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1.1	 Ageing workforce 
Many Western countries face the challenge of an ageing population, due to increasing 

life expectancy and falling birth rates [1]. The ageing of the population leads to a 

socioeconomic pressure to sustain working life. However, in recent years the increase 

in life expectancy has not resulted in an increase of work participation of older 

workers, but rather in a decrease of the years spent in paid employment during 

lifetime. This rather paradoxical finding can partly be explained by an increase in years 

of education among younger individuals. However, the main explanation for the 

decrease in total life years in paid employment is the high rate of early exit from the 

labour market at older ages and likewise an average age of exit from paid employment 

well below the statutory pension age [2]. 

In order to balance the ratio of employed over dependent persons, the increase in 

work participation of older workers and the increase of age at full retirement has high 

priority in governmental policies [1]. The Lisboa goals state a participation of 70% in 

2010 in general and 50% for workers aged over 55 years old. In 2008 the participation 

of workers aged 55-64 in the Netherlands was 53%, and in EU27 countries 45.6% [3]. 

1.2	 Ill health and work participation of older workers
Besides socioeconomic motives to increase work participation, older workers are 

highly valuable for employers as they are the most skilled and productive employees 

and therefore of interest to keep at work. Nevertheless, an older worker differs from a 

younger colleague regarding physical and mental changes that accompany ageing 

[4], which may have negative consequences for their safety and vulnerability at work 

[5]. Work demands that are not sufficiently attuned to physical and mental capacities 

of ageing workers may increasingly cause health problems and subsequently 

displacement from the workforce [2]. Hence, the success of policies to sustain working 

life will depend on a better understanding of the particular role of health and work 

characteristics in continuing work in order to prevent exit from the labour market 

among older workers. Therefore, the role of (functional) health in working life is of 

interest. 

There is ample evidence that ill health may cause selection out of the labour force 

[6-12]. It is well-established that poor health may lead to unemployment for example 

in construction workers, whereby several health problems predicted the risk of 

long-term unemployment [7]. More recently, there is an increasing awareness that 

among older workers ill health does not only affect unemployment and disability, but 

may also drive selection out of the workforce due to early retirement and staying 
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home to take care of the family [8, 9, 12]. On the European level it was shown that ill 

health was a risk factor for transitions between paid employment and various forms 

of non-employment, including retirement, unemployment, and taking care of the 

household [6, 11]. Additional to current knowledge, it is important to investigate which 

aspects of ill health, such as perceived poor health, presence of chronic diseases or 

experienced functional limitations, are primarily involved in displacement from the 

labour market through different pathways of exit. Besides, it is of interest to evaluate 

which factors explain the relation between ill health and labour exit. 

1.3	 Work ability
In order to increase work participation and prolong the working life among older 

workers the concept of work ability has been developed in the early 1980s in Finland, 

and was later adopted in various other European and Asian countries. According to 

Ilmarinen [13], work ability is built on the balance between a person’s resources and 

work demands. The basis for work ability is health, and functional capacity, but work 

ability is also determined by professional knowledge and competence (skills), values, 

attitudes, and motivation, and work itself.  

There is an overall decrease in work ability with age, but there are substantial inter-

individual differences [4, 14]. Within this framework, the concept of work ability has 

been developed into an important tool to identify workers at risk for imbalance 

between health, capabilities and demands at work. 

Work ability has been measured in different ways. For example, by a single question 

asking respondents to range their current work ability on a 5 or 10-point scale [15]. 

Moreover, work ability has been defined as not being on long-term sick leave [16], or 

in total days on sick leave during the last 12 months [17]. The work ability index (WAI) 

[18] is by far the most used, and well-accepted instrument to measure work ability, as 

is demonstrated by its availability in 21 languages. In the early 1980s the work ability 

index was developed in Finland in a follow-up study that involved ageing municipal 

workers in different types of occupations. The WAI [18, 19] is a measure for the degree 

to which a worker, given his health, is physically and mentally able to cope with the 

demands at work. The WAI consists of an assessment of the physical and mental 

demands of an individual in relation to his work at this moment, previously diagnosed 

diseases, and experienced limitations in work due to disease, occurrence of sick leave 

over the past 12 months, work ability prognosis within 2 years, and psychological 

resources recently. The WAI is constituted of seven dimensions and the index is 

derived as the sum score of the ratings on each dimensions. The range of the 

summative index is 7-49, which is classified into poor (7-27), moderate (28-36), good 

(37-43), and excellent (44-49) work ability [18]. Reduced work ability is often defined as 

a score lower than 37 (poor and moderate). The work ability index has been promoted 

in recent years as a valuable tool in occupational health programs dedicated to 

decrease early exit from the work place [20].

1.4	 Determinants of work ability 
Previous research, predominantly in physical demanding jobs, showed that the WAI is 

negatively influenced by older age, high physical work demands, high psychosocial 

work demands (e.g. lack of possibilities to control one’s own work), unhealthy lifestyle 

(lack of physical activity), and a poor physical fitness [5, 20-22]. Few studies have 

addressed determinants of work ability in occupational populations with 

predominantly mental demands at work. Among office workers Sjögren-Rönkä (2002) 

[23] showed that low stress at work and a better self-confidence were directly related 

to a higher work ability. Seniority in the job and job satisfaction were also associated 

with a better work ability among office workers [24]. However, the knowledge of 

determinants of work ability in mental demanding occupations is scarce and hence, it 

remains unclear whether in these jobs the relative importance of personal and 

work-related factors is similar to their well-known contribution in physically demanding 

jobs. Although several studies in different occupational settings have been conducted, 

there is a need for a systematic evaluation of the relative importance of work-related 

and individual determinants of work ability, measured with the WAI. This knowledge 

of determinants of work ability is important to tailor interventions aimed at increasing 

work participation among elderly workers, and at maintenance or improvement of 

the performance at work. 

1.5	� Consequences of decreased work ability for work participation  
and work performance

Earlier studies have shown that a low work ability score predicts work displacement 

from the labour market during follow-up most profound through work disability [25, 

26]. Evidence for an increased risk for early-retirement are somewhat weaker but show 

positive associations [27, 28]. Besides consequences of decreased work ability for exit 

from paid employment, decreased work ability may have consequences for workers 

who remain in paid employment through a reduced productivity. There are two 

measures of lost productivity: (1) time away from the job due to illness and associated 

disability (sickness absence) [29], and (2) productivity losses at work due to a reduced 

health. The phenomenon that workers turn up at work, despite health problems that 
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may prompt absence from work, is sometimes referred to as sickness presenteeism 

[30]. Since sickness presenteeism may convey the wrong impression that health 

problems at work should promote absence from work, in this thesis the term 

productivity loss at work will be used. 

Sickness absence is an expression of the complex relation between health and work 

characteristics [31] and is thought to have a multifactorial etiology [32]. A range of 

factors can influence the occurrence and duration of sickness absence such as 

individual characteristics, health behaviour, and work related factors [32-35]. There is 

limited information on the predictive value of work ability index score for future 

sickness absence. A study by Kujala et al. [36] showed that a decreased work ability 

among young employees had a predictive value for long-term sickness absence.

Various publications have addressed the negative consequences of impaired health, 

illness and disease for productivity loss at work. In a systematic review Schultz et al. 

[37] showed that different health conditions, such as impaired mental health, allergies, 

and arthritis, are associated with productivity loss at work. Likewise, individual studies 

have shown that the prevalence of productivity loss at work has a broad range varying 

between 7% and 60% among workers with impaired health [38-42], whereas the 

average productivity loss at work ranges between some 12% and 34%, which accounts 

for 1.0 to 2.7 hours per day assuming an 8 hour work day [39-42]. 

Despite the consistent results on the consequences of impaired health and, less 

pronounced, reduced work ability for productivity loss at work, it remains unclear 

which work related factors may explain the association between decreased work 

ability and productivity loss at work. 

2.	 Objectives of this thesis
Extending working life and remaining active on the labour market at older age is one 

of the main goals for European governments. In this respect, the increase in life 

expectancy over the last 30 years is frequently used to support the possibility to 

increase the length of working life, but until now this has not yet resulted in extended 

work lives. Therefore, the aim of this study was to gain insight in the role of work 

ability and health on sustaining employability. In this thesis employability was 

restricted to remaining in paid employment, lack of sickness absence and productivity 

loss at work.  

The primary objectives of this thesis were:

1)	 What is the relation between ill health and exit from paid employment among 

older workers?

2)	 Which individual characteristics, lifestyle factors and work-related risk factors are 

associated with work ability?

3)	 What are the consequences of a decreased work ability for sickness absence and 

productivity loss at work and are these consequences influenced by work related 

characteristics? 

3.	 Outline of this thesis
Following this general introduction, objective 1 will be addressed in chapter 2 and 3. 

Chapter 2 will address the impact of ill health on exit from paid employment in Europe 

among older workers. Data derived from the first two waves of the Survey on Health 

and Ageing in Europe (SHARE) were analysed to determine the relation between poor 

health and work characteristics on becoming retired, unemployed, a homemaker, or 

disabled compared to remaining in paid employment in the following two years 

among 50 to 63 year olds in Europe. Chapter 3 presents a synthesis of findings derived 

from a systematic review of longitudinal studies on the influence of health and work 

on early retirement and of results obtained from focus group interviews about 

retirement decisions with workers aged over 40 years of age with poor and excellent 

work ability in the printing industry. 

Objective 2 is addressed in chapter 4 and 5. An overview of the literature regarding 

the effects of individual and work-related factors on the Work ability index is given in 

chapter 4. Chapter 5 presents the results of an exploration of the associations of 

psychosocial factors at work, life style, and stressful life events on health and work 

ability among white-collar workers.

Objective 3 is addressed in chapter 6 and 7. The topic in chapter 6 is a prospective 

longitudinal study which describes the relative contribution of individual characteris-

tics, lifestyle factors, work-related risk factors, and work ability on the occurrence of 

short (<2 weeks), moderate (2-12 weeks), and long (>12 weeks) duration of sickness 

absence during 1 year follow-up. Chapter 7 evaluates the possibility of interaction 

between work-related factors and reduced work ability in the association with 

productivity loss at work. Finally, chapter 8 comprises a summary of the results and 

general discussion. 
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Abstract

Objective To determine the impact of ill health on exit from paid employment in 

Europe among older workers.

Methods Participants of the Survey on Health and Ageing in Europe (SHARE) in 11 

European countries in 2004 and 2006 were selected when between 50 and 63 years 

old and in paid employment at baseline (n=4611). Data were collected on self-rated 

health, chronic diseases, mobility limitations, behavioural factors (obesity, smoking, 

alcohol use, and physical activity), and work characteristics. Participants were followed 

for two years and classified into employed, retired, unemployed, and disabled at end 

of follow-up. Multinomial logistic regression was used to estimate the effect of 

different measures of ill health on exit from paid employment.

Results During the two-year follow-up period, 17% of employed workers quitted paid 

employment, primarily due to early retirement. Controlling for individual and work 

related characteristics, poor self-perceived health was strongly associated with exit 

from paid employment due to retirement, unemployment, or disability (ORs from 1.32 

to 4.24). 

Adjustment by working conditions and lifestyle reduced the significant associations 

between ill health and exit from paid employment by 0 to 18.7%.

Low education, obesity, low job control, and effort-reward imbalance were associated 

with measures of ill health, but also risk factors for exit from paid employment after 

adjustment for ill health. 

Conclusion Poor self-perceived health was strongest associated with exit from paid 

employment among European workers aged 50-63 years, compared to three other 

measures of ill health. This study suggests that the effects of ill health on exit from 

paid employment can be diminished by a variety of preventive measures towards 

obesity, problematic alcohol use, job control, and effort-reward balance. 

Introduction

In many industrialized countries the population is ageing, due to increasing life 

expectancy and falling birth rates [1]. A rather paradoxical development is that, 

despite increases in life expectancy, the average time people spend in paid work has 

decreased in most European countries. Although part of this decrease is explained by 

prolonged education among younger cohorts, a more important contributor is the 

higher rate of exit from the labour market at older ages [2]. As a consequence, many 

countries are developing policies to encourage older workers to remain longer in the 

labour market and delay retirement [3]. Clearly, the success of these policies will 

depend on a better understanding of ageing in the workforce and the particular role 

of health and work characteristics in continuing work or exit from the labour market. 

Recent evidence suggests that work can be good for health, reversing the harmful 

effects of long-term unemployment and prolonged sickness absence [4]. However, 

the current assumption seems that illness is incompatible with being in work [4]. 

It is obvious that ill health plays a role in exit through work disability. Although less 

consistent, there is also evidence that ill health may cause exit from the labour force 

through unemployment and early retirement [3, 5-10]. In several European countries it 

was shown that ill health was a risk factor for transitions between paid employment 

and various forms of non-employment, including retirement, unemployment, and 

taking care of the household [5, 9]. The strength of the current study is the exploration 

of the three pathways simultaneously. Second, four different measures of health were 

used to study the role of ill health in exit from paid employment.

In order to minimize the negative effect of ill health on work participation, it is of 

interest to study factors that explain the relation between ill health and exit from paid 

employment and may therefore be important targets for primary preventive 

interventions in occupational populations. Research on occupational health has 

shown the negative influence of poor working conditions on workers’ health [11-13]. 

Lifestyle factors, such as lack of physical activity, smoking, alcohol and overweight, are 

well-established determinants of poor health, and thus, may be important factors to 

intervene upon in order to decrease health-related exit from paid employment. 

The following research questions were formulated. First, which measures of health are 

predictive for exit from paid employment? Second, how much of the observed 

associations between ill health and future exit can be explained by work related 

factors and lifestyle?

chapter 2
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employed in SHARE encompasses all individuals who declared to have done any kind 

of formal paid work in the last four weeks, including self-employed work for family 

business. Unemployed were those who were laid off from their last job before being 

able to benefit from normal pension benefits, and therefore were forced to spend 

some time in unemployment before effectively being retired. Sickness or disability 

insurance applied to people who exited the labour force for reasons of recognized 

health problems [14]. The category of disabled participants predominantly includes 

persons whose health problems at work were an eligibility criterion for receiving a 

disability pension. Total exit from the workforce was defined as exit either through 

early retirement, unemployment or disability. 

Health measurements
The European version of self-perceived health, a 5-point scale question ranging 

between very good to (very) bad, was used to define poor health (less than good). 

This frequently used question has been shown to be a good indicator of general 

physical and mental health [16, 17]. A second health measure was having at least one 

of the following chronic diseases diagnosed by a doctor during lifetime; heart disease, 

stroke, diabetes, lung disease, asthma, arthritis or rheuma, and osteoporosis.  

Functional limitations, reflecting the ability of individuals to perform normally in 

society, were characterized with two dichotomous measures of health. The first 

measure of interest, mobility problems, reflects limitations with mobility, arm or fine 

motor functions. Mobility problems were defined as one or more affirmative answers 

on a list of 10 mobility problems, such as walking 100 meters and reaching or extending 

arms above shoulder level. The second measure, instrumental limitations, was positive 

for subjects with one or more of the 13 instrumental activities of daily life, such as 

preparing meals and making phone calls. 

Individual characteristics
The highest education successfully completed was coded according to the 1997 

International Standard Classification of Education (ISCED-97) and categorized into low 

(pre-primary, primary and lower secondary education), intermediate (upper secondary 

education) and high (post secondary education). Body mass index (BMI) was calculated 

by dividing body weight in kilogram by the square of body height in meters. BMI was 

recoded into normal (<25 kg/m2), overweight (>=25 and <30 kg/m2), or obese (>=30 kg/m2). 

Marital status was used to categorize individuals into those who were living with  

a spouse or a partner in the same household (reference category) and those  

living alone. Smokers were subjects who were currently smoking; all others were 

Methods

Study population
The study population consisted of participants of the Survey on Health and Ageing in 

Europe (SHARE study). SHARE is a longitudinal survey that aims to collect medical, 

social, and economic data on the population aged over 50 years in 11 European Union 

countries (Sweden, Denmark, The Netherlands, Belgium, Germany, Austria, Switzerland, 

France, Italy, Spain, and Greece) [14, 15]. In the participating SHARE countries the 

institutional conditions with respect to sampling were so different that a uniform 

sampling design for the entire project was not feasible. Different registries of national 

or local level were used that permitted stratification by age. The sampling designs 

varied from simple random selection of households to complicated multistage 

designs. 

The first wave of data was collected by interviews between April and October 2004. 

The overall household response across the 11 SHARE countries in which data collection 

took place in 2004 was 57.4%, although substantial differences among countries were 

observed [15]. The available dataset from the first wave of data collection (SHARE 

Release 2.0) contains 28,517 participants, with 12,965 subjects (45%) aged between 50 

and 63 years. Individuals aged 63 years and older were excluded from the current 

study, since it was assumed that workers normally retired when they became 65 years 

old at the end of follow-up. While this assumption certainly has limitations, given the 

complexity to define retirement at the individual level and the small proportion of 

workers above the age of 63 years in the study population (about 2%), it was considered 

to be the definition that was most comparable across countries. For 93 persons 

employment status was unknown, resulting in a study population of 12,872 subjects, 

of which 7119 (55%) subjects with paid employment. After two years 8,729 subjects 

participated again in the questionnaire survey (SHARE Release 1.0), resulting in a 

response of 67%. Complete information on employment status in 2006 was available 

for 8,568 subjects. For the longitudinal analysis of the influence of ill health on exit of 

the labour market, a cohort was available of 4,611 subjects with paid employment in 

2004 and complete information on individual and work related characteristics at 

baseline and work status at follow-up in 2006.

Labour force participation
The outcome of this study is work status, which was based on self-reported current 

economic status that best described respondent’s situation based on four mutually 

exclusive categories: paid work, retired, unemployed, disabled. The definition of being 
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retirement, unemployment, and disability during the 2 year follow-up. The results for 

homemakers were not shown as this group was highly dominated by female gender, 

but subjects who exited paid employment through becoming a home worker 

remained in the sample. The first step in the analysis was to establish univariate 

associations between the dependent variable work status, and health measures, so-

ciodemographic factors, lifestyle factors, and work characteristics as independent 

factors, including country as fixed effect. In the second step multivariate analyses 

were conducted to model employment status at the end of follow-up as a function of 

four measures of health. For the initial selection of potential covariates for the 

multivariate model, univariate associations with a significant level of p<0.05 were 

considered. For each independent variable measure of health, we calculated odds 

ratios for dependent variable exit for work adjusted for age, gender and education 

(reference model) and further adjusted for lifestyle factors and work related charac-

teristics separately, and in combination. For each regression model the percentage 

change in odds ratio of each pathway of exit was calculated (100x[ORreference model – 

OR+explanatory factors]/[ORreference model-1] [20]. One of the main advantages of this 

method is that it can be used to estimate direct and indirect contributions of 

explanatory factors. One limitation is that the percentage change can be similar for 

different absolute changes in odds ratios. However, all contributions were calculated 

relatively to the same odds ratios, which were also presented. Therefore, we believe 

that this limitation has a limited effect on our results. 

Population Attributable Fractions were calculated for significant determinants of exit 

from paid employment, using the formula PAF= Pe (OR-1)/(1+PE(OR-1))[21], whereby  

Pe represents the prevalence of exposure in the study population. 

All statistical models were based on the number of persons with complete data 

available. The statistical analyses were carried out with SPSS version 15.0 [22].

Results

About 17% of the employed workers reported less than good health (Table 1). 

Interrelations of the four health measures were moderate, with Spearman correlations 

varying from 0.06 to 0.33. In total, 55% of the subjects with a poor health had a chronic 

disease, 57% mobility problems, and 9% instrumental limitations. Chronic diseases 

with highest prevalence were depression (17.7% n=814), arthritis/osteoporosis (12.3% 

n=565), and respiratory diseases (5.7% n=265) (data not shown). About 61% of subjects 

with a chronic disease perceived their health as good. 

categorized as non-smokers. Problematic alcohol use was defined by an alcohol 

consumption of two or more glasses of alcoholic beverage at least 5 days a week in 

the last six months. Physical activity was measured with single questions on regular 

participation in moderate activities and vigorous activities, both on a 4-point scale 

ranging from ‘more than once a week’ to ‘hardly ever, or never’. Those who reported 

less than once a week moderate or vigorous activity were considered to lack in 

leisure-time physical activity [15].

Work related characteristics
Work related characteristics were assessed by a short battery of items derived from (i) 

the Job Content Questionnaire measuring the demand-control model [18] and (ii) the 

effort-reward imbalance model questionnaire [12]. All items were on a four point scale 

ranging from 1 ‘strongly agree’ to 4 ‘strongly disagree’. Single item measured high 

time pressure (“I’m under constant time pressure due to a heavy work load.”) Lack of 

job control was measured by the sum score of two items (“I have very little freedom 

to decide how I do my work”; “I have an opportunity to develop new skills”). Country-

specific median values were used to define the presence of high time pressure, and 

lack of job control. 

Effort-reward imbalance was measured by 2 items on ‘effort’ (‘physically demanding’ 

and ‘time pressure’) and 5 items on ‘reward’ (‘receive adequate support’, ‘receive 

recognition’, ‘adequate salary’, ‘job promotion prospects’, ‘job security’). ‘Effort-

reward imbalance’ was defined by the ratio of the sum score of the ‘effort’ items and 

the sum score of the ‘reward’ items, adjusted for the number of items [19].  

Effort-reward imbalance was defined as a score within the upper tertile of this ratio 

per country [19].

A high physical work demand was measured with one item (“My job is physically 

demanding”). Country-specific median value was used to define the presence of high 

physical work demand.

Statistical analysis
Logistic regression was used to evaluate cross-sectional associations at baseline 

between four measures of ill health as dependent variables and individual and work 

characteristics as independent variables, adjusting for country. 

Risk factors for exit from paid employment during the two year follow-up were 

evaluated by means of a multinomial logistic regression analysis. The study population 

consisted of subjects with paid employment at baseline and odds ratios were 

calculated for the likelihood of transition to every state of non-participation, i.e. early 
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Table 2 shows important determinants at baseline for all four health measures were 

lack of physical activity in leisure time (ORs 1.24-1.87) and effort-reward imbalance at 

work (ORs 1.25-1.64). A high body mass index was also associated with most measures 

of health.
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Table 1	 �Individual characteristics, lifestyle factors, health status, and work characteristics 

among 4611 employed persons aged 50-63 years old in 11 European countries 

during the first wave of the Survey on Health and Ageing in Europe (SHARE).

Employed
(n=4611)

Individual characteristics
Female
Age	 50-54 yr
	 55-59 yr
	 60-63 yr
Education �Low 

Intermediate 
High

Without partner

45% (2088)
48% (2224)
40% (1826)
12%   (561)
31% (1443)
33% (1513)
36% (1655)
20%   (937)

Lifestyle factors
BMI <25 kg/m2

25-30 kg/m2

≥30 kg/m2

Current smoker
Problematic alcohol use
Lack of leisure-time physical activity

44% (2011)
41% (1910)
15%   (690)
27% (1252)
14%   (664)
56% (2561)

Work-related factors
High time pressure at work (1/0)
High physical work demands (1/0)
Lack of job control (1/0)
Effort-reward imbalance at work (1/0)

56% (2567)
46% (2138)
57% (2622)
33% (1531)

Perceived health
Very good
Good
Fair
(Very) bad

32% (1475)
51% (2343)
15%   (708)
  2%    (85)

Chronic disease (1/0) 25% (1130)

Mobility problems (1/0) 28% (1287)

Instrumental limitations in daily activities (1/0)   4%   (170)

Table 2	� Cross-sectional multivariate associations between individual characteristics,  

lifestyle and work characteristics, and different health outcomes among  

4611 employed persons aged 50-63 years old in 11 European countries, during 

the  first wave of the Survey on Health and Ageing in Europe (SHARE).

Less than good 
perceived 

health 
(N=793)

Chronic disease
(N=1130)

Mobility 
problems
(N=1287)

Instrumental 
limitations in 

daily activities
(N=170)

OR   95%CI OR   95%CI OR   95% CI OR   95% CI

Age 50-54 yr
55-59 yr
60-63 yr

1
1.24* (1.04-1.47)
1.35* (1.06-1.73)

1
1.55* (1.33-1.79)
1.72* (1.39-2.13)

1
1.21* (1.05-1.40)
1.43* (1.16-1.77)

1
1.33 (0.95-1.85)
1.40 (0.86-2.29)

Education High
Intermediate
Low

1
1.55* (1.26-1.90)
2.00* (1.62-2.47)

1
   1.21* (1.02-1.44)

1.30* (1.08-1.58)

1
1.22* (1.03-1.44)
1.27* (1.06-1.51)

1
1.34 (0.90-2.03)
1.61* (1.07-2.43)

Female 1.18 (1.00-1.39) 1.34* (1.16-1.54) 2.05* (1.78-2.37) 2.44* (1.74-3.43)

Without partner 0.99 (0.81-1.21) 1.24* (1.05-1.46) 1.05 (0.89-1.24) 1.17 (0.81-1.68)

BMI <25 kg/m2

25-30 kg/m2

≥30 kg/m2

1
1.03 (0.86-1.24)

2.01* (1.62-2.50)

1
1.18* (1.01-1.39) 
1.88* (1.55-2.29)

1
1.49* (1.28-1.74)
2.74* (2.25-3.32)

1
1.13 (0.79-1.61)
1.53 (0.99-2.35)

Current smoker 1.18 (0.98-1.40) 0.93 (0.80-1.09) 1.15 (0.99-1.34) 1.55* (1.11-2.16)

Problematic 
alcohol use

0.98 (0.78-1.24) 1.12 (0.92-1.37) 0.87 (0.71-1.07) 0.98 (0.60-1.60)

Lack of leisure-
time physical 
activity

1.46* (1.23-1.72) 1.24* (1.08-1.43) 1.57* (1.37-1.81) 1.87* (1.33-2.63)

High time 
pressure at work

1.04 (0.87-1.24) 0.98 (0.84-1.15) 1.06 (0.91-1.24) 1.09 (0.76-1.56)

High physical 
work demands

1.14 (0.94-1.38) 1.09 (0.92-1.28) 1.26* (1.08-1.48) 1.07 (0.73-1.56)

Lack of job 
control

1.26* (1.06-1.49) 1.15* (1.00-1.33) 1.04 (0.90-1.19) 1.23 (0.88-1.71)

Effort-reward 
imbalance at 
work

1.64* (1.33-2.01) 1.25* (1.04-1.50) 1.39* (1.17-1.66) 1.55* (1.03-2.33)

* p<0.05, OR=odds ratio, CI= confidence interval
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During the two year follow-up period 17% (n=794) of employed workers exited the 

workforce, primarily due to retirement (11%) (Table 3). Considerable differences in 

prevalence of exit from paid employment and pathways of exit were found among 

countries. Table 4 shows that self-perceived poor health was the measure of health 

most predictive for transition to unemployment (OR 2.49), retirement (OR 1.50), and 

work disability (OR 5.04). All four health measures were associated with any exit from 

work (ORs 1.56-2.08). The role of ill health on exit from paid employment was 

comparable for workers with a full-time or part-time contract (data not shown).  

