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ABSTRACT 19 

Introduction: As the number of cancer survivors is rapidly increasing with the increased 20 

incidence of the disease and improved survival of patients, the prevalence of, and risk factors 21 

for, mental health problems and suicidality among cancer survivors should be examined.  22 

Methods and analysis: Using data obtained from the Korean National Health and Nutrition 23 

Examination Survey (2007–2013), we examined 1,285 and 33,772 participants who had been, 24 

and who had never been, diagnosed with cancer, respectively. We investigated the risks of 25 

feelings of sadness and suicide attempts among Korean cancer survivors and general 26 

population, and examined potential differences in the risks of cancer survivors among 27 

subgroups according to sociodemographic status and cancer-related characteristics. Results: 28 

The median age of survivors at the time of the survey and at diagnosis was 63 and 54 years, 29 

respectively. After adjusting for sex, level of education, household income, occupation, 30 

marital status, cancer type, current status of treatment, age at diagnosis, and years since 31 

diagnosis, the risk of suicide attempts was significantly higher in participants diagnosed with 32 

cancer before 45 years of age compared to those diagnosed at 45–64 years (adjusted odds 33 

ratio [OR] = 4.16, 95% confidence interval [CI]: 1.07-16.16), as well as in those for whom 34 

more than 10 years or more had passed since diagnosis compared to those for whom the 35 

diagnosis was made only 2–10 years ago (adjusted OR = 3.78, 95% CI: 1.01-14.21). However, 36 

feelings of sadness were not significantly associated with any examined characteristic.  37 

Conclusion: Our results reveal an increased risk of suicide attempts among cancer survivors 38 

diagnosed early in life and in those for whom more than 10 years has passed since the 39 

diagnosis, suggesting the need for intensive monitoring and support for mental health 40 

problems and suicidal risks in this population.  41 
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Strengths and limitations of this study 42 

This study is the first to assess the prevalence of, and risk factors for, feelings of sadness and 43 

suicide attempts among survivors of all types of cancer. 44 

The study participants were 1,285 cancer survivors who are aged 30-84 years participating in 45 

nationwide survey of the health and nutritional status of non-institutionalized Korean 46 

individuals. 47 

Because the risk for suicide attempts was measured among prevalent cancer patients, our 48 

results cannot be directly interpreted with respect to the suicide risk of incident cancer 49 

patients. 50 

Despite the large sample size, few cancer survivors attempted suicide, resulting in insufficient 51 

examination of statistical significance of differences in suicide risk according to participant 52 

characteristics. 53 

 54 

INTRODUCTION 55 

 56 

The number of cancer survivors has increased recently in South Korea due to early 57 

detection and advances in diagnosis and treatment, as well as to the increasing incidence of 58 

the disease [1]. Mental health is an important issue among cancer survivors and is closely 59 

related to their overall quality of life [2]. Moreover, an increased risk of suicide has been 60 

reported consistently worldwide [3-19]. 61 

A number of cohort studies have revealed that the risk of suicide increases 62 
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immediately after cancer diagnosis [3-18]. However, a growing body of evidence suggests 63 

that cancer survivors suffer from chronic stress related to physical problems, fatigue, 64 

psychological distress, and social and economic burden for a prolonged period of time [20-31]. 65 

Suicidal behavior in long-term cancer survivors may be indicative not only of a high risk of 66 

completing suicide, but also of severe emotional or physical suffering. 67 

Recently, suicide has become an important issue from the perspective of Korean 68 

public health. The suicide rate in South Korea (hereafter referred to as Korea) has increased 69 

drastically during the past two decades, and has been the highest among Organization for 70 

Economic Co-operation and Development (OECD) countries since the early 2000s [32]. 71 

Moreover, in patients diagnosed with cancer, the crude rate of suicide was as high as 88.7 per 72 

100,000 person-years. The suicide rate in cancer survivors is twice that of the general 73 

population in Korea (standardized mortality ratio [SMR] = 2.00) and more than twice that of 74 

patients with cancer in the United States (31.4 per 100,000 person-years) [5 33]. From these 75 

data, we conclude that Korean cancer survivors likely suffer more from substantial mental 76 

health problems than both the general population of Korean and cancer survivors in other 77 

countries. Therefore, from the perspective of public health, it is imperative to cross-78 

sectionally identify the levels of psychiatric distress and suicidality, as well as their risk 79 

factors, among Korean cancer survivors.  80 

In addition, previous studies investigating the risk of suicide in cancer survivors have 81 

focused mainly on cancer-related characteristics; few studies have considered 82 

sociodemographic characteristics, although a higher risk of mental health problems among 83 

cancer survivors has been associated with a low socioeconomic status [22 31 34-36]. 84 

Therefore, we investigated the risks of feelings of sadness and suicide attempts as 85 
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indicators of psychiatric distress and suicidal behavior, respectively, among Korean cancer 86 

survivors using data obtained from a nationwide cross-sectional study. We examined potential 87 

differences in the risks for feelings of sadness and suicide attempts among subgroups 88 

according to sociodemographic status and cancer-related characteristics. 89 

 90 

 91 

MATERIALS AND METHODS 92 

 93 

Data source 94 

Data on cancer survivors and a non-cancer population were obtained from the 95 

Korean National Health and Nutrition Examination Survey (KNHANES), a nationwide 96 

survey of the health and nutritional status of non-institutionalized Korean individuals. As 97 

suicide attempts are very rare, even in cancer survivors, we included three waves of 98 

KNHANES data in this study: IV (2007–2009), V (2010–2012), and VI (2013–2014). Data 99 

collected in 2014 were excluded because feelings of sadness and suicide attempts were 100 

measured only among children and adolescents in KNHANES 2014. 101 

 102 

Study sample 103 

Among 38,080 adults aged 30-84 years participating in KNHANES 2007–2013, the 104 

number of cancer survivors and of the non-cancer population were 1,293 (3.4%) and 36,787 105 

(96.6%), respectively. After excluding participants who did not provide answers regarding 106 
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their feelings of sadness or suicide attempts, 1,285 (99.4%) cancer survivors and 33,772 107 

(91.8%) non-cancer participants were included in the final analysis.  108 

Among the 1,285 cancer survivors, 51 had been diagnosed with multiple primary 109 

cancers. Cases of multiple primary cancers were not excluded because we intended to 110 

examine the prevalence of feelings of sadness and suicide attempts among all cancer 111 

survivors. The previous type of cancer and date of diagnosis were assigned in multiple 112 

primary cancer cases. If two or more cancer types occurred in the same year, the more severe 113 

cancer type was assigned. For example, liver was selected as the cancer type in cases 114 

diagnosed with both liver and stomach cancer in the same year.  115 

 116 

 117 

Measurements 118 

 Outcome variables 119 

In this study, feelings of sadness and suicide attempts were selected as the main 120 

outcome variables. In KNHANES IV–V, suicidal ideation was assessed by the question “Have 121 

you ever felt like dying in the past year?” However, in Korean society, the expression "feel 122 

like dying" is used casually. Therefore, “to feel like dying” does not necessarily equate to 123 

suicidal ideation. In the sixth wave of KNHANES, the question regarding suicidal ideation 124 

was changed to “Have you ever seriously thought about committing suicide in the past year?” 125 

This change reflects the problem with the previous question with respect to measuring 126 

suicidal ideation. Therefore, we excluded suicidal ideation as the main outcome. Feelings of 127 

sadness and suicide attempts were measured by responses (yes or no) to the following 128 
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questions: “During the recent 12 months, have you ever felt so sad or hopeless almost every 129 

day for 2 weeks in a row that you stopped doing some usual activities?” and “In the last 12 130 

months, have you attempted suicide?”, respectively. 131 

 132 

Independent variables and covariates 133 

Cancer survivorship was measured by the question “Have you ever been diagnosed 134 

with cancer?”  135 

The prevalence of feelings of sadness and suicide attempts among cancer survivors 136 

was compared among subgroups classified according to sociodemographic status and cancer-137 

related characteristics. The sociodemographic variables were age (30–44, 45–64, or 65+ 138 

years), sex (male or female), education level (low, middle, or high), household income (low, 139 

mid-low, mid-high, or high), occupation (manager or office job, service or sales, physical 140 

work, or not employed), and marital status (married or single, widowed, or divorced or 141 

separated). Participants were categorized into low, middle, or high education level according 142 

to different criteria for the adult (< 65 years old) and elderly (≥ 65 years old) groups. Low, 143 

middle, and high education level were defined as less than primary school graduate, middle or 144 

high school graduate, and more than college graduate, respectively, in the adult group; while 145 

they were defined as less than primary school graduate, middle school graduate, and more 146 

than high school graduate, respectively, in the elderly group. Household income was 147 

categorized into quartiles in each wave of the survey. 148 

Cancer-related variables were cancer type (stomach, liver, colon, breast, cervical, 149 

lung, or other), currently receiving treatment (yes or no), age at diagnosis (30–44, 45–64, or 150 

65+ years), and years since diagnosis (0–1, 2–5, 6–10, or > 10 years). 151 
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 152 

 153 

Statistical analysis 154 

The differences in the risk of feelings of sadness or suicide attempts between the 155 

groups were tested using the chi-square test. Trends were analyzed using the linear-by-linear 156 

test. Univariate logistic regression analysis was used to investigate factors associated with 157 

feelings of sadness or suicide attempts by estimating the crude odds ratios (ORs) and their 95% 158 

confidence intervals (CIs). The associations between general characteristics and feelings of 159 

sadness or suicide attempts were further examined after adjusting for sex, education level, 160 

household income, occupation, marital status, cancer type, current status of treatment, age at 161 

diagnosis (years), and years since diagnosis. Because there was linear dependence between 162 

age at survey, age at diagnosis, and years since diagnosis (i.e., years since diagnosis = age at 163 

survey – age at diagnosis), only two variables were included as covariates in the multivariate 164 

analysis. Age at diagnosis and years since diagnosis were included as covariates in the 165 

adjusted model because they were both significant in the univariate analysis, whereas age at 166 

survey was not. 167 

Sampling weights were not applied because this is not recommended in a multi-stage 168 

complex sampling design when the proportion of subjects included in the study is very small 169 

relative to the number of subjects participating in the survey; the proportion of cancer 170 

survivors was only 3.4% in this study [37]. Data were analyzed statistically using SPSS 171 

software (ver. 21.0; IBM Corp., Armonk, NY, USA). A p-value <0.05 was considered 172 

significant.  173 

 174 
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RESULTS 175 

Among 1,285 cancer survivors, the median age (range) at the time of the survey was 63 years 176 

(30–84 years). The median age (range) at cancer diagnosis was 54 years (15–83 years), and 177 

the median age (range) after diagnosis was 5 years (0–50 years). The percentage of female 178 

participants was 63.7%. The most common type of cancer was stomach cancer (20.2%), 179 

followed by cervical (13.6%), breast (13.5%), and colon cancer (10.5%). Approximately half 180 

of all the cancer survivors were more than 65 years old, diagnosed with cancer at 45–64 years, 181 

or in the past 2–10 years (Table 1). 182 

 183 

Table 1. Characteristics of cancer survivors 184 

 

N % 

Total 1,285 100.0 

Age (years)   

  30–44 120 9.3 

  45–64 561 43.7 

  ≥ 65 604 47.0 

Sex   

  Male 467 36.3 

  Female 818 63.7 

Education level   

  Low 566 44.1 

  Middle 435 33.9 

  High 283 22.0 

Household income   
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Low 402 31.9 

Mid-low 317 25.1 

Mid-high 264 20.9 

High 278 22.1 

Occupation   

  Manager or office job 117 9.1 

  Service or sales 97 7.6 

  Physical work 269 21.0 

  Not employed 800 62.4 

Marital status   

  Married or single 1,020 79.4 

  Widowed  203 15.8 

  Divorced or separated  61 4.8 

Cancer type   

  Stomach 259 20.2 

  Liver 40 3.1 

  Colon 135 10.5 

  Breast 173 13.5 

  Cervical 175 13.6 

  Lung 38 3.0 

  Others 465 36.2 

Current status of treatment   

  No 764 64.7 

  Yes 416 35.3 

Age at diagnosis (years)   

