 3.15 3.21 3.23 3.23 3.26 3.30

35 years

 State (j) 1 employed, permanent 14.99 15.23 15.67 15.70 16.30 16.45 16.70 16.84 17.14 16.97
 State (j) 2 employed, fixed-term 2.14 2.16 2.17 2.21 2.21 2.25 2.26 2.27 2.28 2.33

40 years

 State (j) 1 employed, permanent 12.11 12.30 12.69 12.70 13.24 13.35 13.57 13.69 13.96 13.79
 State (j) 2 employed, fixed-term 1.45 1.46 1.47 1.15 1.49 1.52 1.53 1.54 1.55 1.59

45 years

 State (j) 1 employed, permanent 8.95 9.09 9.42 9.42 9.88 9.94 10.13 10.26 10.48 10.34
 State (j) 2 employed, fixed-term 0.94 0.95 0.95 0.98 0.97 1.01 1.01 1.01 1.02 1.05

50 years

 State (j) 1 employed, permanent 5.80 5.88 6.13 6.13 6.48 6.49 6.66 6.78 6.96 6.86
 State (j) 2 employed, fixed-term 0.56 0.58 0.58 0.60 0.60 0.63 0.63 0.63 0.63 0.65

55 years

 State (j) 1 employed, permanent 3.00 3.02 3.18 3.17 3.41 3.37 3.49 3.60 3.72 3.68
 State (j) 2 employed, fixed-term 0.29 0.30 0.31 0.32 0.32 0.35 0.35 0.34 0.35 0.35
 State (j) 3 other alive 6.20 6.17 6.00 6.00 5.76 5.76 5.64 5.54 5.42 5.46
 State (j) 4 dead 0.51 0.51 0.51 0.51 0.51 0.52 0.51 0.52 0.52 0.52

60 years

 State (j) 1 employed, permanent 0.97 0.95 1.01 1.01 1.10 1.06 1.12 1.19 1.24 1.24
 State (j) 2 employed, fixed-term 0.10 0.11 0.11 0.11 0.12 0.13 0.13 0.13 0.13 0.13
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Table 2. Men’s future worklife expectancies for two states of employment (1=“employed, permanent” and 2 = “employed, fixed term”) 
for quincennial ages, 15–60 years, and for the 10-year period 1997–2006. For states 3 (“other alive”) and 4 (“dead”), figures are shown 
only for ages 25 and 55 years.

Age (x) Year (t)

  1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

15 years

 State (j) 1 employed, permanent 21.88 22.44 23.05 23.17 23.93 24.35 24.68 24.83 25.26 24.99
 State (j) 2 employed, fixed-term 4.04 4.03 3.97 3.99 3.87 3.82 3.80 3.85 3.80 3.87

20 years

 State (j) 1 employed, permanent 21.39 21.92 22.50 22.63 23.35 23.76 24.07 24.20 24.61 24.35
 State (j) 2 employed, fixed-term 3.43 3.39 3.34 3.34 3.25 3.20 3.18 3.20 3.16 3.21

25 years

 State (j) 1 employed, permanent 19.99 20.46 21.00 21.09 21.77 22.14 22.41 22.51 22.89 22.65
 State (j) 2 employed, fixed-term 2.57 2.53 2.49 2.48 2.42 2.37 2.36 2.36 2.33 2.36
 State (j) 3 other alive 16.77 16.34 15.85 15.76 15.16 14.84 14.58 14.47 14.13 14.34
 State (j) 4 dead 0.67 0.68 0.68 0.66 0.66 0.65 0.65 0.65 0.65 0.65

30 years

 State (j) 1 employed, permanent 17.59 18.01 18.48 18.55 19.15 19.48 19.72 19.80 20.12 19.90
 State (j) 2 employed, fixed-term 1.80 1.77 1.75 1.74 1.70 1.67 1.66 1.66 1.63 1.64

