
 

 

 University of Groningen

Measuring the impact of health on work in a context of delayed retirement
Boissonneault, Michaël

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Boissonneault, M. (2018). Measuring the impact of health on work in a context of delayed retirement.
[Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/99e2619d-d0a5-40e7-8515-cff10254519e


 
 

 
 
 
 
 
 

Measuring the impact of health on work 
in a context of delayed retirement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Michael Boissonneault 

 

 

 

  



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISBN 978-94-034-0796-8 

Cover design: Lisa Laperre  

© 2018 Michaël Boissonneault 

 

  



 
 

 

 
 
 
 
 
 

Measuring the impact of health on work  
in a context of delayed retirement 

 
 
 
 
 
 
 

PhD thesis 
 
 
 
 

to obtain the degree of PhD at the  
University of Groningen  
on the authority of the 

Rector Magnificus Prof. E. Sterken 
and in accordance with  

the decision by the College of Deans. 
 

This thesis will be defended in public on 
 

Thursday 12 July 2018 at 9.00 hours 
 
 
 

by 
 
 
 
 

Michaël Boissonneault 
 

born on 23 September 1987 
in Vanier, Canada 

  



 
 

Supervisor: 

Prof. dr. L.J.G. van Wissen 

 

 

Co-supervisor: 

Dr. J.A.A. de Beer 

 

 

Assessment committee: 

Prof. dr. Ute Bültmann 

Prof. dr. Joop Schippers 

Prof. dr. Ruben van Gaalen



 
 

Acknowledgments 

I had three goals when I decided to leave my native Canada to come to NIDI in the 
beginning of 2014: to do research; to obtain a PhD degree; and to learn and discover a 
new language and culture. Also, I thought it would be a good thing if I manage to have 
a bit of fun while doing all of this. Now that this journey is coming to an end, I am 
happy to say that I reached all these goals. What I did not expect, however, is that I 
would learn this much through doing all of this. I can say now that thanks to this 
learning experience, I am a different and hopefully better person. For that I want to 
thank some people.  

First, I want to thank people from the department of demography of the University of 
Montreal. Yves Carriere and Yann Décarie who shared their experience and helped me 
getting here. And of course, Jacques Légaré: Jacques, you provided me with my first 
research experience in demography and then convinced me to pursue doctoral research 
in this field. Without you I would not be here today.  

I am grateful to my promotor Leo van Wissen for giving me the opportunity to come to 
NIDI and for supervising me. Your understanding and support at the end of this project 
were particularly appreciated. Thanks to my co-promotor Joop de Beer for your 
guidance and your availability. I truly believe that no PhD candidate enjoys such 
availability from their supervisor.  

I want to thank Hans Elshof, my office mate from the first hour. You made the 
transition from Canada to the Netherlands much easier. I also thank Jaap and Petra, 
with whom I could share my experiences throughout this journey. Thank you the three 
of you also for allowing me to mangle the Dutch language as much as I pleased!  

Big thank to Ilya Kashnitsky for sharing tips and providing fun coffee breaks. Your 
passion for demography is admirable. I also want to thank all the other NIDI people 
who were somehow involved in my personal life: Amriet, Anushiya, Christoph, 
Damiano, Gianmaria, Gusta, Judith, Katya, Konrad, Olga, Rae, Sapphire and everyone 
else I might forget. You made life at NIDI more colorful.  

Everyone who knows me also knows that there was another group of people to which I 
was particularly attached during my stay in the Hague. I will respect the tradition of 
avoiding mentioning names and just say a big “thank you HSK!” You guys were the 
responsible for much of the fun part during my stay, in or outside the sport hall. Many 
of you have already let me know how much I will be missed: this is oh so reciprocal.  

Je voudrais remercier mes parents. Par votre façon de m’encourager à voyager et 
explorer, j’ai toujours senti que je prenais la bonne décision. Je remercie Sébastien et 
Catherine pour avoir toujours été là, virtuellement et lors de mes passages au Québec.  

To conclude I want to thank my paranymphs, who kindly accepted to assist me with 
the defense of my thesis. First Omar. Throughout these four years, you have always 
been there for me, ready to help. I want to say how much I appreciate that. Second, 
Marta. I hope that by asking you to play this role translates just a little bit of the 
immense faith I have in you.  

 

Michaël Boissonneault 

The Hague, May 2018. 



 
 

  



 
 

Table of Contents 

 

Chapter 1  

Introduction 9 

 

Chapter 2  

Work ability trajectories and retirement pathways:  

A longitudinal analysis of older American workers 11 

 

Chapter 3  

The link between age, work and health among older people:   

Visual examination by the use of heat maps 31 

 

Chapter 4  

The impact of physical health on the postponement of retirement 45 

 

Chapter 5  

Population level measures of capacity to work among older workers 61 

 

Chapter 6  

Conclusion 75 

 

References 87 

 

Nederlandse samenvatting 99 

 

  



 
 

  



 
 

 

 

 

 

 

Chapter 1 
Introduction 



Introduction 

10 
 

There is a strong and widespread agreement among governments and intergovernmental 

organizations that actions have to be taken to incite workers to delay their retirement (Keese 

2006; University of Warwick 2006; Zaidi 2013)1. Two global trends set the stage for this 

situation to materialize in economically developed countries. The first one is population aging 

(Lutz et al. 2008; United Nations 2017). This phenomenon has been long foreseen and little can 

be done to reverse or attenuate it. Therefore, it should continue to excercise a downward 

pressure on the ratio of workers to retirees inside of most populations. The second trend 

concerns the decline in the average effective retirement age that took place from the late 1970s 

until the middle of the 1990s (Costa 1998; Herbertsson and Orszag 2003). As we will see below, 

this phenomenon is more malleable. By raising the official retirement ages and by reducing 

acess to early retirement options, governments hope to incite the aging workers to extend their 

careers and work beyond the current ages. In fact, actions seem to already have started to bear 

fruit as an upward trend in the effective age at retirement is being observed since a bit more 

than a decade in many countries (Loichinger and Weber 2016).  

Despite the efforts being made to underline its positive aspects (WHO 2001; Foster and Walker 

2014), aging remains a process that is accompanied by a decrease in physical capacities and 

growing frailty (Rowe 1987; Verbrugge and Jette 1994). Worse health goes together with lower 

labor force attainment and earlier retirement (Van Rijn et al. 2014). As longer careers are being 

expected by older workers, one natural question that arises is to which extent the fact that health 

deteriorates with age is likely to form a hurdle towards longer working lives. 

The present chapter provides the background that led to this question and reviews the scientific 

literature that aimed at providing answers to it. The first section discusses the political and 

social context that is creating more pressure on the aging workers to extend their career, and 

shows some trends in the average effective retirement age. The second section shows how 

health deteriorates with age and reviews past research that investigated the impact of poor health 

on retirement. The third section discusses the concepts of work ability and capacity to work and 

reviews the literature that aimed at measuring the number of years that people are physically 

and mentally able to work. The fourth section presents an outline of this dissertation and briefly 

summarizes the contribution of each chapter.  

 

CONTEXT 

In 2010 the size of the population of ages 15 to 64—also referred to as the working population—

started to decline for the first time in history in the group of countries that the United Nations 

label as “More developped regions” (United Nations 2017)2. At the same time, the size of the 

population aged 65 and older started growing at an unprecedented rate. Between 2010 and 2050, 

the working age population is projected to decrease by 10 per cent while the population aged 

65 and over will grow by about 75 per cent. The support ratio (the number of people aged 15 

to 64 for one person aged 65 and older) was 4.2 in 2010. It will almost be cut in half in the 

interval comprised between 2010 and 2050, hovering around 2.2 by the end of it (United 

Nations 2017).  

The support ratio only gives a rough approximation of the number of working people to the 

number of older, non-working people (see Sanderson and Scherbov 2015 for alternate 

measures). Still, in all economically developed countries, people past a certain age are more 

                                                           
1 This promise could not be better chrystallized than by the 2006 OECD report titled “Live longer, Work 

longer”. 
2 This group of countries comprises all European countries, Canada, the United States, Australia, New Zealand 

and Japan.  
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often economically dependent (Fürnkranz-Prskawetz and Sambt 2014). The economic 

dependency of older people expresses itself in part through transfers that take place as part of  

retirement systems. Most retirement systems rely at least partially on a defined benefit (pay-as-

you-go) system, meaning that employed people finance the retirement of older people through 

payment of contributions. Supposing that the retirement age is stable over time, population 

aging puts a growing burden on employed people because fewer of them must finance the 

retirement of a growing number of older people.  

The normal retirement age is usually the age at which older workers are entitled to retirement 

benefits from the government. Such a retirement age is set by law; however, people do not 

always retire at that age. They often retire before and rely on personal savings or governmental 

programs that provide early retirement or disability benefits to people who qualify. People also 

sometimes retire after that age, and a growing number of countries allow older workers to defer 

the receipt of pension benefits (OECD 2015). To keep track of trends in retirement behaviors, 

different intergovernmental institutions are gathering statistics on the effective retirement age. 

The average effective retirement age is the age at which an average worker is observed 

effectively retiring under certain assumptions (OECD data 2018). A downward trend in the 

effective retirement age has been observed in all north American and European countries from 

the 1970s or before, up until the 1990s. Research showed that such a downward trend was 

mostly attributable to the greater accessibility and generosity of early retirement programs 

(Blöndal and Scarpetta 1999; Coile and Gruber 2007).  

The problems associated to such low effective retirement ages became appearant in the 1990s. 

Then it became clear that the pension arrangements of the time could not be sustained when the 

larger cohorts born during the baby boom would reach old age. This problem was only made 

worse by the continued increases in life expectancy at age 65, meaning that retired people would 

benefit of pension income for a increased number of years.  

Few options are available to decision makers to make pension arrangements compatible with 

the changes in the age composition of populations. Actions have been taken and since 2005 

documented in a series of biannual reports from the Organisation for economic co-operation 

and development (OECD) (OECD 2005; OECD 2007; OECD 2009; OECD 2011b; OECD 

2013; OECD 2015; OECD 2017); . The changes have been numerous; in fact, all countries 

surveyed in the OECD reports made at some point changes to their pension system to make it 

more financially sustainable. The changes are difficult to summarize because of their different 

natures and because of the different contexts in which they have been taking place. Usually, 

they aim at improving the financial sustainability of the system while still providing a decent 

income to retirees and prevent poverty among the less favoured. Many changes concern the 

financial aspects of retirement systems. For example, governments have changed the level of 

contribution that employees or employers pay, or they adjusted the amount of benefits that 

pensioners receive. In some instances, systems have been modified to include a defined 

contribution component, meaning that the amount of benefits that pensioners receive can vary 

according to the number of contributors and beneficiaries or according to the performance of 

the financial market. Another area of change concerns the fiscal treatment of pension income 

(OECD 2013; OECD 2015). While these changes may have important implications for the 

financial sustainability of the systems, their implications for when individuals will retire are 

less obvious.  

Another set of changes is having a more significant impact on people’s timing to retirement. 

They concern the availability and generosity of programs that grant retirement benefits to older 

workers. In the 1990s and 2000s, in many countries, programs that allow workers to receive 

benefits before the normal retirement age have been either made less financially attractive, less 

accessible or simply discontinued. To name a few examples, the amount of benefits that an 
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American worker can earn if he or she retires early (age 62) was gradually reduced between 

2000 and 2006, and another reduction in such benefits is planned to take place between 2015 

and 2021 (Svahn and Ross 1983). In the Netherlands, the early retirement program was 

discontinued in 2004 (OECD 2015). In many countries (Denmark, Netherlands, Spain, United 

Kingdom, United States), the rules of admissibility to disability pension were made more 

stringent (OECD 2010). In other countries (France, Italy), the minimum number of contribution 

years to be entitled to retirement benefits was raised (OECD 2011b). 

 

Figure 1.1 Legal retirement age, past and projected (dashes) and effective retirement age (full 

lines) in six OECD countries. Source OECD (2018). 

The downward trend in the average effective retirement age has been inverted in most European 

and North American countries since the end of the 1990s or the beginning of the 2000s 

(Loichinger and Weber 2016). Figure 1.1 shows how the effective retirement age has been 

increasing in six selected countries since 2000. The changes described above undoutbly played 

a role in inducing this upward trend, although the extend of their role varies across countries 

(Gruber and Wise 2002; Blau and Goodstein 2010). Also, other forces such as the higher 

education of the younger cohorts and the higher labor force participation of women have played 

an important role (Schirle 2008). Yet, there is general agreement that more has to be done to 

insure the long-term sustainability of pension systems (OASDI 2015; European Commission 

2012). Increases in the normal retirement age were or are presently being phased in in many 

countries (OECD 2015; OECD 2017). The increases can be seen in Figure 1.1. Such increases 

provide a strong incentive to people to retire later because they make early retirement more 

costly. Besides that, the official retirement age contributes to setting the norm concerning when 

it is socially acceptable to retire. Also, it is often accompanied by rules and laws regarding the 

rights of the aging worker. As of 2017, half of the OECD countries are planning higher normal 
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retirement ages in the future and many more are debating a such measure (OECD 2017). Six 

countries (Denmark, Finland, Italy, the Netherlands, Portugal and the Slovak Republic) have 

linked increases in the normal retirement age with future changes in life expectancy (OECD 

2017). This should contribute offsetting the negative effect of longer lives on the sustainability 

of pension schemes.  

Changes in the normal retirement age are likely to play an important role in determining when 

people will retire in the future. At the same time, it is a restrictive measure that may lead to 

inequalities if not carefully implemented. An important concern is whether older people will be 

capable of staying on the labor market until they reach such higher retirement ages. As we will 

show in the next section, health deteriorates with age. At the same time, poor health often pushes 

workers to retire early. Therefore, will older workers have longer careers, as expected by 

governments and intergovernental institutions, or will they instead be forced to retire early due 

to poor health? 

 

THE RELATIONSHIP BETWEEN HEALTH AND RETIREMENT 

The fact that health deteriorates with age and that poor health is associated with earlier 

retirement ages are seen as potential hurdles towards higher effective retirement ages in the 

future. This section examines these two points. First, change in health according to age is 

documented using micro-data recently collected in different European countries. Second, the 

scientific literature that showed how health induces early retirement is reviewed.  

 

 

FIgure 1.2 Age-related decline in physical health as measured by grip strength and peak flow. 

The lines were smoothed using loess regression. The grey area shows the 95% confidence 

bounds. Source: author’s computations with SHARE and ELSA data. 

Mean values of health between ages 50 and 80 is shown according to six measures that cover a 

broad range of health outcomes (Figures 1.2 to 1.4). The data come from the Survey of Health 

and Retirement in Europe (SHARE) (Börsch-Supan et al. 2013) and from the English 

Longitudinal Study of Ageing (ELSA) (Marmot et al. 2016). The SHARE data cover 12 

European countries. Both datasets contain data ranging from 2004 to 2015. The trends are 

adjusted for individual level of education, year of birth and body mass index.  

Figure 1.2 shows how physical health declines with age according to two objective measures 

of physical health, grip strength and peak expiratory flow. Grip strength is obtained by asking 

survey respondents to grasp a dynamometer as firmly as they can. The result is given in 

kilograms. It is a good indicator of general muscular vitality and it has been shown to predict 



Introduction 

14 
 

other health outcomes, including self-rated health and subsequent mortality (Bohannon 2008; 

Sanderson and Scherbov 2014b). The peak expiratory flow is obtained by asking respondents 

to expulse air out of their lungs as strong as they can in a peak flow meter and is measured in 

liters per second. It is a good indicator of many respiratory illnesses and is also a predictor of 

more general health outcomes such as subsequent death (Cook et al. 1991). Because they are 

collected using standardized devices and protocols, they lend themselves very well to 

comparisons across populations (Sanderson and Scherbov 2014b).  

The age-related decline in these two measures provides an indication of the decline in health 

that people go through when aging. This biological decline can also be observed by measuring 

how the risk of onset of illnesses varies according to age. Figure 1.3 shows how the risk of 

spending a night at the hospital and the proportion of people with a long term condition (such 

as diabetes, arthritis and certain forms of cancer) grows with age.  

 

 

Figure 1.3 Age-related change in the proportion of people with at least one hospital overnight 

stay in the previous year and average number of chronic diseases. Source: author’s 

computations with SHARE data. 

Papers in the field of occupational health studied the impact of health on retirement 

distinguishing between different early retirement transitions (via disability pension, 

unemployment, or early retirement programs) and late or “normal” retirement (Van Rijn et al. 

2014). Health is usually measured prior to the transition of interest and is based on the number 

of chronic conditions, musculo-skeletal problems, mental health, or self-rated health or 

limitations. Besides socio-demographic variables, control variables usually include some work 

characteristics, such as control over one’s job or self-assessed job demands (Van Rijn et al. 

2014; Leijten et al. 2015; Palmer and Goodson 2015; Robroek et al. 2015; Kouwenhoven-

Pasmooij et al. 2016; Leinonen et al. 2016). These papers consistently found that poor self-

perceived health is associated with a higher probability of making a transition from work to 

disability pension. They also usually find that poor mental health and the presence of chronic 

diseases or musculo-skeletal complaints are also associated with such transitions. Poor health 

outcomes are also associated with transitions into unemployment or early retirement, although 

these associations were not always significant, especially after controlling for job 

characteristics.  

There exist more general measures that allow to keep track of the change in health that 

accompanies aging. Figure 1.4 shows change in self-rated health with age. Self-rated health is 

a general measure of health for which respondents are asked to rate their health on a scale 

ranging from 1 to 5. It is a measure that is used extensively due to its simplicity, reliability and 

ease of collection (Idler and Benyamini 1997; Jylha 2009). Finally, Figure 1.4 also shows 
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variation according to age in the proportion of people with at least one limitation in activities 

of daily living. This measure is obtained by asking the ease with which participants perform 

different activities of daily living such as walking a certain distance or climbing up a flight of 

stairs (Katz 1983).  

 

 

Figure 1.4 Age-related decline in self-rated health and change in the proportion with at least one 

limitation in activities of daily living. Source: author’s computations with SHARE data. 

The field of economics also provided an important contribution to the question of how health 

impacts retirement. We identified two main questions that researchers tried to answer. The first 

one asks whether change in health between two points in time is more likely to induce early 

retirement than health measured at baseline (Disney 2006; Jones et al. 2010; Erdogan-Cifti et 

al. 2008; Riphahn 1999; Bound et al. 1999). Although there is no complete agreement, most 

papers found a significant effect of both baseline health and change in health. The other 

important question is whether financial incentives or poor health is more likely to induce 

retirement among aging individuals (Disney et al 2006; Bound and Waidmann 2007; Kalwij 

and Vermeulen 2008; Lindeboom and Kerkhofs 2009). If health proves to be more important, 

then efforts made towards encouraging  higher effective retirement ages will have little effect 

and workers will take up disability pension instead of continuing work until the official 

retirement age. To answer this question properly, health and financial incentives must be 

modelled adequately. Subjective measures of health are imperfect measures of health in this 

context because they are arguably correlated with other non-observed variables that also 

influence the retirement decision, such as preference for leisure. Furthermore, subjectively 

measured health and the retirement decision can be endogeneous. One hypothesis states that 

early retirees make a more pessimistic assesment of their health to justify the fact that they are 

economically inactive, known as the justification hypothesis (Chirikos and Nestel 1984).  

These problems can be solved by using objective measures of health. Most of the early attempts 

were based on subsequent mortality as a measure of health (Parsons 1982; Anderson and 

Burkhauser 1985; Bound 1989). While this measure is clearly objective and free of bias, it has 

the drawback that it is only available many years after most people retire. Furthermore, some 

argued that mortality is a poor proxy for actual work ability (Bound 1989). More recent work 

used grip-strength as an objective measure of health (Kalwij and Vermeulen 2008). Another 

way of correcting for the error induced by the self-assesment of health is to use self-rated health 

before and after retirement (Bazzoli 1985). Big discrepancies can be found in early work 

concerning the extent of the effect of health on the retirement decision, ranging from much 

smaller (Parsons 1982; Anderson and Burkhauser 1985; Bazzoli 1985) to bigger than that of 

financial incentives (Quinn 1977; Dwyer and Mitchell 1999). More recent work however seems 
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to agree that although health does play an important role, it clearly plays a lesser one than 

economic incentives (Disney et al. 2006; Bound and Waidmann 2007; Lindeboom and 

Kerkhofs 2009).  

 

HOW MANY YEARS ARE PEOPLE CAPABLE OF WORKING? 

The literature reviewed above has provided important insights into the correlates of early 

retirement, but little is known about until which age people are actually capable to work. This 

section reviews the literature that adressed this question. Authors used distinct but semantically 

similar expressions to refer to measures that allow to answer this question. These include work 

ability (Crimmins et al. 1999; Reynolds and Crimmins 2010), work capacity, capacity to work 

(Milligan and Wise 2015), capability to work (Wubulihasimu et al. 2015) and capacity for work 

(Rehkopf et al. 2017). We will refer in the remaining of this dissertation to two expressions: 

work ability and capacity to work. We will use each expression to refer to two distinct concepts. 

Work ability will be used to refer to the ability to work of individuals; capacity to work will be 

used to refer to the capacity of a population to work longer. We first introduce the concept of 

work ability and then move on to the concept of capacity to work.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5 The concept of work ability, “a process of human resources in relation to work”. 

Source: Ilmarinen 2001 p. 549.  

Work ability is a well known concept in the field of occupational health (Ilmarinen 2009). As 

displayed in Figure 1.5, this concept opposes two forces: human resources and work. Human 

resources are the resources that are tapped into in order to perform work. These include physical 

and mental health, but also education and competences, motivation, values, etc. On the right 

hand side, Figure 1.5 shows the work characteristics that make a job more or less demanding. 

These include the physical and mental demands and the environment in which work is 

performed. Ability to work is the result of the interaction between these two forces.  

Capacity to work, on the other hand, has not yet been formally defined and has been used 

inconsistently in the literature. It is convenient to define it in reference to work ability. It can 

be seen as the proportion of people in the population that has sufficient human resources for the 

amount of work demands that they face. Alternatively, it can be measured as the average 

number of years that workers are able to work before their resources become insufficient to 
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perform their work. A population can for example have a capacity to work of 17 years from age 

50 onwards; that is, the work demands surpass the human resources in average at age 67.  

Capacity to work is in practice difficult to measure because most people retire before they 

become incapable to work. Also, work ability is by definition a dynamic process since it 

captures the interaction between human resources and work. Therefore, it may evolve in a non-

monotonous fashion. For example, a worker with a physically demanding job may quit his or 

her work at age 55 due to back problems, but be able to work another ten years on a job that is 

less physically demanding. Still, some attempts of measuring capacity to work can be found in 

the scientific literature.  Research in occupational health has established the work ability index 

(de Zwart et al. 2002). The index is a score between 7 and 49 that is based on seven questions 

about the self-assessed health and ability to perform work. By averaging the score of people 

from a population and displaying it for each year of age, a measure of capacity to work can be 

obtained. For exampe, Ilmarinen and Ilmarinen (2015) find that for Finnish workers, work 

ability is in average good or excellent until about age 60, after which it becomes moderate. 

However, there exists important inter-individual variation in the values of the index. Although 

it is a useful tool for identifying the determinants of early labor market exits, the index cannot 

be used to assess how longer people could be able to work since it is based on the actual 

experience of workers.  