  15–44 311 24.3 

  45–64 673 52.7 

  ≥ 65 294 23.0 

Years since diagnosis   

  0–1 227 17.8 

  2–5 442 34.6 

  6–10 227 17.8 
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  11–14 171 13.4 

  ≥ 15 211 16.5 

 185 

 186 

Cancer survivors showed a significantly higher prevalence of feelings of sadness 187 

(20.1%) and suicide attempts within the past year (1.6%) than the non-cancer group (14.2% 188 

and 0.9%, respectively). After adjusting for age, sex, level of education, household income, 189 

occupation, marital status, and year of survey, cancer survivors showed a significantly higher 190 

risk of feelings of sadness than the general population (adjusted OR = 1.33; 95% CI: 1.15-191 

1.53) and a higher risk of suicide attempts, although the difference was not significant 192 

(adjusted OR = 1.49; 95% CI: 0.94-2.37) (Table 2). 193 

 194 

Table 2. Crude and adjusted odds ratios of feelings of sadness and suicide attempts 195 

among cancer survivors compared to the non-cancer group 196 

Group 

Sampl

e 

size 

Feelings of sadness Suicide attempts 

N % 
Crude OR 

(95% CI) 

Adjusted 

OR* 

(95% CI) 

N % 
Crude OR 

(95% CI) 

Adjusted 

OR* 

(95% CI) 

Non-cancer 

participants 
33,772 4,794 14.2 

1 

[Reference] 
1 [Reference] 309 0.9 

1 

[Reference] 

1 

[Reference] 

Cancer 

survivors 
1,285 258 20.1 

1.52 

(1.32-1.75) 

1.33 

(1.15-1.53) 
20 1.6 

1.71 

(1.09-2.70) 

1.49 

(0.94-2.37) 

*Adjusted for age, sex, level of education, household income, occupation, marital status, and 197 

year of survey 198 

Participants who were female, less-educated, had a low income, were not employed, 199 

bereaved, or had been diagnosed within the past year showed a significantly higher risk of 200 
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feelings of sadness. The risk of suicide attempts was also higher in less-educated and low 201 

income cancer survivors, but the differences were not significant. Participants who had been 202 

diagnosed with cancer before 45, or after 64, years of age showed a significantly higher risk 203 

of suicide attempts than those diagnosed with cancer at 45–64 years of age (Table 3).  204 

 205 

Table 3. Crude odds ratios and 95% confidence intervals for associations with feelings of 206 

sadness and suicide attempts 207 

Characteristic 
Sample 

size 

Feelings of sadness Suicide attempts 

N % 
Crude OR 

(95% CI) 
N % 

Crude OR 

(95% CI) 

Total 1,285 258 20.1  20 1.6  

Age (years)        

  30–44 120 21 17.5 1 [Reference] 0 0.0  

  45–64 561 107 19.1 1.11 (0.66-1.86) 8 1.4 1 [Reference]* 

  65+ 604 130 21.5 1.29 (0.78-2.15) 12 2.0 1.40 (0.57-3.45) 

Sex        

  Male 467 72 15.4 1 [Reference] 11 2.4 1 [Reference] 

  Female 818 186 22.7 1.61 (1.20-2.18) 9 1.1 0.46 (0.19-1.12) 

Education level        

  Low 566 141 24.9 1 [Reference] 10 1.8 1 [Reference] 

  Middle 435 74 17.0 0.62 (0.45-0.85) 7 1.6 0.91 (0.34-2.41) 

  High 283 43 15.2 0.54 (0.37-0.79) 3 1.1 0.60 (0.16-2.18) 

Household income        

Low 402 97 24.1 1 [Reference] 12 3.0 1 [Reference] 

Mid-low 317 56 17.7 0.68 (0.47-0.98) 4 1.3 0.42 (0.13-1.30) 

Mid-high 264 58 22.0 0.89 (0.61-1.29) 2 0.8 0.25 (0.06-1.12) 

High 278 41 14.8 0.54 (0.36-0.81) 2 0.7 0.24 (0.05-1.06) 

Occupation        

  Manager or office job 117 14 12.0 1 [Reference] 1 0.9 1 [Reference] 

  Service or sales 97 17 17.5 1.56 (0.73-3.36) 2 2.1 2.44 (0.22-27.34) 

  Physical work 269 49 18.2 1.64 (0.87-3.10) 6 2.2 2.65 (0.32-22.23) 

  Not employed 800 177 22.1 2.09 (1.17-3.74) 11 1.4 1.62 (0.21-12.64) 

Marital status        

  Married or single 1,020 193 18.9 1 [Reference] 16 1.6 1 [Reference] 

  Widowed  203 51 25.1 1.44 (1.01-2.05) 3 1.5 0.94 (0.27-3.26) 

  Divorced or separated  61 14 23.0 1.28 (0.69-2.37) 1 1.6 1.05 (0.14-8.02) 

Cancer type        

  Stomach 259 50 19.3 1 [Reference] 2 0.8 1 [Reference] 

  Liver 40 6 15.0 0.74 (0.29-1.85) 1 2.5 3.30 (0.29-37.20) 

  Colon 135 24 17.8 0.90 (0.53-1.55) 5 3.7 4.94 (0.95-25.82) 

  Breast 173 42 24.3 1.34 (0.84-2.13) 3 1.7 2.27 (0.38-13.71) 

  Cervical 175 45 25.7 1.45 (0.92-2.29) 2 1.1 1.49 (0.21-10.65) 
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*The 45–64 years age group was set as the reference because there were no suicide attempts 208 

within the past year among cancer survivors aged 30–44 years. 209 

 210 

 211 

 212 

After adjusting for sex, level of education, household income, occupation, marital 213 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, no 214 

associations between the examined characteristics and feelings of sadness were significant, 215 

although the prevalence remained higher in cancer survivors who were female, less educated, 216 

had a low income, were not employed, or had been diagnosed within the past year (Table 4). 217 

  218 

  Lung 38 8 21.1 1.12 (0.48-2.58) 1 2.6 3.47 (0.31-39.26) 

  Other sites 465 83 17.9 0.91 (0.62-1.34) 6 1.3 1.68 (0.34-8.38) 

Current status of treatment        

  No 764 151 19.8 1 [Reference] 11 1.4 1 [Reference] 

  Yes  416 87 20.9 1.07 (0.80-1.44) 8 1.9 1.34 (0.54-3.36) 

Age at diagnosis (years)        

  15-44 311 64 20.6 1.13 (0.80-1.58) 8 2.6 3.53 (1.14-10.87) 

  45-64 673 126 18.7 1 [Reference] 5 0.7 1 [Reference] 

  65+ 294 68 23.1 1.31 (0.94-1.82) 7 2.4 3.26 (1.03-10.35) 

Years since diagnosis         

  0-1 227 56 23.9 1.48 (1.03-2.11) 5 2.1 2.22 (0.70-7.05) 

  2-10 669 126 17.6 1 [Reference] 7 1.0 1 [Reference] 

  11+   382 76 22.8 1.38 (1.00-1.90) 8 2.4 2.49 (0.90-6.92) 
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Table 4. Adjusted odds ratios and 95% confidence intervals for associations between 219 

participant characteristics and feelings of sadness 220 

Characteristic Adjusted OR* 95% CI 

Age (years)   

  30–44 1.00 [Reference] 

  45–64 1.48 0.69-3.17 

  65+ 1.98 0.65-6.06 

Sex   

  Male 1.00 [Reference] 

  Female 1.32 0.89-1.97 

Education level   

  Low 1.00 [Reference] 

  Middle 0.57 0.38-0.85 

  High 0.63 0.40-1.00 

Household income   

Low 1.00 [Reference] 

Mid-low 0.74 0.50-1.11 

Mid-high 1.04 0.68-1.59 

High 0.64 0.39-1.04 

Occupation   

  Manager or office job 1.00 [Reference] 

  Service or sales 1.40 0.62-3.15 

  Physical work 1.21 0.59-2.46 

  Not employed 1.49 0.77-2.86 

Marital status   

  Married or single 1.00 [Reference] 

  Widowed  0.98 0.63-1.50 

  Divorced or separated  1.00 0.49-2.02 

Cancer type   

  Stomach 1.00 [Reference] 

  Liver 0.72 0.28-1.85 

  Colon 0.83 0.47-1.45 

  Breast 1.09 0.64-1.86 

  Cervical 1.20 0.70-2.07 

  Lung 0.97 0.41-2.28 

  Other sites 0.81 0.53-1.25 

Current status of 

treatment 

 
 

  No 1.00 [Reference] 

  Yes  1.22 0.86-1.73 
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Age at diagnosis (years)   

  15–44 1.29 0.85-1.95 

  45–64 1.00 [Reference] 

  65+ 1.38 0.93-2.06 

Years since diagnosis   

  0–1 1.42 0.94-2.14 

  2–10 1.00 [Reference] 

  11+ 1.18 0.79-1.77 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 221 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 222 

diagnosis. 223 

 224 

 225 

After adjusting for sex, level of education, household income, occupation, marital 226 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, the 227 

risk of suicide attempts was significantly higher in participants diagnosed with cancer before 228 

45 years of age compared to those diagnosed at 45–64 years (adjusted OR = 4.16, 95% CI: 229 

1.07-16.16), and in cancer patients for whom more than 10 years or more had passed since 230 

diagnosis compared to those for whom only 2–10 years had passed (adjusted OR = 3.78, 95% 231 

CI: 1.01-14.21) (Table 5). 232 

 233 

 234 

  235 
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Table 5. Adjusted odds ratios and 95% confidence intervals for associations between 236 

participant characteristics and suicide attempts 237 

Characteristic Adjusted OR* 95% CI 

Age (years)†   

  45–64 1.00 [Reference] 

  65+ 2.10 0.32-13.97 

Sex   

  Male 1.00 [Reference] 

  Female 0.31 0.08-1.26 

Education level   

  Low 1.00 [Reference] 

  Middle 1.94 0.59-6.42 

  High 1.12 0.26-4.88 

Household income   

Low 1.00 [Reference] 

Mid-low 0.50 0.15-1.70 

Mid-high 0.32 0.06-1.68 

High 0.29 0.05-1.55 

Occupation‡   

  Manager, office or no job 1.00 [Reference] 

  Service, sales, or physical work 2.21 0.81-6.04 

Marital status   

  Married or single 1.00 [Reference] 

  Widowed  0.95 0.23-4.01 

  Divorced or separated  1.11 0.14-9.03 

Cancer type   

  Stomach 1.00 [Reference] 

  Liver 3.18 0.26-39.39 

  Colon 5.28 0.98-28.56 

  Breast 6.13 0.71-52.70 

  Cervical 2.66 0.25-27.94 

  Lung 3.65 0.31-43.46 

  Other sites 2.15 0.40-11.74 

Current status of treatment   

  No 1.00 [Reference] 

  Yes  2.20 0.70-6.91 

Age at diagnosis (years)   

  15–44 4.16 1.07-16.16 

  45–64 1.00 [Reference] 
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  65+ 2.71 0.75-9.81 

Years since diagnosis   

  0–1 2.48 0.69-8.92 

  2–10 1.00 [Reference] 

  11+ 3.78 1.01-14.21 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 238 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 239 

diagnosis. 240 

†The 45–64 years age group was set as the reference because there were no suicide attempts 241 

within the past among cancer survivors aged 30–44 years. 242 

‡The occupation variable was categorized into two groups because the model that included the 243 

four categories for this variable did not fit.  244 

 245 

 246 

 247 

 248 

  249 
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DISCUSSION 250 

In this study, we cross-sectionally examined the prevalence of feelings of sadness and 251 

suicide attempts within the past year among cancer survivors, and their associations with 252 

cancer-related and sociodemographic characteristics. To our knowledge, this study is the first 253 

to assess the prevalence of feelings of sadness and suicide attempts among survivors of all 254 

types of cancer. The Korean cancer survivors showed a higher prevalence of feelings of 255 

sadness (20.1%) and suicide attempts within the past year (1.6%) than the non-cancer 256 

population (feelings of sadness: 14.2%, suicide attempts: 0.9%). Cancer survivors with less 257 

education and a low income showed a higher risk for feelings of sadness and suicide attempts, 258 

but the differences were not statistically significant in the multivariate analysis. The trends 259 

observed for feelings of sadness and suicide attempts according to age at diagnosis and time 260 

since diagnosis were similar (i.e., the prevalence of sadness and suicide attempts among 261 

cancer survivors diagnosed at 15–44 years of age, and in those for whom more than 10 years 262 

had passed since the diagnosis, was higher than in the other groups), although statistical 263 

significance was found only in the case of suicide attempts in the multivariate analysis.  264 

