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Objectives: Prospective evaluations of the associations between depressive symptoms and suicide deaths have been mainly performed in high-risk populations, such as individuals with psychiatric disorders or histories of self-harm. The purpose of this study was
to prospectively examine whether more severe depressive symptoms assessed using the Geriatric Depression Scale (GDS) were associated with a greater risk of death from suicide in a general-risk population.
Methods: A total of 113 478 men from the Korean Veterans Health Study (mean age, 58.9 years) who participated in a postal survey in
2004 were followed up for suicide mortality until 2010.
Results: Over 6.4 years of follow-up, 400 men died by suicide (56.7 deaths per 100 000 person-years). More severe depressive symptoms were associated with greater risk of suicide death (p for trend <0.001). The unadjusted hazard ratios (HRs) in comparison to the
absence of depression were 2.18 for mild depression, 2.13 for moderate depression, 3.33 for severe depression, and 3.67 for extreme
depression. After adjusting for potential confounders, men with a potential depressive disorder had an approximate 90% higher mortality from suicide (adjusted HR, 1.92; 95% confidence interval [CI], 1.38 to 2.68; p<0.001) than men without depression. Each fivepoint increase in the GDS score was associated with a higher risk of death by suicide (adjusted HR, 1.22; p<0.001). The value of the
area under the receiver operating characteristics curve of GDS scores for suicide deaths was 0.61 (95% CI, 0.58 to 0.64).
Conclusions: Depressive symptoms assessed using the GDS were found to be a strong independent predictor of future suicide. However, the estimate of relative risk was weaker than would be expected based on retrospective psychological autopsy studies.
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Korea had the highest rate of suicide deaths among the Organization for Economic Cooperation and Development countries from 2003 to 2012 (26 to 34 per 100 000) [1], with over 10
000 people per year dying by suicide. In many countries, measures to prevent suicide are a high priority. Many retrospective
studies, such as psychological autopsy studies, have reported
a strong relationship between depression and suicide (e.g., a
meta-analysis found the odds ratio of a mood disorder for suicide to be 13.4, with a 95% confidence interval [CI] of 8.1 to
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22.4) [2], however, it is impossible to rule out biases related to
retrospective studies, such as an overestimation of the association and recall bias [3]. Prospective investigations of the relationship between depression and suicide deaths have been
mainly performed in psychiatric patients, who may not reflect
persons with depressive disorders in the general population
[4]. Few studies have prospectively evaluated the association
of depressive symptoms with suicide deaths in general or lowrisk populations [5-9].
The Geriatric Depression Scale (GDS) is a 30-item self-reported assessment tool used to screen for depression in the elderly
population, and it is widely administered in clinical and research settings [10]. Although depressive symptoms as assessed using the GDS have been associated with suicidal ideation in several cross-sectional studies [11,12], few studies
have prospectively examined the associations of depressive
symptoms as assessed by the full 30-item GDS with death by
suicide [6].
The purpose of this study was to prospectively examine
whether the severity of depressive symptoms as assessed using
the Korean translation of the GDS increased deaths by suicide
in older middle-aged Korean men, specifically in Korean veterans of the Vietnam War. Since all able-bodied men are required
to serve in the military in Korea, this study cohort was not necessarily an occupational cohort, but was rather a Vietnam-experience cohort. The study participants had a lower mortality due
to suicide (crude mortality, 56.7 deaths per 100 000 personyears from 2004 to 2010; sex-, age-, and calendar-year-standardized mortality ratio, 0.82; 95% CI, 0.74 to 0.91) than would
have been expected from the general Korean population.

death was performed through record linkage at the national
level and was considered complete. Suicide was identified by
the International Classification of Diseases, 10th revision codes
X60-X84.

