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Abstract

Objective To examine dose–response associations

between depressive symptoms and suicide and modifica-

tion effects of sex, age and health status in older Chinese.

Methods We used the Chinese version of the 15-item

Geriatric Depression Scale (GDS) to measure depressive

symptoms (GDS score C 8) and Cox regression to examine

association with suicide mortality in a population-based

cohort of 55,946 individuals, aged 65 years or above,

enrolled from July 1998 to December 2000 at one of 18

Elderly Health Centres of Hong Kong Department of

Health. The cohort was followed up for suicide mortality

till 31 March 2009 (mean follow-up 8.7 years).

Results Depressive symptoms were associated with sui-

cide in men [hazard ratio (HR) 2.03, 95% confidence

interval (CI) 0.96–4.29] and women (HR = 2.36, 95% CI

1.31–4.24) after adjusting for age, education, monthly

expenditure, smoking, alcohol drinking, physical activity,

body mass index, health status, and self-rated health. There

was no threshold for GDS score and suicide in either sex.

Age, sex and health status did not modify the association.

Conclusions Depressive symptoms predict higher suicide

risk in older Chinese in a dose–response pattern. These

associations were not attenuated by adjustment for health

status, suggesting that depressive symptoms in older people

are likely to be an independent causal factor for suicide.

The GDS score showed no threshold in predicting suicide

risk, suggesting that older people with low GDS scores

deserve further attention and those with very high scores

need urgent intervention.

Keywords Depressive symptoms �
Geriatric Depression Scale � Suicide

Introduction

Suicide is associated with many illnesses, especially with

depression [1, 2]. A Hong Kong Chinese case–control

study found that current major depressive disorders

accounted for 27% of the population-attributable risk of

completed suicide [3]. But the prevalence of depression in

suicide cases may be under-estimated in older people

because of stigma [4]. Yang et al. [5] suggested that pre-

vention of suicide must focus on improving awareness of

psychological problems. Early detection of depression and

suicidal ideation is essential for the prevention of suicide in

the community [6, 7]. However, many depressed people are

not recognized or treated effectively [2].

Although several cross-sectional studies have examined

the association between depression and suicide attempt/

ideation [8–10], no prospective study on the association

between depressive symptoms as assessed by the Geriatric

Depression Scale (GDS), a scale specifically designed for

older people [8], and suicide mortality was found to date.

Moreover, most studies categorized depression as major,

minor or none and no study has examined the dose–

response association between suicide and severity of

depressive symptoms as indicated by GDS score in older

people.
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Furthermore, most of the earlier studies did not examine

the modification effect from other risk factors, such as sex,

age and health status. Health status could be significantly

different between suicide attempters and others [11]. Poor

health status increases risk for suicide in older people [12]

and could also cause depression. The role of health status

in the relationship between depression and suicide in older

people is unclear. To clarify the association of depression

with suicide in older Chinese people, we examined the

association between depressive symptoms, as assessed by

GDS, and suicide in a large, community-based prospective

cohort, taking into account the modification effect of sex,

age and health status as well as multiple potential con-

founding factors and different duration of follow up. We

hypothesized that (a) depressive symptoms are associated

with suicide; (b) there is a dose–response relationship

between GDS score and suicide with no threshold; and

(c) these associations would be similar by sex, age and

health status.

Methods

Details of the methods have been reported elsewhere

[13, 14]. Briefly, starting in July 1998, 18 Elderly Health

Centers (EHCs) were established by the Hong Kong

Department of Health to deliver primary care for the

elderly, including health assessment, counseling, curative

services and health education. The Elderly Health Service

aims to enhance primary health care for the elderly,

improve their self-care ability, encourage healthy living

and strengthen family and caretakers’ support so as to

minimize illness and disability. All people aged 65 years or

older are eligible to enroll as members of the EHCs, and all

first enrolled from July 1998 to December 2000 were

included in the present study, which constituted 8.9% of

the older population in the territory. More women enrolled

than men; otherwise the participants were similar to the

general older population in age, socio-economic status,

current smoking and hospital use [14].

