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EXECUTIVE SUMMARY
This report summarises research undertaken by Frontier Economics Limited into the link
between health and economic performance. It investigates whether health in general, and illhealth caused by work in particular, has an impact on various measures of economic
performance: GDP growth, productivity and the level of employment.
Our approach to exploring the link between health and economic performance is two-pronged:
 Macroeconomic approach – Using UK regional data, we estimate a growth equation that
attributes economic growth to growth in employment and in physical and human capital.
Since health is an important component of human capital, we investigate the relationship
between health of the population and economic growth.
 Microeconomic approach – Using individual level data we estimate the impact of health
on individuals’ productivity and their employment status.
Below we describe both these approaches and the results in turn.

MACROECONOMIC APPROACH
Many recent growth theories recognise the importance of human capital as an explanatory
factor of economic performance. Human capital is interpreted broadly as a category which
includes both the education and the health of the population.
While there is a general consensus that human capital is an important factor influencing GDP
growth, there appears to be more than one way in which human capital might affect the
economy. Some of the theories argue that economic growth is explained by changes in human
capital over time, while others argue that what matters is the initial stock of human capital.
We combine the two approaches (as in Benhabib and Spiegel, 1994) and include both the
changes in human capital (education and health) and the initial stock of human capital in our
regression analysis. Apart from human capital, we also control for growth in employment,
physical capital and other factors (e.g. education).
Data set
The data set that we use was drawn primarily from National Statistics. National Statistics
provides information on economic performance at the level of Government Office Region,
covering the period between 1995 and 2005. The Annual Population Survey (available from
NOMIS) was used to describe employment and educational attainment.
We obtained health variables from two sources; the General Household Survey (GHS) and
LFS/RIDDOR data provided by the Health and Safety Executives (HSE). Both surveys provide
individual-level data which were aggregated to the regional level.
In order to test the theory, we use three different measures of ill-health from the GHS and also
information on the survival rates of the population between the age 15 and 65 as an alternative
measure of health. Both year-on-year changes and initial stocks are included in the analysis.
Estimation results
Our regression analysis shows that:
 Health stocks are significant in all specifications. The coefficients of the GHS health
measures are negative and statistically significant. These negative coefficients suggest that
if the proportion of people with ill health increases, economic growth slows down. More
specifically, they imply that the elasticity of GVA growth with respect to changes in the
stock of people with poor health and/or long-standing illness is 0.02.
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We also use the survival rates as an alternative measure of health. We find that the elasticity
of GVA growth with respect to changes in survival rates is 0.23.
 Changes in health stocks are only marginally significant. This suggests that transitory
changes in health of the population may have a limited impact on GDP growth. However,
this result needs to be interpreted with caution. It may be driven by the small sample size 1
and insufficient variability in the data between 1995 and 2005. It is possible that similar
estimates over a longer period of time and/or across more diverse regions would result in
significant estimates.
 Our estimates are robust to the inclusion of changes in the industry structure and
other sensitivity analysis. More specifically, the health coefficient changes very little under
alternative specifications, most particularly the explicit inclusion of controls for industry
structure.

MICROECONOMIC APPROACH
Following Mincer (1974), labour economists estimate a statistical relationship between
individuals’ wages, education and work experience. This type of analysis essentially attempts to
capture the impact of human capital on productivity. As in macro growth theory, human capital
can be interpreted broadly and include individual’s health. For example, it is possible that an
individual with a long-standing illness is less productive than his counterpart who is in good
health. Hence, we estimate a version of the Mincer wage equation, which explicitly takes
individual’s health into account.
We also estimate the impact of health on the probability of being employed. The number of
people in work, unemployed or retired early has an impact on the size of the labour force and,
thereby, on economic growth.
Data set
The British Household Panel Survey (BHPS) was used as the basic data set for the micro
analysis. The BHPS is an annual longitudinal survey of private households in Britain. Each
year, the same (nationally representative) set of families is interviewed and a very wide range of
data is collected. This includes data about earnings, employment, education, health status,
household finance, values and demographics. There are currently 15 years of data covering
about 30,000 unique individuals.
By merging each year and matching respondents across them, we assembled a panel data set
which included those who (i) responded in every wave and (ii) were of working age. Our final
dataset includes 2,154 individuals.
The BHPS contains three types of healthcare indicators, which we use in our analysis:

1
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•

self-assessed measures of health (e.g. level of stress, overall general health, ability to
climb stairs);

•

measures of specific health conditions (e.g. having diabetes, epilepsy); and

•

measures of particular interactions with the healthcare system (e.g. GP visits, in-patient
hospital episodes).

Our sample includes 121 observation: 11 regions * 11 years.

Estimation techniques
In order to estimate the impact of health on individuals’ productivity and labour force
participation, we undertake a two-stage procedure.
 In the first stage, we correct the self-assessed health measure for potential measurement
errors. We “instrument” the self-assessed health (whether an individual’s health is excellent,
good, fair, poor or very poor) with more objective health indicators. This procedure results
in health stocks for each individual.
 In the second stage, we use the constructed health stocks to estimate the impact of health
on individual’s productivity (proxied by log hourly wages) and employment status.
Results
We find that an individual’s health has a strong statistically significant impact on their
productivity and the probability of being in work.
 Those who are (objectively) in excellent health earn 4-7% more than those whose

health is average (assuming that all other characteristics of these individuals are the
same). Those whose health is poor2 earn 7-15% less than those with average health.
 The probability of being in work declines as individual’s health status worsens.

More specifically, those with excellent health are 17% more likely to be in
employment compared to those whose health is average. Individuals with poor
health (defined as two standard deviations below the mean) are 34% less likely to be
employed compared to those whose health is average.
ESTIMATION ISSUES
The main paper contains a full discussion of the potential issues with these approaches to
estimation. This includes the fact that the estimates of the impact of health on economic growth
may potentially be affected by an endogeneity problem. In order to address this problem, one
can use instrumental variables. We have considered a number of potential instruments, such as
the proportion of smokers and drinkers in each region, but found that the quality of these
instruments was poor. The paper discusses this and other issues within a context of providing a
range of different specifications and controls to illustrate the impact on the results.

THE LINK BETWEEN HEALTH IN GENERAL AND ILLHEALTH CAUSED BY WORK
Economic performance is affected by the general health of the population, which in turn may
depend on the prevalence of work-related ill-health. The final step of our analysis is to estimate
the impact of work-related ill-health on economic performance. We use the HSE’s ‘Fit 3’
programme and the LFS to assess the extent to which general ill-health is attributable to work.
 In Fit3, 80.5% of the sample report that they suffered one of the 31 health conditions

in the last 3 months and 47.9% of the sample attribute these conditions to work.
 The LFS (2005-06) report that 41.8% of the sample were suffering a health problem

or disability they expected would last more than a year and around 4.6% of the
entire LFS sample suffered a work-related illness.

2
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Defined as two standard deviations below the mean

The differences in figures are explained by differences in the sets of conditions taken into
consideration, with the LFS capturing mainly long-term serious illnesses and Fit 3 focusing on
short-term less serious ones. Since our econometric analysis focuses on the impact of medium
and long-term illnesses on economic performance, the LFS figures are more relevant. They
suggest that 11% of the impact of general health on economic performance is attributable to
work-related illnesses. This, in turn, provides evidence and support for policies to tackle illhealth caused by work, as one component in Government’s efforts to improve economic
performance.
We are aware that in both datasets the attribution of health problems to particular causes (e.g. to
work) is made by respondents themselves. They are not medical professionals and could make a
mistake. One way of addressing the issue of potential self-reporting bias is to have the data
reviewed by medical specialists. This may provide more information on the quality of collected
information in the future.

DISCUSSION
The analysis could be extended further through the collection of additional data and further
analysis of existing data sets. The main areas where further data may be used to test the
robustness of the findings in this study are:
•

capital expenditure;

•

instrumental variables to partially overcome simultaneity bias;

• identification of health issues caused by work would help to incorporate work
related ill-health directly into the statistical estimation; and
• greater differentiation between short-term and long-term illnesses (and health
conditions more generally) and their consequences.
Whether or not further data is collected, the analysis could be extended to investigate
the results of this paper in more detail. One extension would be to explore the timeseries dimension of the microeconomic dataset in more detail. This would involve an
individual-level analysis of the length of time in ill-health and the impact on wages.
Finally, consideration of these results in a policy context provides further areas for
exploration. This may relate particularly to the extensive ongoing research programmes
to understand drivers of flows into and out from incapacity benefit.
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1 INTRODUCTION
This paper describes research into the link between health and economic performance. It
ultimately examines the link between work related ill-health and several different measures of
economic performance. To do so, it first investigates health generally and then moves to
consider work related ill-health specifically.
The paper is based on research undertaken by Frontier Economics Limited following an
appointment by the Health and Safety Executive (HSE). The work took place between
September and December 2007 and used both publicly available datasets and the HSE’s internal
datasets.3 A full description of all the data is provided in the paper.
The terms of reference refer to six specific questions. These are:
1. What are the variables that need to be included in a model to describe the relationship
between health at work, the general health of the population and GDP or GDP growth?
2. How stable do we expect this relationship to be over time?
3. What data are needed to test the model empirically?
4. What is the quantitative contribution of health at work to the overall health of the
population?4
5. What is the contribution of the population’s health on GDP or GDP growth?
6. Following on from the last two questions: What is the effect of health at work on GDP
or GDP growth?
We address each of these questions in the paper, and return to summarise the answers in the
conclusion.
The paper moves from the empirical estimates to a general discussion of their implications.
This discussion is necessarily preliminary in nature given the focus of the project. It is used
primarily to suggest areas where gaps exist in the evidence and their implications.
There are five further sections to this paper:
•

Section 2 reviews the theoretical foundations for this work;

•

Section 3 sets out the procedures undertaken to examine the theory;

•

Section 4 provides the results;

•

Section 5 discusses those results; and

•

Section 6 summarises and provides concluding comments.

