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ABSTRACT
Objectives To estimate the social costs of occupational
asthma in the UK.
Methods A desk-top approach using cost-of-illness
methodology was employed, defining direct and indirect
lifetime costs for six scenarios: a male and a female
worker each exposed to isocyanates, latex and biocides
(eg, glutaraldehyde) or flour. The numbers of new cases
annually in each industry were estimated from Survey of
Work-related and Occupational Respiratory Disease
(SWORD) data. The main outcome measure was the
current value total working lifetime costs of new cases
annually for each scenario.
Results Assuming 209 new cases of occupational
asthma in the six scenarios in the year 2003, the present
value total lifetime costs were estimated to be
£25.3e27.3 million (2004 prices). Grossing up for all
estimated cases of occupational asthma in the UK in
2003, this came to £70e100 million. About 49% of
these costs were borne by the individual, 48% by the
state and 3% by the employer.
Conclusions The cost to society of occupational asthma
in the UK is high. Given that the number of newly
diagnosed cases is likely to be underestimated by at least
one-third, these costs may be as large as £95e135 million.
Each year a new stream of lifetime costs will be added as
a newly diagnosed cohort is identified. Approaches to
reduce the burden of occupational asthma have a strong
economic justification. However, the economic burden
falls on the state and the individual, not on the employer.
The incentive for employers to act is thus weak.

BACKGROUND
Occupational asthma is common with around 3000
new cases diagnosed annually in the UK, but it
remains underdiagnosed.1 A diagnosis of occupa-
tional asthma has major implications for the indi-
vidual, their family, the state and the employer.
The individual may have to leave a well-paid job for
one that is less well-paid, leave the workforce
completely or remain in the same job and run the
risk of worsening asthma,1 which may have
considerable social and economic implications.
Employers may suffer financially from loss of
a skilled worker (thus needing to employ and train
a replacement) and/or through introduction of
expensive exposure controls in the workplace.1

The NHS costs of asthma in the UK have been
estimated at around £750 million per annum (2004
prices)2 3 while estimates from other countries vary,
largely because of different approaches to cost-
ing.4e9 Costs increase with asthma severity,10e12

those for mild asthma being about half those for
moderate asthma, and severe asthma costing about
2.5 times more than moderate asthma. There is less

information on the costs of occupational asthma.
The total annual costs of occupational asthma in
the USA have been estimated at £1.3 billion, three-
quarters being direct costs.13 For the affected indi-
vidual, loss of income from having to change jobs is
significant, income loss estimates ranging from 22%
to 50%14e16 with 20e80% of those workers
changing jobs suffering some loss of income.14e17

Those removed from exposure show greater income
loss.16 However, those in higher socioeconomic
groups find it easier to diversify into related
careers,18 while one Canadian study reported that
around one-fifth of individuals reporting income loss
have this at least partly offset by receipt of perma-
nent disability benefit.16 In a UK study, disability
benefits received by 205 individuals with occupa-
tional asthma through to retirement age have been
estimated at about £1.8 million and the cost of their
lost work potential at £5e10 million.19

The Health and Safety Executive (HSE) has
estimated that, in the UK over a 10-year period,
assuming 3000 new cases of occupational asthma
annually, the cost of occupational asthma is £1160
million although this estimate was based on a
number of assumptions where evidence was limited.20

The aim of this study was to undertake
a scenario-based estimation of the social costs of
occupational asthma in the UK, taking into
consideration the total costs of the disease over the
lifetime of affected individuals.

METHODS
A literature review of the costs of asthma and of
occupational asthma along with the costs of related
impacts was first undertaken. This was limited to
the English literature since 1990 that contained
explicit descriptions of the methods of economic
valuation used. Information from this review was
used to inform the second component of the study
which comprised a desk-top ‘cost-of-illness’ study
to estimate the costs of occupational asthma in the
UK. This second phase comprised construction of
an evidence-based model of new occurrence/diag-
nosis of occupational asthma to predict the effects
on an individual’s ability to work and their wider
life, including use of health services. It was based
on a hypothetical male and a female employee
developing occupational asthma having been
exposed to one of three typical exposures: (1)
isocyanates, (2) latex or glutaraldehyde (essentially
healthcare workers) or (3) flour or grain, giving six
separate scenarios. The third stage involved putting
monetary values on the predicted effects attribut-
able to occupational asthma. The costs were
attributed separately to the individual, the
employer and the state. A full description of the
methodology can be found on the HSE website.21