Crimmins et al. (1999) and Reynolds and Crimmins (2010) measured capacity to work using a 

similar but simpler approach. They investigated whether there was any change between 

different cohorts of older American workers in the way that they answered to the question “Are 

you limited in the kind or amount of work that you can perform due to a long lasting sickness 

or injury?”. The data was collected among people age 55 to 69 years old, without consideration 

for whether they were employed or not at the moment of the interview. Results show that 

younger cohorts make a more positive assesment of their ability to work, which is in part 

explained by their higher level of education. However, trends in obesity partially offset this 

positive trend. Although aggregating these data over the whole population can provide a good 

approximation of the total capacity to work of a population, the reliability of the assesment of 

a person who has not been working for many years may be questioned.  

More research relied on the statistical relationship between work and health to estimate, under 

certain assumptions, what the capacity to work of a population is. Following Coile et al. 

(2017a), we consider to this end two distinct approaches. The first approach is based on 

mortality as a proxy for work ability and is called the Milligan-Wise (MW) approach (Milligan 

and Wise 2015). This approach consists in asking what is the proportion of men who would 

work in a year of interest if, for the level of mortality at each given age, men would work as 

much as in a reference year. For example, in their 2015 paper (Milligan and Wise 2015), the 

authors identify among american men the level of mortality that is specific to each year of age 

between ages 55 and 69 in 2007. Then, they ask what were the employment rates of men with 

same mortality rates in 1977. The employment rates for the same levels of mortality are 

considerably higher in 1977 than in 2007. This is first due to the fact that the corresponding 

men with same mortality in 1977 are younger as mortality decreased substantially in the 

interval. This is further due to the fact that older men used to work more in the 1970s than in 

the 2000s. The authors then compute a measure of “unused capacity to work” by integrating 

the difference between the two sets of employment rates over the whole age range. Results 

show that if men in 2007 would work as much as men in 1977 with the same mortality rates, 

men in 2007 would work 3.8 years longer between ages 55 and 69. Obviously, different 

conditions must be met for this measure to be a valid measure of capacity to work. First, all 

men who are able to work in the reference year must actually work. Second, change in mortality 

must capture perfectly change in capacity to work over time. These conditions are clearly not 
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met. However, the method provides interesting insights because it shows how much longer men 

that correspond to a specific measure of health (i.e. mortality) used to work in comparison to 

now. It shows that at present, there is likely a considerable amount of retired men who would 

be capable to work. Unfortunately, this method is not applicable to women since only a small 

share of older women used to work in the 1970’s or 1980’s.  

The second approach to capacity to work is the Cutler– Meara– Richards-Shubik (CMR) 

method (Cutler et al. 2013). This approach features two steps. First, estimates of the relationship 

between health and employment are obtained at ages before retirement, usually between 50 and 

54 years old. Second, the estimated relationship is applied to the older population, up to age 70 

or 74. The simulated levels of employment are interpreted as the unused capacity for work 

supposing that for each level of health, people 55 and older would work as much as people 

below 55 years old. The 55 years old threshold is taken assuming that below this age, most 

people who are able to work actually work. The assumption for this measure to be a good 

approximation of capacity to work is that individual differences in health capture well 

individual differences in work ability. Health is measured in this context based on a battery of 

measures, including self-assessed health, a number of self-reported health conditions, 

limitations in activities of daily living and also some risk factors such as obesity. In their 2013 

study, Cutler et al. find a substantial unused capacity for work, but also important differences 

between people with different education levels.  

A similar approach was taken recently by Rehkopf et al (2017). They go beyond the original 

approach by simulating the number of years that people will be able to work up to the year 

2050. By doing this, they take into account changes in the population composition by levels of 

education and establish scenarios of change over time in levels of disability. Their results 

suggest that future capacity to work will depend to a large extent on trends in the health of the 

less educated group. A limitation of their study is however that it does not take into account 

how work demands might evolve in the future, including lower physical but possibly higher 

mental demands.  

 

OUTLINE AND CONTRIBUTION OF THIS THESIS 

The previous section started by summarizing the research about the ability for individuals to 

work at older ages, defined as work ability. It then moved on to discuss research that aimed at 

measuring the capacity to remain employed until higher ages of populations, which we defined 

as capacity to work. The rest of this dissertation will follow the same scheme. In the second 

chapter, the impact of individual trajectories of work ability on retirement is investigated. This 

is done by following American workers between ages 53-54 and 65-66 thereby assigning each 

respondent to a latent work ability trajectory and to one of different retirement pathways. 

Although it can be expected that less than optimal work ability trajectories lead to earlier 

retirement, it is not clear whether different work ability trajectories lead to different forms of 

retirement. For example, workers with declining work ability can be thought to retire more often 

gradually, while workers with constantly low work ability can be more often expected to retire 

abruptly. The dynamic and longitudinal conceptualization of both health and retirement in this 

chapter are important innovations compared to previous research.  

The third chapter proposes are series of visualisations that inform about the form of the link 

between health, work and age simultaneously. The specific questions that it asks are whether 

the link between health, work and age varies between countries and over time, and whether it 

depends on the measure of health that is used. The measures of health (grip-strength, peak 

expiratory flow, chair stand test and depression scale) used are objective and measured on a 
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continuous scale. The countries covered include seven European countries and the United 

States.  

Both the fourth and fifth chapters concentrate on measuring capacity to work, or the average 

number of years that people can expect to be capable to work. The fourth chapter looks at the 

future implications of higher retirement ages and the impact of declining physical health with 

age. More precicely, it asks how many years of work would be lost to retirement due to 

declining physical health if workers needed to postpone their retirement by six years while the 

decline in physical health stays constant over time. The analyses are based on fourteen 

European countries and include a comparison between two groups of countries that differ 

considerably concerning the link between health and work.  

The fifth chapter presents an analysis that is complementary to the MW and CMR methods 

described above. It follows American workers born between 1936 and 1947 from age 55 until 

their first retirement. Capacity to work is based on the timing to retirement of people who 

declare to have retired due to poor health. The advantage of this method compared to the MW 

and CMR methods are that it reflects more closely the actual experience of older workers 

concerning work ability, and it allows more easily for group comparisons.  
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ABSTRACT 

The aim of this paper is to determine whether older workers who follow different work ability (WA) 

trajectories tend to follow different retirement pathways. Nationally representative data on Americans 

born between 1943 and 1948 are used. Methods include latent class growth modelling to estimate 

trajectories of work ability between ages 53-54 and 65-66 and multinomial log-linear models to assess 

the association between WA trajectories and retirement pathways. Three WA trajectories were 

identified: high (74%), declining (17%) and low (9%). Low WA leads more often to an early-gradual 

retirement, while declining WA leads to both early-gradual and early-crisp retirements. Workers with 

low and declining WA are more at risk of unemployment, disability and inactivity prior to retirement; 

workers with declining WA are also likely to make a direct transition to early retirement. Future changes 

to social security should consider inter-individual variation over time in WA.  

 

Older workers with poorer health are at a greater risk of withdrawing from the labor force. As 

previous studies showed, workers with chronic conditions, poor self-assessed health, poor 

mental health and musculoskeletal complaints are more likely to make a transition from work 

to disability pension, and to a lesser degree to unemployment or early retirement (van Rijn et 

al. 2014; Leijten et al. 2015; Palmer and Goodson 2015; Robroek et al. 2015; Kouwenhoven-

Pasmooij 2016; Leinonen et al. 2016). In these studies, health was most often measured at one 

point in time and modelled as a dichotomous or multinomial outcome. Each respondent is 

followed until a transition from work into any non-work activity is observed and any subsequent 

events are disregarded. Thus, most papers that studied the impact of health on transitions out of 

the labor force at older ages have been implicitly assuming that 1) health is a black and white 

concept (good vs. not good), that 2) poor health develops suddenly and that 3) withdrawal from 

the labor force is instantaneous and permanent. This is at odds with the current theory. Indeed, 

health is better viewed as a continuum and as the result of some slowly changing process (World 

Health Organization 2001). Retirement, on the other hand, is a complex process that can stretch 

out over several years and that can take different forms (Wang and Schultz 2010; Beehr 2014). 

Researchers who study the impact of poor health on transitions out of the labor force have 

started to underline the need for more refined research strategies that take into account the 

dynamic and longitudinal aspects of health and retirement (Burdorf 2012). The work ability 

(WA) index was developed in the 1980’s and 1990’s to better identify workers at risk of 

withdrawing from work due to health complaints (Tuomi et al. 1994). It is measured on a 

continuous scale and takes multiple dimensions of health in relation to work into account. 

Studies showed that, at the aggregate level, WA declines gradually with age, passing from good 

or excellent in young ages to moderate from age 60 onwards (Ilmarinen et al. 1997; Ilmarinen 

and Ilmarinen 2015). There exists however a fair amount of variation between individuals at 

any point in time but also in individual trajectories over time.  

Variation in individual change in WA over time has been modelled according to latent 

trajectories where a finite number of trajectories are used to represent inter-individual 

heterogeneity. Studies found that managers with below optimal trajectories of WA tend to retire 

earlier (Feldt et al. 2009) while construction workers who manage to maintain high WA 

throughout their career are less at risk of reporting mental and physical strain in relation to their 

work at older age (von Bonsdorff et al. 2011). Other studies that measured WA at one point in 

time found lower WA to predict subsequent sickness absences (Schouten et al. 2015; Ohta et 

al. 2007) and disability pension (Alavinia et al. 2008; Roelen et al. 2014; Lundin et al. 2016). 

Results concerning early retirement and unemployment are mixed (Roelen et al. 2014; Lundin 

et al. 2016). One study examined change in WA between two points in time and found both 

baseline WA and a decrease in WA to predict transitions from work to disability pension 
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(Jääskeläinen et al. 2016). However, studies that considered both WA and retirement as 

longitudinal processes are still lacking.  

The present paper describes the dynamic relationship between longitudinal trajectories of WA 

and retirement pathways. A nationally representative cohort of American older workers born 

between 1943 and 1948 is followed between ages 53-54 and 65-66. The analytic strategy 

reflects the continuous nature of health and allows to keep track of individual change in health 

over time. The retirement pathways are specified in a way that reflects the complexity and 

heterogeneity of the present American retirement landscape. Following the 1983 social security 

amendments (Svahn and Ross 1983), people born in 1943 are the first cohort to be eligible to 

full retirement benefits from age 66 onwards only. It is also the first cohort to have seen its early 

retirement benefits at age 62 being reduced to 75% of the full retirement benefits. Starting in 

2020, other increases in the full retirement age and other decreases in the level of early 

retirement benefits at age 62 will be phased in, and further changes to social security are being 

discussed (Kingson and Altman 2011). In this context, it is thus important to understand how 

older workers who follow different WA trajectories make use of the different retirement options 

available. Although older workers with less than optimal WA trajectories can be predicted to 

retire earlier, it is still not clear whether older workers with different rates of decline in WA 

make use of different retirement options.  

 

METHODS 

Sample 

The RAND HRS data file was used to run the analyses (Health and Retirement Study 2017b). 

The RAND HRS data file is an easy to use longitudinal data set based on data from the Health 

and Retirement Study (HRS). The HRS is a longitudinal survey representative of the 

American population age 50 and older. It is sponsored by the National Institute on Aging and 

is conducted by the University of Michigan. The HRS started in 1992 and participants were 

re-interviewed every second year thereafter. More respondents were added to the original 

sample in 1998, 2004 and 2010, resulting in four distinct survey cohorts. Interview response 

rates varied for each cohort between 66.2% and 81.6% in the first wave and between 85.4% 

and 92.3% in the subsequent waves (HRS 2018).  

Respondents were selected for analyses based on a certain number of criteria. First, all 

respondents born between 1943 and 1948 who started participating to the HRS before reaching 

age 55 were selected (n = 2,582). Second, respondents who died or permanently dropped out of 

the HRS before reaching ages 65-66 were excluded (n = 588; these respondents represented 

between 3.5% and 5.6% of the subsample at each wave). Third, respondents who were never 

observed working (n = 538) and respondents with missing health information at more than 5 

waves (n = 39) were dropped, bringing the effective sample down to 1,417 respondents. 

Table 2.1 Number of respondents with missing labor force and health information, by wave 

(percentages in parenthesis, n = 1,417) 

 Wave 

 1 2 3 4 5 6 7 

Labor force 42 (3.0) 68 (4.8) 53 (3.7) 63 (4.4) 64 (4.5) 59 (4.2) 42 (3.0) 

Health 105 (7.4) 172 (12.1) 194 (13.7) 204 (14.4) 143 (10.1) 131 (9.2) 136 (9.6) 

 

Respondents who stopped participating to the HRS at one or many consecutive waves but who 

participated again at a later wave (temporary attrition) were kept in the sample. This approach 

was shown to limit significantly the effect of attrition on the representativity of the sample 
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(Michaud et al. 2011). A backlash of keeping respondents with temporary attrition is the 

unavailability of information on the labor force and health statuses at some waves. Labor force 

information was assumed to be missing at random. This may result in a somewhat distorted 

picture concerning the retirement pathways (presented below). However, the effect is likely 

small since the proportion of respondents with missing labor force information is very low at 

each wave as shown in Table 2.1. The effect on the construction of the work ability trajectories 

(again presented below) is assumed to be null as the method employed accommodates missing 

information at one or different points in time. The proportion of respondents with missing labor 

force and health information is depicted for each wave in Table 2.1. 

Retirement pathways 

A retirement typology was developed to account for inter-individual heterogeneity in retirement 

processes. The typology was inspired by previous theory and empirical research (Beehr 1986; 

Fisher et al. 2016; Mutchler et al. 1997). Two dimensions were retained as being particularly 

relevant for describing the retirement process: timing and mode of entry. Although more 

dimensions could have been considered, this solution was retained to facilitate the interpretation 

of the results. In this research, timing referred to the notion of early vs. late retirement, while 

mode of entry opposed crisp to gradual retirement. These two dimensions provided the four 

retirement pathways 1. Early-Crisp, 2. Early-Gradual, 3. Late-Crisp and 4. Late-Gradual.  

Respondents were assigned to one of these four retirement pathways based on their sequence 

of labor statuses over the seven waves. Labor status was assessed using the RAND HRS variable 

lbrf (Bugliari et al. 2016). The original version of this variable contained seven categories. Some 

categories were merged to facilitate the construction of the pathways resulting in the following 

four categories: 1.Works Full time; 2.Works part-time / Partly retired; 3.Retired; 4.Other 

(containing Unemployed / Disabled / Not in the labor force). Respondents were considered to 

have retired early if they were observed in state 3. (retired) at two waves or more, as having 

retired late otherwise. Respondents were considered to have gone through a crisp retirement if 

they were observed in either state 2. (Works part-time / Partly retired) or 4. (Unemployed / 

Disabled / Not in the labor force) at one wave or less for the late retirees and two waves or less 

for the early retirees; the rest was correspondingly considered to have gone through a gradual 

retirement. The cutoffs were set arbitrarily while aiming at having groups with balanced 

numbers of respondents.  

Work ability 

WA was defined based on the WA index (De Zwart et al. 2002) to which some changes were 

brought due to the limited information contained in the RAND HRS data set. In its standard 

form, the WA index is based on a seven items questionnaire. The following refers to items 1 to 

7 of the WA index’ questionnaire as described in de Zwart et al. (2002). Items 1 and 6 refer to 

the respondent’s self-reported work ability in the past and over two years, respectively. Since 

the trajectories already capture change over time, these items were excluded. Item 2 was 

replaced by self-rated health, as the data did not contain information on the respondents’ self-

assessed WA in relation to his or her work demands. Self-rated health was measured on a five 

categories scale ranging from 5. “Excellent” to 1. “Poor”. Item 3 measures the number of 

diseases at the time of the interview. The diseases that were considered here were: high blood 

pressure, diabetes, any form of cancer, lung disease, heart disease, stroke and arthritis. Item 4 

asks the respondent whether he or she has any work impairment due to a disease. It was 

measured here based on the question: “Do you have any impairment or health problem that 

limits the kind or amount of paid work you can do?”. Item 5 (sick leave in the past year) was 

replaced by whether the respondent had any hospital overnight stay over the last two years. Item 

7 concerns the mental resources of the respondent and was here based on the score obtained on 
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the Center for Epidemiological Studies Depression (CES-D) scale containing 8 items (Radloff 

1977). Each item used here was given a similar score as in the original index. This five-item 

index implies that individual scores vary between 5 and 32 (rather than between 7 and 49 in the 

original version), a score of 32 meaning optimal WA. It should be stressed that compared to the 

original index, the index used here is constructed on fewer questions that specifically refer to 

someone’s work or work ability. The index used here might therefore reflect less a person’s 

work ability and more a person’s general health status instead. 

Socio-demographic variables 

Socio-demographic variables included gender, year of birth (two years groups), education 

(reconverted into less than high school degree, high school degree only and at least some college 

degree) and race (non-Hispanic white race or ethnicity vs. any other race or ethnicity).  

Analyses  

WA trajectories were identified using the R package lcmm (Proust-Lima et al. 2015). This 

package allows to perform latent class growth analysis (LCGA), a method that is based on 

maximum likelihood (Muthén and Muthén 2000). LCGA allows to model individual change 

over time in a continuous or discrete outcome while allowing for different unobserved 

subpopulations to follow different trajectories. Each individual in the data set was assigned to 

the latent class that fitted best his or her own change over time in WA. The chosen model 

includes three latent classes and change over time in the value of the WA index was modelled 

using a linear link function. Although some other models based on a different number of latent 

classes and different link functions provided better fits (as based on the Bayesian information 

criterion), this three-classes model was preferred for its greater parsimony, better balance 

between group sizes and better ease of interpretation of the change over time in the predicted 

values of the WA index. The function lcmm was used to fit the model and the post-estimation 

command predictY was used to obtain the predicted values and confidence intervals. 

The associations between the latent classes of the WA trajectories and the different retirement 

pathways were assessed using a multinomial log linear model with the retirement pathways as 

dependent variable. The results are presented as the predicted marginal mean inside of each 

latent WA trajectory with the 95% confidence bounds. Only the model including the socio-

demographic confounders is presented as the introduction of these variables did not affect the 

significance of the associations between the WA trajectories and the retirement pathways. 

 

RESULTS 

Descriptive analysis 

Figure 2.1 presents the proportion of respondents that correspond to each labor force status by 

year of age, for each retirement pathway. The sequences of labor force statuses that correspond 

to the respondents who were observed retiring early are pictured in the top, while the ones of 

those who were observed retiring late are pictured in the bottom. Furthermore, the sequences of 

labor force statuses that correspond to the respondents who were observed going through a crisp 

retirement are pictured on the left-hand side, while the ones of those who were observed going 

through a gradual retirement are pictured on the right-hand side.  

The Early-Crisp and Early-Gradual pathways (top) contained at older ages a much bigger 

proportion of respondents with labor status “Retired” than the Late-Crisp and Late-Gradual 

patterns (bottom). In the meanwhile, the Early-Crisp and Late-Crisp pathways (left) contain 

almost exclusively respondents that are either working full time or retired, while the Early-

Gradual and Late-Gradual patterns (right) contain at each age the largest shares of participants 
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with the labor statuses “Other” and “Partly retired”. As indicated in the graph titles, a bit more 

than one fifth of the respondents were assigned to the Early-Crisp pathway and just over one 

out of six to the Early-Gradual pathway. In the meanwhile, a little more than one fourth was 

assigned to the Late-Crisp pathway and about one out of three was assigned to the Late-Gradual 

pathway.  

 

Figure 2.1 Cross-sectional overview of labor force status by year of age and retirement pathway 

(with proportion in sample). The areas give the proportion of respondents that correspond to 

each labor force status as shown in the legend. 

 

 

Figure 2.2 Trajectories of work ability as measured based on an adaptation of the work ability 

index (the dashes represent the 95% confidence bounds). 
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Figure 2.2 shows the variation according to age in the predicted values on the WA index, by 

latent class. The classes were labelled “High”, “Declining” and “Low”. The model assigned 

about three fourth of the sample to the high trajectory, about one sixth to the declining trajectory, 

and a little less than one tenth to the low trajectory.  

Table 2.2 shows that in the sample used, more than half of the respondents were women. About 

a third of the sample was born in 1943-1944. The figures are slightly higher for the cohort born 

in 1945-1946 and slightly lower for the cohort born in 1947-1948. Only a minority of 

respondents had no high school degree, while about half of the sample had a high school degree 

only and one third had a college degree or more. More than three quarters of the sample was of 

non-Hispanic white race or ethnicity. 

Table 2.2 Socio-demographic variables: count and proportion in sample 

Variable/modality Count Proportion 

Female gender 842 59.4 

Cohort   
1943-44 479 33.8 

1945-46 546 38.5 

1947-48 392 27.7 

Education   
No high school 211 14.9 

High school only 737 52.0 

At least some college 469 33.1 

Non-hispanic white race or 

ethnicity 
1084 76.5 

Total 1,417 100.0 

 

Multivariate analysis 

Figure 2.3 shows the results of the multinomial model. The predicted marginal means are 

grouped by retirement pathway. Respondents who were assigned to the high WA trajectory 

were more likely than respondents assigned to the two other trajectories to have gone through 

a late and crisp retirement pathway. Furthermore, respondents who followed the high WA 

trajectory were more likely than the respondents assigned to the declining WA trajectory to 

experience a late and gradual retirement. The respondents who were assigned to the declining 

WA trajectory were more likely to go through an early and crisp retirement pathway in 

comparison to the respondents that were assigned to the two other trajectories. Finally, both the 

respondents who were assigned to the declining and to the low WA trajectory were more 

susceptible than the respondents who were assigned to the high WA trajectory to experience an 

early and gradual retirement.  

 

DISCUSSION 

Summary of results 

This study unraveled the dynamic associations between WA trajectories and retirement 

pathways among a cohort of American workers followed from ages 53-54 to ages 65-66. Each 

retirement pathway represented different labor force behaviors in the years preceding the 

official retirement age of 66 years old. These different behaviors are largely influenced by the 

available retirement options offered by social security in the United States (Coile and Gruber 

2004). The early-crisp retirement pathway probably represented mostly people who benefited 
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from early retirement benefits because many of them were observed making a direct transition 

from work to complete retirement around the age of 62 years old. The early-gradual pathway 

contained many respondents corresponding to the labor status “Other”, especially prior to age 

62. This labor status was made up of survey participants who identified themselves as 

unemployed, disabled or out of the labor force. Therefore, the respondents who followed an 

early-gradual retirement pathway probably benefited from unemployment and disability 

benefits prior to benefiting from early retirement benefits. The late-crisp pathway represented 

people who chose to retire at the full retirement age only, or who even delayed their retirement 

beyond the age of 66 years old thus benefiting from delayed retirement credits. Respondents 

who were part of the late-gradual pathway probably profited of part time or partial retirements 

arrangements with their employer and may even have benefited from some early retirement 

benefits while continuing to work (Feldman 1994). 