Full references for all papers are provided at the end. There are also two annexes that report
particular results in more detail. They are referred to at relevant points in the main body of the
paper.

3

The final version of the paper was completed in January 2008 following adjustments in light of comments from
two independent referees and the project’s Steering Group.

4

As discussed in detail later in the paper, this is not directly estimated econometrically because of data issues.

1

2

2 THEORY
2.1

GENERAL THEORY

This paper focuses on the links between health and economic growth. We briefly review both
issues here before examining the specific models estimated as part of this research.

2.1.1 Economic growth
There is a very substantive literature on the theoretical foundations of economic growth. Much
current analysis stems from Solow (1956) who formalised and extended frameworks that had
existed at least since the turn of the century. Solow’s original, neoclassical, growth model
emphasised the role of labour and capital accumulation in growth. That model has since been
added to and extended in many directions.
One of the most fruitful areas of extension has been to explicitly model other factors that may
also contribute to economic growth. This extension of the neoclassical growth model has been
termed endogenous growth theory. It is focused on incorporating human capital as another
factor that drives growth. Human capital refers to the range of human attributes that may also
affect growth (e.g. health and education). Aghion and Howitt (1998) provide an authoritative
overview of this development.
The early growth models and subsequent advances (through neoclassical and endogenous
growth theories) have focused on a macroeconomic perspective of growth. Growth in gross
domestic product is driven by large aggregates such as the size of the labour force and the total
amount of capital. Endogenous growth theory shifted that focus slightly to characteristics of the
labour force (e.g. its education, health). This is still done at a macroeconomic level (e.g. the
overall educational characteristics of the working age population) but begins to hint at an
alternative view of the drivers of growth – individuals and individual decisions.
A separate class of models focuses on this microeconomic view of growth. These models seek
to explain the factors that ultimately drive aggregate growth: productivity and employment.
Aggregate growth can be decomposed into a) the number of individuals in employment, b) the
number of hours worked by those individuals, and c) the output per hour worked (individuals’
productivity). Microeconomic models approach the question of economic growth from the
bottom-up: what characteristics of individuals determine how productive they will be and/or
how many hours they will work?5
These microeconomic models examine whether changes in the characteristics of an individual
affects their chances of employment or their wage rates (e.g. whether someone graduates from
secondary school, whether they have diabetes, whether they are male or female).

2.1.2 Health
Relatively few growth models consider the impact of health explicitly. However, given that
human capital is usually interpreted broadly as a category, which includes both education and
health of the population, all the above mentioned theories are relevant for our analysis.
There is some empirical literature on the links between health and economic growth. Much of
this is in the form of cross-country regressions that attempt to control for a wide range of other
factors that affect growth (see Bloom et al, 2001 for an overview). These papers tend to include

5
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See, for example, Stern (1991) for an overview. Within the health literature, microeconomic studies tend to be
focused on the impact of particular changes on productivity (e.g. Behrman and Deolikar (1988) examine links
between nutrition and productivity).

a wide range of very different countries and use some of the few health indicators that are
widely available across countries (e.g. height, mortality).
There are few, if any, papers in prominent economic journals that examine the specific
relationship between work-related ill-health and economic performance. Much of the literature
that does exist has been supported by the International Labour Organisation under its Safety and
Health at Work remit (see http://www.ilo.org/global/Themes/Safety_and_Health_at_Work/lang-en/index.htm). These papers tend to investigate the aggregate economic impact of particular
conditions (e.g. stress, injuries), rather than focus specifically on aspects of economic
performance.
As noted by Mayer (2001), the channels through which health affects economic outcomes are
diverse and difficult to identify. Mayer’s research suggests that "the impact of health on
economic performance is a long-term phenomenon". He finds, for example, strong evidence for
a 30-year causality from health (measured using life tables) to income in 18 Latin American
countries.
Indeed, long-term ill-health might significantly reduce the number of individuals employed, the
number of hours worked and the productivity of workers. By contrast, short-term ill-health
(such as cold, flu and minor ailments), while likely to affect hours worked and hourly
productivity, are unlikely to significantly affect individuals’ employment status.
In this paper we focus primarily on the impact of medium- and long-term ill-health. Indeed, in
the surveys used in this paper, individuals are usually asked about their health status over the
last 12 months. Hence, they are more likely to report medium- and long-term illnesses rather
than short-term ones. The following sections discuss the data limitations and their implications
for the analysis. They also set out potential further analysis which would incorporate the impact
of short-term ill-health on economic performance.

2.1.3 General approach
The approach adopted for this research draws on this general theory. It recognises the
significant challenges in unravelling the relationship between health and economic growth,
before moving on to health at work specifically. It also learns from the previous efforts and
makes use of new datasets.
A dual approach to the modelling has been adopted. We have investigated both macroeconomic
(hereafter referred to as “top-down”) growth equations and microeconomic (hereafter referred to
as “bottom-up”) productivity and employment equations. This dual approach was explicitly
adopted in recognition of the potential difficulties in unravelling the links between work-related
ill-health and economic performance. Such a large number of factors affect economic
performance that as wide and all-encompassing a picture as possible is necessary to try to
robustly identify the impact of health, and work-related ill-health.
2.2

MACROECONOMIC SPECIFICATION

Most macro growth theories recognise the importance of human capital as an explanatory factor
of economic performance. Growth is driven by, amongst other things, the quantity and quality
of labour that is supplied in the economy. Human capital captures the quality of that labour.
The labour supplied by individuals is likely to be of higher quality if those individuals are better
educated, and if they are in better health. Indeed, comparing productivities of two workers,
identical in all respects except their health status, we would expect that a healthier individual
will be more productive and will spend less time off work than his less healthy counterpart (this
is, for example, the assumption implicit in Sainsbury Centre (2007) and most other papers on
this topic).
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Growth theory identifies more than one way in which human capital might affect economic
performance. Some theories argue that economic growth is explained by changes in human
capital over time, while others demonstrate, in theory at least, that what matters is the initial
stock of human capital (Krueger and Lindahl, 2001). Given these differences in views on the
precise role of human capital, whether the stocks or the flows of human capital (or both) matter
is essentially an empirical issue.
In the remainder of this section we briefly summarise the two main strands of macro growth
literature, which underpin our empirical analysis.

2.2.1 Theories that attribute growth to changes in health/human
capital of the population
Following Weil (2005) and Bloom et al (2005) a Cobb-Douglas aggregate production function
is used:

Y = AK " (L# ) !

(1)

where Y is total gross domestic product (GDP), A represents the state of technology (total factor
productivity – TFP), K is the physical capital stock, L is the labour force and ! measures the
level of human capital in per capita terms. Hence, L! is effective labour input.
It is assumed that individuals’ human capital depends on their education and health6:

" = exp(! s s + ! h h)

(2)

where s represents the level of education and h represents health.
Equation (2) measures an average level of human capital for the economy. This is normalised
to one for those with no education and the lowest health measure. For all others, i.e. workers
with higher levels of education and/or health, the human capital input will be above one.
Taking logs of the production function and rewriting it in differences, we get:

!(log Y ) = !(log A) + $!(log K ) + # {!(log L) + " s !s + " h !h} (3)
Therefore, GDP growth can be decomposed into growth in TFP, growth in factor inputs (capital
and labour) and in improvements in education and health. The latter is the effect we want to
estimate.

2.2.2 Theories that attribute growth to the existing levels of
health/human capital
The second group of models attributes growth to the existing stock of human capital. For
example, Romer (1990) and Nelson et al (1966) argue that the stock of human capital
determines a country’s ability to generate innovations and/or to imitate and adapt new
technologies7. That is, the healthier and the better educated is the labour force, the faster is
technological progress, which, in turn, generates faster output growth.
More specifically, Romer (1990) models the production function for a multi-sector economy as:

Y = H "y L! K ,

6

This specification is based on Mincer (1974)
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These papers are also summarised in Krueger and Lindahl (2001)
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(4)

where H y is the human capital employed in the non-R&D sector, L is labour and K is physical
capital. Physical capital is modelled as
A

K = ! X (i )1"$ " # di ,
0

(5)

where X(i) are separate inputs used in different sectors of the economy. The capital stock
depends on the technological level A, which, in turn, depends on the amount of human capital
employed in the R&D sector ( H A ) as:

d log( A) / dt = cH A

(6)

If more human capital is employed in the R&D sector, technological progress and the
production of capital are greater. In steady-state, however, the rate of growth equals the rate of
the technological progress, which is a linear function of human capital in the R&D and in the
non-R&D sectors.
This complex theoretical model yields a simple testable implication that economic growth
should depend on the initial stock of human capital.

2.2.3 Regression specification
In order to combine the two approaches outlined above, we follow Benhabib and Spiegel (1994)
and include both the changes in human capital (education and health) and the initial stock of
human capital in our regression analysis.
Equation 3 is then adapted as follows:

%(log Y ) = $%(log K ) + # {% (log L) + " s %s + " h %h} + (! s s 0 + ! h h0 ) (7)
where s0 and h0 represent initial levels of education and health in the economy.
This specification allows us to test whether:
•

health impacts economic growth; and

•

if there is an impact, whether it is related to the changes in health or the levels of health
(as predicted by different theories outlined in Section 2).

2.3

MICROECONOMIC SPECIFICATION

As an alternative to the estimation of the impact of health on economic performance at the
aggregated (macro) level, we can explore the effect of health at the individual (micro) level.
Specifically, we want to assess the impact of health:
•

on the individual’s productivity (which can be proxied by real hourly wages); and

•

on their employment status.