35 years

 State (j) 1 employed, permanent 14.54 14.90 15.31 15.36 15.90 16.17 16.38 16.45 16.73 16.52
 State (j) 2 employed, fixed-term 1.24 1.22 1.21 1.20 1.19 1.17 1.16 1.15 1.14 1.14

40 years

 State (j) 1 employed, permanent 11.21 11.52 11.87 11.91 12.37 12.60 12.78 12.84 13.08 12.88
 State (j) 2 employed, fixed-term 0.85 0.84 0.84 0.83 0.83 0.82 0.82 0.81 0.81 0.79

45 years

 State (j) 1 employed, permanent 7.92 8.18 8.47 8.50 8.88 9.06 9.21 9.26 9.46 9.28
 State (j) 2 employed, fixed-term 0.58 0.58 0.58 0.57 0.58 0.57 0.57 0.57 0.56 0.55

50 years

 State (j) 1 employed, permanent 4.97 5.16 5.39 5.40 5.69 5.82 5.93 5.98 6.13 5.97
 State (j) 2 employed, fixed-term 0.38 0.38 0.38 0.38 0.39 0.38 0.38 0.38 0.38 0.37

55 years

 State (j) 1 employed, permanent 2.61 2.73 2.88 2.87 3.06 3.13 3.20 3.24 3.34 3.23
 State (j) 2 employed, fixed-term 0.22 0.22 0.23 0.22 0.26 0.23 0.23 0.23 0.23 0.22
 State (j) 3 other alive 6.64 6.51 6.36 6.37 6.17 6.11 6.03 5.99 5.90 6.02
 State (j) 4 dead 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53

60 years

 State (j) 1 employed, permanent 0.95 1.00 1.07 1.06 1.14 1.16 1.20 1.22 1.26 1.21
 State (j) 2 employed, fixed-term 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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 1. Data and Methods 
 

In this study, we estimate the future duration that an individual of a given age would live in 
different states of health provided that the prevailing patterns of mortality, morbidity and disability 
remain unchanged. For the estimation, we utilized the questionnaire surveys of  6 257 aging 
municipal workers conducted by the Finnish Institute of Occupational Health in 1981, 1985, and 
1992. The assessment of work ability was based on a self-rated scoring. We estimated the marginal 
probability of belonging to a given work ability category using aggregated data from cross-sectional 
surveys of the cohort population. We also estimated transition probabilities between employment 
and vital statuses. We summed up these probabilities to compute health indicators, termed work life 
expectancies. 

Let p(x,y) be the probability that a person aged y years is employed if he had started working 
at the age of x year. We then define the work life expectancy as  

(1)      e(x) = ½ + , )y,x(p
w

1xy +=
Σ

where w is the person’s age in his last year of employment. Analogously, we define for a x-year old 
person the work life expectancy of state i as 

(2)      ei(x) = πi(x)/2 +  )y,x(pi

w

1xy +=
Σ

where πi(x) is the prevalence of work ability state i of an x-year old employee. Further, if a person 
was in state i at the start of a follow-up, then we define the conditional work life expectancy of state 
j given initial state i at age x in year t as 

(3)      eij(x) = ½ +  for j = i, i = 1,2,…, )),xyt,y(),t,x((pij

w

1xy
−+Σ
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           = for j ≠ i, )),xyt,y(),t,x((pij
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 where pij is the transition probability from work ability state i to state j. The pij are estimated 
by a multiple logistic regression model that can include age and time, etc., as covariates. In the 
estimation of the transition probabilities, we assume that the stochastic process which produced the 
aggegated data was a dicrete time non-homogeneous Markov chain.       
 
 2. Results 
 

Assuming that the maximum duration of work life for a 45-year old individual is 17-18 years, 
we estimate that a female worker is an active employee on the average 12.3 years and a male 
worker 11.5 years. The work life expectancy of women having excellent or good work ability was 
5.7 years, 5.0 years with fair work ability, and 1.6 years with poor work ability. The work life 
expectances in the respective work ability classes for men were 5.5, 4.5, and 1.5 years.  

