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Abstract

Background

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:The psychological toll on parents of a child receiving a cancer diagnosis is known to be high,

but there is a knowledge gap regarding suicidal behavior among these parents. The aim of

this study was to investigate the risk of suicide attempt and death by suicide in relation to

having a child with cancer.

Methods and findings

We performed a binational population-based and sibling-controlled cohort study, including

all parents with a child diagnosed with cancer in Denmark (1978 to 2016) or Sweden (1973

to 2014), 10 matched unexposed parents per exposed parent (population comparison), and

unaffected full siblings of the exposed parents (sibling comparison). Suicide attempt was

identified through the Patient Register and the Psychiatric Central Register in Denmark and

the Patient Register in Sweden, whereas death by suicide was identified through the Danish

Causes of Death Register and the Swedish Causes of Death Register. In population com-

parison, we used Cox regression to estimate hazard ratios (HRs) and 95% confidence inter-

vals (CIs) of suicide attempt and death by suicide associated with cancer diagnosis of a

child, adjusting for sex, age, country of residence, calendar year, marital status, highest

attained educational level, household income, history of cancer, history of psychiatric disor-

der, and family history of psychiatric disorder. The sibling comparison was performed to

assess the role of familial confounding in the studied associations. The population compari-

son consisted of 106,005 exposed parents and 1,060,050 matched unexposed parents,

with a median age of 56 at cohort entry and 46.9% male. During the median follow-up of 7.3

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004322 January 16, 2024 1 / 16

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS
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and 7.2 years, we observed 613 (incidence rate [IR], 58.8 per 100,000 person-years) and

5,888 (IR, 57.1 per 100,000 person-years) cases of first-onset suicide attempt among the

exposed and unexposed parents, respectively. There was an increased risk of parental sui-

cide attempt during the first years after a child’s cancer diagnosis (HR, 1.15; 95% CI, [1.03,

1.28]; p = 0.01), particularly when the child was 18 or younger at diagnosis (HR, 1.25; 95%

CI, [1.08, 1.46]; p = 0.004), when the child was diagnosed with a highly aggressive cancer

(HR, 1.60; 95% CI, [1.05, 2.43]; p = 0.03), or when the child died due to cancer (HR, 1.63;

95% CI, [1.29, 2.06]; p < 0.001). The increased risk did not, however, maintain thereafter

(HR, 0.86; 95% CI: [0.75, 0.98]; p = 0.03), and there was no altered risk of parental death by

suicide any time after the child’s cancer diagnosis. Sibling comparison corroborated these

findings. The main limitation of the study is the potential residual confounding by factors not

shared between full siblings.

Conclusions

In this study, we observed an increased risk of parental suicide attempt during the first years

after a child’s cancer diagnosis, especially when the child was diagnosed during childhood,

or with an aggressive or fatal form of cancer. There was, however, no altered risk of parental

death by suicide at any time after a child’s cancer diagnosis. Our findings suggest extended

clinical awareness of suicide attempt among parents of children with cancer, especially dur-

ing the first few years after cancer diagnosis.

Author summary

Why was this study done?

• Having a child with a cancer diagnosis is highly stressful for parents.

• Little is known about risk of parental suicidal behavior in relation to cancer diagnosis of

a child.

What did the researchers do and find?

• We performed a binational population-based and sibling-controlled cohort study to

investigate the association between cancer diagnosis of a child and the subsequent risk

of suicide attempt or death by suicide among the parents.

• We observed an increased risk of parental suicide attempt during the first years after a

child’s cancer diagnosis, especially when the child was diagnosed during childhood, or

with an aggressive or fatal form of cancer, in both the population-based comparison and

the sibling comparison.

What do these findings mean?

• Our findings call for clinical awareness of the risk of suicide attempt among parents of

children with cancer, primarily within the first years after cancer diagnosis of the child.
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• Future studies are needed to examine the generalizability of our findings to other coun-

tries with different healthcare system, sociocultural context, and prevalence of cancer

and suicidal behavior as Denmark and Sweden.

Introduction

A cancer diagnosis of a child is a traumatic and highly stressful event for the parents [1].

