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There have been several studies supporting a possible relationship between high suicide rate and high altitude. However socioeconomic
status may confound this association because low socioeconomic status, which is known to be related to a high suicide rate, is also asso-
ciated with living at high altitude. This study aims to explore whether the relationship between high altitude and high suicide rate re-
mains after adjusting for socioeconomic status in South Korea. We collected demographic data of completed suicides, the mean altitude
of the district where each suicide took place, and the mean income of each district. We analyzed the data using regression analysis before
and after adjustment for mean income. We found that there is a positive correlation between altitude and suicide rate, even after adjust-

ment for mean income. Thus, altitude appears to be an independent risk factor for suicide.
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INTRODUCTION

There have been several studies that support a possible
positive relationship between high suicide rate and high alti-
tude.”” Kim et al.' reported that altitude appears to be a signif-
icant independent risk factor for suicide in the US when sev-
eral predictor variables such as altitude, gun ownership, and
population density are considered. They reported that both
firearm and non-firearm suicide rates are positively correlated
with mean county elevation. Brenner et al.” also concluded
that higher altitude was still significantly related to higher sui-
cide rates, even after controlling for age, gender, ethnicity, me-
dian household income, and the population density of each
county. Regarding the mechanism underlying this association,
researchers have suggested that the effects of metabolic stress
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associated with mild hypoxia in individuals with mood disor-
ders may be related to suicide.!

On the other hand, some researchers have suggested that
the high suicide rates in high altitude areas are more likely to
be the result of other confounding factors. Betz et al.” found
that high and low altitude suicide decedents differed with re-
spect to race, ethnicity, rural residence, intoxication, firearm
use, and recent financial, job, legal, or interpersonal problems.
Therefore they suggested that other sociodemographic and
mental health factors in high altitude communities, such as
the relative availability and utilization of mental health reso-
urces, should be considered.’ Additionally, a study conducted
in Turkey did not find any association between altitude and
suicide.* The author suggested that the positive results of pre-
vious studies may be due to confounding variables such as
socioeconomic status.*

Based on the studies described above, an examination of
how socioeconomic status contributes to high suicide rates in
high altitude areas seems warranted. Furthermore, Kim et al.'
also reported the correlation between altitude and suicide rates
in South Korea for a 4-year period (2005-2008) in their com-
plementary studies.

The aim of this study was to determine the association be-
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tween high altitude and high suicide rates in South Korea after
adjusting for socioeconomic factors using 11 years (1997-
2007) of past data. The high suicide rates’ and mountainous
geographic features with a wide range of mean altitudes am-
ong different districts make South Korea a suitable country
in which to investigate whether high altitude is a significant
independent risk factor for suicide.

METHODS

Data collection

Suicide rates and demographic information on suicide de-
cedents, including sex, age, address, and date of death from
1997 to 2007, were collected from the National Statistical Of-
fice of South Korea.’ In this study, suicide rate was defined as
the number of completed suicides per a hundred thousand
persons in a given year. The mean altitudes of 231 adminis-
trative districts were collected from the National Geographic
Information Institute.® The data regarding the income of each
district was collected from the Korean labor and income
panel study.” In this study, mean income implies the mean of
each year’s total income from 1998 to 2008. In cases of miss-
ing income data, the mean income of adjacent administrative
divisions was substituted. For example, when income data of
a particular city was missing, the mean income of other cities
in the same province was used.

Statistical analyses

The data was analyzed using SAS 9.3 (Cary, NC, USA) and
R 2.15.3. First, we determined the Pearsons and Spearman’s
correlation coefficients between altitude and suicide rate. Af-
terward, regression analyses were performed to explore whe-
ther mean altitude affects age-adjusted suicide rate and in-
come-and-age-adjusted suicide rate. In the first analysis, mean
altitude was used as the independent variable and age-adjust-

after income adjustment.

ed suicide rate was the dependent variable. Income was then
added to the regression model as a covariate in an attempt to
determine whether mean altitude is associated with suicide
rate when financial factors are eliminated.

RESULTS

There was a significant positive correlation between age-
adjusted suicide rate and the mean altitude of each district in
South Korea [Pearson’s correlation coefficient=0.462 (p<
0.0001); Spearman correlation coefficient=0.419 (p<0.0001)].
Regression analysis revealed that the age-adjusted suicide
rate increased by 1.8% (p<0.0001) for every one meter in-
crease in mean altitude. When the mean income of each dis-
trict was added as a covariate, income-age-adjusted suicide
rate increased by 1.5% (p<0.0001) for every one meter in-
crease in mean altitude. The effect of mean altitude on suicide
rate, which is represented by the slope of the graphs in Figure
1, became a little less prominent as financial factors were elim-
inated. However, the change was minor, and the positive asso-
ciation remained significant after income adjustment.

DISCUSSION

The results of this study suggest that living at high altitude
is a risk factor for suicide. This finding is consistent with the
results of earlier studies."” Previously, Kim et al.' analyzed sui-
cide data from a four-year period (2005-2008) in South Korea
and reported a strong positive association between suicide
rate and altitude in both South Korean and American popula-
tions. Our study also found a positive relationship between
high altitude and suicide in South Korea based on data from
a longer-period of time (1997-2007). On the other hand, Selek
did not find an association between altitude and suicide in
Turkey, and he suggested that the positive results of previous
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studies were probably due to confounding variables, such as
differences in socioeconomic status.” However, the positive
association between mean altitude and suicide rate remained
significant even after adjusting for socioeconomic factors in
our study.

Our positive findings indicate that it would be meaningful
to explore the mechanism underlying this association. Meta-
bolic stress associated with hypoxia has been proposed as a
possible mechanism. DelMastro et al.’ concluded that eleva-
tion is a significant risk factor for major depressive disorder,
which is often associated with suicide. Similarly, other previ-
ous studies have described the impact of mean altitude on the
metabolic status of individuals who have major mood disor-
ders, especially bipolar disorders. The authors suggested that
hypoxia due to high altitude aggravates affective disorders,**
which may lead to a higher likelihood of committing suicide.

It was suggested that serotonin synthesis is influenced by
mild hypoxia.”’ Tryptophan hydroxylase, which is the rate-
limiting enzyme in the serotonin synthesis reaction, may not
normally be saturated with oxygen at high altitudes, thus
mild hypoxia would decrease serotonin synthesis. Low brain
serotonin is known to be associated with suicide. Decreased
brain serotonin synthesis associated with hypoxia is a mecha-
nism that may contribute to suicide in conditions causing hy-
poxia." Fiedler et al.'' demonstrated that a significant corre-
lation between altitude of region of residence and incidence of
cocaine use. According to the authors, the stress response due
to hypoxia is responsible for it and the positive correlation
between altitude and incidence of cocaine use may partially
explain how high altitude is linked to increased suicide risk.

Efforts to discover the mechanism of the association be-
tween altitude and suicide rate would be useful in suicide pre-
vention among people living at high altitudes. However, this
mechanism remains to be elucidated. Further studies to ad-
dress this issue are necessary.
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