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Aim
Methods

Results

Conclusion

To assess the risk factors for deaths and injuries caused by earthquakes in a high-risk earthquake zone.

A cross-sectional study was carried out in Eber town, Cay County, following the earthquake of February
3, 2002 in Afyon, Turkey. This area was particularly affected by the earthquake, with high number of
casualties, including many fatalities. The study included 812 persons living in Eber at the time of the
earthquake. The study population was interviewed at their homes to obtain information on the deaths
and non-fatal injuries, along with potential risk factors for death and injuries. These included the type
and degree of the damage to the building, precise location and the initial actions of victims at the mo-
ment of the earthquake, and socio-demographic data.

Earthquake-related mortality rate was 16 per 1,000 people, injury rate was 22 per 1,000 people, and
death/injury ratio was 1:1.4. During the earthquake, 60% of the buildings collapsed or were heavily dam-
aged. Risk factors for death and injury were higher among those who lived in collapsed or heavily dam-
aged buildings, wooden type buildings, or those who were near the outer walls during the earthquake.
The most important risk factor for earthquake-induced mortality and morbidity was the degree of dam-
age to the building. Another important risk factor was the location of the individual inside the room at

the time of the quake.

Earthquake-induced injuries range from
mild cuts and bruises to more serious conditions,
such as severe fractures, internal organ damage,
crush syndrome, and burns (1). In the case of earth-
quakes, the prevention through escape exposure is
naturally not likely, therefore reducing the conse-
quences of the earthquake is very important. It is
important to know the factors that determine the
risk of death or severity of injuries, and to be pre-
pared and take measures of precaution (2).

Turkey is located on active earthquake
zone. In the last 58 years, earthquakes claimed
58,202 lives, 122,096 injuries, and 411,465 col-
lapsed buildings (3). The last of these destructive
earthquakes occurred in Afyon city on February 3,

2002 at 9:11 a.m. local time, and measured 6.1 in
Richter scale. The epicenter of the earthquake was
in Eber. Overall, 42 deaths and 325 injuries, 9% of
them requiring hospital admission, were reported
in and around Afyon city. The most severely af-
fected town was Eber, with 14 deaths, leaving 60%
of all buildings in the town heavily damaged (4-5).

The objective of the study was to deter-
mine the characteristics and the risk factors for
earthquake-induced deaths and injuries.

Methods

The study was carried out in Eber, where
the epicenter was and most of the damage and
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deaths occurred (Fig. 1). Deaths and injuries were
rare in other affected areas. Two hundred and
fifty-three families, who were living in Eber at the
time of the earthquake, were included in the
study, but 229 families were available (response
rate=90.5%). Twelve families moved out of the
region immediately after the disaster and did not
leave any contact address. In addition, 12 families
could not be found at home because they left the
region temporarily due to reasons such as un-
healthy living conditions and fear of repeated earth-
quake. Since it was obtained from their neighbors
or relatives, the information about the size of these
24 families was not precise. Therefore, overall 812
persons from 229 families were reached. There was
no information about one death.
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Figure 1. Afyon city map.

This descriptive, cross-sectional study
was carried out three months after the disaster.
Therefore, it was difficult to obtain information.
The study population was interviewed at home,
tents, or trailers; the interviews were based on a
questionnaire. Information on the dead was ob-
tained from the family members and on the chil-
dren from their mothers. Interviews were com-
pleted in a week by three health workers, who
were working at local health center, after being
trained to use the questionnaire.

The questionnaire consisted of ques-
tions regarding household characteristics, build-
ing type, degree of damage to the buildings,
socio-demographic characteristics of the affected
people, location and initial actions of affected peo-

ple at the time of the earthquake, along with the
number and characteristics of the dead and
injured people.

Statistical Analysis

Categorical data were compared by us-
ing y*-test, and odds ratios with 95% confidence
intervals (Cl) were computed. In order to adjust the
risk factors, a multivariate logistic regression anal-
ysis was used. This analytic process was per-
formed by using SPSS, version 10.0 (SPSS Inc.,
Chicago, IL, USA).

