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Abstract

The role of wages in the health-employment nexus can be important for designing em-
ployment policies aimed at older workers with health limitations. We, therefore, estimate
the direct effect of health on employment and hours worked and its indirect effect that is
mediated through wages using individual-level panel data from SHARE. The endogeneity
of self-reported health is controlled for by instrumenting it with severe health conditions
in a correlated random effects model. For men, we find that the direct effects of health
deterioration, as measured by a reduction in health from the 75th to the 50th percentile of
the health distribution, are about a 20% point lower employment probability and about 171
fewer hours worked per year.The indirect health effects through wages work in the opposite
directions as health positively affects wages and wages negatively affect employment and
hours worked. The total effects of this health deterioration amount to a 12% point lower
employment probability and 95 fewer hours worked per year. In particular our finding of a
large direct health effect on employment suggests an instrumental role for policy aimed at
accommodating workers with health limitations to keep them employed at older ages.
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I. Introduction

The fact that employed men and women aged 50–64 in 15 European countries report better
health than their non-employed peers (see Figures 1 and 2) suggests that, as empirically
supported in the literature (e.g. Currie and Madrian, 1999; Kalwij and Vermeulen, 2008),
health plays an important role in explaining employment at older ages. In this paper, we add
to this research by quantifying the role of individual wages in the health-employment nexus,
an issue that, although previously highlighted by Cai (2009, 2010) and Disney, Emmerson
and Wakefield (2006), has received virtually no attention in the empirical literature with the
exceptions of the earlier studies of Chirikos and Nestel (1985) and Haveman et al. (1994).
Yet quantifying the mediating role of wages in the health–employment nexus is important
for both understanding individuals’ labour market behaviour and designing employment
policies that support older workers with health limitations to stay employed. The direct
effect of health on employment is related to the ability to work, which can be affected
by, for instance, better accommodating workers with health impairments through reduced
job demands or a change of tasks (Daly and Bound, 1996; Currie and Madrian, 1999;
Autor and Duggan, 2010; Burkhauser and Daly, 2011). Its indirect effect through wages,
in contrast, indicates the degree to which it is financially worthwhile to remain employed,
a decision that may be influenced by such initiatives as wage subsidies for workers with
health impairments (see e.g. Burkhauser, Glenn and Wittenburg, 1997; Datta Gupta, Larsen
and Stage Thomsen, 2015).

According to economic theoretical models such as Grossman (1972, 2001), the stock
of health is a component of human capital that determines wages (Becker, 1964) and the
amount of time an individual can spend in the labour market. This latter effect on labour
supply operates as well through wages.1 In addition, and perhaps more importantly, an
individual in bad health may have an increased disutility of work (Gordon and Blinder,
1980) and an increased value of leisure time to attend to her own health (Cai, 2009; Brown,
Roberts and Taylor, 2010).2 An important implication of these theoretical considerations
in the context of our paper is that one may misestimate the direct effect of health on
employment if wages are not controlled for in an employment equation.And, consequently,
one would incorrectly assess the importance of policies aimed at helping employers to
accommodate workers with health limitations to keep them employed at older ages.

Nevertheless, although the theoretical literature suggests that health, wages, and em-
ployment are interrelated, most previous studies have analysed the health–employment and
health–wage relations separately. As regards the first, previous studies have usually iden-
tified a positive effect of health on employment (see e.g. Bound et al., 1999, for the U.S.;
Disney et al., 2006, and Garcı́a-Gómez, Jones and Rice, 2010, for Great Britain). Yet, as
Cai (2009, 2010) and Disney et al. (2006) argue and, e.g. Bound’s (1991) model suggests,

1
See also Lazear (1986) for a theoretical model on the retirement–health nexus.

2
Alternatively, Contoyannis and Rice (2001) argue that the (positive) relation between poor health and low wages

may stem from employers’ beliefs that poor health correlates with unobserved characteristics that are negatively
related with productivity or from discrimination against individuals perceived to be in poor health (see also Currie
and Madrian, 1999, pp. 3332–3333, and references therein). In addition, when in bad health, other options may
become relevant to the employment decision, such as eligibility for disability insurance benefits (Layard, Nickell and
Jackman, 1994).

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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Figure 1. Distribution of self-reported health (SRH) by employment status for men aged 50–64 years in Europe
Source: Author calculations based on waves 1 and 2 of SHARE. The figure shows the distribution
of self-reported health by employment status for men aged 50–64 years in 15 European countries.
SRH is measured on a 5-point scale from poor to excellent health. Differently from the final estimation sample
(see section II), the figure also includes countries and individuals particpating in only one of the two waves.

labour force participation equations which do not consider the wage rate should be inter-
preted as reduced forms. Moreover, because wages may also be affected directly by health,
the estimate on the health variable in such equations should be interpreted as the sum of a
direct effect of health on labor supply and an indirect effect operating through wages. This
indirect effect can go from positive to negative as it depends on the sign and significance of
two effects: the wage effect on labor supply – which can be positive if there is a dominating
substitution effect, that is workers substitute leisure with work, and negative if there is a
dominating income effect, that is workers substitute work with leisure3 – and the health
effect on wages. The evidence on the health-wage relation is mixed. Brown et al. (2010),
for example, find no effect of health on both men’s (observed) wages and reservation wages
in Britain, and Jäckle and Himmler (2010), using data for Germany, find a positive effect
of health on wages for men but not for women.4 For the U.S., Chirikos and Nestel (1985)
simultaneously analyse work-time and wages and show that past health problems adversely
affect current earnings and hours worked. The only study we know of that simultaneously

3
See, e.g. Blundell and MaCurdy (1999).

4
The studies discussed here which investigate wages usually refer to individual’s observed wages. When sample

selection is taken into account (e.g. Brown et al., 2010; Jäckle and Himmler, 2010 and our model in section III), the
observed wage equals the offered wage (Gronau, 1974).