Measures of Depressive Symptoms and
Co-variables

METHODS

The self-administered GDS, with 30 items in a yes/no format
and a total score of zero to 30, was used to assess depressive
symptoms [10]. The Korean-language translation of the GDS
was developed by two medical doctors and several graduate
students in public health. Internal consistency was assessed
using Cronbach’s alpha and was found to be 0.929 in a complete data analysis.
The participants were categorized into five groups based on
quartiles and the highest decile of the GDS score: no depressive symptoms (0-16), mild depressive symptoms (17-23),
moderate depressive symptoms (24-27), severe depressive
symptoms (28-29), and extreme depressive symptoms. They
were also classified into two groups reflecting severe and nonsevere depression (no to moderate depression, 0-27; severe
depression, 28-30) and into two groups based on the presence
or absence of depression (no depression, 0-16; depression, 1730), using a cut-off score drawn from previous research
[13,14].
Self-reported information on self-rated health, smoking history, alcohol drinking frequency, physical activity, BMI, the
number of close friends, and household monthly income were
collected through the survey. BMI was calculated as self-reported weight divided by self-reported height squared (kg/m2).
Participants with pre-existing cancer at baseline were identified through the National Cancer Incidence Database [15].

Study Participants and Follow-up

Statistical Analysis

We identified 164 208 living men in June 2004 among the
187 897 men in the Korean Veterans Health Study, after excluding 23 689 men who had died or emigrated. On July 27, 2004,
a postal survey was sent to 164 208 men, to which 117 609
men (71.6%) replied. Men (n=4131) with missing body mass
index (BMI) information or with uncertain residential status after the initial survey were excluded. The final study population
included 113 478 men. This study was approved by the institutional review board of Kwandong University.
Deaths by suicide were assessed using the 2004-2010 death
records of the National Statistical Office. Ascertainment of

Among the 113 478 participants, 19 114 (16.8%) had one or
more missing items on the GDS. Substitution of the missing
data with the most common answer for each item (mode substitution) was performed for the GDS items. A GDS data analysis that excluded participants with at least one missing GDS
item was also performed.
In order to compare the baseline characteristics according
to depressive symptoms, the chi-square test and analysis of
variance were applied. Hazard ratios (HRs) were calculated using the Cox proportional hazards model. The variables adjusted for in the Cox model included age at baseline (years),
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smoking history (current, past, or never smoker, or missing information), alcohol drinking frequency (≥5 d/wk, 1-4 d/wk,
< 1 d/wk, past drinker, never drinker, or missing information),
BMI (kg/m2; <18.5, 18.5-24.9, 25-29.9, or ≥30), self-rated
health (good, fair, or poor), the presence of pre-existing cancer
at baseline (yes or no), and physical activity (≥10 minutes of

moderate or vigorous activity at least once per month vs. no
activity), the number of close friends (≤1, 2-5, or ≥6 ), and
household monthly income (1170 Korean won [KRW]=1 USD
as of August 1, 2004; <500 000 KRW, 500 000-990 000 KRW, 1
000 000-1 490 000 KRW, ≥1 500 000 KRW, or missing information).

Table 1. Characteristics of the Korean middle-aged male participants according to the severity of depressive symptoms
Total
(n=113 478)

Characteristics
Age (mean±SD)

58.9±3.5

Smoking history

Body mass index (kg/m )

No. of close friends

Household income
(Korean won/mo)3

Self-rated health

<0.0012
<0.001

40 756 (35.9)

30 635 (35.5)

10 121 (37.2)

51 949 (45.8)

39 715 (46.0)

12 234 (45.0)

Never smoker

19 626 (17.3)

15 118 (17.5)

4508 (16.6)

1147 (1.0)

802 (0.9)

345 (1.3)

12 251 (10.8)

9606 (11.1)

2645 (9.7)

43 076 (38.0)

33 794 (39.2)

9282 (34.1)

41 011 (36.1)

30 649 (35.5)

10 362 (38.1)

7411 (6.5)

5311 (6.2)

2100 (7.7)

Never drinker

8265 (7.3)

5878 (6.8)

2387 (8.8)

Missing

1464 (1.3)

1032 (1.2)

Yes

37 792 (33.3)

26 176 (30.3)

<18.5
18.5-24.9

2918 (2.6)
77 556 (68.3)

25.0-29.9

31 613 (27.9)

24 637 (28.6)

6976 (25.6)

<1
Past drinker

p-value1

58.7±3.2

Past smoker

Alcohol drinking frequency ≥5
(d/wk)
1-4

2

58.9±3.6

Severe symptoms
(n=27 208)

Current smoker

Missing

Physical activity

None to moderate
symptoms
(n=86 270)

<0.001

432 (1.6)
11 616 (42.7)

<0.001

1875 (2.2)

1043 (3.8)

<0.001

58 704 (68.0)