In this study, the adjusted OR for age, sex, level of education, household income, 265 

occupation, marital status, and year of survey was 1.49 for suicide attempts in cancer patients 266 

compared to the general population, while a previous cohort study reported that the SMR for 267 

suicide was 2.00 in a Korean population [33]. The ratio for the prevalence of suicide attempts 268 

was lower than that for the incidence of suicide in cancer patients compared to the general 269 

population, because cancer patients had attempted suicide more seriously than general 270 

population; furthermore, those who committed suicide or had very severe suicidal ideation 271 

may not have been included in the cross-sectional survey. 272 
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Although no previous study has cross-sectionally examined the risk of suicide 273 

attempts among patients with all types of cancer, one previous study reported a 4.4% lifetime 274 

prevalence of suicide attempts in 226 adult survivors of childhood cancer [38]. This difference 275 

between our study (prevalence = 1.6%) and the previous study may be due to the difference in 276 

the duration of the measurement of suicide attempts (lifetime vs. past year), the type of cancer 277 

survivor (only childhood cancer vs. all cancers), the study field (community vs. cancer 278 

survivor clinic), or the survey country (USA vs. Korea).  279 

Previous studies have reported a higher risk of mental health problems, including 280 

depression, anxiety, and psychological distress, among cancer survivors with a low 281 

socioeconomic status [22 31 34-36]. However, most cohort studies examining suicide risk 282 

after cancer diagnosis have focused on the clinical characteristics of cancer patients. The only 283 

previous cohort study to concurrently assess both the clinical and socioeconomic status 284 

(indices of deprivation) reported a non-significant effect on suicide risk of socioeconomic 285 

inequality [10]. Our findings that cancer survivors who were less-educated or had a low 286 

income had a non-significantly higher risk of feelings of sadness and suicide attempts are 287 

consistent with those of the previous study.   288 

The significantly higher risk of suicide attempts in cancer survivors who were 289 

diagnosed with cancer before 45 years of age, and in those for whom more than 10 years or 290 

more had passed since diagnosis, represents an important finding of this study. Previous 291 

cohort studies have consistently reported that the risk of suicide was highest immediately after 292 

cancer diagnosis [3 5 6 8 10-18], while results related to age at diagnosis have been quite 293 

variable [5 6 8 10-13 16 17]. Most previous studies examined potential differences in suicide 294 

risk by comparing the SMR among subgroups and primarily compared the suicide risk of 295 

subgroups relative to the general population after adjusting only for age; they did not compare 296 
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the difference in suicide risk among subgroups. Two previous studies examining the suicide 297 

risk difference among subgroups using multivariate analysis reported no statistically 298 

significant heterogeneity according to age at diagnosis [10 17]. Based on the results of the 299 

present study, further research is needed to determine whether the risks of psychiatric distress 300 

and suicide are higher in cancer survivors diagnosed in their youth.  301 

In several previous studies of long-term cancer survivors, only the risk of suicide 302 

more than 5 years after diagnosis was examined, and there was no assessment of the risk of 303 

suicide more than 10 years after diagnosis [12 15 17]. This may be because cancer survivors 304 

who were diagnosed more than 5 years ago generally recognized to be completely cured and 305 

to no longer suffer from mental health problems. Only a few studies that analyzed 306 

psychological distress among cancer survivors diagnosed more than 10 years ago have shown 307 

higher risks of anxiety and serious psychological distress (SPD) versus survivors early in the 308 

course of cancer [15 34 39]. These findings are consistent with the results of the present study, 309 

in which the risks of feelings of sadness and suicide attempts were highest among cancer 310 

survivors diagnosed more than 10 years ago. The only previous cohort study to examine 311 

patients of all cancer types diagnosed more than 10 years ago reported the highest SMR 312 

during the first 5 years after diagnosis [5]. However, the previous study also found that 313 

patients with several cancer types (nervous system, leukemia, prostate, and cervical) showed 314 

the highest suicide rate at 15–30 years post-diagnosis [5].  315 

The higher risk of suicide attempts in cancer patients diagnosed more than 10 years 316 

previously seen in this study may be associated with chronic stress. Although chronic stress 317 

related to higher suicide risk refers mainly to the social environment of adolescents persisting 318 

from childhood, such as poor family relationships and low economic status [3 20 40], long-319 

term cancer survivors can also suffer from chronic stress, including facing economic burden, 320 
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pain, disability, and the continuous threat of recurrence over a long period [20]. Because acute 321 

physical and mental stress occurring immediately after cancer diagnosis increases the risk of 322 

psychiatric distress and suicide, chronic stress in cancer survivors may also play an important 323 

role in increasing this risk. Further research is needed to address the problems associated with 324 

mental distress and suicidality in long-term cancer survivors. Additionally, clinicians and 325 

health authorities should remain vigilant for mental health problems and suicidal behaviors 326 

not only in cancer patients immediately after diagnosis but also in long-term cancer survivors.  327 

Our study had several limitations. First, our results cannot be directly interpreted 328 

with respect to the suicide risk of incident cancer patients because the risk for suicide attempts 329 

was measured among prevalent cancer patients. However, our findings have important 330 

implications concerning supportive care and prevention of suicide among survivors of 331 

prevalent cancers. Second, because of the small number of cancer survivors who attempted 332 

suicide, the significance of differences in suicide risk according to participant characteristics 333 

cannot be examined sufficiently. In particular, the difference in suicide risk according to 334 

cancer type may be non-significant due to the small sample size. Further studies are needed to 335 

assess the cross-sectional prevalence of psychiatric distress and suicidality for each cancer 336 

type. Despite these limitations, this study has important implications for research on mental 337 

health problems in cancer survivors: it is the first to assess the prevalence of, and risk factors 338 

for, feelings of sadness and suicide attempts among patients diagnosed with all cancer types, 339 

and indicates a higher risk of psychiatric distress and suicide in cancer survivors diagnosed 340 

early in life, as well as in long-term cancer survivors.  341 

Since the number of cancer survivors is expected to increase as a result of the aging 342 

population and improved survival, the possibility of poor mental health and suicidal behavior 343 

should be constantly monitored in cancer survivors. The results of this study suggest a need 344 
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for careful assessment and adequate intervention, especially for cancer survivors diagnosed 345 

early in life and for long-term cancer survivors. 346 
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ABSTRACT 19 

Introduction: As the number of cancer survivors is rapidly increasing with the increased 20 

incidence of the disease and improved survival of patients, the prevalence of, and risk factors 21 

for, mental health problems and suicidality among cancer survivors should be examined.  22 

Methods and analysis: Using data obtained from the Korean National Health and Nutrition 23 

Examination Survey (2007–2013), we examined 1,285 and 33,772 participants who had been 24 

and never been diagnosed with cancer, respectively. We investigated the risks of feelings of 25 

sadness and suicide attempts among cancer survivors and non-cancer group, and examined 26 

differences in the risks of cancer survivors among subgroups according to cancer-related 27 

characteristics. Results: The median age of survivors at the time of the survey and at 28 

diagnosis was 63 and 54 years, respectively. After adjusting for sex, level of education, 29 

household income, occupation, marital status, cancer type, current status of treatment, age at 30 

diagnosis, and years since diagnosis, the risk of suicide attempts was significantly higher in 31 

participants diagnosed with cancer before 45 years of age compared to those diagnosed at 45–32 

64 years (adjusted odds ratio [OR] = 3.81, 95% confidence interval [CI]: 1.07-13.60, p = 33 

0.039) and the higher risk of suicide attempts with borderline significance was found in those 34 

for whom more than 10 years or more had passed since diagnosis compared to those for 35 

whom the diagnosis was made only 2–10 years ago (adjusted OR = 3.38, 95% CI: 0.98-11.70, 36 

p = 0.055). However, feelings of sadness were not significantly associated with any cancer-37 

related characteristic.  Conclusion: Our results reveal an increased risk of suicide attempts 38 

among cancer survivors diagnosed early in life and in those for whom more than 10 years has 39 

passed since the diagnosis, suggesting the need for intensive monitoring and support for 40 

mental health problems and suicidal risks in this population.  41 
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Strengths and limitations of this study 42 

This study is the first to assess the prevalence of, and risk factors for, feelings of sadness and 43 

suicide attempts among survivors of all types of cancer. 44 

The study participants were 1,285 cancer survivors who are aged 30-84 years participating in 45 

nationwide survey of the health and nutritional status of non-institutionalized Korean 46 

individuals. 47 

Because the risk for suicide attempts was measured among prevalent cancer patients, our 48 

results cannot be directly interpreted with respect to the suicide risk of incident cancer 49 

patients. 50 

Despite the large sample size, few cancer survivors attempted suicide, resulting in insufficient 51 

examination of statistical significance of differences in suicide risk according to participant 52 

characteristics. 53 

 54 

 55 

INTRODUCTION 56 

 57 

The number of cancer survivors has increased recently in South Korea due to early 58 

detection and advances in diagnosis and treatment, as well as to the increasing incidence of 59 

the disease 
1
. Mental health is an important issue among cancer survivors and is closely 60 

related to their overall quality of life 
2
. Moreover, an increased risk of suicide has been 61 

reported consistently worldwide 
3-19

. 62 
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A number of cohort studies have revealed that the risk of suicide increases 63 

immediately after cancer diagnosis 
3-18

. However, a growing body of evidence suggests that 64 

cancer survivors suffer from chronic stress related to physical problems, fatigue, 65 

psychological distress, and social and economic burden for a prolonged period of time 
20-31

. 66 

Suicidal behavior in long-term cancer survivors may be indicative not only of a high risk of 67 

completing suicide, but also of severe emotional or physical suffering. 68 

Recently, suicide has become an important issue from the perspective of Korean 69 

public health. The suicide rate in South Korea (hereafter referred to as Korea) has increased 70 

drastically during the past two decades, and has been the highest among Organization for 71 

Economic Co-operation and Development (OECD) countries since the early 2000s 
32

. 72 

Moreover, in patients diagnosed with cancer, the crude rate of suicide was as high as 88.7 per 73 

100,000 person-years. The suicide rate in cancer survivors is twice that of the general 74 

population in Korea (standardized mortality ratio [SMR] = 2.00) and more than twice that of 75 

patients with cancer in the United States (31.4 per 100,000 person-years) 
5 33

. From these data, 76 

we conclude that Korean cancer survivors likely suffer more from substantial mental health 77 

problems than both the general population of Korean and cancer survivors in other countries. 78 

Therefore, from the perspective of public health, it is imperative to cross-sectionally identify 79 

the levels of psychiatric distress and suicidality, as well as their risk factors, among Korean 80 

cancer survivors.  81 

In addition, previous studies investigating the risk of suicide in cancer survivors have 82 

focused mainly on cancer-related characteristics; few studies have considered 83 

sociodemographic characteristics, although a higher risk of mental health problems among 84 

cancer survivors has been associated with a low socioeconomic status 
22 31 34-36

. 85 
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Therefore, we investigated the risks of feelings of sadness and suicide attempts as 86 

indicators of psychiatric distress and suicidal behavior, respectively, among Korean cancer 87 

survivors using data obtained from a nationwide cross-sectional study. We examined potential 88 

differences in the risks for feelings of sadness and suicide attempts among subgroups 89 

according to sociodemographic status and cancer-related characteristics. 90 

 91 

MATERIALS AND METHODS 92 

 93 

Data source 94 

Data on cancer survivors and a non-cancer population were obtained from the 95 

Korean National Health and Nutrition Examination Survey (KNHANES), a nationwide 96 

survey of the health and nutritional status of non-institutionalized Korean individuals. Briefly, 97 

two-stage stratified cluster sampling method was used to secure data representation of Korean 98 

population. To illustrate, in the first stage, 192 primary sampling units (PSUs) were selected 99 

from about 2,000,000 geographically separated PSUs in the country. Then, all individuals (≥ 100 