Trained nurses and doctors provided health assessments

using standardized structured interviews and comprehensive

clinical examinations. A never smoker was defined as one

who had never smoked as many as one cigarette a day or

equivalent for the duration of 1 year. An ever-smoker was

defined as one who had smoked at least one cigarette a day

for at least 1 year. Passive smoking was defined as passive

exposure to tobacco smoke within the same household. A

regular drinker and a social drinker were defined as one who

drank on 4 or more days per week and on 3 or less days per

week, respectively. An ex-drinker referred to a regular or

social drinker who had stopped drinking. A never drinker

was defined as one who had never been a regular or social

drinker. Self-rated health was assessed according to the

following two questions: (1) compared with those of similar

age, your health is ‘‘better’’, ‘‘normal’’ or ‘‘worse’’. (2)

Compared to last year, your health this year is ‘‘better’’,

‘‘normal’’ or ‘‘worse’’. The health assessment covered

functional status, falls, weight loss, use of medication,

reported chronic illness (hypertension, diabetes, chronic

obstructive pulmonary disease and/or asthma, heart disease

and stroke), lifestyle habits (physical activity, smoking and

use of alcohol) and socioeconomic status (education, hous-

ing and monthly expenditure). The participants were tested

on: (1) functional ability on activity of daily living and five-

item instrumental activity of daily living scales; (2) cognitive

ability based on the Abbreviated Mental Test-Modified.

Depressive symptoms were assessed based on the Chinese

version of the 15 item GDS, which has been previously

validated [15, 16]. The cut off point for ‘‘depression’’ was a

score of 8 or more, which is the standard [8, 17] and was used

in our previous study [13].

Health status

We assessed health status using a simple, but comprehen-

sive, 11-item morbidity index as in our previous study [14]

by counting chronic diseases (5 items), use of health ser-

vices (2 items), frailty (3 items) and unintentional weight

loss [ 10 lb in the last 6 months (1 item). The 5 chronic

diseases were heart disease, stroke, diabetes, chronic

obstructive pulmonary disease/asthma and hypertension

(reported or measured blood pressure C 140/90 mmHg).

The two items of health service use were regular use of

medication and any hospital admission in the last year. The

three measures of frailty were cognitive impairment

(Abbreviated Mental Test \ 8), functional impairment

(activities of daily living/instrumental activities of daily

living [ 12) and two or more falls in the last 6 months.

Health status was then categorized into 5 groups based on

these 11 items, from a count of 0 (healthy) to 1, 2, 3, and 4

or more (unhealthy).

Follow-up and outcomes

Vital status was ascertained from death registration in

Hong Kong by record linkage using the unique Hong Kong

identity card number. The last date of follow-up or censor

date was March 31, 2009. Causes of death were routinely

coded by the Department of Health according to the

International Classification of Disease (ICD)—9th Revi-

sion before 2001 and 10th Revision in and after 2001. Most

Hong Kong residents die in hospital enabling accurate

ascertainment of cause of death which we have used in
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previous studies [14, 18]. The outcome was suicide (ICD-9

E 950-959 or ICD-10 X60-84).

Statistical analysis

Chi-square tests were used to compare participants’ char-

acteristics by presence of depressive symptoms. The Cox

proportional hazards model was used to estimate hazard

ratios (HRs) and 95% confidence intervals (CI) for mor-

tality. Two sets of baseline potential confounders were

adjusted for in the models. Model 1 adjusted for sex (in the

pooled men and women analysis only), age, education,

monthly expenditure, smoking, alcohol drinking, physical

activity and body mass index. Model 2 additionally

adjusted for health status and self-rated health. Potential

confounders were categorized as in Table 1. The propor-

tional hazards assumption was checked by visual inspec-

tion of plots of log (-log (S)) against time, where S was

the estimated survival function (Appendix Fig. 1). We also

considered whether the association of depressive symptoms

with suicide varied with sex or age group from the sig-

nificance of interaction terms. Participants who died of any

other causes were regarded as censored at the date of death

[19, 20].

Ethics approval was obtained from the Ethics Committee

of the Faculty of Medicine, the University of Hong Kong.

