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PURPOSE: To investigate the patterns of immediate seismic deaths and post-earthquake mortality
changes in the disaster area after the September 21, 1999 Taiwan earthquake.
METHODS: We used the data of 1,826 seismic deaths to elucidate the immediate seismic effects on
mortality patterns, and to determine the association between seismic death rates and house damage among
23 townships in the disaster area. We used standardized mortality ratios (SMRs) to estimate the changes
in mortality of all natural causes (ICD-9: 1–799) in the 12 months after the earthquake.
RESULTS: For the 1,826 seismic deaths, two leading causes of death were asphyxiation and intracranial
injury and the death rates were higher among the female and elderly population. Township-specific
seismic death rates were proportional to the proportion of completely collapsed houses. SMRs decreased
six months after the earthquake for all residents and female adults aged 45 years and over.
CONCLUSIONS: The immediate effects of the Taiwan earthquake included a higher proportion of
female and elderly seismic deaths and an association between seismic death rates and earthquake damages
in the disaster area. The prolonged effect of the earthquake on mortality in the post-earthquake year
was a decrease in mortality for all residents except male adults.
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INTRODUCTION

At 0147 hours on September 21, 1999, a powerful earth-
quake of magnitude 7.3 on the Richter scale (moment
magnitude (Mw) � 7.6) (1) struck central Taiwan. In the
ensuing five days, thousands of aftershocks with several
greater than 6.0 on the Richter scale were felt (1). Ac-
cording to the mortality data from the Taiwan Department
of Health, a total of 2,347 deaths were attributable to acute
physical injury, fall, or being trapped by objects dislodged
during the tremors of the first quake and the following after-
shocks of the September 21, 1999 earthquake. Judging by
its scale and the total number of deaths, it is believed to
be the worst earthquake in 20th century Taiwan.

Previous epidemiologic studies on earthquake-related
mortality had identified good associations between seismic
deaths and housing structures in earthquakes (2–9). The
long-term effects of an earthquake on mortality attributed
to natural causes and cardiovascular disease had also been
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reported (10–13). The demographic patterns of mortality
due to the immediate or prolonged effects of earthquakes,
however, were inconsistent in previous studies.

For the immediate effects of earthquakes on mortality,
higher age-specific mortality rates for the elderly were re-
ported in Japan (7, 9) and the US (3). Seismic mortality
rates were higher for the young and the elderly in Guatemala
(5). Females were reported to have higher seismic mortality
rate in a Japanese study (7). As for the deaths from all
causes and from heart disease following the 1988 earthquake
in Armenia, unadjusted death rates increased with age and
were higher among males (10).

In this study, we analyzed the immediate effects of the
1999 Taiwan earthquake on mortality by identifying the
timing, location, and causes of seismic deaths in the earth-
quake. The demographic patterns of seismic deaths were
revealed by age and gender-specific mortality. We also ex-
tended our follow-up observation on mortality for one year
after the earthquake to investigate the prolonged effects of
earthquakes on deaths by natural causes.

METHODS

Mortality Data

Our study focused on the analysis of computerized mortality
data and population statistics from the disaster area between
1047-2797/03/$–see front matter
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Selected Abbreviations and Acronyms

ICD-9 � International Classification of Diseases, Ninth Revision
SMR � standardized mortality ratio
SE � standard error

1996 and 2000 and corresponding structural damage dataat-
tributed to the September 21, 1999 earthquake. The disaster
area included 23 townships in the Nantou County (all of
its 13 townships) and the Taichung County (10 out of 21
townships) and a 1999 mid-year population of 1,388,741. We
obtained data on earthquake damage from the Taiwan Na-
tional Fire Administration. The degree of housing damage
(completely collapsed or partially collapsed) was defined
and measured by the local governments in Taiwan shortly
after the earthquake. Three administrative levels–the town-
ship, the county, and the central government–performed
thorough damage assessment on houses in the disaster area
after the earthquake. Completely collapsed houses were de-
fined as those that had to be torn down and rebuilt for
future occupancy. Partially collapsed houses were those that
needed to be repaired for continuing occupancy. The degree
of housing damage was used in many publicly and privately
funded post-earthquake welfare programs after the 1999
Taiwan earthquake.