1 year) of 20 target households were selected from each selected PSU (details on the survey 101 

profile is available elsewhere) 
37

. As suicide attempts are very rare, even in cancer survivors, 102 

we pooled three waves of KNHANES data in this study: IV (2007–2009), V (2010–2012), 103 

and VI (2013), where the information on variables of primary interest were available. 104 

 105 

Study sample 106 
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Among 38,080 adults aged 30-84 years participating in KNHANES 2007–2013, the 107 

number of cancer survivors and of the non-cancer population were 1,293 (3.4%) and 36,787 108 

(96.6%), respectively. After excluding participants who did not provide answers regarding 109 

their feelings of sadness or suicide attempts, 1,285 (99.4%) cancer survivors and 33,772 110 

(91.8%) non-cancer participants were included in the final analysis.  111 

 112 

Measurements 113 

 Outcome variables 114 

In this study, feelings of sadness and suicide attempts were selected as the main 115 

outcome variables. In KNHANES IV–V, suicidal ideation was assessed by the question “Have 116 

you ever felt like dying in the past year?” However, in Korean society, the expression "feel 117 

like dying" is used casually. Therefore, “to feel like dying” does not necessarily equate to 118 

suicidal ideation. In the sixth wave of KNHANES, the question regarding suicidal ideation 119 

was changed to “Have you ever seriously thought about committing suicide in the past year?” 120 

This change reflects the problem with the previous question with respect to measuring 121 

suicidal ideation. Therefore, we excluded suicidal ideation as the main outcome. Feelings of 122 

sadness and suicide attempts were measured by responses (yes or no) to the following 123 

questions: “During the recent 12 months, have you ever felt so sad or hopeless almost every 124 

day for 2 weeks in a row that you stopped doing some usual activities?” and “In the last 12 125 

months, have you attempted suicide?”, respectively. 126 

 127 

Independent variables and covariates 128 
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Cancer survivorship was measured by the question “Have you ever been diagnosed 129 

with cancer?” Considering prevalence, stomach, liver, colon, breast, cervical, and lung cancer 130 

were grouped as an individual category and all other cancers such as small intestine, kidney, 131 

and bladder were grouped as other category.  132 

Among the 1,285 cancer survivors, 51 had been diagnosed with multiple primary 133 

cancers. The type and date of the earliest cancer were assigned for the multiple primary 134 

cancer cases. If two or more cancer types occurred in the same year, the type and date of 135 

more severe cancer was assigned to the case in the order of lung, liver, colon, stomach, 136 

breast, cervical, and other cancer, according to annual cancer mortality rate in Korea 
38

; this 137 

rule was applied to 8 patients. For example, two patients diagnosed with stomach and colon 138 

were assigned to colon cancer, because in Korea, stomach cancers show relatively better 139 

prognosis than colon cancer.  140 

Cancer-related variables were cancer type (stomach, liver, colon, breast, cervical, 141 

lung, or other), currently receiving treatment (yes or no), age at diagnosis (30–44, 45–64, or 142 

65+ years), and years since diagnosis (0–1, 2–5, 6–10, or > 10 years). 143 

The prevalence of feelings of sadness and suicide attempts among cancer survivors 144 

was compared among subgroups classified according to sociodemographic status and cancer-145 

related characteristics. The sociodemographic variables were age (30–44, 45–64, or 65+ 146 

years), sex (male or female), education level (low, middle, or high), household income (low, 147 

mid-low, mid-high, or high), occupation (manager or office job, service or sales, physical 148 

work, or not employed), and marital status (married, single, widowed, or divorced or 149 

separated). Participants were categorized into low, middle, or high education level according 150 

to different criteria for the adult (< 65 years old) and elderly (≥ 65 years old) groups. Low, 151 
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middle, and high education level were defined as less than primary school graduate, middle or 152 

high school graduate, and more than college graduate, respectively, in the adult group; while 153 

they were defined as less than primary school graduate, middle school graduate, and more 154 

than high school graduate, respectively, in the elderly group. Household income was 155 

calculated as total monthly household income divided by the square root of the family size, 156 

and categorized into quartiles according to sex and age in each survey year.  157 

 158 

Statistical analysis 159 

Univariate logistic regression analysis was used to investigate factors associated with 160 

feelings of sadness or suicide attempts by estimating the crude odds ratios (ORs) and their 95% 161 

confidence intervals (CIs). The associations between general characteristics and feelings of 162 

sadness or suicide attempts were further examined after adjusting for sex, education level, 163 

household income, occupation, marital status, cancer type, current status of treatment, age at 164 

diagnosis (years), and years since diagnosis. Because there was linear dependence between 165 

age at survey, age at diagnosis, and years since diagnosis (i.e., years since diagnosis = age at 166 

survey – age at diagnosis), only two variables were included as covariates in the multivariate 167 

analysis. Age at diagnosis and years since diagnosis were included as covariates in the 168 

adjusted model because they were both significant in the univariate analysis, whereas age at 169 

survey was not. Because only 20 patients attempted suicide in the current study, penalized 170 

logistic regression method which is recommended in the case of rare event problem was 171 

applied using firthlogit procedure of STATA in the examining the risk factors of suicide 172 

attempts with multivariable model 
39

. 173 

Sampling weights, which were assigned to each survey participants to be equivalent 174 
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to the size of entire Korean population of the year, were constructed based on inverse of 175 

selection probabilities. We repeated analysis with and without applying weights. Results from 176 

weighted and unweighted regression were similar and we presented unweighted results here, 177 

since yet the weighted regression with rare outcome was not available and the proportion of 178 

subjects included in the study is very small relative to the number of subjects participating in 179 

the survey (the proportion of cancer survivors was only 3.4% in this study), following a 180 

reccommendation
40

. Data were analyzed statistically using STATA software (version 14.0, 181 

StataCorp). A p-value <0.05 was considered significant.  182 

 183 

 184 

RESULTS 185 

Among 1,285 cancer survivors, the median age (range) at the time of the survey was 63 years 186 

(30–84 years). The median age (range) at cancer diagnosis was 54 years (15–83 years), and 187 

the median age (range) after diagnosis was 5 years (0–50 years). The percentage of female 188 

participants was 63.7%. The most common type of cancer was stomach cancer (20.2%), 189 

followed by cervical (13.6%), breast (13.5%), and colon cancer (10.5%). Approximately half 190 

of all the cancer survivors were more than 65 years old, diagnosed with cancer at 45–64 years, 191 

or in the past 2–10 years (Table 1). 192 

 193 

Table 1. Characteristics of cancer survivors 194 

 N % 
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Total 1,285 100.0 

Age (years)   

  30–44 120 9.3 

  45–64 561 43.7 

  ≥ 65 604 47.0 

Sex   

  Male 467 36.3 

  Female 818 63.7 

Education level   

  Low 566 44.1 

  Middle 435 33.9 

  High 283 22.0 

Household income   

Low 402 31.9 

Mid-low 317 25.1 

Mid-high 264 20.9 

High 278 22.1 

Occupation   

  Manager or office job 117 9.1 

  Service or sales 97 7.6 

  Physical work 269 21.0 

  Not employed 800 62.4 

Marital status   

  Married  1,000 77.9 

  Single 20 1.6 

  Widowed  203 15.8 

  Divorced or separated  61 4.8 

Cancer type   

  Stomach 259 20.2 

  Liver 40 3.1 

  Colon 135 10.5 
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  Breast 173 13.5 

  Cervical 175 13.6 

  Lung 38 3.0 

  Others 465 36.2 

Current status of treatment   

  No 764 64.7 

  Yes 416 35.3 

Age at diagnosis (years)   

  15–44 311 24.3 

  45–64 673 52.7 

  ≥ 65 294 23.0 

Years since diagnosis   

  0–1 227 17.8 

  2–5 442 34.6 

  6–10 227 17.8 

  11–14 171 13.4 

  ≥ 15 211 16.5 

 195 

 196 

Cancer survivors showed a significantly higher prevalence of feelings of sadness and 197 

suicide attempts within the past year than the non-cancer group. The prevalence of feelings of 198 

sadness were 20.1% and 14.2% among cancer survivors and the non-cancer group, 199 

respectively (crude OR = 1.52, 95% CI: 1.32-1.75). The prevalence of suicide attempts were 200 

1.6% and 0.9% among cancer survivors and the non-cancer group, respectively (crude OR = 201 

1.71, 95% CI: 1.09-2.70). After adjusting for age, sex, level of education, household income, 202 

occupation, marital status, and year of survey, cancer survivors showed a significantly higher 203 

risk of feelings of sadness than the non-cancer group (adjusted OR = 1.34; 95% CI: 1.16-1.55, 204 
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p < 0.01) and a higher risk of suicide attempts, although the difference was not significant 205 

(adjusted OR = 1.52; 95% CI: 0.95-2.41, p = 0.079) (Table 2). 206 
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  207 

Table 2. Crude and adjusted odds ratios of feelings of sadness and suicide attempts among cancer survivors compared to the non-208 

cancer group 209 

*Adjusted for age, sex, level of education, household income, occupation, marital status, and year of survey 210 

†p value for adjusted OR 211 

 212 

Group 
Sample 

size 

Feelings of sadness Suicide attempts 

N % 
Crude OR 

(95% CI) 

Adjusted OR* 

(95% CI) 
p† N % 

Crude OR 

(95% CI) 

Adjusted OR* 

(95% CI) 
p† 

Non-cancer participants 33,772 4,794 14.2 1 [Reference] 1 [Reference]  309 0.9 1 [Reference] 1 [Reference]  

Cancer survivors 1,285 258 20.1 1.52(1.32-1.75) 1.34(1.16-1.55) <0.001 20 1.6 1.71(1.09-2.70) 1.52(0.95-2.41) 
0.079 
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Participants who were female, less-educated, had a low income, were not employed, 213 

single, widowed, separated, or divorced, or had been diagnosed within the past year showed a 214 

significantly higher risk of feelings of sadness. The risk of suicide attempts was also higher in 215 

less-educated and low income cancer survivors, but the differences were not significant. 216 

Participants who had been diagnosed with cancer before 45, or after 64 years of age showed a 217 

significantly higher risk of suicide attempts than those diagnosed with cancer at 45–64 years 218 

of age (Table 3).  219 

Table 3. Crude odds ratios and 95% confidence intervals for associations with feelings of 220 

sadness and suicide attempts221 
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*The 45–64 years age group was set as the reference because there were no suicide attempts 222 

within the past year among cancer survivors aged 30–44 years. 223 

 224 

 225 

Characteristic 
Sample 

size 

Feelings of sadness  Suicide attempts  

N % 
Crude OR 

(95% CI) 
P N % 

Crude OR 

(95% CI) 
p 

Total 1,285 258 20.1   20 1.6   

Age (years)          

  30–44 120 21 17.5 1 [Reference]  0 0.0   

  45–64 561 107 19.1 1.11 (0.66-1.86) 0.683 8 1.4 1 [Reference]*  

  65+ 604 130 21.5 1.29 (0.78-2.15) 0.323 12 2.0 1.40 (0.57-3.45) 0.464 

Sex          

  Male 467 72 15.4 1 [Reference]  11 2.4 1 [Reference]  

  Female 818 186 22.7 1.61 (1.20-2.18) 0.002 9 1.1 0.46 (0.19-1.12) 0.088 

Education level          

  Low 566 141 24.9 1 [Reference]  10 1.8 1 [Reference]  

  Middle 435 74 17.0 0.62 (0.45-0.85) 0.003 7 1.6 0.91 (0.34-2.41) 0.848 

  High 283 43 15.2 0.54 (0.37-0.79) 0.001 3 1.1 0.60 (0.16-2.18) 0.434 

Household income          

Low 402 97 24.1 1 [Reference]  12 3.0 1 [Reference]  

Mid-low 317 56 17.7 0.68 (0.47-0.98) 0.036 4 1.3 0.42 (0.13-1.30) 0.131 

Mid-high 264 58 22.0 0.89 (0.61-1.29) 0.519 2 0.8 0.25 (0.06-1.12) 0.069 

High 278 41 14.8 0.54 (0.36-0.81) 0.003 2 0.7 0.24 (0.05-1.06) 0.060 

Occupation          

  Manager or office job 117 14 12.0 1 [Reference]  1 0.9 1 [Reference]  

