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Abstract

The few studies attempting to estimate costs of work-related disorders suffer from poor applied methodologies.
Further, as the costs are often limited to the company, decisions about investment in improving the work
environment are made at the company level. However, economic decisions on changing work environments and
improving occupational health need to be made at the societal level. In an economic social decision, all direct and
indirect costs imposed on society by work-related disorders are considered, regardless of who pays which cost. This
study introduces and demonstrates a methodology appropriate for economic decisions at the societal level for
preventing work-related disorders and promoting occupational health in the workplace. The methodology uses the
concept of human capital in assessing productivity loss associated with the disorders. The empirical results show
that Swedish society could have gained up to 442 855 537 SEK by preventing work-related disorders at the Swedish

company Sandvik Materials Technology during 2014, 87% of which would have been captured by the company.

Keywords: Work environment; Risk factors; Absenteeism; Work
capacity; Illness-related costs; Economic evaluation

Introduction

Costs of work-related disorders

A well-functioning work environment is an important factor in the
production of goods and services; it improves the performance of
human capital and thus organisational production. The work
environment must therefore undergo regular intervention and
maintenance. Failures in the work environment can lead to the
development of disorders that are costly to society at both micro and
macro level; for workers and firms as well as for social insurance and
government. Some of the social costs are direct, such as medical costs
related to the disorders, and these costs are the one most commonly in
focus [1-3]. However, the costs are not limited to the direct costs; the
indirect costs related to labour productivity, work quality, and all
stakeholders’ potential losses are estimated to be higher [3-8]. Today,
there are very few studies attempting to model the total costs including
direct and indirect costs, and those that do exist have poor
methodologies. However, the estimated costs do provide a basis for
assessing the expected benefits of an investment for improving work
environment and occupational health. An economic evaluation of
intervention programs for occupational health and safety (OHS) would
not be successful as long as the costs are unknown. Any decision on
these programs can only be made under great uncertainty, and an
incorrect decision could be expected to generate even higher costs to
society. A rational decision on a proposed OHS intervention program
can only be made by balancing its costs and expected benefits.

Balancing costs and benefits

Despite the low number and low quality of the existing studies,
economic evaluation of intervention programs in occupational life is
recognized in the relevant literature as an important input to decision-
making [9-12]. The economic evaluation can easily be performed using
the approach of cost-benefit analysis (CBA). This approach, as an
economic evaluation methodology, has been successfully developed
and applied in economic decision-making concerning implementation
of proposed programs at government level. CBA is aimed at
supporting rationality in decisions about proposed programs that have
implications for the use of limited resources. Since the scientific
literature recommends CBA when evaluating regulatory policies, it
ought to be employed for evaluating regulatory programs devoted to
improving the work environment. That is, OHS intervention programs
should only be approved if they have a positive net benefit (B - C; the
present value of all benefits less that of all costs) or a benefit-cost-ratio
(B/C, which shows the magnitude of benefit the intervention program
will produce for each unit of cost) exceeding one. If C is greater than B
for a proposed program, the program may be rejected. If C is equal to
B, then the existing intangible costs associated with work-related
disorders are decisive. The amount of government grants and the
approach of employers’ “willingness to pay” should not be the sole
criterion for decision-making regarding an appropriate OHS
intervention.

To make a decision on improving the work environment, the returns
associated with an investment in the work environment, or the
comparative benefits of alternative OHS interventions, must be traded
off with their costs according to economic theories underlying the
cost-output relationship. Utility in cost-utility analysis (CUA) and
effectiveness in cost-effectiveness analysis (CEA) are not in monetary
terms and cannot be directly compared with the intervention costs,
and economic outcome is also omitted in the approach of cost-
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minimization analysis (CMA). Hence, CBA is preferred in an
economic decision-making situation. This key analytical tool
highlights the importance of assessing the expected economic
outcomes of designs to change the work environment, rather than
simply focusing on the cost of implementing an OHS intervention as in
CMA.

Societal perspective

When assessing an OHS improvement, a CBA should have a societal
perspective since the whole society pays for work-related disorders
which occur in an industry. CBA in a societal perspective considers all
costs and benefits experienced by all stakeholders, irrespective of who
pays or gains, while a company-based CBA will ensure that the
company’s intervention costs are lower than its own costs of work-
related disorders. The costs of work-related disorders and the benefits
of an OHS intervention are allocated across time and among different
stakeholders. An intervention program acceptable for implementation
frequently requires costs, but it simultaneously generates benefits over
time as the costs of work-related disorders are saved not only for the
firm but also for workers and for other parties in society: public and
private insurance schemes, the government, and the workers’ family
and friends. The social benefits of an OHS intervention are related to
the social costs of work-related disorders, which in principle are
difficult to measure. However, value judgements cannot be ignored
when making economic social decisions (i.e. decisions in which the
costs and benefits are estimated from a societal perspective) for a
proposed intervention program. The choice is only whether to make
these assessments more explicitly and less implicitly, or vice versa.
Further, economists are interested in the opportunity costs of rejecting
an appropriate OHS intervention program rather than its financial
costs. The essential burden is not about the corresponding financial
costs being calculated, but rather the consequences of giving up the
decision to improve the work environment. Regarding the assessment
of costs related to the work environment, there are instruments
available to capture some costs of implementing OHS interventions
and work-related disorders [13,14].