Below we will discuss these two parts of the analysis in turn.
The impact of health on productivity
Following Mincer (1974), labour economists estimate a statistical relationship between
individuals’ wages, education and work experience. This type of analysis essentially attempts to
capture the impact of human capital on productivity. However, apart from education and work
experience, there may be other aspects of human capital, for example health, which also affect
productivity. It is possible that an individual with a long-standing illness is less productive than
his counterpart who is in good health (assuming that their other characteristics, including

6

education and work experience, are identical). In order to isolate the impact of health on
productivity, we need to include a measure of an individual’s health into the wage equation:

wageit = # + "1 * educit + " 2 * experience it + " 3 * experience it2 + " 4 * healthit + ! it (8)
where i indexes the individual and t the time period.
The coefficient ! 4 will then provide an estimate of the impact of health on individual’s wage
(productivity).
The impact of health on the probability of being in work
Similarly, one can estimate the impact of health on the probability of being employed. We are
interested in this relationship because whether someone is employed, unemployed or retires
early has an impact on the size of the labour force and, hence, on economic growth. Whether
this decision is affected by the state of individual’s health is the issue we want to investigate.

Disney, Emmerson and Wakefield (2003) used British Household Panel Survey data to
examine the role of ill-health in retirement decisions. They find that adverse individual
health shocks are an important predictor of individual retirement behaviour. We modify
their analysis and estimate the probability of being in work (as opposed to not being in
work or being unemployed) as a function of individual characteristics and health status.
Section 3 below provides an exact specification of the regressions that are estimated.
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3 PROCEDURES
This section describes the data sets and estimation procedures that were used to estimate the
equations derived in the previous section.
3.1

TOP-DOWN

3.1.1 Estimation
Equation (4) in Section 2.2 is estimated using UK regional data. The exact specification is:

!y it = a + #!k it + " (!lit + # s $sit + # h $hit ) + (" s si 0 + " h hi 0 ) + ! it (9)
where !yit , !kit and !lit are growth rates of GDP, capital and labour respectively in region i
at time t; !s it and !hit are changes in the stock of education and health in region i at time t,

si 0 and hi 0 are the initial stocks of education and health in region i and ! it - an error term.
Using specification (9) we can test whether:
•

Changes in health stocks affects economic growth ( !h is significantly different from
zero); or

•

Initial health stocks affects growth ( ! h is significantly different from zero); or

•

Both the stocks and the changes in health contributes to higher economic growth (both
coefficients are significantly different from zero).

3.1.2 Data sets
The data set developed to estimate equation (9) was drawn primarily from National Statistics.
National Statistics provides information on economic performance at the level of Government
Office Region, covering the period between 1995 and 2005. The Annual Population Survey
(available from NOMIS) was used to describe employment and educational attainment 8.
We obtained health variables from two sources; the General Household Survey (GHS) and
LFS/RIDDOR data provided by the HSE. The GHS is an annual survey of around 13,000
households which began in 1971. The Labour Force Survey (LFS) is a survey of 50,000
households, available for the period 1998-2004.9 Both surveys provide individual-level data
which were aggregated to the regional level. Only working age individuals were included in
assembling the data set.
The following variables were obtained by Government Office Region:
•

y it - log of regional Real Gross Value Added10

•

kit - log regional capital expenditure (available at regional level only between 1998 and
2005 and measured here in logs)

8

Total employment is used in this analysis because of data availability and time constraints. An alternative
approach, based on hours worked would be possible with LFS data. That is being explored as part of potential
further work.

9

LFS data is also available for 2005; however the health variables appear to be inconsistent with earlier years.

10

Nominal GVA was deflated using National Statistics’ time series of real and nominal GDP.
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•

lit - measured as Working age population * Employment rate, and in logs11.
Measuring labour input as the actual number of hours worked would allow us to account
for regional variations in the prevalence of part-time working, working overtime, etc.
This measure of labour input is not readily available. Therefore, we use the number of
12
working age individuals in employment.

•

sit - education measure: the proportion of the working age population with at least
GCSE. This is the only measure readily available at the regional level. A more precise
measure of educational attainment would be a weighted average of various
qualifications attained by individuals in each region. Such a measure of human capital is
not readily available but could be obtained from the LFS by aggregating data up to the
regional level.

•

industry structure - proportion of individuals employed in manufacturing, construction,
services, public administration at the regional level.

•

hit - health measures: general health over the previous 12 months and long-standing
illness (and also whether this limits current activity); cigarette and alcohol consumption
(all from the GHS); and age-standardised mortality rates (from the National Centre for
Health Outcomes Development). The LFS measures of health are considerably more
detailed. However, they are only available for a short period of time (1998-2004).
Therefore, in our analysis we use the GHS measures of health and the mortality rate data
provided by the HSE.
In the GHS, individuals are asked whether they have a long-standing illness, which
means “anything that troubled you over a period of time or that is likely to affect you
over a period of time”. The GHS also asks whether this illness or disability limits
individual’s activity in any way. These measures capture long-term illnesses13, but not
short-term ones.

Below we provide a series of graphs which demonstrate general trends in variables under
consideration. As illustrated in Figure 1, both output and employment increased steadily over
the period 1995-2005,

11

This measure of employment includes those who are self-employed.

12

In order to measure the number of hour worked by region, one would need to aggregate the LFS data up to the
regional level. This is a time-consuming exercise that falls outside of the scope of this project. However, this can
be done as an extension of this analysis.

13

There is a considerable literature on questions’ wording and how that can affect the estimates. For example,
asking whether respondents “suffer from an illness” produces lower estimates than when they are asked if they
“have” a long-standing illness. Some people may answer “no” to the former question on the grounds that they
are not actually suffering (Goddard, 1990). This and other considerations were taken into account when the GHS
questionnaire was designed.
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Figure 1 Real Gross Value Added and Employment (Great Britain)
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Net capital expenditure decreased (as a share of output) from 12% to 8% between 1998 and
2005, as illustrated in Figure 2.
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Figure 2: Net Capital Expenditure as a proportion of Gross Value Added (Great
Britain)
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Education improved steadily over the period 1995-2005, as illustrated in Figure 3.

12

2005

Figure 3: Percentage of working age population with at least NVQ Level 4 (Great
Britain)
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Figure 4 provides an overview of three GHS measures of health:
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•

the proportion of individuals suffering long-standing illnesses (which limits activity) has
fallen slightly over time,

•

the proportion in generally poor health has slightly increased over time; and

•

the proportion of individuals both in generally poor health and suffering from longstanding illnesses has also increased.

Figure 4: GHS health measures (Great Britain)
25%

20%

15%

10%

5%

0%
1995

1996

1997

1998

1999

Long-standing

2000

2001
General

2002

2003

2004

2005

Both

Source: Frontier analysis based on data from the GHS

3.1.3 Estimation issue – capital expenditure
The net capital expenditure obtained from National Statistics was available at the regional level
only for the period between 1998 and 2005. National Statistics does not collect capital
expenditure figures directly. Instead, it predicts capital expenditure based on local employment,
but notes that “it has been established that the relationship between regional employment and
regional capital expenditure is, in fact, unreliable”. In the absence of an alternative measure of
capital expenditure, we constructed the missing data points (1995-1997) by calculating average
regional shares of national capital expenditure over the period 1998-2005 and applying these to
national capital expenditure for the period 1995-97. This approach was justified by an
inspection of regional shares of capital expenditure over 1998-2005, which indicated little
variation in shares over time (Figure 5).
While this approach provided estimates of regional capital expenditure which were likely to be
consistent with the data provided by National Statistics (and also allowed estimation of the
equation for 1995-2005 rather than merely 1998-2005), it clearly could not provide any new
information, over and above that already contained in the 1998-2005 net capex data. Similarly,
the constructed observations suffer from the same unreliability noted by National Statistics.
However, in the absence of an alternative measure of regional capital expenditure, this series
was retained in the analysis.
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Figure 5: Regional shares of national net capital expenditure
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3.1.4 Endogeneity problem
The estimates of the impact of health on economic growth may potentially be affected by an
endogeneity problem: health may impact on economic performance and, vice versa, economic
performance may impact on health. In practice, this means that a simple regression of a
measure of economic performance on health might generate endogeneity bias.
In order to address the problem of endogeneity bias, one can use instrumental variables. These
variables, in order to be valid instruments, need to satisfy the following criteria:
•

to be correlated with the variables they instrument (health in this case); and

•

to be uncorrelated with the error term ! it

Hence, whether a particular instrument is a valid one is essentially an empirical question.
We considered a number of potential instruments, such as the proportion of smokers and
drinkers in each region, which, in the theory, may be correlated with the variable we want to
instrument (health), but not correlated with the error term (i.e. not directly impacting on
economic growth). In practice, the quality of these instruments turned out to be poor, i.e. they
were found to be strongly correlated with the error terms in regression (9)14.
To summarise, our estimates of the impact of health on economic performance may be affected
by endogeneity bias. There are no clear techniques and data sets available to get around this
issue. We discuss its implications when presenting the results.
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We also considered collecting information on the quality of environment by region. This variable, again in theory,
may be a valid instrument for health. However, this information is not readily available on a consistent basis for
the whole period of time between 1995 and 2005, so it was not explored in this analysis.

3.2

BOTTOM-UP

3.2.1 Estimation
In this section we elaborate on the theory presented in Section 2.3 and formulate precise
regression specifications which we use in the bottom-up analysis.
Wage equation
For those who are employed in period t, the following equation is estimated:

wi = $ + # * xi + " * healthi + ! i ,

(10)

where wit - log hourly wage of individual i at period t;

xi - a set of observable characteristics that affect wage, such as age, gender, and
education. We also include individual’s log wage in wave 1 (1991) as a proxy for individual’s
occupation, inherent ability and industry;

healthi - a measure of the stock of health of individual i (see Section 4 for detail);

! i - an error term.
Note that in a standard Mincer regression work experience is included as one of the explanatory
factors. In practice, however, work experienced is often replaced by individual’s age.
Participation equation
For all working age individuals, we estimate the probability of being employed as a function of
individual’s health and individual characteristics:

$ i = # * zi + " * healthi + ! i (11)
where ! i - a probability of individual i being employed in period t;

zi - a set of individual characteristics that affect the probability of being employed
(age, gender, education);

healthi - a measure of the stock of health of individual i (see below for detail).

