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Long-term psychological outcome of 1999 Taiwan earthquake survivors:
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Abstract

Objective: Severe natural disasters can cause long-term psychological impact on the survivors. This study aimed to examine the prevalence
and risk factors of posttraumatic stress symptoms and psychiatric morbidity among survivors of the severe earthquake that occurred in Chi-
Chi, Taiwan, in September 21, 1999.

Methods: A total of 6412 earthquake survivors whose houses were destroyed by earthquake were recruited about 2 years after the disaster.
They completed a self-report questionnaire assessing posttraumatic stress symptoms, psychiatric morbidity, and information of
demographics, trauma exposure, and current living status.

Results: The estimated rates of posttraumatic stress disorder caseness and psychiatric morbidity were 20.9% and 39.8%, respectively.
Psychiatric morbidity occurred mainly in survivors who were female, older, with low education level, and currently living in a prefabricated
house. The risk factors for posttraumatic stress disorder caseness were female sex, currently living in a prefabricated house, low education
level, and experienced complete destruction of property.

Conclusion: These results showed that severe earthquake can cause long-term psychological impact in the survivors. The findings of risk
factors suggest avenues for targeting postdisaster interventions.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction In the short term, disasters have been found to be
associated with increased prevalence of psychiatric morbid-
ity, for example, posttraumatic stress disorder (PTSD),
depression, anxiety, sleep disorder, and substance abuse
[1-4]. Posttraumatic stress disorder has been found to be the
most prevalent type of psychiatric morbidity after disaster
[2,5]. The reported PTSD rates after natural disasters varied
widely, ranging from 1.5% in a population affected by
Hurricane Andrew [6] to 74% in Armenian earthquake
victims [7]. The rates of major depression in disaster
survivors range from 13% to 52% [7,8], whereas the
prevalence of minor psychiatric morbidity among disaster
 * Corresponding author. Tel: +886 2 29307930; fax: +886 2 vietims varies from 25% [9] to 89.9% [10]. Such variability
29334920. in the reported rates of postdisaster psychiatric morbidity
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Earthquakes have been responsible for many of the most
devastating natural disasters of the 20th century. Unlike
other natural disasters, an earthquake usually occurs without
warning, the impact is widespread and severe, and the
effects often persist long afterward. In the aftermath of the
earthquake, the threat of injury may continue for weeks,
with the possibility of aftershocks. Disruptions may be
experienced for several years as survivors are relocated and
towns are rebuilt.
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disaster, the time elapsed between the onset of the disaster
and data collection, the methods of sampling and case
detection, and the diagnostic criteria. Findings concerning
risk factors of postdisaster psychological problems are also
varied. Postearthquake psychological distress related to
greater exposure to actual or threatened injury during the
earthquake, closeness to the epicenter, disruption in life and
social network, preexisting history of emotional problems,
financial loss, female sex, low educational level, and lack of
support [11-14].

For most individuals, the meaning attributed to a
traumatic event is the product of a complex interaction based
on the event itself, personal history, and future expectation,
as well as biological factors, which combine to produce the
stress effect as a whole [15]. The long-term sequelae of
disasters have been studied less extensively. However,
reports suggest that the psychological consequences of
earthquake exposure are long lasting and may be related to
the damage/loss in the earthquake [16]. After the 1989
Newcastle earthquake, 48% of the survivors who had PTSD
at 6 months after still had PTSD at the 2-year postearthquake
assessment [17]. The study showed that psychological
morbidity declined over time but tended to stabilize at about
12 months postdisaster for general morbidity and at about
18 months for trauma-related morbidity [17].