The study complied with the Declaration of Helsinki.

Results

Of 56,088 participants, 142 were excluded because of

missing information on potential confounders, and 55,946

(18,669 men and 37,277 women) were included in this

analysis. At baseline, 5,439 (9.7%; 95% CI 9.4–9.9%) had

depressive symptoms [1,345 men (7.2%; 95% CI 6.8–7.6%)

and 4,094 women (11.0%; 95% CI 10.6–11.3%)]. Depres-

sive symptoms were more common among those who were

older, less educated, poorer, and underweight or in poorer

health (Table 1).

After 486,474 person-years of follow-up till March 2009

(average 8.7 years; range 2 days–10.7 years), there were

131 suicide deaths (58 men and 73 women). The preva-

lence of depressive symptoms and mean GDS score were

significantly higher in suicide than in non-suicide cases in

both sexes (Table 2).

Table 3 shows that up to March 2009, the crude suicide

rate was 37.2 per 100,000 person-years in men and 22.1 per

100,000 person-years in women. The suicide rate was 86.9

per 100,000 person-years in depressed men and 45.6 per

100,000 person-years in depressed women, which were

more than double the rates in non-depressed men and

women (33.7 and 19.3 per 100,000 years, respectively).

Depressive symptoms (GDS C 8) were significantly asso-

ciated with suicide in model 1, regardless of follow-up

duration. Additional adjustment for health status and self-

rated health in model 2 did not attenuate most of the

associations. Until March 2009, in model 2, depressive

symptoms were significantly associated with suicide in

women (HR = 2.36, 95% CI 1.31–4.24), but the HR in

men (HR = 2.03, 95% CI 0.96–4.29) became marginally

non-significant, which was probably due to the small

number of deaths (58 suicides in men versus 73 in women).

However, there was no sex interaction (P = 0.95), which

confirmed that the HRs were quite similar. The association

did not vary with sex (P for interaction 0.54–0.95),

regardless of follow-up duration. In general, the associa-

tions did not vary with age group or health status after

stratifying by sex, regardless of follow-up duration.

Table 4 shows that when GDS score was analyzed as a

continuous variable, it was significantly and linearly

associated with suicide in both sexes after adjustment for

potential confounders. The HR per GDS score in model 2

for follow-up till March 2009, in all subjects was 1.14

(1.08–1.20) after further adjusting for sex. Significant and

positive linear trends were also found between depressive

symptoms and suicide in both sexes in models 1 and 2

when GDS score was categorized into four groups,

regardless of follow-up duration. The adjusted HRs for

GDS score 1 versus zero in all subjects (men and women,

adjusted for sex) were about 1.34–1.40 in models 1 and 2,

which were insignificant, probably due to small numbers.

No sex interaction was found.

Discussion

Although GDS has been used as a screening tool for

depression and suicide ideation by a cross-sectional vali-

dation study in older Chinese [8], to the best of our

knowledge, our study is the first long follow-up study (up

to about 10 years) to date to examine suicide risk from

depressive symptoms by GDS with different follow-up

duration. In our sample, depressive symptoms significantly

increased the risk of suicide, with a clear dose–response

pattern, and the results were not modified by sex, age or

health status. We also found no threshold effect of

depressive symptoms on suicide, suggesting that earlier

intervention should be considered in those with increased

GDS score, even when they did not reach the diagnosis of

depression (GDS C 8).
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Table 1 Baseline prevalence of depressive symptoms by demographic and lifestyle characteristics of enrollees at all 18 EHCs in Hong Kong

enrolled from 1998 to 2000 and follow up till March 2009

Men (N = 18,669) Women (N = 37,277)

GDS \ 8

(n = 17,324)

column %

GDS C 8

(n = 1,345)

column %

GDS C 8

Prevalence

%

v2

P value

GDS \ 8

(n = 33,183)

column %

GDS C 8

(n = 4,094)

column %

GDS C 8

Prevalence

%

v2

P value

Age group (years)