3.2.2 Data set
The British Household Panel Survey (BHPS) was used as the basic data set for the bottom-up
analysis. The BHPS is an annual longitudinal survey of private households in Britain. Each
year, the same (nationally representative) set of families is interviewed and a very wide range of
data is collected. This includes data about earnings, employment, education, health status,
household finance, values and demographics.
The original wave of interviews was carried out in 1991 with the adult members of 5,000
households (about 10,000 individuals). In every subsequent year, the same 5,000 households
are interviewed along with any adults in households that have been created by adults originating
from one of the original households (e.g. if an adult child gets married and starts a new
household that new household is incorporated, similarly if the parents divorced and re-married
the new households are interviewed). In this way, the panel continues to be representative of
British households while also allowing researchers to track the same individuals and so
investigate issues such as the impact of changes in their health on earnings.
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In total there are over 30,000 unique individuals tracked for all or part of the BHPS survey. By
merging the individual wave files and matching respondents across the waves, we assembled a
panel data set which included each of these respondents. We then removed those individuals
who did not respond at every wave. As in the top-down approach, the data set was also
restricted to those of working age – in the bottom-up approach those of working age at every
wave – reducing the sample to 2,154 individuals15.
The following variables were obtained for each individual in each wave:
•

wit – log hourly wage, calculated as (usual gross monthly pay)/(usual weekly hours *
4.333)16

•

xit - individual characteristics: age, sex, possession of any GCSEs

•

healthit - health variables: number of GP visits, serious accidents and hospital in-patient
days (all previous 12 months); average daily cigarettes smoked; sufferer of any (listed)
health problems (the full list is provided within Table 9 in Annex 2)

•

labour force status - whether the individual is employed, self-employed, caring for
children, in full-time education etc.

In Figure 6 we present the distribution of nominal hourly wages in Wave 15 (2005).
Figure 6: Wave 15 (2005) hourly wage distribution (nominal)
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Source: Frontier analysis based on BHPS data.

These nominal wages were adjusted for inflation by converting them to Wave 1 (1991) prices
using National Statistics estimates of wage inflation over the period 1991-2006.

15

We also exclude those who do not report their wage in 1991

16

This analysis includes self-employed individuals
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Figure 7 shows the distribution of individuals by their employment status. Over 80% of the
sample are employed (including those who are self-employed); 5% are in early retirement; 5%
have a long-term illness and/or disabled and 2% are unemployed.
Figure 7: Wave 15 (2005) labour force status
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Source: Frontier analysis based on BHPS data.

Figure 8 shows the distribution of individuals by health status. Half of the population
report that their health is good; 23% say that their health is excellent; 18% - that it is
fair; 6% report their health as poor and 2% - as very poor.
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Figure 8: Wave 15 (2005) distribution by health status
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3.2.3 Estimation issue – unbiased estimate of health
The BHPS contains three types of healthcare indicators:
•

self-assessed measures of health (e.g. level of stress, overall general health, ability to
climb stairs);

•

self-reported measures of specific health conditions (e.g. having diabetes, epilepsy, etc –
see full list in Table 9, Annex 2); and

•

self-reported measures of particular interactions with the healthcare system (e.g. GP
visits, in-patient hospital episodes).

The central issue with these is whether reported health status is a good objective measure of the
health of the population, consistent both in any given wave and also over time. In principle,
each of these may be subject to some reporting bias:
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•

self-assessed health measures may suffer from the fact that it has become more socially
acceptable to report particular illnesses (e.g. mental health and stress problems) or
because individuals in particular conditions (e.g. over 50 and unemployed) prefer to
attribute that to health causes than to other causes (e.g. lack of skills);

•

self-reporting of specific conditions (e.g. diabetes) may be subject to some reporting
biases and also to improved diagnostic activity in recent years; and

•

self-reported measures of interactions with the health service are likely to reflect
genuine interactions but could be affected by, for example, increased funding of GPs
making it easier for people to visit their GP and other factors.

The first set of measures may be subject to more reporting bias than the second set; and the third
potentially least of all. As noted in Angrist and Krueger (1999) such biases tends to shrink
simple OLS estimates towards zero. They discuss the fact that the more variables that are added
to an equation to protect against various biases, the worse measurement errors become (socalled attenuation problems).
In order to overcome these biases we adopt an approach developed by Disney, Emmerson and
Wakefield (2003). For each year, we construct a health stock for each individual. For that we
“instrument” a subjective health measure (e.g. health is excellent, good, fair, poor or very poor)
with more objective health indicators (i.e. whether an individual suffers from specific illnesses),
using an OLS regression. An individual’s health stock is then defined as the fitted value
predicted from the regression17.
This may not completely overcome all of the issues discussed above but does provide the most
robust, unbiased indicator available. It also corresponds to the approach used in other papers
(e.g. Disney, Emmerson and Wakefield, 203). Sections 4 and 5 discuss the results and the
implications of any remaining biases.

3.2.4 Estimation issue – endogeneity
As in the top-down analysis, the estimates of the impact of health on economic performance (in
this case, on wages and employment) may be affected by an endogeneity problem. There are a
number of channels through which individuals’ wages and employment status might have an
impact on their health. As one example:

• higher income individuals may be able to afford better health care than those on
low wages; hence, the estimated coefficient may be biased upwards (and vice
versa for lower income individuals);
• if well-paid individuals get more stressed at work and/or more likely to suffer
from other work-related health problems, the coefficient may be biased
downwards (and vice versa for lower income individuals).
In order to address endogeneity bias, one can use instrumental variables (discussed in detail in
Section 3.1). As in the top-down analysis, it is difficult to find instruments which are correlated
with individual’s health, but do not impact directly on the dependent variable (wages or
probability of being employed). Therefore, the problem still remains.
The potential sources of bias identified above work in the opposite directions. They may, at
least partially, offset each other. How material each individual source of bias is and whether
they offset each other fully still needs to be tested. That requires more detailed information on
people’s attitudes towards health and whether those vary significantly with individuals’ income,
something that is not analysed in this paper.

3.2.5 Estimation issue - self-selection bias
The wage and work participation equations (equations (10) and (11) in Section 3.2) should be
estimated simultaneously in order to correct for potential selection bias. The bias may arise
because an individual’s employment status is not random; it is likely to be correlated with their
health (e.g. people with poor health are more likely to be unemployed). Estimating the wage
equation separately would restrict the sample in a systematic way, i.e. only those with good and
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An alternative approach to construct health stocks is to use an ordered probit model. This approach is also used
as a check and is presented in Annex 2. All variables that are found to be significant in the OLS specification are
also significant in the ordered probit specification.

excellent health will be included. To give a specific example, suppose that health is positively
correlated both with wages and with the probability of being employed. If the wage equation is
estimated separately, the importance of health may be underestimated (see Figure 9 for an
illustration). Indeed, if health status of the marginal workers (who are currently employed)
deteriorate and they lose their jobs, the relationship between health and wages of those who are
still employed may become flatter, suggesting that the impact of health on wages diminishes. .
Figure 9: Illustration of potential self-selection bias
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When the wage and participation equations are estimated simultaneously, the fact that the wage
equation is estimated over a restricted sample is taken into account. A standard procedure which
corrects the self-selection bias is the Heckman selection model, which can be used to obtain an
unbiased estimate of the impact of health on productivity.
A statistical test has been developed to indicate whether selectivity is a problem in the data set
(e.g. see Green (1997), Davidson and MacKinnon (1993)). This test and the results are reported
in Section 4.2. It indicates that selectivity is present in this case and, hence, the use of the
Heckman selection model is justifiable. In addition, we also present the OLS results for the
wage equation (i.e. without using the Heckman model). We then fully discuss the implications
of the estimates derived from the two approaches.
3.3

LINKING HEALTH TO ILL HEALTH CAUSED BY WORK

Economic performance is affected by the general health of the population, which in turn may
depend on the prevalence of work-related ill-health. The final step of our analysis is to estimate
the impact of work-related ill-health on economic performance. The GHS and the BHPS (our
sources of information on general health) do not contain information on ill-health caused by
work. Therefore, a direct estimation of the effect is not possible. Instead, we use additional data
from the HSE’s ‘Fit 3’ programme and from the LFS to assess the extent to which general illhealth is attributable to work.
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3.3.1 Fit 3 data
The HSE’s Fit 3 programme (Fit for work, fit for life, fit for tomorrow) has involved two waves
of phone-based surveys since Autumn 2005. Each wave has included a survey of employers and
a separate survey of employees. The Fit 3 survey of employees provides an insight into the
relationship between general health and health at work. Overall, 9,127 interviews were
conducted at over 6,500 addresses between January and April 2006. The representativeness of
the sample in terms of individual characteristics, such as sex, age, region, industry and the
number of employees in the workplace, was checked against LFS data. Any identified
divergences were found to be statistically insignificant.
The Fit 3 employee survey contains a section relating to ‘health conditions and sickness
absence’. Respondents were asked whether they had, in the last three months, suffered from
one or more of 31 specified conditions. These included various pains, aches and discomforts
and also several psychological conditions such as anxiety and inability to cope. For each
condition suffered, respondents were asked whether that condition was either caused by work
(in their current job or any previous job), not caused by work, or the cause was not known.
The average percentage suffering any particular condition was 9.7% (888 individuals). Table 1
reports those conditions most likely to have been caused by work.
Table 1: Conditions mostly likely to have been caused by work
Condition

% affected

% caused by work

Anxiety or worrying

12.5

69.3

Panicking or inability to cope

5.1

64.2

Pain or discomfort in arms, wrists or hands

10.8

63.1

Pain or discomfort in upper back or neck

15.7

62.3

Pain or discomfort in lower back

25.1

57.0

Source: Frontier analysis of Fit 3 data

The percentages reported in Table 1 indicate that some conditions are considered to be highly
work-related. Other conditions, however, are far less closely related to work. Indeed 7 of the
31 conditions attracted more than 70% saying it was not due to work.
Overall, 80.5% of the sample report that they suffered one of the 31 conditions in the last 3
months and 47.9% of the sample attribute their condition to work. When interpreting these
numbers it should be kept in mind that:

• The Fit 3 collects information on a wide range of conditions, most of which are
short-term illnesses (e.g. colds, sore throat, etc.) Given that the survey took place
in winter months, the prevalence of these short-term illnesses was not surprising.
• The Fit 3 data is less comprehensive on more serious long-term illnesses (e.g.,
diabetes, epilepsy, mental illnesses and heart problems are not covered).
Therefore, it is not possible to compare the outcomes of this survey with
statistics based on other datasets, which mostly focus on long-term illnesses (e.g.
the LFS).
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Overall, the Fit 3 dataset is a rich source of information on prevalence of various,
mainly short-term, conditions suffered by individuals. The differences in the sets of
conditions covered, means that it is not appropriate to combine the statistics derived
from this dataset with the results of our econometric analysis, since the latter covers
predominantly medium and long-term conditions.18

3.3.2 LFS data
Another source of information on the prevalence of work-related ill health is the latest (200506) version of the LFS. Consistent with the Fit 3 data, we found that the most frequently
reported work-related conditions related to bones, joints and muscles, particularly those
affecting the back and arms. Also frequently reported was stress, depression or anxiety, again
strongly consistent with the Fit 3 findings. The share of work-related illness accounted for by
different conditions is illustrated in Table 2.
Table 2: Conditions suffered as a result of work
Condition

% of work-related illness

Bone, joint muscle – back

22.3

Stress, depression or anxiety

21.0

Bone, joint muscle - arms, neck etc

19.4

Bone, joint muscle - hips, legs or feet

10.7

Breathing or lung problems

8.4

Other

7.1

Hearing problems

3.7

Heart disease/attack, other circ problems

3.3

Headache and/or eyestrain

1.5

Infectious diseases

1.3

Skin problems

1.3

Source: Frontier analysis of 2005-06 LFS data

The LFS data suggest that:

• 41.8% of the sample were suffering a health problem or disability they expected
would last more than a year; and

18
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It may be possible to further this analysis by defining particular illnesses as short, medium and long term and
trying to link them to particular employment outcomes. There is very considerable debate over how to undertake
such a classification so it is not done here. However, it could be part of further research.

• around 4.6% of individuals in the whole LFS sample suffer a work-related
illness each year. Of these, around 16% actually suffer from more than one
work-related illness.
These numbers are significantly lower than those based on the Fit 3. This is because the set of
conditions differs, with the LFS capturing mainly long-term illnesses and the Fit 3 focusing on
short-term ones.
The LFS data also offers an insight into the extent to which work-related ill-health directly
affects labour market outcomes and consequently economic performance. Consistent with the
bottom-up analysis, we find that ill-health may significantly limit individuals’ productivity and
likelihood of employment (Figure 10).
Figure 10: Reasons for leaving previous employment
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Source: Frontier analysis of 2005-06 LFS data

3.3.3 Measuring work-related ill health - issues for future analysis
In our work we estimate the prevalence of work-related ill health as the proportion of people
who attribute their illnesses to work. We are aware that in both datasets (the Fit3 and the LFS)
the attribution of health problems to particular causes (e.g. to work) is made by respondents
themselves. They are not medical professionals and potentially could make a mistake. One way
of addressing the issue of potential self-reporting bias is to have the data reviewed by medical
specialists. This may provide more information on the quality of the collected information in the
future.
One can also consider alternative definitions of work-related ill-health, e.g. to measure it as a
proportion of days lost due work-related illnesses. That would provide more information about
relative importance of various illnesses. For example, while, according to the LFS, 4.6% of
people in the entire LFS sample report that their illnesses have been caused by work, the
corresponding proportion of days lost due to these illnesses may be different. Collecting
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information on the number of days lost due to work-related illnesses19 is another area that is
worth pursuing.

19
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Currently the LFS collects information on the number of days lost due to illnesses in a particular week, not
clarifying whether these illnesses are work-related.

4 RESULTS
Our analysis provides some support for a statistically significant link between the health of the
population and economic performance. We start with a discussion of the outcomes of the topdown approach, and then proceed to presenting the results of the bottom-up analysis.
4.1

TOP-DOWN

As we explained in Sections 2.2 and 3.1, we estimate the growth equation (9) and test whether
the existing health stocks and/or changes in health contribute towards economic growth. In
order to test the theory, we use 3 different health measures from the GHS. These are:
•

Health1it - the proportion of people in region i at time t who assess their health as “not
good” in the last 12 months;

•

Health2it - the proportion of people in region i at time t who have a long-standing
illness that limits their activity; and

•

Health3it - the proportion of people in region i at time t that are both “not in good
health” and have an activity limiting illness.

We also use regional information from National Statistics on the survival rates of the population
between the age 15 and 65 as an alternative measure of health.
In order to test whether the initial health stocks are significant, we include health variables in
1995 in the regression specification. We also control for the level of education in 1995
(measured as the proportion of working-age population with NVQ Level 4) and for year-onyear changes in these proportions. The descriptive statistics for all these variables are presented
in Table 9 in Annex 1.
The results of our analysis are presented in Table 3 below (standard errors are in brackets). The
column headings show which of the health variables was actually used in the regression, e.g. the
last column with the heading “Survival rates” contains the estimates of the growth equation,
where survival rates were used as the measure of health.
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Table 3: Estimates of the growth equation
Measure of health used in the regression
Health 1

Health 2

Health 3

Survival rates

Growth in
employment

0.328***

0.341***

0.346***

0.260***

(0.090)

(0.096)

(0.089)

(0.091)

Capital
expenditure

-0.101**

-0.124***

-0.113***

-0.041

(0.041)

(0.042)

(0.040)

(0.045)

0.0012***

0.0010***

0.0011***

0.0014***

(0.000)

(0.000)

(0.000)

(0.000)

0.001

0.001

0.001

0.002

(0.001)

(0.001)

(0.001)

(0.001)

-0.0017***

0.2688***

Education stock
in 1995
Changes in
education
Health stock in
1995
Changes in
health stocks
R2

-0.0016***

-0.0011***

(0.000)

(0.000)

(0.000)

(0.057)

0.001*

-0.000

0.001*

0.535*

(0.001)

(0.000)

(0.001)

(0.303)

0.44

0.38

0.45

0.45

No. observations: 121
Source: ONS & GHS data, Frontier analysis

* - significant at 10% level; ** - significant at 5% level; *** - significant at 1% level

Several issues emerge from these results:
 Health stocks in 1995 are significant in all specifications. The coefficients of the GHS
health measures are negative and statistically significant. These negative coefficients
suggest that if the proportion of people with ill health increases, the economic growth slows
down. The coefficients can be interpreted as elasticities following mathematical
manipulation. For example, the coefficients presented in Table 3, imply that the elasticity of
GVA growth with respect to a 1% change in the stock of people with long-standing illness
(Health 2) is 0.02 20.
We also use the survival rates as an alternative measure of health (last column). We find
that the elasticity of GVA growth with respect to 1% change in survival rates is 0.23. This
is comparable with the elasticity of GVA growth with respect to changes in employment
(0.26 in the same regression specification). It may not be surprising that GVA growth
exhibits higher elasticity with respect to changes in survival rates than with respect to
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Calculated as the corresponding regression coefficient multiplied by the average value of health stock from Table
9.

changes in other health measures used in the analysis. Indeed, in the latter case we are
measuring the effect of improving people’s health, while in the former the effect of saving
people’s lives.
 Changes in health stocks are only marginally significant. This suggests that transitory
changes in health of the population may have a limited impact on GDP growth. However,
this result needs to be interpreted with caution. It may be driven by the small sample size21
and insufficient variability in the data between 1995 and 2005. It is possible that similar
estimates over a longer period of time and/or across more diverse regions would result in
different estimates.
 Education stocks in 1995 are significant in all specifications. The proportion of the
working age population with at least NVQ level 4 in 1995 has a positive and statistically
significant effect upon GDP growth 1995-2005.
 Changes in education stocks have small positive but insignificant coefficients in all
specifications. As with changes to health stocks, one might intuitively expect a positive
relationship between changes in education levels and GDP growth. The statistical
insignificance of this relationship is likely to be due to the small sample size and insufficient
variability in the data between 1995 and 2005. It may also reflect the crudeness of the
education measure employed, which captures only vocational qualifications. A more finely
granulated measure of education was not available to us at the regional level (see Section
3.1 for a discussion of alternatives).
 Capital expenditure coefficient is negative and significant in most specifications. In
Section 3 we discussed the issue of estimating capital expenditure between 1995 and 1997
and the unreliability of the underlying data from National Statistics. These issues clearly
affect the estimation of the effect of capital expenditure upon GDP growth, which generates
counterintuitive results. Our sensitivity analysis shows that whether the capital expenditure
measure is included or excluded from the regressions does not change the results
significantly. Therefore, the limitations in the capital expenditure data are unlikely to
substantially affect the estimates.
 Decreasing returns to scale. As the sum of the estimated coefficients on labour and capital
is less than one, it suggests that the aggregate production is characterised by decreasing
returns to scale. This somewhat counter-intuitive outcome is likely to be driven by data
limitations. Indeed, we estimate the production function over a short period of time (19952005). This period of strong economic growth might not be representative of the long-run
relationship between the aggregate output and inputs. Ideally, we would want to estimate the
growth equation over a longer period to obtain more robust estimates of the long-run
relationship.
To summarise, we find that between 1995 and 2005 regional health stocks appear to be
significant explanatory factors of economic growth, while the year-on-year changes in health
are insignificant or marginally significant. The results are clearly affected by the small sample
size. It will be important to extend this data set in the future. However, the results on health
stocks appear to be robust to alternative specifications. Annex 3 provides some further
estimates based on slightly different definitions of health stock.
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Our sample includes 121 observation: 11 regions * 11 years.