Of the 60-year old workers, only 26% remained in work life. A man ran a 44% risk of retiring 
prematurely on a disability pension before the statutory retirement age of 63 years, for a woman the 
risk was only 27%. A man's corresponding probability to retire on an old-age pension was 32%, 
whereas for a woman's it was much greater, 59%. 

For all female and male cohorts aged 45 to 55 years in 1981, the persons initially in a state of 
worse than average work ability were estimated to leave the workforce due to disability earlier than 
those with better initial capacity for work. 
      
 
 3. Conclusions 
 

This study indicates that the work ability of aging Finnish workers deteriorates prematurely, 
which can lead to great socioeconomic consequencies. Thus, it is important to examine the 
development of work ability at early ages before 45 years when intervention is still possible. Work 
life expectancies are a useful and readily interpretable means of describing statistically the way a 
population's work ability develops. 
 
 
RÉSUMÉ 
 
 Dans cet article, nous estimons la probabilité marginale d'appartenir à une certaine catégorie 
de capacité de travail en utilisant des données obtenues d'études transversales portant sur une 
cohorte de population. Nous estimons aussi les probabilités de transition entre l'emploi et le status 
vital. L'espérance de vie professionnelle a été calculée en additionnant ces probabilités. Notre 
méthodologie consiste à utiliser des données obtenues d'une série d'études longitudinales sur la 
capacité de travail des employés municipaux en Finlande. Nous avons découvert qu'un employé de 
45 ans est encore actif en moyenne pendant 12 ans. Un homme s'expose à un risque de 44 % d'une 
pension d'invalidité avant l'âge officiel de la retraite de 63 ans, le risque pour les femmes n'étant 
que 27 %. Les personnes dont la capacité de travail initiale est plus mauvaise, sont plus 
susceptibles de quitter leur emploi à cause de l'incapacité de travail que ceux dont l'aptitude 
physique initiale au travail est meilleure. L'espérance de vie professionnelle est une manière 
utilisable et facilement interprétable pour décrir statistiquement comment la capacité de travail de 
la population se développe. 
 

 
 
 



������������	
���������	
����������
����
�������
����


On Working Life Expectancies 
 
Tuula Nurminen   
Finnish Institute of Occupational Health   
Department of Epidemiology and Biostatistics  
Topeliuksenkatu 41 a A   
FIN-00250 Helsinki, Finland   
tuula.nurminen@ttl.fi   
 
Markku Nurminen 
Finnish Institute of Occupational Health 
Department of Epidemiology and Biostatistics  
Topeliuksenkatu 41 a A   
FIN-00250 Helsinki, Finland 
markku.nurminen@ttl.fi 
 
1. Introduction 

Life table is a well-established tool in actuarial science, demography and biostatistics. Hoem 
(1970) first suggested the application of the techniques to the study of labor force status and 
mobility via constructing a working life table (WLT) and computing estimates of working life 
expectancy (WLE), i.e., the future time a person is expected to spend in employment. The 
objective of this paper is to place a recently developed logistic regression modeling methodology 
(Davis et al. 2001) in the general context of survey methodologies and to discuss some distinctions 
between the different types of analytic approaches. 

 
2. Working Life Table Methodologies 

Labor force participation rates were originally expressed as age-specific proportion-type 
rates, e.g., for staying in different work ability and health states. This lead to the construction of 
prevalence-rate WLTs (Sullivan 1971). These much applied conventional techniques are linked to 
data collected at a single time point or from an isolated labor force survey. Another limitation of 
the model is the inability to specify more than one change of state. 