65–69 39.1 37.6 7.0 40.3 33.3 9.2

70–74 32.3 30.2 6.8 30.5 29.2 10.6

75–79 18.5 18.7 7.3 18.2 21.7 12.8

80–84 7.6 9.9 9.3 7.7 11.1 15.2

C85 2.6 3.6 9.7 \0.001 3.4 4.7 15.4 \0.001

Education

Post-secondary 6.9 5.7 6.1 1.9 1.3 7.7

Secondary 24.0 16.6 5.1 8.2 5.2 7.2

Primary 51.7 52.7 7.4 29.7 24.2 9.1

No formal education but literate 10.0 14.1 9.8 20.2 19.3 10.6

Illiterate 7.4 11.0 10.4 \0.001 39.9 50.0 13.6 \0.001

Housing

Public or aided 39.1 50.1 9.0 39.3 47.8 13.1

Private housing (rent) 5.6 7.2 9.2 4.7 6.2 14.1

Private housing (self-owned flat) 49.5 34.8 5.2 48.1 38.4 9.0

Temporary housing 0.9 1.3 11.5 1.0 0.8 9.1

Institutions 3.0 4.5 11.0 4.7 5.5 12.7

Others 2.0 2.0 7.4 \0.001 2.0 1.3 7.6 \0.001

Monthly expenditure (US $1 = HK $ 7.80)

\HK $ 1,000 11.8 14.7 8.9 16.7 19.8 12.8

HK $ 1,000 to \2,000 36.6 33.6 6.7 39.7 35.8 10.1

HK $ 2,000 to \3,000 31.6 30.9 7.1 29.4 29.8 11.1

HK $ 3,000 to \6,000 17.0 18.2 7.7 12.6 13.5 11.6

HK $ 6,000 to \10,000 2.2 2.2 7.4 1.2 0.9 9.0

[HK $ 10,000 0.9 0.4 3.2 \0.001 0.4 0.2 4.8 \0.001

Smoking status

Never smoker 40.4 29.0 5.3 88.9 84.4 10..5

Current smoker 40.6 43.8 7.7 7.6 10.5 14.8

Ex-smoker 19.0 27.2 10.0 \0.001 3.6 5.1 15.1 \0.001

Alcohol use

Never drinker 50.8 48.2 6.9 85.5 85.4 11.0

Ex-drinker 17.8 24.9 9.8 5.4 6.9 13.8

Social drinker 22.0 18.4 6.1 8.2 6.8 9.3

Regular drinker 9.4 8.5 6.5 \0.001 1.0 0.9 9.5 \0.001

Physical activity

Never 16.2 25.8 11.0 13.8 19.4 14.9

\30 min per day 33.5 34.9 7.1 35.7 39.5 11.3

C30 min per day 50.3 39.3 5.1 \0.001 50.4 41.1 8.5 \0.001

Body mass index

\18.5 33.3 36.2 10.5 30.5 33.6 17.2

18.5 to \23 5.7 8.5 7.8 4.9 8.1 12.1

23 to \25 24.0 22.6 6.8 22.0 18.8 9.5

C25 37.1 32.7 6.4 \0.001 42.6 39.5 10.2 \0.001
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Table 2 The prevalence of depressive symptoms (GDS score C 8) and mean (95% CI) GDS score among suicide and non-suicide cases

Men Suicide (N = 58) Non-suicide (N = 18,611) P value

Depressive symptoms % (GDS score C 8) 15.5% 7.2% \0.05

Mean of GDS score (95% CI) 3.53 (2.61–4.45) 2.63 (2.59–2.67) \0.05

Women Suicide (N = 73) Non-suicide (N = 37,204) P value

Depressive symptoms % (GDS score C 8) 21.9% 11.0% \0.05

Mean of GDS score (95% CI) 4.98 (4.17–5.80) 3.30 (3.27–3.33) \0.05

Table 3 Adjusted hazard ratios (95% CI) of suicide for depressive symptoms (dichotomous) by sex

Follow up

till

Death/death rate

(100,000 person-years)

