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An average of 6000 children (0-14-y-old) died every year from injuries in the European Union
during the last decade. Although the trends are overall favorable, injuries continue to represent the
leading cause of death in this age group. The aim of this paper is to present childhood-injury-
related public health issues and consider possible remedies of contemporary epidemiologic
methods as applied to injury epidemiology and prevention. It has been estimated that half of the
lives lost to childhood injuries could have been saved if all European Union countries matched the
accomplishments of the country with the lowest mortality rate in each injury category. There is no
specific pattern of association between Gross Domestic Product and incidence of motor-vehicle
accidents by category of road user, whereas fatality from motor-vehicle accidents seems to be
inversely, strongly and significantly related to Gross Domestic Product.

Conclusion: The ongoing development of large injury databases in the European Union is a

prerequisite for understanding the complex interactions that lead to a childhood injury. Moreover,

possible remedies for overcoming the genuine problems associated with the application of traditional
epidemiologic methods to the investigation of the frequently transient in nature causes of injuries
should be considered.
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The epidemiology of childhood injuries in the Europeanf death in this age group, accounting for about one-
Union (EU) countries on the basis of available data hasird of the total.
frequently been examined (1-3). An attempt is made in Estimates of the preventability of diseases of envir-
this article to trace the inherent weaknesses of routioemental etiology are frequently based on the differ-
sources of information and consider possible remediesces between—or the variability among—population
of contemporary epidemiologic methods as applied groups with respect to the incidence and/or mortality
injury epidemiology and prevention. rates of the corresponding diseases. Where childhood
mortality from all types of injuries is concerned, in 1993
Sweden had the lowest mortality (4.95 deaths per
100000 child-years). This value can be used as a
; semi-arbitrary baseline to calculate the percentage of
Mortality trends preventable childhood injury mortality in EU member
During the last decade, an average of over 6000 childrstates. The results are shown by the gray columns in the
(0-14-y-old) in the EU member states have died eveRigure; thus, the preventable fraction of childhood
year from injuries (2). The decreasing secular trends wfortality rate of Sweden equals O, whereas for any
injury mortality of variable size noted in each membeother country this fraction is given by the formula:
state of the Union (Table 1) are striking-%%) in the (childhood injury mortality in country x — childhood
UK, Austria, Germany and Ireland. Just as noteworthigjury mortality in Sweden): childhood injury mortality
is the continuous decline in the Scandinavian countriés,country X.
where very low mortality rates from childhood injuries In most EU countries, between 30% and 50% fewer
had already been achieved in the early 1980s. Nevehildhood deaths from injuries could have been
theless, injuries continue to represent the leading cawsshieved with realistic policies and measures. Portugal,
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Table 1. Age-adjustecthildhood(0-14y) mortality rate (MRadj, per 100000 person-yearsand regressiorderivedpercentannualdecline
(and95% confidencenterval) in EU memberstatesduring the decadel 984—-93.

1993
Percentannual

Country Deaths# Mradj Deaths# Mradj declineof MRadj 95%Cl p-value
UK 1103 10.2 599 54 6.1 5.0 7.2 <1073
Austria 195 14.5 125 8.9 5.7 3.7 7.7 <1078
Germany 1233 13.8 970 7.6 5.3 4.3 6.3 <1073
Ireland 126 12.3 74* 8.3 51 3.8 6.5 <1073
France 1565 14.4 899 8.5 4.9 3.8 6.0 <1073
Portugal 556 24.9 255 15.1 4.7 3.1 6.3 <107
Belgium 251 13.6 184** 10.5 4.6 3.2 6.0 <1072
Greece 262 13.2 156 9.1 4.3 3.0 5.6 <1073
Netherlands 279 10.1 174 6.3 35 2.1 5.0 1073
Sweden 97 6.4 81 5.0 34 0.7 6.0 0.04
Italy 935 8.4 586* 6.7 3.3 2.2 4.3 <1073
Denmark 89 9.8 61 6.8 2.4 -0.2 5.0 0.11
Spain 1028 12.2 692* 10.4 1.8 0.8 2.7 0.01
Finland 76 8.0 69 7.1 0.7 -1.7 3.0 0.58

* Latestavailabledatal992.** Latestavailabledata1989.