See Editorial, p 92
1Institute of Occupational and
Environmental Medicine, School
of Health and Population
Sciences, University of
Birmingham, Birmingham, UK
2Metroeconomica, University of
Bath, UK
3Institute of Occupational
Medicine, Edinburgh, UK

Correspondence to
Jon G Ayres, Institute of
Occupational and Environmental
Medicine, School of Health and
Population Sciences, University
of Birmingham, Birmingham B15
2TT, UK; j.g.ayres@bham.ac.uk

Received 8 February 2010
Accepted 16 September 2010
Published Online First
21 November 2010

128 Thorax 2011;66:128e133. doi:10.1136/thx.2010.136762

Asthma

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2010.136762 on 21 N

ovem
ber 2010. D

ow
nloaded from

 

http://thorax.bmj.com/


Using data from the Survey of Work-related and Occupational
Respiratory Disease (SWORD) scheme22 that is used by the HSE
for following trends in occupational lung disease in the UK, the
likely number of individuals developing occupational asthma in
a given year was estimated and then extrapolated to estimate
the total affected number of individuals in the UK. Data from
the UK Labour Force Survey were used to define the respective
populations of exposed workers, the approach used in SWORD,
and total lifetime (direct and indirect) costs for each of the case
study workers were generated using the following equation:

PVTCn
UK ¼ +

a

+
g

+
o

PVALCCn
ago3NCn

ago

where a is the sensitising (or causative) agent, g is gender, o is
occupation, PVTCn

UK is the present value total cost of new
incident cases of occupational asthma in Great Britain in year n
where n is the year in which the latest new incident data for
occupational asthma are available (in this case 2003), NCn

ago is
the number ofnew cases of occupational asthma assessed in year
n from exposure to agent a by individual of gender g and occu-
pation o, PVALCCn

ago is the present value (weighted average)
total lifetime cost per case of occupational asthma due to indi-
vidual of gender g and occupation o being exposed to agent
a (weighted average lifetime cost between ‘survivors’ and
‘non-survivors’).

Costs incurred by the individual, employers and taxpayers (or
government) were separately assessed, the sum of these being
taken as the social cost of occupational asthma.

Direct costs
These were defined as the cost of using healthcare resources to
diagnose, treat and rehabilitate workers suffering from occupa-
tional asthma, plus non-medical costs incurred by the affected
worker. Healthcare costs incurred by the NHS were distin-
guished from those incurred by the individual. Additional
expenditure made by individuals because of occupational
asthma, and by the government in administering relevant
benefits (paid while the individual is of working age), were also
considered. The costs of treating occupational asthma were
assumed to be the same as for non-occupational asthma. Specific
costs were calculated with upper and lower bounds to allow
worst and best case scenarios to be addressed. The unit values
used to assess direct costs are summarised in table 1.

Indirect costs
For the individual, indirect costs of occupational asthma
comprise lost income and ‘human costs’ from the pain and
suffering experienced by the affected worker, and the grief
experienced by family and friends. Lost income is affected by an
individual’s employment status, depending on whether the
patient after diagnosis has returned to work with the same
employer, either performing the same job or switching jobs, or

whether changing employer or retiring from the labour force.
Separately for the three sensitising agents, the gross annual
salary of the average exposed male and female worker was
calculated using the 2004 New Earnings Survey for the UK,
deducting income tax payments and employee National Insur-
ance contributions to derive the net annual salary and making
certain assumptions (box 1). The reduction in net annual salary
provides a measure of loss to the individual after allowing
for any benefits received. ‘Human costs’ were approximated
using values from willingness-to-pay studies of health outcomes
relevant to occupational asthma.21

For the employer, indirect costs were defined as the opportu-
nity cost of foregone productivity. Three categories of indirect
costs to employers were identifieddnamely, costs arising from
sickness absence, costs of labour turnover and compensation and
insurance costs. The costs of workplace modification were
not estimated as such costs are very site-specific and are largely
one-off, nor were the costs of law suits or the costs of insurance
assessed. Moreover, workplace modifications are a mitigation
measure and, strictly speaking, a cost of reducing the burden of
the disease and not a cost of the disease itself. As a consequence,
overall employer costs will have been underestimated although,
when considering all relevant employers across the UK, probably
only to a small degree. The cost of workplace visits by the HSE
was likewise not estimated because of their site specificity and
unpredictability.