All lifestyle factors except smoking were associated with exit from paid employment 

through retirement (ORs 1.23-1.40). Among work-related factors lack of job control 

showed the highest increased risks for all three pathways of exit (ORs 1.23-2.68).  

Table 5 shows that the observed associations between different measures of ill health 

and transitions to non-participation, after adjustment for lifestyle factors and work 

characteristics. 
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Table 3	� Exit from paid employment among 4611 participants aged 50-63 years old in  

11 European countries during two years follow-up during the first two waves  

of the Survey on Health and Ageing in Europe (SHARE). 

Employed in 2004 Labour market position 2006

Country N Employed Retired Unemployed Disabled Homemaker

Sweden 720 88.5% (637) 5.8% (42) 1.7% (12) 3.3% (24) 0.7% (5)

Denmark 409 81.2% (332) 13,0% (53) 3.9% (16) 1.7% (7) 0.2% (1)

The Netherlands 484 79.8% (386) 12.6% (61) 2.1% (10) 2.3% (11) 3.3% (16)

Belgium 617 84.8% (523) 8.8% (54) 0.8% (5) 3.4% (21) 2.3% (14) 

Germany 411 76.6% (315) 12.9% (53) 7.1% (29) 1.0% (4) 2.4% (10)

Austria 209 71.8% (150) 23.0% (48) 2.9% (6) 1.4% (3) 1.0% (2)

Switzerland 238 88.2% (210) 5.5% (13) 2.5% (6) 0.4% (1) 3.4% (8)

France 490 80.4% (394) 12.7% (62) 3.9% (19) 2.2% (11) 0.8% (4)

Italy 276 72.1% (199) 19.2% (53) 4.3% (12) 0.4% (1) 4.0% (11)

Spain 228 80.7% (184) 7.0% (16) 4.8% (11) 2.6% (6) 4.8% (11)

Greece 529 92.1% (487) 5.1% (27) 0.2% (1) 0.2% (1) 2.5% (13)

Total 4611 82.8% (3817) 10.5% (482) 2.8% (127) 2.0% (90) 2.1% (95)

Table 4	� Univariate associations between health, individual characteristics, lifestyle,  

and work characteristics, and transitions into unemployment, retirement, and  

disability among 4611 initially employed subjects aged 50-63 years old during  

two years follow-up in the Survey on Health and Ageing in Europe (SHARE) 

(staying in paid employment as reference category). 

Unemployed 
(n=127)

Retired
(n=482)

Disabled
(n=90)

Total exit 
(n=699)

OR   95%CI OR   95%CI OR   95% CI OR   95% CI

Less than good 
perceived health 
(1/0)

2.49* (1.70-3.66) 1.50* (1.19-1.90) 5.04* (3.28-7.74) 2.08* (1.72-2.51)

Chronic disease (1/0) 1.62* (1.10-2.37) 1.74* (1.42-2.14) 3.00* (1.96-4.59) 2.00* (1.68-2.37)

Mobility problems 
(1/0)

1.29 (0.88-1.90) 1.37* (1.11-1.68) 3.44* (2.26-5.26) 1.56* (1.31-1.85)

Instrumental 
limitations in daily 
activities (1/0)

1.69 (0.76-3.73) 1.25 (0.78-2.02) 3.52* (1.82-6.83) 1.73* (1.19-2.50)

Age �50-54 yr 
55-59 yr 
60-63 yr

1
1.72* (1.17-2.53)
2.51* (1.42-4.43)

1
8.08* (5.91-11.04)

 33.30* (23.36-47.46)

1
2.36* (1.50-3.72)
1.31 (0.56-3.07)

1
3.96* (3.21-4.88)
8.75* (6.83-11.21)

Education High
Intermediate
Low

1
1.87* (1.17-3.00)
2.80* (1.69-4.64)

1
1.12 (0.89-1.43)

  1.65* (1.29-2.12)

1
1.56 (0.89-2.72)

2.20* (1.28-3.77)

1
1.39* (1.14-1.71)
1.68* (1.37-2.05)

Female 1.16 (0.81-1.66) 0.83 (0.68-1.01) 0.95(0.62-1.45) 0.92 (0.78-1.08)

Without partner 1.36 (0.90-2.05) 0.83 (0.64-1.06) 0.78 (0.45-1.37) 0.92 (0.75-1.13)

BMI �<25 kg/m2 
   25-30 kg/m2 
≥30 kg/m2

1
1.00 (0.66-1.51)

1.92* (1.21-3.07)

1
1.23* (1.00-1.52)
1.40* (1.05-1.84)

1
0.97 (0.60-1.56)
1.71 (0.98-2.97)

1
1.11 (0.93-1.33)

1.51* (1.20-1.89)

Current smoker 1.21 (0.82-1.80) 0.87 (0.70-1.09) 1.46 (0.93-2.30) 0.97 (0.81-1.17)

Problematic alcohol 
use

1.04 (0.63-1.72) 1.37* (1.07-1.76) 1.65 (0.95-2.87) 1.57* (1.27-1.94)

Lack of leisure-time 
physical activity 

1.29 (0.89-1.86) 1.24* (1.01-1.51) 0.98 (0.64-1.49) 1.19* (1.01-1.44)

High time pressure 
at work 

0.72 (0.50-1.04) 1.02 (0.83-1.25) 1.23 (0.80-1.90) 1.00 (0.85-1.18)

High physical work 
demands

1.04 (0.73-1.50) 1.17 (0.96-1.42) 1.57* (1.03-2.40) 1.19* (1.01-1.40)

Lack of job control 1.59* (1.07-2.37) 1.23* (1.00-1.51) 2.68* (1.59-4.54) 1.62* (1.37-1.91)

Effort-reward 
imbalance at work

1.51* (1.05-2.16) 1.09 (0.89-1.34) 1.62* (1.06-2.48) 1.22* (1.03-1.44)

* p<0.05, OR=odds ratio, CI= confidence interval
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Significant odds ratios between ill health and exit from paid employment decreased 

by 0% to 10% after adjustment for lifestyle factors, 4% to 9% after adjustment for 

working conditions, and 4% to 19% after adjustment for lifestyle factors and working 

conditions simultaneously. Adjustment with lifestyle factors and work related 

characteristics had a smaller influence on the association between ill health and work 

disability compared to the other pathways of exit from paid employment. In the 

fully adjusted models for each of the four health measures the lifestyle factors obesity 

and problematic alcohol use remained significant in at least one of the models. 

Regarding work related characteristics, lack of job control and effort-reward 

imbalance at work remained significant after full adjustment in at least one of the 

four models.

The population attributable fractions of a less-than-good self-perceived health for 

transition into unemployment, retirement, and disability were 27%, 9%, and 61%, 

respectively. 

Discussion

During a two year follow-up, 17% of workers employed at baseline left paid employment, 

primarily due to early retirement. Controlling for individual and work related 

characteristics, poor self-perceived health was strongly associated with exit from paid 

employment due to retirement, unemployment, or disability (OR’s from 1.32 to 4.24).  

In order of decreasing importance, chronic diseases, mobility problems and instrumental 

limitations also influenced exit from paid employment, most notably through disability. 

Significant associations between ill health and exit from paid employment changed 0 

to 19% after adjustment for lifestyle and work characteristics.  

Some limitations must be taken into account in this study. First, the attrition rate 

between baseline and follow-up was high (68%)[23]. Yet, in our analyses among 

subjects initially employed at baseline no differences were found between responders 

and non-responders during follow-up for all health measures at baseline.

Secondly, there are large variations between European countries in the association 

between ill health and various forms of exit from paid employment [5]. These variations 

may reflect differences between countries in institutional arrangements (e.g. 

availability of disability benefit schemes for those with health problems), or other 

factors (e.g. more or less selectivity of unemployment dependent on over-all levels of 

unemployment). All analyses were therefore adjusted for country. Due to small 
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Table 5	� Multivariate associations between 4 different health measures and transitions into 
unemployment, retirement, and disability among 4611 initially employed subjects 
aged 50-63 years old in 11 European countries during two years of follow-up in the 
Survey on Health and Ageing in Europe (SHARE) (staying in paid employment as 
reference category). 

Unemployed 
(n=127)

Retired  
(n=482)

Disabled  
(n=90)

Total exit  
(n=699)

OR   95%CI OR   95%CI OR   95% CI OR   95% CI

Less than good perceived health (1/0)1 2.16* (1.47-3.19) 1.38* (1.07-1.79) 4.59* (2.97-7.10) 1.95* (1.59-2.39)

Adjusted for lifestyle factors 2.04* (1.37-3.02) 1.35* (1.04-1.76) 4.52* (2.91-7.02) 1.88* (1.53-2.31)

change 10.3% 7.9% 2.0% 7.4%

Adjusted for work characteristics 2.09* (1.41-3.10) 1.35* (1.04-1.76) 4.36* (2.80-6.77) 1.87* (1.52-2.29)

change 6.0% 7.9% 6.4% 8.4%

Adjusted for lifestyle + work 1.96* (1.32-2.92) 1.32* (1.01-1.72) 4.24* (2.71-6.62) 1.78* (1.45-2.20)

change 14.7% 15.8% 6.1% 17.9%

Chronic disease (1/0)1 1.42 (0.96-2.09) 1.38* (1.10-1.73) 2.74* (1.78-4.22) 1.74* (1.45-2.09)

Adjusted for lifestyle factors 1.33 (0.90-1.97) 1.36* (1.08-1.71) 2.71* (1.76-4.19) 1.67* (1.39-2.02)

change 21.4% 5.3% 1.7% 9.5%

Adjusted for work characteristics 1.39 (0.94-2.05) 1.36* (1.08-1.71) 2.66* (1.73-4.11) 1.69* (1.41-2.04)

change 7.1% 5.3% 4.6% 6.8%

Adjusted for lifestyle + work 1.30 (0.88-1.93) 1.28* (1.01-1.62) 2.62* (1.69-4.07) 1.63* (1.35-1.96)

change 28.6% 13.2% 4.0% 14.9%

Mobility problems (1/0)1 1.15 (0.78-1.71) 1.20 (0.95-1.51) 3.32* (2.15-5.12) 1.46*  (1.21-1.75)

Adjusted for lifestyle factors 1.07 (0.71-1.59) 1.17 (0.93-1.48) 3.35* (2.15-5.22) 1.40* (1.16-1.70)

change 53.3% 15.0% -1.3% 13.0%

Adjusted for work characteristics 1.12 (0.75-1.66) 1.18 (0.94-1.49) 3.22* (2.08-4.99) 1.43* (1.19-1.72)

change 20.0% 10.0% 4.3% 6.5%

Adjusted for lifestyle + work 1.03 (0.69-1.54) 1.15 (0.91-1.46) 3.22* (2.06-5.03) 1.37* (1.13-1.65)

change 80.0% 25.0% 4.3% 19.6%

Instrumental limitations in daily  

activities (1/0)1
1.43 (0.64-3.19) 1.06 (0.63-1.78) 3.19* (1.62-6.25) 1.55* (1.04-2.30)

Adjusted for lifestyle factors 1.35 (0.60-3.02) 1.03 (0.61-1.74) 3.19* (1.62-6.29) 1.48 (0.99-2.20)

change 18.6% 50.0% 0% 12.7%

Adjusted for work characteristics 1.39 (0.62-3.11) 1.03 (0.61-1.73) 3.00* (1.52-5.93) 1.47 (0.99-2.20)

change 9.3% 50.0% 8.7% 14.6%

Adjusted for lifestyle + work 1.31 (0.58-2.93) 0.99 (0.59-1.69) 2.98* (1.50-5.91) 1.40 (0.93-2.08)

change 18.6% 133.3% 18.7% 28.2%

1 Adjusted for individual characteristics age, sex and educational level
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prevalence of depression in the cohort may have contributed to the association 

between self-perceived health and future exit from paid employment. 

The analyses also showed that having ever being diagnosed with a chronic disease 

played a less profound role in exit from paid employment. This may be explained by 

the fact that people diagnosed with these chronic conditions who remained in paid 

employment are a selection of the fittest survivors [31], while those who already left 

paid employment due to these diseases have not been included in our sample as they 

had already left paid employment before the baseline investigation. Analyses on the 

role of onset of disease during the follow-up period was not feasible as only 12 

subjects reported that the onset of their chronic disease had been diagnosed during 

the follow-up period. 

The direct influence of ill health on exit from paid employment had odds ratios varying 

between 1.37 and 5.04. The corresponding population attributable fractions of a 

less-than-good self-perceived health for transition into unemployment, retirement, and 

disabled were 27%, 9%, and 61%, respectively. Under the assumption that the observed 

associations represent a causal process, these associations and population attributable 

fractions indicate that a good health is an important factor in maintaining paid 

employment. Based on this finding interventions aimed at prevention of exit from paid 

employment should prevent or minimize ill health. Given the strong associations at 

baseline between obesity and lack of leisure time physical activity with several measures 

of ill health, health promotion interventions should be considered that increase physical 

activity and support a healthy diet [32, 33]. 

The consistent associations at baseline between lack of job control, high physical work 

demands, and effort-reward imbalance with several measures of ill health, outline the 

importance of improvement of working conditions and work organization as well. 

We observed that adjustment with lifestyle factors and work related characteristics 

showed reasonable changes in health related exit from paid employment. The change 

was only important for statistically significant associations because a small difference 

in odds ratio could otherwise result in a high proportion of change. The influence of 

lifestyle factors and work characteristics on the impact of ill health on labour force 

exit points at the importance of providing workers with health problems with 

possibilities that will enable them to continue working, for example by empowering 

workers with chronic diseases [34].

numbers, country-specific or region-specific analyses were not feasible. The analyses 

stratified for regions Scandinavian (Sweden, Denmark), Bismarckian (Austria, Belgium, 

France, Germany, Netherlands, Switzerland) and Southern Europe (Greece, Italy, Spain) 

showed that the conclusions drawn from the total population were also valid within 

the regions. That is, in each region the health measure self-perceived health was most 

predictive for exit from paid employment, most notably through disability. 

Third, all variables were based on self-reported data, which could have caused 

reporting bias. The problem with using self-reported health in an empirical analysis of 

labour force participation is that it may be an endogenous explanatory variable [16, 

24, 25]. According to the justification hypothesis individuals justify their non-

participation by claiming that they are in ill health. Subjects with intentions at baseline 

to quit paid employment in the near future may also have been more prone to report 

high work demands or a less beneficial effort-reward balance in order to justify their 

future exit from paid employment [17].

Fourth, the current study used a follow-up period of two years and, therefore, had limited 

discriminatory power and does not give insight in long-term effects of poor health on 

exit from paid employment or the relevant time windows for these effects. A European 

study showed that poor health had the strongest effects on leaving the workforce in the 

year before the transition [8]. Thus, it is expected that the reported influence of ill health 

on exit from paid employment is a fair reflection of the effects of ill health on work 

participation. The influence of ill health on exit from paid employment decreased for 

older workers, as the decision to continue work above 60 years is more influenced by 

other factors, such as eligibility criteria for early retirement and labour market.

Several studies have analyzed the effects of health on exit from paid employment of 

older workers [3, 5-7, 9, 26-29]. The results of this study support the selection hypothesis, 

whereby people with poor health are more likely to quit paid employment [30].  

The influence of type of health measure differs by route of exit, but an overall effect 

on total exit was consistently present for all measures of ill health. 

The relation between poor health and exit from paid employment may be explained 

by a mismatch between an individual’s capacities and the requirements of the job [2]. 

Functional limitations might therefore be more important than self-perceived poor 

health for future loss of paid employment. However, the analyses showed that a poor 

self-perceived health was a stronger predictor for pathways of exit than functional 

limitations, expressed by either mobility problems or instrumental limitations in daily 

activities. An explanation could be that self-perceived health includes mental health 

as well, whereas functional limitations concern primarily physical health. The high 
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The health status of older European workers has a major influence on the likelihood of 

sustaining paid employment. Self-perceived poor health and, to a lesser extent, 

having a chronic disease, perceiving mobility problems and limitations seem predictive 

for future work participation. There is consistent evidence that social inequalities in 

health depend on work related factors as well as lifestyle behaviours [49, 50].  

The results of this study suggest that labour market participation of older workers 

with ill health may be sustained by interventions that promote a healthier life and 

healthier working conditions. As exit from paid employment is often irreversible at 

older age, prevention of work loss by improving worker’s health or improving ill 

workers’ work circumstances and lifestyles should be a key priority. Important 

entry-points for policy could be lifestyle interventions, improvements of job control 

and effort-reward balance, and social policies to encourage employment among 

older persons with health problems.
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In the fully adjusted model obesity, problematic alcohol use, low job control, and 

effort-reward imbalance remained statistically significant for at least one of the 

pathways of exit in at least one of the models. 

Different studies support the association between unhealthy lifestyles, such as lack of 

physical activity, obesity, and problematic alcohol use, and exit from paid employment 

[5, 29, 35-37]. In the fully adjusted multinominal models problematic alcohol use was 

consistently associated with entering work disability with ORs varying from 1.84-1.88. 

It has been suggested that this may be explained by problems with working times, 

work output, concentration, occupational safety, and cooperation, irrespective of 

health status [8]. In the multivariate model obesity was associated with becoming 

unemployed, (OR 1.67). This is in agreement with a French study that reported obesity 

as a risk factor for unemployment after controlling for self-reported health [36].

Smoking was not associated with early exit. Earlier studies have shown contradictory  

results, with significant associations for smoking [8, 38-41] as well as non-significant 

associations with different forms of exit from paid employment [36, 42, 43].

In the fully adjusted models lack of job control remained a significant predictor for 

exit through retirement and disability, whereas effort-reward imbalance predicted 

unemployment. Several studies have corroborated the observed direct influence of 

strenuous working conditions on exit from paid employment [7, 29, 38, 44, 45]. In a 

cross-sectional analysis of the SHARE survey at baseline, a high imbalance between 

efforts and rewards was also associated with intended early retirement after controlling 

for poor self-perceived health [19]. Hence, preventive measures towards problematic 

alcohol use, obesity, job control, and effort-reward imbalance will contribute to 

diminish the occurrence of health related early exit from paid employment. 

This study only focused on exit from paid employment, but poor health could have 

an additional impact in terms of change of jobs and stalled careers. The Health and 

Retirement Survey [27] showed that workers after the onset of health problems often 

changed jobs within several years. This might also be true for the onset of poor health 

in earlier phases of the career (younger workers). Poor health may also have adverse 

effects on performance at work, as observed in the influence of poor health on 

sickness absence [46] and productivity loss at work [47, 48]. Duration of employment 

contract could be of influence on sustaining paid employment. However, only 7% of 

the subjects with paid employment had a temporary employment contract, and thus 

this parameter could not be evaluated in this study.
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Introduction

Industrial sectors with highly qualified technical jobs, such as the printing industry, are 

among the sectors that will be faced with an aging worker population. In some ways, 

older workers are the most skilled and productive employees, but in other ways, they are 

the most vulnerable [1]. Older workers differ from their younger counterparts regarding 

physical and mental capabilities that accompany aging, which might have a negative 

impact on their safety and health at work. Therefore, there is a need for employers to 

anticipate the difference in physical and cognitive capacities of older workers and to 

develop programs and policies in line with the individual needs of the workers involved. 

With respect to working longer in good health, improving or sustaining work ability 

among older workers is seen as an important challenge [2, 3]. The work ability concept 

is based on the assumption that the ability of a worker to perform job tasks successfully 

depends on the equilibrium between physical and mental job demands with individual 

capacities, determined by health, professional knowledge and competencies, and 

values, attitudes and motivation to work. The work ability index (WAI) [4] is by far the 

most used, and well-accepted instrument to measure work ability. There is an overall 

decrease in work ability with age, but there are substantial inter-individual differences  

[1, 5]. Some studies have shown that a low work ability score predicts early-retirement 

and other types of displacement from the labour market during follow-up. Lower work 

ability predicted early retirement during 5-year follow-up in a Danish cohort of workers 

in different occupations [6]. Hopsu et al (2005)[7] reported that among cleaners, a higher 

work ability at baseline was predictive of staying at work during 4-year follow-up and 

75% of all early retirees during follow-up had a poor or moderate work ability at baseline. 

Among workers in the food industry, the mean WAI score was lower among early 

pensioners than among pensioners retiring at the legal retirement age, i.e.25% of the 

last group had a poor or moderate work ability at baseline, whereas this percentage was 

57% for early pensioners [8]. 

In general, leaving the labour market before old age pension is influenced by so-called 

push and pull factors [3, 9]. Push factors are negative considerations, which induce 

people toward early exit, such as poor health, lack of job satisfaction, changes in work 

and work organization, and being tired of working. Pull factors are positive considerations 

and increase employee’s interest in early retirement. Among these are, for instance, 

getting more time for hobbies, desire to spend more time with the spouse who has 

already retired, and the possibility to perform voluntary work. The combination of 

pushes and pulls and the context in which they occur are determining the influence on 

the decision to retire [9].

Abstract

Objective: The influence of health and work on early retirement and incentives for 

longer working were determined. 

Methods: A systematic review was conducted of longitudinal studies on factors for 

non-disability early retirement. Besides, seven focus group interviews (n=32) were 

conducted about reasons for planning retirement early and incentives to stay longer in 

work among workers with poor and excellent work ability. 

Results: Eight longitudinal studies showed that important factors for early retirement 

were poor health, being single, high physical work demands, high work pressure, low 

job satisfaction, and lack of physical activity in leisure time. In addition, focus group 

participants reported shift work, social support, and appreciative leadership style also 

as factors.

Conclusions: Poor health and poor work circumstances are important factors in 

decisions to retire early. Social support and appreciative leadership style may be buffers 

in this process. 
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only subjects with a specific chronic disease were included (n=3), no quantitative 

information on associations (n=16), and severe methodological shortcomings (n=2). 

Data extraction
Determinants of early retirement were categorized into health status, demographic 

variables, physical work demands, psychosocial work demands, and lifestyle factors. 

The effect of age on early retirement was excluded, as early retirement is evermore age 

dependent. 

The analysis focused on measures of association, expressed by, for example, an odds 

ratio (OR), or a regression coefficient. Whenever possible the measure of association was 

retrieved from the original article, together with the variables that were adjusted for in 

the statistical analysis. In case this information was not present, available raw data in a 

2x2 table was used to calculate an OR and confidence interval (CI). 

Heterogeneity of study results was tested with the Epipool [18].

This study explored work- and health-related factors that influence older workers to 

retire early and the incentives that might encourage postponing early retirement. First, 

a systematic review was conducted to gain background information regarding work- 

and health-related determinants of early retirement. Second, focus group interviews 

were conducted to explore reasons for planning to retire early among workers with 

decreased and excellent work ability and factors contributing to work longer. 

Methods
Literature study determinants of early retirement

Identification of the studies
Relevant articles were identified by means of a computerized search of the bibliographical 

databases PubMed, from January 1966 to December 2007, and Web of Science during 

the period of January 1988 to December 2007. The search strategy constituted six steps 

(Table 1). The search was restricted to studies published in the English language.  

The focus was health- and work-related factors, thus excluding economic literature.  

For this study, premature exit from the labour market was restricted to early retirement, 

excluding work disability. The literature search identified 347 abstracts with 93 abstracts 

in both the databases, resulting in 254 unique abstracts.

Selection 
Studies were excluded if (a) the study design was cross-sectional, or (b) subjects were 

not employed at baseline measurements, (c) the outcome measure early retirement was 

not clearly defined, (d) only subjects with specific chronic diseases were included in the 

study population, (e) no quantitative information on associations between health status, 

individual and work-related factors and early retirement was presented, or (f) major 

methodological problems were present, which hampered the interpretation of measures 

of association. 

Based on titles, 102 out of 254 abstracts (40.2%) were discarded. Based on abstracts, 

another 85 abstracts were discarded because the outcome measure was not early-

retirement (n=7), no information was presented on associations between determinants 

and early retirement (n=16), subjects were patients with a specific chronic disease (n=14) 

and miscellaneous reasons (n=48). In total, 67 articles were retrieved for full review, from 

which 7 studies were included in this review [10-17]. Reasons for exclusion of articles 

were cross-sectional study design (n=3), outcome measure was not early-retirement 

(n=36; from which 20 studies used disability pension as an outcome measure),  
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Table 1	� Search strategy for a systematic review on the effects of work load and health 

on early-retirement 

Search terms                      # items 
found
PubMed

# items 
found 
WOS

#1 Early-retirement
early-retirement 345 447

#2 Work-related
occupation* OR work-related OR worker OR industrial OR work 
OR labour OR labor OR job

652995 >100.000

#3 Physical work demands 
physical* OR manual-material handling OR push* OR pull* 
OR lifting OR posture OR vibration OR workload OR repetitive 
movement* OR bend* 

476773 >100.000

#4 Psychosocial work demands
psychosocial-work* OR job stress* OR job-support OR 
work-pace OR mental-stress* OR monotonous-work OR job-
dissatisfaction OR job-satisfaction OR autonomy OR work-
schedule* OR work-time* OR work-pressure* OR social-support

70029 39888

#5 Health
health-status* [MESH] OR perceived-health OR ill-health OR 
health

1079494 >100.000

#6 #1 AND (#2 OR #3 OR #4 OR #5) 174 173

WOS = Web of Science
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Focus group interviews

The printing industry in the Netherlands is an illustrative example of a branch of industry 

with a rapidly aging workforce and limited number of new recruits. Therefore, workers 

over 40 years of age among three companies in this industry were selected as study 

population. Within each company, one focus group interview with workers with 

decreased work ability was planned and one with workers with excellent work ability. 

The latter focus groups were done as peer group to gain insight in differences in 

opinions and perceptions possibly influenced by work ability status.

The WAI [4] was used to select workers with a decreased and excellent work ability.  

The WAI consists of seven dimensions on physical and mental demands at work, previously 

diagnosed diseases, and limitations in work due to disease, sick leave, work ability 

prognosis, and psychological resources. The index is derived as the sum of the ratings on 

these dimensions. The range of the summative index is 7 to 49, which is classified into a 

poor (7-27), moderate (28-36), good (37-43), or excellent (44-49) work ability. 

