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Abstract 
 

Over the period from 1989 to 2012, total mortality in South Korea shifted from being weakly 

procyclical or unrelated to the economy to strongly countercyclical in the early 2000s. 

Cancers played a significant role in changing the direction of the effects of unemployment on 

mortality. The overall pattern of the effects of macroeconomic conditions on mortality in 

South Korea roughly follows the corresponding changes observed in the United States. We 

have provided evidence that the sudden change in the relationship between economic 

conditions and mortality was driven by diseases with higher and rapidly rising treatment 

costs.  
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1. Introduction 

 Increasing evidence suggests that mortality rates decline during economic downturns. 

In his pioneering research on the subject, Ruhm (2000) has observed the negative relationship 

between mortality and state-level unemployment rate in the United States from 1972 to 1991. 

Subsequent studies conducted based on US data have confirmed the negative relationship 

between unemployment and mortality (Ruhm 2003, 2007; Dehejia and Lleras-Muney 2004; 

Miller et al. 2009). Procyclical changes in mortality have been found in other countries 

(Neumayer 2004; Tapia Granados 2005; Lee and Kim 2011), and have been confirmed 

through cross-country comparisons (Gerdtham and Ruhm 2006; Lin 2009). 

 The primary explanation for the procyclical changes in mortality could be the 

behavioral changes of individuals in response to the increase in opportunity cost of time 

during economic booms. In support of this hypothesis, some studies have found that tobacco 

consumption and obesity cases increase during economic booms, whereas physical exercise 

and number of visits to physicians decrease (Ruhm 2000, 2005; Xu 2013). Other possible 

factors are the negative external effects of economic booms, such as accidents, pollution, and 

tighter labor markets (Miller et al. 2009; Stevens et al. 2011). 

 Despite the increasing research on procyclical change in mortality, further 

investigation is necessary to determine whether the changes occur during a specific time or in 

a particular country. Evidence on mortality has been drawn mainly from US and European 

countries from the early 1970s to the early 1990s. A recent study by McInerney and Mellor 

(2012) has shown that mortality among elderly individuals is countercyclical from 1994 to 

2008. Ruhm (2015) has reported that the total mortality in the US in the 1976–2010 period 

shifted from strongly procyclical to weakly procyclical or unrelated to macroeconomic 

conditions. These results suggest that the relationship between unemployment and health 

could change across times. 

 Similarly, the effect of business cycle on health could differ across countries, 

depending on their social, economic, political, and institutional characteristics. Even among 

relatively homogeneously prosperous OECD countries, several minor disparities among 

countries emerge. For example, the negative relationship between unemployment and 

mortality is stronger in countries with weaker social insurance programs (Gerdtham and 

Ruhm 2006). The changing relationship between business cycle and health in countries 

outside Europe and North America has been studied to a lesser extent.  
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 In this study, we investigate changes in the relationship between unemployment and 

mortality in Korea over a period of time. We also examine how the shifts in the effects of 

business cycle differ across disease categories with disparate treatment costs. In this regard, 

this study is one of the pioneering ones on this topic in an Asian country.  

     

2. Data and Methods 

We investigate the relationship between unemployment and mortality rates. 

Following Ruhm (2000), we set the basic specification as follows: 

 

1 			 , 

 

where  denotes the natural logarithm of the mortality rate in region  and time . The 

variable  represents unemployment rate and  refers to supplementary regressors. Both 

time effects ( ) and time-invariant regional effects ( ) are included to control the fixed 

effects. To control the time trend that varies among regions, we also added the region-specific 

trend . Additional regressors consist of the percentage of the population based on three 

age categories (less than 5, between 5 and 29, and 65 or more) and three educational 

categories among the population age of 30 or older (did not complete high school education, 

with some college education, and completed a college degree or higher). Observations were 

weighted by the population in the corresponding region and year.  

