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Abstract

Background: In 2000, the overall rate of injury deaths in children aged 0—14 was 28.7 per 100000
in Estonia, which is more than 5 times higher than the corresponding rate in neighbouring Finland.
This paper describes childhood injury mortality in Estonia by cause and age groups, and validates
registration of these deaths in the Statistical Office of Estonia against the autopsy data.

Methods: The data on causes of all child deaths in Estonia in 2001-2005 were abstracted from the
autopsy protocols at the Estonian Bureau of Forensic Medicine. Average annual mortality rates per
100,000 were calculated. Coverage (proportion of the reported injury deaths from the total
number of injury deaths) and accuracy (proportion of correctly classified injury deaths) of the
registration of causes of death in Statistical Office of Estonia were assessed by comparing the
Statistical Office of Estonia data with the data from Estonian Bureau of Forensic Medicine.

Results: Average annual mortality from external causes in 0—14 years-old children in Estonia was
19.1 per 100,000. Asphyxia and transport accidents were the major killers followed by poisoning
and suicides. Relative contribution of these causes varied greatly between age groups. Intent of
death was unknown for more than 10% of injury deaths. Coverage and accuracy of registration of
injury deaths by Statistical Office of Estonia were 91.5% and 95.3%, respectively.

Conclusion: Childhood mortality from injuries in Estonia is among the highest in the EU. The
number of injury deaths in Statistical Office of Estonia is slightly underestimated mostly due to
misclassification for deaths from diseases. Accuracy of the Statistical Office of Estonia data was high
with some underestimation of intentional deaths. Moreover, high proportion of death with
unknown intent suggests underestimation of intentional deaths.

Reduction of injury deaths should be given a high priority in Estonia. More information on
circumstances around death is needed to enable establishing the intent of death.
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Background

The United Nations Convention on the Right of the Child
states that the child has the right to the highest attainable
level of health and the right to a safe environment [1].
Moreover, mortality in infancy and childhood serve as
good indicators of the population wellbeing. Injury is the
most common cause of death among children and adoles-
cents in Europe and is a major public health problem
worldwide [2]. In spite of the fact that Europe enjoys the
lowest average rates of childhood mortality in the world
the rates vary considerably between European countries.
Deaths from external cases account for an important frac-
tion of the gap in overall childhood mortality between
Eastern and Western Europe [3,4].

Estonia is a re-emerging country in North-eastern Europe,
which regained its independence in 1991 after the col-
lapse of the Soviet Union. In 2004, Estonia became a full
member of the European Union. The total population of
Estonia is 1,344,684 of which 202,429 (15.1%) are chil-
dren from 0 to 14 years old (January 1, 2006).

During the 15-year period of transition, infant mortality
in Estonia decreased from 16.9 per 1000 live births in
1991 to 5.4 in 2005 reflecting considerable improvements
in the country's economy and population's well-being.
Less significant progress, however, has been observed for
childhood and adolescent deaths (Figure 1), which may
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Figure |
Mortality rates in children by age groups.
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in part be explained by persistently high rates of injury
mortality in these groups. In 2000, the overall rate of
injury deaths in children aged 0-14 was 28.7 per 100000
in Estonia, which is more than 5 times higher than the
corresponding rate in neighbouring Finland [5].

All injury deaths are preventable; therefore, detailed infor-
mation on the occurrence and circumstances surrounding
particular types of injury needs to be collected and ana-
lysed if effective interventions are to be developed [4]. The
quality of data is an important prerequisite for the analy-
sis of mortality patterns. However, to our knowledge, no
analysis on either childhood mortality in Estonia or valid-
ity of the official death statistics in the country has been
published.

This paper presents detailed description of injury deaths
in 0-14-year-old children in Estonia in 2001-2005. Tak-
ing into account the concerns regarding domestic vio-
lence, ill treatment and abuse of children in families, at
schools and in institutions in Estonia recently expressed
by the UN Committee on the Rights of the Child [6], spe-
cial attention was paid to the intent of death. In addition,
we studied the validity of the data on external causes of
death reported by the Statistical Office of Estonia by com-
paring the official data with the autopsy records.