The study population, which was asked to fill in the WAI questionnaire, consisted of 246 

men (85%) and 43 women (15%) (response 50%). The median age was 49 years old (40-62 

years). The distribution of excellent, good, moderate, and poor work ability was 24.7%, 

51.6%, 19.4%, and 4.2%, respectively. 

Participants for the focus groups were invited by telephone by the researcher in 

ascending order of WAI score for the decreased work ability group and in descending 

order for the excellent group. Participation was restricted to a maximum of eight 

participants per interview or WAI score minimum of 44 for the excellent group and 

maximum of 36 for the decreased work ability group from which eight participated 

(67%); 22 subjects with moderate work ability were additional invited from which 11 

participated (50%). Response was lower in the excellent work ability group; 46 subjects 

were invited from which 13 participated (28%).

Finally, three interview groups with decreased WAI and two interview groups with 

excellent WAI took place. Each focus group consisted of five to eight workers (total 32 

workers). The mean WAI for the group with decreased work ability was 28.3. The mean 

WAI for the group with excellent work ability was 46.1. The mean age was significantly 

higher among workers with poor work ability (53 years) than among those with an 

excellent work ability (48 years). The groups with a decreased work ability included 74% 

workers whose occupation can be categorized as blue-collar worker and 26% as 

white-collar worker. Within the groups with excellent work ability, 62% were blue-collar 

workers, and 39% were white-collar workers.

All focus group interviews followed a semi-structured route with the following main 

questions [19];

a.	 Which factors hamper your ability to stay in paid employment until 65 years of 

age? 

b.	 Which changes in your work and individual situation would be contributing to 

prevent early retirement?

The focus group interviews for workers with decreased work ability were conducted 

first. The arguments that emerged consistently from these interviews were listed as 

statements concerning reasons for planning to retire early and contributing incentives 

to prevent early retirement. Subsequently, participants were asked by mail to rank the 

statements according to their perceived importance for early retirement on a scale from 

1 ‘totally disagree’ to 4 ‘totally agree’. Within the group, decreased work ability ranking 

forms were filled in by 17 of the 19 participants. 

Subjects of the excellent groups were asked to rank the statements independent from 

each other during the interview, after which the focus group interviews followed the 

same route as described above. In total, complete data was available for 30 subjects, of 

which 17 decreased WAI and 13 excellent WAI. All interviews were audio recorded and 

summarized. At the start of the interviews subjects were informed that their names 

would remain confidential. Differences between both groups in ranking of the 

statements were analyzed using the Mann-Whitney test. 

Results

In total, determinants of early retirement were reported in eight longitudinal studies 

(Table 2, Figure 1). Most Scandinavian and one European study defined early retirement 

as retirement during the age of 55 to 65 years [12-15, 17]. Other age definitions were 

used in an Italian study (before the age of 49 years)[11] and in a British study (50-59,5 

years)[16]. A Norwegian study defined early retirement as a drop in income not related 

to disability [10]. The majority of included studies concerned large samples of the 

general working population, whereas three studies addressed specific occupational 

groups, i.e. nurses[12], waste collectors[15], and civil servants[16]. 

Six studies reported an influence of poor health on early retirement, with risks varying 

between 1.16 and 3.36, and 4 of 6 studies showed a statistically significant association 

[12, 14, 16, 17]. The demographic factors gender, education, and marital status were 

studied. In an Italian study [11], women had an increased risk of early retirement (OR=3.7). 

One Norwegian study showed that a lower education was positively associated with 

early retirement [10], whereas an Italian study showed an opposite association [11]. 
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According to a Danish study living together increased the risk for early retirement [15], 

while studies in other countries showed no effects [10, 17]. 

Among waste collectors, working with bending of the neck was a risk factor [15], 

whereas two studies could not demonstrate that heavy physical work was associated 

with early retirement [10, 12]. A lack of job satisfaction was associated with early 

retirement among civil servants in Great Britain [16]. A high work pressure was a risk 

factor among Danish nurses [12], but not important in the general Norwegian working 

population [10]. 

With regard to lifestyle factors, one study showed that physically active nurses had a 

higher risk for early retirement [12], whereas no associations were found between 

smoking and obesity and early retirement [12, 15].

Results of the focus group interviews

Reasons for planning to retire early 
The majority of the subjects expressed doubts about their ability to carry on working 

until the age of 65 years old in there current job. “With my current work situation I cannot 

carry on working until the age of 65 years old. Within two years I will be burnout.” “Probably I 

would be able to keep working until 65 years old, but at that time I would not have the same 

creativity and alertness as right now.” Regarding the age of retirement, some subjects 

mentioned the negative side effects of an obligatory retirement age. Certain workers 

argued that a flexible age of retirement would probably motivate them to sustain 

working. One worker in the group with excellent work ability preferred to have more 

time for voluntary work and, therefore, quitting paid employment earlier. 

All participants expressed good physical health as a relevant condition to prevent early 

retirement. Subjects wanted to perform excellent. When there physical and mental 

abilities are lacking, the incapacity to perform excellent is an extra pressure. In this respect, 

one subject stated that the ability to continue working was not age related but dependent 

on the physical abilities of the worker itself. “Of course there will be more physical complaints  

by ageing, but it strongly differs per person.” However, new working techniques and changes 

in work methods were seen as more problematic for older workers. High work pressure 

was ranked highest as reason for planning to retire early (Figure 2). 

Related aspects to work pressure mentioned were overtime work, few workers for the 

activities to be carried out, effects of work stress at home, conflict between quantity 

and quality of work, lack of social support from colleagues, lack of reward from colleagues 

and management, lack of competence and lack of task alternation: “You need to perform 
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Within the groups of subjects with a poor WAI and those with an excellent WAI, a high 

agreement was present for all reported reasons for planning to retire early. Nevertheless, 

the perceived importance of the factors, except for shift work, was statistically 

significantly higher among workers with a poor WAI.

Incentives to postpone early retirement
One of the questions on contributing factors to prevent early retirement was “What 

would you do to postpone early retirement of your personnel if you were the CEO of 

this company?” Irrespective of WAI category, in every focus group interview ‘giving 

more rewards’ was mentioned, which was also ranked highest (Figure 3): “give workers 

the feeling they are appreciated, for example by giving them more compliments”. Related to 

rewards, supervisors being present at the shop floor, and showing interest in the worker 

was mentioned. Subjects were also positive about improving personal fitness, because 

their physical condition was perceived as an important factor for their work ability.  

 “It would stimulate me to have access to a worksite gym.” 

Regarding social support from colleagues, different aspects were mentioned, such as 

flexibility to rotate shifts among each other, helping colleagues, leaving a clean 

workplace for the next shift, all based on the principle: “I do something for you, next time 

you do this for me in return.” Participants also expressed that more personnel would 

positively influence their ability to continue working: “It would be useful to have more 

workers per machine.”

Job rotation, for example within autonomous teams, was also mentioned as a possibility 

to reduce work demands. A voice in time schedules, especially with shift work, would 

be of interest for workers with specific preferences. 

According to participants, the supervisor would be best equipped to support workers 

in prolonging their working career because they would have the best insight in the 

specific situation of employees. Human resource officers were not mentioned often as 

professionals that could facilitate sustained employment. Some subjects referred to the 

workers’ own responsibility with respect to addressing barriers to continue working or 

problems with physical or mental capacities to fulfil working demands.  

In all focus group interviews, subjects were moderately positive about additional 

training on the job and gaining more knowledge to better match required competences. 

Regarding working fewer hours per week, opinions were more sceptical: “It is no use, as I 

always work more than in my contract” and “Working fewer hours also has financial 

consequences”. Some subjects were positive about the option to quit paid employment 

gradually as it would reduce the sudden change between working life and retirement. 

With less consistency several, other interventions were mentioned, such as ‘ergonomic 

the same output with less workers.” “You don’t have any time to take a short break during the 

work.” “The pressure of cost budgets has increased tremendously by internet with more hurried 

orders.”

Shift work was cited as a reason for planning early retirement in all five focus group 

interviews: “I think approximately 90% of all workers perceive problems in the switch to the 

morning shift”,” The time between shifts is too short to recover”, “It is also dependent of age;  

in the past I had no problems, but now I sleep much less”, ”This week I had three different 

shifts. That is to much variation.”, and “Shift work is top sport”.

High physical work load was also often mentioned: “I am not sure if I can carry on this 

physically heavy job until the age of 60 years”. “If I still would do my work over 5 years, it would 

be pretty heavy.” For older workers with physical complaints the lack of possibilities to 

adapt working tasks to their reduced capabilities was also mentioned. 

Factors were also interrelated, for example, one subject remarked “Six night shifts are 

heavy, but when you also have some overweight, you are sick in an eye blink”.
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Figure 2	� Ranking of reasons to plan early retirement among workers in the printing 

industry. 

Average score (1-4)

1,0 1,5 2,0 2,5 3,0 3,5 4,0

Increased work pressure*

Physical work demands*

Shift work

Personal health*

Workers with poor WAI (N=17) 

Workers with excellent WAI (N=13) 

*

*

*

totally disagree totally agree

* =p<0.05
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The literature review and the results of the focus group interviews showed the 

importance of poor health in early retirement. This is supported by studies within 

patient populations which show that workers with specific diseases have a higher risk 

for early-retirement [13, 15, 20-22]. Most studies did not report any information 

regarding the time window between a decreased health and early retirement. 

Schuring et al. (2007)[17] showed with different follow-up periods before a transition 

from work to early retirement that for the majority of early-retirees an accumulation of 

prolonged health complaints was the decisive factor rather than acute health 

problems. 

For the demographic factors, education and marital status the literature review 

showed conflicting results. During the focus interviews having a spouse at home was 

not mentioned as a factor in retirement decisions, whereas this was mentioned as a 

pull factor in the literature [9]. There are some indications that the effect of poor 

health on work participation is modified by sociodemographic factors [17]. 

Only four studies analyzed the effect of work-related factors on early retirement [10, 

12, 15, 16]. The lack of studies on work-related factors is striking as they dominate the 

push concept in retirement decisions. Especially, physical work demands have been 

studied seldom in relation to early-retirement, whereas for certain occupations, the 

legal retirement age is based on age-dependent physical capacities, such as 

fire-fighters, ambulance workers, police officers, and army officers [23-26]. In the focus 

group interviews high physical work demands were mentioned, but more in the sense 

of ‘it belongs to the work characteristics, so deal with it’. The discussion regarding 

psychosocial aspects of work demand, working hours, and work organization was 

substantially longer. The interaction between these aspects and negative contribution 

to workers’ health is well-known from the demand-control-support model [27]. 

A recent study among Dutch older workers showed that workers who perceived high 

job pressure intend to retire earlier [28]. However, the same study also showed that  

a high job pressure was significantly associated with a later retirement in the same 

cohort. 

The perceived negative impact of shift work on work participation at older age was 

corroborated in a recent review, that outlined the complexity of this issue and 

confirmed that shift work may lead to health problems among aging workers [29].  

All focus group interviews demonstrated the importance of (nonfinancial) rewards in 

the sense of feelings of appreciation, pat on the back, and receiving compliments.  

A cross-sectional study among European workers also showed an association between 

effort-reward imbalance and intention to early retirement [30]. Results are also in line 

with a Finnish study among aging workers, which demonstrated the importance of 

interventions’, ‘improving climate control’, ‘interventions to prevent hearing loss’, and 

‘focus on a good work ambience at the workplace’. 

Subjects were aware that not every aspect of the work situation can be changed to 

everyone’s wishes, but an explanation from the supervisor what was considered not to 

be feasible would be very welcome. 

In general, there was good agreement between subjects with a poor WAI and those 

with an excellent WAI on type of required interventions (Figure 3).  

Discussion

Longitudinal studies have shown that poor health and, to a lesser extent physical  

and psychosocial work load are important factors in early retirement. Focus group 

interviews among older workers confirmed the importance of these factors as reasons 

for early retirement but also showed the importance of appreciative leadership style, 

social support at work, and health promotion to postpone early retirement. 
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Figure 3	� Ranking of the importance of incentives to prevent early retirement among 

workers in the printing industry. 

Average agreement (1-4)

1,0 1,5 2,0 2,5 3,0 3,5 4,0

Improving my personal fitness

Social support from colleagues

More personnel 

More knowledge and know-how*

Working less hours per week

More (non-financial) reward

*

totally disagree totally agree

Workers with poor WAI (N=17) 

Workers with excellent WAI (N=13) 

* =p<0.05
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[28]. This study was also a combination of factors with a demonstrated influence on 

retirement and intentions to retire in the future. Ill health was a consistent factor in both 

approaches, but important factors brought up in the focus groups, such as high reward 

and supportive leadership, were not found in the literature study on actual retirement. 

Future research should focus on the discrepancy between retirement intentions and 

determinants of actual retirement and the consequences of these discrepancies for 

policies aimed at continuing work.

This study has some limitations. The literature search may not be comprehensive 

enough, because publications in languages other than English were not included, and 

the search was limited to two computer-based bibliographic databases. The search in 

Web of Science resulted in an additional 97 articles relative to Pubmed. Nevertheless, it 

cannot be ruled out that relevant publications would have been identified when using 

additional databases. The literature review was restricted to longitudinal studies on 

actual retirement behaviour. Despite extensive research on retirement, the number of 

eligible studies was small. This came as a surprise, given the current debate on policies 

to extend working careers.

Another limitation lies in the nature of the synthesis of results. A meta-analysis was not 

possible because of the large heterogeneity in definition and measurement of 

determinants. A test of homogeneity showed study results regarding poor health and 

marital status were heterogenic. Some studies focused on one specific occupation or 

gender. Comparability was hampered by differences in outcome definition and highly 

dependent of the social security system in the country of origin. 

The focus groups may have been dominated by participants who were more articulate 

than others or by participants who are more dominant than others. This was as much as 

possible prevented by the discussion leader. Because of a selection on WAI scores, the 

mean age was significantly higher in the groups with a poor WAI. No significant 

differences were found regarding the distribution of blue- and white-collar workers 

between both groups.  

Conclusion and recommendations
Longitudinal studies have shown that poor health and, to a lesser extent high physical 

and psychosocial work demands are important factors in early retirement. Focus group 

interviews confirmed these results and added more insights into the retirement decision 

process. Postponing early retirement could be facilitated by reducing work load and by 

increasing social support from colleagues, appreciative and supportive leadership, and 

health promotion. Evaluative research is needed to determine the effectiveness of the 

proposed interventions on actual retirement behaviour. 

appreciative and supportive leadership [31]. The effort-reward imbalance aspects 

discussed in the focus groups can be best described with the term relational injustice, 

alluding to the extent to which employees are treated with respect and fairness by 

their supervisors [32]. 

Because of financial consequences, participants said they would not favour to work 

fewer hours to prevent early retirement. In contrast, the American Health and Retirement 

Study [33] showed that three out of four older workers would prefer to reduce hours 

gradually rather than retire abruptly and that older subjects were increasingly interested 

in part-time opportunities. 

The printing industry is characterized by a rapidly changing technology, whereby 

knowledge on how to operate machinery is outdated within a relatively short period of 

time. Despite acknowledging this problem, the workers in the focus groups showed 

almost no interest in receiving individual training and education, especially among 

subjects with a poor work ability. Increasing investment in human capital of older 

workers is a frequently mentioned instrument for improving labour market opportunities, 

improving work ability and delaying early retirement of older workers [2, 34].  The lack of 

interest in training is in line with European findings on lower participation in training 

among older workers. A possible explanation is presented by the human capital theory, 

which predicts that human capital investments are lower for older workers compared 

with younger workers, since there will be less financial benefits from the efforts required 

[34]. This may also contribute to higher lack of interest in training among workers with 

decreased work ability, because these workers have an increased risk for premature 

departure from working life and are, therefore, less inclined to invest in their professional 

career. 

The systematic review showed no positive effect of a healthy lifestyle on prolonging 

working careers after controlling for health status [12, 15]. It seems lifestyle does not 

have a direct effect on continuing work. Reactions of workers in the focus group 

interviews also showed that the negative effects of an unhealthy lifestyle were regarded 

to indirectly affect their capabilities to perform their work, for example, overweight may 

contribute to a poor health, and physical activities in leisure time may be a method to 

cope with work stress. 

Subjects with an excellent work ability recognized the factors mentioned by their 

colleagues with poor work ability, although these factors did not yet have an effect on 

their retirement intentions. A recent study on retirement intentions and actual retirement 

behaviour showed that there is a gap between factors that influence retirement 

intentions and actual behaviour, such as subjective life expectancy and job pressure 
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Abstract

Objectives. This paper systematically reviews the scientific literature on the effects of 

individual and work-related factors on the work ability index (WAI). 

Methods. Studies on work ability published from 1985 to 2006 were identified 

through a structured search in PubMed, and Web of Science. Studies were included if 

the WAI was used as measure of work ability (defined by the extent to which a worker’s 

capabilities is matched by the demands at work) and if quantitative information was 

presented on determinants of work ability. 

Results. In total, 20 studies were included with 14 cross-sectional studies and six 

longitudinal studies. Factors associated with a poor work ability, as defined by WAI, 

were lack of leisure-time vigorous physical activity, poor musculoskeletal capacity, 

older age, obesity, high mental work demands, lack of autonomy, poor physical work 

environment, and high physical work load. 

Conclusion. The WAI is associated with individual characteristics, lifestyle, demands 

at work, and physical condition. This multifactorial nature of work ability should be 

taken into account in health promotion programmes aimed at maintaining and 

promoting the participation of the labour force and improvement of the performance 

at work. 

Introduction

Most Western countries with an ageing population face the challenge of a need to 

increase work participation, especially at older age. Governmental policies are 

implemented to increase the age of full retirement in order to balance the ratio of 

employed over dependent persons [1]. Yet, in most countries the average age of 

permanent departure from paid labour is well below the statutory pension age [2], so 

there is a need to develop interventions that will facilitate workers to be engaged in 

paid employment until pension age. 

Ageing of workers is accompanied with changes in physical and mental capacities. 

However, individual differences are large and lifestyle factors such as physical activity in 

leisure time may substantially influence the balance between work capacity and work 

demands [3]. Work demands that are not sufficiently attuned to physical and mental 

capacities of workers may increasingly cause health problems and subsequently 

displacement from the workforce [2]. The contribution of (work-related) health problems 

to unemployment and early retirement among older workers is substantial [4].

In order to increase work participation and prolong the working life among older 

workers the concept of work ability has been developed in the early 1980s in Finland, 

and was later adopted in various other European and Asian countries. According to 

Ilmarinen [5], work ability is built on the balance between a person’s resources and 

work demands. The bases for work ability are health, and functional capacity, but 

work ability is also determined by professional knowledge and competence (skills), 

values, attitudes, and motivation, and work itself.  

Work ability has been measured in different ways. For example, by single questions 

asking respondents to range their current work ability on a 5- or 10-point scale [6]. 

Moreover, work ability has been defined as not being on long-term sick leave [7], or in 

total days on sick leave during the last 12 months [8]. Studies have shown that a poor 

work ability increased the risk on early retirement [9], long-term sickness absence, and 

work disability [10]. 

The Work Ability Index (WAI) [11] is by far the most used, and well-accepted instrument 

to measure work ability, as is demonstrated by its availability in 21 languages. Although 

several studies in different occupational settings have been conducted, there is a 

need for a systematic evaluation of the relative importance of work-related and 

individual determinants of work ability, measured with the WAI. This knowledge of 

determinants of work ability is important to tailor interventions aimed at increasing 

work participation among elderly workers, and maintenance or improvement of the 

productivity performance at work. In this article the epidemiological data on 
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references of the articles included for review [29]. Since two publications reported the 

results of both a cross-sectional study and a follow-up study, in total 20 studies were 

included in this review [16,22].

Data extraction
The data extraction on selected full articles comprised the study population, study 

design, research setting, outcome(s), determinants, confounders or effect modifiers, 

and estimates of effects (with 95% confidence intervals). Determinants of work ability, 

as defined by the WAI were categorized as individual characteristics, and work related 

factors. Individual characteristics were demographic variables, physical condition, 

and lifestyle factors. Work related factors were physical work demands, and 

psychosocial work demands. Some studies reported also on other determinants that 

are partly included in the WAI measurement itself, e.g. health complaints, and work 

satisfaction. Due to this dependency between determinant and WAI, these 

determinants were not evaluated in this systematic review. Data extraction was 

performed by one author according to a standardized format (TB) and extracted data 

was reviewed by another author on consistency and completeness (AB). In case of 

doubt, data were discussed until agreement was reached (TB, AB). 

The analysis focused on measures of association, expressed by for example an odds 

ratio (OR), or a regression coefficient. Whenever possible the measure of association 

was retrieved from the original article, together with the variables that were adjusted 

for in the statistical analysis. In case this information was not present, available raw 

data in a 2x2 table was used to calculate an odds ratio and confidence interval. 

Classification of associations
In this review, three types of statistical associations are distinguished. The association 

is described as positive when a determinant is statistically significantly associated 

with an increased risk for a poor WAI or a reduced WAI. The association is describes as 

negative when a determinant is statistically significantly associated with a decreased 

risk for a poor WAI or a reduced WAI. In a null association no significant association 

was found between the determinant and WAI. In order to increase the comparability 

of the studies, the direction of the association presented in the original article was 

adjusted when needed to assure that an OR above 1 or a positive regression coefficient 

have a similar interpretation across all studies.

determinants of work ability over the past 25 years have been reviewed. The aim of 

this systematic review is to identify the individual and work-related determinants of 

work ability, measured with the WAI among occupational populations. 

Methods

Identification of the studies
Relevant articles were identified by means of a computerized search of the biblio-

graphical databases PubMed January 1985-December 2006, and Web of Science over 

the period January 1988-December 2006. The following search string was used: “work 

ability”. The search was restricted to studies published in the English language. The 

literature search identified 337 abstracts with 124 corresponding abstracts in both 

databases, resulting in 213 unique abstracts.

Selection
The initial selection of studies was performed by the first author (TB), and verified by 

the last author (AB). Studies were excluded if (a) the WAI was not applied to describe 

work ability in an occupational population, and/or (b) no quantitative information on 

associations between individual and work-related factors and work ability was 

presented. The WAI is an assessment of the ability of a worker to perform his /her job, 

taking into accounts the specific psychosocial and physical work-related factors, 

mental and physical capabilities, and health. The index consists of a questionnaire on 

physical and mental demands of an individual in relation to their work, diagnosed 

diseases, limitations in work due to disease, sick leave, work ability prognosis, and 

psychological resources. These seven dimensions are rated and the summative index 

ranges from 7-49, which is classified into poor (7-27), moderate (28-36), good (37-43), 

and excellent (44-49) work ability [11].

Based on title and abstract, 146 out of 213 abstracts (69%) were discarded due to lack 

of any quantitative description of associations between individual and work-related 

determinants and the WAI. Another seven articles (3%) did not use the WAI for 

measurement of work ability. Another four abstracts were duplicates and four 

abstracts did not have a full article. In total, 52 articles were retrieved for further 

review. Of these articles, 26 out of 52 (50%) were excluded due to lack of quantitative 

information on associations between determinants and work ability, and another 9 

(17%) did not use the WAI. Thus, 17 (33%) publications remained that met our selection 

criteria [12-28]. One publication was included after an additional search in the 
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Quality assessment 

The quality of the epidemiological studies (see Table 1) was assessed by two reviewers 

(TB and AB) using a standardized form based on seven items in a modified version of the 

guidelines for methodological quality assessment of the Dutch Cochrane Centre [30]:

-	 Study population; the characteristics of the population should be described in 

detail, at least age, gender, and occupation;

-	 Sample size and statistical power; the number of subjects should at least be 10 

times the number of covariates;

-	 Response; the response at baseline should be at least 70%;

-	 Selection bias; substantial selection bias is not likely to be present;

-	 Measurement error: Substantial misclassification in  determinants is most likely not 

present;

-	 The assessment of the determinants should be blinded to the WAI measurement; 

-	 Confounding; the analysis should be adjusted for confounders.

Each criterion was rated when applicable, with a score of 1 being ‘sufficiently met’ , a 

score of 0 being ‘not sufficiently met’, and a question mark when information was  

lacking to rate this item. The total quality score was rated from 0 to 7.

Results

In total, determinants of work ability were reported in 14 cross-sectional studies, and 

six longitudinal studies. Individual characteristics were addressed in 18 studies and 

work-related characteristics in nine studies. Occupations most studied in relation to 

work ability were (Finnish) municipal workers and care givers. In fact, all longitudinal 

studies regarding work-related characteristics were carried out among Finnish 

municipal workers. 

The majority of the studies focused on a poor WAI as a dichotomous outcome, either 

defined by specific threshold level (mostly 37), lowest 25% or 15% percentiles (Tables 2-5). 
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discomfort and poor physical climate [24, 25], whereas another two studies did not 

find any association [14, 26].  

Quality rating
Quality scores ranged from 2  to 7 (Table 1). A low response at baseline (less than 70%), 

and measurement error were most present shortcomings in quality. There were no 

statistically significant differences in quality score for design, type of determinant 

(individual vs. work related), and whether a significant association was reported or 

not. Due to the large heterogeneity in definitions of determinants, a meta-analysis 

was not possible. 

Discussion

This review showed factors associated with a decreased work ability were lack of 

leisure-time vigorous physical activity, poor musculoskeletal capacity, older age, 

obesity, and high physical and psychosocial work demands. No conclusions can be 

drawn regarding the relative importance of the determinants, because of the large 

heterogeneity in study characteristics (study populations, sample size, definition of 

determinants). 

Limitations  
This systematic review has some limitations. The literature search may not be 

comprehensive enough, because publications in languages other than English were 

not included, and the search was limited to two computer-based bibliographic 

databases. The search in Web of Science resulted in an additional 51 articles relative to 

Pubmed, but all of these were finally excluded. However, it cannot be ruled out that 

relevant publications would have been identified when using additional databases. 

In the selection of relevant literature, 16 abstracts (8%) were excluded, since work 

ability was used as a generic term without a clear method of measurement. These 

studies merely focused on generic work ability without measuring. In the full review 

of selected articles, nine articles (18%) were excluded since work ability was not 

quantified (n=1) or measured differently from the WAI (n=8), for example using one 

question on current work ability with differing scales (n=4) or based on the number 

of sick leave days (n=2). This latter finding suggests that the WAI is indeed the most 

often used instrument to quantify the work ability in occupational populations.