Belgium, Spain and Greecehave the highestinjury
mortality rates, but also the largest potential for
reducingtheseratesthroughadoptionandimplementa-
tion of policies and measureof demonstrablesffec-

tiveness.

Injuries representn etiological mixture andthereis
considerable variability among EU countries with
respectto the proportion of childhood deathscaused
by injuries of different broad categories,i.e. motor
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vehicleandothertransport falls, drowning,poisoning,
machineryfire andflamesandfirearms Somecountries
havebeenmore effectivein combatingmortality from
certaincategorie®f injuries, whereasthershavebeen
moresuccessfulvith respectto othertypesof injuries.
If an“ideal” countrywere envisagedcharacterizedy
the lowest achievable childhood mortality in every
singleinjury category(e.g.that of Austriain fire and
flamesthatof theUK in drowningsandmachinerygetc.,

Sweden $3
United Kngdam 93

Netherlands 54
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Crenmark 83
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Fig. 1. Potentialreduction(%) of childhoodinjury mortality in EU memberstatesif every courtry wereto achieve:A =the total injury
mortality rateof Sweden(4.95x 10-°) andB = an‘ideal” injury mortality rateequalto the sumof thelowestachievectategory-specificates
in EU memberstates(3.20 x 10°%).
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asshownin Table 2), the preventabldraction, namely
the proportion deathsdue to injuries that could have
been prevented,would be clearly higher in every
country. This fraction would be non-zero either in

Swedenor the UK becausenot even Swedenhas yet

achievedthe lowest childhood mortality rate in every
single type of injury amongthe EU countriesunder
comparison,and can benefit from the experienceof

countries that have already achieved lower injury

mortality ratesin the respectivetype of injury (black
columnsin the Figure). It is estimatedthat thesetwo

leading countriesin childhoodinjury preventionhave
the potentialto further reducethe respectivechildhood
injury mortality rates (preventablefraction 35—-40%)
providedtheycouldachievethe“ideal” ratesthatis, the
sum of the lowest injury category-specifiomortality

ratesalreadyreachedn someotherEU memberstates.
This approachslightly overestimateshe potential for

injury prevention, becauseit takes no account of

inflexible constraintsthat may existin somecountries
and incorporatesan overoptimisticelementof chance.
Ontheotherhand,the estimatesveremadefor asingle
calendaryear(1993,for mostcountries)andneitherof

the indicatedapproachesakesinto accountthe pattern
of decliningtrendsin everycountryandeverycategory
of injury, which would underestimatehe preventable
fraction.In anycasetheFigureillustratestheenormous
wasteof youthful lives from injuries of varioustypes.It

is estimatedthat of the total of 5000 lives lost dueto

childhoodinjuries during 1993, at leasthalf could have
beensavedif all countrieshad matchedthe accom-
plishments of the leading country in each injury

category.

Externalcauses

Table 2 showsproportional(%) distributionsof child-
hood injury deathsin EU countriesby category of
injury. Proportionalindicatorshavewell-known weak-
nesseshut they do contributeto the rational prioritiza-
tion of correctivemeasureg4). Thereis considerable
variationby externalcauseput motor-vehicleaccidents
dominatethepatternin everysinglecountry.Drowning,
burns, falls and poisoning are guantitatively less
important, but deserveseparateconsideratiorbecause
they provide uniguepreventiveopportunitiesInterpre-
tation of the evidenceconcerningexternal causesof
injury deathsis, however,hinderedby the fact that a
largeandvariablefraction of injury deathsarerecorded
unclassifiedasto the externalcause Neverthelessi is
evidentthat motor-vehicleaccidentsrepresent parti-
cularly acute problem for Portugal, whereas“other
transport”injuries seemto deservespecialconsidera-
tion, mainly in Finland. Falls are surprisingly more
common,as a proportionalcauseof death,in Austria
and Italy, whereasdrowningis, againin proportional
terms,animportantproblemfor affluentsocietieswith