Parents of children with cancer may experience physical, mental, and financial challenges

[2,3]. These parents, especially mothers, have indeed been reported to have increased psycho-

logical distress and risk of psychiatric disorders [1,4–6]. However, although psychological dis-

tress and psychiatric disorders are known to increase the risk of suicidal behavior [7,8], only a

few studies have so far assessed the association of a child cancer diagnosis with parental risk of

suicidal behavior. The existing studies rendered largely conflicting findings, often based on rel-

atively small sample size [5,9,10]. Most of these studies have had limited control for important

confounding factors and focused on death by suicide alone, leaving the risk of suicide attempt

unraveled [9,10]. Moreover, none of these studies has explored the temporal pattern of suicidal

behavior.

Considering the relatively low incidence of suicidal behavior, especially death by suicide,

population-based studies with large sample size are needed to provide sufficient statistical

power, especially for the analyses of temporal pattern in the risk of suicidal behavior and by

cancer characteristics. Cross-validation of findings between populations as well as contrasting

findings between suicide attempt and death by suicide in the same population are also of

importance. To this end, we took advantage of several national population and health registers

in Denmark and Sweden and performed a population-based study to investigate the associa-

tion between cancer diagnosis of a child and risk of parental suicide attempt and death by sui-

cide, after adjusting for several potential confounders as well as controlling for familial

confounding through a sibling comparison. We hypothesize that there is an altered risk of sui-

cidal behavior among parents of children with cancer and that such risk alteration differs by

time since cancer diagnosis and according to characteristics of the child’s cancer.

Methods

Study design and population

In this binational study, we first identified biological parents of all live births during 1973 to

2016 according to the Danish Medical Birth Register (MBR) and during 1973 to 2014 accord-

ing to the Swedish MBR. Both MBRs were established in 1973 and include almost 99% of

births in the countries [11,12]. Information on mothers was available for almost all children in

the MBRs. We identified fathers for 98% of the Danish children through the MBR and the

Danish Civil Registration System, and for 83% of the Swedish children through linkage to the

Swedish Multi-Generation Register. As the parents might have had other children born before

the establishment of the MBRs or outside Denmark or Sweden, we identified additional chil-

dren of these parents through the Danish Civil Registration System and the Swedish Multi-

Generation Register. As the Danish Patient Register has nationwide coverage of inpatient care

since 1978 (outpatient care since 1995) and the Swedish Patient Register has nationwide cover-

age of inpatient psychiatric care since 1973 (outpatient specialist care since 2001), we defined
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the study period as 1978 to 2016 for Denmark and 1973 to 2014 for Sweden. The prespecified

analysis plan of the present study is presented in S1 Text.

We first identified all parents that had a child diagnosed with cancer during 1978 to 2016 in

Denmark (N = 52,027) or 1973 to 2014 in Sweden (N = 59,428) (S1 Fig). If a parent had more

than 1 child with a cancer diagnosis, the date of cancer diagnosis of the first child was regarded

as the index exposure. As we aimed to study newly diagnosed cancer in a child and the first-

onset parental suicide attempt or death by suicide, parents that had a child diagnosed with can-

cer (N = 283 in Denmark and N = 149 in Sweden) or had a suicide attempt (N = 998 in Den-

mark and N = 1,169 in Sweden) before the study period were excluded from the main analysis.

To ensure relatively complete ascertainment of familial links from the Danish Civil Registra-

tion System and Swedish Multi-Generation Register, we also excluded parents born before

1936 in Denmark (N = 1,914) or before 1932 in Sweden (N = 944). Finally, 3 parents in Sweden

with conflicting information on their children (i.e., a child died or emigrated before date of

birth) were also excluded, leaving 106,005 parents (N = 48,842 in Denmark and N = 57,163 in

Sweden) in analysis. We defined the date of child cancer diagnosis as the index date for these

exposed parents.

We then identified 2 unexposed comparison groups. For each exposed parent, we randomly

selected 10 parents from the study population, who were individually matched to the exposed

parent on birth year, sex, and country of residence and had no history of suicide attempt, at

least 1 alive child, and no child with cancer, before the index date of the exposed parent (popu-

lation comparison). As cancer and suicidal behavior might share risk factors including factors

shared between family members, we additionally performed a sibling comparison including

the exposed parents and their unexposed full siblings. We identified 64,446 unexposed full sib-

lings (of 40,218 exposed parents), who had no history of suicide attempt and at least 1 child

alive with no diagnosed cancer, before the index date of their exposed full sibling. We used the

index date of the exposed parent as the index date for their matched unexposed parents and

unexposed siblings.