An important limitation is that the majority of studies were of cross-sectional design 

Individual characteristics
The demographic factor most studied was age (seven studies)(Table 2 and 3). Four out 

of seven studies reported a decreased WAI with older age [15, 17, 20, 24], two studies 

demonstrated no association [26, 29] and one study found a higher risk  for a poor WAI 

among younger workers. [14] Sex (n=2) [17, 29] was not associated with WAI, whereas a 

lower education was associated with a lower WAI in one study [17] and had no effect in 

another study [29]. Being a sole breadwinner, and degradation in economic position 

were associated with lower WAI [14, 27], whereas no relation was observed for low 

income [29]. Four studies reported on other individual characteristics. A lower WAI was 

associated with hard life situation outside work [20], raising underage children [14], and 

low self-confidence [23], and not significantly associated with marital status [29]. 

One out of three studies found a positive association between a better cardio

respiratory fitness, expressed by maximum oxygen uptake, and a higher WAI [15].  

All four studies on poor musculoskeletal capacity reported a significant association 

with a poor WAI with risk estimates varying from 6.4 to 9.1 [13,18, 19, 23]. Poor functional 

balance in home care workers was associated with poor WAI [19], whereas this 

association was not observed in two studies among fire fighters [22]. Both studies on 

general cognitive mental performance showed no significant associations [13, 18].

Overweight was positively associated with a poor WAI in four out of seven studies  

[14, 19, 24, 25]. Lack of leisure-time physical activity was associated with a lower WAI in 

four out of five studies [25-28]. In one study smoking was associated with lower WAI 

[24], whereas in two studies no significant association was found [25, 28]. One study 

reported a positive effect of alcohol drinkers versus teetotalers on WAI [25]. In one 

study a diet with low fiber intake was reported with an odds ratio of 27.6 for a poor 

WAI [28]. 

Work-related factors
A large variety of psychosocial factors at work were addressed, varying from poor 

management to satisfaction with supervisor (Table 4 and 5). Five out of seven studies 

reported a positive association between high mental work demands and a poor WAI 

[21, 23-25, 27], whereas among home care workers [20], and care givers [14] no 

significant associations were reported. Three out of four studies reported a positive 

association with a poor WAI for lack of autonomy [20, 25, 27], whereas one study failed 

to corroborate this association [26]. High physical demands, such as increased 

muscular work, poor work postures, and poor ergonomic conditions were positively 

associated with a lower WAI in four out of seven studies [20, 24, 26, 27]. Regarding the 

physical work environment, two out of four studies reported a lower WAI with thermal 
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determinants. Misclassification is especially expected in self-reported measures with 

limited answer categories, for example leisure-time physical activity in three levels of 

frequency per week [20]. The quality assessment indeed showed most studies lost 

points because substantial misclassification in determinants was likely to occur.  

The total quality score however showed no differences for  type of determinant or 

significance of reported associations.

Individual determinants
For individual determinants the range in magnitude of associations was larger in 

cross-sectional studies than in longitudinal studies. A cross-sectional study design is 

more sensitive to bias, which may explain the larger differences in measure of 

association. For some determinants the available number of studies was too small to 

draw meaningful conclusions, that is for, gender (two studies), education (two studies), 

mental performance (two studies).  For other determinants the number of significant 

associations equaled the number of null associations, for example overweight (four 

positive associations against three null associations).  

In one study a negative association was found between older age (≥ 40 year) and 

poor WAI [14]. The study population consisted mainly of female health care workers 

with an age below 35 years, hence, the negative association is most likely due to a 

strong “healthy worker selection effect”. Another negative association was found for 

alcohol drinking [25]. This association may have been the result of the fact that the 

effects of problematic alcohol use were not evaluated separately, whereas moderate 

alcohol has beneficial effects on health. 

Work-related determinants
Despite the large differences in definition of the determinants and the validity of the 

measurement techniques applied, the studies consistently showed that important 

determinants for WAI were high mental work demands, poor autonomy, and high 

physical work demands. A recent study also demonstrated significant associations 

between these work-related determinants and work ability [32].All work-related 

determinants were measured by means of self-report. This assessment technique may 

lead to spurious results, when subjects with a poor WAI overestimate their physical 

and mental workload in the workplace relative to those with an excellent WAI. It is 

unclear if an objective measurement of the work demands would show similar 

results. 

and, as a consequence, causality cannot be determined. A clear example is the study 

reporting on a negative association between job retraining and a poor WAI [31].  

It may be argued that job training is not a causal factor for poor WAI, but that workers 

with a poor WAI were likely to have received job retraining in order to increase their 

work ability. 

Another limitation lies in the nature of the synthesis of results. A meta-analysis was 

not possible, because of the large heterogeneity in definition and measurement of 

determinants. For example, musculoskeletal capacity was characterized from a poor 

trunk muscular endurance to good spine forward flexion. Although the review was 

limited to studies using the same measurement method for work ability, comparability 

was hampered by differences in outcome definition (WAI as linear variable vs. 

dichotomized for poor work ability with different cut-offs). Besides, studies with 

different study designs (cross-sectional versus longitudinal) were included.

The selected studies were dominated by Finnish studies (70%), with also heavy 

emphasis on research among municipal workers.  Therefore, some caution is needed 

in the generalisibility of the study results to other occupational populations in other 

countries. 

Interpretation of null associations
This review not only described individual and work-related determinants associated 

with a poor WAI, but also evaluated negative and null associations (Table 6).  

The number of null associations was independent of type of determinant  and study 

design. A null association may be the result of (i) a small sample size and lack of 

statistical power, (ii) lack of exposure variability, (iii) presence of another risk factor or 

confounder, and (iv) non-differential measurement error. The first reason for an 

inconclusive result, a small sample size, may explain the non-significant associations 

for cardiorespiratory capacity [13, 19], overweight [28], and poor functional balance 

[22] in study populations with less than 100 subjects. Similarly, a definition of a body 

mass index equal or higher than 35 will probably not give a sufficient number of cases 

for a meaningful analysis [16]. Lack of exposure variability could be another explanation 

for null associations. For example, when the population was restricted to workers 

older than 40 years or workers within the same occupation, the population will be 

more homogenous and, hence, will have limited contrast in age and work-related 

determinants and, thus, their influence on WAI will be difficult to determine [24].  

The presence of another risk factor or confounder seems a likely explanation for the 

null associations in studies not controlled for confounders [13, 29]. Finally, a null 

association could also be due to substantial non-differential misclassification in the 
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Some determinants, which feature prominently in the model of Ilmarinen [5] were not 

included in the observed studies. Health, functional capacity, and work were (over)

represented in research, in respect to professional competence, and values, attitudes 

and motivation for work. Health, functional capacity and work-related risk factors 

have a well-studied history in the field of work and health. The influence of competence 

and values, attitudes, and motivation on health-related performance at work clearly 

lags behind. This in agreement with the invitation of MacDonald et al. [33] to 

incorporate work organization into occupational health research. Besides, through 

increased medical standards and improvements in the work environment, it is 

expected that aspects of human resources management will become more important 

for improving work ability. This requires the development of valid measurement 

instruments, which until now are largely absent. 

Implication for interventions
This study has presented important information to consider in programs aimed at 

maintaining or improving work productivity and work participation. The interventions 

should focus on the identified determinants associated with a lower work ability. 

Several work-related determinants have also been identified as important risk factors 

for the occurrence of sickness absence [34] and for prolonged duration of sickness 

absence [35] and, hence, it is expected that interventions to promote maintaining or 

regaining a good work ability will also prevent partly (temporary) work disability. At 

individual level, it seems beneficial to target interventions at increasing leisure-time 

vigorous physical activity, increasing musculoskeletal capacity, and decreasing body 

mass index (i.e. obesity). Work related interventions should focus on an increase in 

autonomy at work, and decreases in physical and psychosocial demands. Professional 

competence and attitudes and values towards work may also be essential points of 

interventions in workers with decreased work ability, but their potential impact could 

not be demonstrated in this review.

The importance of lack of vigorous physical activity and obesity of determinants of a 

poor work ability suggest that health promotion intervention may be beneficial. 

Indeed, intervention studies on increasing physical activity in leisure time and 

improved physical condition have shown positive effects, but were too small for a 

statistically significant change in the short term [36-39]. 

Other intervention studies on work-related determinants have shown promising 

results. Among employees in the construction industry with a high disability risk, an 

assessment and individual program for half a year focusing on optimizing functioning 

at work showed a slight, but insignificant, improvement in WAI [40].  Among farmers 
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experiencing low back or shoulder pain occupationally-oriented rehabilitation courses 

including training of ergonomically correct work techniques lasting 3 weeks, showed 

that changes in lifting techniques were minor after 1 year follow-up, but the WAI 

improved significantly for both men and women [41]. Among blue-collar workers with 

a high disability risk, an occupational health intervention program showed an increase 

in WAI, after 6 months’ follow-up, yet this positive effect was not present after 2 years 

[42]. Among truck drivers, stress management [39], and among farmers, training of 

work techniques [43], were both not significant in changing WAI. Thus, interventions 

on work-related determinants have been conducted, but so far have failed to 

convincingly demonstrate significant improvements in WAI.

Concluding remarks
Health promotion at work can be aimed at increasing leisure-time physical activity, 

prevention of overweight, increasing musculoskeletal capacity and decrease of 

physical and psychosocial work load. This review could not demonstrate the impact 

of professional competences, attitudes, and work values on work ability, as defined by 

the WAI. In addition, factors such as the organisational context within companies and 

social and economic policies that influence labour participation are also lacking. 

Future research on determinants of work ability should incorporate the social and 

economic environment of workers. 
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Abstract

Objectives. The purpose of this article is to explore the associations of psychosocial 

factors at work, life style, and stressful life events on health and work ability among 

white-collar workers. 

Methods. A cross-sectional survey was conducted among workers in commercial 

services (n=1141). The main outcome variables were work ability, measured by the 

work ability index (WAI), and mental and physical health, measured by the Short-Form 

Health Survey (SF-12). Individual characteristics, psychosocial factors at work, stressful 

life events, and lifestyle factors were determined by a questionnaire. Maximum oxygen 

uptake, weight, height, and biceps strength were measured during a physical 

examination.  

Results. Work ability of white-collar workers in commercial services industry was 

strongly associated with psychosocial factors at work such as teamwork, stress 

handling, and self-development and, to a lesser extent, with stressful life events, lack 

of physical activity, and obesity. Determinants of mental health were very similar to 

those of work ability, whereas physical health was influenced primarily by life style 

factors. With respect to work ability, the influence of unhealthy life style seems more 

important for older workers, than for their younger colleagues. 

Conclusion. Among white-collar workers mental and physical health were of equal 

importance to work ability, but only mental health and work ability shared the same 

determinants. The strong associations between psychosocial factors at work and 

mental health and work ability suggest that in this study population health promotion 

should address working conditions rather than individual life style factors. 

Introduction

Many western countries face the challenge of an aging population, which also  

affects the workforce. From the biological perspective, aging means a progressive 

deterioration in various physiological systems, which is accompanied by changes in 

physical and mental capacities of workers [1]. Aging of the workforce will result in an 

increased prevalence of work-relevant symptoms and diseases. Therefore, the role of 

(functional) health in working life is of interest, especially since modern welfare states 

are prolonging working life by increasing the statutory retirement age. A recent study 

on the relation between health and working life showed that a perceived poor health 

predicts staying or becoming unemployed [2]. This calls for better adjustments of the 

working life demands with the individual’s health as a crucial element for a longer 

career at work. Within this framework, the concept of work ability has been developed 

as an important tool to identify workers at risk for imbalance between health, 

capabilities and demands at work. 

The work ability concept is based on the assumption that work ability is determined 

by an individual’s perception of the demands at work and the ability to cope with 

them. The Work Ability Index (WAI) is a well-accepted instrument to conceptualize 

work ability. Several studies have shown that a low score on the index is highly 

predictive of work disability during follow-up [3,4]. Previous research, predominantly 

in physical demanding jobs, showed that the WAI is negatively influenced by older 

age, high physical work demands, high psychosocial work demands (e.g. lack of 

possibilities to control one’s own work), unhealthy lifestyle (lack of physical activity), 

and a poor physical fitness [1, 5-7].

Few studies have addressed determinants of work ability in occupational populations 

with predominantly mental demands at work. Among office workers Sjögren-Rönkä 

[8] showed that low stress at work and a better self-confidence were directly related 

to higher work ability. Seniority in the job and job satisfaction were also associated 

with a better work ability among office workers [9]. However, the knowledge of 

determinants of work ability in mentally demanding occupations is scarce and  

hence, it remains unclear whether in these jobs the relative importance of personal 

and work-related factors is similar to their well-known contribution in physically 

demanding jobs.  

The purpose of this study was to explore the associations of psychosocial factors at 

work, stressful life events, and life style on health and work ability among white-collar 

workers. 
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The dimension teamwork (Chronbach’s alpha = 0.85) reflects social support and work 

spirit and consists of 12 items, e.g. “I can rely on my colleagues and trust them” and 

“We are not a team at work”. The stress handling dimension (Cronbach’s alpha= 0.77) 

reflects active coping and self-efficacy and consists of seven items, such as “In difficult 

situations I do not wait and see, but take action” and “I can cope well with the demands 

of my job”. The dimension self-development (Cronbach’s alpha =0.82) reflects 

possibilities for self-fulfilment and consists of eight items. Examples are: “My abilities 

are full employed” and “I need a new challenge”. The scores on items within each 

dimension were transformed to a 0-100 scale with a higher score indicating good 

teamwork, better stress handling, and more opportunities for self-development  

in work. The sum scores for the variables teamwork, stress handling, and self-

development were not normally distributed. Tertiles were calculated to assign subjects 

into low, intermediate and high levels per dimension.

Stressful life events
The occurrence of stressful life events in the past 12 months was measured using a 

shortened Social Readjustment Rating Questionnaire (SRRQ) [13]. The original SRRQ 

consists of 43 life events (e.g., divorce, job change, death of family members and so 

forth), listed by rank order based on their mean life change values. Life change values 

classify the impact of the events and were obtained by scaling the life events based 

on the amount of coping required to deal with the event. The total score counts the 

life change values of all events in the past 12 months. In the current study the 25 

events most appropriate for the population under study were selected. In theory, the 

total score can range from none of these events (0) up to all events (1077). 

Life style factors
Life style factors were measured with the Dutch version of the Stanford Wellness 

Inventory [14]. Lifestyle factors of interest concerned moderate physical activity, 

vigorous activity, smoking, and alcohol use. The questionnaire has single questions 

on regular participation in moderate activities for 30 minutes or more and participation 

in vigorous activities for 20 minutes or more, both on a five-point scale ranging from 

‘never’ to ‘5 days or more per week’. Those who reported moderate physical activity 

on at least 5 days per week were considered in agreement with the recommendation 

on moderate-intensity physical activity, and subjects with vigorous exercises at least 

3 times per week were considered in agreement with the recommendation on 

vigorous-intensity physical activity [15]. Current smoking was assessed with the 

question “Do you smoke?”. A five-point-response scale was used to assess alcohol 

Methods

Subjects
In the period between 2003 and 2007 a total of 2,666 white-collar workers from six 

companies in commercial services were invited for a health examination. Twenty 

percent of the subjects were employed at three consultancy firms, 62% at two 

insurance companies and 18% at an information technology company. The health 

examination consisted of two parts, i.e. a questionnaire and a physical examination. 

Both parts were offered independently to workers and their participation was entirely 

voluntary. The response to the questionnaire was 69.4% (n=1850). The response to the 

physical examination was 67.8% (n=1808). Selection of subjects with both a filled out 

questionnaire and a physical examination comprised the study population of 1141 

(42.8%) subjects. 

 

Work ability
Work ability was measured with the Work Ability Index (WAI). The WAI consists of an 

assessment of the physical and mental demands on an individual in relation to his 

work, previously diagnosed diseases, limitations in work due to disease, sick leave, 

work ability prognosis, and psychological resources. The WAI consist of seven 

dimensions and the index is derived as the sum of the ratings on these dimensions. 

The range of the summative index is 7-49, which is classified into a poor (7-27), 

moderate (28-36), good (37-43), or excellent (44-49) work ability.[10] 

Functional health status
Functional health status was assessed using the Short-Form Health Survey (SF-12) 

version 2, the shortened alternative for the 36-item health survey. This measure 

provides two weighted summary scores assessing physical function (physical health 

component summary, PCS) and mental well-being (mental health component 

summary, MCS) [11]. The mental health summary score ranges from 8 to 74, whereas 

the physical health summary score ranges from 4 to 73, with a higher score indicating 

a better health state. 

Psychosocial factors at work 
Psychosocial factors at work were measured by the Stress monitor [12]. The original 

monitor consists of four dimensions, whereas three dimensions (teamwork, stress 

handling, and self-development) were used in the current study. The three dimensions 

consist of 27 items on a five-point scale varying from ‘totally disagree’ to ‘totally agree’. 
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the multivariate model with the best overall fit. In this analysis independent variables 

with a p-value of 0.05 or less were retained in the final model.

The results of the regression analyses are presented by the regression coefficients and 

associated standard errors. A regression coefficient is an expression of the change in 

the work ability score due to a change in one unit of measurement of the independent 

variable of interest. For categorical variables this reflects the effect on the work ability 

score of the presence of this determinant. 

The regression analysis on determinants of work ability was stratified for three age 

groups. All significant determinants in the multivariate model for one age group were 

included in the models for other age groups as well in order to provide an appropriate 

comparison. 

All analyses were carried out with the Statistical Package for Social Sciences version 

11.0 for Windows [18].  

Results

The study population included 769 men (67%) and 372 (33%) women in a variety of 

jobs (Table 1). The median for age was 35.7 years (18-63). The distribution of excellent, 

good, moderate and poor work ability was 42.8, 45.4, 9.7, and 2.1%, respectively. 

Subjects scored almost equal on mental health as on physical health, whereas the 

Pearson correlation coefficient between both measures of health was -0.20. The 

Pearson correlation coefficients between WAI and mental and physical health were 

0.49 and 0.35, respectively. The three psychosocial factors at work were strongly 

interrelated with Pearson correlation coefficients varying from 0.45 to 0.57.

Table 2 shows mental health was statistical significant influenced by psychosocial 

factors at work, stressful life events, and life style factors, whereas physical health was 

influenced by lifestyle factors and physical condition in the univariate model. The 

multivariate model explained 22% of the variance in mental health. An increase in age 

with one year increased the mental health score with 0.1 point, and decreased the 

physical health score with 0.1 point. In the multivariate analysis most determinants 

remained statistically significant, albeit with a lower regression coefficient, especially 

for teamwork and self-development. The multivariate model explained only 5% of the 

variance in physical health. It is of interest to note that neither problematic alcohol 

use nor overweight or obesity was associated with physical health. 

drinking by average number of alcohol drinks per week (1-7, 8-14, 15-21, 22-28, more 

than 28). Problematic drinkers were defined as those who consumed more than 14 

units of alcohol per week for women and more than 21 units for men [16]. 

Physical examination
Physical examinations were performed using MicroFit equipment in accordance with 

the protocol of the American College of Sports Medicine [17]. During the physical 

examination biometry was recorded, including weight, height, biceps strength, and 

cardio respiratory fitness. The body mass index (BMI) was used to define subjects as 

normal (BMI ≤ 25), overweight (BMI 25-30), or obese (BMI ≥30). Maximal isometric 

muscular strength of the biceps was measured after one practice trial with a calibrated 

dynamometer with the subjects in standing position with 90º flexion in the elbows 

for three seconds. The isometric biceps strength was calculated as the average of 

several hundred readings over the 3-second period. Cardio respiratory fitness was 

assessed by a 12-minute sub maximal bicycle ergometer test, supervised by instructors. 

Subjects pedaled at 60 rev.min-1 for 12 minutes on the cycle ergometer at an exercise 

intensity designed to produce a heart rate between 120 and 170 beats per minute in 

order to reach a level of 80% of the theoretical maximal heart rate of the participant 

for three minutes after a warming up period of minimal three minutes. This level was 

sustained for 3 minutes and the heart rate was measured at the end of each minute. 

The VO2max (mL.min-1.kg-1) was calculated by the work intensity (watts) and heart 

rates at the end of all the stages at exercise level. 

Statistics 
The effects of individual characteristics (age and sex), life style, psychosocial factors at 

work, stressful life events, life style, and physical condition on the outcome variables 

work ability, and mental and physical health were investigated with linear regression 

analysis. Probability plots and Kolmogorov-Smirnov tests showed that none of the 

determinants measured at continuous level were normally distributed. However, the 

evaluation of the distributions of residuals in the regression analyses showed that for 

those variables measured at ratio scale (i.e. age, VO2max, and biceps strength), the 

assumption of linearity was not violated. These variables were included in the linear 

regression analyses as continuous variables. Due to considerable ceiling effects for 

the psychosocial variables and skewed distribution for life stress events, these variables 

were treated as categorical variables, defined by cut-off values based on tertiles.

The analysis started with univariate regression models to determine the single effects 

of all determinants of interest. A backward regression technique was used to determine 
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Table 3 shows work ability was statistically significant influenced by psychosocial 

factors at work, stressful life events, lack of vigorous physical activity, and obesity in 

the univariate model. The multivariate model explained 29% of the variance in work 

ability. Again, in the multivariate model most determinants remained statistically 

significant, although with lower regression coefficients. The influence of stressful life 

events increased in the multivariate model.  

No significant interaction was observed for age, sex, and psychosocial factors at 

work. 
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Table 1	� Characteristics of 1141 commercial workers who participated in a voluntary 

medical examination). 

Characteristics Cases Median 
(min-max)

Frequency 
(%)

Individual characteristics
Age (year)
Male

1141
769

35.7 (18-63)
67.4%

Work ability
Excellent (44-49)
Good (37-43)
Moderate (28-36)
Poor (7-27)

488
518
111
24

42.1 (9-49) 42.8%
45.4%
9.7%
2.1%

Health
Mental health component summary (MCS)(8-74)
Physical health component summary (PCS)(4-73)

1141
1141

54.2 (10.9-67.9)
53.4 (18.2-70.6)

Psychosocial factors at work
Teamwork (0-100)
Stress-handling (0-100) 
Self-development (0-100) 

1136
1136
1136

81.0 (27-100)
68.0 (11-100)
78.0 (9-100)

Stressful life events (0-100) 1136 5.5 (0 - 38.4)

Life style
Lack of moderate physical activity (<5 days per week)
Lack of vigorous physical activity (<3 times per week)
Current smoker
Problematic alcohol use

798
886
145
42

70.2%
78.0%
12.8%
4.5%

Physical examination
Overweight (BMI 25-30kg/m2)
Obesity (BMI ≥30kg/m2)
VO2max (ml/kg/min)
Biceps strength (kg)

371
57
1117
1134

35.9 (11.4-61.7)
37.0 (8.0-94.0)

34.6%
5.3%

Ta
bl

e 
2	�

Re
su

lt
s 

o
f b

ac
kw

ar
d

 r
eg

re
ss

io
n 

an
al

ys
is

:  
ef

fe
ct

s 
o

f p
sy

ch
os

o
ci

al
 f

ac
to

rs
 a

t 
w

o
rk

, s
tr

es
sf

ul
 li

fe
 e

ve
nt

s,
 li

fe
st

yl
e 

an
d

 p
hy

si
ca

l c
o

n
d

it
io

n 
 

o
n 

m
en

ta
l h

ea
lt

h 
an

d
 p

hy
si

ca
l h

ea
lt

h 
am

o
n

g
 w

o
rk

er
s 

in
 c

o
m

m
er

ci
al

 s
er

vi
ce

s 
(n

=
11

41
). 

M
en

ta
l H

ea
lt

h 
(M

CS
) 

Ph
ys

ic
al

 h
ea

lt
h 

(P
CS

)
U

ni
va

ri
at

e 
m

od
el

M
ul

ti
va

ri
at

e 
m

od
el

U
ni

va
ri

at
e 

m
od

el
M

ul
ti

va
ri

at
e 

m
od

el
β

SE
β

SE
β

SE
β

SE
In

di
vi

du
al

 c
ha

ra
ct

er
is

tic
s

A
ge

 (y
ea

r)
M

al
e

0.
09

*
2.

41
*

0.
03

0.
51

0.
07

*
1.

52
*

0.
02

0.
47

-0
.0

7*
1.

66
*

0.
02

0.
38

-0
.0

9*
1.

91
*

0.
02

0.
38

Ps
yc

ho
so

ci
al

 fa
ct

or
s a

t w
or

k 
Lo

w
 v

s. 
hi

gh
 te

am
w

or
k 

In
te

rm
ed

ia
te

 v
s. 

hi
gh

 te
am

w
or

k 
Lo

w
 v

s. 
hi

gh
 s

tr
es

s-
ha

nd
lin

g 
In

te
rm

ed
ia

te
 v

s. 
hi

gh
 s

tr
es

s-
ha

nd
lin

g 
Lo

w
 v

s. 
hi

gh
 s

el
f-

de
ve

lo
pm

en
t 

In
te

rm
ed

ia
te

 v
s. 

hi
gh

 s
el

f-
de

ve
lo

pm
en

t 

-5
.9

0*
-2

.3
9*

-6
.9

4*
-2

.3
9*

-5
.4

4*
-2

.19
*

0.
56

0.
57

0.
56

0.
58

0.
60

0.
58

-2
.7

1*
-0

.7
0

-4
.7

1*
-1

.4
2*

-2
.12

*
-0

.5
9

0.
66

0.
58

0.
62

0.
59

0.
65

0.
57

-0
.9

2*
-0

.6
8

-0
.2

6
0.

01
-0

.7
3

-0
.8

1

0.
43

0.
45

0.
45

0.
46

0.
46

0.
45

n.
s

n.
s

n.
s

n.
s

n.
s

n.
s

St
re

ss
fu

l l
ife

 e
ve

nt
s 

H
ig

h 
vs

. l
ow

 s
tr

es
sf

ul
 li

fe
 e

ve
nt

s
In

te
rm

ed
ia

te
 v

s. 
lo

w
 s

tr
es

sf
ul

 li
fe

 e
ve

nt
s

-3
.13

*
-1

.9
1*

0.
59

0.
59

-3
.13

*
-1

.9
8*

0.
54

0.
53

-0
.6

2
-0

.0
5

0.
44

0.
44

n.
s

n.
s

Li
fe

 st
yl

e
La

ck
 o

f m
od

er
at

e 
ph

ys
ic

al
 a

ct
iv

ity
La

ck
 o

f v
ig

or
ou

s 
ph

ys
ic

al
 a

ct
iv

ity
Cu

rr
en

t s
m

ok
er

Pr
ob

le
m

at
ic

 a
lc

oh
ol

 u
se

-0
.14

-1
.2

7*
-2

.0
2*

-1
.7

6

0.
53

0.
58

0.
72

1.
27

n.
s.

-1
.3

7*
-1

.9
6*

n.
s.