Total costs
The direct and indirect costs estimated above are annual costs,
with the exception of labour turnover and premature mortality,
both of which are one-off non-recurring costs. When a worker is
diagnosed with occupational asthma, a stream of annual costs is
generated over time. To capture the total cost of a new case of
occupational asthma, these annual costs were summed by

Table 1 Breakdown of direct cost estimates per patient

Planned general practice visits £14e19

Unplanned general practice visits £16e27

Annual spend on medication £3e38

Average annual cost of hospital inpatient services £63e137

Annual average costs of outpatient services £9e15

Annual savings in commuting costs as a result of being off sick £15e21*

Annual average travel costs to engage healthcare services £8

Administration costs for administering industrial injuries benefit (men) £378

Administration costs for administering industrial injuries benefit (women) £371

*Assuming 3.5 and 4.7 days sick leave per year, respectively.

Box 1 Assumptions made in determining indirect costs

1. In 25% of cases the individual will remain with the same
employer, performing the same job.
e That 30% of these individuals will experience a reduction

in take home salary of 20%.
2. In 25% of cases the individual will remain with the same

employer, but switch jobs.
e That 20% of these individuals will experience a reduction

in take-home salary of 20%.
3. In 15% of cases the individual will change employer.*

e That 85% of these individuals will experience a reduction
in take-home salary of 50%.

4. In 15% of cases the individual will retire from the labour force.
e That 100% of these individuals will experience a reduction

in take-home salary of 100%.

*The studies reviewed show that, at the time of follow-up, about
20% of individuals with asthma are unemployed. We have
assumed that these individuals will ultimately find new employ-
ment, although some may retire from the labour forcedthat is, in
35% (15% + 20%) of cases the individual is assumed to change
employer (and that 85% of these individuals will experience
a reduction in take-home salary of 50%). We are therefore
overestimating the salary loss if these individuals return to work
with the same employer, and underestimating the salary loss if
these individuals retire from the labour force.
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calculating the present value of the cost stream. In calculating
the present value lifetime cost of occupational asthma for each
of the six case study workers, additional assumptions were
made.21 Upper and lower bound estimates were calculated
incorporating the relevant assumptions made in each case and
the results are presented as ranges.

RESULTS
Numbers of cases of occupational asthma
The total number of new cases of occupational asthma in Great
Britain in 2003 for the three job exposures was estimated to be
2097 male and 21 female workers exposed to latex or glutaral-
dehyde, 104 male and 4 female workers exposed to isocyanates,
and 45 male and 28 female workers exposed to flour or grain.

Direct costs
Most direct costs did not differ between industry sector or
gender, and ranged from £530 to £715 per annum per case,
with Department of Work and Pensions (DWP) costs for
administration of benefits being roughly equivalent to the direct
medical costs of treatment. All costs are measured in 2004 prices
(table 2).

Indirect costs
These were much higher than direct costs. Benefits costs to
taxpayers were similar for all cases, ranging from £1525 to £1685
per annum per case. The highest annual costs were loss of
employment income to individuals, with a loss of net annual
take home pay after allowing for potential state benefits of between

£1555 and £5935 annually per case, with costs to men much
higher than to women, reflecting higher annual pay (table 3).
Employers’ costs were much smaller, ranging from £200 to

£895 per case. Estimated morbidity costs to individuals,
measured by their willingness to pay to avoid quality of life
reductions associated with the disease, were even smaller at
£145e240 per year per case (table 3), although these could well
be underestimated. Individuals’ total willingness-to-pay to avoid
the risk of death due to occupational asthma is small, ranging
from £70 to £135 per year per case.