We then followed all study participants from the index date, until death, emigration, an

incidence of suicide attempt or death by suicide, or the end of follow-up (December 31, 2016

in Denmark and December 31, 2014 in Sweden), whichever came first. Follow-up of the unex-

posed parents and the unexposed siblings was additionally censored if they had a child diag-

nosed with cancer during follow-up. These study participants would then contribute person-

time to the exposed group from the date of their child’s cancer diagnosis.

Definition of exposure

We used the Danish and Swedish revisions of the International Classification of Diseases

(ICD) codes to identify child cancer diagnoses from the Danish and Swedish Cancer Registers

[13,14]. As cancers in central nervous system (CNS) and hematological malignancies are the

most common types of cancer among young individuals, accounting for around two-thirds of

all childhood cancers, for instance, in addition to any cancer, we classified cancers into CNS

cancer, hematological malignancy, and other type of cancer. Finally, we also analyzed cancer

aggressiveness (low, medium, or high), which was defined according to 5-year survival rate of

each cancer type [15]. ICD codes of cancer are listed in S1 Table.

Definition of outcome

Suicide attempt was identified through the Patient Register and the Psychiatric Central Regis-

ter [16,17] in Denmark and the Patient Register in Sweden [18], whereas death by suicide was

identified through the Danish Causes of Death Register and the Swedish Causes of Death
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Register, using the Danish and Swedish revisions of the ICD codes (S2 Table). To better iden-

tify suicide attempt, we additionally included the reason for contact code “4” (deliberate self-

harm) in the identification of suicide attempt in Denmark, as suggested [19].

Covariates

We retrieved information on sex, year of birth, as well as marital status of the study partici-

pants from the Danish Civil Registration System and the Swedish Total Population Register.

We retrieved information on household income from the Danish Integrated Database for Lon-

gitudinal Labor Market Research [20] and the Swedish Register of Incomes and Taxes, and on

the highest attained educational level from the Danish Integrated Database for Longitudinal

Labor Market Research and the Swedish Education Register. We collected information on his-

tory of cancer from the Cancer Registers in Denmark and Sweden and on history of psychiat-

ric disorder and family history of psychiatric disorder from the Danish Patient Register, the

Danish Psychiatric Central Register, and the Swedish Patient Register. ICD codes of psychiat-

ric disorders are listed in S2 Table. Data on smoking (available since 1991 in Denmark and

since 1982 in Sweden) and body mass index (BMI) (available since 2003 in Denmark and dur-

ing 1982 to 1989 and since 1992 in Sweden) during early pregnancy were retrieved from the

MBRs (available only for mothers).

In order to address concerns related to missing data on some covariates, we used multiple

imputation with fully conditional specification to produce 5 imputed datasets [21]. We then

combined estimates from the imputed datasets using Rubin’s rules [22]. The detailed methods

of multiple imputation are described in S2 Text.

Statistical analysis

We calculated the incidence rates (IRs) of suicide attempt and death by suicide among the

exposed and unexposed parents, through dividing number of cases by accumulated person-

years at risk. We visualized the time-varying associations of child cancer diagnosis with the

risk of parental suicide attempt and death by suicide using flexible parametric survival models,

in both the population and sibling comparisons. In all flexible parametric survival models, a

spline with 5 degrees of freedom (4 intermediate knots and 2 knots at each boundary, placed

according to quintile distribution of events) was used for the baseline rate, while a spline with

3 degrees of freedom was used for the time-varying effect. In the population comparison, the

analyses were fitted in 2 models. In the first model, we performed the analyses without any

adjustment. In the second model, we adjusted for sex, age at the index date, country of resi-

dence, calendar year of the index date, marital status, highest attained educational level, house-

hold income, history of cancer, history of psychiatric disorder, and family history of

psychiatric disorder. In the sibling comparison, we also performed the analyses using 2 mod-

els. In the unadjusted model, the analyses were stratified by family identifier (mother’s and

father’s identification numbers). In the adjusted model, we additionally adjusted for the same

variables as in population comparison except family history of psychiatric disorder.