We collected most of the data required to compute the mortality and unemployment 

rates from the Korea Statistical Information Service by Statistics Korea (KOSTAT). The data 

sources were the Current Population Survey for the total or age-specific death data and the 

Cause of Death Statistics for the cause-specific death data. Both data sets were originally 

constructed from information recorded in death registration records. The data for population 

in each year and unemployment rate were collected from the Population Projection of Korea 

and the Economically-active Population Survey, respectively. The variables on age-specific 

and cause-specific death, and education, which were unobtainable from the Korea Statistical 

Information Service data, were computed using the micro data from the 1991–2012 Cause of 

Death Statistics and the 2% micro samples of the 1990–2010 censuses. The yearly micro data 

from the Cause of Death Statistics are accessible, whereas the micro data on census are 

available every five years. Depending on the purpose of the analysis, the range of analyses 
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starts in 1989 or 1991 because the regional unemployment rates are obtainable only for the 

years starting 1989 and the micro data from the Cause of Death Statistics are available 

starting 1991.  

 

3. Unemployment and Mortality in South Korea 

We first investigated if the relationship between the effects of unemployment on 

mortality changed over a time period by conducting regression on each 10-year interval from 

1989 to 2012. Figure 1 shows the regression coefficient on unemployment for each beginning 

year of the 10-year span. 

The regression coefficient gradually increased in the 1990s and then sharply 

increased in the early 2000s. This result suggests that the relationship between unemployment 

and mortality differs between the first and second halves of the 24 years under investigation. 

We conducted a regression analysis on two sub-periods, namely, 1989–2001 and 

2002–2012, to determine the changing pattern of mortality change cyclicality. The regression 

results (Panel A) indicate that mortality change turned from being weakly procyclical to 

strongly countercyclical. In 1989–2001, unemployment decreased mortality, but its effect was 

statistically insignificant, whereas unemployment significantly increased mortality in 2002–

2012.3 

The positive effect of unemployment on mortality after 2001 is stronger for females 

than for males (Panel B). The coefficient for unemployment changed from negative to 

positive in all age groups 20 and older, but the positive effect in the years after 2001 is 

statistically significant only in the population age 65 or older (Panel C). The results of 

regression conducted on cause of death indicate that cancers played a significant role in 

changing the direction of the effects of unemployment on mortality (Panel D). Only the 

                                          
3 Several robustness checks are conducted. The results remain unchanged if the natural logarithm of 
the unemployment rate is included in the regressions. Adding the growth rate of provincial GDP does 
not change the results either. Choosing 2003 or 2004 as the initial year of the second period does not 
change the result significantly; if the second period is extended to include the years prior to 2002, the 
coefficient for unemployment loses statistical significance. The results are generally robust to 
inclusion of region-specific time trends and sample weights. A major exception is that mortality 
caused by endocrine, nutritional, and metabolic diseases after 2001 becomes strongly counter-cyclical 
if region-specific time trends are excluded. We also conduct regressions in which lagged variables for 
the unemployment rates are employed. The results indicate that even if the possible delayed effects of 
business cycles on mortality are considered, a clear turnaround in the relationship between 
unemployment and mortality emerges after 2001.  
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cancer-caused mortality changes from significantly procyclical in 1989–2001 to significantly 

countercyclical in 2002–2012, which is consistent with the results obtained from the US 

(Ruhm 2015).4  

 

4. Differences in Treatment Costs and Changes in Macroeconomic Effects by Disease 

 The results in the cause-specific mortality raise a question of why the shifts in the 

effects of macroeconomic conditions on mortality markedly differ by disease type. The 

reason could provide useful insights into the cause of the countercyclical mortality in Korea 

in recent years. Thus, we reclassified the diseases further into specific categories and 

investigated how the magnitude of the changes in the macroeconomic effects is associated 

with the characteristics of each disease category. We focused on the level and trend of 

treatment costs, which are the two disease-specific characteristics available from the National 

Health Institute (NHI) data.  

Our strategy in identifying whether the change was greater for diseases associated 

with rapid increase in medical expenditure started with the use of coefficients on 

unemployment rates. The effects of unemployment on death from disease  in the periods 

1991–2001 and 2002–2011 are represented by  and , respectively. Each parameter 

was estimated using the data in the corresponding period. The change of the effect from the 

1991–2001 period to the 2002-2011 period is represented as ≡ . The magnitude 

of change was determined by using the estimate . 

The National Health Insurance Statistical Yearbooks provided data on the number of 

patients and medical expenses for 298 disease categories. Using the micro data from the 

Cause of Death Statistics, we construct an extensive cause-specific mortality data set for the 

1991–2011 period to ensure the match between the causes of death and the disease 

classifications of the medical utilization data. For each disease category, we compute  and 

then regress  using the following equation to include medical utilization , which 

involves the treatment amount (total medical care cost), change in the treatment amount, or 

the benefit amount per individual patient. 