Total costs
The total present value costs to society, cumulated over a life-
time and aggregated across the 209 new cases annually in the six
scenarios, range from £25.3 to £27.3 million, equivalent to
between £120k and £130k per average case. For male workers the
total present value costs range from £19.9 to £21.4 million
(between £130k and £135k per average case) and for female
workers from £5.3 to £5.8 million (between £100k and £110k per
average case). Across the six scenarios and assuming that the
average worker has moderate symptoms, workers with mild or
severe symptoms will cost society between £70k and £75k and
£320k and £345k respectively per worker over their lifetimes
(table 4).
The total present value cost for all cases of occupational

asthma in the UK, assuming that the costs for other cases would
be broadly similar to those in these six scenarios, lies between
£71.7 and £100.1 million (equivalent to £3.4 to £4.8 million per
year annualised over the lifetime of individuals affected in 2003)

Table 2 Direct resource costs of occupational asthma for six case study individuals (2004 prices, £ per person per year)

Cost component Incidence

Latex or glutaraldehyde Isocyanates Flour or grain

Male Female Male Female Male Female

General practice (planned) Taxpayer +14 to +19 +14 to +19 +14 to +19 +14 to +19 +14 to +19 +14 to +19

General practice (unplanned) Taxpayer +16 to +27 +16 to +27 +16 to +27 +16 to +27 +16 to +27 +16 to +27

Medication (net) Taxpayer +62 to +107 +62 to +107 +62 to +107 +62 to +107 +62 to +107 +62 to +107

Hospital admissions Taxpayer +63 to +137 +63 to +137 +63 to +137 +63 to +137 +63 to +137 +63 to +137

Outpatient services Taxpayer +9 to +13 +9 to +13 +9 to +13 +9 to +13 +9 to +13 +9 to +13

DWP admin (SSP) Taxpayer +4 to +6 +4 to +6 +4 to +6 +4 to +6 +4 to +6 +4 to +6

DWP admin (IB and IIDB) Taxpayer +378 +371 +378 +371 +378 +371

Subtotal Taxpayer +546 to +687 +539 to +680 +546 to +687 +539 to +680 +546 to +687 +539 to +680

Prescription charges Individual +3 to +38 +3 to +38 +3 to +38 +3 to +38 +3 to +38 +3 to +38

Commuting Individual �22 to �16 �13 to �10 �22 to �16 �13 to �10 �22 to �16 �13 to �10

Additional transport Individual +8 +8 +8 +8 +8 +8

Subtotal Individual �11 to +30 �2 to +36 �11 to +30 �2 to +36 �11 to +30 �2 to +36

Total direct resource costs Society +535 to +717 +537 to +716 +535 to +717 +537 to +716 +535 to +717 +537 to +716

SSP, statutory sick pay; IB, Incapacity Benefit; IIDB, Industrial Injuries Disablement Benefit.

Table 3 Indirect cost of occupational asthma for six case study individuals (2004 prices, £ per person per year)

Cost component Incidence

Latex or glutaraldehyde Isocyanates Flour or grain

Male Female Male Female Male Female

Net IB and IIDB Taxpayer +1525 +1610 +1610 +1665 +1635 +1685

SSP Taxpayer +24 to +33 +24 to +33 +24 to +33 +24 to +33 +24 to +33 +24 to +33

Subtotal Taxpayer +1549 to +1558 +1634 to +1643 +1634 to +1643 +1689 to +1698 +1659 to +1668 +1709 to +1718

Reduction in net income Individual +5935 +2535 +3030 +1735 +2535 +1555

Human costs of ill health (morbidity) Individual +145 to +238 +145 to +238 +145 to +238 +145 to +238 +145 to +238 +145 to +238

Subtotal Individual +6080 to +6173 +2680 to +2773 +3175 to +3268 +1880 to +1973 +2680 to +2773 +1700 to +1793

Cost sickness absence Employer +256 to +343 +130 to +174 +158 to +212 +109 to +146 +137 to +183 +98 to +132

Total indirect costs (annual) Society +7885 to +8074 +4444 to +4590 +4967 to +5123 +3678 to +3817 +4476 to +4624 +3507 to +3643

Expected mortality cost (one-off cost) Individual +90 to +135 +70 to +105 +90 to +135 +70 to +105 +90 to +135 +70 to +105