The computerized mortality data were obtained from the
Taiwan Department of Health. The data included date of
birth, gender, time and date of death, and cause of death
coded by the International Classification of Diseases,
Ninth Revision (ICD-9). The accuracy of cause-of-death
coding in Taiwanese mortality data has been validated in
a previous study (14). Even in the chaotic situation after
the earthquake, special efforts were performed by the Taiwan
Department of Health to confirm the accuracy of diagnosis
and ICD coding of all seismic deaths by medical examin-
ers. Seismic deaths were defined as deaths attributable to
acute physical injury in the earthquake; heart attacks or
stress-related events were excluded. We obtained population
statistics between 1996 and 2000 from the Taiwan Ministry
of the Interior to calculate mortality in this study.

To elucidate the immediate seismic effects on mortality,
we collected and analyzed the mortality data attributed to
the direct effect of the earthquake (ICD-9: E909) in the
disaster area. There were a total of 1,862 seismic deaths in
the 23 townships. The timing, cause of death and its gen-
der distribution among these 1,862 seismic deaths were
further explored. Ninety-two percent of these deaths
(n � 1,717) occurred on the day of the earthquake, with
99% (n � 1,845) occurring within the month following the
earthquake. We used sixteen 5-year age strata, ranging from
0–4 to 75� years, to plot the age and gender-specific seismic
death rates. The age and gender-specific mortality of all-
causes (ICD-9: 1–999) in the same time period (9/21–10/
20) between 1996 and 1998 were also plotted as reference.

We calculated township-specific crude death rates for
each of the 23 townships in the disaster area. The severity
of earthquake damage in each township was defined as the
proportion of partially and/or completely collapsed houses
among all registered houses. These township-specific data
were used to determine whether seismic death rates were
affected by the severity of housing damage in the disaster
area.

To investigate the prolonged effects of the earthquake on
mortality in the disaster area, we used monthly standardized
mortality ratios (SMRs) to diagnose post-earthquake mortal-
ity changes. Twelve monthly SMRs (from October, 1999
to September, 2000) were calculated for deaths of all natural
causes (ICD-9: 1–799). We used averaged monthly mor-
tality between 1996 and 1998 and mid-year populations in
1999 or 2000 to calculate the expected monthly deaths for
October to December of 1999 and January to September of
2000 in the post-earthquake period. The post-earthquake
monthly SMRs were obtained by dividing observed by ex-
pected deaths in each of the 12 months. The SMRs of all
ages, adults over 45, and gender stratification were estimated
to identify certain susceptible sub-populations in the post-
earthquake months.

Statistical Analysis

We used a Poisson regression model with gender and county
as main effects to investigate whether crude seismic death
rates differed significantly by gender and county in the disas-
ter area. We used another Poisson regression model with the
impact of earthquake (before earthquake � 0 and after
earthquake � 1) and gender (female � 0 and male � 1) as
main effects, and an interaction term of gender*earthquake
to further elucidate whether the gender pattern of mortality
changed between 9/21/1999 and 10/20/1999 after the earth-
quake. We also used Poisson regression to explore the associ-
ation of township-specific crude seismic death rates and the
severity of earthquake damage in the disaster area. We first
built a full model with the proportions of both completely-
and partially-collapsed houses in each of 23 townships as
independent variables. We then constructed two sub-
models with either the proportion of completely collapsed
houses (sub-model 1) or the proportion of partially col-
lapsed houses (sub-model 2) as an independent variable.
The likelihood ratio tests were used to compare the full model
with sub-models and the statistical significance level was
set at 0.05. The genmod procedure of generalized linear
model in SAS 8.1 version was used to perform Poisson
regression modeling in this study.
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RESULTS

Township-specific earthquake damage and the crude seismic
death rates in the earthquake disaster area are presented
in Table 1. Wide variations in earthquake damage and
corresponding death rates are apparent. Among the 378,864
houses in the disaster area, 19.4% were designated as com-
pletely collapsed and another 15.0% as partially collapsed
after the earthquake. The proportion of completely col-
lapsed houses ranged from �0.1% to 53.2% among the 23
townships. On average, the earthquake damage in Nantou
County (23.1% of completely collapsed houses) was more
severe than Taichung County (15.7% of completely col-
lapsed houses). The range for the variation in the partially
collapsed housing, however, is not as wide as that observed
for the completely collapsed housing.