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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Figure 2. Distribution of self-reported health by employment status for women aged 50–64 years in Europe
Source: Author calculations based on waves 1 and 2 of SHARE. The figure shows the distribution of SRH
by employment status for women aged 50–64 years in 15 European countries. SRH is measured on a 5-point
scale from poor to excellent health. Differently from the final estimation sample (see section II), the figure also
includes countries and individuals particpating in only one of the two waves.

analyses work-time, wages, and health is Haveman et al. (1994). Based on data for U.S.
men, they report that poor health does affect both wages and work-time negatively, but
also that wages do not affect work-time. While they do not estimate this indirect effect of
health on work-time through wages, their findings suggest it is insignificant.5

In this study, we analyse the relations between health, wages, employment and hours
worked using individual-level panel data from the Survey of Health,Ageing and Retirement
in Europe (SHARE). Our main contribution to the literature is to estimate for men and
women in Europe, both health’s direct effects on employment and hours worked and its
indirect effects through wages. The adopted empirical framework is similar to the one
of Haveman et al. (1994) in which health is an endogenous explanatory variable in a
system of wage, hours and employment equations. We extend Haveman et al.’s (1994)
model by accounting for the possible endogeneity of the health variable. As in most of the
aforementioned studies, heath is measured by self-reported health (SRH)6 and is likely to

5
Bound (1991) also considers a labour supply model of older men that includes both health and annual earnings

and, using a similar approach to Stern (1989), uses mortality information to instrument two different self-reported
health measures. Nevertheless, the earnings variable is taken as exogenous, and no estimation is made of the indirect
effect of health on employment mediated through earnings.

6
Haveman et al. (1994) use a subjective health variable which is constructed from two questions on whether the

individual is work limited by health, and by how much.

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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be an endogenous explanatory variable. A possible reason for this is that SRH is subject
to measurement error due to, e.g. justification bias (i.e. those not employed may report
worse than actual health to justify not working) and pure measurement error (Bound,
1991). Empirical evidence for the justification bias is provided by Lindeboom and Kerkhofs
(2009), whose study of older Dutch men shows that failing to account for it leads to
overestimation of the effect of health for disability recipients. Cai (2010), however, using
Australian data, concludes that there may be a justification bias for women but not for men.
The likelihood that SRH is also subject to a dominant pure measurement error is indicated
by both Crossley and Kennedy (2002) and Jäckle and Himmler (2010) based on the finding
that there is an attenuation bias in the effects of health on employment and wages when
SRH is treated as an exogenous regressor. In this paper, we follow Bound et al. (1999) and
correct for measurement error in SRH by using a Health Index (HI) based on self-assessed
objective health indicators.

Another possible reason for health being an endogenous explanatory variable in our
model is reverse causality as employment, hours worked and wages may affect health
(Currie and Madrian, 1999; Grossman, 2001). The empirical evidence on this is rather
mixed. For instance, Haveman et al. (1994) report an insignificant effect of work-time on
health and Stern (1989) and Cai (2010) find a negative effect of employment on health.
Snyder and Evans (2006), using U.S. data, suggest that post-retirement (part-time) work
may have a health-preserving effect, and, similarly, Rohwedder and Willis (2010) find that
early retirement negatively affects the cognitive ability of people in their early 60s, while
Coe and Zamarro (2011) find for Europe that retirement has a health-preserving effect on
overall general health. Lee (1982) and Cai (2009), for their part, report a positive effect
of wages on health for men in the U.S. but no effect for men in Australia. We take reverse
causality into account by using a more restricted set of health limitations as instruments for
SRH than, for instance, Bound et al. (1999), Coe and Zamarro (2011), Disney et al. (2006)
and Garcı́a-Gómez et al. (2010) do. Our restricted set is based on findings in previous
studies. For instance, based on the findings of Rohwedder and Willis (2010) mental health
is unlikely to be a valid instrument for health in our model. Studies such as Trevisan
and Zantomio (2016), Westerlund et al. (2010) and Wu (2003) argue that severe health
conditions (such as strokes, cancer or diabetes) are likely to be exogenous variables and,
therefore, valid instruments in their models. Likewise, Garcı́a-Gómez (2011) uses as an
alternative for SRH the onset of a chronic health condition to explain transitions across
labour market outcomes in European countries. In line with these latter studies, we use
severe health conditions as an instrument for SRH which in our panel data models (see
below) requires the assumption of strict exogeneity.