18 852 (69.3)

≥30

1391 (1.2)

1054 (1.2)

≤1
2-5

35 918 (31.7)

25 052 (29.0)

10 866 (39.9)

337 (1.2)

45 884 (40.4)

35 207 (40.8)

10 677 (39.2)

≥6

31 676 (27.9)

26 011 (30.2)

5665 (20.8)

<500 000
500 000-990 000

10 496 (9.2)

6312 (7.3)

4184 (15.4)

23 201 (20.4)

15 820 (18.3)

7381 (27.1)

1 000 000-1 490 000

27 098 (23.9)

20 375 (23.6)

6723 (24.7)

≥1 500 000
Missing

47 885 (42.2)

40 999 (47.5)

6886 (25.3)

4798 (4.2)

2764 (3.2)

2034 (7.5)

Good

10 590 (9.3)

10 109 (11.7)

481 (1.8)

Fair

36 541 (32.2)

32 067 (37.2)

4474 (16.4)

Poor

66 347 (58.5)

44 094 (51.1)

22 253 (81.8)

<0.001

<0.001

<0.001

Pre-existing cancer

Yes

3465 (3.1)

2550 (3.0)

915 (3.4)

0.001

Depressive symptoms4
(GDS score)

None (0-16)

28 496 (25.1)

28 496 (33.0)

0 (0.0)

<0.001

Mild (17-23)

29 725 (26.2)

29 725 (34.5)

0 (0.0)

Moderate (24-27)

28 049 (24.7)

28 049 (32.5)

Severe (28-29)

20 837 (18.4)

0 (0.0)

20 837 (76.6)

6371 (5.6)

0 (0.0)

6371 (23.4)

Extreme (30)

Values are presented as number (%).
GDS, Geriatric Depression Scale; SD, standard deviation.
1
Calculated by chi-square analysis.
2
Calculated by analysis of variance.
3
1170 Korean won was approximately one US dollar as of August 1, 2004.
4
Cut-off scores based on quartiles and the highest decile.
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Area under the receiver operating characteristics curve
(AUC) was calculated using Proc Logistic (ROC statement) in
SAS. For a diagnostic test, AUC values of 1.0 and 0.5 represent
a perfect test or an uninformative test, respectively.
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used
for statistical analysis. The two-sided p-value was calculated,
and p-values <0.05 were considered to indicate statistical significance.

RESULTS
Characteristics of the Participants
Over the course of 705 175 person-years of follow-up, 400
men died by suicide (56.7 per 100 000 person-years). The
mean (standard deviation) age and GDS score of the participants at baseline were 58.9 (3.5) years and 21.1 (7.6), respectively. Men with severe depressive symptoms were somewhat
younger than those with no to moderate symptoms, and they
contained more current smokers and fewer frequent drinkers,
were thinner and less healthy, and had fewer close friends, low
earnings, and more pre-existing cancer (Table 1).

Suicide and Depressive Symptoms Assessed
Using the Geriatric Depression Scale
The unadjusted estimate of relative risk associated with se-

vere depressive symptoms was 1.93 compared with no to
moderate symptoms. Each five-point increase in the GDS
score was associated with a 34% higher risk of suicide death in
the unadjusted analysis. Increasing depressive symptoms
across the five categories was associated with an increasing
HR of suicide (p for trend <0.001) (Table 2). Participants with
depressive symptoms had a 156% higher risk of death by suicide (HR=2.56) than men with no depression. Adjusting for
potential risk factors of suicide attenuated the association between depressive symptoms as assessed by the GDS and suicide, although it remained present. When the analysis was restricted to men with complete information for each GDS item,
the associations of depressive symptoms with the risk of death
by suicide were unchanged (Table 3). The AUC values were
0.61 (95% CI, 0.58 to 0.64; all participants) and 0.60 (95% CI,
0.57 to 0.63; men with no missing information for any GDS
item), for the unbinned total score of the GDS.