Table 1

Summary of reported studies of psychiatric impact of the Chi-Chi earthquake

On 21 September 1999, an earthquake with a magnitude
of 7.3 on the Richter scale struck Taiwan. The Chi-Chi
earthquake caused more than 2300 deaths, injured more
than 8000 people, and damaged or destroyed more than
100000 homes. It was the most devastating disaster that
had occurred in Taiwan in the last hundred years. Many
survivors had stress-related disorder and PTSD. Recent
study showed that the rates of PTSD, major depression,
and minor psychiatric morbidity in the early stage after the
Chi-Chi earthquake were 37%, 16%, and 89.9%, respec-
tively [10,18]. Another study that surveyed the psychiatric
disorder among the Chi-Chi earthquake survivors within 6
months of the disaster reported that the prevalence rates of
PTSD and major depression were 7.9% and 9.5%,
respectively [19]. The study by Lai et al [20] reported that
the prevalence rates of full and partial PTSD among the
Chi-Chi earthquake survivors were 10.3% and 19.0%,
respectively. The risk factors of PTSD included female sex,
lower educational level, and greater trauma exposure [20].
Our Medline search found several articles related to the
prevalence and risk factors of psychiatric problems after
the Chi-Chi earthquake. They wvaried in the inclusion
criteria of the study subjects, the time elapsed between
the onset of the disaster and data collection, the methods of
sampling and case detection, and the diagnostic criteria.

Study Study period Subjects Method Prevalence Risk factors
after earthquake
Chen 1 mo 525 residents CHQ-12 Psychiatric Female, serious destruction of property, and
et al [10] morbidity: personality characteristics of nervousness and
89.9% obsessiveness
Hsu 6 wk 323 Children’s Interview PTSD: 21.7% Being physically injured and experiencing the
et al [21] adolescents for Psychiatric death of a close family member
Syndromes
Kuo 2 mo 120 bereaved MINI PTSD: 37% PTSD: psychosocial stressors, initial feelings of
et al [18] survivors MDD: 16% guilt
MDD: female
Yang 3-4 mo 663 victims CHQ-12 Psychiatric Psychiatric morbidity: financial strain, nervous
et al [22] morbidity: 24.5% trait, female, elderly
The posttraumatic PTSD: 11.3% PTSD: nervous trait, elderly, the degree of
symptoms checklist Partial PTSD: 32.0% destruction of house, female
Chang 5 mo 84 male CHQ-12 Psychiatric Psychiatric morbidity: job experience, confron-
et al [23] firefighters morbidity: 16.7% tive coping
IES Posttraumatic Posttraumatic morbidity: job experience, distanc-
morbidity: ing, escape avoidance, and positive reappraisal
21.4%
Chou 6 mo 442 residents MINI MDD: 9.5% MDD: divorced/widowed status, lower education
et al [19] level, prominent house damage
PTSD: 7.9% PTSD: female, having sought medical service
after the earthquake
Lai 10 mo 252 subjects CHQ-12 Psychiatric PTSD: female, lower educational level, current
et al [20] morbidity: 38.1% depression, greater trauma exposure, previous
and Chang MINI PTSD: 10.3% traumatic experiences, impaired well-being
et al [24] Partial PTSD: 19.0%
Wu et al [25] 3y 405 subjects MINI MDD: 6.4% Poor QOL: age, female, economic problems,
Medical Outcomes PTSD: 4.4% physical illness, subjective memory and social-
Study Short activity decline, diagnosis of PTSD or MDD
Form-36

MDD indicates major depressive disorder; MINI, Mini International Neuropsychiatric Interview; QOL, quality of life; IES, Impact of Event Scale.
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The characteristics of each of these studies are summarized
in Table 1.

This article is intended to report the frequency of
psychiatric morbidity and posttraumatic stress symptoms
among those who had property loss and/or resettlement
stress during the 2-year period after the Chi-Chi earth-
quake. Associations between risk factors and the occur-
rence of psychiatric morbidity and posttraumatic symptoms
are also presented.

2. Methods
2.1. Subjects

Nantou County is located in the middle of Taiwan and
has a population of 540000. It was the epicenter of the
Chi-Chi earthquake. In the whole county, 927 people were
killed and 60000 houses were destroyed by the earth-
quake. The Health Bureau of Nantou County conducted
the integrated screening program for rebuilding community
health, which aimed at screening the health conditions of
people whose houses were destroyed by the earthquake. A
cross-sectional health survey was conducted among indi-
viduals living in Nantou County 2 years after the Chi-Chi
carthquake. The survey consisted of demographic data,
medical and psychological assessment, and hematologic
and biochemistry tests. The sample of this study consisted
of 8998 earthquake survivors whose houses were com-
pletely or partially destroyed by the earthquake. They were
immediately relocated to prefabricated houses after the
disaster. The population remaining in prefabricated houses
decreased week by week, but people without alternative
housing remained there. The public heath nurses visited
the victims according to the government registration
database and interviewed the evacuees. Some subjects
worked during the day, refused to participate, or were
unable to be located, and therefore were unavailable for
interview. Of the 8998 survivors, 2586 subjects could not
be reached during the screening period. The remaining
6412 subjects were available for analysis. The present
report involves part of the psychological data gathered by
this program.