Another potentially important source of endogeneity of health in our model is unob-
served time-invariant heterogeneity. Only few of the previously cited studies (e.g. Disney
et al., 2006; Jäckle and Himmler, 2010) take correlated unobserved individual effects into
account (cf. Wooldridge, 1995). Unobserved factors such as personality treats (e.g. motiva-
tion and diligence) and individuals’ circumstances early in life (see e.g. Flores and Kalwij,
2014) may drive to some extent the associations between health, wages and employment.
As explained in more detail in the next two sections, while our micro dataset is longitudinal,
our empirical model is nonlinear. To control for unobserved time-invariant heterogeneity

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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we therefore use a correlated random effects model similar to Semykina and Wooldridge
(2010).

Finally, our model as well extends on Haveman et al.’s (1994) model as it takes en-
dogenous sample selection into account when estimating the wage equation.

Our primary empirical findings support the theoretical predictions of health’s direct
effects on wages, employment and hours worked; that is, we show that individuals in better
health have a higher wage rate, are more likely to be employed and work more hours.
We, furthermore, show that the indirect effects of health on employment or hours worked
through wages are negative. Overall, the direct health effects on employment and hours
worked are–in absolute terms–more than twice as large as the indirect effects, such that the
total health effects on employment and hours worked remain large and positive. Finally,
concerning methodological issues, we provide strong empirical evidence that it is important
to control for the endogeneity of self-reported health (SRH) in our wage, employment and
hours equations using a more restricted set of health limitations than previously used in
the literature and allowing for correlated random effects.

The remainder of the paper is organized as follows. Section II describes the data and the
main variables. Section III outlines the empirical model and discuses econometric issues
related to the identification of the effects of wages on employment and hours worked and
to the endogeneity of SRH. Section IV reports the estimation results and analyses their
robustness. Section V summarizes the main findings and concludes.

II. Data and descriptive statistics

Our data set comprises individual-level data from the first and second waves of the Survey
of Health, Ageing and Retirement in Europe (SHARE), a multidisciplinary and represen-
tative cross-national panel of the European population aged 50 and over. Currently, six
waves of SHARE data are available. We do not use the third wave (SHARELIFE) as it does
not belong to the standard longitudinal panel of SHARE and contains retrospective infor-
mation on life-histories instead, nor the fourth to sixth waves as there is no information on
wage rates. The first and second waves, conducted in 2004/5 and 2006/7, respectively, in-
clude information on socioeconomic status (e.g. employment, earnings, hours worked and
education), health (e.g. self-reported subjective health and doctor diagnosed conditions,
physical and cognitive functioning, and health behaviours), psychological conditions (e.g.
mental health, well-being, and life satisfaction) and social support (e.g. social networks
and volunteer activities).7

Our empirical analysis is based on data for respondents aged 50–64 from countries
who participated in waves 1 and 2. This selection yields 28,546 observations for 20,100
respondents from the following countries: Austria, Belgium, Denmark, France, Germany,
Greece, Italy, the Netherlands, Spain, Sweden and Switzerland. We drop those individu-
als with missing information on hours worked and wages (4,021 observations)8 and with

7
For more information on SHARE waves 1 and 2, see Börsch-Supan and Jürges (2005).

8
This includes the self-employed for which it is inherently difficult to construct hourly wage rates (see e.g. Cai,

2009; Lindeboom and Kerkhofs, 2009; Jäckle and Himmler, 2010). Re-estimating the model with the self-employed
included does not change our main empirical findings and conclusions.

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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TABLE 1

Summary statistics

Men Women
Mean SD Mean SD

Dependent variables
Self-reported health (1–5) 3.26 1.05 3.23 1.03
Hourly net wage ratea 15.78 18.28 12.72 12.49
Employment 0.57 0.49 0.48 0.50
Annual hours 1,088 1,016 756 871
Health limitations
1 + severe chronic diseases 0.22 0.42 0.19 0.39
Grip strength (0–100) 47.74 9.67 29.34 7.61
Missing grip strength 0.01 0.07 0.01 0.10
1 + mild chronic diseases 0.59 0.49 0.63 0.48
1 + limitations with ADL 0.05 0.22 0.05 0.22
1 + limitations with IADL 0.06 0.24 0.09 0.29
Socio-economic characteristics
Job tenure (current or past job) 21.68 12.50 15.36 12.12
Age (50–64) 57.16 3.86 57.05 3.79
Educational attainment
ISCED 0–2 0.36 0.48 0.42 0.49
ISCED 3–4 0.38 0.49 0.34 0.47
ISCED 5–6 0.26 0.44 0.24 0.42
Living with spouse/partner 0.85 0.36 0.76 0.43
Household size 2.44 1.05 2.18 0.90
Number of grandchildren 1.26 1.98 1.70 2.36
Monthly income from 2,540 2,321 3,050 2,698

non-employment (wave 1)b

Monthly income from 3,986 7,960 3,997 7,848
non-employment (wave 2)b

Homeownership 0.79 0.41 0.77 0.42
Country representation
Austria 0.06 0.24 0.06 0.24
Germany 0.09 0.28 0.08 0.27
Sweden 0.14 0.34 0.16 0.36
Netherlands 0.11 0.31 0.11 0.31
Spain 0.04 0.18 0.04 0.20
Italy 0.09 0.28 0.09 0.28
France 0.12 0.33 0.12 0.33
Denmark 0.09 0.29 0.09 0.29
Greece 0.05 0.21 0.04 0.19
Switzerland 0.03 0.17 0.03 0.17
Belgium 0.18 0.39 0.18 0.38

Observations (N ) 3,790 4,606

Notes: aDefined for wage-earners only. In PPP-adjusted 2005 US$. N = 2,169
for men and N = 2,215 for women.bThe amounts are in nominal C and in gross
terms in wave 1, and in net terms in wave 2. For the best possible comparability
across waves, in the empirical analysis, we use quintile dummies (see Table
A1 for more information).