Controlling for regional industry structure
The economy is not homogenous. It consists of different sectors (manufacturing vs. services,
private vs. public), and so there may be an argument for taking the industry structure into
account in the analysis. Indeed:
•

different sectors exhibit different growth rates; and

•

regions have different industry structure, which might also change over time22.

This suggests that the regional industry structure may have an impact as an explanatory factor
on the overall economic performance.
In Table 4 below we present the results of the estimates of the growth equation, where industry
structure is taken into account. The columns’ headings indicate which measure of the industry
structure was used in each regression. In these regressions we use Health 1 as a measure of
health. Using other measures of health does not alter the results.
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If regional industry structure were constant over time, differencing of the production function would remove its
effect.

Table 4: Estimates of the growth equation
Measure of industry structure used in regression

Growth in
employment
Growth in capital
stock
Education stock
in 1995
Changes in
education
Health in 1995

Changes in
health stocks
Changes in
industry
structure
R2

% employed in
manufacturing

% employed in
construction

% employed in
services

% employed in
public sector

0.323***

0.334***

0.281***

0.328***

(0.089)

(0.093)

(0.091)

(0.090)

-0.072

-0.099**

-0.084**

-0.101**

(0.044)

(0.042)

(0.041)

(0.042)

0.001***

0.001***

0.001***

0.001***

(0.000)

(0.000)

(0.000)

(0.000)

0.001

0.001

0.001

0.001

(0.001)

(0.001)

(0.001)

(0.001)

-0.0018***

-0.0016***

-0.0018***

-0.0016***

(0.000)

(0.000)

(0.000)

(0.000)

0.001*

0.001*

0.001**

0.001*

(0.001)

(0.001)

(0.001)

(0.001)

-0.0023*

0.0006

0.0024**

-0.0000

(0.001)

(0.002)

(0.001)

(0.001)

0.48

0.43

0.46

0.44

Source: data from ONS & GHS, Frontier analysis (121 observations in all estimates)

* - significant at 10% level; ** - significant at 5% level; *** - significant at 1% level

We find that:
 Year-on-year changes in regional industry structure are significant for certain industries.
Changes in the proportion of individuals employed in manufacturing or service industries
have an identifiable impact on GDP growth. However, the proportions employed in
construction or public sector jobs have no significant impact on growth.
 The health coefficient changes very little compared to the previous specification, which did
not take the changes in the industry structure into account. When employment in
construction or public sector jobs is included, the coefficient on Health 1 (-0.0016 when
industry structure is omitted) is unchanged. When employment in manufacturing or
services is included (each of which has a statistically significant impact on GDP growth),
the estimated coefficients on 1995 health stocks become slightly larger in magnitude (0.0018 in both cases). However, the difference between the estimated coefficients is small.
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Therefore, we can conclude that our estimates of the impact of health on economic performance
are robust to changes in specifications.
4.2

BOTTOM-UP

In order to estimate the impact of health on individuals’ productivity and labour force
participation, we undertake a two-stage procedure.
 In the first stage, we correct the self-assessed health measure for potential measurement
errors. We “instrument” the self-assessed health (whether an individual’s health is excellent,
good, fair, poor or very poor) with more objective health indicators, such as whether an
individual suffers from specific illnesses (e.g. diabetes, heart problems, depression, etc.).
This procedure results in health stocks for each individual.
 In the second stage, we use the constructed health stocks to estimate the impact of health
on individual’s productivity (proxied by log hourly wages) and employment status.

4.2.1 1st Stage - Constructing health stocks
We follow the methodology adopted in Disney et al (2003) and “instrument” the self-assessed
state of health with more objective health indicators (for example, whether an individual has
diabetes, high blood pressure, mental health problems, etc.), taking into account individual
characteristics, such as age, gender and education 23. The purpose of this procedure is to remove
potential measurement errors which may arise due to self-assessment. For example, we expect
that individuals with similar characteristics and similar health problems would report similar
health status as well. If someone’s reported health status is very different from what we would
expect to see based on this individual’s objective characteristics, their health status is adjusted
in line with their objective health indicators.
To achieve this in practice, we use two alternative techniques – an OLS and an ordered probit –
to estimate the relationship between the self-reported health status and “objective” health
indicators. The results of the OLS regression for Wave 15 (year 2005) are presented in Table 5.
This table contains means and standard deviations for all explanatory factors (columns 2 and 3).
For example, the “diabetes” variable has mean 0.04, which indicates that 4.0% of the sample
suffered from diabetes in 2005, while heart and blood pressure problems are reported by 15.6%
of the sample.
Regression results are reported in columns 4 and 5. Most health problems are found to be
statistically significant and positively correlated with the dependent variable, as we would
expect. It suggests that an individual who, for example, has diabetes (the coefficient is 0.52) or
depression (0.81) is more likely to report that their health is poor or very poor. The only health
problems that do not affect individuals’ self-reported health significantly are skin conditions and
epilepsy. We also find that age, gender and education are not statistically significant. This is as
expected: the equation attempts to determine the factors that are linked to self-reported health;
once specific health problems (e.g. diabetes, depression) are taken into account, individual
characteristics, such as age, gender or education, may not be expected to further, systematically,
affect individuals’ self-reported health.
The results of the ordered probit regression are presented in Annex 2 for comparison. All
variables that were found to be significant in the OLS model are also significant in the ordered
probit model.
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We have considered alternative sets of instrumental variables, for example we included smoking, the number of
GP visits and the number of accidents alongside the health problems. The set of instruments presented in Table
5 have passed the Sargan over-identification test.

Table 5: Results for 2005 OLS estimating self-reported health
Independent variables

Mean

St. deviation

Coefficient

St. error

Age

47.023

8.848

-0.016

0.021

Age2

2289.4

830.6

0.000

0.000

Male

0.467

0.500

-0.104

0.181

GCSEs

0.721

0.448

-0.686***

0.243

Age*Male

22.474

24.860

0.002

0.004

Age*GCSE

32.452

21.384

0.011**

0.005

Arms, legs, hands

0.258

0.438

0.511***

0.039

Sight

0.036

0.187

0.223***

0.089

Hearing

0.059

0.236

0.109

0.071

Skin conditions/
allergy

0.129

0.335

-0.019

0.049

Chest/ breathing

0.127

0.333

0.407***

0.050

Heart/ blood pressure

0.156

0.363

0.337***

0.048

Stomach/ digestion

0.068

0.252

0.553***

0.066

Diabetes

0.040

0.196

0.521***

0.086

Anxiety, depression

0.084

0.277

0.813***

0.062

Alcohols, drugs

0.002

0.048

1.458***

0.338

Epilepsy

0.009

0.096

-0.063

0.170

Migraine

0.092

0.289

0.170***

0.058

Other

0.062

0.241

0.559***

0.068

Health problems

R2

0.37

Number of observations

2154

* - significant at 10% level; ** - significant at 5% level; *** - significant at 1% level
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Based on the results of the 1st stage regression, we construct individuals’ health stocks as fitted
values of this regression. More specifically, we take individual objective characteristics and
multiply those by the corresponding coefficients from Table 5.24 Both the reported and the
constructed health stocks are presented in Table 6 below. We use the constructed health stock to
estimate the impact of health on individuals’ productivity and employment status.
Table 6: Summary statistics for the reported and predicted health stocks (based
on the OLS)
Mean

St. dev.

Min

Max

Reported Health Stock

2.177

0.933

1

5

Corrected Health Stock

2.181

0.570

1.63

5.43

4.2.2 2nd Stage – Estimation of the impact of health on productivity and
employment status
In the second stage, we estimate the impact of health on individual’s log hourly wages and
employment status. As explained in Section 3.2, the two equations (wage equation and
participation equation) need to be estimated simultaneously (using the Heckman selection
model). Apart from the constructed health stocks, we take into account individual characteristics
(age, age2, sex, GCSEs 25) and several interaction terms (age*sex, age*GCSEs). We use age as a
proxy for individuals’ work experience and individual’s initial wage (wage in 1991) as a proxy
for individuals’ unobservable characteristics (e.g. ability).26
In Table 7 we present the results of our estimates of the Heckman model 27. The coefficient on
the health stock is negative and significant in both equations28. This is because lower values of
health stock correspond to better health. Therefore, individuals with better health (lower value
of the health stock) are more likely to be in employment and also appear to be more productive
(receive higher hourly wages).

24

Note that the constructed health stocks, as the underlying health status variable, increase if health deteriorates.

25

We considered various educational measures available in the BHPS. However, we have decided to exclude
vocational qualifications (e.g. City & Guilds) because it is difficult to equate standards over different types of
qualifications

26

An alternative approach would be to use panel data and the fixed effects model. We discuss this in more detail in
the next section.

27

The fact that selectivity coefficient (known as rho) in the Heckman model is significantly different from zero
indicates that selectivity is an issue here and, therefore, the use of Heckman selection model is justified. In this
particular case, rho=0.447 and the null hypothesis that rho=0 is rejected with 82% probability.

28

Note, however, that the covariance matrix has not been adjusted to account for the fact that health stocks are
estimated from an auxiliary equation.
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Table 7: The impact of health on log wages and the probability of being in work
(Heckman selection model)
Wage equation

Participation equation

(dependant variable – log hourly
wage in 2005)

(dependant variable =1 if in
employment for the last 6 months; 0
otherwise)

Coefficient

Std. error

Coefficient

Std. error

Health stock

-0.128***

0.037

-0.570***

0.056

Log wage in
1991

0.537***

0.027

Age

0.002

0.023

0.295***

0.039

Age2

-0.000

0.000

-0.027***

0.000

Male

0.438***

0.143

0.948***

0.319

0.089

0.229

1.593***

0.429

-0.007**

0.003

-0.013**

0.006

0.001

0.004

-0.027***

0.008

GCSEs
Age*male
Age*GCSEs

Number of observations (uncensored) =

1339

* - significant at 10% level; ** - significant at 5% level; *** - significant at 1% level
Note: 1991 wage is not included explicitly in the participation equation. There is no theoretical requirement for it to be
included. It is included in the wage equation solely to pick up unobservable individual characteristics.