When data are collected from sequential (cross-sectional) population surveys a model can 
include multiple transient and terminal states. The occurrence-exposure rates (i.e., ratios of the 
number of moves from one state to another to the total amount of person-time exposed to the 
transition) can be considered the estimates of the corresponding transition intensities that generated 
the aggregate data recorded in the WLT. There are numerous methods for transforming the 
occurrence-exposure rates to the corresponding transition probabilities and thereby to WLEs. 
Given aggregated data on labor force activity generated by a Markov process with a continuous 
time, a method was developed for the analysis of WLTs by Hoem (1977). The method of Davis et 
al. (2001) is based on a Markov chain for discrete-time aggregate data. The approach uses a large-
sample multivariate logistic regression model to estimate age- and year-specific probabilities of 
being in the states of interest. The modeling of probabilities is easier than with the continuous time 
approach because, e.g., the parametrization, and hence simultaneous dependence on age and time, 
is determined by an exploratory analysis of the logits and not determined beforehand. The 
independence of the transition rates of the state of origin and homogeneity specifications mean that 
the Markov regression models should be estimated on short age intervals. To achieve piecewise 
constancy in the case of wider intervals, Davis et al. (2002) developed a stochastic interpolation 
method. 

Traditional methods to describe and explain the population distribution of states and 
transitions between states are often not based on a parametric model. The relative frequency 
approach relies on age group or other subgroup comparisons and calculates the transition 
probabilities from average behaviors of the samples at each age. Due to substantial stochastic 
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variability in the transition rates from one age interval to another the techniques do not permit the 
estimation of life tables from small data sets with many covariates. Moreover, when the multistate 
life tables of subgroups are compared, other covariates are not kept constant so differences among 
subgroups in life expectancies capture the total rather than the partial effect of the grouping 
variate. The conventional model-based analysis of multistate life tables applies estimated transition 
probabilities to the state space at the aggregate-level by cross-classifying all the covariates. With 
increasing number of covariates the number of cells increases fast leading to vanishing cell 
frequencies. In the approach of Davis et al. (2001, 2002) the explicit modeling of the probabilities 
as a function of relevant covariates enables one to circumvent problems of small cell sizes so that 
the number of covariates entered in the model can be fairly large. 

The method of Davis et al (2001) was recently applied when WLEs were estimated for the 
entire population of Finland, for 1980-2001, using census data on population sizes, mortality 
statistics, register data on disability, and labor force surveys on employment activity (Nurminen et 
al. In press). 

 
3. Conclusions 

In societies such as Finland's today, the population is aging rapidly, and issues of 
unemployment, disability, early retirement and related concerns are of social and political 
importance. Therefore, the need for reliable knowledge supporting the intervening policy measures 
to defend the sustainability of a welfare state is compelling. In future analyses, given individually 
linked longitudinal data from Finnish censuses, relevant registers and surveys, a multistate Markov 
chain modeling with logistic regression analysis provides a means for a consistent estimation of 
transition probabilities, and subsequently working life expectancies, e.g., by industrial 
classification and occupation. 
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RÉSUMÉ 
 

L’espérance de vie, un concept démographique bien établi et les techniques y liées ont aussi 
été appliqués à l'étude du statut d'activité et de la mobilité de la population active. Ceci a été fait en 
construisant une table de vie professionnelle et des estimations informatisées de l'espérance de vie, 
c'est-à-dire le temps futur qu'une personne est estimée de rester dans la vie active. Le but de cet 
article est de placer une méthode d'estimation récente dans le contexte des autres méthodologies et 
de discuter de quelques distinctions entre différentes approches analytiques. En utilisant des 
enquêtes transversales multiples ou des données longitudinales, une modélisation multi-état par 
chaîne de Markov avec une analyse de régression logistique permet de faire une estimation 
consistante sur des probabilités de transition et ensuite sur des espérances de vie professionnelle. 
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1. Introduction 
 

Working life expectancies are the future times a person is expected to spend in employment, 
given the prevailing patterns of mortality, morbidity and disability remain unchanged. In Finland, 
half of the total population is still working at age 60 years, with only 13% working until the general 
statutory retirement age of 65 years. In the past two decades, there has been a general decrease in the 
employment rate, a tendency of evident social interest. The major aim of this paper is to quantify this 
trend over the period 1980-2001. A secondary aim is to introduce a methodology that seems novel in 
studies of labor force movements.  