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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extreme values in their hourly net wages and their non-labour income.9 We also exclude
male and female respondents with missing values in the health variables (704 observa-
tions), non-labour income (1,263 observations) and socio-economic characteristics (295
observations). Since we use tenure from the last job to predict a wage for individuals not
working (see section III), we also exclude 3,367 observations corresponding mainly to
female homemakers who never worked and 101 observations with implausible values of
tenure. Finally, because we control for correlated unobserved individual effects in some of
our specifications (see section III), we restrict the sample to respondents who are present
in both waves.10 Our final sample is thus a balanced panel comprising 8,396 total observa-
tions for 1,895 male and 2,303 female respondents. Most of our empirical analysis relies
on the sample of men, which we believe is less selective, as virtually no observations are
lost because of missing job tenure. Nevertheless, for our final specification, we also show
the results for women.

Self-reported health (SRH) status is rated on a five-point scale (from 1 to 5: poor,
fair, good, very good, and excellent). Employment is defined as working a positive num-
ber of hours per week. The hourly net wage rate–measured in PPP-adjusted 2005 US$–
is obtained by dividing the amount of net wage earnings by the number of hours worked.
Detailed information on health limitations for both men and women is reported in
Table 1 together with the summary statistics for other demographic and socio-economic
characteristics used in the empirical analysis. The definitions of all variables are provided
in the online Appendix Table A1.

III. Empirical model and estimation procedure

Empirical model

Our empirical model builds on the ones of the studies discussed in the introduction. It is
considered a partial-equilibrium model of the supply side of the labour market (see e.g.
Schultz and Tansel, 1997).11

We use the following two equations to estimate the effects of health on wages and
employment:

E*
it = �0 + �1H *

it + �2w*
it +Z′

it�3 +�E
i + vE

it (1)

w*
it =�0 +�1H *

it +�2Tenit +�3Ten2
it +X′

it�4 +�w
i + vw

it (2)

Equation (1) is an employment equation and equation (2) is a Mincerian type of wage
equation (Mincer, 1974). Variables superscripted with an asterisk are latent variables. E*

it

9
Hourly net wages below 1 or above 300 PPP-US$ (141 observations) and the top and bottom 1% of non-labour

income (443 observations). Wages are computed based on earnings from employment and hours worked.
10

In an earlier version using an unbalanced panel of SHARE waves 1 and 2, we tested for possible selectivity bias
in our empirical Model 1 of section III due to panel attrition using a test proposed by Verbeek and Nijman (1992).
The test results showed no significant sample selection effects due to attrition in our system of equations for health,
wages and employment for men. For women, however, we found a significant selection effect in the employment
equation.

11
Given our sample period covers the years 2004–07, we believe this is a reasonable approach as this period

corresponds to a ‘normal’ or boom period. Usually, during such times employment is more driven by individuals’
labour supply decisions, which is what we model.

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd
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represents an individual i’s propensity to be employed at time t and we observe whether or
not an individual is employed, Eit =1[E*

it > 0], w*
it is the logarithm of the hourly net market

wage which we observe only for employees, and H *
it is individual i’s health at time t which

is measured by the ordered categorical variable SRHit (self-reported health).
Xit is a vector containing variables that affect employment and wages (dummy variables

for educational attainment, age groups, survey year, and country), and Zit contains the vari-
ables included in Xit , as well as the variables non-labour income, homeownership (a proxy
for wealth) and household composition variables (log household size, marital status and
number of grandchildren) that are assumed to affect employment but not wages. Tenit and
Ten2

it stand for current job tenure and its square and are meant to proxy for the investments
in job-specific skills. In line with Grossman’s (1972) model, we use educational attainment
as a proxy for an individual’s general stock of knowledge or human capital exclusive of
health capital (see also, Currie and Madrian, 1999, p. 3312; Jäckle and Himmler, 2010).12

Random individual-specific effects are denoted by �E
i and �w

i , vE
it and vw

it are idiosyncratic
error terms, and they are all assumed to be normally distributed. Equation (1) is estimated
as a probit model and equation (2) as a linear model.As discussed in the introduction, we are
especially interested in the direct effect of health on employment, determined here by the
coefficient �1, and the indirect effect of health on employment through wages, determined
here by the coefficients �2 and �1.

