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PURPOSE: To examine the changes in all cause mortality and cause-specific mortality after the economic
crisis in South Korea.
METHODS: Monthly mortality data for an entire country was used and intervention analysis applied
to compare mortality after the crisis with mortality which would have occurred if the trends before the
crisis had continued.
RESULTS: All causemortality began to increase about 1 yearafter the crisis, whilecardiovascular increased
immediately. Transport accidents decreased significantly during the year following the crisis and then
regressed towards the pre-economic crisis level. Suicides increased rapidly and maintained an upward
trend but subsequently reduced towards the pre-economic crisis level.
CONCLUSIONS: This study has shown an evidence of a relationship between economic crisis and
mortality.
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INTRODUCTION

On December 3, 1997, South Korea received financial sup-
port from the IMF (International Monetary Fund) due to
a liquidity squeeze. This event marked a national economic
crisis unprecedented in South Korean modern history. To
understand the impact of the economic crisis on the South
Korean economy, we examined changes in the economic
growth rate and the unemployment rate for the period Janu-
ary 1995 through December 1999 (1, 2) (Figure 1). After
1995, the South Korean economy showed a rather sluggish
growth through the first three quarters of 1997 (4.9–9.8%),
and this growth rate continued to decline to 3.6%, by the
last quarter of 1997. In the first quarter of 1998 it had
fallen dramatically to�4.6%, and in the fourth quarter 1998
to�5.9%. Only in 1999, did it begin to show signs of a
recovery. Before 1998, the South Korean economy had been
able to maintain a stable unemployment rate, which did
not exceed 3.0%, but the rate rose to 5.6% in the first
quarter of 1998 and to 8.4% in the first quarter of 1999.
Unemployment then began to respond to the general recov-
ery but as yet has not reached its pre-economic crisis levels.
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Yang et al. (3) have shown that the change in real
ncome after the recent economic crisis in South Korea was
ramatic; the poorer are more affected, and the poorest
re hit the hardest. They also have shown that health care
onsumption has been adversely changed by the economic
risis. Research from England, Wales, the Netherlands, Fin-
and, the USA, Taiwan, and Russia has proven that there
re relationships between economy, unemployment,
ncome inequality, and mortality. In these studies the rela-
ionship between national economy and mortality (4),
etween the unemployment rate and mortality (5–13),
uicide (14–16), and between income inequality and mortal-
ty (17–19) were analyzed. Most studies have focused on
he long term effect of unemployment or income inequality.

This study was conducted assuming the proposition that
he economic crisis of 1997 resulted in an increase in unem-
loyment and income inequality, an increase in prices, and
educed absolute income. Based on this proposition, we
ould like to determine the increasing pattern of change in
ll-cause mortality and cause-specific mortality after the
ationwide economic crisis in South Korea. Regarding
ause-specific mortality, this study is focused on cardiovascu-
ar disease mortality, suicide, and transport accident mortal-
ty. Cardiovascular disease mortality (5, 6, 8, 10, 13, 17)
as been studied extensively and strongly associated with
nemployment. The suicide and transport accident mortal-
ty were a concern due to the following reasons: 1) the
uicide caused by mass unemployment was a big issue in
outh Korean society at the beginning of the economic
risis, and 2) there could be contrary theories about the
ransport accident mortality which could have increased or
ecreased after the economic crisis (12).
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FIGURE 1. Changes in economic
growth rate and unemployment rate
in Korea. Source: Korea Statistical
Information System Database; Bank
of Korea, Statistical Database.
METHODS

Source of Data

The number of total deaths and the number of cause-specific
deaths that occurred in each month from January 1995 to
December 1999 (72 months in total) were collected from
“The annual report on the cause of death statistics based on
vital registration” published by the South Korean National
Statistical Office (20). In this study, December 1997, when
South Korea began to receive IMF financial support, is
defined as the onset of the economic crisis and is regarded
as standard time when referring to the economic crisis.