Procedure of CBA

The first step in a comprehensive work environmental study is to
identify the key elements and issues such as economic activity,
occupational groups, usual exposures and disorders in the workplace,
and then sickness absenteeism and presenteeism (working despite
impairments). The assessment of the incremental impacts of a
proposed OHS intervention is then a wider area to research. When
using economic decision theory, the focus of interest is the economic
costs and benefits of the intervention.

CBA for decision-making about OHS intervention programs has
four common characteristics: 1) only the benefits that can be measured
in monetary terms are to be included, 2) both costs and benefits are
measured by market prices, 3) the inflation-adjusted market rate of
interest is used for discounting the annual net benefit stream, and 4)
the main constraints are usually the company’s budget constraints
(economic burden), the manager’s behaviour and valuations, and the
activity’s nature and status in the market. For a societal predictive
CBA, the scope is wider and the time horizon may be longer. The CBA
should include all tangible costs and benefits, irrespective of whether
they are private or social, direct or indirect. When the costs and
benefits are equal, the intangible costs are considered for a rough
estimate.

Benefits associated with changes in the work environment are given
by the standard principles of welfare economics. The expected benefits
are related to disease-related costs that can also affect the employers’
willingness to pay for improving the work environment. OHS
intervention costs consist of financial costs (expenditures) and
economic depreciation of resources in use, plus the forgone interest as
an opportunity cost.

Sometimes, alternative proposals for changing the work
environment are put forward, with different costs and different effects
on labour productivity depending on their priorities and efforts.
Among all acceptable and feasible designs that improve the work
environment, the design that should be chosen is the one that
maximizes net benefits and/or the benefit-cost-ratio, while still
fulfilling any constraints. Thus, the maximization of net benefits is
topical when several options differing in costs and/or effects are
available. The CBA, in this case, should demonstrate not only that the
benefits exceed the costs (i.e. a positive net benefit), but also that the
excess of benefits over costs (i.e. the economic efficiency associated
with a proposal) is maximized subject to constraints.

Inputs to an OHS-related CBA

Economic evaluations of occupational health interventions are
usually based on partial studies of the work environment. They focus
on certain ergonomically- and/or physically-oriented interventions in
workplaces [7,8,15-19], and pay little attention to the psychosocial
environment in terms of policy, leadership and organisation. However,
it is difficult to disentangle the causes and impacts of work-related
disorders for each dimension of the work environment, and a CBA-
based decision based on a partial study of the work environment may
be wrong if, for instance, the costs include only those due to a physical
exposure while the benefits are included for all exposures. Economic
evaluations of partial OHS interventions can only be successful with
good knowledge of the socio-economic impacts of each specific
exposure, and the surety that other exposures remain unchanged
during each partial exposure analysis. Otherwise, when all missed and
unproductive working hours are assumed to be caused by a single
exposure, the economic impact of reducing the risk factor may be
dramatically overestimated. Although the importance of psychosocial
exposures such as mental stress, few breaks, low pay, low status and
poor supervision has been acknowledged [20], in addition to physical
and ergonomic risk factors, epidemics of specific diseases have often
forced researchers to address specific exposures [13,15,19,21-25]. In
addition to the partial nature of many studies of occupational
exposure, there are poor methodologies and omitted inputs in
occupational CBA. Despite studies attempting to identify and assess
productivity loss due to sickness absenteeism and/or presenteeism
[6-8,14,22,24,26,27], the applied models are undeveloped. Further,
inputs to CBA are limited to certain explicit costs, such as productivity
loss in the workplace. A number of studies have also covered some
implicit sources of costs and benefits, but most of them applied CBA to
a specific disease [13,15], or only provided a theoretical framework [9].
Two other concepts should also be considered in the cost calculations:
the concept of opportunity cost (i.e. the costs associated with
opportunities that are forgone when the resources are not put to their
highest-value alternative use) and the concept of market prices. The
main costs to be identified in making an economic decision on
improving occupational health are the costs of the intervention, and
the illness-related costs on which the anticipated benefits of
implementing the intervention are based.
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Intervention costs: The total intervention costs are mainly divided
into two groups: a) the cost of performing a work environmental study
including the cost of developing an appropriate OHS intervention
program to supply to the decision maker, and b) the cost of changes in
the work environment according to the program in order to prevent
work-related disorders and improve occupational health. Any
government grants should not have a negative sign in a CBA at the
societal level, as the contribution is a social cost paid by taxpayers. The
intervention costs should not include medical care expenditures as a
cost to be recovered.

