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ABSTRACT

Background: Traffic accidents are an important jmuibéalth problem worldwide, in terms of
mortality, morbidity, and economic burden. The gofahis study is to estimate the social

cost of injured people in traffic accidents in Qatéa in the year 2007.

Methods: We performed a cost-of-illness analysislen the perspective of the healthcare
system, the public sector and the society, usiogeayear time horizon. In Catalonia during
2007 there were a total of 26,063 accidents witkimis, which translates into 34,565 non-
mortal victims and 521 deaths (35,607 in total).dikect costs, all healthcare costs have been
included (primary care, acute hospital care, emmargeare, ambulances and transport, long-
term care, and specialized care), costs of adaptadidisability, disability benefits, material
costs, administrative costs and costs of police;ffghters and road assistance. As indirect
costs, productivity losses due to hospital and@mm institutionalization have been taken
into account, as well as productivity losses froorkasick leave, and productivity losses of

carers.

Results: From the perspective of the healthcaresyghe cost of the injured people in
traffic accidents was 31,803,024.03€ in 2007; ftbmperspective of the public sector it was
134,047,059.27€ (up to 1,463,645,407.13€ in theiteity analysis); and 144,043,238.88€
(up to 1,558,926,995.12€ in the sensitivity analyfiom the perspective of the society. The
cost per injured person ranged from 3,855.38€ fitoerperspective of the healthcare system
to 17,461.90€ from the perspective of the sociepyt¢ 188,983.76€ in the sensitivity

analysis).



Conclusions: The importance of the costs of injysedple in traffic accidents is an argument

more -besides the epidemiological and social imgacstart off preventive policies.
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INTRODUCTION

Traffic accidents are an important public healtblgpem around the world, in terms of
mortality and morbidity>. According to the WHO, more than a million peogie in the

world due to traffic accidents yearly, and betw26rand 50 million people get injured. In
Spain, injuries in traffic accidents are the foatise of death for the population up to 39
years, the third for the population of 40 to 59rge@d, and the fifth for that of 60 to 69 years
old®. Moreover, they are the first cause of potentérg of life lost between men, and the

second among womén

Catalonia is one of the 17 Autonomous CommunitfeSpain, with a population of
7,364,078 inhabitants (as in 2007), and an extarsi®1,895 kr, situated in the northeast
of Spain. In Catalonia, there were 26,063 traftcidents with victims registered during
2007, which translates into 34,565 non-mortal mistiand 521 deathsEven though the
number of deaths has diminished during the lasteHds (they were 950 deaths in year

1998), the number of injured people has kept stable

This issue is in the policy agenda of local, nadlcand supranational administrations. To
improve road safety, the White Paper on Europeansport Policy established the goal to
reduce traffic accidents by 50% between 2001 ard’20he Road Safety Action
Programme describes specific measures relatediathehaviour of users, safety of
vehicles, and road infrastructures to achievegbaf. European governments, among them

that of Catalonia, have started special measursthé same purpose



A part from their human cost, traffic accidentsatlwe a strong economic cost in terms of lost
productivity as well as for the public sector imts of welfare benefits and specific policies
and, in particular, for the healthcare sector idicig acute and rehabilitation care. The
existing estimations -including deaths and injysedple- show that the cost of traffic
accidents in several Spanish cities and regions Wwetween 147.24€ per capita in Canary
Islands in 1997 and 576.47€ per capita in Galitiad03%!**2 estimations for Spain were

up to 204.93€ per capita in 2064” and up to tens of billions of Euros in the Eurape

Union®®.

The aim of this study is to estimate the sociat cbsnjured people in traffic accidents in

Catalonia in the year 2007, using the cost of dnmethod.



MATERIALSAND METHODS

A cost-of-iliness analysis was performed usinggteralence approach, valuing all costs
occurred associated with traffic accidents duri@@72 For every cost concept, a different
number of cases have been used, as well as difféata sources of costs, as explained

bellow.