 

Figure 2.3 Predicted marginal means by class of work ability trajectory, for each category of the 

retirement pathways, with 95% confidence bounds 

In parallel to the retirement pathways, respondents were assigned to one of three latent classes 

that best described their individual change over time in values of the WA index. These WA 

trajectories were specified using LCGA (Proust-Lima 2015). The model containing as 

trajectories high WA, declining WA and low WA was retained, though other possibilities could 

have been chosen. Some trajectories were found to be more strongly linked with specific 

retirement pathways. According to the expectation formulated in the introduction, respondents 

who maintained a high WA throughout the observation kept more often working until the full 

retirement age, either full time or on a reduced basis (part time or partly retired). This finding 

confirms the results of a previous study that found that people who maintain a high WA also 

tend to retire later (Feldt et al. 2009). The finding that they made more use of partial retirement 

arrangements than people with declining WA is however novel. It is somewhat surprising too, 

since it was suggested that gradually reducing the amount of work could help workers with 

deteriorating work ability to stay longer on the labor market. However, our findings to not find 

any support for this kind of behavior. Respondents with declining WA tended to retire earlier. 



Work ability trajectories and retirement pathways: a longitudinal analysis of  
older American workers 

 

29 
 

They did so by either making a crisp transition from work into retirement from about age 60 or 

62 onwards, or by retiring gradually, including stints of unemployment, disability and 

inactivity. Respondents with constantly low WA also tended to retire early, but they only did 

so by retiring gradually and by thereby spending time unemployed, disabled or out of the labor 

force. Older workers with different rates of decline in WA thus do differ to some extent in their 

use of the different retirement options: respondents with declining WA tend to make more use 

of both the early retirement pathways (crisp and gradual) while respondents with low WA tend 

to make more use of the early-gradual retirement pathway only.   

Strengths and Limitations 

The strengths of this study were its longitudinal and dynamic design that exploited the full 

potential offered by the data (Burdorf 2012). More specifically, both retirement and WA were 

conceptualized taking the whole period of observation into consideration, a period that covered 

12 years. The use of retirement pathways allowed to render better than most studies the variety 

of retirement patterns that exist in the United States. The finding that there is important 

heterogeneity in retirement pathways among American older workers is in line with other 

studies (Cahill et al. 2006; Maestas 2010; Cahill et al. 2013). The use of LCGA allowed to 

model health as a continuous, age-dependent latent process which better corresponds to the 

present theory of health (World Health Organization 2001). The representativeness of the data 

at the national level was another strength of this research as the other studies that investigated 

the link between WA trajectories and retirement focused on specific groups only, i.e. managers 

and construction workers (Feldt et al. 2009; von Bonsdorff 2011). 

This study had to face some limitations. A first set of limitations concern the specification of 

the retirement pathways. The proportions of people in the American population who follow one 

of the four retirement pathways may differ from those observed here. First, the pathways were 

specified based on information available in average two years apart. Therefore, the actual 

number of transitions that are made between labor force statuses at older ages was probably 

underestimated (Mutchler et al. 1997). On the other hand, the assumption that labor force 

information was missing at random may have resulted in an overestimation of the number of 

respondents with the statuses “Partly-retired” and “Other”, which were less often observed than 

the statuses “Working full-time” and “Retired”. This may in turn have contributed to 

underestimating the amount of crisp transitions into retirement. Also, transitions in and out of 

retirement were not explicitly taken into account in the specification of the pathways. Although 

classic retirement theory (Beehr 1986) did not consider this dimension either, more recent work 

showed that many American workers “unretire”, i.e. they make transitions from retirement back 

to work. More research will therefore be needed to unravel the associations between change in 

health and transitions out of retirement.   

A second set of limitations concerns the estimation of the work ability trajectories. The 

specification of the WA index used in this study differed slightly from the most commonly 

accepted one (De Zwart et al. 2002). Therefore, the comparability of this study with other ones 

that also used the WA index may not be optimal. The reader should also keep in mind that the 

cohort followed in this study was made of respondents who survived to at least age 66 and who 

were observed working at least at one wave. Therefore, the outcome of the LCGA modeling 

likely underestimated the proportion of people in the population who has declining or poor WA 

at these ages. Furthermore, the method used does not allow to establish a direction of causality 

between change over time in work ability and change over time in retirement statuses. It seems 

however unlikely that change in retirement status had any important impact on the trajectories 

of ability to work. First, the work ability trajectories are based on a latent construct that take 

many aspects of health into consideration. Second, individuals are assigned to the trajectory that 
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best describes their own change in work ability over time; therefore, no individual follows 

exactly the change in work ability that is predicted by the model (Nagin 2010). It is possible 

that health changes following retirement, at least according to some dimensions (Van der Heide 

et al. 2013). However, such changes are not captured by the model as no non-monotonous 

trajectories were found to satisfactorily describe change in work ability in this sample.     

A third set of limitations concerns the control variables used in this analysis. Due to missing 

information among many respondents, the analyses did not take into account the occupational 

class or any characteristics of the respondents’ work. Although including such information 

would probably not have changed dramatically the results, they would probably have mitigated 

the strength of the associations between the WA trajectories and the retirement pathways 

(Roelen et al. 2014). 

Finally, a word on the generalizability of the results to other countries. Unlike in most European 

countries, there is high heterogeneity in retirement behavior in the United States. The American 

retirement landscape features more instances of gradual retirement and “unretirement” while 

retirement in Europe consist more often of single and unidirectional transitions (Maestas 2010; 

Cahill et al. 2013). However, studies have shown that retirement in Europe increasingly takes 

diverse forms (Kanabar 2012). Therefore, the observations made here may be indicative of the 

future situation of European countries. 

 

CONCLUSION 

Social security in the United States is going through a period of reforms (Svahn and Ross1983) 

and calls for further increasing the ages of admissibility to full and reduced retirement benefits 

are being heard (Kingson and Altman 2011). People with declining and low WA in their fifties 

and sixties are less likely to reach the full retirement age while still working, either full or part 

time. Given the current proportions of people who enter the latter part of their career with 

declining or low WA, increasing the age of admissibility to full benefits might force more 

people to rely on early retirement benefits for a longer period of time. People with declining 

WA more often made a direct transition from work to early retirement and more often made a 

gradual transition to early retirement, including stints of unemployment, disability and 

inactivity. People who entered the latter part of their career with an already low WA made more 

use of the latter option only. Therefore, increasing the age of availability to early retirement 

benefits might force people to make use of unemployment and disability benefits or to be 

inactive for a longer period of time. Conversely, helping people to maintain a high level of WA 

prior to reaching the latter part of their career, and helping them to delay the onset of the decline 

in WA, might reduce the amount of people who make use of unemployment, disability and early 

retirement benefits altogether.  
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ABSTRACT 

Older workers with poorer health are at greater risk of retiring early. Since higher labor force 

participation is expected among older people, and health tends to deteriorate with age, it is important to 

understand the form of the link between health, age and labor force participation at older ages. We 

examine this link by means of heat maps using data collected in the US, England and two groups of 

European countries. We analyze four different measures of health, including three objective measures 

of physical health. We find that the form of the link between health and labor force participation is 

relatively constant between countries and over time and is robust to the choice of the health measure. 

In all cases, participation tends to be more sensitive to changes in the values of health among people 

with worse health compared to people with better health. In two cases, over a period of about seven 

years, the people who contributed the most to the increases in participation rates are those in poorer 

health. We discuss this development against a background of changes in pension programs, particularly 

for disabled people.   

 

Poor health is associated with an increased risk of leaving the labor force, especially among 

workers age 50 and older (van Rijn et al. 2014; OECD 2010). Such labor force exits among 

this age group often lead to a permanent withdrawal of the labor force, which is known as early 

retirement (Fisher et al. 2016). Since health usually deteriorates with age, concerns have been 

raised as whether workers will be able to have longer active lives and thus counteract the 

negative effects of population aging on pension systems and economic output (OECD, 2010; 

Ilmarinen 2001). This is an especially important question given the postponement of the age of 

admissibility to pension benefits, which is taking place in many countries of the Organisation 

of Economic Co-operation and Development (OECD) (OECD 2015). 

In order to better determine the extent of this problem, at least four questions are important: 

First, what is the proportion of the population that retires early due to poor health? Second, 

what is the form and intensity of the link between poor health and early retirement, i.e. what is 

the change in the probability of leaving the workforce when health changes by one unit, and is 

this change constant across values of health? Third, is the link between poor health and early 

retirement constant across age, i.e. is a worker with poor health age 55 more or less likely to 

retire early compared with a worker with same health and age 60? Finally, is the link between 

poor health and early retirement constant over time, i.e. given a specific level of health, is it 

more or less likely to retire due to poor health than it was a certain number of years in the past? 

To study these questions, we take advantage of the growing availability of data on objective 

measures of physical health collected among older people in different countries. These are 

made available by the Health and Retirement Study (HRS) and its sisters studies, including the 

English Longitudinal Study of Ageing (ELSA) and the Survey of Health, Ageing and 

Retirement in Europe (SHARE) from which we use data here. Objective measures of physical 

health include grip strength, different chair stand and balance tests, and peak expiratory flow3. 

These measures have many advantages over other measures of health to study the relation 

between health and labor force participation at older ages (Lindeboom and Kerkhofs 2009; 

Disney et al 2006; Bound and Waidmann, 2007). The two most important ones are that 1) they 

are measured using standardized protocols and devices, which mean that they are free of any 

interpretation or rationalization bias from the respondent; 2) and that they are measured on a 

continuous scale, which allows a more refined analysis and facilitates the interpretation of the 

results. These measures have also been shown to entertain a close link with the capacity to 

                                                           
3 The reader can consult https://g2aging.org/ for more information on these measures and the surveys that collect 

them. 

https://g2aging.org/
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work at older ages (Kalwij and Vermeulen 2008; Boissonneault and De Beer 2017), subsequent 

mortality (Cooper 2010b), and other health outcomes (Cooper et al. 2010a).   

In this paper, we aim to answer the questions raised above by means of visual representation. 

This will be done by means of a series of heat maps. Heat maps have been developed many 

decades ago among non-demographic disciplines to represent the variation in a variable of 

interest according to two continuous measures, which are often—although not necessarily—

geographical coordinates. In demography, they have been mostly used to represent variation in 

rates of mortality or fertility according to calendar time and age simultaneously. Because of 

the evident similarity with the Lexis diagram, this type of heat map has been coined “Lexis 

surface” by Arthur and Vaupel (1984). The name and technique has since then been reused and 

sometimes adjusted to different needs (Vaupel et al. 1987; Schoeley and Willekens 2017; Riffe 

et al. 2017).  

Here, we exploit the continuous nature of the objective measures of physical health and propose 

to use heat maps to represent the proportion of older people that participate to the labor force 

according to health and age simultaneously. By doing this, we aim at providing a global picture 

of the link between health, age and work at older ages. Such a global picture will be obtained 

through different ways. First, we will compare the situation of two countries and two groups 

of countries that differ considerably concerning the link between health, age and labor force 

participation. These are England, the United States and two groups of three countries from 

continental Europe. Second, we will present results using three different objective measures of 

health which cover fairly distinct aspects of physical health, namely, upper body muscular 

vitality (grip-strength test), lower body muscular vitality (chair stand test) and lung 

functionality (peak expiratory flow). Also, we will present results based on a measure of mental 

health (EURO-D scale) in order to verify whether we can generalize our results to non-physical 

dimensions of health. Finally, we will use data at two points in time, which will alow us to 

verify whether the link between health, age and labor force participation at older ages changes 

over time. 

The paper is organized as follow. The second section presents the data sources. The third 

section briefly discusses the context around retirement legislation in the countries at hand. The 

fourth section presents the methods. The fifth section presents the results and the sixth section 

concludes.  

 

DATA  

Data sources 

In order to offer a global overview of the link between health, age and labor force participation 

at older ages, three distinct data sources are used. These data sources—the HRS, ELSA and 

SHARE—are considered as sister studies because they were designed to offer highly 

comparable data. An important feature of these surveys is that participants are followed until 

they die or drop off. In-depth information on health, work and retirement is collected. We 

present each survey in chronological order of begin.  

The HRS takes place every second year since 1992 and is representative of the American 

population aged 50 and older (Juster and Suzman 1995)4. The HRS started a module on 

objective measures of physical health in 2004 through collecting data on walking speed, grip 

strength and peak expiratory flow in the framework of a pilot. Data on these tests, plus on some 

                                                           
4 The HRS (Health and Retirement Study) is sponsored by the National Institute on Aging (grant number NIA 

U01AG009740) and is conducted by the University of Michigan. 
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balance tests, have since 2006 been collected every two years on a rotating panel of half of the 

whole sample (i.e. data are collected on the same respondents every four years), and are 

representative of the American population aged 50 and older. 

The ELSA covers the population age 52 and older residing in England and has been running 

biannually since 2002 (Marmot et al., 2016)5. It collects data on objective measures of physical 

health every four years since 2004. Similar to the HRS, the ELSA collects data on walking 

speed, grip strength and peak expiratory flow and on different balance tests, but also on the 

chair stand test.  

The SHARE took place in 2004-2005, 2006-2007, and every second year from 2009 onwards 

(Börsch-Supan, 2016a; Börsch-Supan, 2016b)6. Eleven European countries participated to this 

survey at the onset and ten more joined subsequently. SHARE collects data on walking speed, 

grip strength, peak expiratory flow and the chair stand test, but not on the balance tests. Data 

on grip strength have been collected at each wave, but data on the other measures have been 

collected inconsistently over time (see Figure 3.1 below).  

Measurements 

We limit our analyses to the use of grip strength, peak expiratory flow and the chair stand test 

as measures of physical health. We do not use walking speed since data are only collected 

among people age 70 and older and most people are already retired at that age. We also do not 

use any data on the balance tests since these are measured on a binary scale (the participant 

succeeds or fails in doing the test). The measure of mental health is obtained using the EURO-

D mental health scale, which is based on eleven questions pertaining to the participant’s 

experience of everyday life (Prince et al. 1999).  

 

Figure 3.1 Data collection for grip strength, peak expiratory flow and chair stand test in the 

ELSA, HRS and SHARE 

  

                                                           
5 The data were made available through the UK Data Archive. ELSA was developed by a team of researchers 

based at the NatCen Social Research, University College London and the Institute for Fiscal Studies. The data 

were collected by NatCen Social Research. The funding is provided by the National Institute of Aging in the 

United States, and a consortium of UK government departments co-ordinated by the Office for National 

Statistics. The developers and funders of ELSA and the Archive do not bear any responsibility for the analyses 

or interpretations presented here. 
6 The SHARE data collection has been primarily funded by the European Commission through FP5 (QLK6-CT-

2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, COMPARE: CIT5-CT-2005-028857, SHARELIFE: 

CIT4-CT-2006-028812) and FP7 (SHARE-PREP: N°211909, SHARE-LEAP: N°227822, SHARE M4: 

N°261982). Additional funding from the German Ministry of Education and Research, the U.S. National 

Institute on Aging (U01_AG09740-13S2, P01_AG005842, P01_AG08291, P30_AG12815, R21_AG025169, 

Y1-AG-4553-01, IAG_BSR06-11, OGHA_04-064) and from various national funding sources is gratefully 

acknowledged (see www.share-project.org). 
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Measurement periods 

Figure 3.1 shows when data collection took place for each objective measure of physical health 

considered here. The data used are shown by means of boxes. We present results at two points 

in time. Results will include data from each of the three surveys concerning grip strength. Data 

on peak expiratory flow will come from ELSA and HRS only. Data on the chair stand test will 

come from ELSA and SHARE only. Data on the EURO-D scale will come from SHARE only 

as ELSA and HRS use different scales to evaluate mental health. Analyses were run using 

ELSA data from 2004-2005 and 2012-2013, HRS data from 2006-2007 and 2012-2013, and 

SHARE data from 2006-2007 and 2013. In the remaining of this article, we will refer to the 

periods 2004-2007 and 2012-2013.  

Country coverage 

We use all the available data from ELSA and HRS thus covering the older populations of 

England and the United States, respectively. SHARE produces data representative of the older 

populations living in 11 to 21 countries depending on which point in time we consider. Rather 

than analyzing all of the data at hand, we choose to show results for two groups of countries. 

We aimed at obtaining groups of countries that differ as much as possible concerning the link 

between age, health and labor force participation of older people. For that, we used the Active 

Ageing Index (AAI) developed by the United Nations Economic Commission for Europe 

(UNECE). This index classifies countries according to different aspects concerning the life of 

older people. Of these aspects, labor force participation and health have a preponderant weight. 

We make two groups of three countries for which we have data at the points in time indicated 

above. The first group comprises the countries that performed the best according to the 2014 

classification (UNECE 2017). These are Sweden, Denmark and the Netherlands. The second 

group comprises the countries that performed the worst according to the same classification. 

These are Belgium, Italy and Spain. In the remaining of this article, we will refer to these 

groups as countries with high AAI and countries with low AAI.  

 

CONTEXT 

The accelerated demographic aging that is being experienced in most parts of the world (Lutz 

et al 2008) has brought about worries about the capacity of countries to keep pension 

expenditures manageable (Bongaarts 2004) and to maintain positive economic growth (Bloom 

et al. 2010). Higher participation among older people is thus supposed to slow down or stop 

the raising trend in public pension spending and help fuel economic growth (OECD 2015). The 

feasibility of achieving higher participation among older people should be warranted by the 

longer—and presumably healthier—lives that people enjoy. Furthermore, it is argued that 

prolonged economic participation can benefit individuals themselves through improving 

financial well-being in retirement and increasing physical and mental fitness (Zaidi et al. 2013). 

We present in this section some trends in labor force participation of older people in the 

countries studied. We also present some of the legislation changes that may have contributed 

to the raising trend in participation or that may have affected the link between work and health 

at older ages. Since we have no information that is specific to England, we present data and 

facts for the whole of the United Kingdom instead.  

Labor force participation of people age 55-64 has been increasing for many years already 

among the countries studied here. As shown in Figure 3.2, each country (or group of countries) 

have seen the participation of people age 55-64 grow between 2004 and 2014, although to 

different extents. Participation grew more in countries (or groups of countries) with a lower 

initial level. Participation among countries with low AAI grew by almost 14%, while it grew 
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by 7% among countries with high AAI (a raise mostly fueled by the one that took place in the 

Netherlands). Growth in the proportion of people active on the labor market was moderate in 

the United Kingdom (5.6%) and weak in the United States (0.8%). 

 

Figure 3.2 Proportion of people aged 55 to 64 participating to the labor market. Source: OECD 

data (2017). 

Papers that studied the reasons for this raise have pointed to the greater participation of women 

(and, concomitantly, of their male spouses) and the higher level of education of the younger 

cohorts (Schirle 2008; Coile 2015). Other factors have been suggested to have played a role, 

although evidence is less conclusive. These are the shift in retirement plans from defined 

benefits to defined contribution, the better health of the aging workers, and the stricter 

accessibility to early retirement benefits (Coile 2015; Carriere et al. 2015). 

 

Figure 3.3 Proportion aged 50 to 65 that receives disability pension benefits Source : Börsch-

Supan 2011 

Among the legislative changes that have been taking place in the countries studied, we note a 

raise of the official retirement age in Italy and Belgium. In the United States and in Denmark, 

admissibility to full pension benefits has been gradually increased past age 65 starting in 2004 

and 2005, respectively. In Denmark, Belgium, Italy and the Netherlands, early or partial 
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retirement has been made less accessible or less financially attractive (OECD 2005; OECD 

2011b; OECD 2015).  

Despite the raise in labor force participation at older ages, many people continue to retire before 

the official retirement age. Older people often have poorer health and are therefore more at risk 

of retiring because of a disability. Figure 3.3 shows the proportion of people aged 50 to 65 who 

receive disability benefits according to 2004 data7. The proportions are more than twice as high 

in countries with high AAI compared to countries with low AAI and the United States. The 

proportion in the United Kingdom lies in between. It was shown that this variation is likely due 

to variation in the conditions of admissibility to disability benefits programs (Börsch-Supan 

2011). Actions to restrict the admissibility to such programs or to reduce their financial 

attractiveness have been undertaken in the Netherlands, Denmark, Spain and the United 

Kingdom (OECD 2010).  

 

METHODS 

In the visualizations that will follow, the dependent variable is the proportion of people that 

participate to the labor market at a given point in time. Each survey from which we use data 

asks the respondents a similar question about labor force participation. We consider 

respondents who are working or unemployed as participating to the labor market and assign 

them the value “1”. All other respondents are considered as not participating and are assigned 

the value “0”.  

We present the results in such a way that it is possible to extract information about the 

proportion of people concerned by the values of health. To do that, we rely on the properties 

of the normal distribution. Values for grip strength and peak expiratory flow are normally 

distributed. We use the natural logarithm of the values of the chair stand test as these were 

skewed to the right. The visualizations show the distribution according to the standard 

deviation inside of each sex and country. Mental health is measured on a discrete scale with 

values between 0 and 11 and strongly right skewed. We grouped these categories so that they 

approach a normal distribution.  

In the visualizations below, the x axis represents variation in health. Each tick mark indicates 

a variation of one standard deviation. The y axis represents variation in age, which is common 

practice concerning the Lexis diagram. The z variable represents the proportion of people 

participating to the labor market. We graded health and age in a way that we have (10 * 9 =) 

90 combinations between each level of health and each age group for which the level labor 

force participation was computed. Variation in labor force participation is shown using 

variation in the degree of lightness (a darker tone meaning higher participation). We use 

isolines to help reading the maps. The isolines were smoothed using the Loess (locally weighted 

regression) function in base R (Cleveland et al. 1992; R Core Team 2013).  

 

RESULTS 

Figures 3.4 to 7 show variation in the proportion of people participating to the labor market 

according to age and health simultaneously for the 2012-2013 period8. The graphs are grouped 

by measure of health. We start out with presenting the results for grip strength. Then we show 

the results for the chair stand test, peak expiratory flow and mental health.  

                                                           
7 These are the most recent data available. 
8 The graphs for the 2004-2007 period are available upon request.  



Chapter 3 

 

38 
 

 

 

Figure 3.4 Proportion participating to the labor market according to age and health as 

measured by grip strength, 2012-2013 

The figures are probably best read considering both age and health at the same time. This is 

more easily done by paying attention to the isolines. In each heat map, the bottom right line (in 

green) shows for which combinations of age and health participation reaches 80%. Using the 

United States as an example in Figure 3.4, we see that participation reaches 80% among people 

age 52 with values of health near the median, as well as among people age 58 with health better 

than 2 standard deviations above the median. Furthermore, as shown by the orange line, 

participation reaches 40% among people age 60 with values of health worse than 2 standard 

deviations below the median, while the same participation rate is reached by people age 64 

with health values around the median or better.  

The figures all have a similar interpretation, so we limit our further comments to the general 

aspect of the figures. In general, the form of the link between participation, age and health 

seems to stay roughly the same independently from the country (or group of countries), 

measure of health, or point in time considered. In each case, the isolines take a more vertical 

path on the left-hand side of the graphs—in the part representing worse health—while they 

take a more horizontal path in the middle and the right-hand side of the graph—in the parts 

representing average and better than average health. This pattern is identifiable by the “⌐” form 

of the isolines and is to be seen in almost all the illustrations. 
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Figure 3.5 Proportion participating to the labor market according to age and health as 

measured by the chair stand test, 2012-2013 

One interpretation is that improvements in health induce large gains in participation when 

health improves from poor to average, but that gains are small when considering better levels 

of health.  
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Figure 3.6 Proportion participating to the labor market according to age and health as 

measured by peak expiratory flow, 2012-2013 

The apparent consistency in the general aspect of the figures may be hiding some more subtle 

discrepancies. The form of the link between participation, age and health may be somewhat 

different across countries. For example, in Figure 3.4, the isolines are further apart concerning 

the United States, while they are closer to each other concerning the European countries. 