Footnote 27 notes the potential difficulties with the Heckman selection model. To further
confirm the robustness of the results, and following a referee’s suggestion, we also estimate the
two equations (wage equation and participation equation) separately. The results of these
estimates are presented in Table 8 below. As we would expect, the estimates are slightly lower
(in absolute terms), because this method does not make an adjustment for potential selfselection. The reason for this was discussed in the text around Figure 9: by estimating the
equations separately, the model does not take account of the potential unobservable
characteristics (e.g. ability) that also affect employment outcomes. Nevertheless, the health
stocks coefficients are negative and statistically significant.
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Table 8: The impact of health on log wages – based on 2SLS
Wage equation
(dependant variable – log hourly wage in 2005)
Coefficient

Std. error

Health stock

-0.065**

0.029

Log wage in 1991

0.541***

0.027

Age

-0.031*

0.018

Age2

0.000

0.000

Male

0.341**

0.135

GCSEs

-0.084

0.215

-0.006**

0.003

0.004

0.004

Age*male
Age*GCSEs
R2

0.35

Number of observations

1339

Interpretation of the results in Tables 7 and 8
Ignoring potential biases due to reverse causality, we find that an individual’s health has a
statistically significant impact on their productivity and the probability of being in work.
 Those who are in excellent health earn 4-7%29 more than those whose health is average
(assuming that all other characteristics of these individuals are the same).Those whose
health is poor30 earn 7-15% less than those with average health.31
 Similarly, the probability of being in work declines when an individual’s health status
worsens. More specifically, those with excellent health are about 17% more likely to be in
employment compared to individuals whose health is average. Individuals with poor

health are 34% less likely to be employed compared to those whose health is
average.32

29

This is calculated as the estimated health coefficient times one standard deviation in health stock (which
corresponds to a change from good health to excellent health). The lower end of the range is based on 2SLS
estimation approach (Table 8), while the upper end of the range is based on the Heckman estimate (Table 7).

30

Defined as two standard deviations above the average (good) health

31

The lower end of the range is based on 2SLS estimation approach (Table 8), while the upper end of the range is
based on the Heckman estimate (Table 7).

32

Note that in this specification we compare those who have been in employment for the last 6 months against all
other individuals (i.e. unemployed, early-retired, disabled, caring for family, etc.).
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 All other individual characteristics are found to be significant and the coefficients make
intuitive sense. For example:
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•

males are found to earn higher wages and are more likely to be in employment;

•

individuals with GCSEs are more likely to be in work; and

•

the impact of age has an inverse U-shape: a higher impact for those who are young,
which gradually decreases until middle-age before increasing again into old age.

5 DISCUSSION
The results presented in the previous section indicate that, given the data sets used and
controlling for other factors, there are strong, empirical, links between:
•

the stock of health and GDP growth;

•

individual health status and wages; and

•

individual health status and the probability of being in work.

The analysis that was possible within the budget and timeframe for this work does leave some
issues unresolved (e.g. endogeneity bias, affect of alternative measures of health, capital
expenditure, education etc). At the same time, research published in a recent book edited by
Kessler and Stang (2006) appears to find similar results using quite different approaches to
these issues. Therefore, this analysis provides further evidence of these links. It extends
existing research in specifically investigating UK data and in the detail of the micro
econometric analysis.
The rest of this section discusses its link to wider policy questions and possible extensions of
the work. We divide it into two parts: a discussion of areas where further data collection or
analysis could be undertaken and a discussion of how this work links into some current policy
debates.
Further data and analysis
There are a few areas where data availability has limited the estimation that is currently
possible. Further work and data collection in these areas would help to extend the analysis and
test its robustness:
•

capital expenditure: the capital expenditure time series is short and unreliable. The
estimation indicates that our results are robust to its inclusion or exclusion but a more
reliable data series would provide further support for the results.

•

labour supply: the current measure of labour supply in the macroeconomic approach is
based on employment figures. While we do control for industry composition and
related factors, an alternative would be to aggregate to a regional level hours of
employment using the LFS. This would extent the work to provide further support for
the results.

•

simultaneity bias: our estimates of the impact of health on economic performance may
be biased. Ideally, one would want to use instrumental variables to refine these
estimates. However, in the datasets available to us there were no variables that could be
used as instruments. More data need to be collected (e.g. the quality of environment by
region over time) in order to obtain suitable instruments. However, finding similar
results from both the macroeconomic and microeconomic approaches lends support to
the significance of the relationship found in this analysis.

• larger data sets that specifically identify health issues caused by work would help
to incorporate work related ill-health directly into the statistical estimation. It
will take a long time to build up a suitable macroeconomic data set (e.g. to
implement the top-down approach developed in this paper). The most fruitful
approach may be to try to develop individual-level data relating specifically to ill
health caused by work. Fit 3 has made a good start on this regard. Another
option would be to examine whether it is possible to include specific questions
into the BHPS that would allow ill-health caused by work to be specifically
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identified. This would provide a single, well recognised source for future
investigation.
• greater differentiation between short-term and long-term illnesses (and health
conditions more generally) and their consequences might be possible with more
detailed data sets. The HSE has access to a more detailed GP surveillance
scheme that investigates the link between GP detected ill-health and its cause
(i.e. work-related or other). Incorporating data from this survey might shed
further light on this issue. Other approaches include taking advantage of the
Self-reported Work-related Illness (SWI) and Workplace injury modules of the
LFS to explore these issues in more detail.
If these results are upheld under further analysis, they provide additional support for continued
efforts to improve the overall health of the population, and specifically to minimise ill health
caused by work.33
Without the need for further data collection, more work could be done on the existing data set to
examine these issues. The BHPS is an extremely rich dataset, which can shed more light on the
relationship between individuals’ health history and their movements in and out of employment.
In particular, it is possible to undertake more detailed time-series analysis that tracks specific
individuals across time and different health statuses. This type of analysis could be used to shed
more light on the links between both permanent and transitory health conditions (on the one
hand) and wage and employment outcomes (on the other hand).
Policy links and extensions
An issue that has important policy implications but can only be touched on in this paper is the
nature of the illness. In particular, the different impacts of short-term compared to long term
illnesses. Very different policies are required to deal with the two and depending on their
relative impacts on the economy; Government may want to target resources appropriately. As
mentioned in this paper, the measures used here appear to relate mainly to medium to longer
term conditions. A more detailed exploration of how changes in economic performance depend
on the length and type of illness could help to inform the targeting of policies. Some of the data
collection and analyses discussed above (e.g. use of GP surveillance scheme, SWI module,
time-based analysis of BHPS) could provide further information in this area.
Understanding the magnitude of the impact of different types and lengths of illnesses would
help to inform the focus of policy. It would build further on other studies (e.g. Sainsbury
Centre, 2007) that also estimate the magnitude of the impact of ill-health caused by work. To
then decide on how best to intervene it is further necessary to understand the mechanism
through which ill-health impacts economic performance. Section 2.1 briefly discussed the
channels through which ill health affects economic performance. A more detailed exploration
of this theme (e.g. see Christensen et al, 2007 for one example) would then help to inform
policy development.
One particular policy area that this more detailed analysis might help is that of incapacity
benefit. One of the most robust findings of this work is the link between ill-health and the
probability of employment. A recent report by Kemp and Davidson for the Department of
Work and Pensions specifically examined routes into incapacity benefit (IB).34 The results of
33

Clearly the precise role of government must also take other factors into account (e.g. whether market failures
exist, the social costs and benefits of different interventions). A full discussion of this is beyond the scope of this
paper. The results suggest an empirical link.

34

Kemp, P and Davidson, J “Routes onto Incapacity Benefit: Findings from a survey of recent claimants”, DWP
Research Report 2008 (forthcoming).
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their survey of recent claimants are consistent with the findings of this study. Unsurprisingly
given the purpose of IB, they find a strong link between health conditions and incapacity benefit
claims. More notably, they find that the most commonly reported problem relates to depression
and that 71% of claimants who had been in paid work prior to their IB claim has no access to
occupational health services through their employer. Their findings are also consistent with the
actual data on IB flows. In particular, DWP data indicates that the total number of IB claimants
receiving payment for “mental and behavioural disorders” has risen steadily from around
600,000 in 1995 to over 1,000,000 by 2005.
It is beyond the scope of this paper to discuss the precise drivers of IB claims. Indeed,
considerable work is being undertaken within DWP to examine this issue. However, this paper
provides a link between IB claimants (and others in poor health but still able to work) and
economic performance. This, alongside an understanding of the drivers of IB claims, provides
the foundation for understanding the costs and benefits of alternative government programmes
to address ill-health, and ill-health caused by work specifically. This report quantifies the
potential benefits (in terms of GDP growth, productivity and employment levels) that might
arise from improved overall health and a decrease in ill-health caused by work. Against this
must be set an analysis of market failures and the costs of particular policies to address specific
market failures in order to fully understand the impact of alternative interventions.
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6 CONCLUSIONS
Our approach to exploring the link between health and economic performance is two-pronged:
 Macroeconomic approach – Using UK regional data, we estimate a growth equation that
attributes economic growth to growth in employment and in physical and human capital.
Since health is an important component of human capital, we investigate the relationship
between health of the population and economic growth.
 Microeconomic approach – Using individual level data we estimate the impact of health
on individuals’ productivity and employment status.
Results based on macro approach
Our macro analysis demonstrates that:
 Health stocks are significant in all specifications. The coefficients of the GHS health
measures are negative and statistically significant. They imply that the elasticity of GVA
growth with respect to a change in the stock of people with poor health and/or long-standing
illness is about 0.02.
We also use the survival rates as an alternative measure of health. We find that the elasticity
of GVA growth with respect to changes in survival rates is 0.23.
 Changes in health stocks are marginally significant. This suggests that transitory changes
in health of the population may have a limited impact on GDP growth. However, this result
needs to be interpreted with caution. It may be driven by the small sample size, insufficient
variability in the data between 1995 and 2005 and the specific measures of health used in
this analysis. It is possible that similar estimates over a longer period of time and/or across
more diverse regions and health indicators would result in different estimates.
 Our estimates are robust to the inclusion of changes in the industry structure and
other sensitivity analysis. More specifically, the health coefficient changes very little under
alternative specifications, most particularly the explicit inclusion of controls for industry
structure.
Results based on micro approach
In order to estimate the impact of health on individuals’ productivity and labour force
participation, we construct “health stocks” for each individual and estimate their impact on
individual’s productivity (proxied by hourly wages) and employment status.
We find that an individual’s health has a strong statistically significant impact on their
productivity and the probability of being in work.
 Those who are in excellent health earn 4-7% more than those whose health is average.
Those whose health is poor earn 7-15% less than those with average health.
 The probability of being in work declines as individual’s health status worsens.