Prevalence. In Catalonia during 2007 there werga of 26,063 accidents with victims,
which translates into 34,565 non-mortal victims &8d deaths (35,607 in totalrhe

number of acute hospital admissions has been edéclilsing the external cause code and
the type of funding of the admission reported anréggistry of minimum basic data of acute
hospitals (CMBD-HA, according to the Catalan ab@gon), accounting for 8,249
admissions. According to their severity, 86.5% waight injuries, and 13.5% correspondent

to severely injured peopfe

Perspective of analysis. We used the perspectia@alf/sis of the healthcare system, the
public sector, and the society. Under the perspedi the healthcare system only direct
healthcare costs have been included: primary eatde hospital care, emergency care,
ambulances and transport, long-term care, andaed care. Under the perspective of the
public sector, disability benefits, police, firgliters and road assistance costs, and subsidies
for temporary and permanent work sick leave haen laelded to the healthcare costs.

Finally, from the perspective of the society, ptevdirect costs associated with adaptation to
disability, material costs, administrative costsl @roductivity losses of injured people and

their carers have been added.



Primary care. It has been assumed that all injpesgble that have not been admitted to
hospital have visited once a primary healthcaréegsional, and applied the corresponding

reimbursement tariff to this numbé(Table 1).

Acute hospital care. To the total number of acutgpital admissions due to traffic accidents,

the reimbursement tariff by hospital complexity vegplied’ (Table 1).

Emergency care. It has been assumed that all hogfetal admissions had a previous visit in
the emergency department. Thus, the reimburseraefitity hospital complexity was

applied’ (Table 1).

Ambulances and transport. It has been assumeddhb#g hospital admissions corresponding
to slightly injured people got to the hospital bylaulance, while those corresponding to
severely injured got by helicopter. To these nurspee applied the corresponding

reimbursement tariff (Medical Emergency Servicespaal communication) (Table 1).

Long-term care. We obtained the number of episoflemng-term care by typology of
service from the registry of minimum basic datdooig-term centres (CMBD-SS, according
to the Catalan abbreviation). To the total daystay by typology of service, it was applied

the corresponding unitary reimbursement tétiffable 1).

Specialized care. We assumed that the 86.5% ditliopjured people would have a degree
1 of disability, and that would only need an hofinarsing care per month with its
corresponding reimbursement tariff updated to 20¢7For the ones severely injured

(13.5%) we assumed that they had a degree 2 ahdiSability, and they would need an



hour of physiotherapy per day, and an hour of mgrsare per month, with its corresponding

reimbursement tariff updated to 2687 (Table 1).

Adaptation to disability. To calculate the costadépting to disability, we took into account
the annualized investment necessary to adapt a tmephysical disability, technical aids
and orthopaedic material, and vehicle adaptatind,applied to those 13.5% severely

injured, with its corresponding costs updated ©72%?° (Table 1).

For technical aids and orthopaedic material, ammium value in the base case has been used
(corresponding to orthopaedic material and ledsrieal help) and a maximum value
(orthopaedic material and more technical helphagensitivity analysis, with its
corresponding costs updated to 287 Regarding vehicle adaptation, a minimum value
was used in the base case (less adaptations)rmadimum value (more adaptations) was

used in the sensitivity analysis, with its corrasgiog cost updated to 2087°(Table 1).

Disability benefits. In Catalonia there are severdities that provide disability benefits.
Money grants are conceded for specialist treatm@sischomotricity, language

rehabilitation, physiotherapy), personal assistasceial support and home care, day care in
specialized centres, mobility (management of dgJioense, vehicle adaptation), specific
services (early attention, rehabilitation), teclah@ids, family respite services, accessibility,
tax exemptions, and discounts in transportatio® fMlean money grant was used in the base
case, using the mean maximum value in the sengiivialysis, updated to 2007, for those
severely injured (13.5%)'*?°(Table 1). Finally, people with disabilities hadeductions on

taxable income. The mean minimum deduction was ustte base case, and the mean



maximum value was used in the sensitivity analygislated to 2007, for those severely

injured (13.5%)°'%%(Table 1).

Material costs. According to insurance data, 25%heftraffic accidents have material costs.
Of these, and regardless the type of vehicle, agpmiately 75% have costs between 600-
900€, 4% between 900-1,500€, 2% between 1,500-€,800 1% between 4,800-10,500€;
accidents with costs higher than 10,500€ are hems 1%; the rest have costs lower than
600€™. Therefore, it has been considered that all antideith victims in Catalonia would
have had material costs, using the cost of 60@arbase case; in the sensitivity analysis the
cost of 900€ has been considered, and 1% of thdeats with a cost of 10,500€ has been

added (Table 1).