Illness-related costs: The total costs of work-related disorders can be
classified as the potential income loss and the medical care
expenditures for treatment and rehabilitation of ill workers. There are
also economic and non-economic costs associated with work-related
disorders that refer substantially to social and human welfare, such as
non-market labour productivity (i.e. reduced household productivity
and leisure activities) and reduction in quality of life and life
expectancy. However, it is difficult to assess some of these in monetary
terms; that is, they are intangible costs.

The benefits of an OHS intervention consist of the resulting changes
in illness-related costs, which have two important sources:

(a) Direct illness-related costs, which mainly comprise medical care
expenditures including expenses for treatment and rehabilitation such
as visits to doctors and other practitioners, pharmaceuticals, and
hospitalisation, plus transportation costs. The direct illness-related
costs should be distinguished from the company’s investment costs to
prevent work-related disorders and improve health. Direct illness-
related costs are the costs that will be reduced as a result of the
investment.

Different countries have different rules for paying compensation to
the ill worker over time and by any party for chronic illness or partial
disability. The specific rules should be considered in calculating these
costs, which are usually distributed between worker, employer, and the
public sector. These rules should also be considered in assessing the
government’s reduced tax revenues. The intangible costs here are
related, for instance, to the victims family, the consequences of
disorders for the victim and society, and the firm’s circumstances.

(b) The indirect illness-related costs mostly refer to the potential
income loss when 1) illness leads to absenteeism, 2) unskilled and/or
inexperienced workers with low productivity replace absent workers,
3) ill workers continue to work with reduced work -capacity
(presenteeism), and 4) healthy skilled workers take over absent
workers’ tasks, which can result in overtime payments, decreased
labour productivity, and overload that may increase the risk of illness
and thus future absenteeism and presenteeism. The last of these is an
intangible long-term effect.

Labour productivity is not only affected by human capital factors
such as competence and experience, but also by the psychosocial [6],
ergonomic, and physical work environment [7,8]. Researchers in the
field have paid great attention to the indirect illness-related costs,
despite poor and obscure methodologies [10,19,20,28-30]. The costs
are about costs associated with lost working hours and impaired work
ability caused by work-related disorders. Thus, sickness absenteeism
and presenteeism are two main sources of labour productivity loss. The
expected social benefits of OHS intervention programs are directly
related to the reduction of absenteeism and presenteeism. The
productivity loss may be several times greater than the direct illness-
related costs, and furthermore, ill but present workers who are working

at a reduced capacity may account for a larger proportion of
productivity loss than actually absent workers [14,27,30]. In the long
run, impairment is related to future sickness absenteeism [31,32],
which makes it even more costly.

Many researchers in the field argue that the productivity loss of
sickness absences might be limited due to the company’s “elasticity”,
because people are not 100% efficient and some of the work might be
performed by the already available work force without additional costs
[33]. This argument, however, ignores the opportunity costs of
resources, and also the fact that these companies already suffer from
low productivity due to failures in the organisational work
environment. In attempting to replace the absent workers’ job tasks
with “available labour”, companies often end up increasing the amount
of labour because the new and inexperienced workers need education
and training. However, in principle, labour productivity decreases as
the amount of labour increases while the output remains unchanged.

The estimation of productivity loss is, of course, more complicated
than the estimation of health-related direct costs. There are three
measurement methods which are usually discussed and/or applied for
assessing labour productivity loss: the human capital approach (HCA),
which involve a societal perspective in assessing the forgone revenue;
the friction cost approach (FCA), which is really a firm-level cost
estimation method; and the subjective inward method or willingness
to pay (WTP), which is based on decision makers’ interests, valuations,
and behaviour. WTP can also be used to assess the intangible costs
associated with work-related disorders. The availability/feasibility and
validity/reliability of these measurement instruments have been widely
discussed [14]. HCA is a salary-based method and is consistent with
the economic theory that in perfectly competitive labour market,
wages should reflect workers’ marginal contributions to a firm’s output.