In terms of cause-specific mortalities, cardiovascular dis-
ease mortality (ICD-10: I00–I99), transport accident mortal-
ity (ICD-10: V01–V99), and suicide (Intentional self-harm;
ICD-10: X60–X84) were analyzed. We also investigated the
subcategories ischemic heart disease (ICD-10: I20–I25) and
cerebrovascular disease (ICD-10: I60-I69).

Statistical Methods

To deduce to what degree the economic crisis influenced
mortality, intervention analysis was used. Intervention anal-
ysis is an extension of the autoregressive integrated moving
average (ARIMA) model allowing study of the change in
magnitude and structure of time series data (21). Consecu-
tive observations of time series mortality data are likely to
be dependent. A class of well known models to represent the
dependence of time series data are autoregressive integrated
moving average models. Autoregressive models of order p
(AR(p)) assume that the present mortality is linearly depen-
dent on the previous p-mortalities and present white noise.
Also, moving average models of order q (MA(q)) assume that
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he present mortality is linearly dependent of the present and
he previous q- white noise. The combination of these two
odels is called the ARMA(p, q) model. If the mean of

he time series change with time, it has to be differenced to
btain a stationary time series. The ARMA(p, q) model
ith differencing order d is called an ARIMA(p, d, q)
odel. Box and Jenkins have extended ARIMA(p, d, q)
odels to seasonal ARIMA(p, d, q)(P, D, Q)s model (22).
The following represents the basic intervention analy-

is model:

Yt � f(It) � Nt,

here Yt denotes the number of deaths at time t, and Nt is
noise process assumed to be generated by the seasonal
RIMA (p,d,q)(P,D,Q)s process. The input It is a step func-

ion regarding the existence of the economic crisis at time
. The pattern of response f(It) is as follows (21):

f(It) � {w0�w1B
1�…�wsB

s

1�ä1d
1�…�äkd

k Bb(1�B)mIt}
n this model, B denotes back shift operator such that B
t � Yt�1, m determines the type of input function, impulse
r step functions, b denotes the number of periods of
ime delay for the input series, and wj reflects the change
n the level of the post intervention series. The dj express
he rate at which the series approaches its asymptotic post
ntervention level; small values of dj indicate rapid stabiliza-
ion while large values indicate that many observations will
e necessary for the asymptotic level to be reached. The
ubscripts s and k denote orders of nominator and denomina-
or of response function, respectively. A pair of degrees (s,
) should be simultaneously considered to figure out the
attern of response f(I ). Box and Jenkins (22) have given
t



444 Kim et al.
ECONOMIC CRISIS AND MORTALITY

AEP Vol. 14, No. 6
July 2004: 442–446
the detailed graphical description of response for various
combinations of (s, k). For example, the pattern of response
f(It) � w0

1�dB
It means that the final response level is reached

gradually to equilibrium w0
1�d

(Figure 2).
To check the goodness of fit of the chosen model the

auto-correlation function (ACF) and the partial auto-cor-
relation function (PACF) of the residual were used. Akaike
information criterion (AIC) and Schwarz Bayesian criterion
(SBC) were also taken into consideration when selecting
the final model.

To understand the effect of the economic crisis on mor-
tality intuitively, we defined excess deaths as the difference
between the observed deaths and the projections of the 1995–
1997 trends in the post-crisis period from the final seasonal
ARIMA model. Then excess mortality per 100,000 of the
population for 1998 (the first year after the economic crisis)
and 1999 (the second year after the economic crisis), respec-
tively, were estimated.

RESULTS

The findings of the time series analysis are shown in Tables
1 and 2.

All Cause Mortality

There were no significant changes in the number of deaths
over the year after the economic crisis, but afterwards, there
was an annual increase of 667 in total deaths which was
statistically significant. Excess mortality per 100,000 popula-
tion was 4.6 in 1998 and 18.2 in 1999. This finding showed
that all cause mortality increased sharply 1 year after the
economic crisis.