Administrative costs. It has been considered thextet is an additional administrative cost
when compensations have to be managed. Accordidgtéofrom insurance companies,
administration costs in year 2007 accounted fot A% of car insurance premiuffsin a
similar way, it has been assumed that adminisgatosts of managing compensations would
be 10.12% of the value of compensations. We apfiiesmean compensation cost of 342€
for slight body damages, and the mean compensetisinof 5,805€ for severe body
damage¥, to the number of people slightly (86.5%) and selyeinjured (13.5%) in

Catalonia in 2007. Then, the 10.12% of the resgilamount was included.

Police, fire fighters and road assistance costgdtbeen estimated that the intervention of
the police would have a cost of 515.88€ in accslenth severe injured people (13.5%), and
a cost of 259.90€ in accidents with slightly injiigeople (86.5%), updated to 2667%°

(Table 1). In a similar way, the intervention oéthire fighters has been estimated to have a
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cost of 221.37€ in accidents with severely injupedple (13.5%) and a cost of 104.48€ in
accidents with slightly injured people (86.5%), el to 2007*?°(Table 1). Finally, it has
been estimated that road assistance interventiohdve necessary in all cases of accidents

with victims (26.063 accidents), applying a cosi856.47€, updated to 200%77%(Table 1).

Subsidies for temporary sick leave. According ® elisting laws regarding welfare benefits
for sick leave, under the perspective of the pusdictor, we took into account all acute
hospital and long-term care stays shorter or eigu20 days, and applied the 60% of the
mean monthly labour cost in Catalonia in 2887 For those stays longer than 20 days, we

applied the 75% of the mean monthly labour €ds(Table 1).

Productivity losses due to institutionalization.dén the perspective of the society, acute
hospital and long-term care stays have been takteraccount, applying the mean labour

cost in Catalonia in 2007, correcting for the unkyment raté**° (Table 1).

Subsidies for permanent sick leave. In the base, dasas been considered only that severely
injured (13.5%) would have a permanent sick leapp}ying the mean labour cost in

Catalonia in 2007, correcting for the unemploynraig-®%42527

(Table 1). In the sensitivity
analysis the time horizon has been broadened lede@ermanent sick leave of injured
people during the rest of their working life. Wesaied a mean loss of 40 working years,
and applied the mean labour cost in Catalonia 0V206orrecting for the unemployment
rate®2*?%27 |n the sensitivity analysis, it has been alsmbmmnsidered two months off sick

leave for those slightly injured (86.5%), applymgnean labour cost in Catalonia in 2007,

correcting for the unemployment rité®?42¢?(Table 1).
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Productivity losses due to work sick leave. Undher perspective of the society, it has been
considered that those severely injured (13.5%) d/balve a year off sick leave, applying the
mean work cost in Catalonia in 2007, correctingtfier unemployment rat&'®?*?(Table 1).
In the sensitivity analysis the time horizon hasrbbroadened to include productivity losses
during the rest of the working life. We assumedeamloss of 40 working years for those
severely injured (13.5%), and applied the mean woskt in Catalonia in 2007, correcting for
the unemployment rate™®?*2® For those slightly injured (86.5%), it has beensidered that
they had two months of sick leave, applying themeark cost in Catalonia in 2007,

correcting for the unemployment rité®?*?%Table 1).

Productivity losses of carers. Under the perspedativthe society, it has been estimated that
those severely injured (13.5%) would need 1.5 hotimedium support per day in the
realization of their activities of daily living, #i its corresponding cost updated to 266%

In the sensitivity analysis, it has been considé&&dchours intense support per day in the
realization of activities of daily living, with itsorresponding cost updated to 287 (Table

1).

Presentation of results. All estimations have besned out and reported following the
existing and commonly accepted methodological dunds. Results are presented in Euros
2007. The results are presented in the form ofsa base, and also a maximum estimation of
the sensitivity analysis is presented. To havdaive measure, the cost per injured person

has been calculated, using as a denominator talentamnber of acute hospital admissions.
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RESULTS

The results of the calculations for every conceyat perspective could be seen on Table 2.
From the perspective of the healthcare systentdkeof injured people in traffic accidents
was 31,803,034.03€. Of these, the most importamicparesponded to acute hospital care
(16,645,657.10€; 52% of the total), followed byabititation care (9,105,330.28€; 29%),
and ambulances and transport (3,900,921.20€; 12%)gure 1 the distribution of direct and

indirect costs could be seen.