To gain insights into the effects on the intensive margin, we estimate an equation for
hours worked and include the same explanatory variables as in the employment equation:

h*
it =�0 +�1H *

it +�2w*
it +Z ′

it�3 +�h
i + vh

it (3)

where h*
it are annual hours worked which are left-censored at zero, �h

i denotes a normally
distributed random individual-specific effect and vh

it is a normally distributed error term.
Equation (3) is estimated as a tobit model. Under the assumption of no model misspecifica-
tion, adding an hours equation to the model may as well increase precision of the estimated
effects and we return to this issue in section ‘Robustness of results to an alternative hours
equation specification’.13

When estimating the model that consists of equations (1)–(3), we must deal with five
econometric issues: the identification of the relation between wages and employment, sam-
ple selection as we only observe the wage rate for employees, possible measurement error
in the health variable (SRH), reverse causality and unobserved time-invariant heterogene-
ity. To address the first, we assume that there are no direct effects of tenure on employment
and hours worked once wages and other variables including education and–as discussed
below–correlated random effects are controlled for. This assumption of tenure as an exclu-
sion restriction in the employment and hours worked equations is, arguably, less restrictive
than the one in Chirikos and Nestel (1985) and Haveman et al. (1994) who assume that
education has no direct effect on employment once wages is controlled for. In particular,
as the more educated people may have a stronger preference for working irrespective of
their wage rate.

12
Since we examine individual behaviour after completion of schooling, Educ is taken as a predetermined variable

throughout the analysis.
13

Wooldridge (1995) specifies as well a selection correction term based on a first-stage Tobit model.
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To address the second econometric issue, like Brown et al. (2010) and Jäckle and
Himmler (2010) we use a procedure similar to the one proposed by Heckman (1979) and
estimate equations (1)–(3) jointly. We identify the model, as mentioned above, by excluding
from the wage equation non-labour income, homeownership and household composition
variables (which are included in Zit but not in Xit). Empirical support for these exclusion
restrictions can be found in Mroz (1987) who provides compelling lack of evidence for the
rejection of the exogeneity assumption on the non-labour income and children variables in
a (wife’s) labour supply equation that includes the wage rate as an additional regressor.14

The third econometric issue stems from possible measurement error in the SRH variable
from three sources: pure measurement error (see Bound, Brown and Mathiowetz, 2001;
Crossley and Kennedy, 2002), the justification bias (see Stern, 1989; Bound, 1991), or the
basing of SRH on subjective judgment, which may hinder comparison across individuals
(Kapteyn, Smith and Van Soest, 2007; Meijer, Kapteyn and Andreyeva, 2011).15 It is also
worth noting that the pure measurement error and the reporting differences are likely to
attenuate the effects of SRH on employment and wages, whereas the justification bias
will most probably exaggerate its effects (Bound, 1991; Brown et al., 2010; Blundell,
French and Tetlow, 2016, pp. 485–487). Nevertheless, all these issues require that SRH be
instrumented during estimation of the employment, hours and wage equations. In line with
Bound et al. (1999), our model thus includes not only the tenure variables and a vector
Zit containing other assumed exogenous socio-economic characteristics (e.g. educational
attainment), but also a set of objective health limitations (HLit) as predictors of health (H *

it ).
We implement this health index (HI) approach, using the following equation:

H *
it =�0 +HL′

it�1 +�2Tenit +�3Ten2
it +Z′

it�4 +�H
i + vH

it (4)

where �H
i is a normally distributed random individual-specific effect and �H

it is a normally
distributed error term. We do not observe H *

it but instead use an ordered categorization
variable SRH *

it which takes the values j = 1, 2, 3, 4, 5, representing poor, fair, good, very
good, and excellent health, respectively. The resulting ordered probit model is estimated
simultaneously with equations (1)–(3). The health limitations are assumed to be exoge-
nous. We assume no systematic differences in reporting on these health limitations across
countries and empirical support for this assumption can be found in Kapteyn et al. (2007,
p. 471, table 5).The health limitations included are severe chronic diseases and grip strength
(GS) (see online Appendix Table A1 for details). We do, for instance, not use the health
limitations of depression (or mental health) and the Global Activity Limitation Indicator
(GALI), because they are likely to be correlated with measurement error in SRH (Meijer
et al., 2011).

The fourth econometric issue of reverse causality (Currie and Madrian, 1999; Gross-
man, 2001) is related to the above-mentioned assumed exogeneity of health limitations.
This assumption implies that these limitations are not directly affected by employment
and wages, once controlled for observed characteristics and other potentially unobserved

14
These exclusion restrictions would not hold if, for instance, individuals with low non-labour income are more

likely to have a high wage job than individuals with high non-labour income (ceteris paribus).
15

In addition to reporting bias and justification bias, Bound (1991) and Bound et al. (1999) identify one problem of
state-dependence in self-reported subjective health answers to labour market outcomes and a second one of financial
incentives for individuals to identify themselves as disabled (see also Stern, 1989).
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time-invariant characteristics (see below). As discussed in the introduction, recent stud-
ies provide support for two of our methodological choices to address the issue of reverse
causality. First, we include only severe chronic diseases and GS as health limitations in
equation (4) as these can be considered exogenous. For instance, Westerlund et al. (2010)
shows that in France, retirement does not change the risk of major chronic diseases, and
Wu (2003) argues that severe health conditions (such as strokes, cancer or diabetes) can be
interpreted as exogenous health shocks.16 Second, in contrast to previous studies, we do
not include variables such as mental health and GALI as a health limitation in equation (4).
The belief that including such health variables in the health equation would violate the ex-
ogeneity assumption is supported by, for instance, Bonsang, Adam and Perelman (2012),
Rohwedder and Willis (2010), and Llena-Nozal, Lindeboom and Portrait (2004), who all
find that non-employment affects mental health. We neither include BMI among the set
of health limitations, as for instance Chung, Domino and Stearns (2009)’s study finds that
retirement increases the BMI among individuals aged 62–71 in the U.S. which would in-
validate the use of BMI in equation (4). To find further validation for our choice of health
limitations, we perform sensitivity tests in section ‘The exogeneity of health limitations’.