0.
52

0.
65

-0
.0

1
-1

.7
9*

-1
.14

*
-1

.6
1

0.
39

0.
43

0.
54

0.
92

n.
s

-1
.7

1*
n.

s
n.

s

0.
42

Ph
ys

ic
al

 e
xa

m
in

at
io

n
O

b
es

ity
 (B

M
I ≥

30
) v

s. 
no

rm
al

 (B
M

I<
25

)
O

ve
rw

ei
gh

t (
BM

I 2
5-

30
) v

s. 
no

rm
al

 
VO

2 
m

ax
 (m

l/
kg

/m
in

)
Bi

ce
ps

 s
tr

en
gt

h 
(k

g)

-0
.8

4
0.

34
-0

.0
1

0.
03

1.1
4

0.
54

0.
03

0.
02

n.
s

n.
s

n.
s

n.
s

-1
.5

4
-0

.3
0

0.
05

*
0.

04
*

0.
83

0.
39

0.
02

0.
02

n.
s

n.
s

n.
s

n.
s

n
.s

=
 n

ot
 s

ig
n

ifi
ca

nt
, p

>
0.

05
 



90 91

Table 4 shows that in each age group sex, stress handling, and self-development were 

associated with the work ability index. Lifestyle factors were associated with work 

ability only in the oldest age group of workers, over 45 years. Obesity no longer was 

statistically significant. 
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Table 3	� Results of backward regression analysis:  effects of psychosocial factors  

at work, stressful life events, lifestyle and physical condition on work ability 

among workers in commercial services (n=1141). 

Work ability
Univariate model

Work ability 
Multivariate model

β SE β SE

Individual characteristics
Age (yr)
Male

-0.07*
2.13*

0.02
0.31

-0.09*
2.08*

0.01
0.28

Psychosocial factors at work 
Low vs. high teamwork 
Intermediate vs. high teamwork 
Low vs. high stress-handling 
Intermediate vs. high stress-handling 
Low vs. high self-development 
Intermediate vs. high self-development 

-4.02*
-1.52*
-4.39*
-1.41*
-4.11*
-1.67*

0.32
0.34
0.34
0.35
0.35
0.34

-1.32*
-0.20
-2.75*
-0.79*
-2.20*
-0.91*

0.40
0.35
0.35
0.35
0.39
0.34

Stressful life events 
High vs. low stressful life events
Intermediate vs. low stressful life events

-1.36*
-0.97*

0.36
0.36

-2.01*
-1.14*

0.32
0.32

Life style
Lack of moderate physical activity
Lack of vigorous physical activity
Current smoker
Problematic alcohol use

0.49
-0.71*
-0.68
-0.52

0.32
0.35
0.44
0.74

n.s
-0.71*
n.s
n.s

0.31

Physical examination
Obesity (BMI ≥30) vs. normal (BMI<25)
Overweight (BMI 25-30) vs. normal (BMI<25)
VO2 max (ml/kg/min)
Biceps strength (kg)

-2.02*
-0.49
0.03
0.03

0.68
0.32
0.02
0.01

-1.21*
-0.32
n.s
n.s

0.59
0.28

n.s= not significant, p>0.05
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Lack of vigorous physical activity decreases the WAI score with only 0.7 points, which 

is no more than 1.5% of the maximum score. Obesity (5% of the population) compared 

to normal weight decreases the WAI score with 1.2 points, which is 2.4% of the 

maximum score. 

Each psychosocial factor at work was negatively associated with work ability. Univariate 

results showed comparable strength in associations, while the multivariate model 

showed lower regression coefficients, especially for teamwork. It seems that the 

association between teamwork and work ability was more influenced by other 

determinants included in the multivariate model, than the associations between work 

ability and stress handling and self-development. 

In previous research, inconsistent results were found regarding the influence of 

psychosocial factors at work on work ability. For example, in the metal industry an 

increase in teamwork and increase in opportunities for development was not  

predictive of an increase in work ability during a 2-year follow-up [19]. Negative 

associations between mental stress and work ability have been found among office 

workers (β=-0.17), but this association was minimized when including age in the 

regression model [8]. Among bus drivers, significant associations were observed for 

high control by superiors and lack of responsibility at work with lower WAI scores [20]. 

The negative association of stressful life events with work ability in the current study 

is in agreement with earlier findings by Pohjonen [21], who found an increased risk for 

poor work ability (OR=3.62 (2.2-5.9)) for a hard life situation outside of work. 

The results showed that a lack of vigorous physical activity was associated with 

decreased work ability, whereas associations between work ability and biceps strength 

and maximum oxygen uptake were not found in the multivariate model. The lack of 

significant results for maximum oxygen uptake and biceps strength is in line with 

findings of Eskelinen et al. [22], Nygard et al. [23], and Pohjonen [6]. It may be 

hypothesized that in mentally demanding jobs a good physical condition is not 

required to meet the work demands and, thus, will have no influence on work ability. 

Stratification by age showed the importance of lifestyle in the oldest age group, but 

not among younger workers. This effect may be explained by the fact that health 

problems due to an unhealthy lifestyle, most notably diabetes mellitus and 

cardiovascular disease, occur primarily at older age. In the total study population, 

obesity was significantly associated with a lower work ability, whereas no significant 

associations were found in the stratified analyses. This is partly due to lack of statistical 

power in these strata with smaller numbers of workers, since the magnitude of the 

regression coefficients were comparable but the standard errors increased 

substantially.

Discussion

This study showed that work ability of white-collar workers in commercial services 

industry was strongly associated with psychosocial factors at work, such as teamwork, 

stress handling, self-development, and, to a lesser extent, with stressful life events, 

lack of physical activity, and obesity. Work ability was strongly associated with  

mental and physical health. Determinants of mental health were very similar to  

those of work ability, whereas physical health was influenced primarily by lack of life 

physical activity. 

Some limitations must be taken into account in this study. First, the cross-sectional 

design does not permit exploration of causal relationships between the determinants 

and work ability. Therefore, it remains unknown whether, for example, a poor stress 

handling will decrease work ability or decreased work ability will cause a poorer stress 

handling. Nevertheless, the results are still of interest as they give a first insight into 

important factors for interventions among  white-collar workers. Second, data were 

drawn from voluntary participants. Information on non-response for both measures 

showed that age and sex did not bias response. Non-response differences between 

questionnaire and physical examination did not show any bias; none of the 

questionnaire variables were associated with not participating in the physical 

examination; and also none of the physical examination variables were associated 

with not participating in the questionnaire. Third, the reliability of the physical 

examination highly depends on the professional skills of the instructor and the 

standardization of the examination. The maximum oxygen uptake was indirectly 

calculated using the heart rate, which can be easily increased by minor distractions, 

such as room temperature, and talking during the test.

In this study among white-collar workers in commercial services industry the 

proportion of workers with poor work ability was 2.1% and the mean WAI was 41.1 

(sd=5.1). These results are slightly higher than the Finnish reference data in mentally 

demanding work (mean 39) [10]. 

Work ability in this study population was influenced by sex, age, psychosocial factors 

at work, stressful life events, and life style factors. These factors together explained 

29% of the total variance in work ability in this study population. Male sex increased 

work ability with 2 points, which means 4% of the maximum score. An increase in age 

of 40 years decreases the WAI score with four points, which is 7.3% of the maximum 

score, which indicates a rather modest influence of age on work ability. Psychosocial 

factors each had an effect on WAI comparable to sex, whereas the combined effect of 

the psychosocial factors is approximately 1.5-fold the effect of 40 years of aging.  
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The Pearson correlation coefficient of mental and physical health was -0.20, which 

was in line with results of Van Duijn et al. [24] In a univariate analysis both mental 

health and physical health were associated with work ability. However, determinants 

of work ability were similar to determinants of mental health. This finding can be 

explained by the fact that the work setting of the white-collar workers in the current 

study is characterized by high mental demands. An exception to the similarity in 

factors influencing both mental health and work ability was, smoking. Smoking was 

related to mental health, but not to work ability. 

The results of the current study outline the importance of work-related factors in 

white-collar workers, with regard to work ability. The combined impact of psychosocial 

factors is much stronger than is for individual factors, and is amendable to change, in 

contrast to individual factors as age, and sex. 

In conclusion, among white-collar workers in commercial services industry 

psychosocial factors at work, stressful life events, lack of vigorous physical activity, 

and obesity were significant related to work ability. The strong associations between 

psychosocial factors at work and mental health and work ability suggest that in this 

study population health promotion should address working conditions rather than 

individual life style factors, although the importance of life style factors seems to 

increase with aging of the worker. 
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Abstract 

Objective The objective of this study was to evaluate the relative contribution of 

individual characteristics, lifestyle factors, work-related risk factors, and work ability 

on the occurrence of short (< 2 weeks), moderate (2-12 weeks), and long (> 12 weeks) 

durations of sickness absence.

Methods Altogether 5,867 Dutch construction workers with complete sick leave 

registration were followed from the day of their medical examination in 2005 until the 

end of the year 2006. The main outcome of the study was the duration of sickness 

absence, as registered by an occupational health service. Independent variables 

consisted of individual characteristics, lifestyle factors, work-related factors, and the 

work ability index. We used Poisson regression analyses with repeated occurrence of 

sick leave to calculate rate ratios (RR) and 95% confidence intervals of independent 

variables for the three categories of sick leave duration.

Results Predictors for sick leave lasting 2-12 weeks and >12 weeks were: older age, 

obesity, smoking, manual materials handling, lack of control at work, lung restriction, 

and a less-than-excellent work ability. For most predictors, higher RR values were 

observed with longer duration of sickness absence. Obesity, smoking, manual 

materials handling, and lack of job control remained important risk factors for 

moderate and long durations of sick leave after adjusting for the strong effects of 

work ability on sickness absence. The highest population attributable fractions were 

observed for: age over 50 years (18%), manual materials handling (20%), and good 

(18%), moderate (28%), and poor (2%) work ability.

Conclusion This study suggests that a variety of preventive measures targeted at 

smoking, obesity, physical load, psychosocial work factors as well as work ability will 

contribute to reduction in the occurrence of sick leave.

Introduction

Sickness absence is an expression of the complex relation between health and work 

characteristics [1] and is thought to have a multifactorial etiology [2]. A range of factors 

can influence the occurrence and duration of sickness absence such as individual 

characteristics, health behavior, and work related factors [2 – 5]. Older workers take 

sick leave less often, but their periods of absence are generally longer than younger 

workers [6 – 9]. Labriola et. al. [10] have shown that obesity, smoking, and poor health 

are associated with sickness absence. In general, blue-collar workers take more sick 

leave than their white-collar counterparts, both more often and for a longer period of 

time [3, 9, 11, 12]. Sickness absence is also related to high physical and psychosocial 

demands at work, especially low decision authority and low job control [2, 13, 14].

There is ample evidence that construction workers have a higher risk of health 

problems that may lead to sickness absence and subsequent work related disability 

[15, 16]. A prospective study among construction workers showed that physical load 

was a risk factor for sickness absence. [17] The high physical load in the construction 

industry is largely determined by manual materials handling and repetitive, awkward 

postures [15, 18].

The work ability index (WAI) has been promoted in recent years as a valuable tool in 

occupational health programs aimed at decreasing the number of early exits from the 

work place [19]. Although the relationship between work-related factors, individual 

health and the WAI is well known [20], there is limited information on its predictive 

value for future sickness absence. A study by Kujala et al. showed that a decreased 

work ability among young employees had a predictive value for long-term sickness 

absence [21].

The aim of our study was to evaluate the relative impact of individual characteristics, 

lifestyle factors, work-related risk factors, and work ability on the occurrence of  short, 

moderate, and long spells of sickness absence among Dutch construction workers.

chapter 6

6

impact of work-related factors, lifestyle, and work ability on sickness absence



102 103

an abbreviated Dutch version of Karasek’s job content questionnaire [22], which 

included two “yes or no” questions on job demands and on job control. In addition, 

there were dichotomized questions on supervisor and co-worker support, and job 

satisfaction were asked [19].

 

Individual characteristic and lifestyle factors
Information on age, height, weight, and type of job were collected during the medical 

examination. The Body Mass Index (BMI) was calculated by dividing body weight in 

kilograms by the square of body height in meters, and used to define subjects as 

normal (< 25 kg/m2), overweight (25-30 kg/m2), or obese (> 30 kg/m2). The lifestyle 

factors of interest included smoking, alcohol consumption, and physical activity 

during leisure time. Subjects were classified as current smokers or non-/ex-smokers. 

An open question on average number of alcoholic drinks consumed per week was 

used to define problematic alcohol use as the consumption of 15 units of alcohol or 

more per week [23]. Physical activity during leisure time was addressed by a single 

open question on the frequency of physical activity for at least 30 minutes per day 

and a single question, with 5 answer categories, on the frequency of strenuous (sweat-

inducing) physical activity. Those who reported being physically active for 30 minutes 

per day, at least 5 days a week, were considered to be doing moderately intense 

physical activity. Subjects doing vigorous exercises at least 3 times per week were 

considered to be doing vigorously intense physical activity [24].

Health
Total blood cholesterol and high-density lipoprotein cholesterol were measured in 

venous blood samples. Spirometry was conducted to measure forced expiratory 

volume (FEV1) and forced vital capacity (FVC). The FEV1 and FVC were expressed as 

percentages of the predicted values, based on reference equations [25]. According to 

the spirometry findings, workers were divided into normal, obstructive, and restrictive 

lung diseases, in line with the American Thoracic Society criteria [26]. The age, total 

blood cholesterol, high-density lipoprotein cholesterol, smoking habits, and systolic 

blood pressure of each participant were used to calculate the Framingham Risk Score 

for the 10-year risk for coronary heart disease events (coronary heart disease death 

and myocardial infarction) [27]. The 10-year risk prediction was dichotomized into “no 

risk” (0-9%), and “cardiovascular risk” (more than 10%) of coronary heart death and 

myocardial infarction [28].

Material and methods

Study population and design
The study population consisted of workers in the construction industry in the 

Netherlands who participated in the voluntary periodic medical examination in 2005. 

Such examinations are offered to all construction workers at least every four years. 

The Arbouw Foundation, responsible for the organization and contracting of the 

examinations, estimates that the annual participation is about 60% of all invited 

construction workers. In the Netherlands, the periodic examination is offered by over 

20 different occupational health services with local branches and consists of a 

questionnaire and physical examination. Of the 19,753 examined workers, registration 

of sickness absence and complete questionnaire data were available for 5867 male 

workers from one large occupational health service. Given the very small number of 

female workers (N = 245), the analysis was limited to male construction workers. 

Sickness absence registration for other workers was done by the construction 

companies themselves, incomplete, or unavailable for analysis. The workers were 

followed from the day of their medical examination until the end of 2006. The mean 

follow-up time was 437 days, with a minimum of 374 days and a maximum of  

699 days.

Sickness absence
During the follow-up period, the sickness absence register was maintained by the 

occupational health service, which recorded the occurrence and duration of every 

absence episode. The primary measure of interest was the duration of sickness 

absence period during the follow-up, which was categorized as being of short  

(< 14 days), moderate (2 -21 weeks), and long (> 12 weeks) duration. In The Netherlands,  

in almost all situations, a worker will be paid a full salary during the first year of sickness 

absence; a worker is not eligible for a permanent disability pension during the first 

two years on sick leave. Six weeks after the first day of sick leave, the law requires that 

worker and employer agree upon a written rehabilitation plan.

Work-related factors
The work-related factors in the questionnaire consisted of physical and psychosocial 

items. Ascertained by dichotomized questions [19], physical load referred to the 

regular presence in the current job of manual materials handling, awkward back 

postures, static work postures, repetitive movements, whole body vibration, and 

hand arm vibration. Psychosocial work characteristics of the job were assessed with 
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Results

Table 1 describes the baseline characteristics of the study population in the 

construction industry in the Netherlands, stratified by the longest duration of sickness 

absence during follow-up. The mean age of the workers was 44 years (standard 

deviation (SD) 11), ranging from 16-62 years. Most workers held a blue-collar job 

(77.4%). The mean BMI for the study population was 26.2 (SD 3.6); 47.4 % were 

overweight and 13.0% were obese. The distribution of excellent, good, moderate, and 

poor work ability was 33.0%, 50.2%, 15.6%, and 1.2%, respectively. Among the 5867 

workers, 1981 (34%) workers had at least one episode of sickness absence, with a total 

of 2544 periods of short duration, 614 periods of moderate duration, and 152 periods 

of long duration. The analyses of trends showed that a higher BMI, smoking, poor 

health, higher physical and psychosocial load at work, and lower work ability at 

baseline were increasingly prevalent among workers with a longer duration of sickness 

absence during follow-up.

Table 2 shows the influence of individual characteristics, lifestyle factors, health 

indicators, and the WAI on sickness absence in the univariate Poisson regression 

analyses. White-collar workers had consistently a lower risk of sick leave compared 

with blue-collar workers. The RR increased by the category of duration of sickness 

absence for: older age, overweight, obesity, problematic alcohol use, lung obstruction, 

lung restriction, and a moderate WAI. 

Table 3 describes the univariate associations between work-related factors and sick 

leave. The physical work-related factors were associated with short, moderate, and 

long spells of sickness absence. For most physical risk factors, the observed RR were 

higher for moderate and long durations of sickness absence than for short spells. 

Among the psychosocial factors, high work demands were not associated with the 

occurrence of sick leave. For most psychosocial risk factors, larger RR were found with 

longer duration of sick leave.

Table 4 shows that risk factors for sickness absence of < 2 weeks were: younger age, 

smoking, working with awkward back postures, lack of job control, and a less-than-

excellent work ability. For sick leave of 2-12 weeks, important risk factors included: 

older age, obesity, smoking, manual materials handling, lack of job control, lung 

restriction, and a reduced work ability. The risk factors for sick leave of >12 weeks were 

comparable to those of moderate durations; however, some factors failed to reach 

significance due to large confidence intervals. 

Work ability 
Work ability was measured by the WAI questionnaire consisting of an assessment of 

seven dimensions: an indivual’s (i) physical and (ii) mental demands in relation to his 

work, (iii) diagnosed diseases, (iv) experienced limitations in work due to disease, (v) 

occurrence of sick leave in the previous 12 months, (vi) work ability prognosis, and (vii) 

mental resources. The WAI index is derived as the sum score of the ratings on each 

dimension. The range of the summative index is 7-49, which is classified into “poor” 

(7-27), “moderate” (28-36), “good” (37-43), and “excellent” (44-49) work ability [29].

Statistical analysis
All descriptive data are presented as mean and standard deviation, or percentage 

when appropriate. The dependent variable in the statistical analysis was the duration 

of sickness absence during the follow-up, categorized as being of short, moderate, or 

long duration. For each duration of sickness absence, we used “workers without sick 

leave” as the reference group. Since Poisson regression analysis is a robust method 

when there is a slight variation in the occurrence of events over the follow-up time 

and the event of interest is less common (eg, long duration sick leave) [30,31] we used 

a Poisson regression analysis with repeated occurrence of  sickness absence. This 

approach yields effect estimates that are referred to as rate ratios (RR). The follow-up 

time was defined by the actual time at risk and, thus, was restricted to the first day of 

sickness absence. In case of multiple sickness absence periods, the follow-up time 

was calculated from the first day of return to work until the next episode of sickness 

absence or end of follow-up. Since subjects were not all followed for the same period 

of time, the logarithm of the actual follow-up time was used as an offset variable to 

take the actual time at risk into account.[30] In the first step in the analysis, all variables 

with a P-value < 0.10 were selected in univariate Poisson regression models with the 

three durations of sickness absence as dependent variables. The one-sided P-value of 

the Cochrane-Armitage test was used to test the hypothesis of a trend between a 

explanatory variable and the dependent variable. Subsequently, we used a backward 

selection procedure to retain important variables with a significant effect (P < 0.05) in 

the final multivariate Poisson regression models, with the significance level evaluated 

by the scaled deviance between the full model and the reduced model. In order to 

make comparisons across the three durations of sick leave, variables with a significant 

RR in one model were included in another model. All analyses were carried out with 

the statistical package SAS version 9.13 [32]. 
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Table 1	� Baseline characteristic of individual factors, lifestyle factors, health indicators, 

work-related factors, and work ability index in a longitudinal study among  

5867 male construction workers in the Netherlands.  

No sickleave 
(N=3886) 

Short spell of 
sickleave < 2 
weeks (N=1284)

Moderate spell 
of sickleave 2-12 
weeks (N=547)

Long spell of 
sickleave >12 
weeks (N=150)

Individual characteristics

Age (mean ± SD) 44.0 ± 11.06 42.4 ± 11.5 45.7 ± 10.5 47.0 ± 9.8

BMI (mean ± SD)* 26.1 ± 3.62 26.0 ± 3.5 26.7 ± 3.6 27.2 ± 4.3

White-collar job (%)* 24.9 21.9 11.0 14.0

Lifestyle factors

Smoker %* 31.2 33.3 37.5 34.7

Problematic alcohol drinker % 14.0 12.2 16.3 16.7

Normal physical activity %* 67.9 67.8 76.2 71.4

Vigorous physical activity % 19.9 20.1 20.5 23.1

Health indicators

Lung obstruction %* 2.0 2.9 2.9 4.7

Lung restriction %* 0.8 1.5 1.3 3.3

Cardiovascular risk %* 29.2 28.0 34.6 33.3

Work-related physical factors

Manual materials handling %* 45.1 48.1 57.6 58.7

Awkward back postures %* 21.8 26.4 33.6 33.3

Static work postures %* 34.0 37.5 46.4 44.7

Repetitive movement %* 18.8 22.7 31.4 30.0

Whole body vibration %* 13.5 15.3 19.2 16.3

Hand-arm vibration %* 15.2 17.9 21.9 17.6

Work-related psychosocial factors

Lack of job control %* 32.5 36.2 45.3 38.7

High work demands %* 58.9 61.1 62.0 60.7

Lack of support at work %* 12.1 13.5 14.6 19.1

Dissatisfaction with work %* 4.0 4.9 6.2 8.7

Work ability index

Excellent %* 36.5 29.1 22.6 18.7

Good % 49.2 53.8 50.6 43.3

Moderate %* 13.2 16.0 26.0 36.0

Poor  %* 1.1 1.1 1.8 2.0

* significant trend (P < 0.05) in Cochrane-Armitage test
(BMI = body mass index)

Table 2	� Crude rate ratios (RR) and 95% confidence intervals (95% CI) of individual  

and lifestyle characteristics, and health indicators for sickness absence in a  

longitudinal study among 5867 male construction workers in the Netherlands. 

Short spell  
of sickleave 
< 2 weeks (N=1284)

Moderate spell  
of sickleave 
2-12 weeks (N=547)

Long spell  
of sickleave
 > 12 weeks (N=150)

RR 95 % CI RR 95 % CI RR 95 % CI

Individual characteristics

Age      

< 40 years 1.00 Reference 1.00 Reference 1.00 Reference

    40 – 50 years 0.73* 0.64 – 0.84 1.36* 1.06 – 1.73 1.41 0.87 – 2.28

>= 50 years 0.70* 0.61 – 0.80 1.67* 1.32 – 2.10 2.08* 1.33 – 3.24

BMI (kg/m2)

Normal weight 1.00 Reference 1.00 Reference 1.00 Reference

Overweight 0.99 0.88 – 1.11 1.20 0.99 – 1.45 1.34 0.93 – 1.95

Obese 0.98 0.82 – 1.17 1.52* 1.18 – 1.96 2.06* 1.31 – 3.26

White-collar job 0.77* 0.67 – 0.89 0.36* 0.27 – 0.47 0.49* 0.31 – 0.77

Lifestyle factors

Smoker 1.24* 1.10 – 1.39 1.35* 1.13 – 1.62 1.18 0.84 – 1.66

Problematic alcohol use 0.98 0.83 – 1.16 1.27* 1.00 – 1.61 1.31 0.84 – 2.04

Normal physical activity 1.05 0.92 – 1.20 1.59* 1.27 – 1.99 1.14 0.76 – 1.72

Vigorous physical activity 1.10 0.96 – 1.27 1.06 0.85 – 1.32 1.20 0.81 – 1.78

Health indicators

Lung obstruction 1.44* 1.04 – 2.00 1.68 0.98 – 2.88 2.35* 1.08 – 5.11

Lung restriction 1.72* 1.10 – 2.70 1.48 0.67 – 3.27 3.88* 1.53 – 9.80

Cardiovascular risk 0.94 0.83 – 1.06 1.28* 1.07 – 1.54 1.24 0.88 – 1.75

Work ability index

Good 1.46* 1.28 - 1.66 1.76* 1.41 - 2.20 1.68* 1.07 - 2.63

Moderate 2.02* 1.71 - 2.38 3.35* 2.60 - 4.31 5.15* 3.23 - 8.21

Poor 1.66 0.96 - 2.89 3.64* 1.88 - 7.04 3.58* 1.08 - 11.91

* P < 0.05. 
(BMI = body mass index)
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Most of the univariate associations between lifestyle factors, physical and psychosocial 

work factors and all categories of sickness absence (as observed in table 3) had 

substantially lower RR when adjusted for each other and the WAI. However, obesity, 

smoking, manual materials handling, and lack of job control remained important risk 

factors for moderate and long durations of sickness absence after adjustment for the 

other risk factors. The population-attributable fractions of significant risk factors were 

comparable for moderate and long duration sickness absence but slightly larger for 

the latter. A duration of sickness absence of >12 weeks had the highest population-

attributable fractions for: age over 50 years (18%), manual materials handling (20%), 

and good (18%), moderate (28%), and poor (2%) work ability.
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Table 3	� Crude rate ratios (RR) and 95% confidence interval (95% CI) of work-related  

factors for sickness absence in a longitudinal study among 5867 male  

construction workers in the Netherlands. 

Short spell of sickleave 
< 2 weeks (N=1284)

Moderate spell of 
sickleave 2-12 weeks 
(N=547)

Long spell of 
sickleave 
> 12 weeks (N=150)

RR 95 % CI RR 95 % CI RR 95 % CI

Work-related factors

Physical factors

Manual materials handling 1.22* 1.09 – 1.36 1.66* 1.39 – 1.98 1.76* 1.26 – 2.44

Awkward back posture 1.41* 1.25 – 1.60 1.74* 1.45 – 2.09 1.73* 1.23 – 2.44

Static postures 1.26* 1.13 – 1.41 1.65* 1.39 – 1.97 1.52* 1.10 – 2.11

Repetitive movement 1.42* 1.24 – 1.61 1.88* 1.56 – 2.27 1.80* 1.26 – 2.56

Whole body vibration 1.24* 1.06 – 1.45 1.50* 1.20 – 1.88 1.23 0.79 – 1.91

Hand-arm vibration 1.29* 1.11 – 1.49 1.57* 1.26 – 1.95 1.16 0.76 – 1.79

Psychosocial factors

Lack of control 1.29* 1.15 – 1.45 1.65* 1.39 – 1.96 1.32 0.95 – 1.85

High work demands 1.07 0.95 – 1.20 1.10 0.92 – 1.31 1.04 0.75 – 1.45

Lack of support at work 1.31 0.95 – 1.34 1.30* 1.02 – 1.66 1.68* 1.11 – 2.55

Dissatisfaction with work 1.12 0.95 – 1.31 1.46* 1.02 – 2.08 2.24* 1.25 – 4.01

* P < 0.05. 