  Service or sales 97 17 17.5 1.56 (0.73-3.36) 0.252 2 2.1 2.44 (0.22-27.34) 0.469 

  Physical work 269 49 18.2 1.64 (0.87-3.10) 0.129 6 2.2 2.65 (0.32-22.23) 0.370 

  Not employed 800 177 22.1 2.09 (1.17-3.74) 0.013 11 1.4 1.62 (0.21-12.64) 0.647 

Marital status          

  Married 1,000 188 18.8 1 [Reference]  16 1.6 1 [Reference]  

  Single, widowed, separated, 

or divorced   
284 70 24.7 1.41 (1.03-1.93) 0.030 4 1.4 0.88 (0.29-2.65) 0.818 

Cancer type          

  Stomach 259 50 19.3 1 [Reference]  2 0.8 1 [Reference]  

  Liver 40 6 15.0 0.74 (0.29-1.85) 0.517 1 2.5 3.30 (0.29-37.20) 0.335 

  Colon 135 24 17.8 0.90 (0.53-1.55) 0.713 5 3.7 4.94 (0.95-25.82) 0.058 

  Breast 173 42 24.3 1.34 (0.84-2.13) 0.217 3 1.7 2.27 (0.38-13.71) 0.373 

  Cervical 175 45 25.7 1.45 (0.92-2.29) 0.114 2 1.1 1.49 (0.21-10.65) 0.694 

  Lung 38 8 21.1 1.12 (0.48-2.58) 0.800 1 2.6 3.47 (0.31-39.26) 0.314 

  Other sites 465 83 17.9 0.91 (0.62-1.34) 0.628 6 1.3 1.68 (0.34-8.38) 0.527 

Current status of treatment          

  No 764 151 19.8 1 [Reference]  11 1.4 1 [Reference]  

  Yes  416 87 20.9 1.07 (0.80-1.44) 0.638 8 1.9 1.34 (0.54-3.36) 0.530 

Age at diagnosis (years)          

  45-64 673 126 18.7 1 [Reference]  5 0.7 1 [Reference]  

  15-44 311 64 20.6 1.12 (0.80-1.58) 0.493 8 2.6 3.53 (1.14-10.87) 0.028 

  65+ 294 68 23.1 1.31 (0.94-1.82) 0.116 7 2.4 3.26 (1.03-10.35) 0.045 

Years since diagnosis           

  2-10 669 126 17.6 1 [Reference]  7 1.0 1 [Reference]  

  0-1 227 56 23.9 1.48 (1.03-2.11) 0.032 5 2.1 2.22 (0.70-7.05) 0.178 

  11+ 382 76 22.8 1.38 (1.00-1.90) 0.048 8 2.4 2.49 (0.90-6.92) 0.081 
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 226 

After adjusting for sex, level of education, household income, occupation, marital 227 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, 228 

lower level of education was significantly associated with higher prevalence of feelings of 229 

sadness. Apart from education, no other associations between the examined characteristics 230 

and feelings of sadness were significant, although the borderline significance was observed 231 

for the associations of household income and years since diagnosis with feelings of sadness 232 

(Table 4). 233 

 234 

Table 4. Adjusted odds ratios and 95% confidence intervals for associations between 235 

participant characteristics and feelings of sadness 236 

Characteristic Adjusted OR* 95% CI p-value 

Age (years)    

  30–44 1.00 [Reference]  

  45–64 1.30 0.61-2.75 0.495 

  65+ 1.88 0.62-5.69 0.266 

Sex    

  Male 1.00 [Reference]  

  Female 1.32 0.89-1.95 0.171 

Education level    

  Low 1.00 [Reference]  

  Middle 0.57 0.38-0.85 0.006 

  High 0.63 0.40-1.00 0.050 

Household income    

Low 1.00 [Reference]  

Mid-low 0.74 0.50-1.11 0.150 

Mid-high 1.03 0.67-1.58 0.883 

High 0.64 0.39-1.04 0.070 

Occupation    

  Manager or office job 1.00 [Reference]  

  Service or sales 1.40 0.62-3.15 0.414 

  Physical work 1.21 0.59-2.46 0.604 

  Not employed 1.49 0.77-2.86 0.235 

Marital status    
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  Married or single 1.00 [Reference]  

  Single, widowed, 

separated, or divorced 
0.99 0.69-1.43 0.957 

Cancer type    

  Stomach 1.00 [Reference]  

  Liver 0.72 0.28-1.85 0.491 

  Colon 0.83 0.47-1.45 0.504 

  Breast 1.09 0.64-1.86 0.759 

  Cervical 1.20 0.70-2.07 0.513 

  Lung 0.97 0.41-2.28 0.938 

  Other sites 0.81 0.53-1.25 0.335 

Current status of 

treatment 

 
 

 

  No 1.00 [Reference]  

  Yes  1.22 0.86-1.73 0.273 

Age at diagnosis (years)    

  45–64 1.00 [Reference]  

  15–44 1.30 0.86-1.95 0.214 

  65+ 1.37 0.93-2.03 0.116 

Years since diagnosis    

  2–10 1.00 [Reference]  

  0–1 1.41 0.94-2.13 0.099 

  11+ 1.17 0.79-1.74 0.440 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 237 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 238 

diagnosis. 239 

 240 

 241 

After adjusting for sex, level of education, household income, occupation, marital 242 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, the 243 

risk of suicide attempts was significantly higher in participants diagnosed with cancer before 244 

45 years of age compared to those diagnosed at 45–64 years (adjusted OR = 3.81, 95% CI: 245 

1.07-13.60, p = 0.039), and it was higher with borderline significance in cancer patients for 246 

whom more than 10 years or more had passed since diagnosis compared to those for whom 247 

only 2–10 years had passed (adjusted OR = 3.38, 95% CI: 0.98-11.70, p = 0.055) (Table 5). 248 
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Table 5. Adjusted odds ratios and 95% confidence intervals for associations between 249 

participant characteristics and suicide attempts 250 

Characteristic Adjusted OR* 95% CI p-value 

Age (years)†    

  45–64 1.00 [Reference]  

  65+ 1.60 0.28-9.15 0.597 

Sex    

  Male 1.00 [Reference]  

  Female 0.36 0.10-1.30 0.117 

Education level    

  Low 1.00 [Reference]  

  Middle 1.88 0.60-5.94 0.282 

  High 1.22 0.31-4.83 0.778 

Household income    

Low 1.00 [Reference]  

Mid-low 0.52 0.16-1.68 0.278 

Mid-high 0.38 0.08-1.73 0.212 

High 0.33 0.07-1.56 0.163 

Occupation‡    

  Manager, office or no job 1.00 [Reference]  

  Service, sales, or physical 

work 

2.12 0.81-5.55 0.125 

Marital status    

  Married 1.00 [Reference]  

  Single, widowed, separated, 

or divorced 
0.95 0.30-3.01 0.934 

Cancer type    

  Stomach 1.00 [Reference]  

  Liver 3.68 0.43-31.20 0.233 

  Colon 4.56 0.98-21.19 0.053 

  Breast 4.96 0.70-35.04 0.108 

  Cervical 2.34 0.28-19.53 0.432 

  Lung 4.17 0.51-33.90 0.182 

  Other sites 1.89 0.40-8.88 0.419 

Current status of treatment    

  No 1.00 [Reference]  

  Yes  2.14 0.72-6.41 0.173 

Age at diagnosis (years)    

  45–64 1.00 [Reference]  
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  15–44 3.81 1.07-13.60 0.039 

  65+ 2.55 0.76-8.53 0.130 

Years since diagnosis    

  2–10 1.00 [Reference]  

  0–1 2.38 0.71-7.96 0.160 

  11+ 3.38 0.98-11.70 0.055 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 251 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 252 

diagnosis. 253 

†The 45–64 years age group was set as the reference because there were no suicide attempts 254 

within the past among cancer survivors aged 30–44 years. 255 

‡The occupation variable was categorized into two groups because the model that included the 256 

four categories for this variable did not fit.  257 

 258 

 259 

 260 

 261 

  262 
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DISCUSSION 263 

In this study, we cross-sectionally examined the prevalence of feelings of sadness and 264 

suicide attempts within the past year among cancer survivors, and their associations with 265 

cancer-related and sociodemographic characteristics. To our knowledge, this study is the first 266 

to assess the prevalence of feelings of sadness and suicide attempts among survivors of all 267 

types of cancer. The Korean cancer survivors showed a higher prevalence of feelings of 268 

sadness (20.1%) and suicide attempts within the past year (1.6%) than the non-cancer 269 

population (feelings of sadness: 14.2%, suicide attempts: 0.9%). Cancer survivors with less 270 

education and a low income showed a higher risk for feelings of sadness and suicide attempts, 271 

but the differences were not statistically significant in the multivariate analysis except for the 272 

significant difference of the prevalence of feelings of sadness across education categories. The 273 

trends observed for feelings of sadness and suicide attempts according to age at diagnosis and 274 

time since diagnosis were similar (i.e., the prevalence of sadness and suicide attempts among 275 

cancer survivors diagnosed at 15–44 years of age, and in those for whom more than 10 years 276 

had passed since the diagnosis, was higher than in the other groups), although statistical 277 

significance was found only in the case of suicide attempts in the multivariate analysis.  278 

In this study, the adjusted OR for age, sex, level of education, household income, 279 

occupation, marital status, and year of survey was 1.49 for suicide attempts in cancer patients 280 

compared to the non-cancer group, while a previous cohort study reported that the SMR for 281 

suicide was 2.00 in a Korean population 
33

. The ratio for the prevalence of suicide attempts 282 

was lower than that for the incidence of suicide in cancer patients compared to the non-cancer 283 

group, because cancer patients had attempted suicide more seriously than non-cancer group; 284 
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furthermore, those who committed suicide or had very severe suicidal ideation may not have 285 

been included in the cross-sectional survey. 286 

Although no previous study has cross-sectionally examined the risk of suicide 287 

attempts among patients with all types of cancer, one previous study reported a 4.4% lifetime 288 

prevalence of suicide attempts in 226 adult survivors of childhood cancer 
41

. This difference 289 

between our study (prevalence = 1.6%) and the previous study may be due to the difference in 290 

the duration of the measurement of suicide attempts (lifetime vs. past year), the type of cancer 291 

survivor (only childhood cancer vs. all cancers), the study field (community vs. cancer 292 

survivor clinic), or the survey country (USA vs. Korea).  293 

Previous studies have reported a higher risk of mental health problems, including 294 

depression, anxiety, and psychological distress, among cancer survivors with a low 295 

socioeconomic status 
22 31 34-36

. However, most cohort studies examining suicide risk after 296 

cancer diagnosis have focused on the clinical characteristics of cancer patients. The only 297 

previous cohort study to concurrently assess both the clinical and socioeconomic status 298 

(indices of deprivation) reported a non-significant effect on suicide risk of socioeconomic 299 

inequality 
10

. Our findings that cancer survivors who were less-educated or had a low income 300 

had a non-significantly higher risk of feelings of sadness and suicide attempts are consistent 301 

with those of the previous study.   302 

The significantly higher risk of suicide attempts in cancer survivors who were 303 

diagnosed with cancer before 45 years of age, and the higher risk with borderline significance 304 

in those for whom more than 10 years or more had passed since diagnosis, represents an 305 

important finding of this study. Previous cohort studies have consistently reported that the risk 306 

of suicide was highest immediately after cancer diagnosis 
3 5 6 8 10-18

, while results related to 307 
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age at diagnosis have been quite variable 
5 6 8 10-13 16 17

. Most previous studies examined 308 

potential differences in suicide risk by comparing the SMR among subgroups and primarily 309 

compared the suicide risk of subgroups relative to the non-cancer group after adjusting only 310 

for age; they did not compare the difference in suicide risk among subgroups. Two previous 311 

studies examining the suicide risk difference among subgroups using multivariate analysis 312 

reported no statistically significant heterogeneity according to age at diagnosis 
10 17

. Based on 313 

the results of the present study, further research is needed to determine whether the risks of 314 

psychiatric distress and suicide are higher in cancer survivors diagnosed in their youth.  315 