 
2. Data and Methods 
 

 The applied methodology (Davis et al. 2001), differs from the traditional frequency-based 
calculations. The approach uses a large-sample multivariate logistic regression model that estimates 
age- and year-specific probabilities of being in the three states of interest (‘employed’, ‘on disability 
pension’ and ‘on old-age pension or in other alive state’) by weighted least squares method for 
aggregate longitudinal data assuming a multinomial distribution for the observed frequencies. 
Model-fitted probabilities, and subsequently expectancies, are given for the case of Finnish women 
and men aged 16-64 years for selected years in the period 1980-2001, together with projections for 
2006 (see Figure).  
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Figure. Observed and fitted probability surfaces for employed males 
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3. Results 
 

For each age and both genders, from 1980 to 2001, the probability of employment generally 
decreased, with a compensating increase in the probability of  being on an old-age or similar 
pension. According to the estimation, 20-year-old men had 31 and women 29 years of future 
working life in 2001, whereas for 45-year-olds the expectancies were 11 years for both genders. 
The proportion of life in employment for men declined in the considered time period. For 
example, men aged 50 years and over suffered a decline of about 10 percentage points in the 
future proportion of life to the age of 64 years spent in employment. For 1980-1991 the estimated 
male working life expectancy was for all ages uniformly greater than the corresponding female 
figure. Since 1996 there was a decline in male employment that was largely due to the increasing 
popularity of early retirement. It was not due to an increase in disability. There was no such 
decline for women, and the male working life expectancy was predicted to fall below the initially 
lower female figure by 2006.  
 

  
4. Conclusions 
 

Considering that the Finnish population is ageing rapidly, the size of the future work force 
may be insufficient to sustain reasonable economic growth, and in particular to support 
adequately the increasing number of retirees. These trends could entail serious social and 
economic consequences for society in the coming years because of a looming labor force 
shortage that could undermine the sustainability of a welfare state. 
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RÉSUMÉ 
 
 L’espérance de vie professionnelle est le temps futur qu’une personne est estimée de rester 
dans la vie active. Dans cet article, nous estimons l’espérance de vie professionnelle ainsi que le 
temps passé dans les états liés de ‘en pension de vieillesse pour inaptitude au travail’ et de ‘autres en 
vie’. La méthode qui est nouvelle dans ce domaine estime en premier les probabilités par année ou 
par groupe d’âge d’être dans les états en question au moyen d’une analyse de régression logistique 
multivariée basée sur de grands échantillons. Les estimations de ces espérances sont ensuite données 
pour les cas des femmes et des hommes finlandais âgés de 16 à 64 ans pour les années choisies dans 
la période de 1980 à 2001 avec les projections pour l’année 2006. Depuis 1996, le déclin dans 
l’emploi masculin a en grande partie été causé par la popularité croissante de la préretraite. Il n’était 
pas causé par l’accroissement de l’inaptitude au travail. Chez les femmes, il n’y a pas de déclin 
semblable, et l’espérance de vie professionnelle des hommes a été estimée de décliner ou de diminuer 
en dessous du chiffre féminin initialement plus bas jusqu'à l’année 2006. Tenant compte que la 
population finlandaise vieillit rapidement, ces tendances peuvent engendrer de sérieuses 
conséquences sociales et économiques dans le futur à cause du manque émergeant de main d’œuvre 
qui pourrait remettre en question la pérennité de l’Etat providence. 
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1. Introduction

There are two sets of probabilities of interest: marginal probabilities pi(t, y) that an individual is in
state i at year t and age y, and one-step transition  probabilities pij((t, y),(t+1, y+1)) of being in state j at (t+1,
y+1), conditional on having been in state i at the preceding (time, age) point (t,y). Official agencies often use
cross-sectional data, in which case only the marginal probabilities can be estimated. Longitudinal irregular
data are required to model and estimate the conditional probabilities, expectancies and first passage times.