Crude Model 1 Model 2 P value for interaction in model 2 by

HR 95% CI HR 95% CI HR 95% CI Sex Agea Health statusb

2003, December

Men 18/24.6 3.81 (1.25–11.6)* 3.99 (1.29–12.4)* 4.34 (1.32–14.3)* 0.62 0.43

Women 34/22.6 2.95 (1.37–6.31)** 2.43 (1.09–5.46)* 2.30 (0.98–5.39) 0.78 0.04

All 52/23.2 3.18 (1.70–5.89)*** 2.79 (1.44–5.40)** 2.81 (1.40–5.63)** 0.54 0.13 0.25

2005, December

Men 33/30.5 3.03 (1.25–7.34)* 2.79 (1.14–6.85)* 2.87 (1.13–7.28)* 0.31 0.66

Women 48/21.3 2.46 (1.25–4.82)* 2.30 (1.17–4.59)* 2.31 (1.13–4.72)* 0.32 0.23

All 81/24.3 2.65 (1.54–4.52)* 2.47 (1.13–4.27)*** 2.51 (1.42–4.43)** 0.65 0.24 0.33

2009, March

Men 58/37.2 2.60 (1.27–5.30)** 2.43 (1.18–5.00)* 2.03 (0.96–4.29) 0.67 0.11

Women 73/22.1 2.36 (1.36–4.11)** 2.28 (1.31–4.01)** 2.36 (1.31–4.24)** 0.16 0.49

All 131/26.9 2.45 (1.58–3.80)*** 2.33 (1.50–3.63)*** 2.22 (1.39–3.52)*** 0.95 0.98 0.40

Model 1 adjusted for age, education, monthly expenditure, smoking, alcohol drinking, physical activity, and body mass index

Model 2 adjusted for variables above and health status and self-rated health

Results for all were adjusted for sex: * P \ 0.05, ** P \ 0.01, and *** P \ 0.001
a Age was categorized into five groups (65–69, 70–74, 75–79, 80–84, and 85 years or above)
b Health status was categorized into 5 groups (0, 1, 2, 3, and 4 items or more)

Table 1 continued

Men (N = 18,669) Women (N = 37,277)

GDS \ 8

(n = 17,324)

column %

GDS C 8

(n = 1,345)

column %

GDS C 8

Prevalence

%

v2

P value

GDS \ 8

(n = 33,183)

column %

GDS C 8

(n = 4,094)

column %

GDS C 8

Prevalence

%

v2

P value

Self report health status compare with similar age

Better 30.6 22.0 5.3 21.9 12.3 6.5

Normal 65.1 59.0 6.6 71.1 62.4 9.8

Worse 4.4 19.0 25.4 \0.001 6.9 25.3 31.0 \0.001

Health status

0 (healthy) 5.1 2.7 3.9 11.3 7.6 7.6

1 19.7 12.9 4.8 25.6 17.5 7.8

2 29.2 20.5 5.2 29.3 21.2 9.6

3 23.6 25.3 7.7 20.3 22.8 12.2

4 and more (unhealthy) 22.3 38.7 11.9 \0.001 13.5 26.9 19.7 \0.001
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Depressive symptoms and suicide in Chinese

A study by Yang et al. [5] found that most suicides in

China were impulsive acts of deliberate self-harm follow-

ing acute interpersonal crises. The authors suggested that

one of the most important suicide prevention approaches in

China should focus on improving mental health services.

However, no prospective studies have been done on the

association between depressive symptoms and suicide in

Chinese or other Asian countries. Hence, our findings have

provided important new information that depressive

symptoms significantly predicted suicide. Chinese are less

likely to report psychological symptoms than people in the

West as depression has long been characterized as ‘‘mal-

adies of the heart’’ which was not categorized as a disease

in Chinese traditional culture [21]. This may lead to the

underestimation of the prevalence of depressive symptoms

in Chinese. Suicide ranks among the top 10 causes of death

in Hong Kong [22]. Suicide rates in Hong Kong increased

with age, and the highest suicide rates were observed in

people aged 65 years or above [23], i.e. 37.8, 37.9, 43.4,

40.5 and 37.1 per 100,000 person-years in men and 24.7,

20.3, 26.7, 21.5 and 24.3 per 100,000 person-years in

women, in 2000, 2002, 2004, 2006 and 2008, respectively

[24]. Suicide rates appeared to be higher in men than

women. On average, the male/female ratio from 2000 to

2008 was about 1.7. In our study, up to March 2009, the

suicide rate was 39.9 and 24.6 per 100,000 person-years in

men and women, respectively (male/female ratio = 1.6),

after weighting by age distribution of the Hong Kong

population in 2005, which appeared to be comparable with

the general older population in Hong Kong.