The fifth econometric issue of unobserved heterogeneity stems from assumed time-
invariant unobserved individual characteristics, such as personality traits (e.g. motivation
and diligence) or early life circumstances (see e.g. Flores and Kalwij, 2014) that affect
both health and labour market outcomes later in life. That is, the individual specific error
terms may be correlated with health limitations. To take such correlations into account
we model all random effects of equations (1)-(4) as time-invariant functions of all time-
varying exogenous variables in our model plus individual specific random terms that are
assumed uncorrelated with all exogenous variables (cf. Semykina and Wooldridge, 2010).
In particular, we use Chamberlain’s (1984) device and model the unobserved individual
effects as linear projections onto the time-varying exogenous variables for the two periods
plus individual specific random terms.17

Nevertheless, as in most previous studies discussed in the introduction, a cautionary
remark is in place that any causal conclusions are based on the validity of the selected
health limitations as instruments for SRH and that the identification of the effects of health
on employment, hours and wages in equations (1)–(3) comes from excluding the health
limitations (HLit) from the wage, employment and hours equations and from assuming
away any time-varying correlated unobserved individual characteristics.

Finally, as in our sample non-employed women are mostly homemakers, while non-
employed men are mostly retirees, we estimate the model outlined above separately for
men and women. But, as explained further below, most of our analyses focus on men.

Estimation procedure

The four idiosyncratic error terms in equations (1)–(4) are allowed to correlate with
each other and are assumed to follow a multivariate normal distribution. In addition,

16
Similar evidence is provided by Trevisan and Zantomio (2016).

17
This approach, mostly developed by Wooldridge and coauthors, is often referred to as a correlated random effects

model. The list of time-varying exogenous variables includes the health limitations (HL) of equation (4), but not H *

(i.e. SRH). It does neither include time-constant variables such as educational attainment and country dummies.
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homoscedasticity of the error terms is assumed. The random effects are as well assumed
to be normally distributed. Given these assumptions, our model can be estimated by full
information maximum likelihood (FIML). For practical reasons, however, we estimate our
model in two stages.

The first stage estimation makes use of the Stata module CMP developed by Roodman
(2011). This module estimates a triangular system of equations. To obtain a triangular
system, we substitute the wage equation in the employment and hours equations.18 This
triangular reduced form system is estimated by FIML. The estimation requires the compu-
tation of multidimensional integrals for which the Geweke–Hajivassiliou–Keane (GHK)
simulator is used with 401 or more draws per observation (Geweke, 1989; Keane, 1994;
Hajivassiliou and McFadden, 1998).

In the second stage, we use an optimally weighted minimum distance estimator (MDE;
also called asymptotic least squares estimator; see Kodde, Palm and Pfann, 1990) to retrieve
estimates of the coefficients of equations (1)–(4) from the reduced form estimates that are
obtained in the first stage.

IV. Estimation results

This section presents various models that account to different extents for the aforemen-
tioned econometric issues of measurement error in SRH, reverse causality and unobserved
heterogeneity. This requires having valid instruments for SRH. Table 2 (panel A) reports on
the statistical significance of the health limitation in the health equation and for all models
it is shown that our instruments are relevant, i.e. they significantly affect SRH. Unlike for
linear models, one cannot test for overidentifying restrictions in a nonlinear model such
as ours. Instead, we rely on the arguments put forward in the literature for the plausibility
(or not) of exogeneity of the various instruments we use (see section I) and on sensitivity
checks of our results to the inclusion of different sets of health limitations as instruments.
Related to this are the test results in section ‘Unobserved time-invariant heterogeneity’
on the importance of allowing for correlations between the random effect (time-invariant
unobserved heterogeneity) and the explanatory variables.

We start with a model with a specification as outlined in section III where we only take
measurement error in SRH into account and refer to it as Model 1. This model is similar
to that of Haveman et al. (1994). Also like these authors, we focus most of our analyses
on men but provide results for women for our final specification. For the comparison of
the estimated health effects across models, we present results in terms of one-standard
deviation (SD) increases in health which turns out to be about equal to a shift from the
median to the 75th percentile of the health distribution, a 10% increase in wages and a
one-unit increase in case of discrete variables such as dummy variables. Table 2 reports
selected coefficient estimates for the various specifications.19

18
We note that for individuals not working we use job tenure from the previous or from the last job–if retired–to

predict their offered wage. To take depreciation of these job-skills into account, we assume an annual depreciation
rate of 3% since the person stopped working (cf. Haley, 1976; Heckman, 1976). Allowing for education-specific
deprecations rates does not change our empirical results (results available upon request).

19
The full set of results is available upon request from the authors.
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For Model 1, all health limitations significantly affect SRH (panel A, Table 2) and the
estimates show that men with a severe chronic disease and a lower or missing grip strength
(GS) are more likely to be in poor health. Respondents who are not able to do the GS test
due to a health problem will have missing GS and this may explain the large negative effect
of missing GS on SRH.