Results

After assessing the information obtained
from 812 persons from 229 families, it was found
that the median family size was 4, with a range
from 1-10 family members. Approximately, two-
thirds of the families had less than 4 members.
Twenty three percent of the study population were
aged 0-14, 14% were elderly (aged 65 and over),
and 50% were men. Sixty-three percent of bread-
earners in the families were farmers, followed by
pensioners, self-employed, civil servants, and
others (Table 1).

As seen in Table 2, 23% of the buildings
had one story, 75% of them had two stories, and
only 4 buildings had three stories. About half were
wooden construction (57.6 %) and the rest were
made out of reinforced concrete and masonry.
Eighteen percent of the buildings totally collapsed
and only 24% were not damaged at all. The de-
gree of damage was affected by the construction
type of the buildings. Eighty-three percent of the
wooden buildings totally collapsed or were se-
verely damaged; for the masonry and reinforced

Table 1. Distribution of households by age groups, gender,
family size, and occupation of family head

Households characteristics No. (%)
Age groups (n=812):
0-14 184 (23)
15-64 513 (63)
65 and over 115 (14)
Gender (n=812):
men 409 (50)
women 403 (50)
Family size (n=229):
12 68 (30)
34 91 (40)
5+ 70 (30)
Occupation of family head (n=229):
farmer 145 (63)
pensioner 24 (11)
self-employed 21 (9)
civil servant 14 (6)
others 25 (11)
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Table 2. Distribution of buildings (n=229) by building height,
type, and degree of damage

Table 4. Distribution of injuries by causes, site, and type of the
injury

Characteristics No. (%) Characteristics No. (%)
Building height: Causes of injury (n=18):
1 story 53(23) wall destruction 15 (83)
2 stories 172 (75) jumping out of the window 2(11)
3 stories 4(2) fire 1(6)
Building type: Site of injury (n=18):
wooden 132 (58) extremities 10 (56)
reinforced concrete 72(31) trunk 5(28)
masonry 25 (11) head 3(17)
Degree of damage: Type of injury (n=18%):
undamaged 55 (24) bruises 13(72)
slightly/moderately damaged 46 (20) cuts 5(28)
severely damaged 86 (38) fractures 4(22)
collapsed 42 (18) burns 1(6)

concrete buildings, the corresponding proportions
were 40% and 11%, respectively.

There were 13 fatalities and 18 non-fatal
injuries, which occurred in 18 of the 229 houses
(8%). The death/injury ratio was 1:1.4. The mortal-
ity rate was 16 per 1,000 people and the injury rate
22 per 1,000 people. There were 7.5 deaths per
100 damaged buildings and 26.2 per 100 col-
lapsed buildings.

Some characteristics of the deaths and
injuries are given in Table 3. The median age of
the dead was 51 years, and of the injured people
34 years. Thirty-nine percent of the dead and 50%
of the injured were men. Of 13 deaths, 12 oc-
curred at the time of the earthquake and one oc-
curred 30 days later. Information about the details
of the injuries was obtained directly from the in-
jured persons and from the mothers of the two in-
jured children (3 and 4 years old).

As shown in Table 4, 83% of the injuries
occurred due to the destruction of the walls, 11%
were caused by jumping out of the window, and
6% were caused by fire. Most of the injuries oc-
curred to the extremities, followed by the trunk

Table 3. Age, gender, time of death, and building damage in
death and injury cases

Death cases Injury cases

Characteristics (n=13) (n=18)
Median age (range) 51 (4-74) 34 (3-78)
Gender:

men 5 9

women 8 9
Time of death:

at the moment of earthquake 12 18

after earthquake 1 0
Building damage:

collapsed 11 12

severely damaged 2 4

slightly/moderately damaged 0 2
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*Some persons had multiple injuries (totally 23 injuries).

and the head. Some persons had multiple injuries,
therefore, 18 injured persons had 23 injuries. Most
of the injuries were minor such as bruises,
whereas other types of injuries were cuts of differ-
ent size, fractures, and burns of different degree.
Nearly half of the injured people sought hospital
treatment for their injuries.