Table 4	� Adjusted rate ratios (RR) and 95% confidence intervals (95% CI) of individual, 

lifestyle and work-related factors, health indicators, and work ability for sickness 

absence in a longitudinal study among 5867 male construction workers in  

the Netherlands.

Short spell of 
sickleave 
< 2 weeks (N=1284)

Moderate spell of 
sickleave 2-12 weeks 
(N=547)

Long spell of 
sickleave >12 weeks 
(N=150)

RR 95 % CI RR 95 % CI RR 95 % CI

Individual characteristics

Age      

< 40 years 1.00 Reference 1.00 Reference 1.00 Reference

    40 – 50 years 0.68* 0.59 – 0.78 1.24 0.96 – 1.59 1.24 0.76 – 2.02

>= 50 years 0.61* 0.53 – 0.70 1.39* 1.08 – 1.78 1.55 0.96 – 2.49

BMI (kg/m2)

Normal weight 1.00 Reference 1.00 Reference 1.00 Reference

Overweight 1.04 0.92 – 1.18 1.09 0.89 – 1.33 1.14 0.78 – 1.66

Obesity 1.02 0.85 – 1.22 1.34* 1.02 – 1.76 1.63* 1.00 – 2.63

Lifestyle factors

Smoker 1.14* 1.01 – 1.28 1.29* 1.07 – 1.56 1.16 0.81 – 1.64

Work-related physical factors

Manual materials handling 1.00 0.89 – 1.13 1.38* 1.13 – 1.68 1.54* 1.06 – 2.23

Awkward back posture 1.18* 1.03 – 1.36 1.12 0.90 – 1.39 0.99 0.65 – 1.50

Work-related psychosocial factors

Lack of control 1.17* 1.04 – 1.31 1.44* 1.20 – 1.72 1.12 0.78 – 1.59 

Health indicators

Lung restriction 1.48 0.93 – 2.35 1.23* 0.57 – 2.65 3.20* 1.19 – 8.62

Work ability index

Excellent 1.00 Reference 1.00 Reference 1.00 Reference

Good 1.49* 1.30 – 1.70 1.53* 1.22 – 1.93 1.46 0.93 – 2.30

Moderate 2.10* 1.75 – 2.52 2.46* 1.86 – 3.25 3.76* 2.24 – 6.31

Poor 1.65 0.94 – 2.91 2.35* 1.18 – 4.68 2.40 0.70 – 8.22

* P < 0.05. 
(BMI = body mass index)
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moderate and long spells of sick leave occurred more often in older workers. While the 

association between overweight and sickness absence was not significant, obesity was 

associated with sickness absence of 2-12 weeks (RR 1.34) and >3 months (RR 1.63).  

In their literature review, Aldana & Pronk [33] showed that excessive body weight had 

the strongest association with absenteeism. It has also been shown that obese 

employees were 1.74 and 1.61 times more likely to experience high and moderate levels 

of absenteeism, respectively [34]. The association between smoking and increased risk 

of sickness absence confirms previous studies [35, 36]. In our study of construction 

workers with a considerable physical work load, normal and vigorous physical activity 

during leisure time were not associated with any duration of absenteeism after 

adjustment for other risk factors. Other studies among samples of the general workforce 

with less physically strenuous jobs have shown that exercise reduces sick leave over a 

period of four years [37] and that vigorous physical activity during leisure time for at 

least three times a week had a positive effect on sick leave [38].

Although white-collar jobs had a strongly reduced probability on any sick leave, we 

did not include this variable in the multivariate model, since job type was strongly 

associated with the occurrence of work-related factors, especially factors of physical 

load. Inclusion of job type as well as physical load factors in the same model caused 

multicollinearity with substantially larger confidence intervals for all variables.

The most important work factors that determined moderate and long durations of 

sick leave was manual materials handling; a lack of job control determined a moderate 

duration of sick leave only. The effect of physical load on moderate and long spells of 

sickness absence were consistent with previous reports [39]. Uncomfortable working 

conditions (such as heavy physical work), monotonous movements, and holding a 

highly physical, demanding job have been shown to be associated with sickness 

absence [3, 40 – 44]. Findings from other prospective studies indicated that stressful 

working conditions, combined with low decision latitude and low social support at 

work, were related to sickness absence [45 – 47]. Despite the fact that several studies 

have investigated the effects of physical and psychosocial factors on absenteeism 

separately, only a few studies have analyzed the effect of such exposure simultaneously 

on different durations of sickness absence [40, 48, 49].

Among the objective health measures, a restrictive pulmonary abnormality, based on 

spirometry findings, was a predictor for any duration of sickness absence. The effect 

of a lung restriction was somewhat larger than the effect of lung obstruction (Table 

2), but, due to the strong association between both respiratory diseases, their relative 

effect could not be established. In the multivariate analyses, we decided to include 

lung restriction as the variable with the largest effect in the univariate analysis.  

When adjusted for individual characteristics, lifestyle factors, and work characteristics 

two dimensions of the WAI were significant predictors for moderate and long 

durations of sickness absence: (i) the presence of sickness absence in the past 12 

months prior to the medical examination and (ii) experienced limitations due to 

health problems. Both WAI dimensions predicted a moderate duration of sickness 

absence with a RR of 1.40 (95% CI 1.30-1.51) and 1.22 (95% CI 1.11-1.34), respectively. 

The corresponding figures for a long duration sickness absence were 1.53 (95% CI 

1.32-1.7) and 1.24 (95% CI 1.04-1.48). The presence of diagnosed diseases and the 

physical and mental demands in relation to the job had RR close to unity, when 

adjusted for the covariates included in the analyses in table 4.

Discussion 

This study confirmed that sickness absence among Dutch construction workers is a 

multifactorial phenomenon with individual, lifestyle and work related factors as 

important predictors of sickness absence, especially sick leave >2 weeks. Predictors 

for sick leave of 2-12 weeks and >12 weeks included: older age, obesity, smoking, 

manual materials handling, lack of control at work, lung restriction, and a less-than-

excellent work ability. For most predictors higher RR values were observed with longer 

duration of sickness absence. Obesity, smoking, manual materials handling, and a lack 

of job control remained important risk factors for moderate and long durations of 

sickness absence after adjustment for the strong effects of work ability on sick leave.

Some limitations must be taken into account in this study.  First of all, the data were 

drawn from the voluntary medical examination of workers, and information on non-

respondents was not available. We do not know whether due to a larger number of 

unhealthy workers taking part in the physical examination. A selective participation 

may have influenced the results of our study, but the potential effect of this source of 

differential bias is unknown. Secondly, there is a substantial variation in quality of 

laboratory tests and spirometry measurements among the different offices of the 

occupational health service. A large measurement error could result in a substantial 

underestimation of the importance of these measurements on future sickness 

absence.

It has been shown in several studies that younger age is primarily associated with a 

higher frequency of sickness absence, but that older workers tend to be absent for 

longer spells [6-9]. The effect of age in our study was consistent with these findings, 

showing that younger age was a risk factor for short duration sickness absence, but that 
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and health behavior, and consequently reducing their impact on sickness absence. In 

conclusion, this study suggests that a variety of preventive measures targeted at 

smoking, obesity, physical load, psychosocial work factors, and work ability will 

contribute to diminishing the occurrence of sick leave, especially absence of a longer 

duration.

The Framingham risk score did not show any significant effect on absenteeism after 

adjustment. Although subjects with a higher Framingham risk score are at risk for 

future cardiovascular events, in most cases they did not report any cardiovascular 

health problems. Therefore, it was unexpected that no association was observed.

Several studies have investigated the predictive value of the WAI on early exit from 

the work force [19, 21, 50]. The result of this study showed that the WAI predicts 

sickness absence, especially periods of longer duration. Although this study was 

conducted in the construction industry consisting mainly of blue-collar workers who 

experienced a high physical work load, the results were consistent with a community-

based study among the general workforce in Finland which showed that a reduced 

WAI was a predictor of long-term sickness absence [21]. The inclusion of the WAI in 

the multivariate regression model reduced the influence of physical and psychosocial 

work related factors on sick leave. Since it has been shown that up to 22% of variance 

in work ability can be attributed to physical and psychosocial factors, these factors 

also have an indirect effect on sick leave through their influence on WAI [20]. 

Nevertheless, manual materials handling, and lack of job control remained important 

risk factors for moderate and long duration of sickness absence after adjusting for the 

strong effects of work ability on sick leave.

The strong effect of the WAI on sickness absence was primarily due to two dimensions 

in this index: (i) the presence of sickness absence in the past 12 months prior to the 

medical examination and (ii) experienced limitations due to health problems.  

The presence of diagnosed diseases, and the physical and mental demands in relation 

to the job did not had increased RR when adjusted for other important covariates in 

the statistical models. The fact that previous sick leave predicted the duration of 

sickness absence during follow-up is an expected result. It is of interest to note that 

disease-related job impairments experienced by workers predicted future sick leave, 

but that the presence of these diseases was not a significant predictor. This finding 

corroborates a previous study [51] which demonstrated that impairments due to 

health problems were more important for productivity loss at work than the health 

problems themselves.

The “illness flexibility model” [51, 52] clarifies the complicated relationship between 

different factors and the decision to either take sick leave or stay at work inspite of 

illness. All of these factors have prompted many work places to create their own 

procedures to diminish lost work time due to sick leaves [53, 54]. In this regard, it is of 

interest to note that, for most predictors, a significant trend was observed with higher 

RR values for a longer duration of sickness absence. This knowledge can be of great 

help to occupational physicians and policy-makers in enhancing working conditions 
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Abstract

Objectives Workers with decreased work ability are at greater risk of reduced 

productivity at work. We hypothesized that work-related characteristics play an 

important role in supporting workers to remain productive despite decreased work 

ability. 

Methods The study population consisted of 10,542 workers in 49 different companies 

in the Netherlands in 2005-2009. Productivity loss at work was defined on a 10-point 

scale by asking how much work was actually performed during regular hours on the 

last regular workday as compared with normal. Independent variables in the logistic 

regression analysis were individual characteristics, work-related factors, and the work 

ability index. Additive interactions between work-related factors and decreased work 

ability were evaluated by the Relative Excess Risk due to Interaction (RERI). 

Results The odds ratios and 95% confidence intervals (CI) for the likelihood of 

productivity loss at work were 2.03 (1.85-2.22), 3.50 (3.10-3.95), and 5.54 (4.37-7.03) for a 

good, moderate, and poor work ability, compared with an excellent work ability 

(reference group). 

Productivity loss at work was associated with lack of job control, poor skill discretion, 

and high work demands. There was a significant interaction between decreased work 

ability and lack of job control (RERI = 0.63 95% CI 0.11-1.16) with productivity loss at 

work.  

Conclusion The negative effects on work performance of decreased work ability may 

be partly counterbalanced by increased job control. This suggests that interventions 

among workers with (chronic) disease that cause a decreased work ability should 

include enlargement of possibilities to plan and pace their own activities at work. 

Introduction

Various publications have addressed the negative consequences of impaired health, 

illness and disease for productivity loss at work. In a systematic review Schultz et al. 

showed that different health conditions, such as impaired mental health, allergies, 

and arthritis are associated with productivity loss at work [1]. Likewise, individual 

studies have shown that the prevalence of productivity loss at work had a broad 

range varying between 7% and 60% among workers with impaired health [2-6].  

The average productivity loss at work ranged between some 12% and 34%, which 

accounts for 1.0 to 2.7 hours per day for an 8 hours work day [3-6]. 

A recent study also showed that a decreased ability to cope with work due the health 

problems and consequent functional limitations was associated with higher 

productivity loss at work [7]. Besides health related productivity loss a reasonable 

proportion of productivity loss at work will occur due to non-health related causes, 

for example machine breakdown, quality problems, and logistic problems [1, 8].  

Also different work characteristics, such as high physical work demands or high 

psychosocial work demands may be related to productivity loss at work. For example, 

Alavinia et al.[7] showed that lack of job control, adjusted for presence of health 

problems with functional limitations, was associated with productivity loss at work 

(OR 1.36, 1.14-1.63). Among younger workers with upper extremity symptoms a 

combination of high physical load as well as high job strain was also associated with 

productivity loss at work [5]. Therefore, work-related factors, such as high physical and 

psychosocial work demands, could be important for productivity loss at work, either 

through their direct influence on productivity or an indirect effect through their 

influence on workers’ health. It is an important question whether the distinguished 

determinants of productivity loss act completely independent from each other.  

It may be expected that in certain situations workers with health problems or a 

decreased work ability have possibilities to prevent productivity loss at work [2, 7, 9]. 

We hypothesize that work-related characteristics play an important role in supporting 

workers to remain productive, despite a decreased work ability. 

The research questions were 1) what is the association between decreased work 

ability and productivity loss at work?, 2) what is the association between physical and 

psychosocial work demands and productivity loss at work?, and 3) is the association 

between decreased work ability and productivity loss at work influenced by high 

physical or psychosocial work load?

chapter 7

7

the importance of job control for workers with decreased work ability



120 121

Work ability index
The Work Ability Index (WAI) [11-13] is a measure for the degree to which a worker, 

given his health, is physically and mentally able to cope with the demands at work. 

The WAI consists of an assessment of the physical and mental demands of an individual 

in relation to his work at this moment, diagnosed diseases, and limitations in work due  

to disease, sick leave over the past 12 months, work ability prognosis within 2 years, 

and psychological resources recently. The WAI constitutes of seven dimensions, the 

index being derived as the sum of the ratings on these dimensions. The range of the 

summative index is 7-49 classifies work ability into poor (7-27), moderate (28-36), good 

(37-43), or excellent (44-49). Decreased work ability was defined as a score lower than 

37 (poor and moderate). 

Work-related factors 
The work-related factors in the questionnaire consisted of items on physical and 

psychosocial demands. Physical load in the current job concerned the regular 

presence of manual materials handling, awkward back postures in which the back is 

bent or twisted, static work postures, repetitive movements, and bending and/or 

twisting of the upper body. For all physical loads a four point scale was used with 

rating ‘seldom or never’, ‘now and then’, ‘often’, and ‘always’ during a normal workday. 

The answers ‘often’ and ‘always’ were classified as high exposure [14].

The psychosocial work load was measured according to the demand-control model 

by Karasek [15, 16]. The three dimensions job control (5 items), skill discretion (3 items), 

and work demands (5 items) were assessed using an abbreviated version of the 

original questionnaire (Cronbach’s alpha = 0.76) [17]. Questions on job control 

concerned workers’ influence on the planning of tasks, ability to interrupt work if 

necessary, and whether or not they had a say on completion of deadlines. Skill 

discretion covered creativity, varied work, and required skills and abilities. Work 

demands related to excessive work, working hard, working fast, insufficient time to 

complete the work, and conflicting demands. For each question, a four-point scale 

was used with ratings ‘seldom or never’, ‘now and then’, ‘often’, and ‘always’ during a 

normal workday. The sum score was calculated for each dimension separately and 

workers with a median sum score or higher were regarded as exposed to the 

psychosocial risk factor [7].

Methods

Study population
The study population consisted of workers in 49 different Dutch companies in the 

Netherlands in 2005-2009. Companies from a whole range of sectors participated, i.e. 

commercial services (41%), non-commercial services (37%), industrial manufacturers 

(18%), and construction (4%). These companies had commissioned an occupational 

health organization to launch a program to investigate the work ability of the 

workforce and as part of this program a questionnaire survey was conducted on 

health, work demands, work ability, and productivity at work. Companies participating 

in this program invited all their workers to participate. The occupational health 

organization had send an invitation to all eligible workers by regular mail, and provided 

them with an individualized password to fill out the questionnaire on a secured 

website. At the time of enrolment, written informed consent was obtained from all 

participants to provide Erasmus MC for this specific study with their anonymous  

data. This procedure follows the Dutch Code for Medical Research, which stipulates 

that use of anonymous data is in agreement with the Dutch Law for Protection of 

Personal Data.

In the original study population non-responders accounted for 7905 subjects (42%). 

Some workers did not fill out questions on productivity at work (0.8%), work ability 

index (1.1%), or work-related factors (3.6%). Complete data on productivity loss at 

work, work ability, and work-related factors were present for 10 542 subjects (56%), 

which were made available to the Erasmus Productivity Loss at Work database (ELPW 

database). 

Productivity
The main outcome of this study, productivity loss at work, was collected using the 

quantity scale of the Quantity and Quality (QQ) instrument [10]. Respondents were 

asked to indicate how much work they had actually performed during regular hours 

on their last regular workday relative to a normal workday. The quantity of productivity 

was measured on a 10-point numerical rating scale with 0 representing “nothing”  

and 10 representing “normal quantity”.  The outcome was dichotomized into those 

with productivity loss at work (score less than 10) and those without (productivity 

score = 10). The quality of productivity was not measured because the quality and 

quantity question are highly correlated [6]. 
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Results

About 44% of the subjects reported productivity loss at work during the last workday, 

with an average loss of 11.4% compared with a regular workday (Table 1). This indicates 

an average loss of 0.9 hours on an 8 hour work day. The mean age of the study 

population was about 44 years, ranging from 18-68 years. The distribution of excellent, 

good, moderate, and poor work ability was 32.8%, 47.4%, 16.4%, and 3.4%, respectively. 

Work related factors were moderate interrelated with Pearson correlations ranging 

from -0.10 to 0.39 for psychosocial work characteristics, whereas Pearson correlations 

between physical work factors ranged from -0.11 to 0.52, and Pearson correlations 

between psychosocial and physical work factors ranged from 0.03 to 0.26. 

Statistical analysis
Descriptive statistics were used to describe the characteristics of the study 

population.

Since the magnitude of productivity loss was not normally distributed, the 

dichotomous variable productivity loss at work (yes/no) was used as dependent 

variable in the logistic regression analysis to explore the association between 

productivity loss at work and independent variables individual characteristics, work 

ability, work ability dimensions, psychosocial work demands, and physical work load. 

The odds ratio (OR) was estimated as measure of association with corresponding 95% 

confidence intervals (95%CI). In the first step of the analysis, univariate associations 

were evaluated. Subsequently, all variables in the univariate analyses with p<0.05 

were investigated in a multivariate analysis using a forward technique with significance 

level p<0.05. 

Population attributable fractions (PAFs) were calculated for less than good work 

ability, using the formula PAF = Pe (OR-1)/(1+Pe(OR-1)), whereby Pe is the prevalence in 

the study population [18].

We were interested in the potential interaction between a decreased work ability and 

poor working conditions on the presence of productivity loss. Therefore, interactions 

between work ability and work-related factors were estimated for work-related factors 

which remained statistically significant at p<0.05 in the multivariate model. Interaction 

was considered to be present when the combined association of both factors 

(decreased work ability as well as poor working conditions) was larger than the sum 

of the independent associations of decreased work ability and poor working 

conditions. Interaction terms were defined by product terms of dichotomized 

variables, resulting in four exposure categories. Subjects with a good or excellent 

work ability and good working conditions were defined as reference category.  

The Relative Excess Risk due to Interaction (RERI) was estimated as measure for 

interaction with confidence levels based on covariances in line with the delta method 

of Hosmer and Lemeshow [19], using the following formula: RERI= RR(Decreased WAI 

and poor working condition) – RR (Decreased WAI and good working condition) – RR 

(Good WAI and poor working condition) +1 [20]. In order to calculate RERI from a 

logistic regression analysis, we assumed that the odds ratios could be used as a fair 

approximation of relative risks. RERI can be interpreted as a measure of departure 

from additivity in which a RERI of zero means no departure from additivity.  

The additive interaction is considered statistically significant when zero is outside the 

95% confidence interval (CI). All analyses were carried out with the Statistical Package 

for Social Sciences version 15.0 for Windows [21].
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Table 1	� Individual characteristics, work-related factors, work ability index, and  

productivity loss at work among 10 542 workers in the Netherlands. 

Variable Frequency 

Age category 
18-39 Yr
40-49 Yr
50-68 Yr 

33.5% (N=3529)
34.4% (N=3627)
32.1% (N=3386)

Female worker 42.8% (N=4512)

Psychosocial work demands 

Lack of job control 59.4% (N=6266)

Poor skill-discretion 73.5% (N=7747)

High work-demand 58.7% (N=6189)

Physical work demands

Manual materials handling 6.4% (N=671)

Awkward back postures 13.7% (N=1447)

Static working postures 43.8% (N=4621) 

Repetitive movements 46.2% (N=4873)

Bending or twisting upper body 33.3% (N=3510)

Work ability score
Excellent
Good
Moderate
Poor

32.8% (N=3454)
47.4% (N=4999)
16.4% (N=1730)
3.4% (N=359)

Productivity loss (score<10) 44.3% (N=4666)
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the multivariate analysis. None of the physical work demands had a significant 

contribution in the multivariate model with ORs varying from 1.01 to 1.03.

Table 4 shows the joint effects of psychosocial work factors and work ability on 

productivity loss at work. For all three psychosocial factors and work ability the joined 

effect was stronger associated with productivity loss at work than the single effects 

of both variables. The RERI for job control was 0.63 (0.11-1.16), for skill-discretion 0.24 

(-0.31-0.79), and for work demand -0.07 (-0.65-0.51). The interaction between decreased 

work ability and psychosocial factor was only statistically significant for lack of job 

control. So, the combined association of decreased work ability and lack of job control 

was significantly larger than the sum of the independent associations of decreased 

work ability and lack of job control. Within workers with a good work ability, the 

presence of lack of job control was associated with a 23% increase in likelihood of 

productivity loss at work. Within workers with a decreased work ability lack of job 

control had a 38% increase in occurrence of productivity loss at work. 

The odds ratios and 95% confidence intervals (CI) for the likelihood of productivity 

loss were 2.03 (1.85-2.22), 3.50 (3.10-3.95), and 5.54 (4.37-7.03) for a good, moderate, 

and poor work ability, compared with an excellent work ability (reference group).

The population attributable fraction for productivity loss at work due to less than 

good work ability was 10%. Associations between decreased work ability and 

productivity loss were most influenced by the dimensions ‘general work ability’ 

(dimension 1), ‘work ability in relation to physical and mental demands’ (dimension 2), 

and ‘prognosis of work ability’ (dimension 6) (Table 2). The four health-related 

dimensions (number of diagnosed diseases, subjective estimation of work impairment 

due to disease, sickness absence during the past year, and psychological resources) 

did not remain significant in the multivariate model, when adjusted for other 

dimensions. 

Older workers and females showed inverse associations with productivity loss at work 

(Table 3). The psychosocial factors lack of job control, high work load, and poor skill-

discretion were associated with productivity loss at work, with odds ratios remaining 

quite comparable in the multivariate analysis. The physical factors awkward back 

postures, static working postures, and repetitive movements showed statistically 

significant associations in the univariate analyses, which did not remain significant in 
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Table 2	� Univariate and multivariate associations of work ability dimensions and  

productivity loss at work among 10 542 workers. 

WAI dimension Productivity loss (1/0)

Univariate Multivariate

Mean (sd) OR 95% CI OR 95% CI

1. General work ability (0-10) 8.18 (1.60) 0.68* 0.66-0.70 0.73* 0.70-0.76

2. �Work ability in relation to physical 
and mental demands (2-10)

8.29 (1.22) 0.69* 0.66-0.71 0.87* 0.83-0.91

3. Diagnosed diseases (1-7) 4.66 (1.82) 0.91* 0.89-0.93 -

4. Impairment due to diseases (1-6) 5.11 (1.31) 0.82* 0.79-0.84 -

5. Sickness absence (1-5) 4.19 (0.95) 0.80* 0.77-0.84 -

6. Prognosis work ability (1, 4, 7) 6.56 (1.27) 0.84* 0.82-0.87 0.96* 0.93-0.99

7. Psychological resources (1-4) 3.43 (0.65) 0.64* 0.60-0.68 -

* P < 0.05. 

Table 3	� Univariate and multivariate associations of individual characteristics and  

work-related factors with productivity loss among 10 542 workers.

Univariate 
model 

Multivariate 
model 

Variable OR 95% CI OR 95% CI

Age category 
18-39 Yr (Ref)
40-49 Yr
50-68 Yr 

1.00
0.83*
0.81*

0.76-0.91
0.74-0.89

1.00
0.83*
0.82*

0.75-0.91
0.74-0.90

Female worker 0.91* 0.85-0.99 0.87* 0.81-0.95

Psychosocial work demands

Lack of job control 1.38* 1.28-1.50 1.32* 1.22-1.43

Poor skill-discretion 1.28* 1.18-1.40 1.20* 1.10-1.32

High work-demand 1.30* 1.20-1.40 1.28* 1.18-1.39

Physical work demands

Manual materials handling 1.11 0.95-1.30 -

Awkward back postures 1.13* 1.01-1.26 -

Static working postures 1.09* 1.01-1.18 -

Repetitive movements 1.09* 1.01-1.17 -

Bending or twisting upper body 0.94 0.87-1.02 -

* P < 0.05.
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to estimate the decrease in productivity are more common [22, 23]. One study showed 

significant correlations between self-reported productivity and objective work output 

(r=0.48) among floor layers [6]. Nevertheless, the current study was done in a large 

array of different work settings and only used the quantity question of the QQ method. 

A measure of productivity loss at work concerning the last workday was used, because 

a longer time span may be influenced by self-reports. A disadvantage of a time span 

of one day is that it does not take into account the expected fluctuations in productivity 

loss within workers across workdays. This unknown daily fluctuation will have 

contributed to random measurement error and, thus attenuated the observed 

associations. Although participants were informed that all information would be 

handled completely anonymous, it also cannot be discarded that some information 

bias might have occurred, for example due to reluctance among participants to report 

reduced productivity at work due to fear of negative consequences. 

Thirdly, a low response may also be associated with the presence of productivity loss 

at work. The response for the productivity item varied from 9% to 96% across 

companies. Within each company, it may be possible that workers with productivity 

loss at work have had less interest in participating in the study. The response level was 

lower in large companies, in commercial services companies, and among blue collar 

workers. However, using a cut-off of 80% response, no significant differences were 

found in productivity loss at work between companies with high and low response 

levels, and response level was also not statistically significant when included in the 

univariate analyses. Therefore, we think that this source of selection bias will not have 

influenced the results to a major extent. 