Accordingly, lost productivity is equal to lost earnings. FCA is based
on the cost of countermeasures used by employers to deal with sickness
absenteeism and presenteeism. The firms may have redundant staff to
compensate for absences, or they may hire temporary workers or offer
overtime payments to their employees in order to reach the
predetermined level of production. The cost of these countermeasures
has been used by profit-maximizing firms to approximate the
productivity loss. WTP and FCA do not require detailed individual-
level data on exposures, disorders, and their impacts on absenteeism
and presenteeism; but they lack a societal perspective, especially in the
long run. In a firm-level CBA, the long-term benefits of improving the
work environment are mostly captured by workers, while the
improvement has no long-term effect on the firm’s output. However, a
program that reduces the number of lost working hours not only
increases the utility of the paid workers by increasing leisure [26], but
also increases the firm’s competiveness and future income by ensuring
a good long-term position in the market.

The indirect illness-related costs are not limited to the labour
productivity loss at work. The company’s flexibility and social capital,
the quality of the goods and services produced, the security of the
firm’s market position, delivery liability, and the workers’ home
productivity can be dramatically affected by increased diseases in the
company. The public sector is also affected by work-related disorders in
an industry.

Time effect: The final input in CBA refers to differential timing
concerning the cost components in an OHS intervention, as costs and
benefits that occur at very different points in time cannot be
compared. All such costs should be adjusted for inflation and
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discounted at a given interest rate to estimate their present value.
Discounting enables rational decision-making by capturing the net
present value (NPV) expected of the OHS intervention. The aspect of
discount rate in CBA is due to the fact that in a market economy
people prefer to make payments later and receive benefits sooner;
present consumption is thus valued against future consumption. In
particular, any comparison of net present value of alternative
interventions with different time horizons must include this
adjustment if the comparison analysis is to be valid.

Purpose

The purpose of the present study was to conduct an underlying cost-
benefit analysis for rational decision-making prior to an occupational
health intervention in the Swedish company Sandvik Materials
Technology. The cost-benefit analysis was performed with a societal
perspective.

Methodology

Data collection procedure

The data required for this study were collected from Sandvik
Materials Technology (SMT). Data on medical costs and efforts to
prevent disorders and promote occupational health were collected
from the company’s health service, while information about the
characteristics of the jobs and workers and information about different
occupational exposures and their effects on lost working hours was
collected via a questionnaire administered to the workers in April
2015.

A total of 22 risk factors were considered: 14 psychosocial (conflicts;
insults; harassment; bullying; alienation; discrimination; stress over
high requirements; stress over unclear expectations; and problems with
salary, authority, job security, status, stability, and gratitude), 3
ergonomic (handling heavy objects, repetitiveness, and body postures),
and 5 physical (problems with air quality, temperature, noise, lighting,
and vibration).

The workers were asked to assess the risk factors, their lost and
unproductive working time, and whether failures in the work
environment affected their sickness absenteeism and presenteeism.
Participation was voluntary, but was encouraged by the company’s
safety unit.

To avoid missing and confusing answers, the participants answered
the questions in their workplaces with paper and pencil while the
supervisor was in attendance. Responses from every party were
anonymous to each other, and forwarded to the researchers only. The
results of the study were then presented to the company. Important
sources of social costs associated with work-related disorders were
identified and assessed as described below:

Health-related direct costs: The total direct costs of illness (DC)
consisted of 1) medical care expenditures (ME) as the amount of
money paid for hospitalisations, medications, and also visits to nurses,
doctors, and therapists; and 2) transportation expenditures (TE). The
total expenditures paid by all stakeholders during 2014 were estimated
as:

DC =MEy+MEg+MEp+TE, (1)

where v, g, and p stand for worker, employer, and public sector,
respectively. Hence DC also included non-work-related illness.

Health-related indirect costs (potential income loss): These costs
were related to the opportunities forgone by SMT due to sickness
absenteeism and presenteeism during the last year. Absenteeism was
measured by asking respondents how much work time they missed
because of disorders. Measurement of presenteeism was more complex,
and so several instruments were used to capture it in the questionnaire.
These instruments were based on the concepts of perceived
impairment at work, work quality, potential work capacity, and
workers’ employment rate. Employees were also asked how much any
failures in the work environment hindered them from performing
their ordinary tasks in leisure, at home, and in meeting job demands.

The potential income loss was expressed as the product of illness-
related missed working time multiplied by national median wages, as
actual salaries could have been correlated with missed working time
and low quality products. The original HCA was developed and
adjusted to the specific properties of production in SMT (ie.
interdependences between work tasks in team production) as well as
the state of the Swedish labour market in terms of unemployment and
market fajlures leading to allocative inefficiency (deadweight losses).

The rate of interdependence was based on the replacement ability
for an employee and the time sensitivity of an employee’s work. This,
along with the rates of unemployment and monopsony power, was
used to assess the marginal revenue product of labour (MRP}), which
is a product of marginal revenue (MR) or equivalency, the market price
of the firm’s product (p), and the marginal product of labour (MPp).
An isolated job in SMT would have a multiplier of 1, while a more
demanding job would have a higher multiplier.