Labour turnover (one-off cost) Employer +130 to +520 +130 to +520 +93 to +372 +93 to +372 +78 to +312 +78 to +312

Total indirect costs (one-off) Society +220 to +655 +200 to +625 +183 to +507 +163 to +477 +168 to +447 +148 to +417

SSP, statutory sick pay; IB, Incapacity Benefit; IIDB, Industrial Injuries Disablement Benefit.
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for the estimated 631 cases identified in that year. The costs for
male workers are more than twice that for female workers,
largely reflecting the number of men exposed to relevant agents
in the UK and their greater loss of income. Allowing for an
underestimation of occupational asthma diagnosis by one-third,
the total present value costs to society from all potential cases in
2003 could be between £95 and £135 million. Each year will
produce a stream of new lifetime costs which will increase year
on year, but these are difficult to estimate securely because of
changes in exposure controls, management of occupational
asthma over time and cohort attrition.

Attribution of costs
For all 631 incident cases annually (2003 data), the largest
burden falls on the individual worker, with present value total
costs ranging from £35.5 to £49.0 million (49% of the total cost),
which is slightly more than that borne by taxpayers. The total
present value cost of occupational asthma to employers is rela-
tively small, ranging from £2.0 to £3.7 million (3e4% of the
total cost), which is equivalent to between about £3200 and
£5900 per average worker diagnosed with occupational asthma,
although these costs do not include remedial alterations in the
workplace for the reasons set out above (figure 1).

Even if all assumptions are combined to create a ‘worse case’
for employers, their share of present value total costs only
increases to 5e10%.

DISCUSSION
The study has shown that the overall costs of occupational
asthma to the UK are high and significantly greater than those

estimated by the HSE.20 In addition, the study has shown that
the worker and the state bear the great majority of the burden
with the employer, even in the most pessimistic case, bearing
less than 10% of the overall costs.
The approach used here to assess the costs of occupational

asthma in the UK was chosen to enable estimation of cumula-
tive lifetime costs. A workplace-based individualised approach
would have had the problem of being less likely to be extrapo-
lated to the wider population, although it would have allowed
more accurate assessment of workplace costs to the employer.
Cost-of-illness studies (the approach used in this study) help
identify the different components of the social cost of a disease
but work on a range of assumptions.23 However, the assump-
tions made in this study are based on UK relevant and validated
data in terms of health costs. Previous studies of the costs of
asthma have usually used the human capital method, breaking
total costs into direct (medical resource) and indirect costs
(foregone productivity or opportunity costs), adopting a preva-
lence-based approach in which all expenditures are estimated for
all cases in a specific year without estimating the cumulative
effect over consecutive years.24 The approach used here allows
more accurate assessment of new cases occurring during the
time period under consideration, thus enabling a stream of costs
relating to a single patient over time to be generated prospec-
tively. This provides a more realistic longer term estimate of
costs, and thus the cumulative benefit of assessing the value of
interventions to reduce the incidence of new cases24 which is
most relevant in terms of policy development.
The estimated costs are high and, as the number of newly

incident cases of occupational asthma may be underestimated
by up to one-third,1 the total present value costs to society could
be as high as £95e135 million, considerably higher than the
HSE’s previous estimate21 of an average cost per case to society
over a 10-year period of £43 000 in 2001. Applying the HSE’s cost
per case20 to the estimated 631 newly incident cases of occu-
pational asthma for 2003 used in this analysis generates an
annual cost of close to £2.9 million (in 2004 prices) compared
with the annualised cost from this study of £3.4e4.8 million.
This difference is explained by the additional cost components
included in the present study (eg, costs of labour turnover,
administration of benefits) and the estimation of lifetime costs
in the present study as opposed to costs over a 10-year period.
The estimates for 1 year ’s worth of new cases result in a total
present value cost to society of between £71.8 and £100.0
million. There is a marked gender difference with the costs for

Figure 1 Incidence of total present
value costs to society of reported newly
incident cases of occupational asthma
in Great Britain in 2003 (2004 prices).
Results using (A) the lowest average
cost per worker and (B) the highest
average cost per worker.