In several previous studies of long-term cancer survivors, only the risk of suicide 316 

more than 5 years after diagnosis was examined, and there was no assessment of the risk of 317 

suicide more than 10 years after diagnosis 
12 15 17

. This may be because cancer survivors who 318 

were diagnosed more than 5 years ago generally recognized to be completely cured and to no 319 

longer suffer from mental health problems. Only a few studies that analyzed psychological 320 

distress among cancer survivors diagnosed more than 10 years ago have shown higher risks of 321 

anxiety and serious psychological distress (SPD) versus survivors early in the course of 322 

cancer 
15 34 42

. These findings are consistent with the results of the present study, in which the 323 

risks of feelings of sadness and suicide attempts were highest among cancer survivors 324 

diagnosed more than 10 years ago. The only previous cohort study to examine patients of all 325 

cancer types diagnosed more than 10 years ago reported the highest SMR during the first 5 326 

years after diagnosis 
5
. However, the previous study also found that patients with several 327 

cancer types (nervous system, leukemia, prostate, and cervical) showed the highest suicide 328 

rate at 15–30 years post-diagnosis 
5
.  329 

The higher risk of suicide attempts in cancer patients diagnosed more than 10 years 330 

previously seen in this study may be associated with chronic stress. Although chronic stress 331 
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related to higher suicide risk refers mainly to the social environment of adolescents persisting 332 

from childhood, such as poor family relationships and low economic status 
3 20 43

, long-term 333 

cancer survivors can also suffer from chronic stress, including facing economic burden, pain, 334 

disability, and the continuous threat of recurrence over a long period 
20

. Because acute 335 

physical and mental stress occurring immediately after cancer diagnosis increases the risk of 336 

psychiatric distress and suicide, chronic stress in cancer survivors may also play an important 337 

role in increasing this risk. Further research is needed to address the problems associated with 338 

mental distress and suicidality in long-term cancer survivors. Additionally, clinicians and 339 

health authorities should remain vigilant for mental health problems and suicidal behaviors 340 

not only in cancer patients immediately after diagnosis but also in long-term cancer survivors.  341 

Our study had several limitations. First, our results cannot be directly interpreted 342 

with respect to the suicide risk of incident cancer patients because the risk for suicide attempts 343 

was measured among prevalent cancer patients. However, our findings have important 344 

implications concerning supportive care and prevention of suicide among survivors of 345 

prevalent cancers. Second, because of the small number of cancer survivors who attempted 346 

suicide, the significance of differences in suicide risk according to participant characteristics 347 

cannot be examined sufficiently. In particular, the difference in suicide risk according to 348 

cancer type may be non-significant due to the small sample size. Further studies are needed to 349 

assess the cross-sectional prevalence of psychiatric distress and suicidality for each cancer 350 

type. Third, lack of the information in KNANES limited the possibility of exploring the effect 351 

of cancer stage on suicide attempts. Despite these limitations, this study has important 352 

implications for research on mental health problems in cancer survivors: it is the first to assess 353 

the prevalence of, and risk factors for, feelings of sadness and suicide attempts among patients 354 

Page 23 of 31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-016130 on 14 D

ecem
ber 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

24 

 

diagnosed with all cancer types, and indicates a higher risk of psychiatric distress and suicide 355 

in cancer survivors diagnosed early in life, as well as in long-term cancer survivors.  356 

Since the number of cancer survivors is expected to increase as a result of the aging 357 

population and improved survival, the possibility of poor mental health and suicidal behavior 358 

should be constantly monitored in cancer survivors. The results of this study suggest a need 359 

for careful assessment and adequate intervention, especially for cancer survivors diagnosed 360 

early in life and for long-term cancer survivors. 361 

 362 
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ABSTRACT 19 

Introduction: As the number of cancer survivors is rapidly increasing with the increased 20 

incidence of the disease and improved survival of patients, the prevalence of, and risk factors 21 

for, mental health problems and suicidality among cancer survivors should be examined.  22 

Methods and analysis: Using data obtained from the Korean National Health and Nutrition 23 

Examination Survey (2007–2013), we examined 1,285 and 33,772 participants who had been 24 

and never been diagnosed with cancer, respectively. We investigated the risks of feelings of 25 

sadness and suicide attempts among cancer survivors and general population, and examined 26 

differences in the risks of cancer survivors among subgroups according to cancer-related 27 

characteristics. Results: The median age of survivors at the time of the survey and at 28 

diagnosis was 63 and 54 years, respectively. After adjusting for sex, level of education, 29 

household income, occupation, marital status, cancer type, current status of treatment, age at 30 

diagnosis, and years since diagnosis, the risk of suicide attempts was significantly higher in 31 

participants diagnosed with cancer before 45 years of age compared to those diagnosed at 45–32 

64 years (adjusted odds ratio [OR] = 3.81, 95% confidence interval [CI]: 1.07-13.60, p = 33 

0.039) and the higher risk of suicide attempts with borderline significance was found in those 34 

for whom more than 10 years or more had passed since diagnosis compared to those for 35 

whom the diagnosis was made only 2–10 years ago (adjusted OR = 3.38, 95% CI: 0.98-11.70, 36 

p = 0.055). However, feelings of sadness were not significantly associated with any cancer-37 

related characteristic.  Conclusion: Our results reveal an increased risk of suicide attempts 38 

among cancer survivors diagnosed early in life and in those for whom more than 10 years has 39 

passed since the diagnosis, suggesting the need for intensive monitoring and support for 40 

mental health problems and suicidal risks in this population.  41 
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Strengths and limitations of this study 42 

This study is the first to assess the prevalence of, and risk factors for, feelings of sadness and 43 

suicide attempts among survivors of all types of cancer. 44 

The study participants were 1,285 cancer survivors who are aged 30-84 years participating in 45 

nationwide survey of the health and nutritional status of non-institutionalized Korean 46 

individuals. 47 

Because the risk for suicide attempts was measured among prevalent cancer patients, our 48 

results cannot be directly interpreted with respect to the suicide risk of incident cancer 49 

patients. 50 

Despite the large sample size, few cancer survivors attempted suicide, resulting in insufficient 51 

examination of statistical significance of differences in suicide risk according to participant 52 

characteristics. 53 

 54 

INTRODUCTION 55 

 56 

The number of cancer survivors has increased recently in South Korea due to early 57 

detection and advances in diagnosis and treatment, as well as to the increasing incidence of 58 

the disease 
1
. Mental health is an important issue among cancer survivors and is closely 59 

related to their overall quality of life 
2
. Moreover, an increased risk of suicide has been 60 

reported consistently worldwide 
3-19

. 61 

A number of cohort studies have revealed that the risk of suicide increases 62 
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immediately after cancer diagnosis 
3-18

. However, a growing body of evidence suggests that 63 

cancer survivors suffer from chronic stress related to physical problems, fatigue, 64 

psychological distress, and social and economic burden for a prolonged period of time 
20-31

. 65 

Suicidal behavior in long-term cancer survivors may be indicative not only of a high risk of 66 

completing suicide, but also of severe emotional or physical suffering. 67 

Recently, suicide has become an important issue from the perspective of Korean 68 

public health. The suicide rate in South Korea (hereafter referred to as Korea) has increased 69 

drastically during the past two decades, and has been the highest among Organization for 70 

Economic Co-operation and Development (OECD) countries since the early 2000s 
32

. 71 

Moreover, in patients diagnosed with cancer, the crude rate of suicide was as high as 88.7 per 72 

100,000 person-years. The suicide rate in cancer survivors is twice that of the general 73 

population in Korea (standardized mortality ratio [SMR] = 2.00) and more than twice that of 74 

patients with cancer in the United States (31.4 per 100,000 person-years) 
5 33

. From these data, 75 

we conclude that Korean cancer survivors likely suffer more from substantial mental health 76 

problems than both the general population of Korean and cancer survivors in other countries. 77 

Therefore, from the perspective of public health, it is imperative to cross-sectionally identify 78 

the levels of psychiatric distress and suicidality, as well as their risk factors, among Korean 79 

cancer survivors.  80 

In addition, previous studies investigating the risk of suicide in cancer survivors have 81 

focused mainly on cancer-related characteristics; few studies have considered 82 

sociodemographic characteristics, although a higher risk of mental health problems among 83 

cancer survivors has been associated with a low socioeconomic status 
22 31 34-36

. 84 

Therefore, we investigated the risks of feelings of sadness and suicide attempts as 85 
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indicators of psychiatric distress and suicidal behavior, respectively, among Korean cancer 86 

survivors using data obtained from a nationwide cross-sectional study. We examined potential 87 

differences in the risks for feelings of sadness and suicide attempts among subgroups 88 

according to sociodemographic status and cancer-related characteristics. 89 

 90 

MATERIALS AND METHODS 91 

 92 

Data source 93 

Data on cancer survivors and a non-cancer population were obtained from the 94 

Korean National Health and Nutrition Examination Survey (KNHANES), a nationwide 95 

survey of the health and nutritional status of non-institutionalized Korean individuals. Briefly, 96 

two-stage stratified cluster sampling method was used to secure data representation of Korean 97 

population. To illustrate, in the first stage, 192 primary sampling units (PSUs) were selected 98 

from about 2,000,000 geographically separated PSUs in the country. Then, all individuals (≥ 99 

1 year) of 20 target households were selected from each selected PSU (details on the survey 100 

profile is available elsewhere) 
37

. As suicide attempts are very rare, even in cancer survivors, 101 

we pooled three waves of KNHANES data in this study: IV (2007–2009), V (2010–2012), 102 

and VI (2013), where the information on variables of primary interest were available. 103 

 104 

Study sample 105 

Among 38,080 adults aged 30-84 years participating in KNHANES 2007–2013, the 106 
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number of cancer survivors and of the non-cancer population were 1,293 (3.4%) and 36,787 107 

(96.6%), respectively. After excluding participants who did not provide answers regarding 108 

their feelings of sadness or suicide attempts, 1,285 (99.4%) cancer survivors and 33,772 109 

(91.8%) non-cancer participants were included in the final analysis.  110 

 111 

Measurements 112 

 Outcome variables 113 

In this study, feelings of sadness and suicide attempts were selected as the main 114 

outcome variables. In KNHANES IV–V, suicidal ideation was assessed by the question “Have 115 

you ever felt like dying in the past year?” However, in Korean society, the expression "feel 116 

like dying" is used casually. Therefore, “to feel like dying” does not necessarily equate to 117 

suicidal ideation. In the sixth wave of KNHANES, the question regarding suicidal ideation 118 

was changed to “Have you ever seriously thought about committing suicide in the past year?” 119 

This change reflects the problem with the previous question with respect to measuring 120 

suicidal ideation. Therefore, we excluded suicidal ideation as the main outcome. Feelings of 121 

sadness and suicide attempts were measured by responses (yes or no) to the following 122 

questions: “During the recent 12 months, have you ever felt so sad or hopeless almost every 123 

day for 2 weeks in a row that you stopped doing some usual activities?” and “In the last 12 124 

months, have you attempted suicide?”, respectively. 125 

 126 

Independent variables and covariates 127 

Cancer survivorship was measured by the question “Have you ever been diagnosed 128 

Page 6 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-016130 on 14 D

ecem
ber 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

7 

 

with cancer?” Considering prevalence, stomach, liver, colon, breast, cervical, and lung cancer 129 

were grouped as an individual category and all other cancers such as small intestine, kidney, 130 

and bladder were grouped as other category.  131 

Among the 1,285 cancer survivors, 51 had been diagnosed with multiple primary 132 

cancers. The type and date of the earliest cancer were assigned for the multiple primary 133 

cancer cases. If two or more cancer types occurred in the same year, the type and date of 134 

more severe cancer was assigned to the case in the order of lung, liver, colon, stomach, 135 

breast, cervical, and other cancer, according to annual cancer mortality rate in Korea 
38

; this 136 

rule was applied to 8 patients. For example, two patients diagnosed with stomach and colon 137 

were assigned to colon cancer, because in Korea, stomach cancers show relatively better 138 

prognosis than colon cancer.  139 

Cancer-related variables were cancer type (stomach, liver, colon, breast, cervical, 140 

lung, or other), currently receiving treatment (yes or no), age at diagnosis (30–44, 45–64, or 141 