The crude seismic death rate was 134 per 10,000 in the
entire disaster area. The crude seismic death rates varied
from 5 to 1,060 per 10,000 among the 23 townships. The
crude seismic death rates for females were 169 and 130 per
10,000 and 135 and 116 per 10,000 for males in Nantou
and Taichung counties respectively. Nantou County (152
deaths per 10,000) had significantly higher crude seismic
death rate than Taichung County (123 deaths per 10,000)
by Poisson regression analysis (p � 0.05). Females also had
significantly higher crude seismic death rates than males in
each county and in the entire disaster area.

In Table 2, we found township-specific crude seismic
death rates was significantly associated with the proportion
of completely collapsed houses (χ2 � 384.96, p � 0.001),
but was not significantly associated with the proportion of
partially collapsed houses (χ2 � 2.03, p � 0.213) among 23
townships in the disaster area. The results indicated that
completely rather than partially collapsed houses had better
prediction for crude seismic death rates during the 1999
Taiwan earthquake. The relative rate ratios were estimated
at 1.05 (95% CI: 1.05–1.06) for the percentage of com-
pletely collapsed houses, i.e. 1% increase in completely col-
lapsed houses would increase 5% crude seismic death rates
in the disaster area.

Among the 1,862 seismic deaths, 1,441 (77%) were pro-
nounced dead in their collapsed homes, 165 (9%) died on
their way to referral hospitals, 136 (7%) died in the referral
hospitals, and 130 (7%) died in the evacuation area or were
TABLE 1. Township-specific severity of housing damage and crude death rates for 1,862 seismic deaths in the disaster areaa

of the 1999 Taiwan earthquake

Collapsed houses (%) Crude death rates (per 10,000)

Township Number of houses Completely Partially Population Number of deaths All Male Female

Nantou County
Nantou 28950 18.0 21.8 104723 92 88 80 96
Puli 24561 25.3 26.9 87933 173 197 172 223
Tsaotun 25515 10.0 15.7 97280 85 87 90 84
Chushan 16208 17.5 19.9 61811 94 152 164 139
Chichi 3686 49.4 25.9 12335 34 276 243 313
Mingchien 10503 3.4 4.2 42768 42 98 88 109
Luku 5571 20.5 18.2 21062 21 100 80 122
Chungliao 4780 53.2 29.8 17925 165 921 710 1177
Yuchi 4990 47.6 29.6 17910 12 67 51 86
Kuohsing 6647 28.8 28.2 24173 80 331 249 430
Shueili 6757 8.9 18.7 22996 13 57 49 65
Hienyi 4617 9.4 7.7 17750 6 34 21 50
Jenai 4025 8.2 10.4 15372 7 46 48 43
Subtotal 146810 23.1 19.8 544038 824 152 135 169

Taichung County
Fengyuan 41854 3.6 1.3 161032 132 82 70 94
Taya 21143 �0.1 �0.1 79125 4 5 2 8
Tantse 24974 0.1 �0.1 87405 18 21 18 23
Tungshih 16103 28.6 23.3 58560 311 531 493 573
Hsinshe 6822 20.8 12.4 26915 116 431 471 396
Shihkang 4042 49.9 24.3 15382 163 1060 1010 1115
Hoping 4346 14.0 13.8 11172 16 143 112 184
Tali 48400 5.7 9.3 171940 133 77 68 87
Taiping 47196 4.8 2.4 165524 78 47 51 43
Wufeng 17174 13.3 6.8 67648 67 99 89 110
Subtotal 232054 15.7 10.3 844703 1038 123 116 130

Total 378864 19.4 15.0 1388741 1862 134 122 144
aThe disaster area included all 13 townships in Nantou County, and 10 out of 21 townships in Taichung County.
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TABLE 2. The association between township-specific crude
seismic death rates and the severity of earthquake damage in
the disaster areaa by Poisson regression models

Likelihood
Models Independent variables Estimate (SE)b ratio test

Full model Completely collapsed 0.050 (0.003) —
houses

Partially collapsed 0.006 (0.004) —
houses

Sub-model 1 Completely collapsed 0.053 (0.001) χ2
(1) � 384.96,

houses p � 0.001
Sub-model 2 Partially collapsed 0.074 (0.003) χ2

(1) � 2.03,
houses p � 0.213

aThe disaster area included all 13 townships in Nantou County, and 10 out of 21
townships in Taichung County.