Cardiovascular Disease Mortality

There was an annual increase of 353 deaths due to cardiovas-
cular disease after the economic crisis. Excess mortality per
100,000 population was 12.6 in 1998 and 19.6 in 1999.

The average number of deaths caused by ischemic heart
disease before the crisis was 508 per month, and began to
increase gradually after the crisis to a asymptotic level of
841 deaths (508 � 20/(1 � 0.94) � 841). Excess mortality
per 100,000 population was 3.4 in 1998 and 5.8 in 1999.

s
c
1
t

E

T
t
w
t
1
f
t

f
r
r
p
5

D

M
t
d
c
f
h
I
c
s

c
t
s
t
n
p

i
w
i

FIGURE 2. Response to a step input in the case of
f(It) � [ω0/(1�δB)]It.

n 1999 was 18.2. By comparing this to the mortality rate
There was an annual increase of 155 deaths which was
ignificant in cerebrovascular disease after the economic
risis. Excess mortality per 100,000 population was 4.6 in
998 and 7.1 in 1999, which showed that the influence of
he economic crisis persisted.

xternal Factor of Deaths

here was a significant drop of 202 deaths caused by
ransport accidents for the first year after the crisis. After-
ards, however, the number of deaths tended to regress

owards the pre–economic-crisis level. Excess mortality per
00,000 population was�6.2 in 1998 and�2.8 in 1999. This
inding showed that transport accident mortality decreased
emporarily after the economic crisis.

The number of suicide cases increased by 190 per month
or 3 months starting 2 months after the crisis, but gradually
educed towards the pre–economic-crisis level. The tempo-
ary increase in the number of suicides after the crisis ex-
lains why the excess mortality per 100,000 population was
.1 in 1998 and 0.5 in 1999.

ISCUSSION

any studies have investigated the differences in the mor-
ality patterns of the unemployed and the employed. The
efinition of the term “unemployment” differs from one
ountry to another. However, in most research it has been
ound that the mortality of the unemployed is significantly
igher than that of the employed. Research conducted in
taly and Finland showed that long-term unemployment
aused a higher standard mortality rate (SMR) than
hort-term unemployment (6, 7, 10).

The comparison of SMRs before and after the economic
risis may not be appropriate due to the dependency of
he observations and loss of information (23). Moreover,
ince we would like to determine the magnitude and struc-
ure of changes of mortality after the economic crisis and
ot to simply compare mortalities between the two time
eriods, we used intervention analysis.

All cause mortality in South Korea increased drastically
n 1999 (the second year from the onset of the crisis). It
as noted that the excess mortality per 100,000 population
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TABLE 1. Economic crisis effect on all cause and cause-specific mortality