2.2. Assessment instruments

The study was approved and supported by the Health
Bureau of Nantou County and the Department of Health,
Taiwan. The screening procedure was conducted by public
health nurses who underwent a training program to become
familiarized with the assessment instruments. The purpose
of the screening was explained to the survivors, and
written consent was obtained from all of the respondents.
For illiterate subjects, the interviewee would read the
scale and record according to their response. The assess-
ment questionnaire consisted of 3 parts. The first part
included information about basic demography, destruction
of property, and current housing status. The second

part was the 12-item Chinese Health Questionnaire
(CHQ-12) [26]. The third part was the Chinese version
of SPAN (SPAN-C) [27].

Destruction of property was classified into 4 categories:
completely destroyed, partially destroyed, mildly damaged,
and not damaged at all. The extent of damage was
determined by the staff from the government agency for
construction engineering. In our study, all of the subjects’
houses were completely or partially destroyed by the Chi-
Chi earthquake. Some of them who could not find
residence were arranged to live in prefabricated houses
after earthquake.

The CHQ-12, which is a standardized screening
instrument for nonpsychotic morbidity, has been tested
and applied in surveys of minor psychiatric morbidity in
community [28] and clinical settings [29]. It is derived
from the 30-item General Health Questionnaire [30], with
the addition of specially designed, culturally relevant
items. It inquires about anxiety, depression, poor family
relationships, somatic symptoms, and sleep problems. The
12-items on the CHQ-12 are each rated on a 4-point scale
and scored on the basis of 0-0-1-1. It can be used to
identify a “probable clinical case” on the basis of a cutoff
score and determine the severity of morbidity on the basis
of the total score ranging from 0 to 12. The higher the
score, the more severe is the psychiatric morbidity. The
sensitivity and specificity in the prediction of psychiatric
morbidity were 69.6% and 94.8%, respectively, in the
community study (cutoff 2/3) [28] and 78% and 77%,
respectively, in general health clinics (cutoff 3/4) [29]. In
this study, a probable case of psychiatric morbidity was
defined using a cutoff 2/3 for comparison with results of
the previous community study.

The Davidson Trauma Scale (DTS) is a validated 17-
item self-rating scale for PTSD [31,32]. The DTS measures
each Diagnostic and Statistical Manual of Mental Disor-
ders—IV symptom of PTSD on S5-point frequency and
severity scales. The SPAN (named for its principal 4 items:
startle, physiological arousal, anger, and numbness) was
developed to serve as a shorter version of DTS [33]. The
SPAN, which correlated significantly with the Impact of
Events Scale, the Sheehan Disability Scale, and the
Structured Interview of PTSD, was found to have a
diagnostic accuracy of 88%. The Chinese version of SPAN
(SPAN-C) has been validated in the study of the Chi-Chi
earthquake survivors [27]. The SPAN-C showed good
internal consistency (Cronbach o = .77) and test-retest
reliability (» = 0.90). Concurrent validity was obtained
against the clinical diagnostic interview, with a diagnostic
accuracy of 0.8 at a SPAN-C score of 5 [27].

2.3. Data analysis

Simple descriptive statistics such as means, standard
deviations, and proportions were used when appropriate.
Student ¢ test, 1-way analysis of variance, and 7 tests were
used to analyze group differences. A multiple logistic
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Table 2
Risk factors and psychiatric morbidity
CHQ-12 >3 CHQ-12 <3 P
Sex
Male 817 (33.2%) 1614 (42.5%) <.000
Female 1642 (66.8%) 2182 (57.5%)
Age group (y)
<40 495 (20.1%) 737 (19.4%) .002
40-65 1295 (52.7%) 1866 (49.2%)
>65 669 (27.2%) 1193 (31.4%)
Marital status
Single 158 (6.4%) 283 (7.5%) .017
Married 1845 (75.0%) 2904 (76.5%)
Divorced/widowed 456 (18.5%) 609 (16.0%)

Education level
Primary school
High school
College and above
Destruction of property
Completely destroyed
Partially destroyed
Current living environment
Prefabricated house
Not prefabricated house

1611 (65.5%)
685 (27.9%)
163 (6.6%)

2374 (62.5%) 001
1073 (28.3%)
349 (9.2%)

1337 (54.4%)
1122 (45.6%)

2007 (52.9%) 254
1789 (47.1%)

394 (16.0%)
2065 (34.0%)

Values are presented as number (percentage).