The indirect cost of sickness absenteeism of a worker during 2014
(APL) was estimated on the basis of the worker’s potential contribution
to the firm’s output per hour ( MRPy ;, ):

APL=Ah.MRP, ,=Ah.(1+1).(wp) (2)

where wy, is equal to the national hourly wage; r is the result of rates
for interdependence, unemployment, and monopsony power; and Ah
is the number of hours of sickness absence during 2014.

The cost of impairments during 2014 (WPL) was also estimated on
the basis of MRPy, ,multiplied by the number of scheduled working
hours minus the total number of sickness absence hours (Ph) and the
rate of impairment at work (a):

WPL=Ph.a.MRP; ;,=Ph.a.(1+r).(wy) (3)

Hence, APL and WPL assess labour productivity loss due to sickness
absenteeism and presenteeism, respectively.

The Swedish social insurance agency pays the sick absent worker
80% of their wage from their fifteenth sick day, to compensate for
wages. The payments (SIC) were estimated for the year as:

SIC=0.8.(Wh.Ahgrom 15th sickness day) (4)

There is an additional cost to society; the so-called tax revenue loss
(TRL), which consists of the income taxes not received from the sick
absent worker who has received compensation less than their wages.
The cost was estimated based on the wage, the tax rate (30%), and the
difference between wages and compensation as follows:

TRL=0.3. [(1-0.8).(w,.Ah)] (5)

Work-related home productivity loss (HPL) was estimated for each
ill worker during the year as follows:
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HPL = ﬂ.1199.Wh (6) working working absence sickness
hours hours (%) absenteeism
Wherfe, B is the rate of reduction in home productivity due to | ;44 g4 356 457 57 216 668 647 61073 580
failures in the work environment, 1199 is the estimated number of

hours per year that each individual devoted to work in the home
according to Statistics Sweden (SCB), and wis the estimated (unpaid)

average hourly wage for different work at home based on market
prices.

Thus, the total social cost of work-related disorders for each worker
in SMT during 2014 (TSCw), including both actual costs and potential
income loss, was estimated as:

TSC,,=DC+APL+WPL+SIC+TRL+HPL (7)

Finally, the costs were estimated for SMT’s 3500 employees to assess
the total social costs of work-related disorders in the company,
E(TSC) , which is equal to the maximum social benefits expected by
eliminating failures in the SMT’s work environment, E(MSB) :

E(MSB) = E(TSC) = [k .E(DC + APL + SIC + TRL) g7
+ [kp.EQWPL + HPL) 01, (8)

Where, ky and kp represent the degree of sickness absences and
reduced work capacity that were caused by the work environment,
respectively.

Adjusting for differential timing

The assessment of time-profile costs of work-related disorders
should be consistent with the investment costs for improving the work
environment. Some of the costs are incurred during a certain time,
while others might be allocated across a period of several years. In this
case, the depreciation year of the equipment and furniture to be
purchased for changing the work environment is decisive for the
longitude of estimating the expected net benefits of the investment.
Thus, a decision to implement a proposed OHS intervention program
must require the net present benefit (NPB) to be positive. The present
value of MSB in eliminating work-related disorders at SMT was
estimated along five years as:

2
32015(1+s) 82015(1+s)

B A+i-n

BS — year = 52015

(1+i-m)?

3 4
82015(1 +5) 82015(1+s)
+ 3 +
A+i—-m)

Where, i, 71, and s stand for rates of interest, inflation, and annual
increase in salaries, respectively.

Results

The empirical results of applying the above-described
methodologies at SMT during 2014 are presented in the following
tables. All costs are in SEK and rounded to integers. EUR and USD to
SEK exchange rates as of 15 October 2015 were 9.30 and 8.12,

Table 1: Absenteeism: missed working hours and their indirect costs
(labour productivity loss).

As expected, the cost of sickness presenteeism was much larger than
the indirect cost of sickness absenteeism. Further, a greater proportion
of the cost was work-related; about 41% (Table 2).

Average Average Total Cost of | Cost of work-
rate of | unproductive | unproductive | presenteeism | related
impairment | working working presenteeism
at work hours hours

21.58 363.53 1272 354.29 | 786 129 476 322 731 058

Table 2: Presenteeism: unproductive working hours and their costs
(labour productivity loss).

As shown in Table 3, reduced labour productivity in SMT during
2014 cost the company 383 804 638 SEK - a huge potential income loss
due to the existence of work-related disorders in the workplace.

Average missed | Total missed Total work-related | Work-related
and unproductive . missed and | productivity
i and unproductive .
working hours . unproductive loss
working hours :
working hours
465.37 1628 811 461 102.62 383 804 638

Table 3: Lost working hours due to sickness absenteeism and
presenteeism.

The illness-related costs for SMT consisted of medical costs and
labour productivity loss (Table 4).