The risk of earthquake-induced death/in-
jury was higher among women, elderly, and chil-
dren, but this was not statistically significant (Table
5). Location of the victim inside the building, par-
ticularly in the living room or on second floor, was
not identified as a risk factor. In contrast, the loca-
tion in the room at the time of the earthquake, type
of the building, and degree of damage to the build-
ing were significant risk factors. Persons in wood-
en-type buildings had a 3.6-fold higher death/in-
jury risk, compared with other types of buildings.
Those who were near the outer wall at the time of
the quake had a 6.0-fold higher death/injury risk,
compared with other locations. Location inside
collapsed or severely damaged buildings incre-
ased the risk of death/injury 22.8 times (Table 5).
Following adjustment for all factors by logistic re-
gression analysis, the type of the building was not
important predictor of deaths and injuries (Table 6).

Discussion

Our study, which determined the risk
factors for earthquake-induced deaths and inju-
ries, was carried out in Eber town where most of
the damage occurred in 2002 Afyon earthquake.
Although Eber was heavily damaged, the size of
the affected population and the number of the
dead and injured was small. The small size of the
population was one of the limitations of this study.
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Table 5. Risk of earthquake-induced death/injury by gender,
age groups, building characteristics, and location during earth-
quake

Risk factors No. (%) y>test P OR (Cl)*
Gender:

men (n=409) 14 (4)

women (n=403) 17(4) 0.35 0.554 0.8(0.3-1.7)
Age groups:

0-14 (n=184) 9(5)

15-64(n=513) 15 (3)

65 and over (n=15) 7(6) 331 0491

Location:

inside a building (n=658) 28 (4)
outside a building (n=154) 3(2) 1.78 0.182 2.2(0.6-7.0)
Location inside the house:t
living room (n=396) 18 (5)
other rooms (n=244) 10 (4)
Location inside the room:*
near to outer wall (n=12) 15 (13)
others (near to inner wall, 13(6) 25.82 <0.001 6.0(2.7-13.0)
middle of the room) (n=520)
Damage to the building:
collapsed/heavily 29 (9)
damaged (n=334)
slightly-moderately damaged/ 2 (0) 36.57 <0.001 22.8 (5.2-138.9)
undamaged (n=478)
Height of the building:
two/three stories (n=623) 25 (4)

0.72 0.788 1.1(05-2.4)

one story (n=189) 6(3) 0.28 0596 1.2(0.5-3.1)
Location inside the building:

second floor (n=218) 9(4)

first floor (n=594) 22(4) 0.09 0.780 1.1(0.5-2.5)
Building type:

wooden (n=446) 25 (6)

reinforced concrete/ 6(2) 8.61 0.003 3.6(1.49.9)

masonry (n=366)

*0OR - odds ratio, Cl - confidence interval.
tUnknown, n=18.
FUnknown, n=26.

Table 6. Odds ratios and confidence intervals of earthquake-
induced deaths and injuries in a logistic regression analysis

Variables 0dds ratio
in the model (95% confidence interval)
Age women (vs men): 1.7 (0.7-4.1)
0-14 (vs 15-64) 1.6 (0.6-4.3)
65+ (vs 15-64) 1.9 (0.6-5.7)
Living room (vs other rooms) 0.8(0.3-1.9)
Being near to outer wall (vs others) 8.8(3.3-23.3)
Collapsed/heavily damaged buildings (vs others) 70.7 (8.2-608.4)
Two-three stories (vs one story) 0.3(0.1-1.2)
Second floor (vs first floor) 1.8 (0.6-5.3)
Wooden type building (vs others) 0.6 (0.2-2.0)

However, as there is a paucity of data in this field,
this study provided some key information which
could help in preparing for future earthquakes.
One of the factors giving rise to effect for people
after earthquake is crowded settlements (1).

Most of the families had 1-4 members
and were living in buildings with 1-2 stories.
Nearly half of the buildings were made of wooden
materials, and the half of the rest was reinforced
concrete and masonry. Wooden-type buildings

were more damaged than one or two storey rein-
forced concrete buildings. This finding is similar to
the report from a previous Turkey earthquake
study, carried out after the 1992 Erzincan earth-
quake (6). Killed persons were slightly older than
the injured ones, and the percentage of women
among dead persons was higher than men. Most of
the deaths and all of the injuries occurred at the
time of the earthquake. Nearly all of the buildings
in which deaths occurred were completely de-
stroyed. The other findings regarding the injuries
showed that most of the injuries occurred because
of the destruction of the outer walls and most of
them were bruises. This contrasts the findings from
the earthquake in Northridge, California, USA in
1994, when over half of the injuries were caused
by falling or breaking objects and most of the inju-
ries were cuts and/or bruises (7). Most of the inju-
ries affected the extremities, which is similar to the
findings of the Northridge and the Gujarat earth-
quake studies (7,8).