Under the assumption of a causal relation between decreased work ability and 

productivity loss at work, we estimated that only 10% of productivity loss at work was 

attributable to a decreased work ability. A previous study also reported that 7% of 

productivity loss at work was attributable to impaired health, and that health 

impairments were stronger related to productivity loss at work than the number of 

diagnosed diseases [7]. This is not very surprising, given the fact that the measure of 

productivity loss at work used in this study estimates all productivity loss at work, not 

necessarily health related. There are various reasons for lost productivity which may 

have nothing to do with health including machine break-down, personal issues, and 

organisational problems. However, when workers are asked if their productivity loss is 

due to impaired health the percentage of health-related productivity loss at work will 

be much higher. For instance, in a group of workers with musculoskeletal complaints 

75% of the subjects reported that productivity loss was due to their musculoskeletal 

disorders [4].

Discussion

Decreased work ability showed statistical significant associations with productivity 

loss at work, especially in combination with lack of job control. In other words, job 

control seems to act as a buffer in the association between decreased work ability 

and productivity loss at work.  

Some limitations must be considered in this study. First of all, the cross-sectional 

design of the study does not permit further explanation of the causal relationship 

between determinants and productivity loss at work. The results of this study do not 

indicate whether productivity loss at work was a result of decreased work ability or 

decreased work ability was a result of lack of productivity. 

Secondly, a subjective measure of productivity loss at work was used. Since objective 

measures of productivity at work are rarely available or difficult to access, self-reports 
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Table 4	� Interaction between work ability and work-related factors in the association 

with productivity loss at work among 10 542 workers.

OR 95% CI RERI a 95% CI

Model 1: WAI and job control

Good WAI and high job control 1.00 0.63* 0.11-1.16

Good WAI and lack of job control 1.23* 1.13-1.34

Decreased WAI and high job control 2.25* 1.87-2.70

Decreased WAI and lack of job control 3.11* 2.75-3.52

Model 2: WAI and skill-discretion

Good WAI and high skill-discretion 1.00 0.24 -0.31-0.79

Good WAI and poor skill-discretion 1.18* 1.07-1.30

Decreased WAI and high skill-discretion 2.51* 2.02-3.14

Decreased WAI and poor skill-discretion 2.93* 2.58-3.34

Model 3: WAI and work demand

Good WAI and low work demand 1.00 -0.07 -0.65-0.51

Good WAI and high work demand 1.22* 1.12-1.34

Decreased WAI and low work demand 2.73* 2.29-3.26

Decreased WAI and high work demand 2.89* 2.55-3.27

*p<0.05, adjusted for age and sex, a Relative Excess Risk due to Interaction (RERI).
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seems an important factor to remain productive when experiencing decreased work 

ability. Johansson and Lundberg [25] have proposed in their model ‘illness flexibility’ 

that employees with a high degree of control of their work tasks or adjustment 

latitude, are more likely to go to work because they can modify their work tasks in 

such a way as to be able to carry on despite impaired health. A comparable mechanism 

for productivity loss at work could be envisaged in the sense of having opportunities 

to change tasks in such a way that they can still be performed despite health 

impairments. Social support was not measured in the current study, but it was shown 

that among workers with impaired health due to early inflammatory joint conditions, 

low support from colleagues predicted a reduced productivity at work [2]. Likewise 

effort-reward imbalance and job dissatisfaction were not measured, but strong 

associations were found between both psychosocial factors with productivity loss at 

work in a population of office workers reporting work-related neck/shoulder or hand/

arm symptoms during the past three months [8]. The importance of job control in 

continuing work or remaining active appears also from literature on return to work 

and sickness absence for specific diagnostic groups [26, 27]. 

In conclusion, this study confirmed that workers whose work ability was decreased 

reported more productivity loss at work. Job control buffered the loss of productivity 

at work among workers with decreased work ability. These results confirm that the 

relation between impaired health and decreased work output depends on autonomy 

of the worker. Hence, levels of productivity loss within specific diagnostic disease 

groups will not be equal for all workers. Job control can be increased by giving workers 

the opportunities to decide themselves for example on their working goal, working 

method, or working hours, taking into account existing quality norms. 

Associations between decreased work ability and productivity loss at work were most 

influenced by the  dimensions ‘general work ability’, ‘work ability in relation to physical 

and mental demands’, and ‘self-reported prognosis of work ability’. These dimensions 

primarily reflect individual capacities to cope with work demands. Several aspects 

may explain the importance of these ‘capacity dimensions’. First of all, there are 

substantial differences in recall time among the seven work ability dimensions. For 

example, the first two dimensions are concerned with the current situation; dimension 

five relates to the past 12 months, dimension six alludes to the coming two years, 

whereas dimension seven refers to the current situation. Second, work ability 

dimensions are highly interrelated (Pearson correlations ranged from 0.13-0.57), and 

as a consequence only the dimensions with the strongest influence will be retained 

in the multivariate analysis. 

The first two dimensions of the work ability index seem to reflect to some extent a 

productivity measure. 

Our finding that productivity loss at work was associated with poor work factors 

corroborates previous studies [5, 7, 24]. A positive association between high work-load 

and productivity loss at work was for example also reported in a Finnish study showing 

that regular overtime increases sickness presenteeism [9]. When work tasks are 

perceived as highly demanding, a worker may experience problems complying with 

the work demands and, hence, perceive his productivity as below par. Perceived 

health limitations will only further increase the perception that required work output 

levels are not achieved and, therefore, result in increased productivity loss at work. 

In agreement with Alavinia et al. [7] and Martimo et al. [5] high physical work demands 

seemed less important for productivity loss at work than psychosocial work charac-

teristics. Different explanations could be a reason for this finding. First, job control and 

the related possibility to adjust work activities could act as a buffer in highly physical 

demanding professions in such way that a worker with musculoskeletal complaints 

can eliminate the high physical demanding task for that specific day or period. 

Alternatively, questions concerning psychosocial work factors could be more 

individual oriented, whereas physical work factors may reflect more objective working 

conditions. The finding could also be due to the cross-sectional design of the study, 

whereby it is not clear whether the lack of association between high physical work 

demands and productivity loss at work is due to a healthy-worker effect.

The association between decreased work ability and productivity loss at work differed 

for the absence or presence of poor psychosocial work factors. Especially job control 
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8.1	 Introduction

In this thesis, a series of studies is presented that focus on the importance of health in 

work ability and labour force participation. Due to ageing of the population, economic 

restraints and shortage of active workers, there is an increased interest in prolonging 

working life for older workers. Since ageing is accompanied with a decrease in workers’ 

health, the role of ill health in exit from paid employment is of interest. However, 

health problems may lead to different limitations in different occupations and should 

therefore be considered in relation to the work demands. Work ability is a measure of 

the degree to which a worker, given his health, is physically and mentally able to cope 

with the demands at work. A decreased work ability may lead to quitting paid 

employment and can also have negative consequences for work performance. The 

relative contribution of individual and work related characteristics to workers’ health 

and work ability are relatively unknown but could give important insights for 

interventions aimed at prolonging working careers.  

Therefore, the primary objectives of this thesis were:

a.	 What is the relation between ill health and exit from paid employment among 

older workers?

b.	 Which individual characteristics, lifestyle factors and work-related risk factors are 

associated with work ability?

c.	 What are the consequences of a decreased work ability for sickness absence and 

productivity loss at work and are these consequences influenced by work 

related characteristics? 

This chapter presents the main findings in the light of the objectives of this thesis, 

discusses methodological issues, and presents recommendations for practice and 

policies and future research. 

8.2	 Main findings 

Objective 1 - What is the relation between ill health and exit from paid employment 

among older workers?

The longitudinal study with two-year follow-up among European workers aged 50-63 

years (chapter 2) showed that poor self-perceived health was strongest associated 
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Objective 2 - Which individual characteristics, lifestyle factors and work-related risk factors 

are associated with work ability?

The literature review on the determinants of the work ability index (chapter 4) showed 

that individual characteristics, lifestyle, demands at work, and physical condition were 

associated with a poor work ability. More specific, older age, lack of leisure-time 

vigorous physical activity, poor musculoskeletal capacity, obesity, high mental work 

demands, lack of autonomy, poor physical work environment, and high physical work 

load were associated with a lower work ability score. 

The cross-sectional study on the associations of psychosocial factors at work, life style, 

and stressful life events on work ability among white-collar workers with academic 

education (chapter 5) showed that worse teamwork, worse stress handling, lack of 

self-development, and, to a lesser extent, stressful life events, lack of physical activity, 

and obesity were associated with a lower work ability. Stratification analyses showed 

that the strength of association between lifestyle factors and work ability score was 

higher for older age groups. 

In conclusion, the results show the multifactorial nature of work ability. A healthy 

lifestyle and good working conditions are important for a good work ability. There are 

some indications that these factors become increasingly important with ageing of 

the worker. 

Objective 3 - What are the consequences of a decreased work ability for sickness absence 

and productivity loss at work and are these consequences influenced by work related 

characteristics? 

The longitudinal study among a sample of Dutch construction workers (chapter 6) 

showed that less than excellent work ability was associated with sick leave less than 

14 days, sick leave between 2 and 12 weeks, and above 12 weeks duration. The 

strength of association was higher for lower scores of work ability and for longer 

duration of sick leave. Population attributable fractions for long duration of sickness 

absence were 18%, 28%, and 2% for good, moderate, and poor work ability compared 

with excellent work ability (reference group). The two dimensions of the work ability 

index which were most predictive for moderate and long duration of sickness absence 

were ‘presence of sickness absence in the past 12 months’ (dimension 5), and 

‘subjective estimation of work impairment due to disease’ (dimension 4). Among a 

sample of Dutch workers in different occupations (chapter 7) the odds ratios for the 

likelihood of productivity loss at work were 2.03, 3.50, and 5.55 for a good, moderate, 

with exit from paid employment due to retirement, unemployment, or disability (ORs 

from 1.32 to 4.24). In order of decreasing importance chronic diseases, mobility 

problems, and instrumental limitations also influenced exit from paid employment, 

most notably through disability. The population attributable fractions of a 

less-than-good self-perceived health for transition into unemployment, retirement, 

and disability were 27%, 9%, and 61%, respectively. Because of the voluntary basis of 

exit through (early) retirement, additional analyses on this pathway of exit were 

conducted. 

The literature study on determinants of early retirement (chapter 3) confirmed the 

importance of poor health. Odds ratios for the associations between poor health and 

early retirement reported in six studies varied between 1.16 and 3.36, of which 4 

studies reported statistically significant associations. The importance of health for 

sustaining working careers was corroborated in the focus group interviews, wherein 

good health was mentioned as an important condition for continuing work.  

The longitudinal European study (chapter 2) showed that lifestyle factors as well as 

work-related characteristics explained up to 19% of health related exit from paid 

employment. Significant odds ratios between ill health and exit from paid employment 

decreased by 0% to 10% after adjustment for lifestyle factors, 4% to 9% after adjustment 

for work factors, and 4% to 19% after adjustment for lifestyle factors and work charac-

teristics simultaneously. The risk of ill health for exit through disability was least 

adjusted by lifestyle factors and work related characteristics. In the fully adjusted 

models for each of the four health measures obesity and problematic alcohol use 

remained significant in at least one of the models. Lack of job control and effort-reward 

imbalance at work remained significant after full adjustment in at least one of the four 

models. In the focus group interviews appreciative leadership style, social support at 

work, and healthy lifestyle were mentioned as factors of influence on early retirement 

decisions. 

In conclusion, good health is an important condition for continuing working life 

among older workers. Lifestyle and work-related factors may partly counteract the 

negative impact of ill health on work participation. Additional insights emerging from 

focus group interviews among older workers were that shift work, unappreciative 

leadership style, and lack of support from colleagues have an impact on retirement 

intentions.
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8.3.1 �General considerations regarding the role of ill health in exit from 
paid employment

The studies in chapter 2 and 3 concern some methodological issues; i.e. the 

conceptualisation of labour status, considerable differences in studied countries, and 

lack of insight in direct and indirect roles of important factors.

Definition of labour status

There are some methodological considerations concerning the operationalisation of 

labour status. In chapter 2 the outcome labour status was based on self-reported 

current economic status that best described the respondent’s situation based on four 

mutually exclusive categories: paid work, retired, unemployed, disabled. The definition 

of being employed in SHARE encompasses all individuals who declared to have done 

any kind of formal paid work in the last four weeks, including self-employed work for 

family business. The use of this operationalisation of labour status does not discriminate 

between subjects receiving full social security benefit and subjects receiving part 

benefit and part income from paid employment or other types of social security 

benefit. There is no gold standard and large cohort studies have used different 

definitions. For example, in the European Community Household Panel (ECHP)[1] work 

status is defined using 12 mutually exclusive categories: paid employment (15+ hours/

week), paid apprenticeship (15+ hours/week), training (15+ hours/week), self-

employment (15+ hours/week), unpaid family (15+ hours/week), education/training, 

unemployed, retired, housework, community/military service, other economically 

inactive, and working less than 15 hours. In the British Household Panel Survey (BHPS)

[2, 3] employment status was asked by ‘did you do any paid work last week, either as 

an employee or self-employed?” Second, the use of labour status in chapter 2 was 

self-reported, wherefore it may differ from the official labour status. Respondent may 

have another interpretation of their status. Respondents, for example, may consider 

their unemployment as homework, when they are not actively looking for work. 

Another aspect on the operationalisation of labour status in chapter 2 is that the 

defined pathway of exit may not be the true pathway. For example, in older age 

groups early retirement may be used to avoid work disability, whereas among younger 

workers a work disability pension may prevent exit through unemployment. Besides 

above considerations, measuring the labour status ‘early retirement’ is hampered by 

the age-dependency of retirement. In order to distinguish between early retirement 

and legal retirement the population in chapter 2 was restricted to workers aged 50-63 

years as it was assumed that workers normally retired when they became 65 years old 

at the end of follow-up. Among persons aged 65 years and over 4.3% was employed 

and poor work ability, compared with an excellent work ability (reference group).  

The population attributable fraction for productivity loss at work due to less than 

good work ability was 10%. Associations between reduced work ability and 

productivity loss were most influenced by the dimensions ‘general work ability’ 

(dimension 1), ‘work ability in relation to physical and mental demands’ (dimension 2), 

and ‘prognosis of work ability’ (dimension 6). 

In the study in chapter 6 obesity, smoking, manual materials handling, and lack of job 

control remained important risk factors for sickness absence, after adjustment for the 

strong effects of work ability on sickness absence. There is some indication that the 

observed trend in risk ratio’s for long term sickness absence became less steep after 

adjustment for lifestyle and work-related factors compared to shorter terms of sickness 

absence. Younger age, male worker and poor psychosocial work demands were 

associated with productivity loss at work (chapter 7). An analysis on the joint associations 

of poor psychosocial work factors and decreased work ability on productivity loss at 

work showed that the relative excess risk due to interaction (RERI) was 0.63 (0.11-1.16) for 

lack of job control. Thus, there was a significant departure from additivity for the joint 

association of lack of job control and decreased work ability. In other words, the 

combined influence of decreased work ability and lack of job control was significant 

larger than the sum of the independent influence of decreased work ability and lack of 

job control. Within good work ability, low job control accounted for a 23% increase in 

the odds ratio for productivity loss at work compared with workers with high job control. 

Among workers with decreased work ability the association for productivity loss at work 

was 38% higher for workers with low job control compared with workers with high job 

control. No significant interactions on an additive scale were found for the psychosocial 

factors lack of skill-discretion and high work demands. 

In conclusion, a decreased work ability has considerable consequences for sickness 

absence and productivity loss at work. Job control in the sense of having a say in work 

deadlines, work tempo and work breaks, appeared an important factor to reduce 

negative consequences of a decreased work ability for sickness absence and 

productivity loss at work. 

8.3	 Methodological issues

For specific methodological concerns we refer to the methods and discussion section 

of the specific articles. This paragraph concerns general considerations, i.e. design 

issues. 
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The results show that problematic alcohol consumption may have a direct effect on exit 

from paid employment independent of health status, for example through work output, 

difficulties with keeping up to work agreements, or cooperation [5]. An explanation for 

the increased risk of obesity for unemployment, irrespective of health status, may be 

stigmatisation or discrimination of obese workers [6]. A direct influence of poor work 

circumstances on premature exit may be most profound through early retirement. 

Research in the field of retirement intentions showed that effort-reward imbalance and 

low job control were independently associated with the intention to retire as early as 

possible [7].

8.3.2	 General considerations determinants of work ability
The studies in chapter 4 and 5 concern some methodological issues; i.e. reporting 

bias, cross-sectional design, and external validity. 

Reporting bias

In the systematic review (chapter 4) as well as the study among office workers (chapter 5) 

the majority of determinants was measured by self-reported questionnaires. Self-reported 

measures have the advantage that they are relatively easy to obtain. However, self-reported 

measures may result in different types of reporting bias. Respondents may be susceptible to 

social norms and fill in answers towards perceived socially desirable standards. Lifestyle 

factors such as smoking, alcohol consumption, and lack of physical activity during leisure 

time are well-known factors of health-declining behaviours, and therefore participants may 

have under-reported these behaviours [8, 9]. This bias due to social desirability would only 

have affected our results if this had occurred more in groups with excellent work ability than 

among workers with poor work ability. There is no indication that the work ability score will 

be of influence on the inclination to underestimate health risk behaviours. In the focus 

group interviews in chapter 3 workers with an excellent work ability expressed similar 

opinions about lifestyle than workers with a poor or moderate work ability. Another type of 

reporting bias that may have affected the results concerns the justification of a decreased 

work ability. A decreased work ability score could be justified by overestimating poor 

working conditions. Reporting more unhealthy lifestyles could also be used as justification 

but seems less obvious as lifestyle is an individual behaviour and would therefore make the 

subject itself responsible for the decreased work ability. The reporting bias would 

overestimate the effect of work circumstances on the work ability score. Because work 

ability and determinants were measured at the same time, subjects were not aware of their 

total score on the work ability index, and, thus, justification may have had limited effect on 

our results.  

in 2008 in EU-15 countries (17.6% in Portugal, 1.4% France), whereas the reason for 

inactivity was retirement for 84.4% [4]. The differences in definition of early retirement 

may vary among countries and, thus, influence the observed country-specific 

differences in chapter 2. In addition, the lack of a comparable definition may have 

contributed to the heterogeneity in the systematic review in chapter 3.  

Lack of insight in the differences between European countries

The descriptive results of change in labour status (table 2 in chapter 2) showed 

considerable differences in prevalence of exit from paid employment and pathways 

of exit between countries. In the longitudinal analysis of the role of ill health on exit 

from paid employment in Europe country-specific or region-specific analyses were 

not feasible due to small numbers, hence, analyses were only country adjusted. Insight 

in differences per region was addressed by stratified analyses for the following 

regions; Scandinavian (Sweden, Denmark), Bismarckian (Austria, Belgium, France, 

Germany, Netherlands, Switzerland), and Southern Europe (Greece, Italy, Spain). 

Stratified analysis for these three regions showed that the conclusions drawn from the 

total population also accounted for each region, which is that the health measure 

most predictive for exit from paid employment was less than good perceived health, 

most notably through disability. 

Lack of insight in direct and indirect effects of important factors on the relation 

between health and work participation

In order to minimize the negative effect of ill health on work participation, it is of 

interest to study factors that explain the relation between ill health and exit from paid 

employment. The associations of work-related factors and lifestyle on health were 

studied in chapter 2 (four measures of health) and chapter 5 (mental and physical 

health). However, in both studies the design was cross-sectional, wherefore a causal 

relationship could not be explored. 

In chapter 2 analyses were conducted to gain insight in what proportion of the 

observed associations between ill health and future exit could be explained by 

work-related factors and lifestyle. In the multinominal analysis the role of ill health was 

adjusted for individual and work-related factors to calculate the percentage of change 

in odds ratio of ill health for exit from paid employment. This method can be used to 

estimate direct and indirect contributions of explanatory factors. However, the 

percentage of change can be similar for different absolute changes in odds ratios.  

The analyses are not sufficient to give an adequate insight in the pathways of the influence 

of lifestyle factors and work-related characteristics on exit from paid employment. 
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focused on physically demanding occupations (e.g. construction workers).  

The population in chapter 5 was characterized by mentally demanding professions, 

wherefore generalisability of study results to a population with more physically 

demanding professions may be doubtful. Comparison with a study among Dutch 

construction workers [10] showed the work-related factors that were present in both 

occupational groups had a similar importance, and also comparable associations for 

age and lack of vigorous physical activity were observed. Therefore, translation of 

results to other occupations may be legitimate concerning type of determinant, and 

every so often even for the strength of association.

 
8.3.3	 General considerations consequences of a decreased work ability
The studies in chapter 5 and 6 concern some methodological issues; i.e. self-reported 

(subjective) measurement of productivity loss at work, selective response due to 

voluntary participation, overlap in definition of the predictor and the outcome, and 

calculation of interaction from additivity using the Relative Excess Risk due to 

Interaction (RERI). 

Self-reported measure of productivity loss at work 

The outcome measure productivity loss at work (chapter 7) was measured with a 

self-reported questionnaire and, thus, response and/or recall bias could have occurred. 

Recall bias was minimized by focusing on the last working day of the worker. Response 

bias may have occurred due to a social desirability not to report productivity loss at 

work, although subjects were assured that data were handled completely anonymously. 

It is not known whether there is a difference in responding social desirable between 

workers with or without decreased work ability. It could be that workers with a 

decreased work ability may be more focused on their working abilities and may be 

more aware of their daily performance. As a consequence, they may have been more 

likely to report productivity loss at work. 

In a former study the Quantity and Quality (QQ) instrument was validated with 

objective information on daily work output from 19 work site observations. Among 

floor layers, actual production output, measured as square meters made, was 

significantly correlated with the mean self-reported productivity of the team 

(correlation coefficient r=0.48). Due to the very low variation in actual production 

output in road pavers (coefficient of variation 9.5%), no correlation was found with 

self-reported productivity [11]. An objective measure of work productivity will have 

the advantage of minimising response and recall bias, but is also associated with 

considerable restrictions in generalisability and is burdensome to implement in 

Cross-sectional design

The majority of studies included in the systematic review (chapter 4), as well as the 

study in chapter 5 had a cross-sectional design, i.e. the measurement of potential 

determinants and work ability index took place at the same moment in time. Therefore, 

it was not possible to investigate the causality of the relationship between 

determinants and outcome, or whether decreased work ability results from the 

determinant or that the determinant is a result of a decreased work ability. It could be 

that decreased work ability also limits the ability for physical activity in leisure-time. 

Also, perceived work pressure may increase when a worker is less able to fulfil work 

demands caused by health complaints. However, a comparison between cross-

sectional and longitudinal results in the review showed comparable influences of 

lifestyle factors and work-related characteristics. 

Another methodological issue that cannot be tackled with a cross-sectional design, is 

the so-called ‘lag time’ between exposure to unhealthy lifestyle and poor working 

conditions and a subsequent decreased work ability. The stratification by age in 

chapter 5 gives some insight in exposure durations, assuming that older workers had 

a longer exposure, but a clear insight in exposure durations and latency periods is 

lacking. Not taking exposure duration into account may have underestimated the 

contribution of determinants to a decreased work ability. 

External validity of results

Studies included in the systematic review (chapter 4) were dominated by Finnish 

studies (70%) with emphasis on research among municipal workers. Therefore, some 

caution is needed in the generalisability of the study results to other occupational 

populations in other countries. However, Dutch study results among white-collar 

workers (chapter 5) and construction workers [10] showed quite comparable results, 

so generalisability seems reasonable. Research concerning the work ability index has 

mainly been carried out among older workers. Therefore, it is not clear if the same 

determinants play an equally important role in younger populations. The average age 

of the study population in chapter 5 was 35.7 years old, which was quite young. 

Therefore, the number of subjects with poor or moderate work ability was slightly 

lower than in the general working population. Stratification by age showed that the 

age of the worker is of influence on the strength of the association between 

determinant and work ability score, whereby the association between the determinant 

and decreased work ability score was stronger among older workers. Associations 

between the studied factors and WAI in chapter 5 may therefore be slightly higher for 

the general working population. Dutch research on work ability until now was mainly 
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effects of two factors appear to follow an additive pattern, implied by terms such as 

synergism and antagonism [14-16]. The fit with the sufficient-component concept of 

causality is also an important argument for using the additive scale [14]. One of the 

disadvantages of additive interaction is that the additive scale does not indicate a 

particular disease mechanism [14]. In chapter 7 we reported individual effects of 

decreased work ability and poor working conditions and their joint effect, so that 

readers who prefer multiplicative interaction can also interpret the findings on a 

multiplicative scale. 

The Relative Excess Risk due to Interaction (RERI) was estimated as measure for 

interaction with confidence levels based on covariates in line with the delta method 

of Hosmer and Lemeshow [17]. The use of RERI assumes that the odds ratios could be 

used as a fair approximation of relative risks. One of the disadvantages of this method 

is that it handles only two covariates, otherwise data in each stratum become too 

sparse [18]. Calculation of the confidence interval using Hosmer and Lemshow 

proposed Wald type interval estimates [17] is subject of debate and different 

alternatives have been proposed, for example bootstrapping [19] and likelihood-

based confidence intervals [20]. However, also these methods have their limitations.

8.4	 Interpretation of the findings

This thesis provides valuable indications of the importance of health for work 

participation, the influence of lifestyle and work circumstances on work ability, and 

the consequences of decreased work ability for work performance. We will compare 

our results to evidence from other studies following the three objectives. 

8.4.1 Role of ill health in exit from paid employment
The finding that ill health is related to an increased risk of exit from paid employment 

is not new itself [6, 21-33]. Our results, but also studies on work participation among 

diagnostic groups such as rheumatoid arthritis, diabetes, depression, and asthma, 

clearly show that getting a chronic disease has a major consequence for future work 

participation [34-37]. Yet, our findings showed that self-perceived health was most 

predictive for future work status. The importance of self-perceived health compared 

to being diagnosed with a chronic disease was in line with a systematic literature 

study among employees with a chronic somatic disease which showed that perceived 

health was a prognostic factor for work disability [38]. 

practice. For example, for most jobs quantifying performance is challenging, 

productivity has also a quality aspect which may even be more difficult to measure 

objectively, and many jobs involve teamwork as a result of what individual productivity 

is difficult to ascertain [12].   