Direct medical costs 750 140
Labour productivity loss due to sickness| 61073 580
absenteeism

Labour productivity loss due to sickness| 322 731 058
presenteeism

Total cost of work-related disorders for SMT 384 554 778
Investment costs of preventing disorders and | 6 932 165
improving health

Table 4: Estimated costs of work-related disorders for SMT compared
to the company’s investment in the work environment.

The total social costs of work-related illness mean that Swedish
society could have expected benefits of up to 442 855 537 SEK by
improving the work environment at SMT during 2014 (Table 5).

respectively. As shown in Table 1, more than 28% of the absenteeism | Direct medical costs 8 953 646
indirect cost was assessed as being work-related; that is, due to - ]
. . L . Labour productivity loss at work due to absenteeism | 61 073580
insufficiencies in the work environment.
Labour productivity loss at work due to| 322731058
Average Total Rate of | Indirect cost of | Indirect cost of presenteeism
missed missed sickness | sickness work-related
absenteeism
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Home productivity loss due to work-related| 38 083 821 Stress over high requirements (job| Noise Monotony
disorders demands)
Payments by the Social Insurance Agency from the | 10 263 903 Instability (constant changes) Improper Handling heavy
fifteenth sick day temperature objects
Tax revenue loss 1749529 Low status Vibration
Total social costs of work-related disorders 442 855 537 Conflicts Dissatisfactory

Table 5: Estimated costs of work-related disorders at the societal level.

A comparison of Tables 4 and 5 shows that most (87%) of the social
benefits due to the absence of work-related disorders would be

lighting

Low salary/reward

Job insecurity

Alienation
captured by SMT.
Ingratitude
Direct medical costs 33 848 654
Discrimination
Labour productivity loss at work due to sickness| 216 668 647
absenteeism Low authority
Labour productivity loss at work due to sickness| 786 129 476 Insults
presenteeism
Bullying
Home productivity loss due to the disorders 141 051 189
Harassment
Payments by the Social Insurance Agency from the | 38 801 991
fifteenth sick day
Table 7: The priority for investment in the work environment based on
Tax revenue loss 6613 976 workers’ judgmentsl
Total iliness-related costs for Swedish society 1223 113 933 . .
(Social Value of Occupational Health) Discussion
Total iliness-related costs for SMT 1036 646 777 The effect of non-work-related exposures on the
(Organisational Value of Occupational Health) organisational value of occupational health

Table 6: Estimated costs of workers’ disorders at the societal level.

Assuming a five-year depreciation for the new furniture and
equipment purchased in order to improve the work environment, the
related time profile benefits would be expected to be 1 981 539 754
SEK for society and 1 720 666 372 SEK for the company, according to
(9). The time profile benefits can guide decision makers as to the level
of profitable investment in improving the work environment. This
economic decision, which will be taken by SMT’s management, is
about the new investment in the work environment for next year with
the aim of saving as much cost as possible. In economic decision
analysis of alternative intervention programs, the costs of these
programs would be compared with their expected benefits. Hence, the
time profile benefits will be multiplied by the rate of the programs’
abilities to reduce work-related disorders, and then reduced by the
present value of five-year investment costs estimated in the same way.
The new intervention programs should consider risk factors in the
work environment.

Table 7 presents the various environmental deficiencies mentioned
by the employees who answered the questionnaire, arranged in order
of priority for investment in the work environment to prevent
disorders and promote occupational health.

Psychosocial risk factors Physical risk| Ergonomic risk
factors factors
Stress over unclear expectations Low air quality Awkward  body
postures

In attempts to perform a predictive CBA which is as reliable as
possible, we assumed that the costs of work-related disorders were
caused by work-related exposures in three main groups: the
psychosocial, ergonomic, and physical work environment. However,
SMT cannot be isolated from Swedish society in exposure studies and
health affairs, and some costs could be due to factors that are not
directly related to the workplace. It is incredibly difficult to find out, for
instance, the extent to which the misuse of alcohol, drugs, and tobacco,
or diseases like migraine and depression — all of which affect the costs
— are really due to deficiencies in the work environment. On the other
hand, there was no other way in our study than to estimate the costs
based on the employees’ judgements of occupational exposures and
their effects on their ill health and impairments. Thus, in terms of
illness-related costs, the comprehensive estimate has higher certainty
than the partial estimate (i.e. estimation of the costs of work-related
disorders).