Furthermore, an interesting question is whether the form of the link changed over time inside 

of each country and for each measure of health. In the next two subsections, we present two 

other series of visualizations that allow to better answer these questions.   

 

 

Figure 3.7 Proportion participating to the labor market according to age and health as 

measured by mental health, 2012-2013 

Country differences 

Figure 3.8 shows between country variation in participation according to age and health. We 

compare countries using grip strength as a measure of health since it is the only measure that 

is common to all countries. Because of the large number of possible country combinations, we 

choose to present results referring each time to the United States. We directly compare 

countries two by two on a single graph using isolines only. The full lines represent the country 

specified in the title while the dotted lines ones represent the United States.  
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Figure 3.8 Cross-country differences in participation according to age and health as measured 

by grip strength (the dotted lines represent the United States) 

Our observations made in the previous subsection are to a large extent confirmed as we observe 

relatively little difference between the pattern of the United States and that of each of the other 

countries. Two discrepancies are however worth mentioning. First, we notice the sometimes-

wide gaps between the lines when reading from top to bottom. These are due to country 

differences in the age specific risk of retiring. The wider gap between the isolines translates a 

more spread out risk in the United States than in the other countries. Second, we notice on the 

left-hand side of the graphs the more pronounced slope of the dotted lines representing the 

United States compared to the full lines representing the other countries (or group of countries). 

We interpret these differences as a stronger health effect on the decision to retire in the United 

States, possibly translating more unequal access to the labor market between people in good 

and poor health in this country.  
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Time differences 

Figure 3.9 shows variation in labor force participation according to age and health as measured 

by grip strength, inside of each country, between the periods 2004-2007 and 2013-2014. Once 

again, we rely solely on the isolines to transmit information, where the full lines represent the 

former period and the dotted ones the later one.  

 

 

Figure 3.9 Differences in participation according to age and health as measured by grip strength 

between the 2004-2007 and 2012-2013 periods 

Each graph illustrates a slightly different evolution across countries. First, we witness very 

little change in the United States, which is not surprising given the labor force participation 

figures presented above. In the countries with low AAI, the isolines moved up in a surprisingly 

uniform way, with the isolines representing different levels of participation almost exactly 

overlapping each other. In fact, a worker with any given level of health and of any given age 

in 2004-2007 has in almost all cases an exactly 0.2 points higher propensity to be active on the 

labor market in 2012-2013. The raise in labor force participation thus was equally spread 

among people of different levels of health. In the countries with high AAI, as well as in 

England, the flatter pattern of the lines for 2012-2013 compared to the lines for 2004-2007 

suggests a higher raise in labor force participation among people with poorer health than among 

people with better health.  
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DISCUSSION 

In this article, we constructed heat maps to show the link between health, age and labor force 

participation at older ages. This was done using data from two countries (England and the 

United States) and two groups of countries from continental Europe. The measures of health 

were grip strength, chair stand test, peak expiratory flow and mental health. Three of these four 

measures are known as objective measures of physical health and have advantageous properties 

over measures of health typically used in this context (i.e. they are objective and measured on 

a continuous scale). These measures of health are collected in a large—and growing—number 

of countries and points in time in the framework of national longitudinal studies on older 

people, also known as sister studies of the American HRS.  

The heat maps allowed to identify some patterns. First, health has a big influence on the 

proportion of people participating to the labor market among people with lower values of health 

(beyond 1 standard deviation below the median), while age has a bigger influence among 

people with better health (as shown by the “⌐” form of the isolines in Figures 3.4 to 3.7). This 

pattern is to be observed in different countries, and across different measures of health. Thus, 

the relationship between health and labor force participation is not linear. We note two possible 

implications. First, we note that relatively few people are affected by lower participation rates 

in relation to poorer health. In most cases. participation is only slightly lower among people 

with health between 0 and 1 standard deviations below the median. Participation tends to be 

significantly lower among people with health below 1 or 2 standard deviations; however, the 

proportion of these people in the population is by definition small. Second, the way that 

participation changes according to health—as highlighted by the form of the isolines—may 

have implications for the interpretation and assumptions usually made when modeling the link 

between labor force participation and health. One unit change in health seems not to always 

induce the same change in the propensity to work. Rather, it seems that changes of one unit of 

health have a greater impact on participation when health is poor compared to when it is good.  

Visualizations were also used to show differences between countries (or groups of countries). 

They showed differences in labor force participation that varied mostly according to age and 

not so much according to health. This observation echoes the ones made in earlier literature, 

where between country variation in the average retirement age is more due to differences in 

institutional factors such as differences in legislation around retirement than to other factors 

such as health (Blöndal et Scarpetta 1999; Wise 2012). 

Finally, we presented heat maps showing differences in participation between the periods 2004-

2007 and 2012-2013 inside of each country (or groups of countries). In England and in 

countries with high AAI, the greatest gains in labor force participation are attributable to people 

with worse health. We saw that these countries have passed laws that reduce the access or the 

financial attractiveness of programs that offer disability benefits (OECD 2010). Therefore, it is 

probable that fewer people with poorer health could afford to be out of the labor market in the 

second period compared to the first one; in other words, people with poorer health may be 

“forced” to remain in the labor force despite their poor health. However, other factors may have 

played at the same time. Programs that promote the integration to the labor market of people 

with disability are being reinforced in many countries (OECD 2010). Also, work in general is 

becoming physically less demanding over time (Johnson et al. 2011). Therefore, our 

observations may translate a greater willingness and a greater range of possibilities for older 

people with poorer health to participate to the labor market. 

We conclude with some comments on the methods used. We considered the association 

between age, health and labor force participation inside of different countries and at two points 

in time.  We saw that this association varied between the different countries and at different 
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points in time. Health, however, may vary across countries or over time, although our analyses 

did not account for that. Therefore, our results are of higher relevance for studying change in 

participation at the individual rather than at the aggregate level. This finding is useful for 

further, more advanced analyses. In addition, the method is flexible and allows for 

modifications that can help answering different questions, for example on disparities between 

countries and over time. The HRS and its sister studies continue to collect data on the health 

and labor force participation of the elderly. Moreover, new studies that have the HRS as model 

are being implemented in more countries. Thus, the method presented here can be used to 

compare the link between health and labor force participation of older people in a growing 

number of countries and at more points in time. This may contribute to a better understanding 

of the link between work and health in the context of the major changes taking place concerning 

work at older ages. 
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ABSTRACT 

To mitigate the effects of population aging, measures aimed at encouraging people to work longer are 

being implemented in many countries. However, older people are usually in poorer physical health, and 

poorer physical health is associated with premature labor force withdrawal. We investigate whether the 

age-related decline in physical health represents a hurdle to higher labor force participation levels at 

older ages by proposing a simulation in which the age profile of physical health stays constant over 

time, while all other factors that predict labor force participation are postponed. The model is fitted 

using data collected by the Survey of Health, Aging and Retirement in Europe (SHARE) in 14 European 

countries. The results show that on average across these countries, the effect of health on labor force 

participation levels is small. This effect is slightly bigger in countries in which labor force participation 

levels and the share of the population receiving disability benefits are already high. Thus, the decline in 

physical health with age should not greatly limit the effectiveness of policies designed to encourage 

employment at older ages. 

 

In the context of population aging, measures are being taken in many OECD countries to 

promote work at older ages. One such measure is raising the pensionable age, or the age at 

which workers can start collecting pension benefits. Examples of countries that have increased 

the pensionable age include the United States, the Netherlands, the United Kingdom, Italy, and 

France (OECD, 2015). 

Concerns have been raised about whether people will remain healthy enough to be able to 

continue to participate in the labor market as they grow older. The implicit assumption of 

linking changes in the pensionable age to changes in life expectancy is that the ability to work 

changes along with life expectancy. However, shifts in healthy life expectancy are arguably 

more closely related to changes in the ability to work than life expectancy as such. So far, the 

question of whether longer life is accompanied by more years in good health has not been fully 

answered. While the prevalence of severe disability seems to be declining over time, less severe 

forms of disability are becoming more common (Klijs et al. 2010; Lefrancois et al. 2013; 

Cambois et al. 2008). Trends in chronic conditions suggest that morbidity is expanding 

(Chatterij et al. 2015; Crimmins and Beltran-Sanchez 2011). Other measures of health have 

uncovered contradictory trends in different countries (Verropoulou and Tsimbos 2016). 

People often retire before reaching pensionable age, and secure income via other governmental 

programs. Retiring prior to reaching pensionable age is associated with poorer health. This 

association is weaker among people who collect early retirement benefits or unemployment 

benefits (Bazzoli 1985; Alavinia and Burdorf 2008; Robroek et al. 2013) but stronger among 

people who collect disability benefits (Karpansalo et al. 2004; Robroek et al. 2013). If healthy 

life expectancy stays constant over time and people do not become eligible for pension benefits 

until they reach a higher age, we can assume that more people will use these routes to early 

retirement. This dynamic could put more pressure on these programs, thereby undermining the 

efficiency of a higher pensionable age. But how big is this problem likely to be? 

The paper is organized as follows. First, we provide a framework that establishes the conditions 

for higher participation in the context of a higher retirement age. Then, in the methods section, 

we give an overview of the data and variables used, we introduce the model, and we show how 

the simulation is performed. In the results section, we illustrate the fit of the model. Next, we 

present the results of the simulation for an average European country, first in the form of 

working life expectancy, then in the form of characteristics-based ages. In the last part of the 

results section, we test the sensitivity of the results by running the simulation on two groups of 

countries that differ concerning work and health at older ages. In the last section, we discuss 

the findings and the limitations of the study. 
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FRAMEWORK 

The increase in the age at which individuals become eligible to receive pension benefits is 

expected to have a positive effect on labor force participation levels at older ages. To our 

knowledge, however, it has never before been clearly stated how much labor force participation 

levels are expected to increase as a result of raising the normal retirement age. Furthermore, 

we know of no existing framework that has clarified through which mechanisms changes in 

the pensionable age will lead to higher labor market participation levels. In this section, we 

propose a framework that sheds light on these two issues. 

Our framework builds on the characteristics approach to the measurement of population aging 

developed by Sanderson and Scherbov (2013). The application of this approach has shown that 

the pace at which the average individual ages varies across different populations and 

subpopulations. Because chronological age is always computed the same way (i.e., using time 

from birth), it does not capture such differences. The characteristics that are relevant for 

defining how old a person is can be used alongside age to compare how people age across 

subpopulations. For example, a study conducted in the United States used the characteristics 

approach to compare the aging rates of different subpopulations based on grip strength. The 

results showed that, on average, more educated people of a given chronological age had the 

same grip strength as less educated people with a younger chronological age. The authors 

therefore concluded that as measured by grip strength, more educated people age at a slower 

pace than less educated people (Sanderson and Scherbov 2014b).  

We consider here a hypothetical country with a normal retirement age of 65 years old. The 

characteristic “being eligible for pension benefits” is bound to age 65. Let us further assume 

that, in the same country, legislation is passed that postpones eligibility by two years of age. 

The individuals affected by the change in legislation will have the characteristics “being 

eligible for pension benefits” at the chronological age of 67 instead of 65. In both cases, 

however, the characteristics-based ages of these people are the same as measured by eligibility 

for pension benefits. 

Eligibility for pension benefits does not always equate to retirement, as people often retire 

before or after that age. In the present paper, we are interested in people’s behavior as measured 

by their participation in the labor force. We will therefore concentrate on the characteristic 

“being out of the labor force because of retirement”. We will assume that a change in legislation 

that postpones by n years the age at which an individual becomes eligible for pension benefits 

is intended to encourage an equivalent postponement of retirement. In other words, we assume 

a change of two years in the characteristic “being eligible for pension benefits” to mean an 

expected change of two years in the characteristic “being out of the labor force because of 

retirement”, regardless of the age at which the change takes place.  

Whether this expectation will materialize depends on the change in the schedule of all of the 

characteristics that together determine the timing of retirement. This set of characteristics 

includes, for example, the social norms regarding retirement and financial preparedness. The 

discrepancy between the expected change in retirement timing and the actual change will 

depend on two things: the size of the impact of each characteristic of the set on retirement 

timing; and the amount of change that takes place in this characteristic’s schedule. 

In the present paper, we investigate the specific impact of one of those characteristics; namely, 

physical health. Cross-sectional studies have consistently shown that there is an association 

between being in poor physical health and leaving the labor force before reaching the statutory 

retirement age. For example, conditions like stroke, diabetes, heart disease, and arthritis 

(Alavinia and Burdorf 2008; Smith et al. 2014; Kalwij and Vermeulen 2008); a lack of physical 
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activity (Alavinia and Burdorf 2008); musculoskeletal problems (Alavinia and Burdorf 2008; 

Smith et al. 2014); and lower grip strength (Kalwij and Vermeulen 2008) are all factors 

associated with being out of the labor force prior to reaching the statutory retirement age. These 

associations hold when studied from a cross-sectional (Van Rijn et al. 2014) as well as from a 

longitudinal perspective (Van der Noordt et al. 2014).   

Out of all of the characteristics that could hinder an increase in the labor market participation 

rates of older people, we consider the characteristic physical health to be of particular 

importance. While it may be possible to intervene to support some personal characteristics that 

pertain to the capacity of an older person to perform work, like motivation or skills; there is 

little that can be done to reverse a decline in physical health with age (Ilmarinen 2001). 

Furthermore, while changes in legislation may be able to influence characteristics like norms 

or financial preparedness, they have no or little impact on physical health. 

Another important characteristic that influences work ability is mental health. The relationship 

between retirement and mental health is complex. While mental health has been found to have 

an impact on retirement (Olesen 2012), the opposite causality has also been found (Van der 

Heide 2013). Thus, age-related changes in mental health can be misleading (Riffe et al. 2017). 

By contrast, physical health can be more easily considered as a function of age, as there is no 

consistent evidence that retirement affects this dimension of health (Johnston and Lee 2009). 

For this reason, we focus on physical health, although the method used to measure physical 

must be chosen with care (Bound and Waidman 2007).  

In the present paper, we propose a simulation in which we simulate a change in legislation that 

postpones eligibility for pension benefits by n years. We thereby assume that except for 

physical health, all of the characteristics that determine timing to retirement are also postponed. 

We then provide a measure of the discrepancy between the expected n value and the actual n 

value that originates from delaying the schedule of all characteristics that predict timing to 

retirement except physical health. 

 

METHODS 

Data Source 

We use data from wave 2 (2006–2007) of The Survey of Health, Ageing and Retirement in 

Europe (SHARE) (Börsch-Supan et al. 2013; Börsch-Supan 2016a) 9. Although SHARE offers 

data at more points in time, wave 2 is the wave that best suits our needs in terms of measures 

of physical health. Furthermore, using data from this period allows us to avoid the negative 

impact that the Great Recession had on labor market participation at older ages in many 

countries. The countries that participated in wave 2 are Austria, Germany, Sweden, the 

Netherlands, Spain, Israel, Italy, France, Denmark, Greece, Switzerland, Belgium, the Czech 

Republic, Poland, and Ireland. We dropped observations collected in Israel to focus on Europe 

                                                           
9 The SHARE data collection has been primarily funded by the European Commission through FP5 (QLK6-CT-

2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193, COMPARE: CIT5-CT-2005-028857, SHARELIFE: 

CIT4-CT-2006-028812) and FP7 (SHARE-PREP: N°211909, SHARE-LEAP: N°227822, SHARE M4: 

N°261982). Additional funding from the German Ministry of Education and Research, the U.S. National 

Institute on Aging (U01_AG09740-13S2, P01_AG005842, P01_AG08291, P30_AG12815, R21_AG025169, 

Y1-AG-4553-01, IAG_BSR06-11, OGHA_04-064) and from various national funding sources is gratefully 

acknowledged (see www.share-project.org). 
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only. We further limit the observations we use to those in which the respondents were aged 

50–64 at the time of the interview. The lower age limit is imposed by the survey. The upper 

age limit was chosen because the estimates become increasingly erratic at higher ages as the 

number of people who remain active in the labor market declines. The number of observations 

for those countries at these ages is 17,983. Figure 4.1 breaks them down by country. 

Figure 4.1 Number of osbservations included in the dataset, by country. Source: own 

calculations with SHARE data. 

The variables 

The health variable 

The health variable is a composite measure in which we take the average of the standardised 

score obtained in three tests of physical health: grip strength, peak expiratory flow, and chair 

stand. Although SHARE offers more measures of health, we have chosen to limit ourselves to 

these three as they are the only measures available that are objective and measured on a 

continuous scale. The objective property allows us to avoid any justification bias (Lindeboom 

and Kerkhofs 2009), while the continuous property enables us to make a more precise 

assessment of the impact of health on labor force participation (more on this below). The three 

measures are all part of SHARE’s module on objective measures of physical health. A fourth 

measure, walking speed, is not used here as it is only collected among people aged 75 and 

older.  

Grip strength measures upper body strength and is an indicator of general physical vitality. It 

is assessed using a Smedley spring-type dynamometer and is given in kilograms. Grip strength 

has been shown to predict incapacity, hospital stays, death, and decline in cognitive health. 

Good reviews of the literature on the link between grip strength and different health outcomes 

can be found in Bohannon (2008) and Sanderson and Scherbov (2014b). 

The lung test is performed using a Mini-Wright Peak Flow Meter. It measures the maximum 

strength with which the respondent expires air out of his or her lungs. The result is given in 

litres per minute. This test is especially useful in detecting respiratory problems such as asthma 

and emphysema. It can predict death (Cook et al. 1991) and the decline in cognitive capacities 

(Albert et al. 1995) and is linked to other measures of physical health (Seeman et al. 1994). 
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The chair stand test measures lower body strength and is also an indicator of general physical 

vitality. Some variants of this test exist. We use the variant where the participant is asked to sit 

on a chair with his or her arms crossed and to get up and sit down again five times as quickly 

as possible. The result of the test is given in seconds. This test has been shown to predict 

mortality (Cooper 2010b) and constitutes a good proxy of general health (Jones et al. 1999; 

Rozanska-Kirschke et al. 2006). 

Labor force participation 

The SHARE participants were asked about their labor force status at the moment of the 

interview. SHARE breaks down the answers into six categories: retired, working, unemployed, 

permanently disabled, homemaker, and other. We considered the people who were classified 

as working or unemployed to be active on the labor market and assigned them the value one. 

Conversely, we considered the people who were classified as belonging to any of the other 

categories to be inactive and assigned them the value zero. 

Imputation 

Some observations did not have a valid value for each variable of health or for the variable of 

labor force participation. Furthermore, the values that were less than three seconds for the chair 

rise were reconverted into missing, as we judged them to be very unlikely. This cut-off is based 

on another survey that contains results for the same test10. The numbers of missing values are 

as follows: 1183 observations concerning grip strength, 1773 observations concerning peak 

expiratory flow, 3379 observations concerning the chair stand, and 469 observations 

concerning labor force participation.  

The missing values for health are mainly attributable to the respondent being unable to perform 

the necessary test, often because of a temporary or a long-lasting injury or disability. 

Accordingly, having a missing value is significantly associated with worse self-assessed health 

(regression models controlling for age and sex; coef: −.5400 (grip); −.4449 (peak); .6048 

(chair); all significant at the 0.01 level). Ignoring those values would likely underestimate the 

impact of physical health on work.  

We used multiple imputation in order to replace the missings with imputed values (Little and 

Rubin 2002). We performed a sequential imputation using a logistic regression on labor force 

status and a linear regression on grip strength, peak expiratory flow, and chair stand. The 

predictors were self-assessed health, country, gender, and age. The analyses were produced 

based on the average of 25 imputations. The command mi impute of Stata version 12 was used 

to produce the imputation (Stata Corp 2011). 

Standardization 

Our analyses are based in part on the density function of the composite measure of physical 

health. We assume that each of the three measures of physical health are normally distributed. 

From the outset, the distributions of the grip and peak expiratory flow outcomes were fairly 

close to a normal distribution for each sex. The chair stand outcomes were skewed to the right. 

We reconverted this measure’s values into their natural logarithms. Tables 4.1 and 4.2 present  

summary statistics on the distribution of each variable for men and women, respectively. 

  

                                                           
10 The English Longitudinal Survey on Ageing did not contain any value below 3 concerning this same 

measurement.  
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Table 4.1: Summary statistics for the three measures of health, men 

 Grip Strength 

Peak expiratory 

flow Chair Stand (log) 

Mean 47.9 466.4 2.7 

Median 48.0 470.0 2.7 

Minimum 1.0 31.0 0.4 

Maximum 84.0 880.0 3.9 

Skewness -0.3 -0.2 -0.9 

 

Table 4.2: Summary statistics for the three measures of health, women 

 Grip Strength 

Peak expiratory 

flow Chair Stand (log) 

Mean 29.4 319.7 2.6 

Median 30.0 320.0 2.7 

Minimum 0.0 32.0 0.5 

Maximum 75.0 850.0 3.9 

Skewness 0.0 -0.1 -1.0 

 

Since the value of each measure of health may not have the same meaning between the sexes 

and across countries, we reconverted each measure according to the standard deviation to 

which it belonged. The standard deviations were computed by sex and country. For each 

measure, we created 60 categories with a 0.1 standard deviation width going from three 

standard deviations below the median up to three standard deviations above the median. The 

values below and above those marks were considered to be extreme outliers, and the 

observations to which they belonged were dropped. The analyses were run on a total of 17,507 

observations. As the results of the Pearson test displayed in Table 4.3 show, each measure of 

health is relatively independent of the other two. We therefore assume that the composite 

measure covers a fairly broad spectrum of physical health. 

Table 4.3 Correlation matrix between the measures of physical health grip strength, peak 

expiratory flow and chair stand 

  Grip Strength 

Peak expiratory 

flow 

Grip Strength    

Peak expiratory flow 0.2040   

Chair Stand 0.3438 0.2427 

 

The model 

The goal of the model is to isolate the specific influence of physical health from the other 

factors that influence retirement timing. This will allow us to simulate a postponement of all 

the characteristics that are relevant to retirement timing, except for physical health. The model 

rests on three building blocks: (1) participation as a function of age, (2) health as a function of 

age, and (3) participation as a function of health. The model is fully parameterised, which 

allows us to obtain more consistent estimates. Here we give a formal description of the model. 
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(1) Participation as a function of age. Age captures much of the variation in participation at 

older ages. It is a good proxy for different underlying factors that determine retirement timing, 

such as financial preparedness, norms, and health. We model change in labor force 

participation according to age following the logistic function 

𝐿𝑥 = 𝑐𝑙 +
𝑎𝑙𝑒𝑏𝑙(𝑥−𝑚𝑙)

1+𝑒𝑏𝑙(𝑥−𝑚𝑙)   (1) 

where Lx = the proportion of people participating on the labor market at age x, b determines the 

strength of the age-related change in participation, m is the age where the slope is the steepest 

(i.e. the modal age of exits from the labor market), c is the lower boundary (i.e. the minimum 

proportion of people active) and c + a is the upper boundary (i.e. the maximum proportion of 

people active). The subscript l refers to labor force participation. In estimating the parameters, 

we imposed the constraint that c could not go below 0, as negative participation is impossible.  