(a) Lowest average cost per worker (b) Highest average cost per worker

(present value total cost = £71.8 million) (present value total cost = £100.1 million)

Taxpayer Employer Individual

49.0%

Taxpayer Employer Individual

47.7%

2.8%

49.4%

47.3%

3.7%

Table 4 Estimated present value lifetime total costs for new cases of
occupational asthma in 2003 by gender and sensitising agent (£000,
2004 prices)

Taxpayer Employer Individual Society

Latex or glutaraldehyde

Male 387e416 38e53 890e919 1314e1387

Female 1213e1323 48e74 1022e1113 2301e2510

Isocyanates

Male 5980e6406 343e489 6977e7408 13300e14303

Female 241e258 8e11 139e157 388e426

Flour and grain

Male 2619e2803 131e185 2560e2746 5309e5734

Female 1700e1820 50e70 892e1011 2642e2901
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male workers as a group being over twice that for female
workers, reflecting the number of men exposed to relevant
agents in the UK, as well as their higher income in at-risk
occupations.

Poorly controlled asthma, whether primarily due to an occu-
pational exposure or not, is a cause of work loss10 11 and is likely
to be an important cause of presenteeism.25 Developing occu-
pational asthma increases the risk of becoming unemployed,26

one study estimating a fall in income of one-third following
diagnosis.27 Our data would support this, with costs falling
heavily on the individual worker and society sharing around 97%
of the overall burden. Both affected employees and the state
could benefit considerably if new cases of occupational asthma
were reduced with gross gains of between about £70.0 and £96.8
million over the lifetime of those workers diagnosed. In contrast,
the costs imposed on employers are relatively small, although
this estimate does not include costs of workplace modification,
litigation or surveillance programmes where instituted.
Although employers could save between £3200e5100 on average
over the working life of each employee with occupational
asthma, at present there is relatively little financial incentive for
employers to intervene to reduce the number of new cases of
occupational asthma, despite the fact that significant benefits
would accrue to the rest of society. Employers’ costs (from civil
litigation, modifications to the workplace and work absence)
have been reported to be 2.5 times higher for employees with
asthma than for non-asthmatic employees (US$5385 vs US
$2121, 1998 prices),28 while wage replacement costs for lost
work days (40%) account for almost as much as direct medical
care costs (43%) incurred by the employer. A further employer
cost is surveillance programmes and, although it is not clear how
many workplaces in the UK where exposure to asthmagenic
agents occurs undertake surveillance, it may raise awareness of
the likelihood of occupational asthma in both workforce and
employers.29 We did not cost workplace surveillance in our
study, although a recent estimate from the USA using a model-
ling approach has suggested that annual surveillance using
spirometry and a questionnaire could reduce the number of cases
at an incremental cost of around US$24 000 per quality-adjusted
life year. This equates to a cost per symptom-free day of around
US$13,30 although these estimates were sensitive to assump-
tions on sensitisation rates, removal rates and time to diagnosis.

Removal or reduction of exposures to asthmagenic agents in
the workplace will therefore result in considerable cost savings:
from this analysis the maximum realisable benefit to society
would range from £71.8 to £100.1 million from avoiding just 1
year ’s worth of new cases. The findings also suggest that the
employer should bear more responsibility for establishing
approaches to disease reduction by introduction of appropriate
exposure control interventions and changes in work processes,
given the modest proportion of the cost they currently bear.

In summary, this pattern of cost burdens for occupational
asthma suggests that employers are imposing a large ‘external’
cost on the rest of society, where costs borne by the individual
and the state are not necessarily taken into account by the
employer when making decisions that affect the health of the
workforce. The presence of such external costs provides a justi-
fication for public interventions to reduce the incidence of
occupational asthma or to improve health and safety in the
workplace generally. However, even if employers take action so
that the benefits they accrue just equal their mitigation costs
(assuming that employers are fully informed of the costs to be
avoided), the level of newly incident cases may still not be
acceptable for society as a whole; the residual costs borne by

individuals and the state may justify a much greater level of
mitigation than employers are willing to provide in their own
interests. New strategies involving government and employers
need to be developed to reduce the financial and health burden
from occupational asthma.
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