bSE � standard error.

data missing. As shown in Figure 1, there were six major
causes of deaths, coded by ICD-9, for the 1,862 seismic
deaths in the disaster area–asphyxiation (32%), intracranial
injury (29%), traumatic complications and injuries in trunk,
upper and lower extremities (16%), internal injury of chest,
abdomen and pelvis (7%), crushing injury (6%), and frac-
ture of skull, neck, trunk and lower limb (6%). These six
major causes accounted for 81% of total seismic deaths in
the disaster area. Burn-related deaths accounted for less
than 1% of total seismic deaths in the 1999 Taiwan
earthquake.

The age and gender distributions of seismic death rates
in the first month (9/21–10/20, 1999) are illustrated in
Figure 2. Seismic death rates in the first month of earthquake
increased from young to the very old, as they were in the all-
cause mortality in the same time period between 1996 and
1998. The ratio of seismic death rates was 3.3 between
adults aged over 45 years and those aged less than 45 years.
By contrast, the mortality ratio was 13.5 between adults aged
over 45 years and those aged less than 45 years between
1996 and 1998. The gender pattern of seismic death rates,
however, was different from that of the 1996 to 1998 all-
causes mortality. In 1996 to 1998 all-causes mortality, males
had higher mortality than females. By contrast, females had
higher seismic death rates than males in the post-earthquake
FIGURE 1. Major causes of death for the 1,862 seismic deaths (ICD-9: E909) in the disaster area. The disaster area included all 13
townships in Nantou County, and 10 out of 21 townships in Taichung County.
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FIGURE 2. Age and gender specific seismic death rates during 9/21–10/20, 1999, in the disaster area and the all-cause mortality
in the same time period in 1996–98. The disaster area included all 13 townships in Nantou County, and 10 out of 21 townships in
Taichung County.
month. The male/female rate ratios were 0.85 for seismic
deaths in 1999, and 1.68 for all-causes deaths in 1996 to
1998. The change of gender pattern in mortality after the
earthquake was significant by Poisson regression analysis
(p � 0.05).

The post-earthquake changes in mortality of all natural
causes in the disaster area are shown in Table 3. For residents
of all ages in the disaster area, the SMRs had no significant
changes for the first five post-earthquake months. However,
the SMRs decreased significantly in the 6th, 8th, and 11th

month after the earthquake. Stratified by age and gender,
we found the SMRs decreased significantly in the 6th and
11th month for female adults aged over 45. By contrast, the
SMRs increased significantly in the 3rd month but decreased
significantly in the 8th month after the earthquake for male
adults aged over 45.

DISCUSSION

The high percentages of asphyxiation, intracranial injury,
and traumatic complications among seismic deaths in the
Taiwan earthquake were possibly due to the failure in per-
forming timely search-and-rescue efforts in collapsed build-
ings. Typical dwellings in Taiwan are 2 to 4 floors high
with a pedestrian corridor and open space at the ground
level. Many seismic victims in the 1999 Taiwan earthquake
were trapped in the collapsed buildings with the disappear-
ance of the ground floor (15). Furthermore, the disaster area
of Nantou and Taichung counties was located in the remote
and mountainous areas of Taiwan. After the earthquake, im-
passable roads and disrupted communication systems posed
further difficulties in carrying out rapid search-and-rescue
efforts (16).

Contrary to what occurred in the 1995 Great Hansin-
Awaji earthquake in Japan (7), mortality due to burns was
comparatively low (�1%) in the 1999 Taiwan earthquake.
This difference might be attributed to differences in the
timing of the earthquake, and variation in materials used
for buildings in Taiwan and Japan. The 1999 Taiwan earth-
quake occurred around midnight when domestic fuel use was
low. In addition, most buildings in Taiwan were masonry. By
contrast, the 1995 Great Hansin-Awaji earthquake occurred
in an area with a relatively large number of wooden buildings,
and it happened in the early morning when domestic cooking
and indoor heating was taking place in many households.