Methods

Data on the underlying cause of death were abstracted
from the protocols of all medico-legal autopsies in chil-
dren aged 0-14 years in Estonia from 2001 through 2005.
The protocols were obtained from the Estonian Bureau of
Forensic Medicine.

External causes of death were coded as VO1-Y89 ("External
causes of morbidity and mortality") as specified by ICD-
10 [7]. According to the Estonian legislation, all deaths
from external causes and cases of sudden or suspicious
death are autopsied at Estonian Bureau of Forensic Medi-
cine [8].

Information from the autopsy protocols was transferred
to a registration form that included name, sex, dates of
birth and death, cause of death and intent of death. By
intent, injury deaths were classified as unintentional (acci-
dents), intentional (suicides and homicides), and deaths
with undetermined manner of death [9]. Circumstances
around death were analysed using police reports that
accompanied the protocols, and, where existing, verdicts
of the court of law were also analysed.

The data were computerized and the part containing the
data required for identification of cases was sent to Statis-
tical Office of Estonia, which traced the underlying cause
of death as registered in their database. In all cases of dis-
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crepancies in the cause of death between Estonian Bureau
of Forensic Medicine and Statistical Office of Estonia as
well as in cases where undetermined manner of death had
been recorded at Estonian Bureau of Forensic Medicine, a
thorough analysis of all accompanying documents was
performed to determine the most probable intent of
death. The data were analysed separately in four age
groups: <1, 1-4, 5-9 and 10-14 year-olds.

Regarding other deaths registered at Statistical Office of
Estonia, the cause of death was ascertained by either a
pathologist who performed autopsy or a physician who
examined the dead body and reviewed the medical
records [10]. All coding of causes of death is performed at
Statistical Office of Estonia using ICD-10 and following
the adapted WHO guidelines for coding of the causes of
death [11].

Given a short period of observation and relatively low
number of cases in several categories, the mortality indi-
ces were calculated as average annual rates per 100,000 for
the whole period from 2001 through 2005. The annual
midyear population data for each age group were
obtained from Statistical Office of Estonia.

In the validity study, the autopsy data were used as a "gold
standard". The coverage (proportion of the reported
injury deaths from the total number of injury deaths) and
accuracy (proportion of correctly classified injury deaths)
were calculated as percentages. Kappa statistics (k) was
calculated to adjust for chance agreement.

http://www.biomedcentral.com/1471-2458/7/158

The study was approved by the Ethics Review Committee
on Human Research at the University of Tartu (protocol
no 101/2).

Results

In 2001-2005, Estonian Bureau of Forensic Medicine per-
formed 262 medico-legal autopsies of 0-14-year-old chil-
dren, 40% (n = 105) of which were girls and 60% (n =
157) boys. Altogether, 211 of deaths in the autopsied chil-
dren (81%) were attributed to the external causes. Thus,
the average annual mortality from injuries in Estonia was
19.1 per 100,000. The remaining 51 cases were confirmed
to be caused by diseases and are not discussed here.

Unintentional deaths constituted 80% of deaths from
external causes with asphyxia and transport accidents
being the main killers followed by poisonings and other
unintentional injuries (Table 1).

Asphyxia was a cause of almost half of all unintentional
deaths in 2001-2005. Aspiration was registered as the
most frequent cause of asphyxia in infants while in other
age groups its contribution was small. Strangulation was
registered as a cause of death in 5 cases: 2 children acci-
dentally hung themselves while playing, 2 died strangu-
lated by hood (one on the fence post, another on the
barbed-wire fence) and 1 child was caught by pants by the
cot bar. Among the 12 deaths classified as "other
asphyxia", there were 4 accidental obstructions of external
airways, 4 cases of choking and 4 thoracic immobiliza-
tions (one child was trapped under the fallen cupboard,
one was caught between the bed and the wall, one was

Table I: Age-specific average annual mortality from external causes in 0-14-year-old Estonian children, 2001-2005.