 

                                          
4 We conducted additional analyses using the same specification and the province-level cancer 
incidence data for each type of cancer in 2002-2010. The results suggest that the countercyclical 
changes in cancer mortality between 2002 and 2010 are produced largely by fluctuations in case 
fatality, not by changes in the number of cancer patients. 
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Table 2 presents the regression results. The changes in the effects of unemployment 

tend to be greater for diseases with large amounts of expenditure per patient (Column 1). The 

amount of expenditure is also positively related to the changes in the effect of business cycles 

(Column 2) if the number of patients is controlled. Furthermore, the increase in medical 

expenditure per patient between 2000 and 2011 is positively related to the change in the 

relationship between unemployment and mortality between the 1990s and the 2000s 

(Columns 3 and 4). Although the amount of benefits paid by the NHI has been used instead of 

the treatment amount, no change can be observed in the results (Columns 5 and 6).5 These 

results suggest that the emergence of countercyclical mortality in Korea in the early 2000s is 

driven by the disease categories that have higher and more rapidly rising treatment costs.  

Although the reason for the change in the relationship between unemployment and 

mortality in Korea cannot be identified, some possible explanations may be considered, such 

as the effect of advancements in medical technology. These advancements have been 

suggested as the likely causes of the similar changes in the US.6 Innovations in medicine can 

strengthen the positive income effect of economic booms by allowing money to buy health. 

Substantial advancements in medical technology have likely taken place in Korea over the 

last two decades, thereby affecting the diseases of our interest, such as cancers. If 

improvements in medical technology were associated with increase in medical costs, then we 

can anticipate that the shifts in the effects of unemployment should be more strongly revealed 

for the disease categories with higher treatment costs.  

The decline in the negative influences of economic booms during the 2000s, such as 

increased work, less healthy behaviors, and increased pollution, can be considered as another 

cause of the change. If changes in these factors become less procyclical, or if the relationship 

between these factors and health weakens, the negative effects of economic booms on health 

                                          
5 All results are robust to the alternative time periods. 
6 Ruhm (2015) suggests that the turnaround in cancer mortality from being unrelated to the economy 
to strongly countercyclical in the US might be attributed to improvements in expensive medical 
treatments and technologies that probably made cancer mortality more sensitive to the availability of 
financial resources and access to health care. 
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could diminish.7 However, this hypothesis cannot account for the result that the changes in 

the macroeconomic effects were more pronounced for diseases with higher treatment costs. 

 

5. Conclusion 

Over the period from 1989 to 2012, total mortality in South Korea shifted from being 

weakly procyclical or unrelated to the economy to strongly countercyclical in the early 2000s. 

Cancers have played a significant role in changing the direction of the effect of 

unemployment on mortality. We have provided evidence that the turnaround in the 

relationship between economic conditions and mortality is driven by the disease categories 

with higher and more rapidly rising treatment costs.  

The overall patterns of the shifts in the effects of macroeconomic conditions on 

mortality in South Korea roughly follows the corresponding changes observed in the US 

(McInerney and Mellor 2012; Ruhm 2015). A possible explanation for the changes is that 

advancements in medical technology strengthened the positive income effects of economic 

booms, which is consistent with the stylized facts obtained in South Korea.  
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Table 1 
Effects of Unemployment on Mortality 

 
 1989-2012 1989-2001 2002-2012 
A. All    

No region-specific trends -0.0127 (0.0077) -0.0011 (0.0038) 0.0106 (0.0054)* 
With region-specific trends -0.0045 (0.0033) -0.0044 (0.0026) 0.0116 (0.0029)***

B. Gender-specific    
Male -0.0027 (0.0029) -0.0044 (0.0031) 0.0097 (0.0046)* 
Female -0.0072 (0.0035)* -0.0040 (0.0028) 0.0128 (0.0041)***

C. Age-specific    
19 -0.0015 (0.0073) 0.0011 (0.0121) 0.0164 (0.0366) 

20-44 -0.0007 (0.0045) -0.0025 (0.0053) 0.0095 (0.0143) 
45-64 -0.0047 (0.0066) -0.0046 (0.0031) 0.0148 (0.0089) 