490 (12.9%)  <.000
3306 (87.1%)

regression model was used to identify significant variables
affecting psychiatric morbidity and PTSD caseness by
SPAN-C. Differences were considered significant if the P
value was smaller than .05.

3. Results
3.1. Demographic characteristics

A total of 6412 earthquake survivors were included into
this study. The mean age was 54.2 + 15.0 years; 61.2%
(3924 of 6412) were female and 38.8% male. Of the
survivors, 53.4% (3427 of 6412) reported that their houses
were completely destroyed by the earthquake and 46.6%
partially destroyed. Two years after the Chi-Chi earthquake,
14.2% (909 of 6412) still lived in prefabricated houses.

3.2. Psychiatric morbidity

If an item on the CHQ-12 was rated as 1, we would
define that particular symptom as present. Of the psychiatric
symptoms measured with the CHQ-12, the most frequently
encountered symptom was insomnia (31.0%). One third of
subjects experienced dizziness and headache (30.1%),
palpitation (30.1%), and psychological distress (30.0%).
One fourth of subjects reported chest tightness (29.2%),
tremor (28.4%), and nervousness (24.0%). One fifth of
subjects had worry about family and friend (21.8%) and no
confidence about the future (15.6%). Lack of confidence,
feelings of hopeless, and relationship problem with family
occurred in 13.3%, 11.7%, and 8.3%, respectively. The
mean CHQ-12 score was 2.73 £ 3.2. The prevalence of
probable psychiatric morbidity based on CHQ-12 score of 3
or above was 39.8%.

Factors significantly associated with the psychiatric
morbidity were analyzed. The results showed that female
sex (y° = 54.2,df = 1, P < .001), divorced/widowed status
(x* = 8.2, df = 2, P = .017), middle-aged subjects (40-65
years old) (y* = 13.0, df = 2, P = .002), low education
level (x> = 142, df = 2, P = .001), and living in
prefabricated house (3> = 11.9, df = 1, P < .001) were
related to more psychiatric morbidity (Table 2).

3.3. PTSD caseness by SPAN-C

Posttraumatic symptoms were common in our subjects. If
an item on the SPAN-C was rated as 1 or higher, we would
define that particular symptom as present. Rates for each
symptom from the SPAN-C were as follows: startle, 65.4%;
physiological arousal, 66.3%; anger, 55.8%; and numbness,
50.2%. The prevalence of PTSD caseness as defined by
SPAN-C score of 5 or higher was 20.9%. Factors
significantly associated with PTSD caseness by SPAN-C
were as follows: female sex (3> = 78.7, df = 1, P < .000),
divorced/widowed status (}52 = 13.7,df = 2, P = .001), low
education level (y* = 13.1, df = 2, P = .001), degree of
house destruction (3> = 5.6, df =1, P = .018), and living in
prefabricated house (> = 8.2, df = 1, P = .002) (Table 3).

Results from the logistic regression with the above
variables revealed that female sex (P <.000), low education
level (P < .001), and age (P < .001) were the best
predictors for psychiatric morbidity. Currently living in
prefabricated house (P = .001) was also a significant
predictor for psychiatric morbidity (Table 4).