Cause of death Age
<| year 14 years 5-9 years 10-14 years Total
N per 100000 (95% CI) N  per 100000 (95% CI) N per 100000 (95% Cl) N per 100000 (95% Cl) N  per 100000 (95% CI)
Unintentional injuries 37 56.1 (40.8-77.3) 47 18.8 (14.1-25.0) 41 12.6 (9.3-17.0) 44 9.5 (7.1-12.8) 169 15.3 (13.2-17.8)
Asphyxia 34 51.6 (37.0-72.0) 24 9.6 (6.5-14.3) 13 4.0 (2.3-6.8) 12 2.6 (1.54.5) 83 7.5 (6.1-9.3)
Drowning | 1.5 (0.4-8.4) 13 5.2 (3.1-8.9) 13 4.0 (2.3-6.8) 6 1.3 (0.6-2.8) 33 3.0(2.14.2)
Aspiration 26 39.4 (27.0-57.7) 5 2.0 (0.9-4.7) 0 2 0.4 (0.1-1.6) 33 3.0 (2.14.2)
Strangulation | 1.5 (0.4-8.4) 2 0.8 (0.2-2.9) 0 2 0.4 (0.1-1.6) 5 0.5 (0.2-1.1)
Other 6 9.1 (4.3-19.8) 4 1.6 (0.6-4.1) 0 2 0.4 (0.1-1.6) 12 1.1 (0.6-1.9)
Transport accidents 2 3.0 (0.9-10.9) 13 5.2 (3.1-8.9) 17 5.2 (3.3-8.3) 25 5.4 (3.7-8.0) 57 5.2 (4.0-6.7)
Poisoning | 1.5 (0.4-8.4) 7 2.8 (1.4-5.8) 5 1.5 (0.7-3.6) 3 0.6 (0.2-1.9) 16 1.4 (0.9-2.4)
Electric trauma 0 0 0 2 0.6 (0.2-2.2) | 0.2 (0.0-1.2) 3 0.3 (0.0-0.8)
Hypothermia 0 | 0.4 (0.0-2.2) 0 0 | 0.1 (0.0-0.5)
Falls 0 2 0.8 (0.2-2.9) 2 0.6 (0.2-2.2) | 0.2 (0.0-1.2) 5 0.5 (0.2-1.1)
Hit by object 0 0 2 0.6 (0.2-2.2) 2 0.4 (0.1-1.6) 4 0.4 (0.1-0.9)
Intentional injuries 5 7.6 (3.3-17.7) 0 2 0.6 (0.2-2.2) 13 2.8 (1.7-4.8) 20 1.8 (1.2-2.8)
Suicides 0 0 | 0.3 (0.0-1.7) 12 2.6 (1.54.5) 13 1.2 (0.7-2.0)
Homicides 5 7.6 (3.3-17.7) 0 | 0.3 (0.0-1.7) | 0.2 (0.0-1.2) 7 0.6 (0.3-1.3)
Undetermined mannerof 16 24.3 (15.0-39.4) 4 1.6 (0.6—4.1) 0 2 0.4 (0.1-1.6) 22 2.0 (1.3-3.0)
death
Total 58 88.1 (68.1-113.6) 51 20.4 (15.5-26.8) 43 132 (9.8-17.7) 59 12.8 (9.9-16.5) 211 19.1 (16.7-21.9)
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caught under the cement box, and one between the pram
parts).

Drowning was the leading cause of death among the cases
of asphyxia in all age groups except infants. It was the
most frequent cause of death in 1-4-year-old children
together with transport accidents, second in 5-9 year-olds
and third in 10-14 year-olds. Most of the children
drowned in outdoor waters.