65+ years), and years since diagnosis (0–1, 2–5, 6–10, or > 10 years). 142 

The prevalence of feelings of sadness and suicide attempts among cancer survivors 143 

was compared among subgroups classified according to sociodemographic status and cancer-144 

related characteristics. The sociodemographic variables were age (30–44, 45–64, or 65+ 145 

years), sex (male or female), education level (low, middle, or high), household income (low, 146 

mid-low, mid-high, or high), occupation (manager or office job, service or sales, physical 147 

work, or not employed), and marital status (married or single, widowed, or divorced or 148 

separated). Participants were categorized into low, middle, or high education level according 149 

to different criteria for the adult (< 65 years old) and elderly (≥ 65 years old) groups. Low, 150 

middle, and high education level were defined as less than primary school graduate, middle or 151 
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high school graduate, and more than college graduate, respectively, in the adult group; while 152 

they were defined as less than primary school graduate, middle school graduate, and more 153 

than high school graduate, respectively, in the elderly group. Household income was 154 

calculated as total monthly household income divided by the square root of the family size, 155 

and categorized into quartiles according to sex and age in each survey year.  156 

 157 

Statistical analysis 158 

Univariate logistic regression analysis was used to investigate factors associated with 159 

feelings of sadness or suicide attempts by estimating the crude odds ratios (ORs) and their 95% 160 

confidence intervals (CIs). The associations between general characteristics and feelings of 161 

sadness or suicide attempts were further examined after adjusting for sex, education level, 162 

household income, occupation, marital status, cancer type, current status of treatment, age at 163 

diagnosis (years), and years since diagnosis. Because there was linear dependence between 164 

age at survey, age at diagnosis, and years since diagnosis (i.e., years since diagnosis = age at 165 

survey – age at diagnosis), only two variables were included as covariates in the multivariate 166 

analysis. Age at diagnosis and years since diagnosis were included as covariates in the 167 

adjusted model because they were both significant in the univariate analysis, whereas age at 168 

survey was not. Because only 20 patients attempted suicide in the current study, penalized 169 

logistic regression method which is recommended in the case of rare event problem was 170 

applied using firthlogit procedure of STATA in the examining the risk factors of suicide 171 

attempts with multivariable model 
39

 172 

Sampling weights, which were assigned to each survey participants to be equivalent 173 

to the size of entire Korean population of the year, were constructed based on inverse of 174 
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selection probabilities. Univariable and multivariable logistic regressions were conducted 175 

using PROC SURVEYLOGISTC procedure of SAS to apply complex survey sampling 176 

weights except for examining the risk factors of suicide attempts with multivariable model 177 

using firthlogit procedure. Data were analyzed statistically using SAS (ver. 9.4, SAS Institute, 178 

Cary, NC, USA) and STATA software (version 14.0, StataCorp). A p-value <0.05 was 179 

considered significant.  180 

 181 

 182 

RESULTS 183 

Among 1,285 cancer survivors, the median age (range) at the time of the survey was 63 years 184 

(30–84 years). The median age (range) at cancer diagnosis was 54 years (15–83 years), and 185 

the median age (range) after diagnosis was 5 years (0–50 years). The percentage of female 186 

participants was 63.7%. The most common type of cancer was stomach cancer (20.2%), 187 

followed by cervical (13.6%), breast (13.5%), and colon cancer (10.5%). Approximately half 188 

of all the cancer survivors were more than 65 years old, diagnosed with cancer at 45–64 years, 189 

or in the past 2–10 years (Table 1). 190 

 191 

Table 1. Characteristics of cancer survivors 192 

 

N % 

Total 1,285 100.0 
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Age (years)   

  30–44 120 9.3 

  45–64 561 43.7 

  ≥ 65 604 47.0 

Sex   

  Male 467 36.3 

  Female 818 63.7 

Education level   

  Low 566 44.1 

  Middle 435 33.9 

  High 283 22.0 

Household income   

Low 402 31.9 

Mid-low 317 25.1 

Mid-high 264 20.9 

High 278 22.1 

Occupation   

  Manager or office job 117 9.1 

  Service or sales 97 7.6 

  Physical work 269 21.0 

  Not employed 800 62.4 

Marital status   

  Married  1,000 77.9 

  Single 20 1.6 

  Widowed  203 15.8 

  Divorced or separated  61 4.8 

Cancer type   

  Stomach 259 20.2 

  Liver 40 3.1 

  Colon 135 10.5 

  Breast 173 13.5 

  Cervical 175 13.6 
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  Lung 38 3.0 

  Others 465 36.2 

Current status of treatment   

  No 764 64.7 

  Yes 416 35.3 

Age at diagnosis (years)   

  15–44 311 24.3 

  45–64 673 52.7 

  ≥ 65 294 23.0 

Years since diagnosis   

  0–1 227 17.8 

  2–5 442 34.6 

  6–10 227 17.8 

  11–14 171 13.4 

  ≥ 15 211 16.5 

 193 

 194 

Cancer survivors showed a significantly higher prevalence of feelings of sadness and 195 

suicide attempts within the past year than the non-cancer group. The: prevalences of feelings 196 

of sadness were 20.1% and 14.2% among cancer survivors and the non-cancer group, 197 

respectively (crude OR = 1.58, 95% CI: 1.33-1.87). The prevalences of suicide attempts were 198 

1.6% and 0.9% among cancer survivors and the non-cancer group, respectively (crude OR = 199 

1.95, 95% CI: 1.11-3.42). After adjusting for age, sex, level of education, household income, 200 

occupation, marital status, and year of survey, cancer survivors showed a significantly higher 201 

risk of feelings of sadness than the non-cancer group (adjusted OR = 1.29; 95% CI: 1.08-1.55, 202 

p = 0.005) and a higher risk of suicide attempts, although the difference was not significant 203 

(adjusted OR = 1.65; 95% CI: 0.92-2.96, p = 0.094) (Table 2). 204 
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  205 

Table 2. Crude and adjusted odds ratios of feelings of sadness and suicide attempts among cancer survivors compared to the non-206 

cancer group 207 

*Adjusted for age, sex, level of education, household income, occupation, marital status, and year of survey 208 

†p value for adjusted OR 209 

 210 

Group 
Sample 

size 

Feelings of sadness Suicide attempts 

N % 
Crude OR 

(95% CI) 

Adjusted OR* 

(95% CI) 
p† N % 

Crude OR 

(95% CI) 

Adjusted OR* 

(95% CI) 
p† 

Non-cancer participants 33,772 4,794 14.2 1 [Reference] 1 [Reference]  309 0.9 1 [Reference] 1 [Reference]  

Cancer survivors 1,285 258 20.1 1.58(1.33-1.87) 1.29(1.08-1.55) 0.005 20 1.6 1.95(1.11-3.42) 1.65(0.92-2.96) 
0.094 
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Participants who were female, less-educated, had a low income, or were not 211 

employed showed a significantly higher risk of feelings of sadness. The risk of suicide 212 

attempts was significantly lower in the participants who had mid-high level of household 213 

income compared to those who had low level of household income. Participants who had 214 

been diagnosed with cancer before 45, or after 64 years of age showed a significantly higher 215 

risk of suicide attempts than those diagnosed with cancer at 45–64 years of age (Table 3).  216 

Table 3. Crude odds ratios and 95% confidence intervals for associations with feelings of 217 

sadness and suicide attempts218 
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 219 

 220 

 221 

Characteristic 
Sample 

size 

Feelings of sadness  Suicide attempts  

N % 
Crude OR 

(95% CI) 
P N % 

Crude OR 

(95% CI) 
p 

Total 1,285 258 20.1   20 1.6   

Age (years)          

  30–44 120 21 17.5 1 [Reference]  0 0.0   

  45–64 561 107 19.1 1.51(0.82-2.78) 0.189 8 1.4 1 [Reference]*  

  65+ 604 130 21.5 1.66(0.90-3.06) 0.103 12 2.0 0.96(0.33-2.77) 0.935 

Sex          

  Male 467 72 15.4 1 [Reference]  11 2.4 1 [Reference]  

  Female 818 186 22.7 2.00(1.41-2.83) <0.001 9 1.1 0.68(0.23-1.98) 0.473 

Education level          

  Low 566 141 24.9 1 [Reference]  10 1.8 1 [Reference]  

  Middle 435 74 17.0 0.55(0.37-0.81) 0.003 7 1.6 1.04(0.32-3.41) 0.952 

  High 283 43 15.2 0.46(0.29-0.73) <0.001 3 1.1 0.41(0.10-1.78) 0.235 

Household income          

Low 402 97 24.1 1 [Reference]  12 3.0 1 [Reference]  

Mid-low 317 56 17.7 0.77(0.49-1.21) 0.257 4 1.3 0.35(0.10-1.23) 0.101 

Mid-high 264 58 22.0 0.77(0.50-1.18) 0.235 2 0.8 0.18(0.04-0.88) 0.034 

High 278 41 14.8 0.49(0.30-0.80) 0.004 2 0.7 0.49(0.09-2.72) 0.413 

Occupation          

  Manager or office job 117 14 12.0 1 [Reference]  1 0.9 1 [Reference]  

  Service or sales 97 17 17.5 1.94(0.78-4.81) 0.154 2 2.1 9.32(0.75-115.39) 0.082 

  Physical work 269 49 18.2 1.65(0.80-3.44) 0.178 6 2.2 4.49(0.52-38.49) 0.170 

  Not employed 800 177 22.1 2.33(1.20-4.52) 0.013 11 1.4 3.24(0.39-26.74) 0.275 

Marital status          

  Married 1,000 188 18.8 1 [Reference]  16 1.6 1 [Reference]  

  Single, widowed, separated, 

or divorced   
284 70 24.7 1.36(0.92-2.01) 0.121 4 1.4 0.43(0.12-1.57) 0.202 

Cancer type          

  Stomach 259 50 19.3 1 [Reference]  2 0.8 1 [Reference]  

  Liver 40 6 15.0 0.49(0.17-1.39) 0.181 1 2.5 1.54(0.12-19.51) 0.737 

  Colon 135 24 17.8 0.85(0.45-1.64) 0.635 5 3.7 3.37(0.55-20.74) 0.190 

  Breast 173 42 24.3 1.40(0.82-2.39) 0.216 3 1.7 2.19(0.24-19.93) 0.487 

  Cervical 175 45 25.7 1.56(0.87-2.77) 0.133 2 1.1 2.40(0.25-23.14) 0.449 

  Lung 38 8 21.1 0.67(0.25-1.79) 0.425 1 2.6 1.35(0.10-18.05) 0.822 

  Other sites 465 83 17.9 0.84(0.53-1.34) 0.472 6 1.3 1.14(0.19-6.78) 0.890 

Current status of treatment          

  No 764 151 19.8 1 [Reference]  11 1.4 1 [Reference]  

  Yes  416 87 20.9 1.21(0.83-1.77) 0.309 8 1.9 0.88(0.28-2.78) 0.832 

Age at diagnosis (years)          

  45-64 673 126 18.7 1 [Reference]  5 0.7 1 [Reference]  

  15-44 311 64 20.6 1.11(0.73-1.68) 0.635 8 2.6 5.08(1.41-18.32) 0.013 

  65+ 294 68 23.1 1.14(0.77-1-69) 0.523 7 2.4 3.68(1.06-12.75) 0.040 

Years since diagnosis           

  2-10 669 126 17.6 1 [Reference]  7 1.0 1 [Reference]  

  0-1 227 56 23.9 1.07(0.68-1.68) 0.775 5 2.1 1.37(0.32-5.83) 0.670 

  11+ 382 76 22.8 1.54(1.04-2.28) 0.333 8 2.4 3.02(0.81-11.25) 0.100 

Page 14 of 28

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-016130 on 14 D

ecem
ber 2017. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

15 

 

After adjusting for sex, level of education, household income, occupation, marital 222 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, 223 

female and lower level of education and household income were significantly associated with 224 

higher prevalence of feelings of sadness (Table 4). 225 

 226 

Table 4. Adjusted odds ratios and 95% confidence intervals for associations between 227 

participant characteristics and feelings of sadness 228 

Characteristic Adjusted OR* 95% CI p-value 

Age (years)    

  30–44 1.00 [Reference]  

  45–64 1.85 0.84-4.07 0.128 

  65+ 2.83 0.83-9.69 0.098 

Sex    

  Male 1.00 [Reference]  

  Female 1.57 1.01-2.43 0.043 

Education level    

  Low 1.00 [Reference]  