DISCUSSION
The presence of more severe depressive symptoms as assessed by the GDS was associated with a greater risk of death
by suicide after adjusting for potential confounders, such as
substance use (alcohol consumption frequency and smoking
history), social support (number of close friends), socioeco-

Table 2. HRs of suicide according to depressive symptoms in Korean middle-aged men (n=113 478)1
Unadjusted analysis

Adjusted analysis2

Categories of depressive symptoms (score)

Personyears

No. of
suicides

HR (95% CI)

p-value

HR (95% CI)

p-value

Total GDS score (0-30)

Five-point score increase

705 175

400

1.34 (1.24, 1.45)

<0.001

1.22 (1.11, 1.34)

<0.001

Two-group analysis (1)3 None to moderate (0-27)

537 606

250

1.00 (reference)

Severe (28-30)

1.00 (reference)

167 569

150

1.93 (1.57, 2.36)

Five-group analysis (1)3 None (0-16)

178 995

47

1.00 (reference)

Mild (17-23)

185 049

106

2.18 (1.55, 3.08)

<0.001

1.87 (1.31, 2.68)

Moderate (24-27)

173 562

97

2.13 (1.5, 3.02)

<0.001

1.65 (1.13, 2.40)

0.009

Severe (28-29)

128 143

112

3.33 (2.37, 4.68)

<0.001

2.27 (1.55, 3.31)

<0.001

39 426

38

3.67 (2.39, 5.63)

<0.001

2.64 (1.66, 4.19)

<0.001

705 175

400

1.35 (1.24, 1.46)

<0.001

1.21 (1.11, 1.33)

<0.001

178 995

47

1.00 (reference)

526 179

353

2.56 (1.89, 3.46)

Extreme (30)
Trend test

4

Two-group analysis (2)5 No depression (0-16)
Depression (17-30)

<0.001

1.47 (1.18, 1.82)

<0.001

1.00 (reference)
0.001

1.00 (reference)
<0.001

1.92 (1.38, 2.68)

<0.001

HR, hazard ratio; CI, confidence interval; GDS, Geriatric Depression Scale.
1
In 19 114 men with at least one missing GDS item, each missing GDS item was substituted with the most common answer for the item reported by all participants; HRs were calculated using the Cox proportional hazards model.
2
Adjusted for age at baseline, smoking history, alcohol drinking frequency, physical activity, body mass index, self-rated health, number of close friends, preexisting cancer, and household monthly income.
3
Cut-off score based on quartiles and the highest decile.
4
The five categories of depressive symptoms were analyzed as ordinal variables (1, 2, 3, 4, and 5).
5
Cut-off score based on previous research on Koreans.
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Table 3. HRs of suicides by depressive symptoms in Korean middle-aged men with no missing GDS items (n=94 364)1
Categories of depressive symptoms (score)

Personyears

No. of
suicides

Unadjusted analysis
HR (95% CI)

p-value

HR (95% CI)

p-value

<0.001

1.19 (1.07, 1.31)

0.001

Total GDS score (0-30)

Five score increase

587 665

311

1.31 (1.2, 1.43)

Two-group analysis (1)3

No-to-moderate (0-27)

458 128

201

1.00 (reference)

Severe (28-30)

129 537

110

1.94 (1.53, 2.44)

No (0-16)

159 152

41

1.00 (reference)

Mild (17-23)

155 791

88

2.19 (1.51, 3.18)

Moderate (24-27)

143 185

72

1.95 (1.33, 2.87)

Five-group analysis (1)

3

Two-group analysis (2)

5

Adjusted analysis2

1.00 (reference)
<0.001

1.51 (1.18, 1.93)

0.001

<0.001
0.001

1.82 (1.23, 2.69)

0.003

1.45 (0.96, 2.20)

0.08

1.00 (reference)

Severe (28-29)

93 113

78

3.25 (2.23, 4.75)

<0.001

2.25 (1.48, 3.42)

<0.001

Extreme (30)

36 424

32

3.41 (2.15, 5.42)

<0.001

2.29 (1.38, 3.78)

0.001

Trend test4

587 665

311

1.32 (1.21, 1.45)

<0.001

1.19 (1.07, 1.32)

0.001

No depression (0-16)

159 152

41

1.00 (reference)

Depression (17-30)

428 513

270

2.45 (1.76, 3.40)

<0.001

1.80 (1.26, 2.58)