Transport accidents were the leading cause of death with
similar rates of 5.2-5.4 per 100,000 children in all age
groups except infants. Road traffic accidents were the
cause of death in 47 of 57 deaths in transport accidents.
Nineteen children were passengers in the motor vehicles,
7 were pedestrians and 21 died in bike accidents. Deaths
from transport accidents which could not be classified as
road traffic accidents included 4 deaths in railway acci-
dents, one in airplane, one in motorbike, and one in
snowmobile accidents. Two children were overrun by cars
outside the roads (one in a tent and one in a pram).

Among the 16 deaths from poisoning, 10 were caused by
carbon monoxide while the remaining 6 were the cases of
poisonings with drugs. Three deaths were caused by elec-
tric trauma and there was one case of hypothermia (one
infant was found dead in the yard). Among "other" deaths
from injuries (n = 9), there were 5 falls from heights (4
from windows and one from a tractor) and 4 children
were hit by a falling object.

Altogether, 20 deaths were classified as intentional deaths.
Ten boys and three girls committed suicides (all by hang-
ing). Seven deaths were classified as homicide. In one
case, the father killed his whole family, including the 6-
year-old son; in another case, the mother's partner killed
her 11-year old son. All other cases were infanticide.
Strangulation was the cause of 2 of these deaths while the
rest of the cases were characterized by traumas of the skull
including one case of the shaken baby syndrome.

For the remaining 22 deaths (10.4% of all injury deaths)
the manner of death was undetermined. These cases
included 6 unclear traumas of the skull, 5 unclear
mechanic asphyxications, 7 bodies of newborn babies
were found and in 4 cases the bodies were found in
advanced stages of putrefaction so that the underlying
cause of death and intent were impossible to identify. The
rationale for classifying these deaths as of undetermined
manner of death was that death from a disease had been
excluded at the autopsy and/or the evidence from police
suggested that the death was unnatural.

Eight autopsied children (3.1%) could not be linked to
the corresponding records in Statistical Office of Estonia
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implying that deaths and/or births were not registered.
Two of them were the cases of death from diseases (one
child died in Finland and the death of another child was
registered with a considerable delay). The other six unreg-
istered cases were the dead bodies found and registered as
late foetal deaths.

The total coverage of the deaths from external causes by
Statistical Office of Estonia was 91.5%. Exclusion of cases
that could not be linked to Statistical Office of Estonia
increases the coverage to 94.1%. The underestimation of
deaths from external causes by Statistical Office of Estonia
is explained by misclassification of 4 unintentional inju-
ries, 7 injuries with undetermined manner of death and
one infanticide as deaths from diseases.

The overall accuracy of registration of deaths from exter-
nal causes by Statistical Office of Estonia was 95.3% if the
deaths were dichotomised either as deaths from external
causes or from diseases. Adjustment for agreement by
chance showed almost perfect agreement (k = 0.80).

One unintentional injury with asphyxia as a cause of
death was misclassified by Statistical Office of Estonia as
suicide. Eight cases were classified as deaths from uninten-
tional injuries by Statistical Office of Estonia while the
Estonian Bureau of Forensic Medicine could not exclude
intentional deaths and thus classified them as deaths with
undetermined manner of death. These included 6 cases of
asphyxia, a shooting injury and a fatal burn. There was not
enough evidence to confirm one case of homicide regis-
tered in Statistical Office of Estonia and thus this case was
classified as death with undetermined manner.

Given that the forensic experts could not define the man-
ner of death for the 9 cases of deaths from external causes
both the best and the worst case scenarios were consid-
ered for the accuracy calculations in relation to deaths
from external causes. Under assumption that all 9 cases
were correctly classified by Statistical Office of Estonia, the
accuracy would be 94.9% (k = 0.90). If all these cases were
assumed to be misclassified, the accuracy would decrease
t0 91.3% (x = 0.83).