The fact that the seismic death rate was positively associ-
ated with the percentage of completely collapsed houses
in our study indicates the need to improve earthquake-
resistance design of buildings in Taiwan. A control system
based on semi-active stiffness and electromagnetic friction
dampers is recommended to improve the safety of building
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TABLE 3. Post-earthquake monthly SMRs of all-nature causes (ICD-9: 1–799) in the disaster areaa after the 1999 Taiwan
earthquake

Aged � 45

All Male Female

Year Month Obs. Exp.b SMR (95% CI) Obs. Exp.b SMR (95% CI) Obs. Exp.b SMR (95% CI)

1999 10 552 551 1.00 (0.92–1.09) 289 292 0.99 (0.88–1.11) 214 198 1.08 (0.94–1.23)
11 553 565 0.98 (0.90–1.06) 290 302 0.96 (0.85–1.08) 196 194 1.01 (0.87–1.16)
12 622 602 1.03 (0.95–1.12) 346 306 1.13 (1.01–1.25)* 214 229 0.93 (0.81–1.07)

2000 1 683 693 0.99 (0.91–1.06) 351 354 0.99 (0.89–1.10) 242 266 0.91 (0.80–1.03)
2 660 714 0.92 (0.86–1.00)* 346 378 0.91 (0.82–1.02) 253 263 0.96 (0.85–1.09)
3 617 685 0.90 (0.83–0.98)* 313 350 0.90 (0.80–1.00)* 227 266 0.85 (0.75–0.97)*
4 614 580 1.06 (0.98–1.15) 332 296 1.12 (1.00–1.25)* 215 220 0.98 (0.85–1.12)
5 532 596 0.89 (0.82–0.97)* 280 317 0.88 (0.78–0.99)* 199 207 0.96 (0.83–1.11)
6 521 568 0.92 (0.84–1.00)* 278 294 0.95 (0.84–1.06) 197 206 0.96 (0.83–1.10)
7 589 606 0.97 (0.89–1.05) 296 305 0.97 (0.86–1.09) 214 234 0.91 (0.79–1.04)
8 500 560 0.89 (0.82–0.98)* 261 280 0.93 (0.82–1.05) 173 210 0.82 (0.71–0.96)*
9 554 552 1.00 (0.92–1.09) 311 285 1.09 (0.97–1.22) 185 201 0.92 (0.79–1.06)

aThe disaster area included all 13 townships in Nantou County, and 10 out of 21 townships in Taichung County.
bWe used averaged monthly mortality in 1996–1998 to calculate expected monthly deaths for October to December in 1999 (based on the 1999 mid-year populations), and
for January to September in 2000 (based on the 2000 mid-year populations).

*Significant at P � 0.05.
structures against near-field earthquakes, such as the North-
ridge, the Great Hansin-Awaji, and the Taiwan earth-
quakes (17).

The distribution of death rates by age resembles a “J”
shape in our study, a finding that has been reported in many
previous studies (5, 7, 9). Elderly people were the most
vulnerable group in this earthquake. The fact that women
had higher seismic death rates in most age groups in the
earthquake was similar to the findings in Japan (7). The fact
that earthquakes disproportionately afflicted elderly people
and women worldwide indicates that we should provide
specific preparedness measures for these vulnerable popula-
tions in future earthquakes.

The increase of mortality from natural causes and heart
disease 6 months after an earthquake has been reported in
Armenia (10). In this study, the prolonged effects of the
1999 Taiwan earthquake on mortality in the disaster area
were somewhat inconsistent. The post-earthquake mortality
of natural causes increased only in males over 45 years of
age in the third month after the earthquake. The mortality
of natural causes actually decreased in the post-earthquake
months for residents of all ages and females over 45 years
of age.

To further explore the prolonged health effects of the
1999 Taiwan earthquake, we have set up a public health
surveillance program in Taiwan to monitor the post-
earthquake changes in mortality and morbidity. We have
also established cohorts of public employees and survivors
in Nantou County for long-term follow-up of earthquake-
related health effects. We hope our current findings will
be helpful in reducing the public health impacts of future
earthquakes in Taiwan and in all other earthquake-prone
areas in the world.
This study was sponsored by contracts awarded by the Department of
Health, and the Nantou County, Taiwan.
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