ACTA PZDIATR 89 (2000)

Childhoodinjuriesin EU 1247

Table3. Incidencerates(IR = caseper 10° child-years)andfatality ratios(FR = deathsasperthousancbf injured) of motor-vehicleinjuries
by road-usercategoryin EU memberstateg(circa 1990),with the correspondingsrossDomesticProducty(GPD,in USD/capita).

Occupants Cyclists' Pedestriast
Country GDP IR FR IR FR IR FR
Austria 17690 1302 12 938 8 1014 14
Belgium 17510 1746 8 1088 11 719 11
Denmark 17880 256 18 398 51 199 45
Finland 16130 271 46 313 36 193 37
France 18430 624 31 264 19 544 17
Germany 19770 1231 11 1384 7 1126 9
Greece 7680 353 39 156 35 330 42
Ireland 11430 485 26 194 38 394 46
Italy 17040 606 16 323 14 202 29
Netherlands 16820 253 40 1089 14 415 18
Portugal 9450 1152 18 510 19 1569 25
Spain 12670 548 35 131 32 346 39
Sweden 17490 421 22 315 6 151 25
UK 16340 1181 6 615 5 1555 9

Sourcesl. EconomicCommissonfor Europe Statisticsof RoadTraffic Accidentsin EuropeandNorth America,vol. XL. UnitedNations.Geneva.
1995.2. World Health Organkation. Tobaccoor Health: a Global StatusReport. WHO. Geneval997

anotherwisegoodrecordin the preventionof childhood
injury, notably Sweden,The Netherlandsand Finland.
Deathinjuries from machineryappearunusuallycom-
mon in Austria and Ireland. Poisoning rates are
proportionallyhigherin BelgiumandPortugalwhereas
fire andflamescausenorethan10%of childhoodinjury
deathdn the UK andlreland.Lastly, firearmsremaina
minor childhoodinjury problemin the EU overall,with
two-thirds of the countrieshaving rates approaching
zero.

Injuriesdominatethe spectrumof childhoodmorbid-
ity andmortality. Most public healthworkersrecognize
thatepidemiologyhasbeenthe basicscienceproviding
thefoundationdor thecontrolof mostdiseasethatturn
outto beamenabléo suchcontrol—bethesenfections,
smoking-relatedr nutrition-related.Thus, it is natural
to askwhetherepidemiologyhasfailedin this particular
field.

It is morelikely, however thatepidemiologyshould
evolveto accommodat¢he specialproblemssurround-
ing that study of infectious diseasesthat of chronic
diseasesfollowing the emergenceof the latter asthe
principal cause®f morbidity andmortality after World
War Il. As Susan Baker has pointed out, injury
epidemiologyshould shift in emphasisfrom personal
risk factors to the circumstancessurrounding the
causationof accident,that is, a shift from underlying
to proximal causeg5). Someof the changeghat are
likely to emergein injury epidemiologyareoutlinedin
the following sections.

Doessocio-technologicatlevelopment
matter?

Ever sincethe transatlantiduxury liner “Titanic” sank
andfatalitiesamongthird-classpassengenwereseveral

timeshigherthanthoseamondfirst-classpassengerst
has becomeapparentthat injury rateshave a strong
socioeconomiayradient (3), as higher socioeconomic
strataaremoreaptto identify, andderive benefitfrom,
new technologicaldevelopmentsWith few exceptions
(6-8), recentpapershave confirmedthat the patternis
bothstrongandpersisten{9-11)especiallywith regard
to some types of injuries (12), and concernsboth
incidenceand outcomeof injuries (13).