The problem with presenteeism measurement

There were both difficulties and uncertainties with the measurement
of sickness presenteeism. There is no way to directly measure a
worker’s work capacity or to determine a standard work capacity.
Employees” judgments are subjectively different, due to differences in
their individual characteristics. On the other hand, the quantity and
quality of production as demanded by profit-maximizing firms may be
too high, and ever-fluctuating depending on the state of the market
and the positional war between the company and its competitors. Thus,
several instruments were used to capture presenteeism in this study.
For instance, the assessment of work capacities based on job demands
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was mitigated by workers’ judgments. However, like the concept of
health, work capacity needs to be defined in a multidimensional and
contextual way so that it can be encompassed in each activity.
Depending on the tasks and the environmental factors behind the
impairments, in some cases workers with reduced work capacity can
perform the same task as workers with full work capacity.

Limitations of the predictive CBA

There are some limitations in the predictive CBA of future
investments for improving the work environment in SMT. The CBA
occurred before approval, and not after the implementation of an OHS
intervention and the achievement of its economic outcomes. A CBA
performed before choosing an intervention is aimed at ensuring an
effective intervention and a profitable investment in the work
environment, while a CBA performed after implementing the
intervention is aimed at ensuring that the intervention has been
effective and the investment justified. Thus, the following should be
kept in mind when making economic decisions about the work
environment:

1) The CBA was performed in Sweden, and so care should be taken
when applying this model to other countries with different social
security systems, health care, labour market, and so on.

2) Identification of the sources of benefits was the most challenging
issue in the CBA. It was not possible to evaluate all benefits to human
welfare in economic terms. Examples of the non-monetary benefits
include ecological gains and improved quality of life and life
expectancy.

3) The predictive CBA provides guidance for economic decision-
making at the societal level, but is not a complete system; other
determinants, both economic and non-economic, must be taken into
account in the decision-making. One example of a relevant economic
determinant is the budget constraint for the safety unit, while relevant
non-economic determinants include the management’s valuations and
preferences.

4) We assumed that the patterns and impacts of the exposures, as
well as all the micro- and macroeconomic factors such as the rate of
economic growth, the technological trend, and the states of the
markets, were constant during the analysis. This is likely an unrealistic
assumption if the analysis is run for the long term. Thus, uncertainty is
inherent in our time profile assessments of benefits.

Evaluation of instruments to assess productivity loss

The assessment of labour productivity losses in this study was based
on the concept of human capital, as introduced by Schultz (1960) and
Becker (1987). This concept encompasses work ability, knowledge,
skills, and health; all the potential forces and capabilities embodied in
humans that lead to creation of individual and social well-being [34]. It
is a useful concept for capturing productivity losses from a societal
perspective, and can easily be augmented by adding important
determinants such as the state of the labour market. Three instruments
have been developed to assess the amount of labour productivity loss
when considering the economics of work environment and
occupational health, each based on either the forgone opportunities
and potential income loss (as in the HCA), or the related actual costs
and the employer’s behaviour (so-called inward instruments). The
inward instruments are divided into an objective method based on
frictional period and countermeasures (FCA), and a subjective method

based on the employer’s own valuations (WTP). While economists are
interested in HCA, many researchers in the field lean towards the
objective inward method, FCA.

The subjective inward method, WTP, is used for making business
decisions with respect to affordability and willingness: “I would pay 5
million dollars to a contractor who can raise my employees
productivity by 20%”. It is not a reliable estimator, but it is related to
the economic concept of consumer surplus; that is, the difference
between what consumers are willing to pay for the good or service and
what they actually pay for it. This method can also be used to value the
intangible costs associated with work-related disorders. Since the
amount of WTP depends on the imagined size of the direct and
indirect disease-related costs, it can be easy to use in decision-making
without needing to collect individual data.

Many researchers in the field argue that HCA overestimates the true
absence-related productivity losses, because short-term absences might
be compensated with greater effort or unpaid overtime while longer-
term absences would lead to replacement of workers with new hires.
These researchers also propose that FCA aims at estimating only the
actual lost production (or the cost of replacing sick workers by
formerly unemployed workers to keep the company’s predetermined
production level) instead of potential lost income during the “friction
period” (the time taken to replace ill workers and achieve the
company’s goal) [9,12,14]. Koopmanschap et al. [12] even suggest that
FCA should be multiplied by a coefficient of 0.8, suggesting that the
productivity loss is 80% of the friction costs of absenteeism. This
method often drastically underestimates the true labour productivity
loss, and is also inconsistent with standard economic theories
concerning opportunity cost and profit-maximizing firms. It is true
that the human capital method estimates the potential income loss,
and not the current cost of maintaining the predetermined level of
production during frictional periods. However, when unemployment
in society is higher than the frictional level in the workplace, the
replacement cost is low and hence FCA underestimates the true labour
productivity loss caused by work-related disorders. The opportunity
cost of labour is near to zero in societies with unemployment, because
in this case the labour market can supply workers who are satisfied
with minimum wage to replace those who are absent due to illness.
Further, the anticipated benefits of implementing an effective OHS
intervention program are related to the opportunity cost of not
implementing the program. FCA is identical to HCA only in cases of
full employment and a perfectly competitive labour market, when the
high opportunity costs of labour and incremental salaries for overtime
work prevail.