From the perspective of the public sector, the obstjured people in traffic accidents was
134,047,059.27€ (up to 1,463,645,407.13€ in theiteity analysis). In this case, indirect
costs (subsidies from temporary and permanent sickkleave) were of major magnitude
than direct ones: 85,234,121.70€ indirect cost3@up409,462,424.72€ in the sensitivity
analysis, and 36.4% of the total) and 48,812,937 diect costs (up to 54,182,982.41€ in the
sensitivity analysis, and 63.6% of the total). Agamdirect costs, one could highlight
subsidies for permanent work sick leave (72,1914%&3 up to 1,396,419,756.48€ in the
sensitivity analysis). Among direct costs, acutsgiial care (16,645,657.10€), but also
rehabilitation care (9,105,330.28€), police, firghters, and road assistance (5,348,943.72€)
and disability benefits (11,660,969.82€, and upt®31,014.66€ in the sensitivity analysis)

stand up.

Finally, from the perspective of the society, tlsts of injured people in traffic accidents are
144,043,238.88€ (up to 1,558,926,995.12€ in theiterty analysis). Indirect costs were
more important than direct ones (84,792,313.71€,ugmto 1,427,865,952.14€ in the

sensitivity analysis). Productivity losses due trkvsick leave represented 85%
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(72,191,453.46€, up to 1,396,419,756.48€ in theigeity analysis). Among the direct costs,
acute hospital care (16,645,657.10€; 28% of thectictosts), material costs (15,637,800.00€;
26%), rehabilitation care (9,105,330.28€; 15%) paolice, fire fighters, and road assistance
(5,348,943.72€; 9%) were the most important onas. distribution of direct and indirect

costs from the perspective of the society couldd®n in Figure 1.

The cost per injured person ranged from 3,855.888 the perspective of the healthcare
system, to 16,250.10€ from the perspective of th#ip sector (up to 177,433.07€ in the
sensitivity analysis), and to 17,461.90€ from tkespective of the society (up to 188,983.76€

in the sensitivity analysis).
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DISCUSSION

The results of the analysis showed that, from #regective of the healthcare system, the
cost of injured people in traffic accidents in 20G&s 31,803,024.03€; from the perspective
of the public sector it was 134,047,059.27€ (up,463,645,407.13€ in the sensitivity
analysis); and from the perspective of the sodtetyas 144,043,238.88€ (up to
1,558,926,995.12€ in the sensitivity analysis). €bst per injured person ranged from
3,855.38€ from the perspective of the healthcaseesy to 17,461.90€ from the perspective

of the society (up to 188,983.76€ in the sensttigitalysis).

One could point out the relative importance of iadi costs (either in the form of subsidies
for temporary or permanent work sick leave, ohia torm of productivity losses due to
institutionalization, work sick leave, or produdtywlosses of carers), which offset direct
costs. As a matter of fact, injuries -even thosesmerated slight- have been identified in the
literature as a source of costs, mainly due ta finequency (in the present analysis, we
considered that of the 8,249 injured, 86.5% weghgland their extended morbidffy?®°
Among direct costs on could highlight acute hosigae costs, as well as specialized care,

police, fire fighters and road assistance, andodisabenefits have also a lot of importance.

The results of this study are in the line of othéwwae in Spain. Comparing this study with the
former ones, the included costs have been the saeg® the values and the number of cases
vary according to information sources, assumptrmaade in the analysis, and prevalence
values. It is worthwhile mentioning that this stuotyits itself to calculating the cost of

injured people in traffic accidents, while all teemer studies took into account injured
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people and deaths. This is the reason why resudbsts are lower. It is also worthwhile

commenting that all previous studies have includigtier administration and material costs.