Diseases Model before crisis Intervention component Estimate t-value

All cause ARIMA (1,1,0)12 w0B12It ŵ0 � 667 4.3*

Cardiovascular ARIMA (1,0,0)(1,1,0)12 w0It ŵ0 � 353 5.2*

ŵ0 � 20 2.6*Ischemic heart diseases ARIMA (1,0,0) ( w0

1�d1B
)It d̂1 � 0.94 18.9*

Cerebrovascular disease ARIMA(12,0,0)(0,1,0)12 w0It ŵ0 � 155 6.3*

Transport accident ARIMA(2,0,0)(1,1,0)12 w0(1�B12)It ŵ0 � �202 3.3*

Suicide ARIMA(4,1,0) (w0�w2B2�w5B
5

1�d1B
)(1�B)It ŵ0 � �4.0 0.1

ŵ2 � �190 3.7*
ŵ5 � 162 3.9*
d̂1 � 0.76 5.4*

*p � 0.01.
in 32 London boroughs from 1971 to 1981 was statistically

TABLE 2. Excess deaths and mortality attributed to the
economic crisis

1998 1999

Excess Excess Excess Excess
Diseases deaths mortality† deaths mortality†

All cause 2,141 4.6 8,426 18.2
Cardiovascular 5,830 12.6 9,118 19.6
Ischemic heart diseases 1,566 3.4 2,691 5.8
Cerebrovascular disease 2,138 4.6 3,299 7.1
Transport accident �2,899 �6.2 �1,289 �2.8
Suicide 2,370 5.1 224 0.5
†Excess mortality per 100,000 population was estimated by the difference between
the observed mortality and the projections of the 1995–1997 trends in 1998 and
1999, respectively.
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of liver cancer (20.7), which is the 8th most critical cause of
death in South Korea (20), the seriousness of the impact
of the economic crisis can be understood. It is premature
to conclude that the increased mortality rate in this study
during the post crisis period was caused entirely by unem-
ployment. However, it is worth noting that the unemploy-
ment rates in 1996 and 1997, before the economic crisis,
were 2.0% and 2.6% respectively, while the rates in 1998 and
1999 after the economic crisis were 6.8% and 6.3%. These
figures partly explain the relationship between mortality and
unemployment after the economiccrisis. It mightbe alsocon-
sidered that the excess deaths occur in the most vulnerable
population. Further research is required to find such popula-
tions according to age subgroup or socio-economic status.

Research about SMRs for all cardiovascular disease in
the unemployed also revealed that the unemployed suffered
from higher mortality than the employed, in relation to
cardiovascular disease and ischemic heart disease (5, 8, 11,
13). Franks et al. showed that the correlation (r � 0.64)
between unemployment rate and mortality caused by stroke
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ignificant in males (13). Brenner revealed that national
conomic status could affect heart disease mortality after a
- or 3-year time lag (4). However, in this research it was
ound that cardiovascular disease mortality began to increase
mmediately after the economic crisis. There is a need to
djust for various factors to compare the findings of these
wo studies.

Some research suggests that stress from unemployment
ould distract drivers and consequently, given a fixed driving
istance, the unemployed group was more prone to transport
ccidents (12). It is interesting to note that mortality caused
y transport accidents decreased in this study after economic
risis. Decreased mortality per 100,000 of the population was
stimated to be 6.2 in 1998, which was 19.4% of total
ransport accident mortality (Table 2). This decrease could
eexplainedbythesharpreductionincarusage,asreflectedby
he decline in car sales and reduced fuel (gasoline and LPG)
onsumption in South Korea. Further study is required to ex-
mine the relationship between unemployment, national
conomic status, and transport accident mortality, taking the
istance driven into consideration.

At the onset of the economic crisis, the number of sui-
ides increased dramatically. Excess mortality per 100,000
opulation was estimated as 5.1 in 1998, which was 25.6%
f the total suicide mortality (Table 2). Other research has
hown similar findings in terms of suicide, unemployment,
nd national economic status. The suicide rate of the unem-
loyed was 1.6 times higher than that of the employed in
he UK (11), 1.9 times in Finland (7), and 2.5 times
n Denmark (9). Morrell et al. showed that the male suicide
ate demonstrated sharp fluctuations with peaks that coin-
ided with times of high unemployment between 1907 and
990 in Australia (15). It was also discovered that a rise in
he general male suicide rate was statistically associated
ith the rise of unemployment in most of the European
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Community countries (14). Based on these findings, it seems
likely that the suicide rate is significantly related to the
national economic status.

Our research found that the economic crisis in 1997
triggered a worsening of the environmental factors related to
the health, such as, an increased unemployment rate and
income inequality and a lack of social support. These envi-
ronmental factors may have caused changes in all cause and
cause-specific mortality. Two weaknesses of the study may
cast doubt on the existence of a causal relationship between
economic crisis and mortality. One is that this represents
a heterodemic studybased on population-wise aggregate data.
Second, data are based on death certificates whose accuracy
would be problematic. Nevertheless this study has shown
strength in that it analyses monthly population-based mor-
tality data for an entire country, and also considers subgroups
corresponding to major cause of death. Further research
is required to establish the causal relationship between the
economic change and mortality in detail.
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