Discussion

This first nation-wide autopsy-based study on causes of
death in 0-14 years old Estonian children revealed that
the average annual level of mortality of external causes
was high and the most common causes of death were
asphyxia and transport accidents, though the relative con-
tribution of the causes varies between the age-groups.
Moreover, we observed that injury deaths were slightly
underestimated in Statistical Office of Estonia due to reg-
istering deaths from external causes as deaths from dis-
eases. We also observed that 95% of all registered at
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Statistical Office of Estonia injury deaths were classified
correctly according to the autopsy results.

The overall injury mortality in 2001-2005 was 19.1 per
100,000 children. This is almost 5 times higher than in
Finland [12,13], 3 times higher than in Canada [14] dur-
ing the same period, and is comparable with the rates in
these countries in mid-1970s and in early 1980s, respec-
tively.

The reduction in childhoodmortality from external caus-
esfrom 28.7 per 100 000 in 2000 to the observed level
indicates that some progress in reducing injury mortality
in children in Estonia has been achieved over the recent
years. Reasons for this kind of improvement could be
attributed, along with general improvements in the coun-
try, to the National Health Programme for Children and
Youth, approved by the Estonian Government in the year
2000. Among the aims of the programme was "reduce
injuries caused by external origins and traumas and
increase safety of the environment". It has been acknowl-
edged that the health of children and youth improved as
a result of understanding that "the key to improving the
health of children and the entire population lies not only
within the public health system and the Ministry of Social
Affairs but also within many other fields and ministry
administrative domains and in accompanying activities"
[15].

The most pronounced differences in deaths from injuries
between Estonia and other countries are in infants. Esto-
nian infant mortality due to injuries is currently higher
than it was 30 years ago in Finland. The Estonian rates are
only slightly lower than those in Russia (99.2 per
100,000), but considerably higher than the rates in the
USA (19.7), France (14.3), Japan (23.3) or Canada (15.0)
[14,16]. More than half of all injury deaths in infants were
due to asphyxia (mainly aspiration), which is in agree-
ment with the findings from the USA [14] and the UK [9].
However, the corresponding rate was 2.7 per 100 000 in
the latter study, which is about twenty times lower than in
Estonia. The relatively high rate of asphyxia deaths may
have occurred due to the routine forensic practice in Esto-
nian not recording the underlying causes of death (lead-
ing to asphyxia) in these cases, but rather the direct cause
of death (asphyxia). However, for this study we used data
as recorded in the forensic autopsy protocols.

The most worrying observation is that in 8.6% of all
infant deaths were due to homicide. The information on
intentional deaths in infancy is scarce. However, several
authors emphasize that infants are at increased risk of
being battered to death [17,18]. Another concern is that in
case of further 27.6% of infant deaths the manner of death
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was undetermined which raises suspicion about consider-
able underestimation of infanticide in Estonia.

Since the difference between injury mortality compared to
Estonia and other countries is largest in infants, some of
the reasons could be given. The evidence is very difficult
to establish because of lack of information, but our con-
tinuing research has shown (paper in preparation) that
harmful habits such as alcohol and/or drug abuse, leading
to child neglect, are rather frequent reasons leading to
infant injury deaths.

Regarding the distribution of external causes in all age
groups above 1 year of age, asphyxia is rather frequent, but
declining with age with drowning becoming the main
cause of asphyxia in the older age. Transport accidents
with a similar rate of about 5 per 100,000 children are also
rather frequent. Pan et al. reported that traffic accidents
were the most common cause of injury deaths among
children aged 1-14 in Canada, 1979-2002, followed by
suffocation and drowning [14] that corresponds to our
findings. These are preventable deaths and yet they form
the single largest cause of death in European children
[19].

McKee and Oreskovic [19] claim that child injuries are
low at the policy agenda in Europe. The reasons given
were: 1) child injuries are typically an invisible condition,
2) as a policy issue they have no owner, and 3) injuries are
still seen as something that just happens. In Estonia,
although some success in reducing child injury fatalities
has been achieved, these three issues should be
approached. This would include establishing injury data-
bases and increasing research on injuries, as injury epide-
miology itself is not an active part of mainstream
epidemiology [20]. It should also include actions by a
wide range of people, including politicians to develop the
policies on safety, and strengthening public health serv-
ices. Last but not least, child and especially infant injury
prevention in Estonia should include education of parents
and childminders, with special attention to families with
low educational background and marginalized groups.