  Middle 0.52 0.31-0.86 0.012 

  High 0.60 0.35-1.04 0.071 

Household income    

Low 1.00 [Reference]  

Mid-low 0.82 0.52-1.31 0.409 

Mid-high 0.86 0.53-1.41 0.546 

High 0.57 0.33-0.99 0.047 

Occupation    

  Manager or office job 1.00 [Reference]  

  Service or sales 1.74 0.66-4.52 0.261 

  Physical work 1.19 0.53-2.67 0.681 

  Not employed 1.58 0.76-3.30 0.224 

Marital status    

  Married or single 1.00 [Reference]  

  Single, widowed, 

separated, or divorced 
0.90 0.56-1.44 0.660 

Cancer type    

  Stomach 1.00 [Reference]  

  Liver 0.54 0.19-1.55 0.250 

  Colon 0.84 0.43-1.63 0.605 
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  Breast 1.14 0.61-2.12 0.689 

  Cervical 1.05 0.53-2.11 0.883 

  Lung 0.63 0.23-1.69 0.355 

  Other sites 0.71 0.42-1.19 0.191 

Current status of 

treatment 

 
 

 

  No 1.00 [Reference]  

  Yes  1.01 0.67-1.54 0.955 

Age at diagnosis (years)    

  45–64 1.00 [Reference]  

  15–44 1.33 0.81-2.18 0.267 

  65+ 1.17 0.74-1.86 0.496 

Years since diagnosis    

  2–10 1.00 [Reference]  

  0–1 1.17 0.70-1.97 0.548 

  11+ 1.28 0.80-2.05 0.305 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 229 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 230 

diagnosis. 231 

 232 

 233 

After adjusting for sex, level of education, household income, occupation, marital 234 

status, cancer type, current status of treatment, age at diagnosis, and years since diagnosis, the 235 

risk of suicide attempts was significantly higher in participants diagnosed with cancer before 236 

45 years of age compared to those diagnosed at 45–64 years (adjusted OR = 3.81, 95% CI: 237 

1.07-13.60, p = 0.039), and it was higher with borderline significance in cancer patients for 238 

whom more than 10 years or more had passed since diagnosis compared to those for whom 239 

only 2–10 years had passed (adjusted OR = 3.38, 95% CI: 0.98-11.70, p = 0.055) (Table 5). 240 

Table 5. Adjusted odds ratios and 95% confidence intervals for associations between 241 

participant characteristics and suicide attempts 242 

Characteristic Adjusted OR* 95% CI p-value 
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Age (years)†    

  45–64 1.00 [Reference]  

  65+ 1.60 0.28-9.15 0.597 

Sex    

  Male 1.00 [Reference]  

  Female 0.36 0.10-1.30 0.117 

Education level    

  Low 1.00 [Reference]  

  Middle 1.88 0.60-5.94 0.282 

  High 1.22 0.31-4.83 0.778 

Household income    

Low 1.00 [Reference]  

Mid-low 0.52 0.16-1.68 0.278 

Mid-high 0.38 0.08-1.73 0.212 

High 0.33 0.07-1.56 0.163 

Occupation‡    

  Manager, office or no job 1.00 [Reference]  

  Service, sales, or physical 

work 

2.12 0.81-5.55 0.125 

Marital status    

  Married 1.00 [Reference]  

  Single, widowed, separated, 

or divorced 
0.95 0.30-3.01 0.934 

Cancer type    

  Stomach 1.00 [Reference]  

  Liver 3.68 0.43-31.20 0.233 

  Colon 4.56 0.98-21.19 0.053 

  Breast 4.96 0.70-35.04 0.108 

  Cervical 2.34 0.28-19.53 0.432 

  Lung 4.17 0.51-33.90 0.182 

  Other sites 1.89 0.40-8.88 0.419 

Current status of treatment    

  No 1.00 [Reference]  

  Yes  2.14 0.72-6.41 0.173 

Age at diagnosis (years)    

  45–64 1.00 [Reference]  

  15–44 3.81 1.07-13.60 0.039 

  65+ 2.55 0.76-8.53 0.130 

Years since diagnosis    

  2–10 1.00 [Reference]  

  0–1 2.38 0.71-7.96 0.160 
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  11+ 3.38 0.98-11.70 0.055 

*Odds ratio was adjusted for sex, level of education, household income, occupation, marital 243 

status, cancer type, current status of treatment, age at diagnosis (years), and years since 244 

diagnosis. 245 

†The 45–64 years age group was set as the reference because there were no suicide attempts 246 

within the past among cancer survivors aged 30–44 years. 247 

‡The occupation variable was categorized into two groups because the model that included the 248 

four categories for this variable did not fit.  249 

 250 

 251 

 252 

 253 

  254 
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DISCUSSION 255 

In this study, we cross-sectionally examined the prevalence of feelings of sadness and 256 

suicide attempts within the past year among cancer survivors, and their associations with 257 

cancer-related and sociodemographic characteristics. To our knowledge, this study is the first 258 

to assess the prevalence of feelings of sadness and suicide attempts among survivors of all 259 

types of cancer. The Korean cancer survivors showed a higher prevalence of feelings of 260 

sadness (20.1%) and suicide attempts within the past year (1.6%) than the non-cancer 261 

population (feelings of sadness: 14.2%, suicide attempts: 0.9%). Cancer survivors with less 262 

education and a low income showed a higher risk for feelings of sadness and suicide attempts, 263 

but the differences were not statistically significant in the multivariate analysis except for the 264 

significant difference of the prevalence of feelings of sadness across education and household 265 

income categories. The trends observed for feelings of sadness and suicide attempts according 266 

to age at diagnosis and time since diagnosis were similar (i.e., the prevalence of sadness and 267 

suicide attempts among cancer survivors diagnosed at 15–44 years of age, and in those for 268 

whom more than 10 years had passed since the diagnosis, was higher than in the other groups), 269 

although statistical significance was found only in the case of suicide attempts in the 270 

multivariate analysis.  271 

In this study, the adjusted OR for age, sex, level of education, household income, 272 

occupation, marital status, and year of survey was 1.65 for suicide attempts in cancer patients 273 

compared to the non-cancer group, while a previous cohort study reported that the SMR for 274 

suicide was 2.00 in a Korean population 
33

. The ratio for the prevalence of suicide attempts 275 

was lower than that for the incidence of suicide in cancer patients compared to the general 276 

population, because cancer patients had attempted suicide more seriously than general 277 
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population; furthermore, those who committed suicide or had very severe suicidal ideation 278 

may not have been included in the cross-sectional survey. 279 

Although no previous study has cross-sectionally examined the risk of suicide 280 

attempts among patients with all types of cancer, one previous study reported a 4.4% lifetime 281 

prevalence of suicide attempts in 226 adult survivors of childhood cancer 
40

. This difference 282 

between our study (prevalence = 1.6%) and the previous study may be due to the difference in 283 

the duration of the measurement of suicide attempts (lifetime vs. past year), the type of cancer 284 

survivor (only childhood cancer vs. all cancers), the study field (community vs. cancer 285 

survivor clinic), or the survey country (USA vs. Korea).  286 

Previous studies have reported a higher risk of mental health problems, including 287 

depression, anxiety, and psychological distress, among cancer survivors with a low 288 

socioeconomic status 
22 31 34-36

. However, most cohort studies examining suicide risk after 289 

cancer diagnosis have focused on the clinical characteristics of cancer patients. The only 290 

previous cohort study to concurrently assess both the clinical and socioeconomic status 291 

(indices of deprivation) reported a non-significant effect on suicide risk of socioeconomic 292 

inequality 
10

. Our findings that cancer survivors who were less-educated or had a low income 293 

had a higher risk of feelings of sadness and suicide attempts are consistent with those of the 294 

previous study.   295 

The significantly higher risk of suicide attempts in cancer survivors who were 296 

diagnosed with cancer before 45 years of age, and the higher risk with borderline significance 297 

in those for whom more than 10 years or more had passed since diagnosis, represents an 298 

important finding of this study. Previous cohort studies have consistently reported that the risk 299 

of suicide was highest immediately after cancer diagnosis 
3 5 6 8 10-18

, while results related to 300 
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age at diagnosis have been quite variable 
5 6 8 10-13 16 17

. Most previous studies examined 301 

potential differences in suicide risk by comparing the SMR among subgroups and primarily 302 

compared the suicide risk of subgroups relative to the general population after adjusting only 303 

for age; they did not compare the difference in suicide risk among subgroups. Two previous 304 

studies examining the suicide risk difference among subgroups using multivariate analysis 305 

reported no statistically significant heterogeneity according to age at diagnosis 
10 17

. Based on 306 

the results of the present study, further research is needed to determine whether the risks of 307 

psychiatric distress and suicide are higher in cancer survivors diagnosed in their youth.  308 

In several previous studies of long-term cancer survivors, only the risk of suicide 309 

more than 5 years after diagnosis was examined, and there was no assessment of the risk of 310 

suicide more than 10 years after diagnosis 
12 15 17

. This may be because cancer survivors who 311 

were diagnosed more than 5 years ago generally recognized to be completely cured and to no 312 

longer suffer from mental health problems. Only a few studies that analyzed psychological 313 

distress among cancer survivors diagnosed more than 10 years ago have shown higher risks of 314 

anxiety and serious psychological distress (SPD) versus survivors early in the course of 315 

cancer 
15 34 41

. These findings are consistent with the results of the present study, in which the 316 

risks of feelings of sadness and suicide attempts were highest among cancer survivors 317 

diagnosed more than 10 years ago. The only previous cohort study to examine patients of all 318 

cancer types diagnosed more than 10 years ago reported the highest SMR during the first 5 319 

years after diagnosis 
5
. However, the previous study also found that patients with several 320 

cancer types (nervous system, leukemia, prostate, and cervical) showed the highest suicide 321 

rate at 15–30 years post-diagnosis 
5
.  322 

The higher risk of suicide attempts in cancer patients diagnosed more than 10 years 323 

previously seen in this study may be associated with chronic stress. Although chronic stress 324 
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related to higher suicide risk refers mainly to the social environment of adolescents persisting 325 

from childhood, such as poor family relationships and low economic status 
3 20 42

, long-term 326 

cancer survivors can also suffer from chronic stress, including facing economic burden, pain, 327 

disability, and the continuous threat of recurrence over a long period 
20

. Because acute 328 

physical and mental stress occurring immediately after cancer diagnosis increases the risk of 329 

psychiatric distress and suicide, chronic stress in cancer survivors may also play an important 330 

role in increasing this risk. Further research is needed to address the problems associated with 331 

mental distress and suicidality in long-term cancer survivors. Additionally, clinicians and 332 

health authorities should remain vigilant for mental health problems and suicidal behaviors 333 

not only in cancer patients immediately after diagnosis but also in long-term cancer survivors.  334 

Our study had several limitations. First, our results cannot be directly interpreted 335 

with respect to the suicide risk of incident cancer patients because the risk for suicide attempts 336 

was measured among prevalent cancer patients. However, our findings have important 337 

implications concerning supportive care and prevention of suicide among survivors of 338 

prevalent cancers. Second, because of the small number of cancer survivors who attempted 339 

suicide, the significance of differences in suicide risk according to participant characteristics 340 

cannot be examined sufficiently. In particular, the difference in suicide risk according to 341 

cancer type may be non-significant due to the small sample size. Further studies are needed to 342 

assess the cross-sectional prevalence of psychiatric distress and suicidality for each cancer 343 

type. Third, lack of the information in KNANES limited the possibility of exploring the effect 344 

of cancer stage on suicide attempts. Despite these limitations, this study has important 345 

implications for research on mental health problems in cancer survivors: it is the first to assess 346 

the prevalence of, and risk factors for, feelings of sadness and suicide attempts among patients 347 
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diagnosed with all cancer types, and indicates a higher risk of psychiatric distress and suicide 348 

in cancer survivors diagnosed early in life, as well as in long-term cancer survivors.  349 

Since the number of cancer survivors is expected to increase as a result of the aging 350 

population and improved survival, the possibility of poor mental health and suicidal behavior 351 

should be constantly monitored in cancer survivors. The results of this study suggest a need 352 

for careful assessment and adequate intervention, especially for cancer survivors diagnosed 353 

early in life and for long-term cancer survivors. 354 

 355 
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