More specifically, those with excellent health are 17% more likely to be in
employment compared to those whose health is average. Individuals with poor
health (defined as two standard deviations below the mean) are 34% less likely to be
employed compared to those whose health is average.
The link between health in general and ill-health caused by work
Economic performance is affected by the general health of the population, which in turn may
depend on the prevalence of work-related ill-health. The final step of our analysis is to estimate
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the impact of work-related ill-health on economic performance. We use the HSE’s ‘Fit 3’
programme and the LFS to assess the extent to which general ill-health is attributable to work.

In Fit3, 80.5% of the sample report that they suffered one of the 31 health conditions in
the last 3 months and 47.9% of the sample attribute these conditions to work. The LFS
(2005-06) report that 41.8% of the sample were suffering a health problem or disability
they expected would last more than a year and around 4.6% of the entire LFS sample
suffered a work-related illness.
The differences in figures are explained by differences in the sets of conditions taken into
consideration, with the LFS capturing mainly long-term serious illnesses and Fit 3 focusing on
short-term less serious ones. Since our econometric analysis focuses on the impact of medium
and long-term illnesses on economic performance, the LFS figures are more relevant. It is
possible to calculate the proportion of those in the LFS who have a health problem that they
expect to last more than a year and also report a work-related illness. This is about 8.2%.35 It is
not possible to tell from the survey whether the work-related illness is the same as the health
problem they report. However, it is the same sub-set of people who respond to both questions.
This, in turn, provides some evidence and support for policies to tackle ill-health caused by
work, as one component in Government’s efforts to improve economic performance.
The terms of reference identified some specific questions of interest to the HSE. The analysis
and results presented above also respond to these questions:
•

What are the variables that need to be included in a model to describe the relationship
between health at work, the general health of the population and GDP or GDP growth?
The two pronged approach takes uses the many variables discussed in this paper,
including various measures of health, various measures of economic performance and a
range of important control variables (e.g. education, age, industry structure,
employment, capital expenditure).

•

How stable do we expect this relationship to be over time? The macroeconomic
analysis covers a 10 year period and the microeconomic analysis a 15 year period. To
the extent that we can test, the relationships are stable over these time periods.
However, extending the existing datasets would allow a further testing of this stability.

•

What data are needed to test the model empirically? This paper has tested the
relationships using several data sets, including National Statistics regional-level data and
individual-level data from the British Household Panel Survey.

•

What is the quantitative contribution of health at work to the overall health of the
population? Fit3 data suggest that 47.9% of individuals with health problems attribute
their illnesses to work, while the LFS (2005-06) report that around 4.6% of the entire
LFS sample of individuals suffer a work-related illness each year. The differences in
figures are explained by differences in the sets of conditions taken into consideration,
with the LFS capturing mainly long-term serious illnesses and Fit 3 focusing on shortterm less serious ones.

• What is the contribution of the population’s health on GDP or GDP growth?
There is a significant contribution of general health on GDP growth. The
macroeconomic approach indicates that the elasticity of GVA growth with
respect to a change in survival rates is 0.23, while the elasticity with respect to

35
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Formally, this takes the sample of those who report a health problem that they expect to last more than a year.
Of that sample, 8.2% report a work-related illness. It is not possible to know from the survey whether the illness
they report and expect to last more than a year is the same as the work-related illness.

changes in the proportion of individuals with poor health is 0.02. The
microeconomic approach indicates that those who are in excellent health earn 37% more than those whose health is average. Those whose health is poor earn 614% less than those with average health.
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ANNEX 1 – DATA USED IN THE TOP-DOWN ANALYSIS,
DESCRIPTIVE STATISTICS
The table below presents descriptive statistics for variables used in the top-down
analysis (see Section4.1).
Table 9: Top-down analysis, descriptive statistics
Mean

St. dev

Min

Max

GVA growth rate

0.026

0.011

0.005

0.062

Growth in employment

0.008

0.009

-0.012

0.027

Investment

0.112

0.016

0.094

0.143

Health 1 in 1995 (% of individuals
reporting that their health is not good)

10.417

2.213

6.786

13.128

Health 2 in 1995 (% of individuals
reporting long-standing illness)

18.637

2.538

16.308

24.121

Health 3 in 1995 (% of individuals in
poor health and reporting longstanding illness)

7.916

2.193

4.734

11.345

Survival rates in 1995

0.850

0.017

0.815

0.876

Education in 1995

23.291

3.410

20.300

32.300

Number of observations
Source: ONS, GHS data; Frontier analysis
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ANNEX 2 – BOTTOM-UP ANALYSIS: CONSTRUCTING HEALTH
STOCKS USING ORDERED PROBIT
The results presented below provide the ordered probit estimation of the Stage 1
regression discussed in section 4.2 as a comparison to the OLS results presented in that
section.
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Table 10: Results for 2005 ordered probit estimating self-reported health
Independent variables

Mean

St. deviation

Coefficient

St. error

Age

47.023

8.848

-0.029

0.032

Age squared

2289.4

830.6

0.000

0.000

Male

0.467

0.500

-0.145

0.267

GCSEs

0.721

0.448

-1.015***

0.356

Age*Male

22.474

24.860

0.002

0.006

Age*Education

32.452

21.384

0.016**

0.007

Arms, legs, hands

0.258

0.438

0.710***

0.059

Sight

0.036

0.187

0.304**

0.127

Hearing

0.059

0.236

0.135***

0.103

Skin conditions/
allergy

0.129

0.335

-0.019

0.072

Chest/ breathing

0.127

0.333

0.549***

0.073

Heart/ blood pressure

0.156

0.363

0.468***

0.070

Stomach/ digestion

0.068

0.252

0.721***

0.096

Diabetes

0.040

0.196

0.695***

0.123

Anxiety, depression

0.084

0.277

1.018***

0.091

Alcohols, drugs

0.002

0.048

1.821***

0.498

Epilepsy

0.009

0.096

-0.059

0.248

Migraine

0.092

0.289

0.246***

0.085

Other

0.062

0.241

0.766***

0.098

Health problems

Pseudo R2
Number of observations
* - significant at 10% level; ** - significant at 5% level; ***- significant at 1% level
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ANNEX 3 – TOP-DOWN ANALYSIS USING ALTERNATIVE
MEASURES OF HEALTH STOCK
The estimation reported in Section 4.1 has been repeated, using alternative data to
construct the ‘health stocks’ variable. The HSE provided data, by Government Office
Region, for the following three variables capturing various dimensions of work-related illhealth:
• Illness Rate – Prevalence of illness per 100,000 individuals
• Illness Days Lost – Average days lost due to work-related illness
• Injury Days Lost – Average days lost due to workplace injuries
The data indicated reasonable variation between region and over time for each of the three
health variables. The illness rate data is illustrated in Figure 11.
Figure 11: Illness rate (per 100,000 individuals), by region
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The data for average days lost due to work-related illness are shown in Figure 12.
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Figure 12: Average days lost due to work-related illness, by region
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A more obvious (downward) trend is observed in the data for workplace injuries, illustrated
in Figure 13.
Figure 13: Average days lost due to workplace injury, by region
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The data is available for four consecutive years across 11 regions (10 regions in the case of
injuries).
Given the limited period for which the data is available, attempting to relate changes in these
measures of ill-health to economic performance would not be statistically robust. The data
was therefore averaged over the annual observations to construct an average (ill-)‘health
stock’, similar to the approach in the main paper.
This health stock, which exhibits reasonable variation across regions, was used to repeat
the analysis of Section 4.1. The three health stocks described above were used in place of
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the health stocks and changes in health measures used in the original analysis. The results
of the estimated growth equation are given in Error! Reference source not found..
Table 11: Estimates of the growth equation

Illness Rate

Illness Days

Injury Days

0.296

0.258

0.324*

(0.159)

(0.158)

(0.169)

-0.054

-0.018

0.005

(0.067)

(0.066)

(0.083)

Education
stock in 1995

-0.001*

-0.001

-0.001*

(0.001)

(0.001)

(0.001)

Changes in
education

-0.002

-0.001

-0.001

(0.002)

(0.002)

(0.002)

Health stock
average

-0.000005*

-0.018**

-0.033*

(0.000003)

(0.007)

(0.019)

Number obs.

110

110

100

0.096

0.123

0.119

Growth in
employment
Growth in
capital stock

Adjusted R

2

* - significant at 10% level; ** - significant at 5% level; ***significant at 1% level

We find that under each specification, health stocks have an intuitive sign: greater ill-health
caused by work has a negative impact on economic performance and the impacts are
statistically significant.
However, it is important to note one difference between the health stock created in the
main paper and the health stock used for the analysis above. The health stocks used in the
main paper reports 1995 observations of health outcomes. The data used here reports
average health outcomes over the period 2003-06. It is unclear whether economic
performance over the period 1995-2005 can be causally attributed to the 2003-06 average
health stocks. It would be more in-keeping with the theoretical foundations for actual
health in 1995 to contribute to future growth rates.36
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Furthermore, the variability in the measures of health used for this analysis would draw into question whether the
average of 2003 to 2006 is a good proxy for 1995 health stock in those dimensions.
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