(2) Health as a function of age. The age-related decrease in health is the main source of concern 

when considering the possibly negative impact of health on the postponement of labor force 

participation. The normally distributed variable of health is modeled based on its mean value 

and standard deviation. We modeled change in mean health according to age based on a logistic 

function, supposing that mean health varies between an upper and a lower boundary as we 

move along the x axis representing age 

µ𝑥 = 𝑐ℎ +
𝑎ℎ𝑒𝑏ℎ(𝑥−𝑚ℎ)

1+𝑒𝑏ℎ(𝑥−𝑚ℎ)   (2) 

where µx = mean health at age x, b determines the strength of age-related changes in mean 

health, m is the age where the slope is the steepest, c is the lower boundary (i.e. the minimum 

mean health) and c + a is the upper boundary (i.e. the maximum mean health). The subscript 

h refers to health status. 

We consider the health of the active population on the one hand and the health of the whole 

population on the other hand. For each specification of the model, the health of the active 

population was found to be significantly better than the one of the non-active population 

(controlling for age and sex). Due to some random fluctuation, the curves of the age specific 

mean values of physical health for the active population and the one for the whole population 

sometimes crossed. In order to obtain a realistic model, we impose two constraints. For both 

populations we set c at “0”, supposing that both curves approach 0 as age gets higher. Then, 

we impose that a be at least equally high for the active population as for the whole population.  

The health function of age is further defined in terms of the age-specific standard deviations. 

The variation of the observed standard deviations according to age do not show any significant 

slope. As there is also no theoretical reasons to believe standard variation should vary according 

to age, we model the standard variation based on the average standard deviation observed 

between age 50 and 64 for both sexes. 

(3) Participation as a function of health. The variation in participation according to health is 

found based on the age-participation as well as the age-health functions described above. Based 

on the age-specific mean health and standard deviation, we find for each age the health density 

of the whole population. Using the same parameters, we find the health density of the active 

population and we weight it according to the age-participation function described by Equation 

(1). The health-specific levels of participation are found by dividing the function describing 

the health of the active population weighted by the proportion participating on the labor market 

by the function describing the health of the whole population.  
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More formally, the health of the whole population is defined in terms of the density function 

𝑊ℎ,𝑥 =  
1

𝜎𝑤,𝑥√2𝜋
 𝑒

−
1

2
 (

ℎ−𝜇𝑤,𝑥
𝜎𝑤,𝑥

)
2

  (3) 

where Wh,x = the share of the whole population with health status h at age x,  𝜇𝑤,𝑥 is the mean 

health of the whole population at age x as provided  by equation (2), 𝜎𝑤,𝑥  is the standard 

deviation of the health measure of the whole population and h is a health value of infinitesimal 

width.  

The health of the active population is defined in terms of the product of the age-specific level 

of participation and of the density function 

𝐴ℎ,𝑥 = 𝐿𝑥(
1

𝜎𝑎√2𝜋
 𝑒

−
1

2
 (

ℎ−𝜇𝑎,𝑥
𝜎𝑎

)
2

) (4) 

where Ah,x = the share of the active population with health status h at age x, Lx the participation 

level at age x, 𝜇𝑎,𝑥 is the mean health of the active population at age x as provided  by equation 

(2), 𝜎𝑎,𝑥 is the standard deviation of the health measure for the active population and h is a 

health value of infinitesimal width.  

We divide the proportion of people active on the labor market inside of the density function of 

the active population by the density function one of the whole population. This provides us 

with health and age specific labor force participation rates 

𝐴ℎ,𝑥

𝑊ℎ,𝑥
= 𝑙ℎ,𝑥         (5) 

where 𝑙ℎ,𝑥= the level of participation at health h and age x.  

The simulation 

The simulation consists in applying the set of health specific levels of participation described 

by Equation (5) to the population that is 6 years older. We base this figure on Eurostat’s 

projected raise in life expectancy at age 65 to the horizon 2057 (Eurostat high variant scenario; 

Eurostat 2016b), as many countries have decided to synchronize changes in the age at which 

pension benefits are available with changes in life expectancy (OECD 2011a).    

The simulation can be described as a two steps procedure. First, the product of the postponed 

health-specific levels of participation and of the health density of the whole population is found 

𝑙ℎ,𝑥+𝑛,𝑡𝑊ℎ,𝑥,𝑡 =  𝐴ℎ,𝑥,𝑡+𝑇 
  (6) 

where 𝐴 ℎ,𝑥,𝑡+𝑇  = the density for the population that is active on the labor market with health 

h and age x, supposing a postponement in all characteristics inherent to retirement timing 

except for physical health. Then, by summing up the values of A over all values of h 

      

∑ 𝐴ℎ,𝑥,𝑡+𝑇 ℎ = 𝑙𝑥+𝑛,𝑡+𝑇   (7) 

we obtain a set of age specific participation rates, where 𝑙𝑥+𝑛,𝑡+𝑇  = the age specific 

participation rate supposing a postponement in all factors allowing people to work longer, 

except physical health.     
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Men       Women 

Panel 1: Labor force participation by years of age (eq. 1) 

 
Panel 2: Mean health by years of age (eq. 2) 

 
Panel 3: Standard deviation by years of age  

 
 

Figure 4.2 Estimated and observed values, for the parameters proportion participating 

on the labor market, mean health and standard deviation of health, men and women 
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RESULTS 

The results are presented in three parts. First, we present the outcomes for men and women, 

pooling the data from all of the countries included in the dataset. We also demonstrate the fit 

of the model and illustrate how we simulated a postponement of retirement while keeping 

physical health constant. Second, using working life expectancy, we present for the same sets 

of observations the size of the impact of declining physical health on the postponement of 

retirement. Third, we assess the sensitivity of the results by comparing them between two 

groups of countries. 

Fitting the model  

Figure 4.2 presents for men and women the fitted and observed values of labor force 

participation by year of age (Panel 1), mean health by year of age (Panel 2) and the standard 

deviation by year of age (Panel 3). The fitted values give the L, μ and σ, parameters, 

respectively. 

The µ and 𝜎 values represented by the blue line (whole) in Panel 2 and Panel 3 allow us to 

obtain health densities for the whole population for each year of age (Equation 3). The health 

density of men age 55, Wx,55 , is represented in blue in the top left graph of Figure 4.3. The µ 

and 𝜎 values represented by the red line (active) in the same panel allows us to obtain health 

densities for the active population (Equation 4). These are multiplied by the proportion of 

people of the same age that is active on the labor market as described in Figure 4.2. The 

resulting proportion is represented by the red, bell-shaped surface in the top left graph of  

Figure 4.3 (Ax,55). 

 

 

 
 

Figure 4.3 Illustration of the simulation of a postponement of labor force participation keeping 

physical health constant, men, age 55 to 61 
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Dividing the red bell-shaped curve with the blue one of the top left graph of Figure 4.3 

(Equation 5) provides us with the top right graph in the same figure. The curve represents the 

health specific participation rates (lh,55). 

The blue bell-shaped curve in the bottom left graph represents the health density of men age 

61. These men are assumed to have the same labor force participation as people age 55 after 

postponement. However, the health of the men age 61 is poorer than that of the men age 55, as 

represented by the lower µ value (age 55=31.5; age 61=29.4). We multiply this health function 

with the health specific participation levels of people age 55 (Equation 6), as represented in the 

top right graph (lh,55). This provides us with the proportion inside the bell-curve represented in 

red. It is the proportion of people working at age 61 supposing a 6 years postponement of all 

the factors that determine labor force participation except physical health (Equation 7). As a 

result of the limiting effect of declining physical health, the surface in red in the bottom left 

graph is slightly smaller than the surface in red in the top left graph. 

 

 

 

Figure 4.4 Illustration of the simulation of a postponement of labor force participation 

keeping physical health constant, men, age 60 to 66 

Figure 4.4 illustrates the same process taking place between age 60 (baseline) and age 66 

(postponement). Here, we see that the health as well as the participation levels are lower due 

to higher age. Figure 4.5 illustrate the resulting levels of participation for all years of age and 

compares them with the levels that would have been obtained if physical health did postpone 

along with the rest of the characteristics determining retirement timing. 

Work life expectancies 

As a way to present the results, we computed abridged working life expectancy for each sex, 

pooling all observations from the 14 countries. The results represent the situation of an average 

European country. Here, the working life expectancy is just the area under the participation 
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curve, as defined by Equation (7). It is calculated on 20 years of age, and conditionally on being 

active at baseline (i.e., the area under the curve is divided by participation at baseline). 

The working life expectancy was first calculated between age 50 and age 70, without supposing 

any change in characteristics. The results of this computation are represented in Figure 4.6 by 

the full bars, which reach 10.74 years for men and 9.28 years for women. The postponement 

of the eligibility for retirement benefits, with a corresponding postponement in the whole set 

of characteristics inherent to retirement timing including physical health would mean that 

people aged 56–76 would, at baseline, have the same working life expectancy as people aged 

50–70. The right part of the bars shows the discrepancy introduced by the failure to postpone 

the decline in physical health, while all of the other factors are postponed. The discrepancy is 

quite small in each case; reaching 0.36 years for men and 0.55 for women. 

 

Figure 4.5 Proportion active on the labor market by year of age, with and without the limiting 

effect of physical health on postponement 

 

Figure 4.6 Work life expectancy age 56-76, with and without the limiting effect of physical 

health on postponement, men and women 

Another way to look at the same results is by using the characteristics-based age. Here, we use 

the remaining working life expectancy as a characteristic to assess the size of the discrepancy 

introduced by postponing all of the factors inherent in labor force participation except health. 

The results are presented in Table 4.4. Assuming a six-year postponement, people aged 56 are 

expected to have the same remaining working life expectancy as people aged 50 if all of the 
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relevant factors are postponed. The failure to postpone the decline in physical health brings this 

figure down to 55.62 for men and to 55.42 for women. 

Table 4.4 Age at which work life expectancy is the same as reference age, supposing a 

postponement in all factors except physical health, men and women 

 

Age at which work life expectancy is 

the same as reference age 

Reference age Men Women 

56 55.62 55.42 

 

Sensitivity analysis 

The results presented above give us an idea of the impact of a constant age profile of physical 

health when the rest of the factors predicting retirement are postponed in an average European 

country. Here, we assess whether this average could hide big discrepancies between countries. 

In order to obtain more stable estimates, we produced results for two groups of countries rather 

than for single countries. 

The groups are built so that they diverge from each other in terms of the impact of health on 

the postponement of retirement. The first group is comprised of countries that have higher 

levels of labor force participation at older ages and higher shares of the population aged 50–65 

receiving disability benefits: namely, Sweden, Denmark, the Netherlands, Ireland, the Czech 

Republic, and Spain. The second group is comprised of countries that have lower levels of 

participation and lower shares of the population aged 50–65 receiving disability benefits: 

namely, France, Greece, Austria, Belgium, and Italy. Levels of participation at older ages are 

calculated by Eurostat for the year 2007 (Eurostat 2016a). The proportions of the population 

receiving disability benefits are calculated based on auto-declaration and are found in Börsch-

Supan (2011).  

Our a priori assumption is that the impact of physical health on the postponement of retirement 

will be bigger in the first group, because the people in this group tend to still be working at 

higher ages, and older people tend to be in poorer physical health. Furthermore, we expect the 

higher share of the population receiving disability benefits to translate into a bigger impact of 

health on labor force participation. We call the first group the high-impact countries, and the 

second group the low-impact countries. 

The results in Figure 4.7 confirm our expectation. In the high-impact countries, the number of 

years men are expected to spend in the labor market between ages 56 and 76 is 11.63. The 

actual figure is 11.12; a difference of 0.51 years. In the low-impact countries, men are expected 

to spend 9.48 years in the labor market between ages 56 and 76 with the postponement of all 

characteristics. When the limiting effect of physical health is taken into account, the figure is 

9.28; a difference of 0.25 years. 

The discrepancy between the high- and the low-impact countries is smaller among women. The 

number of years women are expected to spend in the labor market between ages 56 and 76 

assuming a postponement is 10.13 in the high-impact countries. The actual value after taking 

the limiting effect of physical health into account is 9.50; a difference of 0.62 years. In the low-

impact countries, working life expectancy is 8.24 years when the postponement of all factors 

is assumed. The actual figure is 7.80; a difference of 0.44 years. 
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Figure 4.7 Work life expectancy age 56-76, with and without the limiting effect of physical 

health on postponement men and women, high vs. low impact countries 

The characteristic ages translate into the same results (Table 4.5). In the high-impact countries, 

men aged 55.47 and women aged 55.33 have the same working life expectancy as their 50-

year-old counterparts at baseline. In the low-impact countries, men aged 55.74 and women 

aged 55.55 have the same working life expectancy as their 50-year-old counterparts at baseline. 

Table 4.5 Age at which work life expectancy is the same as reference age, supposing a 

postponement in all factors except physical health, men and women, high vs. low impact 

countries 

 Age at which work life expectancy is the same as reference age 

Reference age Men high Men low Women high Women low 

56 55.47 55.74 55.33 55.55 

 

 

DISCUSSION 

In the present paper, we proposed a simulation of the impact of physical health on labor force 

participation when the age at retirement is postponed. The simulation was based on a 

framework in which we considered physical health as a distinct characteristic predicting 

retirement timing. In this framework, physical health was the only characteristic that was not 

postponed. The model – which is based on an age-function of labor force participation, as well 

as on changes in physical health according to age in the active population relative to the whole 

population – allowed us to isolate the effect of physical health on participation. Physical health 

was measured objectively using standardized grip strength, peak expiratory flow, and chair 

stand tests. The estimates were based on data collected in 2006 and 2007 in 14 SHARE 

countries. 

The results suggest that physical health had a limited effect on the postponement of retirement. 

We saw that the link between labor force participation and physical health varied little between 

people aged 56–76 years and people aged 50–70. More precisely, when we included in our 

analysis a postponement of all of the characteristics that are relevant to retirement timing except 

physical health, we found that relative to the younger group, the older group had a working life 

expectancy that was only 0.36 years shorter among men, and 0.55 years shorter among women. 

In other words, a man aged 55.62 and a woman aged 55.42 could expect to work as many years 
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as their 50-year-old counterparts if all of the characteristics that predict retirement except for 

physical health are postponed six years. The results did show some sensitivity to country 

differences. This was especially true among men, for whom the impact of stagnating physical 

health doubled between the so-called low- and high-impact countries. However, the impact in 

these countries remained small, as the loss in terms of working life expectancy due to physical 

health hovered at around 0.5 years out of almost 12 years. 

We attribute our finding that stagnating health had only a small effect on the postponement of 

retirement to the following mechanism. Although physical health has an important effect on 

labor force participation – as has been repeatedly shown in occupational health research – this 

effect is strong for only a relatively small number of people. Furthermore, although physical 

health declines considerably with age, it does not deteriorate so quickly that older people are 

unable to continue working at higher ages, as long as the postponement of retirement stays 

within reasonable boundaries. Our observation that the impact of physical health was greater 

in the countries in which higher shares of the population were participating in the labor market 

and receiving disability benefits confirms those findings. 

These results echo the findings of some previous studies that examined the question of whether 

older people are physically and mentally able to work longer. Crimmins et al. (1999) and 

Reynolds and Crimmins (2010) found that the self-assessed ability to work has been rising in 

the American population aged 50–70 since the end of the 1980s. Milligan and Wise (2015) 

found for a sample of OECD countries and Rehkopf et al. (2017) found for the United States 

that the unused capacity to work at older ages was “substantial”. Milligan and Wise reached 

that conclusion based on levels of labor force participation specific to mortality conditions over 

time, while Rehkopf et al. did so based on estimates of the link between labor force 

participation and a battery of health and socio-demographic variables. 

These results, as well as the findings presented in this paper, all strongly suggest that health 

should not be a serious hurdle to higher labor force participation at older ages. The present 

paper expands the existing evidence in several ways. First, we documented the specific role of 

physical health. Moreover, our use of objective measures allowed us to avoid the justification 

bias, which has been shown to have the potential to bias upwards the effect of health on labor 

force participation. The three measurements (grip strength, peak expiratory flow, and chair 

stand) cover a broad spectrum of physical health characteristics. The model, which rests on a 

few parameters that are easy to estimate, is fairly simple and can be reproduced with data from 

SHARE’s sister studies, like the Health and Retirement Study and the English Longitudinal 

Studies on Ageing. 

However, the approach we used here has some limitations. We did not consider the role of 

mental health, which has also been shown to also have an important impact on early exits from 

the labor force. If the physical demands of work continue to decrease, studying the impact of 

mental health on the ability to continue working could become more relevant. The three 

measures of physical health that we used were the only ones available that met our criteria. 

Even though these measures have been shown to be fairly independent of each other, they do 

not necessarily cover all aspects of physical health. As a result, the impact of physical health 

on labor force participation could turn out to be somewhat larger than is estimated here, 

although we do not believe that the findings of a study that covered a wider range of physical 

health characteristics would be dramatically different. Finally, we did not investigate how the 

impact of health varies according to socioeconomic status. Given that levels of health differ 

considerably across subpopulations, and that the work done by people with lower 

socioeconomic status is often physically demanding, this question constitutes an important 

topic for future research. 
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ABSTRACT 

Higher labor force participation of older workers is being advocated in western countries. Measures 

such as raising the official retirement age will be effective only to the extent that people are physically 

and mentally able to work longer. Previous methods that were proposed to quantify capacity to work at 

older ages (namely, the Milligan-Wise and Cutler-Meara-Richards-Shubik methods) do not reflect the 

actual experience of workers. Moreover, they do not address the differences in capacity to work between 

population subgroups. We propose a new approach that is based on a survival analysis of retirement 

and the Anderson and colleagues’ approach to cause-specific years of life lost, which allows to quantify 

the number of years that would be worked if workers would only retire when they become unable to 

work. We apply our approach to American workers born between 1936 and 1947 and find an unused 

capacity to work of almost 5 years between age 55 and 69. Moreover, we find that workers with a 

college degree have the capacity to work two more years compared to workers without a high school 

degree, and that managers have the capacity to work 1.7 more years compared to manual workers. 

 

In order to counteract the negative effects of population aging on the sustainability of pension 

schemes and on economic growth, higher labor force participation of older workers is 

advocated in western countries (Bongaarts 2004; Christensen et al. 2009; Vaupel and 

Loichinger 2006; Scherbov et al. 2014). Longer active lives are encouraged by raising the age 

at eligibility to pension benefits and by restricting access to early retirement benefits (OECD 

2015). When taking such measures, governments implicitly assume that workers are healthy 

enough to keep working beyond the ages at which they currently retire. In other words, they 

assume that there is substantial unused capacity to work past the traditional retirement ages. If 

this proves right, workers are likely to respond to the policy changes and work longer. If this 

proves wrong, workers will retire due to poor health and the policy changes will have little 

effect on retirement behavior. 

In this paper, we propose a new population level measure of capacity to work at older ages. 

Research that already provided such measures is recent but flourishing. Following Wise (2017), 

we consider two groups of papers that followed two distinct methods. We first consider the 

group that applied the Milligan-Wise (MW) method (Milligan and Wise 2015; Coile et al. 

2017a). The MW method is based on historical trends in the relationship between employment 

and mortality. In a recent application of the method to older American men (Coile et al. 2017b), 

the authors ask what the amount of employment would be if for each mortality rate in 2010, 

men age 55-69 would work as much as men with the same mortality rates in 1977. The authors 

find a “potential additional employment capacity” of 4.2 years (Coile et al. 2017b, p.378); that 

is, men would work 4.2 more years if for each mortality rate between ages 55 and 69 in 2010, 

they worked as much as men with same mortality rate in 1977. The method was applied to 

different countries (Wise 2017), but results for women and population subgroups still lack.  

The second group of papers applied the Cutler- Meara- Richards-Shubik (CMR) method 

(Cutler et al. 2013; Coile et al. 2017a) or other closely related methods (Rehkopf et al. 2017; 

Boissonneault and De Beer 2017). The CMR method consists in calculating the amount of 

employment that would be obtained if for each level of health, men and women aged 55 to 69 

worked as much as men and women aged 50 to 54 with the same level of health. In an 

application of the method to older American workers, Coile and colleagues (2017b) find that 

men age 60 to 64 have an additional capacity to work of about 17%, while men age 65 to 69 

have one of more than 30%. That is, men of these two age groups could work 17 and 30 percent 

more if for the same level of health, they worked as much as men age 50 to 54. The authors 

also find important potential gains in employment for women. Again, other papers applied the 

CMR method to the situation of other countries (see Wise 2017).  
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Unlike the papers reviewed above, our approach does not infer ability to work based on the 

relationship between employment and mortality or health. Instead, we model capacity to work 

as a function of timing to retirement and the reason for having retired— i.e. due to poor health 

or not—thus reflecting more closely the experience of older workers. We then draw upon 

methods developed for the study of mortality and provide a single, easily interpretable indicator 

of the number of years that would be worked if workers only retired due to poor health. We 

apply our method to the case of American workers born between 1936 and 1947 and show the 

usefulness of our indicator in comparing population sub-groups. Similar to the work reviewed 

above, we find considerable unused capacity to work at older ages. In the meanwhile, we find 

evidence of important differences between races, educational levels and occupational classes. 

In the next section, we present our analytical approach in more detail. This includes a more 

detailed description of the WM method and an adaptation of the Andersen and colleagues’ 

(2013) approach to cause-specific measures of years of life lost. The third section presents our 

data source, i.e. the Health and Retirement Study (HRS). The fourth section presents the results, 

including a breakdown of capacity to work among subgroups as defined by gender, race, 

education, occupation and cohort. The fifth section discusses the results and their implication 

for the ongoing changes in retirement legislation and future research on capacity to work at 

older ages.  

 

ANALYTICAL APPROACH 

Similar to the MW method, our approach aims to provide a measure of capacity to work using 

a single, easily interpretable indicator. The authors of the MW method call this indicator unused 

capacity to work. Coile and colleagues’ (2017b) estimate unused capacity to work at the hand 

of data on the employment and mortality experience of American men for the years 2010 and 

1977. The method is well summarized by a graph. The graph in Figure 5.1 shows two curves. 

The lower curve represents the association between mortality and employment in the year 

2010. Each triangle represents one year of age between ages 55 and 69. The upper curve shows 

the levels of employment that correspond to the same mortality rates in the year 1977. The 

diamonds represent the years of age for which the mortality rates are the same as in 2010. These 

are much younger ages since the mortality conditions improved considerably between 1977 

and 2010. Unused capacity to work is the difference between the lower and the upper curves. 

It is the difference in the level of employment between the years 2010 and 1977 for the same 

mortality rates. By integrating the surface between these two curves, the authors find an unused 

capacity to work of 4.2 years. We identified this surface with the digit “2”. As noted by Coile 

and colleagues (2017b), this unused capacity to work represents 53% of the “average amount 

of employment” observed in the year 2010. The average amount of employment is found by 

integrating the surface under the lower curve in Figure 5.1. We identified this surface with the 

digit “1” and the corresponding quantity is 7.9 years.  

Note that surface 1 in Figure 5.1 is equivalent to what is known as working life expectancy 

(Wolfbein 1949; Willekens 1980; Denton et al. 2013). Working life expectancy is the number 

of years that a worker can expect to work given a set of age-specific rates of exit from work 

into retirement. Similar to life expectancy, it is obtained by integrating the person-years lived 

in the state “working” between two years of age. To interpret surface 2, we call upon the 

approach to cause-specific years of life lost introduced by Andersen and colleagues (2013). 