Likewise, results from logistic regression with the above
variables revealed that female sex (P < .000) was the best
predictor for PTSD caseness. Currently living in prefabri-
cated house (P = .008), low education level (P = .009),

Table 3
Risk factors and PTSD caseness by SPAN-C
SPAN-C >5 SPAN-C <5 P
Sex
Male 377 (28.5%) 2069 (41.9%) <.000
Female 947 (61.5%) 2873 (58.1%)
Age group (y)
<40 252 (19.0%) 972 (19.7%) 45
40-65 692 (52.3%) 2487 (50.3%)
>65 380 (28.7%) 1483 (30.0%)
Marital status
Single 75 (5.7%) 359 (7.3%) .001
Married 983 (74.2%) 3781 (76.5%)

Divorced/widowed
Education level

Primary school

High school

College and above
Destruction of property

Completely destroyed

Partially destroyed
Current living environment

Prefabricated house

Not prefabricated house

266 (20.1%) 802 (16.2%)

887 (67.0%)

359 (27.1%)
78 (5.9%)

3110 (62.9%) 001
1405 (28.4%)
427 (8.6%)

748 (56.5%)
576 (43.5%)

2611 (52.8%) 018
2331 (47.2%)

219 (16.5%)
1105 (83.5%)

Values are presented as number (percentage).

665 (13.4%) 004
4277 (86.6%)
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Table 4
Predictors of psychiatric morbidity and PTSD caseness by SPAN-C in multiple logistic regression model
Variable Psychiatric morbidity PTSD

OR 95% CI P OR 95% CI P
Sex (female) 1.40 1.25-1.56 <.001 1.73 1.51-1.99 <.001
Age® 0.83 0.76-0.91 <.001 0.93 0.83-1.03 171
Marital status® 1.07 0.99-1.14 .058 1.07 0.99-1.16 .087
Education® 0.82 0.75-0.90 <.001 0.86 0.76-0.96 .009
Destruction of property® 1.03 0.93-1.14 .570 1.20 1.06-1.34 .039
Current living environment® 1.28 1.11-1.48 .001 1.26 1.06-1.49 .008

OR indicates odds ratio; CI, confidence interval.

? Coded as age <40 years = 0, age 40-65 years = 1, age >65 years = 2.

b Coded as single/married = 0, divorced/widowed = 1.

c

4 Coded as partially destroyed = 0, completely destroyed = 1.

¢ Coded as not prefabricated house = 0, prefabricated house = 1.

and complete destruction of property (P = .039) were
also significant predictors for PTSD caseness by SPAN-C
(Table 4).

The marital status that significantly predicted psychiatric
morbidity and PTSD caseness by SPAN-C in the bivariate
analysis was not predictive in the multivariate analysis.
Further analysis reveals that the marital status is signifi-
cantly associated with sex and educational level.

There was a positive correlation between CHQ-12 score
and SPAN score (» = 0.493, P <.001). Patients with PTSD
caseness by SPAN-C also had a higher prevalence of
psychiatric morbidity (3> = 769.1, df = 1, P < .001).

4. Discussion

The findings of this 2-year follow-up of the Chi-Chi
earthquake highlight the long-term impact of a major
disaster on the survivors. This study found that the
prevalence of psychiatric problems after a severe earthquake
in Taiwan was comparable with the postdisaster rate
reported elsewhere. The PTSD caseness by SPAN-C and
the psychiatric morbidity were still prevalent 2 years after
the earthquake.

In this study, we had no control population to compare
the prevalence of psychiatric morbidity between affected
and nonaffected population. Study using the same ques-
tionnaire (CHQ-12) to determine psychiatric morbidity
showed a rate of 27% (using 2/3 as cutoff) in the
community [28]. Chen et al [10] also used CHQ-12 to
assess 525 survivors in the first month after the Chi-Chi
earthquake and revealed that the rate of psychiatric
morbidity was 89.9%. The rate of psychiatric morbidity,
as defined by CHQ-12 greater than 4, was 24.5% among
the Chi-Chi earthquake victims in primary care clinics 3
months after the disaster [22]. In comparison with the
above data, the 39.8% prevalence rate of psychiatric
morbidity obtained 2 years after the earthquake was high.
This may be ascribed to different methodologies, the time
clapsed between the onset of the disaster and data
collection, the methods of sampling and case detection,

Coded as primary school = 0, high school = 1, college and above = 2.

and the diagnostic criteria, which make comparison of
these retrospective findings difficult. Our study subjects
lived near the epicenter of the Chi-Chi earthquake, and
their dwellings were destroyed by it. Several studies
reported that the more severe the psychiatric symptoms
were, the closer were the victims to the epicenter [34].