The imputation of the different concepts of costa specific disease -in this case, injuries
due to traffic accidents- is not exempt from praadtissues, like the difficulty to assign a
global cost to a year or to a specific activity. Waed a “bottom-up” estimation, in contrast
with other estimations “top to bottom”. In other s, our estimations have not been made
using attributable fractions applied to total cdetseach concept; instead, we made our
estimations using the epidemiological informatieaikable and applying reimbursement
tariffs or mean costs to each case. This makesdtimations far more conservative, because
the lack of information in some cases or the lowlify of the existing registries in others has
made some of the calculations impossible. On therdtand, the main limitation of working
with attributable fractions is the overestimatidrtosts, since a proportion of the global cost
is assigned to each of the concepts. If this péagenis not accurate enough or varies

depending on what is being analyzed, inaccura@rse introduced in the calculations.

As it has been mentioned, each cost has been etindhe estimation according to the
perspective of analysis considered. For instamoe) the point of view of the society,
subsidies are transfers that the State does iufafgersons who fulfil a series of
requirements, without the wealth of the countryngaieduced, for which they do not suppose
an additional social cost and have not been indunl¢he analysi$32 However, from the
perspective of the public sector they suppose ditiadal expense, and for that they have
been taken into account. It also is worthwhileityarg that to calculate the productivity
losses, we used the mean gross monthly work cadtiding workers remuneration and

social security contributions paid by the employidre inclusion of contributions is justified
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because this value reflexes the social value optbductivity of a worker (in other words,

the availability to pay revealed by the companwyl aot only the individual private valtie

Compensation costs have not been included, simgebdard by insurers, and therefore
cannot be included under the perspective of théHueae sector nor in the perspective of the
public sector; under the perspective of the sodtetpuld be incorrect to include them

because they are transfers from the insured petedhs injured ones.

Like in any study of cost of the iliness, the estilons made are not absent from limitations,
the majority of them related with the lack of infeation about some aspects of resource
consumption, which the estimation of a money vélae made impossible for some concepts.
For instance, firstly, it is possible that the nianbf accidents with victims is

underestimated, given that the source of the ddtzei police, and they only record those
accidents where they intervene. In a similar wiaig possible that the number of acute
hospital and long-term care episodes and staysderastimated, since private hospitals paid

by insurance companies are not forced to infornrélgestries.

Secondly, again the lack of information made impgmedo take into account the cost of
technical aids for people with visual or hearingatiilities resulting from a traffic accident,
given that the number of cases was not known. Heweve could assume that this number
is very smafl’. Also, the utilization of mean values to estimat@ptation costs due to
disability and the amount of money grants, could&ensome results not completely accurate.
Also related with the lack of information, the datathe severity of injured people comes

from the police, and their classification does fotlbw clinical criteria. Some researchers
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have calculated severity using the diagnoses statd@ hospital registry, which is not free

from limitations either, since there may be misstages and incomplete registries.

Thirdly, the lack of detailed information about toef research and prevention policies in
traffic accidents, made impossible to include thamit was the case for traffic congestion

costd* 3®,

In other cases, however, the imputation of somésdssontroversial. This would be the case
of administration costs that some studies includieir whole. In this study, we decided to

include only the marginal cost related with the agement of compensations, and to exclude
the rest of administrative costs, considering thay would exist regardless of the eventuality

of the traffic accident and the injury.

Results of cost of iliness studies are a good lagisiantify a health problem, and to evaluate
the efficiency of the interventions available talseks it. In our context, in the last years
many policies (driving license point system, inst&bn of speed cameras, speed
enforcement, etc) have been carried out, and dfieictiveness has been scarcely evaluated
and not at all its efficiendy. The present information, with an exhaustive rieviof

information sources and bibliography, is a goodtisig point for the evaluation of these

recent interventions.

As we have mentioned, the reduction of traffic deats is one of the goals of the European
Commission for this decalleAs a matter of fact, many of the proposed measaire
supported by economic evaluation studies provieg #&fficiency. Among them we could

find the installation of speed radars, the utiiatof airbags, the compulsory use of helmet,
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and the use of lights during the da37>%“° The importance of the costs of those injured in
traffic accidents is an additional argument, besitheir epidemiological and social impact, to

start off prevention policies.
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Table 1. Units, prices, and information sources used in the analysis. Catalonia, 2007.