Earthquake-related mortality and injury
rate varies by the magnitude of the earthquake and
building type. Crude mortality rates were 0.4 per
thousand people in 1991 Costa-Rica earthquake,
25% in Armenia in 1988, 13.4% in Taiwan in
1999, and 38% in 1999 earthquake of Golciik,
Turkey (9-12). Mortality rate was 16 per thousand
people in Eber. On the other hand, the injury rate
was 22%. The death/injury ratio was 1:1.4, which
is slightly less than the ratio reported in Armenia
(1:1.8) and in Golcik, Turkey (1:1.9) (10,12).
There is an average of one death for every three in-
juries in earthquake. In this earthquake, as well as
in Golciik earthquake, mortality was higher. This
could be because Eber was the epicenter of the
earthquake and the most severely affected area,
and also because the earthquake took place early
in the morning.

Previous reports have assessed different
types of risk factors for earthquake-induced mor-
tality and morbidity, such as building characteris-
tics and individual factors (9-19). In many previous
studies, it has been reported that elderly people
and women are the most vulnerable groups in
earthquake (11,13). In this study, the risk of earth-
quake-induced death/injury was higher among
women, elderly, and children, but this was not sta-
tistically significant. This result is similar to the
findings of Golclk, Turkey and 1999 Taiwan
earthquake study (12,14). In the earthquake of
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Erzincan, Turkey, and Armenia, location inside a
building was a significant predictor of death
(10,15). Although in our study the risk of earth-
quake-induced death/injury was higher among
persons who were inside a building than those
outside a building, the difference was not statisti-
cally significant. In general, morbidity and mortal-
ity have increased with height of the buildings
(10,15). At the same time, location of a person in-
side the building is of great importance. Higher
mortality among people living in the lower floors
of the building than among those living in the up-
per floors was found in previous studies (12,15),
except in the study of Armenia earthquake, in
which mortality was higher among those on the
upper floors (10). In our study, nearly all of the
buildings had 1 or 2 stories; therefore no signifi-
cant association was found between death and the
height of the buildings.

Structural type of the buildings is an-
other risk factor for the earthquake-related morbid-
ity and mortality. In this study, living in wooden
buildings was a significant risk factor for death/in-
jury during earthquake, same as in the study of
Costa-Rica earthquake (9). This study also showed
that persons who were near the outer wall at the
time of the quake had a 6.0-fold increase in
death/injury risk, compared with other locations in
the room. Also, those inside collapsed or severely
damaged buildings had 22.8 times increased risk
of death-injury, compared with those who were in
mildly damaged or undamaged buildings. The
multivariate analysis of data revealed that type of
the building was not very important predictor of
deaths and injuries, following adjustment for all
factors. At the same time, it was found that being
near the outer wall increased the risk of death/in-
jury 8.8 times and being inside collapsed or se-
verely damaged buildings increased the risk 70.7
times. The type of structure and material of con-
struction may play a role in the increased risk of
death/injury among persons who were near the
outer wall of the house.

In conclusion, the most important risk
factor for earthquake-induced mortality and mor-
bidity is the damage degree of the building, fol-
lowed by location of a person inside the room.

Acknowledgement

We thank Dr Dogan Fidan for his help.

@M

References

World Health Organization. Department of Emergency
and Humanitarian Action. Technical hazard sheet.
Earthquakes. Available at: http://www.who.int/disas-
ters/repo/5495.doc. Accessed: July 11, 2005.

Coburn AW, Spence R], Pomonis A. Disaster mitiga-
tion. 2nd ed. Cambridge (United Kingdom): Disaster
Management Training Programme; 1994.

Technical Information About Earthquake. Earthquake
Research Department [in Turkish]. Available at: http://
www.deprem.gov.tr/deprem.htm. Accessed: July 11,
2005.

Ozmen B. Seismic map and damage degree of February
03, 2002 Afyon Earthquake [in Turkish]. Available at:
http://www.deprem.gov.tr/  raporlar.htm. Accessed:
July 11, 2005.