The estimation results of the wage equation for Model 1 show a significant and positive
effect of health on wages for men (panel B, Table 2). This finding is in line with the
findings in Cai (2009) for Australian men, Haveman et al. (1994) for U.S. men, and Jäckle
and Himmler (2010) for Germany. For instance, men with health at the 75th percentile have,
compared to median health individuals, about an 8% higher hourly wage rate. In addition,
in line with human capital theory and previous empirical studies, education contributes
positively to an individual’s hourly wage rate: compared to men with the lowest level of
education, those with the highest level have on average a 25 [(exp(0.22)−1)×100] percent
higher hourly wage rate. Job tenure has a significant and positive effect on hourly wages
that is concave. The effects of tenure and tenure square are jointly significant at the 1%
level of significance (bottom of panel B).

The estimation results of the employment equation and hours equation are given in
panels C and D, respectively. These show that employment and hours are positively and
significantly affected by health. Instead, the effect of wages is insignificant in both equa-
tions, similar to Haveman et al.’s (1994) study. Furthermore, educational attainment is
positively related to employment and hours worked, a result that remains robust across all
models.

The direct and indirect effects of health on employment and hours worked are given
in Table 3, correspondingly in panels A and B. As suggested by the coefficient estimates
of Model 1 in Table 2, the results in panels A and B in Table 3 do not provide evidence
of indirect effects of health on employment or hours worked through wages. Instead, they
show that employment and hours worked are affected directly by health. The total health
effects are entirely attributable to the direct effects of health on employment and hours
worked and show that men with health at the 75th percentile have about a 13% point
higher employment probability and work 186 hours more per year than those with median
health.

The endogeneity of SRH

Unlike a Hausman–Wu test for linear models, there is no test to assess whether health is an
endogenous variable in a nonlinear model such as ours. Nevertheless, previous studies sug-
gest that dealing with various sources of endogeneity of self-reported health is important,
which our results confirm. To throw light on the quantitative importance of controlling for
the endogeneity stemming from measurement error or reverse causality, we first estimate
the employment, hours and wage equations (equations (1)–(3)) with SRH assumed to be
an exogenous regressor and refer to this model as Model 2 in Tables 2 and 3. A comparison
between the results of Model 1 and Model 2 in Table 2 shows that treating SRH as an
exogenous regressor leads, as in Cai (2009) and Jäckle and Himmler (2010), to an attenu-
ation bias in the effect of health on wages (it even turns statistically insignificant). Similar
results emerge for the employment equation: treating SRH as an exogenous regressor
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attenuates the (direct) effect of health by nearly 50% (panel A, Table 3). Results for hours
worked are less extreme, but also point to an attenuation bias when treating SRH as exoge-
nous (panel B): a reduction of about 15% in the (direct) effect of health on annual hours
worked.

The exogeneity of health limitations

The most likely health limitation that may be questioned as an instrument for SRH is Grip
strength (GS). We thus re-estimate our model without the GS variables (i.e. the health
limitations are restricted to only severe chronic conditions), which we refer to as Model 3
in Tables 2 and 3. As shown, excluding the GS variables does not change the main findings
from Model 1, except for a lower health effect on wages.

Next, we include additional limitations in our HI that are commonly used in the lit-
erature such as the presence of mild chronic conditions and limitations in (instrumental)
activities of daily living (Disney et al., 2006; Garcı́a-Gómez et al., 2010; Coe and Zamarro,
2011). The estimation results using this extended HI are shown in columns (4) under the
heading of Model 4 in Tables 2 and 3. We find that adding these health limitations to our
Health Index (equation (4)) leaves the estimation results in the employment and hours
worked equations virtually unchanged but causes an attenuation bias in the effect of health
on wages of more than 50%. While these results are similar to the ones from the restricted
HI, the next section shows a substantial attenuation bias in the health effects on employ-
ment and hours worked compared to those in the HI and restricted HI when unobserved
time-invariant heterogeneity is taken into account. A finding, that we argue, could cast
doubt on the validity of using these additional health limitations as instruments for SRH.

Unobserved time-invariant heterogeneity

It is possible that the positive health effects in Models 1, 3 and 4 are driven by unobserved
time-invariant heterogeneity. To gain insights into its importance, we re-estimate these
models with the inclusion of correlated unobserved effects as explained in section III
and present the corresponding results under the headings of Models 5, 6 and 7. Model 5
corresponds to our main (or preferred) specification and we estimate this model as well
for women (last columns of Tables 2 and 3). The last rows in each panel of Table 2 test for
the importance of correlated random effects and their statistical significance suggests it is
important to take this source of endogeneity into account.

Table 2 shows a positive effect of health on wages in Models 5–7, which is lower
and only marginally significant for women (last column). For instance, in Models 5, men
and women with health at the 75th percentile have, respectively, about a 4% and 2%
higher hourly wage rate than their median health peers. Thus, in line with Jäckle and
Himmler (2010), we find a significant effect of health on men’s wages, one that is small
and only marginally significant for women. Men’s tenure-wage profile is more concave
when correlated unobserved effects are considered, but importantly the effects of tenure
and tenure square remain jointly significant at the 5% level of significance. For women,
instead, they are insignificant at any standard level of statistical significance (bottom of
Panel B). Thus, identification of the effect of wages on employment and hours worked

© 2018 The Department of Economics, University of Oxford and John Wiley & Sons Ltd



The health-employment nexus and wages 141

for women is based on functional form only and their results should be treated with some
caution.