Concept No. Units
Direct costs
Primary care 26,316 injured
people not
admitted to
hospital

Acute hospital care 8,249 discharge

Emergency care 8,249 visits
Ambulances and 8,249 transport:
transport

Long-term care 3.573 days of sta
Rehabilitation care 470 severely

injured people

7.779 slightly
injured people
Adaptation to 470 severely

disability injured people

Price Sour ce

1 visit = 49.04€ 6,17

1 discharge = 2,017.90€ 17

1 emergency = 82.04€ 17
Ambulance transport = Personal
210€ communication
Helicopter transport=

2301€

1 estada = 51.45€ 18

1 hour fisiotherapy/day = 19
30.07€

1 hour nursing/month =

30.07€

1 hour nursing/month = 19
30.07€

Home adaptation = 19
801.80€

Tecnical aids and

orthopaeduic material =

20



Disability benefits

Material costs

Administrative

costs

Police

Fire fighters

Road assistance

470 severely

injured people

26,063 accident

with victims
470 severely
injured people
7,779 slighly

injured people

470 severely
injured people
7.779 slighly
injured people
470 severely
injured people
7.779 slighly

injured people

26.063 accident

520.80€-1,382.09€

Vehicle adaptation =
2,896.78€-4,643.97€
Diability benefits = 19
9,077.82€ - 13,029.10€
Deductions on taxable
income = 1,393.45€ —
2,264.36€

600€ and 900€ (1% at 6,21

10,500€)

44.26€ 6,22
608.00€ 14
306.31€ 14
260.90€ 14
123.14€ 14
159.66€ 6
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Indirect costs
Temporary sick

leave

Institucionalitzation
Permanent sick
leave

Work sick leave

Work leave of

carers

with victims

7,961 injured
people<20 days
of stay

288 injured
people >20 day:
of stay

84,461 days
8,249 injured
people

8,249 injured
people

470 severely

injured people

2,612.40€/month

2,612.40€/month

2,612.40€/month

2,612.40€/month

24,25,26

24,25,26

24,26,27

24,26,27

1 hour/day = 8.13€, 1.5- 19

6.5 hours/day
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Table 2. Results of the analysis accor ding to the per spective of analysis. Catalonia, 2007.

Concept

Direct costs
Primary care
Acute hospital care
Emergency care
Ambulances and

transport
Long-term care

Especialized care

Adaptation to disability

Disability benefits

Material costs

Administrative costs

Police, fire fighters,

road assistance

Total direct costs

I ndirect costs

Healthcare

per spective

1,290,536.64
16,645,657.1C
676,747.9€

3,900,921.2C

183,830.85

9,105,330.2¢

31,803,024.0¢!

Public sector

per spective

1,290,536.64
16,645,657.1(
676,747.96€

3,900,921.2C

183,830.85

9,105,330.2¢

11,660,969.8-

(17,031,014.66)*

5,348,943.72

48,812,937.57

(54,182,982.41

Society

per spective

1,290,536.64
16,645,657.10
676,747.96

3,900,921.20

183,830.85
9,105,330.28
5,559,987.94

(8,464,835.06)

15,637,800.00

(23,456,700.00)

365,100.74

5,348,943.72

59,250,925.17

(131,061,042.98)
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Temporary sick leave - 13,042,668.2¢
Institucionalitzation - - 6,884,309.25
Permanent sick leave - 72,191,453.4¢ -
(1,396,419,756.48
Work sick leave - - 72,191,453.46
(1,396,419,756.48)
Work leave of carers - - 5,716,551.00
(24,561,886.41)
Total indirect costs - 85,234,121.7( 84,792,313.71
(1,409,462,424.72 (1,427,865,952.14)
Total 31,803,024.0% 134,047,059.2, 144,043,238.88
(1,463,645,407.13 (1,558,926,995.12)
Cost/injured person 3,855.38 16,250.10 17,461.90
(177,433.07) (188,983.76)
The results of the sensitivity analysis are showparenthesis.
US Euro/dollar = 0.7297; European Central Bankrexfee exchange rate, 2007 average.
http://sdw.ecb.europa.eu/browseSelection.do?DATASEKFREQ=A&CURRENCY=USD

&node=2018794
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Figure 1. Distribution of direct and indirect costs, from the perspective of the society.

Catalonia, 2007.
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