Akbulut G, Yylmaz S, Polat C, Sozen M, Leblebicio?lu
M, Dilek ON. Afyon Sultandagi earthquake [in Turkish].
Turkish Journal of Trauma and Emergency Surgery.
2003;9:189-93.

Bayulke N. March 13, 1992 Erzincan earthquake [in
Turkish]. Ankara: Ministry of Public Works and settle-
ment, General Directrate of Disaster Affairs, Earthquake
Research Department; 1993.

Bourgue LB, Peek-Asa C, Mahue M, Nguyen LH, Shoaf
Kl, Kraus JF, et al. Health implications of earthquakes:
physical and emotional injuries during and after the
Northridge Earthquake. In: Proceedings of a WHO Sym-
posium, Kobe, Japan: January 27-30, 1997. Geneva
(Switzerland): World Health Organization; 1997. p.
22-31.

Roy N, Shah H, Patel V, Coughlin RR. The Gujarat
earthquake (2001) experience in a seismically unpre-
pared area: community hospital medical response.
Prehospital Disaster Med. 2002;17:186-95.

Pretto EA, Angus DC, Abrams JI, Shen B, Bissell R, Ruiz
Castro VM, et al. An analysis of prehospital mortality in
an earthquake. Disaster Reanimatology Study Group.
Prehospital Disaster Med. 1994;9:107-17.

Armenian HK, Melkonian A, Noji EK, Hovanesian AP.
Deaths and injuries due to the earthquake in Armenia: a
cohort approach. Int J Epidemiol. 1997;26:806-13.
Chan CC, Lin YP, Chen HH, Chang TY, Cheng TJ, Chen
LS. A population-based study on the immediate and
prolonged effects of the 1999 Taiwan earthquake on
mortality. Ann Epidemiol. 2003;13:502-8.

Dedeoglu N, Erengin H, Pala K. Risk factors for death,
injury, and entrapment in the 17 August 1999 Earth-
quake of Golciik [in Turkish]. Community and Physi-
cian. 2000;15:2-9.

Peek-Asa C, Ramirez M, Seligson H, Shoaf K. Seismic,
structural, and individual factors associated with earth-
quake related injury. Inj Prev. 2003;9:62-6.

Chou YJ, Huang N, Lee CH, Tsai SL, Chen LS, Chang
HJ. Who is at risk of death in an earthquake? Am |
Epidemiol. 2004;160:688-95.

Angus DC, Pretto EA, Abrams JI, Ceciliano N, Watoh Y,
Kirimli B, et al. Epidemiologic assessment of mortality,
building collapse pattern, and medical response after
the 1992 earthquake in Turkey. Disaster Reanimatology
Study Group (DRSG). Prehospital Disaster Med. 1997;
12:222-31.

Shoaf Kl, Peek-Asa C. Survey research in disaster public
health. Prehospital Disaster Med. 2000;15:57-63.

617

|e 39 Zmjopl||3

9venbypae] ul sarinfu] pue yjeaq 1oy s1030e sy



618

Croat Med J

2005;46(4):613-618

Osaki Y, Minowa M. Factors associated with earth-
quake deaths in the Great Hanshin-Awaji Earthquake,
1995 [in Japanese]. Nippon Koshu Eisei Zasshi. 1999;
46:175-83.

Melkonian AK, Armenian HK, Hovanesian AP. Long-
term studies of mortality and morbidity following the
Armenian earthquake. In: Proceedings of a WHO Sym-
posium, Kobe, Japan: January 27-30, 1997. Geneva
(Switzerland): World Health Organization; 1997. p.
53-56.

Kravetz AV, Astakhov VA. Maintenance of medical
readiness in reaction to earthquakes in the far-eastern
region of Russia. In: Proceedings of a WHO Sympo-

sium, Kobe, Japan: January 27-30, 1997. Geneva (Swit-
zerland): World Health Organization; 1997. p. 169-73.

Received: February 8, 2005
Accepted: July 6, 2005

Corresponding author:

Hulya Ellidokuz

Dokuz Eylul University Hospital
35320 Izmir, Turkey
hulya.ellidokuz@deu.edu.tr

Eemmy