The positive relationship between female sex and
psychiatric morbidity after disaster was reported in several
studies [10,12,19,24]. Our findings showed that the age and
educational level of the victims were also risk factors of
postdisaster psychiatric morbidity. The psychological
stresses of reconstructing their lives and the lives of their
families as well as finding new jobs have been found to be
greater for the middle-aged subjects [35]. Armenian et al
[36] also found that level of education was inversely related
to the risk of PTSD. In addition, the current living status was
significantly associated with the psychiatric morbidity. In
our study, all of the study subjects’ properties were
completely or partially destroyed by the Chi-Chi earth-
quake. In the immediate aftermath of the earthquake,
survivors were arranged to live in prefabricated houses.
Those who had enough financial resources and manpower
to repair or reconstruct their dwellings could move out of
the prefabricated houses before this study period. Those
subjects reported fewer symptoms and had lower prevalence
of psychiatric morbidity.

The prevalence rate of PTSD caseness by SPAN-C in this
study was 20.9%. The prevalence rate of PTSD among
the Chi-Chi earthquake victims after 4 to 10 months of the
disaster was about 7.9% to 11.3% [19,20,22,24]. Like the
findings of other studies, sex, educational level, and current
living status were important factors that increased the
likelihood of PTSD [12-14,19,24]. In addition, the degree
of property destruction by the earthquake was significantly
associated with the PTSD. To note, the study subjects were
recruited from the epicenter of the Chi-Chi earthquake; and
the earthquake partially or completely destroyed their
dwellings. It is reasonably assumed that the extent of
dwelling destruction could reflect the strength of trauma to
some degree. Sharan et al [37] also found that the
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destruction of house and possessions was significantly
associated with the psychiatric disorder. The destruction of
house and possessions could act as life-threatening stressors,
as losses, and as relocation stressors. Taiwanese culture is
notable for its emphasis on the whole family as opposed to
the individual. This cultural characteristic is illustrated by
the finding that subjects with prominent house damage or
living problems were at greater risk for psychiatric
morbidity or PTSD [19]. Several studies reported that
higher postearthquake support may buffer the psychological
impacts of extensive earthquake damage [38,39], although
contrary findings have also been reported [20]. For example,
Lai et al [20] found that agency support and social support
were not the important factors in the development of
psychiatric morbidity and PTSD.

In this study, the psychiatric morbidity is strongly
associated with a high level of posttraumatic stress. There
are several possible explanations for this comorbidity [40].
There is a considerable symptom overlap between PTSD
and several psychiatric disorders, most notably depression
and other anxiety disorders. The high rates of comorbidity
in PTSD might be simply an epiphenomenon of the
diagnostic criteria used for all of these disorders [41,42].
Another hypothesis is that individuals with PTSD tend to
report higher levels of symptoms when compared with
individuals with other psychiatric disorders [43]. Finally, the
high levels of comorbidity may be partially explained by
the fact that the presence of certain psychiatric disorders
(eg, major depression) is actually a risk factor for the
development of PTSD and that they may have been present
before the trauma [11,42].

The interpretation of these findings is limited by the
methods used to screen the samples. These data are based on
self-reported measures and may limit the strength of the
conclusions. However, previous studies indicated that the
CHQ [26] and SPAN-C [27] had satisfactory reliability and
validity. The study subjects, whose houses were completely
or partially destroyed by the earthquake, belonged to the
high-risk group of psychiatric disorder. The findings cannot
be generalized to all disaster victims. Nonetheless, com-
pared with previous epidemiological studies, the response
rate (71%) was relatively high. This was accounted for by
the close collaboration of various professions, particularly
public nurses and local community officers. With their
assistance, high response rates were able to be achieved.
Moreover, because the survey also provided medical health
assessment and laboratory tests, subjects were more likely to
cooperate and provide reliable information. Demographi-
cally, the nonrespondents were disproportionately male and
younger. They might have to work in the daytime or move
to another county because of various reasons. This may lead
to a bias in the interpretation of our results. Our study was a
cross-sectional design and lacked the detailed evaluation of
postdisaster factors that might influence the pattern of
recovery (eg, postdisaster life events, ongoing disruptions,
and consultations for psychological problems). However,

the results of this study, which includes a large sample of
earthquake survivors, can serve as a practical assessment for
identifying those at risk of mental disorders.
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