The Andersen and colleagues’ approach is to some extent a simplified version of the better 

known associated single decrement life table or “cause-deleted” life table (Gardner and 

Sanborn 1990; Preston et al. 2001). These approaches are used by demographers and 

epidemiologists to study the impact of specific causes of death on mortality. The Andersen et 
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al. approach takes the period comprised between two years of age and partitions it between the 

years spent in the state “alive” and the years “lost” to different causes of death. Years of life 

lost to specific causes of death are obtained by integrating, between two years of age, the 

amount of years spent in the state “dead” following death from a specific cause. Each year of 

age comprised between age x and age x+n can be partitioned between the time spent in the 

state “alive” and the time lost to the different causes of death. As a result, the sum of the life 

expectancy and the years lost to all causes of death between age x and age x+n equals n.  

 

Figure 5.1 Employment versus mortality of men in the United States 1977-2010. The triangles 

show the level of employment according to the death rate at each age between 55 and 69 years 

old in 2010. The diamonds show the level of employment for the same death rates in 1977. The 

surface coded “2” represents the unused capacity to work. The surface coded “1” represents the 

average amount of employment in 2010. Source: Wise 2017, Fig. I.2 p. 377. 

Similar to the MW method, we partition the years spent between age 55 and age 69 between 

the years spent at work and the years spent not working but capable to work. This is pictured 

in Figure 5.2. Surface 1 represents the time spent working and surface 2 the time spent retired 

but capable to work. We go beyond the MW method and introduce three more quantities. The 

first one is represented by surface 3. We call surface 3 Total capacity to work. Total capacity 

to work is the total amount of time that workers would work if they only retired due to poor 

health. This quantity allows to better compare subgroups since unlike unused capacity to work, 

it is not affected by the amount of time spent working. The rest of the graph depicted in Figure 

5.2 represents the time spent not working due to an incapacity to work. This time is partitioned 

between the time spent retired due to poor health and death. The corresponding surfaces are 

attributed the digits 4 and 5, respectively.  

In the MW method, unused capacity to work is obtained through a counterfactual analysis in 

which the relationship between mortality and the level of employment in a reference year is 

taken to estimate unused capacity to work. Two conditions must be met for this approach to be 

an accurate approximation of actual capacity to work. First, for each mortality rate in the 

reference year, all men who are capable to work must work. Second, change in mortality over 
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time must be equivalent to change in capacity to work over time. Clearly, these conditions are 

not met. As the authors show (Coile et al. 2017a), different results are obtained when taking 

different reference years. Another limitation of the MW method is that it does not allow to 

analyze the situation of women since employment rates of women were much lower 40 years 

ago. Also, mortality and employment data are not available for long time periods for population 

groups, which makes it impossible to make comparisons between them. Our approach, in 

contrast, arguably reflects better true capacity to work, can be interpreted similarly between 

men and women, and easily allows to compare population groups. 

 
Figure 5.2 Years spent working, years lost to retirement due to other reasons, years lost to 

retirement due to poor health, years lost to death and capacity to work for a hypothetical cohort 

of workers age 55 to 69 

We understand capacity to work in the sense of Ilmarinen’s concept of work ability (Ilmarinen 

2001). Work ability is defined as “a process of human resources in relation to work” (p. 549). 

Human resources include education, competences and the health resources. Work, on the other 

hand, has intrinsic demands attached to it such as psychological and physical demands. A 

worker is therefore able to work as long as his or her human resources are sufficient to cope 

with the work demands. We assume that age-related change in human resources is mostly 

affected by a decline in the health resources, as most education and competences are acquired 

earlier in the life course and stay rather unaffected thereafter. Work ability is therefore 

sufficient as long as the health resources are superior to the work demands. If the health 

resources become less than the work demands, then retirement due to poor health ensues. We 

define capacity to work as the amount of years that a worker can work before his or her health 

resources become insufficient to cope with the work demands.  

Total capacity to work is based on timing to first complete retirement of individuals who 

declare to have retired due to poor health. This is a valid measure of capacity to work to the 

extent that individuals who retire make a correct assessment of whether their health resources 

were still sufficient to perform their work upon retirement. We assume no retirements prior to 

age 55 and follow workers until their first complete retirement. Therefore, we see our measure 

as a measure of capacity to work on a career job. Workers may partly or gradually retire before 

they retire completely. Workers who are partly retired arguably have lower work demands, 

which can affect capacity to work positively. At the same time, we avoid that our measure is 

affected by retirement from jobs that are performed after a period of retirement, which arguably 

affects capacity to work negatively. 
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DATA AND METHODS 

We illustrate our approach to the measurement of capacity to work using HRS data. HRS is a 

longitudinal survey that is representative of the American population age 50 and older. The 

HRS started in 1992 and has been conducted biannually since then. Data is available up to the 

year 2014. The HRS follows participants until they die or drop out from the survey. In depth 

information about the work, health and retirement of the participants is collected, resulting in 

a large number of variables. The combination of the high number of waves and variables makes 

this survey a very complex one. Reflecting this complexity, different data products are 

available for researchers. We used different data sets that answered our different needs.  

Information on gender, the moment of birth, the level of educational attainment, race and the 

moment of death is taken from the tracker file, a single file that contains basic, time invariant 

information on every individual who ever participated to the HRS (Health and Retirement 

Study 2017c). We consider in our analyses three education categories: without a high school 

degree, with a high school degree only and with at least some college degree. Race was 

reconverted into a binary variable, indicating whether the participant is non-Hispanic white or 

of any other race or ethnicity.  

Information on retirement status and occupational class comes from the RAND HRS data set 

(Health and Retirement Study 2017b). The RAND HRS data set is an easy to use, longitudinal 

data set based on the HRS data. This single file contains most of the information collected since 

the start of the HRS for all respondents. Some variables have been subject to imputation to 

correct for inconsistencies across waves (Chien et al. 2014). Retirement status includes four 

categories: not retired, partly retired, completely retired and not relevant. Not relevant was most 

of the time assigned to women who were homemakers according to other HRS labor force 

status variables. Occupation is classified according to the 1980 Census Occupation 

Classification System (IPUMS 2017) and contains 17 categories. We grouped the respondents 

according to three broad occupation classes: 1) Managerial and Professional specialty 

occupations; 2) Technical, sales and administrative support occupations and Service 

occupations; 3) Farming, Forestry and Fishing occupations, Precision production, craft and 

repair occupations and Operators, fabricators and laborers. In the remaining of this article, we 

will refer to the first group as Managers, the second as Intermediary occupational group and 

the third as Manual workers. Participants with inconsistent occupational classes across waves 

are assigned the one that is observed the most often over the whole of the follow up. We further 

use from this data set the variables Labor force status and Self-assessed health. These variables 

are only used in the imputation model described below. Labor force status is divided into the 

categories works full time, works part-time, unemployed, partly retired, retired, disabled and 

not in the labor force. Information on this variable was interpolated in the cases in which the 

participant temporary dropped out of the survey. Self-reported health contains five categories: 

Excellent, very good, good, fair and poor.  

Information on the role of health in the retirement decision comes from the RAND enhanced 

fat files (Health and Retirement Study 2017a), which contain in separate files all the 

information collected at each wave. Participants who declare to be completely retired but who 

were not completely retired in the previous wave are asked whether health played a very 

important role, a moderately important role, a somewhat important role or no role at all in their 

retirement decision. We consider respondents who declare that health played a very important 

role in their retirement decision to have retired due to poor health, while we consider the other 

respondents to have retired due to other reasons.  
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Imputation model 

Information about the retirement status was only gathered among respondents who were 

interviewed face-to-face rather than via a proxy, which led to a significant amount of missing 

information (8.6% of the whole sample). Furthermore, we discovered missing information 

about the importance of health in the retirement decision (24.1% of the completely retired 

participants), the occupational class (18.1%) and, to a lesser degree, about self-assessed health 

(4.3%). We ran an imputation model on these variables to maintain the representativeness of 

the sample (Rubin 2004). We ran a two-step, chained model. First, we ran a multinomial model 

on the variables retirement status, occupational class and self-reported health. Second, we ran 

a logistic model on the variable indicating whether retirement was due to poor health or not, 

conditional on the retirement status “completely retired”. The model is further based on the 

variables labor force status, gender, race and level of education as regular (non-imputed) 

variables. We ran the imputation model using the command mi impute on Stata 14 (Stata corp. 

2015). The figures presented below are based on the average of ten imputed data sets. 

Years spent working and years lost to the different causes of career termination 

Retirement timing is measured following a survival analysis approach. We follow respondents 

from age 55 until they retire due to poor health, retire due to other reasons, die, or until they 

are censored. Censoring occurs when respondents reach the last wave of the survey, age 70, or 

are lost to follow-up without having experienced any event of interest. Events are assumed to 

take place halfway between interviews. Respondents that are completely retired at onset are 

excluded. We ignore transitions between the retirement statuses “Not retired” and “Partly 

retired” as we have no information on the reason to move to partial retirement. We consider 

that retirement coincides with the transition to the retirement status “Not relevant” when it is 

not followed by the retirement statuses “Not retired” or “Partly retired”. Finally, we exclude 

respondents who are never observed in either the retirement status “Not retired” or the 

retirement status “Partly retired”.   

We include respondents who were born between1936 and 1947 only. The lower limit is 

imposed by the fact that older cohorts had already reached age 55 or older when the survey 

began. The upper limit was set arbitrarily having in mind that each younger cohort is exposed 

to a greater risk of being censored due to having reached the last wave of the survey before any 

event of interest is observed. 

The number of years spent working and the number of years lost to the different types of career 

termination are computed following the Stata 14 (Stata corp. 2015) pseudo-observation 

procedure proposed by Parner and Andersen (2010) and updated in Overgaard et al. (2015). 

The procedure computes pseudo-observations which makes it possible to fit linear models on 

different types of survival outcomes in the presence of censored data. The pseudo-observations 

are obtained using the Kaplan-Meier method. After declaring the data to be survival time data, 

we used the commands stpmean and stplost for computing time spent in the state working and 

years lost to the different types of career termination, respectively.   

 

RESULTS 

Results are presented in four parts. First, we describe the sample, including a description of the 

survival data set. Second, we present in detail our estimation of capacity to work between ages 

55 and 69 for American workers born between 1936 and 1947. The third and fourth parts 

compare our estimates of capacity to work between subgroups in bivariate and multivariate 

analyses, respectively.  
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Sample description 

Table 5.1 shows some of the characteristics of the survival data set. Among our specified cohort 

range, we identified a total of 7 675 persons who were part of the HRS when turning 55 years 

old. We excluded 1,429 persons because they entered observation completely retired or 

because they were never observed in the retirement statuses “partly retired” or “not retired”. 

This leaves us with a total of 6,246 observations accounting for 48,474 persons-years in total. 

Table 5.1 Characteristics of survival dataset 

At risk  Observations Proportion in sample 

Baseline 7,675  
In sample (% of baseline) 6,246 (81.4) 

Person years  48,474  
Mean years observed  7.76  
Events (% of whole sample) 

Retirement due to other reasons 3,359 (53.8) 

Retirement due to poor health 1,086 (17.4) 

Deaths 278 (4.5) 

Lost to follow-up 816 (13.1) 

Reached age 70 without retiring 707 (11.3) 

 

More than half the sample retired due to reasons other than poor health, which is about three 

times more than the number of participants who retired due to poor health. A total of 278 

participants died before retiring or being censored. Slightly less than one-fourth of the sample 

was either lost to follow-up or reached 70 years old without having experienced any event of 

interest.  

Table 5.2 Sample description according to the different groups 

Group 

Number of 

observations 

Proportion in 

sample (%) 

Gender   
Men 2,710 43.4 

Women 3,535 56.6 

Race   
White 4,585 73.4 

Non-White 1,660 26.6 

Education   
No High school 1,489 23.8 

Only High school 3,165 50.7 

At least some college 1,591 25.5 

    Occupational class  
Manual workers 1,604 25.7 

Intermediary group 2,895 46.4 

Managers 1,746 28.0 

           Cohorts  
1936-1939 2,406 38.5 

1940-1943 2,274 36.4 

1944-1947 1,565 25.1 

 

Table 5.2 breaks down the sample according to the different categories of the five variables 

included in our analysis. Women make up a little more than half the sample, while whites make 
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up almost three quarters of the whole sample. About half of the sample has only a high school 

degree, while the rest is almost equally divided between people with no high school degree and 

people with at least a college degree. The intermediary occupational group makes up a little bit 

less than half of the sample. Manual workers and managers both account for approximately 

one fourth of the sample. Respondents are about equally divided between the three cohorts. 

 
Figure 5.3 Years spent working, years lost to retirement due to other reasons, years lost to 

retirement due to poor health and years lost to death 

Measuring the capacity to work among older American workers 

Figure 5.3 breaks down the time comprised between age 55 and age 69 between time spent 

working and time lost to the different causes of career termination, for the whole sample. We 

see that American workers born between 1936 and 1947 spent exactly 8 years working and lost 

4.87 years to retirement due to other reasons. The total capacity to work, which is defined as 

the sum of the years spent working and the years lost to retirement due to other reasons, is 

therefore 12.87 years. This represents a 61% increase compared to the actual amount of years 

spent working. These workers further lost 1.7 years to retirement due to poor health and 0.43 

years to death. 

Comparing capacity to work between population sub-groups 

Figure 5.4 compares total capacity to work between subgroups as defined by the variables 

gender, race, education, occupation and cohort. No significant differences are to be found 

between men and women or between the different cohorts. Significant differences are to be 

found inside of the groups defined by race, education and occupational class. Whites have a 

significantly higher capacity to work than non-whites, a difference that reaches almost 1.3 

years. Variation in capacity to work between education subgroups follows the expected 

gradient. People without a high school degree have a significantly lower capacity to work than 

the two other groups. In fact, their capacity to work is almost exactly two years below the one 

of people with at least a college degree. If we turn to occupational subgroups, no significant 

difference is to be found between manual workers and the intermediary occupational group. 

Managers have a significantly higher capacity to work than the two other groups. The 

difference in capacity to work between managers and manual workers is of 1.7 years.  

Since all years between age 55 and 69 must be spent in one state or the other, capacity to work 

depends on the interaction between the values associated to each of these different states. For 
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example, significant differences in capacity to work may be due to differences in the years lost 

to poor health but not in the number of years lost to regular retirement.  

 

Figure 5.4 Capacity to work among five groups as defined by gender, race, education, 

occupation and moment of birth (the error bars show the 95% confidence interval) 

Table 5.3 breaks down the period comprised between 55 and 69 years old according to the 

number of years spent working, the years lost to retirement due to other reasons, the years lost 

to retirement due to poor health and the years lost to death, for each category of our five 

variables. First, we see that women spent a larger amount of years working than men. Although 

this result may appear surprising, it is driven mostly by the fact that women were more often 

associated to the retirement status “not relevant”. The amount of years spent not retired may 

thus not have the same meaning for women as for men since women are more likely to have 

been housewives prior to identifying themselves as “retired”. Men and women also differ 

significantly in terms of the years lost to retirement due to other reasons. Although the number 

of years lost to death differs significantly between the two sexes, the number of years lost to 

retirement due to poor health is almost the same. Thus, the difference in time spent working is 

compensated by the difference in years lost to retirement due to other reasons, resulting in 

similar capacity to work between men and women.  

Table 5.3 further shows that whites spent more time working than non-whites. Non-whites also 

lost a bigger amount of years to retirement due to poor health. Both groups spent a similar 

amount of time in retirement due to other reasons. Thus, the difference in capacity to work 

between whites and non-whites is mostly due to the difference in years lost to retirement due 

to poor health. There is a big and significant amount of variation in both the amount of time 

spent working and the amount of years lost to retirement due to poor health between education 

groups. Once again, the differences in capacity to work between these groups is mostly due to 

the years lost to retirement due to poor health. The picture is somewhat more complicated 

between the occupational classes. Manual workers spent fewer years working than the two 

other groups and lost more years to retirement due to poor health. They also lost more years to 

death than managers. People part of the intermediary occupational group lost fewer years to 

retirement due to other reasons than the two other groups. They also lost more years to 

retirement due to poor health than managers. In other words, manual workers and people part 

of the intermediary occupational class are both disadvantaged in terms of years lost to 

retirement due to poor health, but they attribute their remaining years in a different way 

between work and retirement due to other reasons. Finally, people born between 1936 and 1939 

spent less time working than the two other groups, they lost more time to retirement due to 

other reasons and lost less time to retirement due to poor health. The younger cohorts thus 

worked longer, but also lost more years to retirement due to poor health. 



 
 

 

Table 5.3 Number of years spent working and lost to other reasons, poor health or to death, by subgroup 

 

Group Working   Lost to other reasons  Lost to poor health  Lost to death  

  Estimated (95% int.)  Estimated (95% int.)  Estimated (95% int.)  Estimated (95% int.) 

Gender                
Men 7.69 (7.50-7.88)  5.11 (4.91-5.31)  1.64 (1.50-1.79)  0.55 (0.46-0.64) 

Women 8.24 (8.07-8.40)  4.68 (4.51-4.85)  1.74 (1.61-1.87)  0.34 (0.28-0.41) 

 

Race                
White 8.24 (8.09-8.38)  4.98 (4.83-5.13)  1.35 (1.25-1.45)  0.44 (0.37-0.50) 

Non-White 7.35 (7.11-7.59)  4.57 (4.31-4.83)  2.65 (2.42-2.88)  0.43 (0.33-0.54) 

 

Education                
No High school 7.08 (6.83-7.32)  4.66 (4.39-4.94)  2.80 (2.55-3.05)  0.46 (0.34-0.57) 

Only High school 7.97 (7.81-8.14)  4.96 (4.78-5.14)  1.61 (1.48-1.75)  0.45 (0.38-0.53) 

At least some college 8.89 (8.65-9.14)  4.89 (4.63-5.14)  0.84 (0.70-0.98)  0.38 (0.28-0.47) 

 

Occupational class               
Manual workers 6.97 (6.74-7.20)  5.09 (4.83-5.35)  2.39 (2.16-2.61)  0.55 (0.43-0.67) 

Intermediary group 8.20 (8.02-8.38)  4.58 (4.39-4.76)  1.79 (1.64-1.93)  0.44 (0.36-0.52) 

Managers  8.61 (8.38-8.85)  5.16 (4.91-5.40)  0.92 (0.77-1.06)  0.32 (0.23-0.40) 

 

Cohorts                 
1936-1939 7.58 (7.39-7.78)  5.46 (5.25-5.68)  1.43 (1.28-1.57)  0.53 (0.43-0.62) 

1940-1943 8.15 (7.94-8.35)  4.54 (4.33-4.75)  1.91 (1.74-2.08)  0.40 (0.32-0.49) 

1944-1947 8.42 (8.17-8.66)  4.44 (4.19-4.69)  1.80 (1.60-2.00)  0.34 (0.25-0.43) 
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Multivariate analysis of subgroup differences 

In this last part of the results section, we analyze whether there is any change in the inter-group 

differences witnessed so far when controlling for our set of five variables. For that we ran a 

linear regression model with capacity to work as dependent variable. Capacity to work is 

estimated with the pseudo-observation procedure described above. Table 5.4 shows that the 

variables gender, race, education and occupational class entertain a similar association with 

capacity to work as in the univariate analysis. Indeed, their sign stays unchanged and the 

significant differences remain. These differences are however somewhat smaller in each case, 

highlighting a certain degree of colinearity between race, education and occupational class.  

We witness one major difference in comparison with Figure 5.5. Namely, the differences 

between the cohort 1936-1939 and the cohorts 1940-1943 and 1944-1947 are now bigger and 

significant. The younger cohorts appear to have here a lower capacity to work than the oldest 

cohort. The similar capacity to work between these three groups witnessed in the univariate 

analysis is therefore at least partly attributable to the other variables in the model. Other 

analyses (not shown here) confirmed that the higher education of the younger cohorts, and to 

a lesser extent the differences in the composition according to the occupational classes are 

responsible for masking the differences in the univariate analysis.  

Table 5.4 Results of linear regression model with capacity to work as dependent variable   

Independent variables      Coefficient 

Gender   

Men (Reference) 

Women 0.06 

Race  

White (Reference) 

Non-White -0.92*** 

Education  

No High school (Reference) 

Only High school 0.82*** 

At least some college 1.30*** 

Occupational class 

Manual workers (Reference) 

Itermediary  0.51** 

Managers  1.00*** 

Cohort  

1936-1939 (Reference) 

1940-1943 -0.47*** 

1944-1947 -0.44** 

** p < 0.01; *** p < 0.001 

 

DISCUSSION 

In this paper, we presented a new population level approach to estimate capacity to work among 

older workers. Our approach was based on a survival analysis of retirement behavior in which 

we followed older workers from age 55 until retirement due to poor health, retirement due to 

other reasons, or death. We then applied the Andersen and colleagues’ (Andersen et al. 2013) 

approach to cause-specific years of life lost to our survival data. This allowed us to calculate 
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the number of years spent working, the number of years lost to retirement due to other reasons, 

the number of years lost to retirement due to poor health, and the number of years lost to death. 

We defined the sum of the years spent working and the number of years lost to retirement due 

to other reasons as total capacity to work. Total capacity to work was in turn defined as a 

measure of the age at which the health resources become insufficient to cope with the work 

demands (Ilmarinen 2001). We see our approach as a complement to the already existing 

Milligan-Wise (MW) (Milligan and Wise 2015) and Cutler-Meara-Richards-Shubik (CMR) 

(Cutler et al. 2013) methods (Wise 2017). In comparison to these methods, our approach gives 

closer insights into how individuals experience retirement and capacity to work. Furthermore, 

our approach allowed us to study differences among groups as defined by gender, race, 

education, occupational class and moment of birth, something that was not done using the 

above-mentioned methods.  

Our results show a considerable amount of unused capacity to work among older American 

workers. According to our estimates, American workers born between 1936 and 1947 spent 

exactly 8 years in the state working between age 55 and 69. Furthermore, they lost 4.87 years 

to retirement due to other reasons, meaning that they could have worked 12.87 years out of 15 

if they only retired due to poor health or death. This represents a capacity to work that is 61 

percent higher than the actual time spent working. This figure is higher than the 53 percent 

figure obtained by Coile and colleagues (2017b) applying the MW method to American 

workers ages 55-70 in the year 2010. As discussed in the introduction, the lower figure obtained 

by Coile and colleagues is probably due to the restrictive assumptions made by the method, i.e. 

that the link between mortality rates and employment captures well the capacity to work in 

some reference year, and that this link remains constant over time. These results, as well as the 

ones from the previous studies that were based on other methods (e.g. the CMR method), 

however all point towards substantial unused capacity to work at older ages among older 

workers (Cutler et al. 2013; Rehkopf et al. 2017; Boissonneault and de Beer 2017).  

We also provided insights into the differences in capacity to work inside of population 

subgroups. The difference in capacity to work between whites and non-whites was found to be 

1.3 years, the one between people with a college degree or more and people without a high 

school degree more than two years, and the one between managers and manual workers 1.7 

years. These differences were explained by the fact that disadvantaged groups (i.e. non-whites, 

lower educated people and manual workers) lost a significantly bigger amount of years to 

retirement due to poor health. This finding has serious implications in the context of changing 

retirement regulations. In the United States like in many economically developed countries, 

laws were passed that raised (or will raise) the age at which retirement benefits are available. 