1.00 (reference)
0.001

HR, hazard ratio; CI, confidence interval; GDS, Geriatric Depression Scale.
1
In 19 114 men with at least one missing GDS item were excluded; HRs were calculated using the Cox proportional hazards model.
2
Adjusted for age at baseline, smoking history, alcohol drinking frequency, physical activity, body mass index, self-rated health, number of close friends, preexisting cancer, and household monthly income.
3
Cut-off score based on quartiles and the highest decile.
4
The five categories of depressive symptoms were analyzed as ordinal variables (1, 2, 3, 4, and 5).
5
Cut-off score based on previous research on Koreans.

nomic status (monthly household income), physical health
status (BMI, self-rated health, and the presence of pre-existing
cancer), and physical activity. Men with depressive symptoms
had an approximately 90% higher risk of suicide death than
men without depression after adjusting for potential risk factors. The magnitude of this association, however, was weaker
than has been reported in previous psychological autopsy
studies [2].
This study confirmed the strong relationship between depressive symptoms and suicide death, in accordance with previous prospective studies of general or low-risk populations [59]. Reducing depressive symptoms in the general population
and properly managing people with depressive symptoms
should be top priorities for reducing the burden of suicide.
The current estimate of the relative risk of depressive symptoms for suicide deaths was lower than the relative risk reported by previous prospective studies of the general populations
of other countries [5-7,9], as well as of Korean Vietnam War
veterans [8]. The prevalence of depressive symptoms was
higher in our study participants than in other populations. The
mean GDS score in the current study was lower than has been
reported for persons with mood disorders, but was substantially higher than has been reported for non-depressive
groups in previous Korean studies [13,14]. The majority (75%)
of participants in the current study could be considered indi-

180

viduals who potentially had a depressive disorder based on
previous studies [13,14]. In a population with a high prevalence of potential depressive disorder, the discriminatory
power of depression assessed by the GDS for suicide risk
might be lower than that of other measures of depression,
such as the Beck Depression Inventory (BDI). Previous research
on Korean Vietnam War veterans showed that severe depressive symptoms assessed by the BDI were associated with a
240% higher mortality from suicide (HR, 3.4; 95% CI,1.5 to 7.7)
in comparison with no to moderate depressive symptoms [8].
The AUC value of the GDS score for suicide deaths found in
the present study (HR, 0.61; 95% CI, 0.58 to 0.64) indicated that
the GDS can discriminate between individuals who tend to die
by suicide or not, although its predictive performance was
weak. Our observed discriminatory power of GDS for suicide
death was lower than has been reported for suicidal ideation
in previous research [11,12]. However, this was expected because suicidal ideation or even suicide attempts are not perfect predictors of suicide [16]. For suicide deaths, the AUC value of GDS among men in the current study was similar to that
of some measures of potential suicidality [17], but seemed to
be lower than others [8,18]. Given both the lower AUC and the
relatively low HRs associated with the GDS in the current
study, the GDS may be less predictive of suicide death than
other measures of depression or suicidality, although this con-

Depressive Symptoms and Suicide Death

clusion may be limited to populations with a potentially higher prevalence of depression, such as Vietnam War veterans.

Strength and Limitations of the Study
The prospective follow-up of suicide deaths is a clear
strength of this study. The number of suicide deaths (n=400)
is one of the largest reported in research on suicide. The complete follow-up enhanced the integrity of this study. This study
also adjusted for many potential risk factors for suicide, including alcohol consumption, smoking history, exercise, physical
health status, social support, and socioeconomic status.
This study also has some limitations. First, depressive symptoms were measured once, although the intensity of depressive symptoms may change over time. The estimated association based on one baseline assessment may underestimate
the true effect [8]. Second, suicide deaths were not verified independently of death certificates. However, potential misclassification most likely would be non-differential according to
depressive symptoms. Third, our study population had a lower
suicide mortality than the general male population in Korea.
We do not think, however, that the lower suicide mortality
substantially impacted the association between depressive
symptoms and suicide mortality [19]. Fourth, the homogenous study population (all Koreans) may be deemed a limitation regarding the generalizability of the present study, as the
strength of the associations of depressive symptoms with suicide may differ by ethnicity, culture, age, and gender [6,8,20].
However, the presence of a positive association between depressive symptoms and suicide deaths is likely universal.
In conclusion, this large prospective study confirmed depressive symptoms to be a strong independent predictor of
future suicide. However, the estimate of relative risk was
weaker than expected based on retrospective studies, such as
psychological autopsy studies.
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