Under a Markov condition, the statistical methodology for estimating one-step transition probabilities
was presented by Davis et al. (2002), with an application in Nurminen et al. (2004). In the present paper, we
develop and apply material from these two sources. Related work treating marginal probabilities by similar
methods can be found in Davis et al. (2001), Heathcote et al. (2003), Millimet et al. (2003) and Nurminen et
al. (2005). Multistate life table methods could be invoked, but our preference is for the large-sample logistic
regression technique of Davis et al. (2002). Our approach is an alternative to the traditional route followed
by demographers and social scientists (e.g. Richards and Abele, 1999) (see, Nurminen and Nurminen, 2005).

2. The Finnish Work Ability Data

The data on work ability used for illustrative purposes derives from the cross-sectional surveys of
1981, 1985 and 1992 on ageing and work ability of employees in the municipal sector carried out by the
Finnish Institute of Occupational Health; the workers considered were those aged 45 years or over in 1981
(Tuomi, 1999). At any particular age, an individual was classified as belonging to one of the following four
mutually exclusive and exhaustive states: having excellent or good work ability (state 1), having fair or poor
work ability (state 2), being disabled or deceased (state 3), retired on an old-age or similar pension (state 4).
States 1 and 2 are clearly transient (i.e., non-absorbing), whereas states 3 and 4 are assumed to be absorbing.
Our interest focuses on the one-step transition probabilities pij (t, y), i = 1, 2 and j = 1,..., 4. The sample
consisted of 6,257 active workers in states 1 and 2 in 1981, when the age range was from 45 to 51, giving 7
age cohorts. At the time of the third survey in 1992, with an age span from 56 to 69, 23% of the members
were still active in the workforce. Status counts were taken at 7×3 = 21 points of the (age, year) Lexis plane.

3. Stochastic Analysis and Inference

The multistate logistic regression technique to be described follows the work of Davis et al. (2002).
Suppose that a large sample of like individuals is observed at discrete times y  = (y0, y1,..., yn). The time
variable y will denote the age of the cohort members along a diagonal of Lexis plane. For a non-absorbing
state i, let the log-odds be defined as ( ) ( ) ( ){ }1 1 1, log , , , .ij r r ij r r ii r ry y p y y p y y j iθ + + += ≠ Inverting the
transform gives the transition probabilities:
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A non-parametric estimate of ( )1,ij r rp y y +  is ( ) ( ) ( )1 1, ,ij r r ij r r i rp y y l y y l y+ += % %% , where the random

variables ijl~ and il
~

denote respectively the observable numbers of lives (individuals) in i at yr and j at 1ry + .
Assuming that the Markov condition holds and that the l(0) individuals evolve independently, for fixed i the
estimates ijθ

~ , j i, are, for large l(0), normally distributed with the means ijθ and the covariance
matrix V. Suppose the one-step log-odds are modelled by a linear function of the parameters specified by

where ( )jz i is a vector of explanatory (e.g. occupational) variables and ( )j i is a parameter vector to be
estimated. The weighted least squares loss function, with weights specified by the inverse of the V, is

( ) ( ) ( )( ) ( ) ( ) ( )( )1
1 1 1 1 1

1
, , , , , , , , , ,             (3.5)

a

r r r r r r r r r r
i r

L i y y y y V i y y i y y y y−
+ + + + +

=

′
= − − − − −∑∑ % %

where a is the number of non-absorbing states, ( )1, ,r ri y y +−%  is the vector of observable log-odds, and

( )1, ,r ry y +  is an appropriate function of the one-step parameter vector . Let ˆ( )j i  denote the estimate

of the vector ( )j i . Then ( )ˆ ˆ, 1ij j jy y (i) (i)θ ′+ = z is a consistent estimate of ( )( ); , 1ij j i y yθ + , with

estimates ( )ˆ , 1ijp y y + of the one-step transition probabilities. The result follows: For large l(0) and y<u

the random vector ( )ˆ ,i y up  of the ( )ˆ ,ijp y u  is approx. normally distributed with the mean ( ),i y up .