If inequalities concerning the capacity to work persist, disadvantaged groups might have to rely 

more on disability benefits before they reach the age at which they are entitled to retirement 

benefits. This can have negative effects on the well-being in old age (Halleröd et al. 2013). In 

such a context, the new regulations might therefore increase inequalities in retirement.  

Other important findings were provided by our analysis of capacity to work between cohorts. 

More specifically, we found that the older cohort (born 1936-1939) would likely have had a 

higher capacity to work than the two younger cohorts (born 1940-1947) if the composition in 

the educational groups and occupational classes had been the same between them. Furthermore, 

although the younger cohorts spent more time working, they also lost a bigger amount of years 

to retirement due to poor health. This raises new questions in the debate about intergenerational 

equity (Sanderson and Scherbov 2014a). Younger cohorts may be living longer, but they seem 

to be spending a bigger proportion of their healthy lives at work rather than enjoying retirement. 

However, our analysis assessed differences in capacity to work over a rather limited range of 
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cohorts, therefore future research should compare capacity to work over a wider range to verify 

whether there is any significant trend.  

Our approach faces limitations. It rests on people’s assessment of the role of health in the 

retirement decision. Two assumptions are thereby made. First, it is assumed that reasons for 

retiring are independent and mutually exclusive. In practice, people often retire due to multiple 

reasons (Beehr 2014). These limitations should be born in mind when interpreting the results, 

although it is unclear whether they introduced any bias in our estimates. A second assumption 

is that workers make a fair assessment of the role of poor health in their retirement decision. 

There is a good amount of research that showed that early retirees have worse self-assessed 

health than what objective measures of health suggest (Kalwij and Vermeulen 2008; 

Lindeboom and Kerkhofs 2009). The justification hypothesis was put forward to explain this 

phenomenon, which states that early retirees have social or economic incentives to report poor 

health (Chririkos and Nestel 1984; Anderson and Burkhauser 1985; Bound 1989). 

Furthermore, there exists systematic differences in reporting health between population 

subgroups (Kakwani et al. 1997; Kerkhofs and Lindboom, 1995; Kreider, 1999). We are 

however not aware of any research that compared response patterns in reasons for retiring 

among early retirees and other retirees, or between population subgroups. Therefore, we cannot 

assess with any certainty whether this affected our results.  

Another limitation is that we studied retirement timing and reasons for having retired based on 

an arguably simplistic retirement framework. More specifically, we did not consider the impact 

of partial or phased retirement (Johnson 2011) or of bridge-employment (Beehr and Bennett 

2015; Kerr and Armstrong-Stassen 2011) on capacity to work. These two phenomena have 

been gaining importance in the American retirement landscape over the last decades (Maestas 

2010; Fisher et al. 2016). Both can be understood as a job that is held after a career job (Beehr 

and Bowling 2013). These jobs are likely better suited to the resources of the older worker and 

are therefore probably less psychologically and physically demanding than a career job. In our 

approach, we followed workers until their first complete retirement. First complete retirement 

may be preceded by partial retirement and can also be followed by a return to work. Therefore, 

our approach may have captured some work-related adjustment that happens in the latter part 

of a career, though not all of it. This can result in higher estimates of capacity to work compared 

to what would have been obtained had we measured capacity to work immediately after 

retirement from a career job only, but in lower ones had we measured capacity to work after 

retirement from any job. 

Despite these limitations, we consider that our approach makes a significant contribution to 

further defining and measuring capacity to work at older ages at the population level. Our 

approach is novel in the sense that it studied the impact of health on retirement by combining 

survival analysis to the Andersen and colleagues’ approach to cause-specific measures of years 

of life lost. There is still only a handful of scientific papers that aimed to estimate capacity to 

work at older ages at the population level. Our approach has the advantages that it gives close 

insights into people’s behavior in retirement, and that it easily allows for subgroups 

comparisons. Future research can apply our approach to other countries, for which there is 

growing data availability on retirement and health (see the HRS sister studies, HRS 2017). 

Furthermore, our approach can be expanded, for example to include different stages of the 

retirement process. Such research will prove useful in the context of changing retirement 

landscapes in Europe, North America and other parts of the world 

. 
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The acceleration of population aging in economically developed countries is threatening the 

sustainability of pension systems (Bongaarts 2004) and future economic growth (Bloom et al. 

2010). Higher labor force participation of older people is being advocated to mitigate the effect 

of population aging on the ratio of economically dependent to economically active people 

(Maestas and Zissimopoulos 2010; Zaidi et al. 2013; OECD 2017). Governments are 

encouraging longer active lives by reducing access to early retirement options and by 

increasing the normal retirement age (European commission 2012; OECD 2015; OECD 2017). 

Intergovernmental organizations are encouraging their members to bring further changes to 

their pension and retirement systems and are tracking their progress (OECD 2018). The 

effective retirement age has now been raising for over a decade in many countries (OECD 

2018). More changes to pension legislations are being envisaged or phased in, putting a 

growing pressure on workers to extend further their careers. At the same time, we know that 

health deteriorates with age. Therefore, one important question is whether the fact that health 

deteriorates with age will form a hurdle towards higher retirement ages.  

This last chapter first summarizes the results that were obtained in chapters two to five. It then 

discusses these results in the light of the question raised above, including a discussion of the 

limitations that were faced. The third part proposes further research directions and the fourth 

part exposes the policy implications of the present research. The fifth part of the present chapter 

concludes. 

 

SUMMARY 

The question whether the deterioration of health with age is likely to form a hurdle towards 

longer careers was answered in four parts. The second chapter looked at the implications at the 

individual level. The third one served as a transition between the individual and population 

levels. The fourth and fifth chapters provided measures of capacity to work at the population 

level.  

The second chapter of this dissertation looked at the association between different individual 

trajectories of health between ages 53-54 to 55-66 and different retirement pathways among 

older American workers. Most research on the impact of health on retirement so far considered 

health at one point in time only, most often prior to some transition from work to any non-work 

activity (e.g. disability pension, early retirement or unemployment) (Van Rijn et al. 2014). Such 

an approach ignores that change in health can also impact retirement. Also, it assumes that 

retirement is a permanent and unidirectional transition, which is at odds with the current theory 

and empirical observations. Therefore, health was modelled in the second chapter as a 

continuous and time-dependent process and retirement as a process that stretches over several 

years. The main question was how heterogeneity in individual trajectories of health lead to 

heterogeneity in retirement pathways. Heterogeneity in health trajectories was modelled using 

latent class growth analysis, a method that allows to identify different unobserved classes in 

trajectories of a given outcome over time. The measurement of health was based on a modified 

version of the work ability index. The model provided 3 trajectories: high, declining and low 

work ability, reaching proportions of 74, 17 and 9 percent of the respondents respectively. 

Heterogeneity in retirement pathways was modelled based on a typology that opposed early 

and late retirements as well as crisp and gradual retirements. The four retirement pathways 

(early-crisp, early-gradual, late-crisp, late-gradual) each had an approximately equivalent 

proportion in the sample. The results showed that respondents who follow a declining or a low 

work ability trajectory tend to retire more often via the early-gradual pathway, meaning that 

they retire prior to the age at which early retirement benefits are available (age 62) and make 

use of disability and unemployment benefits. However, respondents who follow these two 
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work ability trajectories differ in the use of the early-crisp pathway, which is mostly used by 

people with declining work ability. In other words, many people with declining work ability 

seem to have just the necessary resources to keep working until age 62 and reach the early 

retirement age. This is less the case for people with constantly low work ability. Thus, if the 

American government wants to pass further amendments to social security, it must first make 

sure that more people enter old age with good work ability and that they can maintain it at least 

until the full retirement age. A failure in doing so will augment the number of people who rely 

on disability and unemployment benefits prior to reaching the early retirement age.  

The third chapter discussed the impact of health on labor force participation at older ages for 

both individuals and populations. It did so by presenting visualizations that allowed to see the 

variation at one point in time in the proportion of people who are active on the labor market 

according to different values of health and of age simultaneously, between ages 52 and 69. The 

visualizations took advantage of the growing availability of data on objective measures of 

physical health gathered by the Health and Retirement Study and its sister studies, the English 

Longitudinal Study of Ageing and the Survey on Health, Ageing and Retirement in Europe. 

These measures have the advantage that they are not prone to measurement error as subjective 

measures of health are. Furthermore, they are measured on a continuous scale thus permitting 

to examine the variation in labor force participation with greater precision. Results were also 

presented for a measure of mental health that was obtained based on the EURO-D scale. Eight 

countries were examined (including two groups of three countries) at two points in time (2004-

2007 and 2012-2013). The form of the link between health, labor force participation and age 

was found to be rather constant across countries and over time. Furthermore, it did not vary 

much when using different measures of health. In all cases, labor force participation varies little 

between people with health status near the median or above it. Among people with health status 

one or two standard deviations below the median, participation decreases to reach values as 

low as half of those of people with better health. This chapter then moved on to examine the 

differences in labor force participation between countries and over time, according to health 

and age simultaneously. The comparison between countries showed that levels of labor force 

participation vary between countries mostly according to age, and less so according to health. 

The comparison over time showed that in two countries, people who contributed the most to 

the rise in rates of labor force participation were those with lower values of health. These 

observations highlight the influence of governmental dispositions on when people retire, which 

have a greater power of explanation than differences in health in explaining country differences 

in labor force participation at older ages. It also raises questions about whether higher 

participation of people with poorer health is the result of desired developments (greater access 

to the labor market for traditionally disadvantaged people) or undesired ones (people are forced 

to work despite poor health due to lack of financial resources).   

The fourth and fifth chapters provided population-level measures of the capacity of workers to 

postpone their retirement. The fourth chapter first defined a statistical model that described the 

relationship between physical health and labor force participation among people age 50 to 64 

in fourteen European countries. Then, it proposed a simulation of a six years postponement of 

all the factors that determine retirement age except physical health. The result of the simulation 

was a measure of the difference in the number of years that people could expect working 

between age 56 and 75 with and without the limiting effect of declining physical health with 

age. Men living in an average European country could expect to work 10.75 years between age 

56 and 76 if all the factors that determine retirement age—including physical health—were 

postponed by six years. The actual figure taking into account the fact that physical health 

declines with age is 10.39, a reduction of 0.36 years. For women, the value with a postponement 

of all factors is 9.28, and the one taking into account the decline of physical health with age is 
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8.73, a difference of 0.55 years. Further analyses examined the sensitivity of these results by 

comparing two groups of countries that differed considerably concerning the extent of the 

impact of physical health on labor force participation. In the so-called high impact countries, 

men could expect to work 11.12 years, or 0.51 years less than what would have been obtained 

without the limiting impact of declining physical health with age. Among women, the 

equivalent figures were 9.5 and 0.62 years. Despite these higher figures, decline in physical 

health seems not to be a major obstacle towards higher retirement ages in Europe. Therefore, 

this chapter concludes that the vast majority of Europeans in their 50s and 60s would be able 

to postpone their retirement by a reasonable number of years without having to retire due to 

poor physical health.  

In the fifth chapter, the health capacity to work of older people was measured as the number of 

years that American workers could work if they only retired due to poor health. American 

workers born between 1936 and 1947 were followed longitudinally from age 55 until they were 

observed making a transition to retirement or death, or until they were lost to follow up or 

reached age 70 without retiring. Applying the Andersen et al. (2013) method, a distinction was 

made between retirements due to poor health and retirements due to any other reason. The sum 

of the number of years spent working and the number of years lost to retirement due to any 

other reason was defined as the capacity to work, or the number of years that people could 

work between age 55 and 69 assuming that they only retire due to poor health or death. The 

results showed that during the 15 years of observation, workers could have spent 12.9 years 

working. This figure is 61% higher than the 8 years that workers were actually observed 

working. Further analyses however found significant disparities between groups in terms of 

capacity to work. For example, people with at least some college degree had a capacity to work 

that is more than 2 years higher than the one of people with no high school degree, and 

managers have a capacity to work that is 1.7 years higher than the one of manual workers. 

These differences were mostly due to different number of years lost to retirement due to poor 

health between these different groups. Finally, we saw that younger cohorts (born 1940-1947) 

worked longer than the older ones (born 1936-1939) albeit without significant improvement in 

capacity to work. This resulted in a larger number of years lost to retirement due to poor health 

among the younger cohorts, thus raising equity concerns between generations facing 

retirement.  

 

DISCUSSION 

Is the fact that health deteriorates with age likely to form a hurdle towards higher retirement 

ages? At the light of the evidence summarized above, the answer is no. As shown in Chapters 

four and five, the vast majority of people in Europe and the United States could postpone their 

retirement by a fair amount of years without being forced out of the labor market due to poor 

health. In the fourth chapter, the impact of declining physical health with age on a six years 

postponement of retirement lied between 0.25 and 0.51 years for men and between 0.44 and 

0.62 years for women. Put differently, 96 to 97 percent of men and 94 to 95 percent women in 

Europe would be able to postpone their retirement by six years without being forced to retire 

due to a deterioration of their physical health. In Chapter five, we saw that in the United States, 

men and women could work 12.9 years out of the 15 years comprised between age 55 and 70. 

That is, more than 75 percent of men and women could keep working until at least age 70 

without having to retire due to poor health. The figures are not directly comparable due to the 

different methodologies employed to arrive at them. However, both point towards a moderate 

limiting effect of poor health on an eventual career extension.  
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The question of whether older workers have the capacity to work longer has been previously 

documented using related methods. The results were similar to those obtained here. Analyses 

following the Milligan and Wise (MW) method (Milligan and Wise 2015; see Chapter 1) 

performed in different economically developed countries found that between 50 and 70 percent 

of men in France, Germany, Italy, France, Spain and the United States could reach the age of 

70 while still working (Coile 2017a). In countries such as Canada, Denmark, Japan and the 

United Kingdom, this figure reached 80 to 85 percent. Authors who followed different methods 

arrived at similar conclusions. The Cutler – Meara – Richards-Shubik (CMR) method (Cutler 

et al., 2013; see again Chapter 1) applied to the same group of countries allowed to conclude 

that between 65 and 90 percent of men and women age 65 to 69 years old are capable to work 

(Coile et al. 2017b). More simple analyses arrived at similar conclusions. Reynolds and 

Crimmins (2010) used data on self-assessed limitations in the amount of work that older 

Americans can perform and found that up to 79 percent of men and women age 69 were not 

bothered by any such limitation in 2007.  

Three distinct mechanisms help explain the fact that there is substantial unused capacity to 

work at older ages. First, although physical health follows at the aggregate level an important 

decline with age, the decline is moderate if taken over a limited number of years such as 

between ages 55 and 70. As shown in Chapter 1, decline in health as measured by physical and 

self-assessed health as well as number of conditions or hospital overnight stays is moderate 

below age 70 (although it tends to accelerate above age 70). In Chapter 4, we saw that the 

decline in physical health (as measured by grip-strength, the chair stand test and peak 

expiratory flow) was rather mild between ages 50 and 64. Similarly, Cutler et al. (2013) 

explained their finding that capacity to work was substantial among Americans in their 60s by 

the fact that “until age 70, health appears to decline very slowly” (p.20). Other analyses showed 

that about 17 percent of American men and women age 62 declare to be bothered by a health 

problem that limits the amount of work that they can do; this proportion only grows to 21 

percent among men and women age 69 (Reynolds and Crimmins 2010).  

Second, although there exists important variation among individuals, most people in their 50s 

and 60s are in good health. This observation was well illustrated in Chapter two by the fact that 

between ages 53-54 and 65-66, close to 75 percent of American workers manage to maintain a 

high level of work ability as measured by a modified version of the work ability index (De 

Zwart et al. 2002). Furthermore, as shown in Chapter 5, although retirement due to poor health 

does occur, it concerns only about one worker out of five in the United States. Similarly, 

previous work showed that usually no more than five percent of people age 50 to 64 years old 

receive disability benefits, which let suppose that most of the remaining people are capable to 

work (Stattin 2005; Börsch-Supan 2011).   

Third, though health clearly has a significant effect on the propensity of people to be active on 

the labor market, not everyone with poorer health is inactive. As shown in Chapter 2, older 

workers with poor or deteriorating work ability tend to stop working earlier. Still, about one 

third of them manages to keep working until age 65 or older. The visualizations presented in 

Chapter 3 also made this mechanism clear. We saw that people age 52 to 54 with values of 

physical health below two standard deviation had a labor force participation that reached values 

between roughly 40 and 60 percent. Although these values are clearly below the ones of people 

with better physical health (who reached values above 80 percent), they are also far from null. 

Furthermore, people with values of health below two standard deviations are by definition few 

in the population. Previous research also found a limited impact of poor health on work. For 

example, Wubulihasimu et al. (2015) found that a 10% change in disability incidence in an 

average European country causes a change of only 0.04 years in working life expectancy.  
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These results should however not overshadow the fact that for some people, poor health may 

well constitute an obstacle towards longer economically active lives. As shown in Chapter 5, 

older Americans without a high school degree can expect to be capable to work during less 

than 12 years out of 15 between ages 55 and 69. For people with at least some college degree, 

this figure reaches almost 14 years. A similar but somewhat smaller discrepancy can be found 

between managers and manual workers. This differential impact of poor health on work is not 

new. Already in 1989, Heyward and colleagues noted that clerical and service workers “exhibit 

higher than average rates of disability, and managers evidence a lower than average rate” 

(p.440). More recently, Carriere and Galarneau (2012) used Canadian data to show that people 

with less than a high school diploma loose more years of working life due to involuntary 

retirement (including mostly retirements due to poor health) than people with at least a high 

school degree. In their calculations of the change in the proportion of people who rely on 

disability benefits supposing a postponement of retirement by three years, Cutler et al. (2013) 

find large rises among blacks and people with less than a college degree but not among whites 

and people with at least a college degree. Rehkopf et al. (2017) find a proportion of people age 

55 to 74 that are capable to work that is almost three times as high among people with a high 

school degree compared to that of people without a high school degree. These important 

disparities are in part attributable to differences in the level of health of these different groups. 

However, differences in the working conditions and work demands probably add up to form 

an even bigger burden on the less educated.  

This dissertation also found evidence that there may exist important disparities between 

countries in the amount of unused capacity to work at older ages. In Chapter 4, we saw that 

there was a considerable gap between the so called low- and high-impact countries in the size 

of the impact of physical health on a six years postponement of retirement. Although the effect 

remained small in both cases, it varied two-fold among men and by an approximately 1.5 factor 

among women. The main difference between these two groups of countries was that labor force 

participation among older people prior to the simulation was much higher in the high-impact 

countries. This implies that a six-year postponement of retirement was taking place at higher 

ages among the high-impact countries compared to the low-impact countries. Since the 

deterioration of physical health tends to accelerate with age, this resulted in a bigger impact on 

the capacity for people to postpone their retirement in the high-impact countries. Also, in 

Chapter three, we saw that the rise in labor force participation over a period of approximately 

seven years was not always equally distributed among people with different levels of health. 

While in some countries it was people with lower levels of health who contributed more to the 

rise, in other countries the raise was more equally spread out. Such an inter-country variation 

in capacity to work was also found in Milligan and Wise (2017; see above the results obtained 

using the CMR method). Therefore, policy may play an important role in the capacity of older 

people to postpone their retirement.  

Limitations 

The research reported in the present dissertation had to face some limitations. These can be 

broken down into two groups. The first set of limitations concern the fact that throughout this 

dissertation, the factors that enable people to work (i.e. health but also the other personal and 

work characteristics) were all assumed to be constant over time. The second set of limitations 

concerned the fact that despite using what was to our knowledge the best available methods 

and data, the measures of work ability and of capacity to work utilized here had some degree 

of imperfection. We discuss each set of limitations in detail.  

What levels of work ability are to be expected in the future? 
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Throughout the whole of this dissertation, health was assumed to be constant over time. The 

question of whether health is improving over time is still largely unresolved. Most studies agree 

that the proportion of life spent with chronic conditions is expanding, in Europe as well as in 

the United States (Chatterij et al. 2015). Many studies found a reduction in the time spent in 

bad health as measured by functioning (Chatterij et al. 2015) but other studies found an 

expansion of the proportion of life spent with mobility limitation (Crimmins and Beltran-

Sanchez 2011). Coile et al. (2017b) documented a decline in the share of people with poor or 

fair self-assessed health between the 1970s and 1990s in the United States. However, it is less 

clear whether there was such a decline between 2000 and 2015. Studies documenting change 

in objective measures of physical health over time are still lacking. Such measures of health 

were all found to significantly predict retirement timing (van Rijn et al. 2014). If the proportion 

of people with adverse health outcomes between age 50 and 70 increases in the future, the 

figures of capacity to work presented here could turn out to be smaller than expected. As noted 

by Reynolds and Crimmins (2010), more adverse health outcomes could be triggered by higher 

levels of obesity among younger cohorts, or by higher levels of mental health complaints.   

Other factors are clearly evolving in favor of a higher capacity to work in the future. Younger 

cohorts are more and more educated (Samir et al. 2010). Higher education is linked not only to 

better health, but people with higher education also have less physically demanding jobs and 

are more skilled, thus favoring better work ability (Ilmarinen 2001). Cognition among older 

people is also showing signs of improvements even when controlling for the inter-cohort 

change in education (Bordone et al. 2015). We reviewed above the finding that capacity to 

work is significantly higher for people with higher education compared to people with lower 

education. Hence, higher levels of education in the future might play in favor of higher capacity 

to work.  

Another set of factors that were assumed to stay constant over time concerns the work demands. 

We saw in Chapter 1 that work ability is influenced by the mental and physical demands of 

work, but also by the work environment and work community. It is not clear what trend these 

work-related factors will follow in the future. Although there is agreement that work is 

becoming less physically demanding over time (Johnson 2011), it seems plausible that the 

mental demands are increasing. In the meanwhile, many countries are encouraging employers 

to adapt their work environment to better accommodate people with disability (OECD 2010). 

The rise in work from home may also play in favor of better access to the labor market for 

typically disadvantaged people. Lower work demands and better work environments might 

allow more people with lower levels of health to work, thus having a positive impact on the 

capacity to work of populations.  

On the other hand, high mental demands mean that a large share of people deals with mental 

health complaints at some point in their career, including professional burnout. Poor mental 

health has consistently been found as one of the main predictors of early retirement (Van Rijn 

et al. 2014). A specificity of mental health is that it can be greatly affected by the work demands 

and work environment. This is shown by the fact that retirement has often a beneficial effect 

on the mental health of workers with prior mental health complaints (Van der Noordt 2014). 

Therefore, future trends in the mental demands of work could play an important role in 

determining future capacity to work because it affects both the work-side and the human 

resources-side of the work ability equation. 

Measuring capacity to work 

Work ability (Chapter 2) and capacity to work (Chapters 4 and 5) were measured in this thesis 

relying on both objective and subjective measures of health. Subjective measures of health 

included self-rated health, self-assessed limitations in the amount or quality of work and self-
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assessed reason for having retired. These measures are subjective in the sense that they rely on 

respondents’ judgement and a given value of subjectively measured health may not have the 

same underlying value of health between two persons. Objective measures of health included 

grip-strength, the chair-stand test and peak expiratory flow. These measures are obtained using 

devices and do not rest on the respondent’s judgement. More measures can be labelled as 

objective even though they were collected via questions to survey respondents. These included 

the score on the CES-D or EURO-D depression scale, number of conditions and the number of 

hospital overnight stays. These are clearly more objective measures of health since they are 

collected using a standardized questionnaire in the case of the depression scales or refer to 

tangible concepts in the case of the number of conditions or of hospital overnight stays.  