Selective response voluntary participation

Data in chapters 6 and 7 were drawn from voluntary (medical) examination of workers, 

wherefore selective response may have occurred. Information on non-respondents 

was not available in the study on sickness absence. There were no differences in level 

of productivity loss between companies with high and low response, so there seems 

not to be a selective response between companies with high and low response. 

Within companies selective response between individual subjects could have 

occurred. This may have influenced the results when workers with sickness absence 

or productivity loss at work were more or less declined to participate in the study. It is 

unknown whether this has occurred and has lead to an over- or underestimation of 

the effects. 

Overlap in definition of the predictor and the outcome 

The consequence of decreased work ability for sickness absence (chapter 6) may be 

obvious as there is some overlap between the predictor work ability and outcome 

sickness absence. Most profound, the work ability index contains one question on 

sickness absence (dimension 5; sickness absence during the past year). On the one 

hand only 9.5% of the total work ability score is determined by dimension 5. On the 

other hand the strong effect of WAI on sick leave was primarily due to two dimensions, 

including sickness absence in the past 12 months. 

There may be some overlap between productivity loss at work and the first two 

dimensions of the WAI. However, the WAI is health-oriented, whereas the measure of 

productivity loss at work concerns also loss which was not health-based. 

Measuring interaction 

In chapter 7 we were interested in the joint associations of decreased work ability and 

poor working conditions on the presence of productivity loss. There are several 

methods to assess the statistical significance of interactions on risk for specific events. 

The most common procedure is to test departure from the multiplicative model of 

interaction, but we have chosen to measure additive interaction. The scale of 

interaction (additive or multiplicative) is in essence determined by the statistical 

model that fits best [13, 14]. However, under certain simple biologic models the joint 
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The negative effects of unhealthy lifestyle were also reported with respect to work 

disability [24, 44]. and unemployment [6, 45]. In contrast to our results, considerable 

evidence consists for the risk of smoking for exit through unemployment [5, 45, 46] 

and work disability [47-49]. 

Regarding work related characteristics the evidence is less clear due to the broad 

range of definitions that has been used in work and health literature. High physical 

work demands have been reported as risk factors for work disability [47, 48, 50-52] and 

unemployment [49, 53]. Some psychosocial risk factors for exit from paid employment 

described in literature were lack of job control [54], poor possibilities for self-

development [48, 49], lack of job satisfaction [50], temporary employment [55], and 

lack of social support [50]. 

Factors which may also explain health-related exit are national economic circumstances 

and regulations governing the legal age of retirement and mechanisms for leaving 

employment. For example, the average retirement age in the Netherlands increased 

from 61 years old in 2006 to 62 years old in 2007, primarily due to abolition of different 

regulations [56]. Among Dutch workers financial incentives were important for the 

decision to stop working [57]. An European study showed that a decline in health 

status had a smaller impact on the likelihood of retirement in countries that have a 

stronger financial incentive to retire early [41]. Another European study showed that 

the level of social protection was of influence on the relation between health and 

unemployment [58]. Also, on individual level a previous period without paid 

employment increases the negative influence of ill health on participation [57, 59]. 

The relation between health and work participation may further be influenced by 

gender [59], older age [60], and educational level [32].

In conclusion, poor health is one of the most important factors for sustaining 

employability. However, knowledge is lacking on the direct and indirect influences of 

individual and work-related factors and governmental regulations. 

8.4.2 Determinants of work ability 
There is consistent evidence for the decrease of work ability by ageing. However, this 

influence is only moderate when compared to other determinants. Due to the large 

heterogeneity of study characteristics, no conclusions could be drawn regarding the 

relative importance of each determinant from the literature study. However, the cross-

sectional analysis among Dutch commercial service workers showed that the effect of 

work-related characteristics was much higher than for demographic factors and 

lifestyle. Other studies have reported contradictory findings, with one study describing 

Additional analyses in the SHARE database illustrate that the potential impact of prevention 

of ill health on labour force participation, in theory, could increase the average age of 

quitting paid employment from 60.4 to 61.5 years (13.2 months) among men and from 

59.2 to 60.5 years (16.2 months) among women [39]. Besides prolonging working life, 

prevention of ill health will have additional effects for work participation among subjects 

out of the labour force, which were not taken into account in these analyses.  

Our results show the consequence of ill health at baseline on work participation 

during two year follow-up. Medical history or how long the ill health status was 

already present at baseline was unknown and, thus, the relevant time windows for the 

effect of ill health on exit from work could not be established. In the field of health 

economics it is more common to measure actual change in health status, for example 

by health shocks that are defined as deteriorations in relative health status. Some 

insight in time effects may be obtained from this field of research, although these 

measurements are not intended to give insight in time effects, but an attempt to 

minimize justification bias whereby subjects systematically overestimate their poor 

health in order to justify their position outside the workforce. For example, Disney et 

al. (2006)[40] showed that lagged health as well as acute health deterioration were 

associated with exit from economic activity. 

An European study [41] also confirmed the relationship between acute health shocks 

and the retirement decision, with higher hazard ratios for acute deteriorations than 

for a more gradual decline in health status. 

It is of interest to known which role work ability plays in the relation between health 

and exit. Finnish studies have shown that among the working-age population 

self-rated health was strongly related to the person’s estimate of work ability.  

Those who regarded their health to be average estimated their work ability to be 

limited six times more often than those who believed that they were in good health 

[42]. However, perceived work ability and perceived health are not the same thing. 

The Finnish survey showed that a poor perceived health not automatically resulted in 

a poor work ability or vice versa. Although a limited work ability was much more 

prevalent among the chronically ill than among healthy persons, problems with work 

ability became more common with age even among healthy persons [42].

Lifestyle and work explained 19% of the health-related exit in Europe (chapter 2).  

The results of the systematic review in chapter 3 support the influence of work-related 

characteristics and lifestyle on early retirement with strong evidence for the influence 

of lack of job satisfaction [43]
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8.4.3	 Consequences of a decreased work ability
Decreased work ability was associated with increased risks for sickness absence 

(chapter 6) and productivity loss at work (chapter 7), also shown by others [78, 79].  

The consequences of a decreased work ability are broader than solely work 

performance, but also have an influence on exit from paid employment, most notably 

due to work disability. Studies among construction workers aged above 40 years 

showed that Dutch construction workers with a poor work ability had a 20 fold 

increased risk to become disabled in the following two years [80] and that Finnish 

workers with a poor work ability had a 10 fold increased risk to become disabled in 

the following four years [81].

Finnish studies also showed that workers with a limited work ability more often 

became unemployment and unemployment persons with a better work ability were 

more likely to gain paid employment [42]. The consequences of decreased work ability 

for (early) retirement are less consistent. Among Finnish food industry employees the 

proportion of poor and moderate work ability was 25% among normal retirees, while 

57% among early retirees (before age 65 years) [82]. In a Finnish cohort the majority of 

those who were about to retire still had an adequate work ability. According to own 

work ability assessments, approximately one third of all 63- to 67-years-old were able 

to work. This not automatically implicates that retirement is only justified when a 

worker perceives poor work ability but illustrates the potential to lengthen working 

careers [42].

Chapter 6 presented associations of psychosocial work factors with sickness absence 

which were in line with findings of a meta-analysis on determinants of sickness 

absence due to psychosocial health complaints [83]. In our study the associations 

with high physical work demands were somewhat weaker compared to psychosocial 

factors, which was also reported in a Swedish literature review [84]. Our findings 

regarding the influence of obesity and overweight on sickness absence were in line 

with Neovius et al. [85]. Other studies have shown the importance of organizational 

justice for sickness absence, either indirectly through impaired mental health [86], or 

directly for distributive justice [87] or for both procedural and relational justice [88, 

89]. Due to a majority of male workers, gender differences could not be addressed in 

our study, but another studie showed a higher risk for sickness absences among 

female workers, mainly explained by more short absences spells and higher physical 

work demands [90].

Our finding that productivity loss at work was associated with lack of job control, poor 

skill-discretion, and high work-demands corroborates previous studies [78, 91, 92]. 

a stronger influence of work-related factors than individual factors [61], other studies 

reporting no systematic differences in strength of associations [62-65] and one study 

observing a stronger effect of individual factors than work-related factors [66].

 

Stratification analysis in chapter 5 showed that the strength of association between 

several factors and work ability increased for older age groups, most profoundly for 

unhealthy lifestyle. The importance of physical activity for older workers was also 

found in different Finnish studies[61], wherein an increase in physical activity was also 

related to an increase in WAI [62], and a decrease in physical activity to a decline in 

WAI [63]. 

Other studies have carried out stratified analyses by gender [64-67] but no clear 

pattern could be distinguished. The results in the systematic review (chapter 4) did 

not show evidence for gender as an important determinant of WAI. 

The systematic review in chapter 4 showed a broad range of determinants of work 

ability. Evidence on effective interventions to increase or maintain work ability is 

scarce. Some intervention studies have been published of which two main categories 

can be distinguished. First, interventions aimed at health promotion had at best a 

moderate influence on work ability. WAI scores in the intervention group increased 

stronger compared to the control group but no significant effects were reported 

[68-72]. Second, interventions on work related determinants showed slightly more 

convincing results [73-76]. Two studies found a significant stronger increase in work 

ability scores in the intervention group [73, 74]. 

A recent Finnish study attempted to develop trajectories of work ability among 

managers. Five different trajectories of change in work ability during 10-year follow-up 

were distinguished, showing that workers in favourable trajectories (remaining 

excellent or slightly decreasing) were more often younger workers and in upper-

management as compared to other groups. Workers in less favourable trajectories 

rated their job control, organizational climate, and organizational commitment lower. 

The older managers and lower-level managers were at risk of having their work ability 

develop in an unfavourable direction [77].

In conclusion, there is consistent evidence that older age and unhealthy lifestyles are 

of influence for decreased work ability. The influence of unhealthy work circumstances 

is less extensively studied, but our results indicate an important role of work-related 

factors for maintaining or sustaining work ability.  
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In conclusion, a decreased work ability has considerable consequences for sickness 

absence and productivity loss at work. Lack of job control seems an important factor 

for workers with a decreased work ability to remain productive at work. 

8.5	 Recommendations for policy and practice

Increasing work participation of older workers

This research leads to the following recommendations for increasing work participation 

of older workers;

-	 The results in part one of this thesis indicate strong evidence for an increased risk 

for premature exit from paid employment for older workers with impaired health. 

It illustrates a considerable potential for increase in work participation by health 

promotion programmes. It is therefore advised to include health promotion 

among the workforce as an important target in policies aiming at increasing work 

participation.

-	 The findings in part three of this thesis showed that the negative effect of a 

decreased work ability on work performance may be partly counterbalanced by 

increased job control. Possibilities to adjust working tasks, working speed, and 

order of tasks seem to enable workers to modify their job aspects in such a way 

that they can remain productive despite their decreased work ability. This 

suggests that company policies for workers with chronic diseases and a decreased 

work ability should give a high priority to enlargement of possibilities to plan and 

pace their own activities at work. 

Maintaining or increasing work ability

This research leads to the following recommendations for maintaining or increasing 

work ability;

-	 The literature study in chapter 4 showed that research on determinants of work 

ability was mainly focused on individual factors. However, the study in chapter 5 

showed that the associations between work-related factors and decreased  

work ability were stronger. Health promotion programs aimed at maintaining  

or increasing work ability should therefore not be restricted to interventions  

on lifestyle improvement only, but also include workplace reorganisations  

for example to increase job control, teamwork and possibilities for self-

development. 

-	 The Work Ability Index is an useful tool to easily and quickly gain a first insight 

Organizational and personality factors were not examined in our study but according 

to other studies productivity loss at work was associated with workers’ replacement 

practices [91], regular overtime [93], mismatch between desired working and actual 

working hours [94], attendance-pressure factors [91], personal sickness absence 

attitudes and overcommitment, and job insecurity [95, 96].

Older age was associated with a decreased risk for short term sickness absence and 

productivity loss at work. This finding is in line with earlier studies on sickness absence 

[97] and productivity loss at work [91]. A few determinants were analysed both for 

sickness absence as well as productivity loss at work. Comparison of the results 

showed that lack of job control had positive associations for both outcome measures. 

High work-demands seem more important for productivity loss at work than for 

sickness absence. 

Productivity loss at work due to health impairments and sickness absence may be 

more or less substitutes of each other. Few studies have examined if employees 

substitute presenteeism for sickness absence and which factors are of influence to 

choose to continue working while sick or being absent from work. A recent study 

showed there is a trade-off between both categories; regular overtime decreases 

sickness absence, but increases being present while sick [93]. An explanation could be 

that workers without sickness absence have enough energy or better coping strategies 

that will facilitate their ability to work despite their health complaints. 

In view of the current thesis it would be of interest to know whether a decreased work 

ability would have a stronger effect on sickness absence than on productivity loss at 

work. Our analyses showed that the range of rate ratios for each WAI category for 

sickness absence in chapter 6 and the odds ratios for productivity loss at work in 

chapter 7 were quite comparable. 

The results in chapter 7 show that job control is an important factor to remain 

productive when perceiving decreased work ability. The importance of job control for 

staying healthy at work has been described in the Job Demand Control theory [98].  

In our study we considered job control as flexible working times, have a say in work 

pace, deadlines, working method etcetera. The illness flexibility model [99] seems to 

act in a comparable way in preventing sickness absence as such that those who are 

able to adapt their pace of work have a higher threshold to decide to stay sick at 

home. A systematic review on organisational-level interventions aimed to increase 

job control found some evidence for health benefits [100]. According to another study 

a match between desired and actual working hours is an important factor to remain 

productive when perceiving impaired health [94].
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Summary

This thesis aimed to contribute to the understanding of the role of ill health on work 

participation and work performance of older workers. The primary objectives were (1) 

What is the relation between ill health and exit from paid employment among older 

workers?

 (2) Which individual characteristics, lifestyle factors and work-related risk factors are 

associated with work ability?, and, (3) What are the consequences of a decreased work 

ability for sickness absence and productivity loss at work and are these consequences 

influenced by work related characteristics? 

The first objective was addressed in chapter 2 and 3, the second objective in chapter 

4 and 5, and the third objective in chapter 6 and 7. 

Chapter 2 described a longitudinal study on the role of four different health measures 

on exit from paid employment through work disability, unemployment, or retirement 

among workers aged 50 to 63 years old in 11 European countries. During the two-year 

follow-up period, 17% of employed workers quitted paid employment, primarily due 

to early retirement. Controlling for individual and work related characteristics, poor 

self-perceived health was strongly associated with exit from paid employment due to 

retirement, unemployment, or disability (ORs from 1.32 to 4.37). Adjustment by work 

related factors and lifestyle reduced the significant associations between ill health 

and exit from paid employment by 0 to 18.7%. Low education, obesity, low job control, 

and effort-reward imbalance were associated with measures of ill health, but also risk 

factors for exit from paid employment after adjustment for ill health. 

Chapter 3 presented the results of a study on the influence of health and work on 

early retirement and incentives for longer working. A systematic review was conducted 

of longitudinal studies on factors for nondisability early retirement. Eight longitudinal 

studies showed that important factors for early retirement were poor health, being 

single, high physical work demands, high work pressure, low job satisfaction, and lack 

of physical activity in leisure time. In addition, in the printing industry seven focus 

group interviews (n=32) were conducted about reasons for planning retirement early 

and incentives to stay longer in work among workers with poor and excellent work 

ability. The focus group participants reported shift work, social support, and 

appreciative leadership style also as factors. It was concluded that poor health and 

poor work circumstances are important in decisions to retire early. Social support and 

appreciative leadership style may be buffers in this process. 

Chapter 4 presented a literature review, which aimed to gain insight in the effects of 

individual and work-related factors on the Work Ability Index (WAI). Factors associated 
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ability and lack of job control (RERI = 0.63 95% CI 0.11-1.16) with productivity loss at 

work.  It was concluded that the negative effects on work performance of reduced 

work ability may be partly counterbalanced by enlarging workers’ possibilities to plan 

and pace their own activities at work. 

Chapter 8, the general discussion, started with presenting the main findings in the 

light of the study objectives, followed by methodological issues that should be 

acknowledged when interpreting the findings. New insights were described on the 

role of poor health and exit from paid employment, the associations between 

individual, lifestyle and work related factors with decreased work ability, and the 

consequences of decreased work ability for sickness absence and productivity loss at 

work. Finally, recommendations for policy and practice and future research were 

presented. 

with poor work ability identified in 20 studies, were lack of leisure-time vigorous 

physical activity, poor musculoskeletal capacity, older age, obesity, high mental work 

demands, lack of autonomy, poor physical work environment, and high physical work 

load. It was concluded that the multifactorial nature of work ability should be taken 

into account in health promotion programmes aimed at maintaining and promoting 

the participation of the labour force and improvement of the performance at work.

Chapter 5 described a cross-sectional study on the associations of psychosocial 

factors at work, life style, and stressful life events on health and work ability among 

white-collar workers (n=1141). Work ability of white-collar workers in the commercial 

services industry was strongly associated with psychosocial factors at work, such as 

teamwork, stress handling, and self-development and, to a lesser extent, with stressful 

life events, lack of physical activity, and obesity. With respect to work ability, the 

influence of unhealthy life style seems more important for older workers, than for 

their younger colleagues. The strong associations between psychosocial factors at 

work and mental health and work ability suggest that in this study population health 

promotion should address working conditions rather than individual life style 

factors.

Chapter 6 evaluated the relative contribution of individual characteristics, lifestyle 

factors, work related risk factors, and work ability on the occurrence of short (<2 

weeks), moderate (2-12 weeks), and long (>12 weeks) durations of sickness absence 

during 12 months follow-up among 5867 Dutch construction workers. Predictors for 

sick leave lasting 2-12 weeks and >12 weeks were: older age, obesity, smoking, manual 

materials handling, lack of job control, lung restriction, and less-than-excellent work 

ability. For most predictors higher relative risk (RR) values were observed with a longer 

duration of sickness absence. The highest population attributable fractions were 

observed for age over 50 years (18%), manual materials handling (20%), and good 

(18%), moderate (28%), and poor (2%) work ability. 

Chapter 7 examined the role of work-related characteristics on the negative 

consequences of decreased work ability for productivity loss at work among 10,542 

workers in 49 different Dutch companies. Additive interactions between work-related 

factors and decreased work ability were evaluated by the Relative Excess Risk due to 

Interaction (RERI). 

The odds ratios and 95% confidence intervals (CI) for the likelihood of productivity 

loss were 2.03 (1.85-2.22), 3.50 (3.10-3.95), and 5.54 (4.37-7.03) for a good, moderate, 

and poor work ability, compared with an excellent work ability (reference group). 

Productivity loss at work was associated with lack of job control, poor skill discretion, 

and high work demands. There was a significant interaction between reduced work 
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Samenvatting

In dit proefschrift onderzoeken wij de rol van verminderde gezondheid en verminderd 

werkvermogen op de arbeidsparticipatie en werkprestaties van oudere werknemers. 

De volgende doelstellingen staan centraal in dit proefschrift: (1) Wat is de relatie 

tussen verminderde gezondheid en uitval uit betaalde arbeid onder oudere 

werknemers? (2) Welke individuele kenmerken, leefstijlfactoren en werkgerelateerde 

risicofactoren zijn geassocieerd met werkvermogen? En (3) Wat zijn de gevolgen van 

een verminder werkvermogen voor ziekteverzuim en productiviteitsverlies op het 

werk en worden deze gevolgen beïnvloed door werkgerelateerde kenmerken?

De eerste doelstelling wordt onderzocht in de hoofdstukken 2 en 3, de tweede 

doelstelling in de hoofdstukken 4 en 5 en de derde doelstelling in de hoofdstukken 6 

en 7.

Hoofdstuk 2 beschrijft een longitudinale studie naar de rol van vier verschillende 

gezondheidsmaten op uitval uit betaalde arbeid door middel van arbeidsongeschikt-

heid, werkloosheid, of pensionering onder werknemers in de leeftijd van 50 tot 63 jaar 

in 11 Europese landen. Tijdens de 2-jarige follow-up periode, verliet 17% van de 

werkenden betaalde arbeid, voornamelijk vanwege vroegpensioen. Verminderde 

ervaren gezondheid was sterk geassocieerd met verlies van betaald werk als gevolg 

van pensioen, werkloosheid, of arbeidsongeschiktheid (ORs van 1.32 tot 4.37), 

gecontroleerd voor individuele en werkgerelateerde kenmerken. 

Controle voor werkgerelateerde factoren en leefstijl verlaagt de significante  

associaties tussen verminderde gezondheid en uitval uit betaald werk met 0 tot  

18.7%. Laag opleidingsniveau, obesitas, gebrek aan regelmogelijkheden en onbalans 

tussen investering en beloning waren geassocieerd met de gezondheidsmaten, maar 

ook risicofactoren voor uitval uit betaalde arbeid na controle voor verminderde 

gezondheid. 

Hoofdstuk 3 beschrijft de resultaten van een studie naar de invloed van gezond- 

heid en werk op vroegpensioen en voornemens om langer te blijven werken.  

Een systematische literatuurstudie was uitgevoerd naar longitudinale studies over 

factoren voor niet gezondheidsgerelateerd vroegpensioen. Acht longitudinale studies 

tonen dat belangrijke factoren voor vroegpensioen verminderde gezondheid, 

alleenstaand, hoge fysieke werkeisen, hoge werkdruk, lage werktevredenheid, en 

gebrek aan fysieke activiteit in de vrije tijd waren. Aanvullend werden in de grafische 

industrie zeven focus groep interviews (n=32) gehouden naar de redenen voor het 

plannen van vroegpensioen en voornemens om langer te blijven werken onder 

werknemers met een uitstekend en verminderd werkvermogen. De deelnemers aan 
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Hoodstuk 7 bestudeert de rol van werkgerelateerde kenmerken op de negatieve 

gevolgen van verminderd werkvermogen voor productiviteitsverlies op het werk 

onder 10,542 werknemers in 49 verschillende Nederlandse bedrijven. Additieve 

interacties tussen werkgerelateerde factoren en verminderd werkvermogen werden 

geëvalueerd door het Relatieve Excedent Risico als gevolg van Interactie (RERI).  

De odds ratios en de 95% betrouwbaarheidsintervallen (BI) voor een goed, matig  

en slecht werkvermogen, werden vergeleken met een uitstekend werkvermogen  

(referentiegroep). 

Productiviteitsverlies op het werk was geassocieerd met gebrek aan regelmogelijk

heden, gebrek aan afwisseling en hoge taakeisen. Er was een significante interactie 

tussen verminderd werkvermogen en gebrek aan regelmogelijkheden (RERI = 0.63 

95% BI 0.11-1.16) met productiviteitsverlies op het werk. Er werd geconcludeerd dat 

het negatieve effect van verminderd werkvermogen op werkprestatie gedeeltelijk 

kan worden gecompenseerd door het vergroten van de invloed van de werknemer 

op de werkvolgorde en werksnelheid.

Hoofdstuk 8, de algemene discussie, begint met het presenteren van de belangrijkste 

bevindingen in het licht van de onderzoeksvragen, gevolgd door methodologische 

beperkingen die van belang zijn bij de interpretatie van de bevindingen. Nieuwe 

inzichten in de rol van verminderde gezondheid en uitval uit betaalde arbeid, de 

associaties van individuele kenmerken, leefstijl en werkgerelateerde kenmerken met 

verminderd werkvermogen en de gevolgen van verminderd werkvermogen voor 

ziekteverzuim en productiviteitsverlies op het werk worden beschreven. Hoofdstuk 8 

eindigt met aanbevelingen voor beleid, praktijk en toekomstig onderzoek. 

de focusgroepen gaven ploegendienst, sociale steun en een stimulerende leider-

schapsstijl aan als aanvullende factoren. Er werd geconcludeerd dat verminderde 

gezondheid en slechte arbeidsomstandigheden belangrijk zijn voor de beslissing om 

met vroegpensioen te gaan. Sociale steun en een stimulerende leiderschapstijl 

kunnen buffers zijn in dit proces. 

Hoofdstuk 4 presenteert een literatuurstudie naar de effecten van individuele en 

werkgerelateerde factoren op de Work Ability Index (WAI). De 20 bestudeerde studies 

toonden dat gebrek aan fysieke inspanning in de vrije tijd, slechte spiercapaciteit, 

oudere leeftijd, obesitas, hoge mentale taakeisen, gebrek aan autonomie, slechte 

fysische werkomstandigheden en hoge fysieke taakeisen waren geassocieerd met 

verminderd werkvermogen. Er werd geconcludeerd dat de multifactoriele aard  

van werkvermogen mee moet worden genomen in gezondheidsbevorderende 

programma’s gericht op het behouden en verbeteren van arbeidsparticipatie en 

verbetering van werkprestaties. 

Hoofdstuk 5 beschrijft een dwarsdoorsnede studie naar de associaties van 

psychosociale factoren op het werk, leefstijl en stressvolle levensgebeurtenissen op 

gezondheid en werkvermogen onder kantoorpersoneel (n=1141). Werkvermogen van 

kantoorpersoneel in de commerciële dienstverlening was sterk geassocieerd met 

psychosociale factoren op het werk, zoals teamwork, omgaan met stress en zelf

ontwikkeling, en in mindere mate met stressvolle levensgebeurtenissen, gebrek aan 

fysieke inspanning en obesitas. Met betrekking tot werkvermogen blijkt de invloed 

van ongezonde leefstijlfactoren belangrijker voor oudere werknemers dan voor hun 

jongere collega’s. De sterke associaties tussen psychosociale factoren op het werk en 

mentale gezondheid en werkvermogen suggereren dat gezondheidsbevordering in 

deze populatie zich eerder zou moeten richten op werkomstandigheden dan 

individuele leefstijlfactoren. 

Hoofdstuk 6 evalueert de relatieve bijdrage van individuele kenmerken, leefstijl 

factoren, werkgerelateerde risicofactoren en werkvermogen op het optreden van 

kort (<2 weken), gemiddeld (2-12 weken) en langdurig (>12 weken) ziekteverzuim 

gedurende 12 maanden follow-up onder 5867 Nederlandse bouwvakkers. Voorspellers 

van gemiddeld en langdurig ziekteverzuim waren: oudere leeftijd, obesitas, roken, 

handmatig tillen, gebrek aan regelmogelijkheden, beperkt longvolume en een 

minder-dan-uitstekend werkvermogen. Voor de meeste voorspellers werden hogere 

relatieve ratio’s geobserveerd voor langere perioden van ziekteverzuim. De hoogste 

populatie attributieve fractie werd geobserveerd voor leeftijd ouder dan 50 jaar (18%), 

handmatig tillen (20%) en goed (18%), matig (28%) en slecht (2%) werkvermogen. 
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