There are two general componentsin mortality:
incidence and fatality (4). The three measuresare
linked by theequation:Mortality Rate= IncidenceRate
* Fatality Ratio. Data on incidenceratesand fatality
ratios from motor-vehicle accidents by road user
category(circa 1990) are assembledy the Economic
Commissionof the United Nations (14). Comparable
datafor othertypesof injuriesarenot available Motor-
vehicle data for EU countries and gross domestic
product (GDP) in USD/capitain each of the listed
countries during the correspondingperiod (15) are
given in Table 3. No patternof associationemerges
betweenGDP on the onehandandincidenceof motor-
vehicleaccidentdy categoryof roaduseron the other.
Fatality from motor-vehicleaccidentsfor every cate-
gory of road user, however, is overall inversely,
strongly and significantly relatedto GDP (correlation
coefficientswere —0.52 for motor-vehicleoccupants,
—0.45 for cyclists and —0.45 for pedestrians)These
findingsshouldbeinterpretedvith cautionbecause¢hey
are derived from routinely collected data. There has
beenno attemptto formally evaluatethe comparability
of this information and how it is affected by social
attitudes,registrationpatternsand inter-countryvaria-
bility in the fraction of injury casesand deathsfrom
unknowncausesA possibleexplanationcould be that
healthcareeffectivenesss higherin the economically
moredevelopedcountriesof the EU (16).
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With respectto incidence,which, asindicated,is a
crucial determinant of mortality, variation across
Europeancountries reflects cultural differencesand
lifestyle, aswell associoeconomidifferentials,varia-
tion in the quality of infrastructureand,to a consider-
able extent, differences in the completenessof
registration.The underlyingcritical factorsneedto be
determined,so that measurescan be rationally for-
mulated(9).

Hasinjury epidemiologybeensuccessful?

Epidemiology has been the basic scienceof public
healthandhascontributedmorethanany otherfield in
the developmentof preventivemeasuresand policies
for infectious and cardiovasculadiseasesand several
forms of cancer(17,18). The contributionsand the
potentialof injury epidemiology howeverappeato be
more limited (19). Progressin injury preventionhas
been dependentmostly on principles of physics,
technologicalimprovements,legal measuresor just
common sense. Is this because epidemiological
methodsareinherentlyinappropriatefor the investiga-
tion of injury causationor is it becausehe necessary
datahavebeendifficult to assembleThereareelements
of truth in botharguments.

Thereare importantdifferencesbetweenthe causa-
tion of humandiseasesandthatof injuries.Most causes
of cardiovascularneoplasticor infectiousdiseasesre
clearly identifiable entities, whereasthe factors that
contribute to injuries are frequently behavioral and
poorly defined.Moreover, most humandiseasedave
natural histories with identifiable stages, whereas
injuries may haverisk factorsbut are rarely, if ever,
characterizedby latentstages.

The unpredictablesequencef eventsandconditions
that increasethe likelihood of occurrenceof an injury
createssome unusualproblemsin the application of
traditionalepidemiologiomethodsn the studyof injury
causatiorandprevention(19). Large-scaleandomized
trials are very difficult to undertakeandthe designof
cohortstudiesis hinderedby our inability to specifyin
advancean adequaterange of the relevant proximal
exposure®f behavioralor environmentahature.Thus,
it is very difficult to contemplatén advancehevariable
constellation of circumstancesthat may trigger an
accident.The properdesignof casecontrol studiesis,
if anything, more complicated,becausanstantaneous
death or serious injury may create selection bias,
whereagpost-traumatichockor denialof responsibility
regularlyintroduceinformationbias. In addition,there
is poorcorrespondenckeetweerclinical andetiological
homogeneityof injuries, which introducesconsiderable
non-differential misclassificationin most of the gen-
erally usedinvestigativedesignsLastly, proceduresor
selectionof controls are more challengingin injury
epidemiology than in other fields of epidemiologic

ACTA PZDIATR 89 (2000)

research:for example,to what extent does a past
accident representan exclusion criterion from the
control series?