Table 3, shows that once controlled for correlated random effects (Models 5–7) the
direct effect of health on employment increases (panel A), while it leaves the direct effect
of health on hours by and large unchanged (panel B). Driven by a negative effect of wage
on labour supply, the indirect health effects are negative and significant in Models 5–7
that control for correlated random effects. A comparison of the total health effects for men
in Models 1 and 5 corresponding to a one-SD increase in health finds similar effects on
employment, of about 13% point, but smaller ones on hours worked, 95 vs. 186 hours more
per year. The last column in Table 3 shows that the effects of health on labour supply are
somewhat smaller for women (11% point for employment and 76 hours more per year for
hours worked).

Regarding the exogeneity of health limitations, excluding the GS variables in Model 6
does not change the health effect on wages in Table 2 but the point estimates of the direct
and total health effect in Table 3 are somewhat larger compared to those in Model 5,
especially for hours worked, showing a total health effect of 130 vs. 95 hours more per
year. Nevertheless, these are minor differences given the standard errors. Instead, including
additional limitations in our HI as in Model 7, while leaving the estimation results in the
wage equation mostly unchanged, causes an attenuation bias in the total effect of health
on employment and hours worked of about 20% and 12%, respectively, which is due to
an attenuated direct effect of health on employment and hours worked.20 Thus, overall the
health effects are more similar in Models 1, 2 and 3 than in, respectively, Models 5, 6 and 7,
which may cast some doubts on the validity of using these additional health limitations as
instruments for SRH.

Robustness of results to an alternative hours equation specification

Finally, in a simultaneous equations model like ours, misspecification of one of the equa-
tions can affect the other equations. We, therefore, estimated an alternative model where
we set zero hours to missing and use the logarithm of hours as dependent variable in equa-
tion (3). The hours equation is estimated as a linear model and is identified by excluding
non-labour income.21 For this alternative model, most health effects in the hours equation
are smaller and not statistically significant. The point estimates for the health effects in the
wage equation are similar to the earlier ones, but the standard errors are larger resulting in
statistically insignificant effects, mostly. Overall, however, and in the employment equation
in particular, the main conclusions of the paper remain: the large total effect of health on
employment is attributable to the direct health effect and not to its indirect effect through
wages (results are available upon request).

20
A comparison of the total health effects on employment and hours worked in Models 7 and 6 would results in a

larger attenuation bias of 25% and 35%, correspondingly.
21

As this exclusion restriction can seem arbitrary, this additional analysis can be considered a robustness check
only.
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V. Conclusions

Theoretical economic models predict, based on productivity and reservation wage argu-
ments, that an individual’s health affects his or her wage rate and that health and wages
affect the employment decision. In fact, the major role of health in determining employ-
ment among older workers is well documented in the literature on the health-employment
nexus (see e.g. Currie and Madrian, 1999, and references therein). However, with the pos-
sible exceptions of Chirikos and Nestel (1985) and Haveman et al. (1994), the empirical
literature has not disentangled health’s direct effect on employment from its indirect effect
through wages (Cai, 2009, 2010). This may have led to an incorrect assessment of the
hypothesized direct effect of health on employment and, consequently, of the importance
of policies aimed at helping employers to accommodate workers with health limitations to
keep them employed at older ages.

We have therefore estimated a system of equations for health, wages, employment and
hours of work that enables a quantification of both the direct and indirect effects (through
wages) of health on employment and hours worked. The model takes into account the
endogeneity of the self-reported health measure and our results show that ignoring this
attenuates the effects of health on wages, employment and hours worked.

Our findings show that health has positive effects on wages, employment and hours
worked. In terms of a health deterioration, defined as a change in health from the 75th to
the 50th percentile in the health distribution (or about a 1 SD change), the results from our
preferred specification (Model 5) show that it leads for men to about a 12% point lower
employment probability and 95 fewer hours worked per year, on average. These effects
on the employment probability are the sum of a 20% point direct negative effect and an
indirect positive effect of about 8% points. Likewise, the effects on hours worked are the
sum of a 171 hours negative direct effect and a 76 hours positive indirect effect. These
indirect effects have signs opposite to the signs of the direct effects because of negative
wage effects on hours worked and employment. This also suggests that ignoring wages in
employment or hours equations leads to an underestimation of the direct health effects.
Concerning the effects on hours, it needs to be noted, however, that they appear not robust
to using a different specification for the hours equation (section ‘Robustness of results to
an alternative hours equation specification’). The results for women are similar to those of
men with the exception that their hours worked is more elastic with respect to wages which
are themselves less (or no) responsive to health, resulting in relatively smaller indirect
effects of health on hours worked and employment than that for men.

From a policy perspective, in particular the large direct effects of health on employment
imply an instrumental role for policy aimed at helping employers accommodate workers
with health limitations so as to keep them on the job at older ages. Such an inference is
very much in line with recent calls by Autor and Duggan (2010) and Burkhauser and Daly
(2011) for supported work over cash benefits for people with disabilities and, in particular,
increased employer incentives to accommodate work-limited employees (Burkhauser and
Daly, 2012; OECD, 2017).
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