A high proportion of deaths with undetermined manner
especially in infants is the major limitation of this study.
The reason for that is the lack of information accompany-
ing the case referred to by the medico-legal autopsy. Often
the forensic pathologist does not attend the examination
of the scene of death, and his/her conclusions about the
intent of death are based only on the autopsy findings.
Determining the intent of death is especially difficult in
children under 1 year of age, which may lead to consider-
able underestimation of infant homicide. Brenner et al.
[22] reported that in the United States, the major cause of
injury deaths in infants was homicide, followed by suffo-
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cation, motor vehicle crashes, and choking. Several stud-
ies found substantial underestimation of homicides as a
result of child abuse, including infants, in vital records
systems [23,24]. Death certificates have been found to
underestimate deaths related to child abuse by about 50%
[25]. In the USA, child homicide victims are generally
young children dying from blunt head injury [26]. Such
lethal injuries were described in our study, with manner of
death undetermined, and it leads to the conclusion that
these might, in fact, be homicides. More information is
needed to be able to establish the intent of death in these
cases. Thus, health professionals have a great responsibil-
ity in providing information regarding the circumstances
of death, as they are often the first to see the (dead) child
and the presumable crime scene. They have to record all
available evidence that may help pathologist to decide
whether the cause of death was natural or if there could be
any suspicion to death from external cause. In suspicious
cases they have to inform the police who carries out the
crime scene investigation and orders forensic medical
expertise. In several cases the bodies were found at an
advanced stage of putrefaction, which made it impossible
for the pathologist to determine the intent of death,
though the intentional death might have been suspected.

On the other hand, we analysed all cases of autopsied
children between 0 and 14 years in Estonia in 2001-2005,
which is the major strength of the study.

We revealed that the coverage of external causes of death
in Estonian children by Statistical Office of Estonia is
high. The accuracy of the registration is also high. The
kappa estimates suggest almost perfect agreement accord-
ing to the guidelines provided by Landis and Koch [27] or
very good agreement according to Altman [28] even in the
worst case scenario. The fact that the majority of cases of
discrepancy refer to cases where undetermined manner of
death as classified by Estonian Bureau of Forensic Medi-
cine was classified as an unintentional death or death

http://www.biomedcentral.com/1471-2458/7/158

from diseases by Statistical Office of Estonia, suggests
underestimation of intentional deaths in official statistics.

Conclusion

Childhood mortality from injuries in Estonia is among
the highest in the EU. The quality of the registration of
deaths from external causes by Statistical Office of Estonia
is high, which implies that the data from Statistical Office
of Estonia could be used in large-scale epidemiological
research. However, one has to keep in mind that the
number of injury deaths in Statistical Office of Estonia is
slightly underestimated mostly due to misclassification as
deaths from diseases and missing data on some births.
Moreover, high proportion of deaths with undetermined
manner suggests underestimation of intentional deaths
especially in infants. More information on circumstances
around death is needed to enable establishing the manner
of death. Reduction of injury deaths should be included in
the current public health agenda and given a high priority
in Estonia.
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Table 2: Validation of causes of death in all autopsied 0-14 years old children in 2001-2005.

Cause of death by Statistical Office of Estonia

Manner of death by forensic pathologist

External causes

Disease Unintentional injury  Suicide Homicide Undetermined Total
manner of death
Disease (AA00-R99) 49 4 - | 7 6l
External (VOI1-Y99) unintentional injury (VOI-Y99, W00-X59) - 164 - - 8 172
suicide(X60-X84) - | 13 - - 14
homicide(X85-Y09) - 6 I 7
Registration missing 2 - - - 6 8
Total 51 169 13 7 22 262
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