Injury epidemiologyis important,but different

In contrastto otherfields of etiologicalresearchwhich
is undertakeras a prerequisitefor primary prevention,
injury epidemiologyandcontrol cannotrely on animal
studies. Almost by default, injury epidemiology is
bound to representthe mainstream researchtool.
Informal epidemiologicalapproachesijncluding case
studies,caseseriesand critical incidentanalyseshave
made important contributions and will continue to
contributebut their usefulnesss limited to identifica-
tion of hazardousproducts and processesto the
formulationof safetystandardsindto theestablishment
of principlesfor ergonomicdesigns.Traditionalanaly-
tical epidemiological designs, including ecological,
case-controland cohort studies,are still valuable,but
they may haveenteredthe “diminishing” returnsphase
of theirtrajectory.Iln orderto address©iumanfactorsthat
increase the long-term likelihood of an accident,
however,or perhapsmore important, trigger it, new
epidemiologicaldesignsneedto be contemplatedand
new resourcesnustbe developed.

The case-crossovedesign introduced by Maclure
(20) allows the investigation of factors of transient
naturein thetriggeringof acuteeventsThemethodwas
successfullyusedin theinvestigationof cardiovascular
events (21), but has also been employed in the
identification and even quantification of eventsand
conditions that facilitate the occurrenceof accidents
(22—-24).Becausdransientand instantaneouphenom-
enaare frequentlycritical in the causationof injuries,
thecase-crossovetesignhasthepotentialto becomean
extraordinarilyvaluableinstrumentin the investigation
of proximal causef injuries.

No method,however,canbe usedin the absenceof
suitable databasesAlthough childhood mortality and
years of life lost as a result of injuries are of
unacceptablanagnitude,fatality ratesare in general
so low asto makemortality a very poor substitutefor
incidence. The developmentin the EU of large
databasesof incident childhood injuries in which
comparablemethodologiesand coding systemshave
beenusedmay turn out to be a turning point in our
understandingf the complexinteractionsthat lead to
an injury. There are already examplesof successful
utilization of such databasesvorldwide (25-29), but
prospectsare likely to be better when experience
accumulatesand methodologiesare customizedto
accommodatethe strength and limitations of these
databasesand assessiew opportunitiesfor measuring
exposureo injury risk (30).
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Thelong road to injury prevention

Deathsfrom childhood and early adulthood (0—24y)
injuries reducelife expectancyby just asmuchashalf
the cancerdeathsdo throughoutife. In the USA during
theearly 1990s deathsrom injurieswerefour timesas
manyasthosefrom AIDS andseverakimesasmanyas
thosefrom environmentalpollution of any type (31).
Thereforejt is irrationalthatresearclefforts,resources
andcommunitymobilizationtowardsinjury prevention
cannotevenbe comparedto thosededicatedto other
contemporanhealththreats.

Childhoodinjury preventionhasneverachievedand
probablywill neverreceiveadequat@academigecogni-
tion and researchsupport (31). Injury epidemiology
itself is not anactivepart of mainstreamepidemiology.
Yet, thereare alreadysomesignsof positive changes.
The proportion of childhood injury papersin major
pediatric journals, including Pediatrics, Archives of
Diseasesn Childhoodand Acta Pediatrica hasmore
than doubledin the period 1983 to 1997. The EU is
launching a program focusing on the prevention of
injuries.Legislationmandatinghe useof childhoodcar
restraintsystemss welcomedevenin countrieswith a
poorinjury preventionrecord,suchas Greece andthe
ethos of injury preventionis spreadingthroughout
Academia, the media and the community at large.
Thoseworking on injury preventionhave tradedthe
excitemenbf scientificdiscoveryfor the quietsatisfac-
tion that their efforts may improve quality of life at
population level much more than any other health
intervention.
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