4.  Probabilities

4.1   Comparing Transition Probabilities

 Consider the linear combination
( , 1)

( , 1) ( , , 1)=log .
( , 1)

ja
ij

j ij
j i j ii

p y y
a y y i y y

p y y
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 + 
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∑ ∏

Then the estimate
ˆ( , 1)

(̂ , 1)
ˆ( , 1)

ja
ij

i
j ii

p y y
g y y

p y y
+ 

+ =  + 
∏ has, asymptotically, a log-normal distribution.

For comparison of ( ), 1imp y y +  and ( ), 1ikp y y + , take am  = 1, ak  = 1, and all other aj zero, to obtain

( ) ( ){ } ( ) ( )( ), 1 , 1 exp , 1 , 1 .im ik im ikp y y p y y y y y yθ θ+ + = + − + Hence a large-sample 95% confidence

interval for the ratio on the left side of the above equation is ( ) ( )( )exp , 1 , 1 1.96im iky y y y sθ θ+ − + ± ,
where s is the standard error of im - ik .

Turning to the Finnish data, the inference showed that significant differences exist in the probabilities
of staying in the workforce in the initial work ability states, p11 and p22 , over the age decade 45-54 years. The
picture that emerges is that females are more resilient to transitions to disability and old-age pensions than
their male colleagues. The interpretation of the findings is clouded by the different types of work conducted.

4.2 Working Ability Survival Curves

  Just as the usual survival curve is a plot of the probability of remaining alive as age
increases, so working ability survival curves are plots of the probabilities (45, )ijp u , with i = 1, 2,
and j = 1, 2, 3,4, of remaining in the workforce or removing to disability or old-age pension as age
u increases from the initial age 45 years. These are shown in Figure 1 for females with good initial
work ability (state i = 1). The maximum working age is taken as 62.5 years, since Finnish municipal
workers earlier retired before age 63.

( ) ( ), 1 ( ), , 1 (3.4)ij ij j j jy y i y y (i) (i)θ θ ′+ = + =

( ) ( ) ( ){ }

( ) ( ){ }

1 1 1

1

1 1

, , exp , ,
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ij r r ii r r ij r r

ii r r ij r r
j i

p y y p y y y y j i

p y y y y

θ

θ

+ + +

−

+ +
≠

= ≠

 
= + 

 
∑

International Statistical Institute, 56th Session 2007



F

 ffff
Fig. 1.  Working ability survival
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Figure 1.  Working ability survival curves for the Finnish female cohort at initial age 45 years.

5. Expectancies

For two ages (times) y and u, y < u and both less than the maximum age w, we first introduce the
indicator function Iij(y, u) = 1, if a specific individual is in state j at age u given that (s)he was in state i at age
y, and 0 otherwise. Then the future occupation time, Oi,j, and its expectancy, eij, for this individual are:

aaaa,,,,                      ;

On the right hand side of the above equation ijδ  is equal to 1 if i = j and zero otherwise, and the sum is the
commonly used discrete-time expression for the expectancy based on the assumption that transitions occur in
the middle of the year. A natural estimate of eij(y) is

The delta method yields: The random vector (̂ )i ye is, for large l(0), normally distributed with the mean ( )i ye .

Again for the Finnish data, there was a significant gender difference in occupation times for initial
ages 52 to 55 years in favour of women. For example, ê11(55) is 5.2 years for women staying with good work
ability and only 3.2 for men. Other numerical results with interpretation are given in Nurminen et al. (2004).