Suicide in China was different from Europe and North

America. Compared to these developed countries where

suicide among men is predominant, China reports more

suicides in women. China now faces many challenges

such as poverty (especially in North China), rapid

industrialization, low education and poor health services,

which results in very limited resources on suicide pre-

vention or research. Moreover, because of stigma and

insufficient resources in establishing death registration

and investigation systems, the suicide rates might be

underestimated in older Chinese, especially for men. Lee

et al. [25] found that Hong Kong people, in keeping with

Chinese tradition, showed both tolerant and condemning

attitudes toward suicide that varied with their socio-

demographic characteristics. Suicide in Chinese tradi-

tional culture represents failure, especially for men, so it

is possible that some deaths from injuries were deliberate,

but were recorded as accidents to save ‘face’. Thus,

misclassification bias from undefined or unreported sui-

cide in our study cannot be ruled out, which might lead to

underestimation of the HRs.

Dose–response relationship between depressive

symptoms and suicide

Our results were in line with a case–control study by

Phillips et al. [26] who found that there was a strong dose–

response relationship between suicide risk and severity of

depressive symptoms. However, the information on

depression of the victims was obtained from the victim’s

family members and close associates, which could not be

validated and might lead to recall bias. Bradvik et al. [27]

categorized depression levels as severe and moderate and

reported significant association between depression and

suicide with the long-term risk for suicide from severe

depression being higher than that from moderate depres-

sion. Moreover, suicide is a major outcome of depression,

although suicide alone cannot account for all the excess

mortality of depression [28, 29]. However, the study by

Bradvik et al. [27] in Sweden did not show a linear asso-

ciation between depression and suicide. No previous study

on an Oriental population was found so we are the first one

to find that suicide risk increased with GDS score as a

continuous variable with no threshold.

We examined the threshold effect by several methods and

consistently found no threshold of GDS scores. First of all,

we used the GDS score as a continuous variable and found it

was linearly and positively associated with suicide, with each

per GDS score increase associated with 9 and 17% increase

in suicide for men and women, respectively (P for sex

interaction = 0.69). Secondly, we categorized the GDS

scores into four groups (0–3, 4–7, 8–11 and 12–15) and we

found significant linear trends between increased GDS

scores and the suicide mortality in both men and women after

different follow-up duration. Women with GDS scores of

4–7, which was below the usual cut-off score of 8, had sig-

nificantly increased risk of suicide of about 80% compared

with those with GDS of 0–3. Even though the HRs in men

were not statistically significant, which was probably due to

small number of suicide deaths, the risk for suicide increased

linearly with increasing GDS score. Thirdly, we also

examined the risk of suicide in those with a GDS score of 1

and found a non-significant increase of about 30–40% risk of

suicide in this group. Furthermore, we also did sensitivity

analysis using different cut-off scores of GDS to classify the

subjects into different groups, such as 0–5, 6–10 and 10–15,

but we also could not find any threshold in these groups (table

not shown). Hence, no evidence of a threshold effect was

found in the present study.