Relying on subjective measures of health in the measurement of the impact of health on 

retirement may be problematic due to the possible presence of endogeneity between the 

measure of health and the retirement decision. In Chapter 2, analyses rested on five different 

measures, including two subjective ones (self-assessed health and self-assessed limitations in 

the amount or quality of work). The undesirable effect that these measures may have had on 

the validity of the outcome was however dampened by the fact that they were combined to 

three other objective measures of health and by the analytical strategy used. Indeed, using latent 

trajectory modeling over several waves may have neutralized the short-term effect that 

retirement may have on self-assessed health. The use of self-assessed reason for having retired 

in Chapter 5 potentially had a bigger influence on the results. It is not yet clear what 

considerations a person considers when assessing the role of poor health in the retirement 

decision. A plausible hypothesis is that a person who retires at age 60 is more likely to report 

that poor health played an important role than a person who retires at age 67 with the same 

health, the latter contending that it is more socially acceptable to retire later. This hypothesis 

would be in line with the justification hypothesis, which states that early retirees make a worse 

assessment of their health than what objective measurements suggest. Although empirical 

support was provided for the justification hypothesis concerning self-rated health (Kalwij and 

Vermeulen 2008; Lindeboom and Kerkhofs 2009), we are not aware of any work that assessed 

its role concerning the self-assessment of the reason for having retired.  

The analyses presented in Chapter 4 were based exclusively on objective measures of health 

and therefore were not subject to the bias described above. The measures used (grip-strength, 

the chair-stand test and peak expiratory flow) can be modelled conveniently and cover a broad 

range of physical outcomes. However, these analyses did not assess the impact that other health 

outcomes such as mental health may have on capacity to work. As discussed above, mental 

health has an important impact on the capacity of people to continue working at older ages, and 

this impact will likely grow in the future. In fact, although the results are not directly 

comparable because of the different approaches used, the results presented in Chapter 5 seem 

to suggest a much bigger impact of health on a potential postponement of retirement than the 

results presented in Chapter 4. One main difference in the two approaches is that the former 

considered the global impact of health, while the latter considered the impact of physical health 

only. Therefore, an important share of the difference is likely explained by non-physical aspects 

of health, such as mental health. We discuss further the impact of mental health on capacity to 

work in the next section.  

 

FUTURE RESEARCH DIRECTIONS 

As discussed in the introduction, although research on work ability and the determinants of 

early retirement dates back to at least the 1980s, research on estimating the capacity to work of 

populations seems rather recent. In this section, we first discuss how future research on work 
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ability and the determinants of early retirement could benefit from relying on a more dynamic 

framework. Then, we discuss how research on estimating the capacity to work of populations 

can further expand and improve.  

Research in occupational health has provided important insights into the factors that influence 

work ability and that lead to early retirement. It showed that most chronic conditions, 

musculoskeletal problems and mental health problems all influence negatively work ability and 

lead to early retirement. It also showed that self-assessed measures of health are also predictors 

of early retirement, although the direction of the causality is more difficult to assess. Previous 

research also showed that work related factors are closely linked to work ability and the early 

retirement decision. Namely, the kind of position held by an employee, the amount of control 

over his or her job and the amount of physical and mental demands were shown to have a strong 

link with work ability and the decision to retire early. Chapter two raised the fact that most 

studies that found such links considered health and retirement at one or two points in time only. 

This results in a simplified picture of the relationship between health, work and retirement. 

Such a framework makes it for example impossible to determine whether change in health 

rather than prolonged poor health induces early retirement. Likewise, it is possible that change 

in work demands (change in tasks, change in number of hours worked) significantly affects 

someone’s work ability over time. Future research should therefore adopt a more dynamic 

research framework to unravel more complex determinants of work ability and retirement.  

Studies that aimed at identifying individual determinants of work ability and early retirement 

are ill-designed to answer the question of whether populations are physically and mentally able 

to have longer working lives. Studies from Milligan and Wise (2015) and Cutler et al. (2013) 

recently provided interesting tools for answering this question. The application of these 

methods to a dozen of countries provided a global overview of the present situation (Wise 

2017). An interesting feature of this work is that results can be presented in the form of the 

number of years that people could expect to work under specific assumptions that relate to the 

association between work and health. This feature was exploited in Chapter 4 and 5 of the 

present dissertation. Chapter 4 presented a measure of the number of years that people could 

expect to work supposing a six years postponement of retirement taking into account the 

limiting effect of deteriorating physical health with age. Chapter 5 presented a measure of the 

number of years that people could work between ages 55 and 69 supposing that people only 

retire due to poor health. This chapter also showed the usefulness of such an indicator in 

comparing population subgroups. In the context of increasing pressure to delay retirement, such 

measures will provide useful for tracking change in capacity to work over time and between 

populations. This can be done in future research by taking advantage of the growing availability 

of micro-data on the health and retirement of older people provided for example by the Health 

and Retirement Study and its sister studies (HRS 2017).  

Because capacity to work is not a directly observable phenomenon, its assessment forces the 

analyst to make assumptions regarding the statistical associations in the model used. The MW 

method supposes that mortality is a good proxy for work ability over time, but research has 

shown that mortality and health do not necessarily evolve hand in hand. An important 

assumption of the CMR method is that the relationship between health and work captures well 

individual ability to work in a given age range (e.g. from 50 to 54 years old) and that this 

relationship remains the same at older ages (e.g. from age 55 to 74). A similar assumption was 

made in the model presented in Chapter 4 of the present dissertation. The method used in 

Chapter 5 made for its part the assumption that people with same work ability but of different 

ages are equally likely to report that they retired due to poor health. More research can aim at 

determining whether such assumptions are realistic and at developing methods that do not rely 

on such restrictive assumptions.  
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Rehkopf et al. (2017) used a similar framework as the one proposed by the CMR method but 

applied it to project future capacity to work instead of looking at the present or past situation. 

Similarly, Chapter 4 was interested in determining capacity to work in a hypothetical, future 

scenario. Any population projection is notoriously difficult as it forces the researcher to make 

assumptions concerning how different factors will shape the future. Projections can be 

improved by taking more factors into account, or by allowing them to change over time in order 

to reflect some changing reality. Projecting future capacity to work should be no exception. As 

Rehkopf et al. showed (2017), scenarios can be established to reflect possible changes in health 

thereby assessing its impact of capacity to work. Future research could expand this framework 

by integrating scenarios of change in demands and composition of work in their projections. It 

is for example well established that the physical demands of work are in general diminishing 

(Johnson 2011). The trends are less clear concerning the mental demands, but research in this 

direction could prove crucial as professional burnout and mental health complaints are an 

important cause of sickness absences in developed economies. Not only higher mental demands 

require higher mental capacities but long exposure to high mental demands probably also affect 

negatively someone’s mental capacities. Correctly assessing whether people are capable of 

longer working lives will therefore edge on a good understanding of the link between mental 

health and mental demands of work.   

 

POLICY IMPLICATIONS 

Since the end of the 1990s, there is a strong agreement among governments that people should 

work longer to mitigate the negative effect of population aging on public finances and 

economic growth. When taking measures aiming at encouraging longer careers, governments 

have been assuming that people are physically and mentally able to realize longer careers. The 

finding that the deterioration of health with age should not form an important hurdle towards 

later retirements means that people are likely to respond to policy changes as expected. That 

is, people are likely to retire later without having to rely on disability or other benefits to bridge 

the gap to the official retirement age. This is good news for public administration as people 

will contribute longer to retirement schemes and receive benefits during fewer years. 

The prospect of longer careers can be good news for many individuals too. Longer active lives 

provide a higher income for a bigger number of years, thus improving the financial well-being 

of retirees. Being economically active allows people to stay socially connected and improve 

their sense of purpose. Furthermore, work has been shown as having a beneficial effect on 

workers who have good health and who wish to continue working (van der Heide et al. 2013).  

Some points will however require some attention by decision makers. First, although it seems 

feasible for most people to postpone retirement by a moderate number of years, too high targets 

may prove more difficult to reach. If all the factors that determine work ability stay constant 

over time, we contend that most people are physically and mentally capable to work until their 

late 60s. Any target that would lie beyond 70 years old would probably produce less desirable 

outcomes as the health of many people starts to deteriorate faster at this age. As a side note, 

population aging is forecasted to stop or at least slow down before the middle of this century 

in most economically developed countries. Therefore, one can question whether further 

increases in the official retirement age will be needed.  

A second point that will require attention by decision makers is the fact that postponing 

retirement may be a problem for some individuals. As previously exposed, older workers with 

lower education and who accomplish more strenuous jobs may be more at risk of being forced 

into retirement before reaching the official retirement age. Improving the work ability of these 



Conclusion 
 

85 
 

workers will be crucial to offer them equal chances of reaching the retirement age while still 

working. As shown in Chapter 2, good work ability must be promoted early in the life course 

as people who enter the latter part of their career with an already low work ability are more 

prone to leave the labor market before the official retirement age. Since people with higher 

education typically have better work ability, one way to reach that target could be by offering 

workers more training and learning opportunities during their careers. However, differences in 

work ability will probably persist due to the different work demands attached to different kinds 

of jobs. Retirement policies that would implicitly consider these differences are often 

discussed. Future research could help informing this debate by providing measures of capacity 

to work of different population subgroups as presented in Chapter 5.  

 

CONCLUDING REMARKS 

The present dissertation showed that for most people in Europe and the United States, poor 

health will not prevent people from working well past age 65 in the future. Most people in their 

50s and 60s are healthy, and poor health does not always equal being retired. At the same time, 

there remains people, for example with lower education, who might have difficulties in 

fulfilling longer working lives. Thus, a challenge will be to address the inequalities in the 

capacity for people to extend their career. Right now, more is being done to encourage people 

to extend their career. In some countries, future normal retirement ages will lie beyond 70 years 

old. Also, many countries are linking future changes in the normal retirement age with future 

changes in life expectancy. An important question will therefore be to determine whether 

people’s health capacity to work changes together with life expectancy. If this proves not to be 

the case, then more and more people will have to retire due to poor health, thus raising new 

questions concerning intergenerational equity in retirement. Finally, it will be important to keep 

monitoring how poor health impacts retirement timing and to pay attention to whether certain 

health complaints (e.g. mental illnesses) are increasingly causing work incapacity.  
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Nederlandse samenvatting 

Hogere pensioenleeftijden worden steeds vaker beschouwd als een middel om de 
negatieve effecten van de vergrijzing op de duurzaamheid van pensioenstelsels en 
economische groei tegen te gaan. Omdat gezondheid vaak achteruitgaat met het ouder 
worden en een slechte gezondheid een belangrijke voorspeller is van eerder stoppen 
met werken, is het de vraag in welke mate gezondheid een belemmering zal vormen 
voor het langer werken. Dit proefschrift beantwoordt deze vraag zowel vanuit het 
individuele als het bevolkingsperspectief.  

Hoofdstuk 1 bespreekt de context waarin dit onderzoek plaatsvindt. Eerst wordt 
uiteengezet waarom in ontwikkelde landen vergrijzing een probleem vormt voor 
pensioenstelsels. Hogere arbeidsparticipatie van oudere werknemers biedt een 
oplossing voor de financiering van pensioenstelsels op de lange termijn omdat het 
zowel invloed heeft op het aantal werkenden als op het aantal niet-werkenden. Een 
probleem daarbij kan evenwel zijn dat gezondheid vaak achteruitgaat op hogere 
leeftijd. Uit de medische wetenschappelijke literatuur blijkt dat een slechtere 
gezondheid gepaard gaat met een hogere kans om niet meer te werken onder oudere 
werknemers. Economen daarentegen nuanceren dit resultaat. Zij betogen dat mensen 
soms slechte gezondheid gebruiken om te rechtvaardigen dat ze niet meer werken. 
Wanneer objectieve gezondheidsmaten worden gebruikt, blijkt dat slechte gezondheid 
inderdaad een belangrijke voorspeller is van niet werken vóór de pensioenleeftijd, 
hoewel het effect kleiner is dan wanneer men subjectieve maten gebruikt. Het laatste 
deel van hoofdstuk 1 bespreekt de literatuur die probeert te meten hoe lang mensen 
kunnen doorwerken als hun gezondheid achteruitgaat. Dit is moeilijk te meten omdat 
de meeste mensen stoppen met werken voordat hun gezondheid te slecht wordt. Uit 
de onderzoeken die de zogenoemde werkcapaciteit hebben geschat, blijkt dat er nu 
veel mensen zijn tussen 55- en 75-jarige leeftijd die niet werken, maar die er wel in 
staat zouden zijn. 

Hoofdstuk 2 onderzoekt de impact van gezondheid op pensionering op het individuele 
niveau. De meeste onderzoeken hebben dit tot nu toe op een statische manier gedaan, 
door bijvoorbeeld gezondheid op één of twee momenten te meten en door 
pensionering als een eenmalige en directe transitie te modelleren. In hoofdstuk 2 
worden gezondheid en pensionering als dynamische gebeurtenissen gemodelleerd. 
Amerikaanse werknemers worden gevolgd tussen leeftijd 54 en 66. Gezondheid en 
werkstatus worden in die periode voor elk individu in totaal zeven keer gemeten. Op 
basis van deze informatie wordt elk werknemer in één van drie gezondheidstrajecten 
en in één van vier pensioneringsroutes ingedeeld. Elk individu wordt ingedeeld in de 
groep die het best zijn individuele gezondheids- en pensioneringstraject beschrijft. De 
meesten mensen (74%) hebben een blijvend, goede gezondheid. Een zesde deel heeft 
een verslechterende gezondheid en een tiende deel is blijvend ongezond. Ongeveer de 
helft van de steekproef gaat rechtstreeks met pensioen: een kwart vroeg en een kwart 
laat. Een zesde deel gaat vroeg met pensioen, maar niet rechtstreeks. Een derde deel 
gaat laat met pensioen, maar niet rechtstreeks. Er is een duidelijke samenhang tussen 
de gezondheidstrajecten en de pensioneringsroutes. Mensen met een blijvend goede 
gezondheid gaan relatief laat en rechtstreeks met pensioen. In vergelijking met 
mensen met een verslechterende gezondheid gaan ze ook vaker laat en niet 
rechtstreeks met pensioen. Werknemers met een verslechterende gezondheid gaan 
relatief vaak vroeg en rechtstreeks met pensioen. Zowel werknemers met een 
verslechterende gezondheid als mensen met een blijvend slechte gezondheid gaan 



 

100 
 

vaker vroeg en niet rechtstreeks met pensioen. Deze resultaten tonen aan dat 
afnemende gezondheid een belangrijk rol speelt in het vroeg met pensioen gaan. Ze 
suggereren bovendien dat een hogere pensioenleeftijd ertoe kan leiden dat meer 
werknemers beroep zullen doen op werkloosheids- en 
arbeidsongeschiktheidsuitkeringen voordat ze pensioen ontvangen. Om een stijging in 
werkloosheid en arbeidsongeschiktheid op hogere leeftijd te voorkomen, is het van 
belang dat minder mensen een slechte gezondheid hebben in de laatste fase van hun 
carrière en dat gezondheid minder snel achteruitgaat als mensen ouder worden. 

Het derde hoofdstuk kijkt zowel naar het individuele als het bevolkingsperspectief. Dit 
hoofdstuk onderzoekt de vorm van de relatie tussen leeftijd, gezondheid en werk in 
twee groepen van drie Europese landen, in Engeland en in de Verenigde Staten 
bestudeerd. Dit wordt gedaan aan de hand van zogenoemde heat-maps. Dit zijn 
figuren die de variatie in de afhankelijke variabele (de proportie werkende mensen) 
laat zien in relatie tot twee verklarende variabelen (gezondheid en leeftijd). Om het 
bovengenoemde rechtvaardigingsprobleem te voorkomen wordt gezondheid 
uitsluitend objectief gemeten, aan de hand van gestandaardiseerde testen. Zo worden 
de handgrip, de snelheid waarmee men met gekruiste armen van een stoel op kan 
staan en weer kan zitten en de longcapaciteit van enquêtedeelnemers gemeten. Ook 
wordt de score op een psychologische gezondheidsschaal gebruikt. Slechte gezondheid 
gaat gepaard met lagere arbeidsparticipatie: soms is de kans om te werken dubbel zo 
hoog voor mensen met een optimale gezondheid dan voor mensen met de slechtste 
gezondheid. De vorm van de relatie tussen gezondheid en werk varieert weinig tussen 
de gezondheidsmaten en de landen. De kans om te werken daalt fors bij 
gezondheidswaarden onder de mediaan terwijl er weinige variatie is daarboven. Als 
we de vorm van de relatie vergelijken tussen twee tijdstippen die 6 à 7 jaar uit elkaar 
liggen, blijkt dat in Engeland en sommige Europese landen vooral mensen met een 
slechtere gezondheid langer zijn gaan werken. Het is echter onduidelijk of dit aan 
positieve factoren (bijvoorbeeld doordat werk fysiek makkelijker wordt) of aan 
negatieve factoren (mensen voelen zich gedwongen om langer te werken om financiële 
redenen) toe te schrijven is.  

Hoofdstuk 4 is het eerste van twee hoofdstukken waarin wordt geprobeerd op 
bevolkingsniveau het aantal jaren te meten dat langer gewerkt zou kunnen worden. 
Dit wordt in hoofdstuk 4 gedaan door naar de lichamelijke werkcapaciteit van mensen 
in zestien Europese landen te kijken. Dit hoofdstuk beantwoordt de volgende vraag: 
als mensen zes jaar langer moeten werken, welk aandeel zou dan eerder met pensioen 
moeten gaan vanwege een slechte lichamelijke gezondheid? Om deze vraag te 
beantwoorden moet het effect van lichamelijke gezondheid op werk worden 
vastgesteld. Dit wordt in drie stappen gedaan. Allereerst wordt voor elk 
gezondheidsniveau en elke leeftijd tussen 55 en 64 jaar de proportie werkende mensen 
geschat. Vervolgens wordt de snelheid gemeten waarmee gezondheid achteruitgaat 
met het toenemen van de leeftijd. Tot slot wordt de relatie tussen werk en leeftijd met 
zes jaar verschuift terwijl gezondheid dezelfde blijft. De mate waarin mensen in staat 
zijn om hun pensionering met zes jaar uit te stellen wordt gemeten aan de hand van 
het aantal jaren dat mensen zouden kunnen werken voordat hun lichamelijke 
gezondheid te slecht wordt. Geschat wordt dat mannen tussen leeftijd 56 en 76 jaar 
potentieel 10.75 jaar zouden werken als lichamelijk gezondheid geen rol zou spelen. 
Wanneer rekening wordt gehouden met verslechterende lichamelijke gezondheid 
daalt dit naar 10.39 jaar. Voor vrouwen is dit respectievelijk 9.28 en 8.73 jaar. Het 
aantal door gezondheid verloren jaren (resp. 0.36 en 0.55) varieert tussen landen: voor 
mannen varieert tussen 0.25 en 0.51 jaar en voor vrouwen tussen 0.44 en 0.62 jaar. 
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Gezien deze lage cijfers concluderen we dat het feit dat lichamelijke gezondheid 
afneemt met toenemende leeftijd geen ernstige belemmering vormt voor langer 
werken op bevolkingsniveau. 

In hoofdstuk 5 wordt zowel het lichamelijke als het geestelijke vermogen om het 
pensioen uit te stellen gemeten, aan de hand van data over Amerikaanse werknemers. 
Ze worden gevolgd vanaf leeftijd 55 totdat ze met pensioen gaan of de leeftijd van 70 
jaar bereiken. Er wordt onderscheid gemaakt tussen mensen die vanwege hun slechte 
gezondheid met pensioen gaan en mensen die om andere redenen met pensioen gaan. 
Drie maten worden berekend: hoe lang mensen gemiddeld werken; hoelang mensen 
de capaciteit hebben om te werken (hoe lang ze zouden kunnen werken als ze alleen 
vanwege gezondheid met pensioen zouden gaan); en hoe veel werkjaren worden 
verloren vanwege slechte gezondheid. Resultaten voor de hele bevolking laten zien dat 
mensen gemiddeld 8 jaar werkend doorbrengen tussen de leeftijden 55 en 69 jaar. Ze 
hebben echter de capaciteit om gemiddeld 12.9 jaar te werken; 4.9 jaren worden dus 
verloren vanwege slechte gezondheid. Er zijn duidelijke verschillen tussen 
bevolkingsgroepen. Witte mensen hebben de capaciteit om gemiddeld 13.2 jaar te 
werken tegen 11.9 jaar voor niet-witte mensen. Mensen met hogere opleiding hebben 
een werkcapaciteit van 13.8 jaar tegen 11.7 jaar voor mensen met lagere opleiding. 
Managers zijn gedurende 13.8 jaar in staat zijn om te werken terwijl arbeiders een 
werkverwachting van 12.1 jaar hebben. Tot slot is onderzocht of jongere cohorten 
langer in staat zijn om te werken. Dit blijkt niet het geval te zijn. Hoewel jongere 
cohorten wel langer werken dan oudere cohorten, stoppen ze vaker met werken 
vanwege slechte gezondheid. Dit resulteert in een vergelijkbaar aantal jaren dat men 
in staat is om te werken. Dit roept wel vragen op over intergenerationele gelijkheid: 
mensen leven en werken steeds langer, maar zijn ze in staat om even lang van hun 
pensioen te genieten of is hun gezondheid daar in de resterende jaren te slecht voor? 

Hoofdstuk 6 vat de resultaten samen en bespreekt de conclusies. Hoofdstuk 6 betoogt 
dat hoewel sommige mensen problemen kunnen ondervinden bij het langer moeten 
werken als gevolg van stijgende pensioenleeftijden, voor de bevolking als geheel geldt 
dat gezondheid maar in beperkte mate een belemmering vormt om de 
arbeidscapaciteit van een land te vergroten door de pensioenleeftijd te verhogen. De 
meeste oudere werknemers kunnen langer doorwerken omdat ernstige 
gezondheidsproblemen zich doorgaans pas voordoen op hoge leeftijd, ver voorbij de 
pensioenleeftijd. Dit is zeker het geval wat betreft lichamelijke gezondheid. Maar er 
zijn wel aandachtspunten voor het beleid. Hogere pensioenleeftijden kunnen ertoe 
leiden dat een groter beroep zal worden gedaan op werkloosheids- en 
arbeidsloosheidsuitkeringen voordat men de pensioenleeftijd bereikt. Om dat te 
voorkomen moet meer aandacht worden besteed aan de relatie tussen werk en 
gezondheid vóórdat men de laatste fase van de carrière bereikt. De mogelijkheid om 
langer te werken hangt af van de werkcapaciteit, dat wil zegen de balans tussen 
capaciteiten van de werknemer en baaneisen. Dit betekent dat het aan de ene kant van 
belang is om gezondheid te stimuleren voordat men oud is (bijvoorbeeld door 
bevordering van een gezonde leefstijl en een goede preventieve gezondheidszorg) en 
duurzame inzetbaarheid van werknemers te bevorderen (life-long learning), en aan de 
andere kant de arbeidsomstandigheden te verbeteren (bijvoorbeeld door fysiek 
minder zwaar werk en minder stress).  