65 -0.0023 (0.0027) -0.0011 (0.0034) 0.0095 (0.0035)** 
D. Cause-specific    

Certain infections and parasites -0.0109 (0.0185) 0.0145 (0.0169) -0.0751 (0.0370)* 
Cancers -0.0022 (0.0069) -0.0108 (0.0044)** 0.0211 (0.0066)***
Endocrine, nutritional and 

metabolic diseases 
0.0106 (0.0226) -0.0016 (0.0128) -0.0094 (0.0357) 

Nervous system 0.0145 (0.0313) 0.0170 (0.0360) -0.0406 (0.0219)* 
Circulatory system -0.0008 (0.0067) -0.0010 (0.0076) 0.0205 (0.0160) 
Respiratory system -0.0241 (0.0157) -0.0158 (0.0138) 0.0006 (0.0518) 
Digestive system -0.0127 (0.0157) 0.0052 (0.0116) 0.0485 (0.0253)* 
Genitourinary system -0.0594 (0.0253)** -0.0403 (0.0227)* 0.0329 (0.0522) 
Vehicle and traffic injuries -0.0098 (0.0113) -0.0098 (0.0121) -0.0353 (0.0276) 
Falls -0.0765 (0.0200)*** -0.0699 (0.0197)*** -0.0455 (0.0780) 
Drowning -0.0482 (0.0227)* -0.0455 (0.0331) -0.0066 (0.0708) 
Fire, flames or hot objects -0.0692 (0.0406) -0.0113 (0.0557) -0.0813 (0.1860) 
Poisoning 0.0601 (0.0603) 0.0963 (0.0729) -0.0411 (0.1487) 
Suicide -0.0373 (0.0133)** -0.0192 (0.0242) 0.0123 (0.0200) 
Assault 0.0354 (0.0282) 0.0536 (0.0346) 0.1163 (0.0872) 
Other external causes 0.0463 (0.0180)** 0.0072 (0.0229) 0.0395 (0.0619) 

obs. 375 (374) 199 176 (175) 
Note: The dependent variable is the natural logarithm of the total mortality rate per 100,000 persons. 
All models include the shares of the population belonging to each three age categories and three 
education categories. For gender-specific models, age and education variables are those of each 
gender. Year and regional dummy variables are also controlled for. Models include region-specific 
trend variables unless otherwise noted. Clustered robust standard errors are in parentheses. 
Observations are weighted by the square root of the total population for the region and year. The 
number of observations is those of any regression models in the corresponding column, except for that 
of fire, flames or hot objects, which are in the parentheses. 

* Statistical significance for 0.10 level. 
** Statistical significance for 0.05 level. 

*** Statistical significance for 0.01 level. 
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Table 2 
The Correlation between Medical Utilization and the Changing Effect of Unemployment 

 
 Treatment amount, 

2011 
Change in 

the treatment amount, 
2000-2011 

Change in 
the benefit amount, 

2000-2011 
 (1) (2) (3) (4) (5) (6) 
Expenditure 
per patient 

8.1410*** 
(2.8201) 

 10.4634** 
(4.2797) 

 10.0681** 
(4.1231) 

 

Expenditure  0.0539** 
(0.0246) 

 0.0570** 
(0.0287) 

 0.0817** 
(0.0371) 

Number of 
patients 

 -0.0128* 
(0.0067) 

 -0.0117* 
(0.0066) 

 -0.0109* 
(0.0063) 

obs. 192 194 192 194 192 194 
Note: The dependent variable is the degree of changes in the regression coefficients on unemployment 
rates from 1991-2001 to 2002-2011, i.e., . Explanatory variables are medical 
utilization in won by each disease (1 billion won), the number of patients (1 million people) and 
medical utilization per patient (1 million won). Observations are weighted by the square root of the 
number of 2011 deaths by each disease. The data covers more than 99.9% of all death cases, as not all 
the diseases lead to death. 
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Figure 1 
The Rolling Regression Result for the Effects of Unemployment on Mortality in 1989-2012 

 
Note: Rolling regressions have been run for every 10 year. The x-axis numbers refer to the beginning 
year of each regression. The blue line indicates regression coefficients of unemployment rates. See 
Table 1. 
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