Effect of sex, age and health status

Our results showed that sex and age did not interact with

the association between depressive symptoms and suicide,

which was consistent with some but not all previous studies
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[9, 30]. Bolton et al. [30] found that depressed men and

women in a nationally representative sample did not differ

in the risk of suicide attempts. Gunnell et al. [31] found that

the HR of suicide from depression was 6.78 (95% CI

1.36–33.71) in men and 1.66 (95% CI 0.43–6.45) in

women, but the interaction between sex and depression was

not statistically significant (P = 0.09). However, Simon

and VonKorff [32] found that depressed men had a higher

suicide rate than depressed women (P for sex interac-

tion \ 0.001). Several reasons can explain these inconsis-

tent results. One explanation is that the sex difference in

the association between suicide mortality and depression

might be due to the difference in severity of depression

between sexes. Ryan et al. [33] found that, compared with

women, men had less depression but, if depressed, they

were more seriously depressed than women. Ran et al. [34]

found that depressed mood and hopelessness were the most

important predictors of suicide attempts, which might be

more common in men than women. Moreover, in our study,

the non-significant results in men (HR = 2.03, 95% CI

0.96–4.29) might also be due to the relatively small number

of deaths compared to women (58 vs. 73 suicides in men

and women, respectively).

In our older Chinese subjects, depressive symptoms,

defined by a cut-off of 8 in the GDS, were strongly associated

with suicide after adjusting for sex, age, education, monthly

expenditure, smoking, alcohol drinking, physical activity

and body mass index (Model 1). The associations were

slightly attenuated by adjustment for health status and

potential attributes of depression such as self-rated health

(Model 2). Poor health status is one of the important risk

factors for suicide, although it has a complex relation with

suicide [2]. Some diseases increase suicide risk, such as

malignant neoplasm and HIV [35]. Depression is also asso-

ciated with various somatic illnesses, such as disease of the

circulatory system [36]. Hence, these associations might be

bi-directional and complex, and further research is needed.

Study limitations

Our study had some limitations. Firstly, those who came to

the health center were healthier which could result in some

volunteer bias. However, the EHC participants were simi-

lar to the general older population in several characteristics

[14], but they might not be similar for others, such as self-

rated health. People with severe depression might be less

likely to join the EHC, and some of them might be staying

in nursing homes or hospitals. Our data showed that,

standardized by Hong Kong age and sex-specific death

rates by leading causes of death in 2005 [37], the stan-

dardized mortality ratios (SMRs and 95% CI) of the EHS

cohort were lower than 100% for all-cause mortality [men

74.1% (72.1–76.2%); women 65.9% (64.3–67.6%)] and

suicide rate [men 86.0% (66.5–111.2%); women 96.9%

(76.9–122.0%)] in both sexes. The clients in the EHS

cohort might be healthier than older people in the general

population because EHC tends to attract older people who

are ambulatory and more health conscious. Because we

have no information on clinical depression, the HR of

suicide from depressive symptoms might be under-esti-

mated. Second, in older people, the median duration of a

major depressive episode was 18.0 months (95% CI

12.8–23.1) [38]. Depression severity might vary during the

follow up period but repeat measurement data was not

available in the present study. However, depression can be

prolonged without antidepressant treatment and very few

depressed older people will take an antidepressant [39].

Moreover, the recurrence of depression is also a risk factor

of suicide [40]. Third, potentially moderating effects of

service utilization could not be assessed in the present

study because such information was not available. Fourth,

residual confounders, such as marital status, employment

or occupation, might also partly affect the results. How-

ever, information on employment or occupation was not

available in the present study, and the data on marital status

was only available in 31,877 subjects (57%) as this ques-

tion was added later. We compared results of models with

and without marital status, and the results were similar.

Hence, marital status showed no effect on the association

between depressive symptoms and suicide. However, fur-

ther studies taking into account these potential confounders

are necessary. Finally, our study was performed in a

homogeneous population. Future prospective studies,

especially those focusing on older people from different

populations with repeated measurement on depression and

medications, are warranted.

Conclusions

Depressive symptoms predict higher suicide risk in older

Chinese in a dose–response pattern. These associations

were not attenuated by adjustment for health status, sug-

gesting that depressive symptoms in older people are likely

to be an independent causal factor of suicide. Moreover,

sex, age and health status did not interact with the asso-

ciation between depressive symptoms and suicide, which

suggest that general prevention program may be used for

all groups. The GDS score showed no threshold in pre-

dicting suicide risk, suggesting that older people with low

GDS scores deserve further attention and those with very

high scores need urgent intervention.
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