The idea of estimating the costs of maintaining the level of
production during frictional times by using the available labour
(countermeasures for sickness absenteeism and presenteeism) ignores
several facts. Firstly, overloading the existing labour force increases the
risk of disease and thus the future disease-related costs. Secondly,
replacement with unskilled workers increases the required working
hours due to education, training, extra staffing, and so on, which
certainly decreases labour productivity. Thirdly, economic impacts are
not limited to the company, but the approach completely ignores the
effect of work-related disorders on other stakeholders. The short-term
approach of frictional costs is only relevant for the employer, and not at
all for the surrounding society. Fourthly, unhealthy workers reduce not
only the quantity of production but also the quality of the goods and
services produced. The reduced quality is reflected in the price of the
product and thereby the salary. This is usually ignored in FCA. Fifthly,
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FCA is not able to account for the medium- and long-term effects of
sickness absenteeism and presenteeism on either the company, the
market, or the economy as a whole. Finally, although the disease-
related productivity loss is observed in society, it can be hidden at the
company level; the frictional cost for short-term illness (up to one
week) is close to zero for the company, due to unpaid production
(forced labour), and is zero for long-term illness when the ill worker is
replaced by somebody else.

The gross benefits are mostly distributed between employers,
employees, and the public sector. The long-run benefits from reduced
productivity loss are mostly captured by the employees via obtaining
higher wages [26] in competitive labour markets and mostly captured
by the employers in unemployment and non-competitive labour
markets by getting sustainable status in the market while paying wages
much lower than the marginal revenue product of labour because of
the workers’ low bargaining power. Society captures the long-run
benefits by obtaining a sustainable economic development and a high
growth rate.

The original HCA also has two major limitations. Firstly, it assumes
that the national economy has a perfectly competitive labour market
and full employment. Thus, the equilibrium price of labour determined
by market forces and profit maximization is conditioned to be equal to
the marginal revenue product of labour. However, at least two
conditions should be met for this equity. The first is the possibility of
equal job opportunities, and the second is the existence of “same salary
for the same job”. Further, if there is less than full employment, the
reservation wage (minimum acceptable wage), which is less than the
marginal revenue product of labour, is usually paid. In our adjusted
HCA, the average wage for each competence is estimated at the
national rate in order to reflect differences in terms of labour
productivity and to see the status of the labour market. Otherwise, the
individual wage could depend on the worker’s health status and could
also vary between different gender, ethnic, and age groups.

The second major limitation of the original HCA is that, although
the approach is appropriate for workers performing discrete tasks in
isolation, it fails to take into account the interdependent ties between
the work functions in a company with team production [26]. Finding a
perfect substitute for an absent worker is often more difficult and
expensive in modern production. When production takes place in a
team, the absence of a member affects the marginal product of the
whole team, and the cost of this absence is really equal to the cost of
maintaining the team’s target output. In order to maintain the target,
the remaining members in the team can be paid overtime, but only if
the absent competence is not unique. In our team-specific HCA, the
entire productivity of the team was considered.

Our adjusted team-specific HCA ignored non-economic
consequences such as leisure and life quality (indicators of human
welfare). However, the non-economic human costs of pain and
suffering, and reductions in life quality and life expectancy, were
intangible costs in our CBA. Further, the macro-economic issues (e.g.
fluctuations in unemployment, inflation, and economic growth) are
still intangible to estimate but are certainly affected by increased work-
related disorders. Thus, the claim that the original HCA may
overestimate the true productivity loss is not at all realistic in view of
the many non-measurable but definite economic and non-economic
consequences that have been omitted even in the adjusted HCA. The
omission of these factors means that the expected social benefits of
preventing health-related productivity losses are larger than the
average wage on which the model is based.

Conclusions

Employees’ ill health and reduced work capacity in SMT was mostly
caused by factors such as stress over unclear expectations and high
requirements, instability, low air quality, noise, improper temperature,
and awkward body postures at work. Of the total illness-related social
cost, 36% was due to the work environment. Swedish society could
have benefitted by up to 442 855 537 SEK in improving the work
environment at SMT during 2014, 87% of which would have been
captured by the company.

The medical costs of work-related disorders were a small proportion
of the total cost. The largest source of cost was the productivity loss,
which accounted for 99.8% of the total cost for SMT and 95.3% of the
total cost for Swedish society. Reduction in work capacity, mostly
caused by the psychosocial work environment, was the largest source
of the costs due to work-related disorders: 84% of the total cost for
SMT and 81% of the total cost for Swedish society.
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