6. First Passage Times

A random variable related to the occupation time Oij(y) when j is an absorbing state  is the first
passage time ( )ijT y to j conditional on being in state i at age y.  It is the time of first entry from i at y to j,
from which there is then no escape since the latter is an absorbing state. With w the maximum working age,

( ) ( )ij ijw y T y O y− = + . Hence for an absorbing state j,  properties of  first passage times are determined by

those of the corresponding occupation  times. If ( )ij yν  is the expectation of ( )ijT y , when i is non-absorbing

and j absorbing, then ( ) ( )ij ijy w y e yν = − − , where ( )ije y  is the appropriate expectancy. The interpretation

of ( )ij yν is that it is the expected time in the labour force for a person of given initial age and state before

removal to the absorbing state j. With i a given non-absorbing state, let ( )i yν  denote the vector of the
( )ij yν  in which the subscript j indexes the absorbing states and let (̂ )i yν  be its estimator. That is, (̂ )i yν  has

components ˆ( )ij yν , j absorbing, with ˆ ˆ( ) ( )ij ijy w y e yν = − − . Write ( )( , ) abs
i y up  for the vector of transition

probabilities ( , )ijp y u  for which j denotes an absorbing state. Then the vector (̂ )i y  of the estimated mean

first passage times from i at y to absorbing states is approximately normally distributed with the mean ( )i y .
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 Finally for the Finnish data, e.g., the expected time in the workforce before succumbing to death or
disability pension (state 3) for a 45-year old  female of good work ability is 13̂(45) 14.50ν =  years and with
poor ability 23̂ν (45) = 12.25, the difference being 2.25 years in favour of good initial work ability (state 1).
Thus the initially better work ability state has an elongating effect on the expected sojourn in the workforce.

5. Concluding Comments

The methodology presented enables a statistical analysis of stochastic processes in working life and
addresses a real problem common to many developed countries with ageing populations. The empirical data
from this study show that the work ability of Finnish employees aged over 45 years in the municipal sector
deteriorates prematurely and individuals leave employment before the statutory retirement age of 63. This
adverse trend can in the near future lead to serious socioeconomic consequences for the Finnish society. The
initial state can be of considerable importance in forecasting patterns of work and the mode of exit from the
workforce. Thus the work capacity of employed persons should be followed at sufficiently early ages so as to
intervene if required. Raising the retirement age is one solution but is fraught with political difficulties.
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RÉSUMÉ

Un problème qui relève d´enquêtes longitudinales irrégulières ou largement espacées est la modélisation et
l’estimation des futures temps d’occupation et les probabilités de transition simples entre états. Sous une
condition de Markov, ce papier applique une méthode d’analyse stochastique, présentée par Davis et al.
(2001), aux données agrégées d’une enquête longitudinale d´une durée de 11 ans sur la capacité de travail
des employés municipaux finlandais avec des enquêtes transversales conduites en 1981, 1985 et 1991 La
technique comprend une interpolation par régression des moindres carrés pondérés avec fonction de perte.
Un bref exposé est donné avec une discussion sur le temps d’occupation estimé et les premiers temps de
passage pour la chaîne de Markov. Le dernier est une version sur le problème des ’risques concurrents’.
Les données finlandaises ont démontré que le niveau intial de la capacité de travail influence la future durée
estimée de l’activité professionnelle ainsi que le mode de la sortie du marché du travail. Par exemple, pour
une femme âgée de 45 ans ayant une bonne capacité de travail, le temps estimé de la vie active était de 12,2
ans (11,2 ans pour un homme) avant de tomber dans l´incapacité de travail ou de décéder. La différence
était donc de 2,2 ans en faveur de la bonne capacité de travail initiale. Nous en déduisons que la capacité de
travail des employés finlandais se détériore prématurement et que les individus quittent le marché du travail
avant l’âge légal de la retraite qui est fixé à 63 ans. La méthodologie présentée permet une analyse
stochastique des données concernant la capacité de travail multi-état et son application traite d´une
importante question sociologique de la préretraite partagée par beaucoup de pays développées aux
populations vieillissantes.
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