We then moved on to analyze the effect of parental and child cancer characteristics on the

association of interest. In these analyses, we used Cox regression to estimate the average hazard

ratio (HR) and 95% confidence interval (CI) of suicide attempt and death by suicide in relation

to a child cancer diagnosis, with time since the index date as the underlying time scale and the

same adjustment as described in flexible parametric survival models. To assess the effect of

parental characteristics, we performed stratified analyses by sex, age at the index date (<40, 40

to 60, or >60 classified to represent younger, middle-age, and older parents), calendar year of

the index date (<1990, 1990 to 1999, 2000 to 2009, or�2010), country of residence, household
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income, marital status, highest attained educational level, history of cancer, history of psychiat-

ric disorder, and family history of psychiatric disorder. As some of the covariates might change

secondary to the exposure (i.e., cancer diagnosis of a child), all covariates were ascertained at

the index date and used as time-fixed variables in the analyses. We assessed the differences

between the stratum-specific HRs by including interaction terms in Cox regression and used

Wald test to test the statistical significance of the interaction terms. To assess the effect of child

cancer characteristics, we performed subgroup analyses by child age at cancer diagnosis, can-

cer type (CNS cancer, hematological malignancy, or others), cancer aggressiveness (low,

medium, or high), as well as survival status of the child with cancer.

Sensitivity analyses

We performed several sensitivity analyses to assess the robustness of the findings. To evaluate

the effect of lifestyle factors on the association of interest, we performed additional analyses

after adjustment for smoking and BMI during pregnancy (only among mothers). To investi-

gate the robustness of multiple imputation, we performed additional analyses using indicator-

missing method and complete case method. Finally, as we focused on first-onset suicide

attempt, we restricted the main analysis to parents without previous suicide attempt before the

index date. In a separate analysis, we constructed an additional cohort of parents (both

exposed and unexposed) with at least 1 suicide attempt before the index date to investigate the

association of child cancer diagnosis with risk of recurrent suicide attempt, using flexible

parametric models.

This study is reported according to the Strengthening the Reporting of Observational Stud-

ies in Epidemiology (STROBE) guideline (S1 Checklist). All analyses were performed using

SAS 9.4 (SAS Institute) and Stata 15.1 (StataCorp LP). Statistical significance was indicated

using P< 0.05 and Wald test was used to determine P values.

Ethics statement

The study was approved by the Danish Data Protection Agency (J.nr. 2008-41-2680 and J.nr.

2013-41-2569) and the Ethics Review Board in Stockholm (2016/288-31/1 and 2021–03315).

Results

Baseline characteristics

The population comparison consisted of 106,005 exposed parents and 1,060,050 matched

unexposed parents, with a median age of 56 at cohort entry and 46.9% male. Exposed parents

were more likely to be married and had a lower educational level but a higher prevalence of

cancer history, compared with the unexposed parents (Table 1). In the sibling comparison,

exposed parents were more likely to be female, >60 years, and married, and had a higher prev-

alence of cancer history, compared with their unexposed siblings.

In the population comparison, the median follow-up time was 7.3 years for the exposed and

7.2 years for the unexposed parents. During follow-up, we observed 613 (IR, 58.8 per 100,000

person-years) and 5,888 (IR, 57.1 per 100,000 person-years) cases of first-onset suicide attempt

among the exposed and unexposed parents, respectively. We observed an increased risk of sui-

cide attempt among the exposed parents during the first years after a child cancer diagnosis,

but the increased risk did not maintain throughout the follow-up in either the unadjusted

(S2A Fig) or the adjusted (Fig 1A) model. In the sibling comparison, we similarly observed an

increased risk of suicide attempt during the first few years after a child cancer diagnosis but

not throughout the follow-up, with (Fig 1B) or without (S2B Fig) multivariable adjustment. In
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the population comparison, we identified 108 (IR, 10.3 per 100,000 person-years) and 1,317

(IR, 12.7 per 100,000 person-years) cases of death by suicide among the exposed and unex-

posed parents during the follow-up, respectively. Exposed parents had no altered risk of death

by suicide, compared to either the unexposed parents (Figs 1C and S2C) or their unexposed

siblings (Figs 1D and S2D), regardless of multivariable adjustment.

Table 1. Baseline characteristics of the study participants.

Characteristics Population comparison Sibling comparison

Exposed parents

(N = 106,005)

Matched unexposed parents

(N = 1,060,050)

Exposed parents

(N = 40,218)

Unexposed full siblings of the exposed

parents (N = 64,446)

Male, N (%) 49,750 (46.9%) 497,500 (46.9%) 19,108 (47.5%) 32,737 (50.8%)

Median age at cohort

entry, years

56 56 51 49

Age at cohort entry, years, N (%)

<40 17,925 (16.9%) 179,109 (16.9%) 8,607 (21.4%) 14,177 (22.0%)

40–60 53,057 (50.1%) 530,454 (50.0%) 23,507 (58.4%) 40,091 (62.2%)

>60 35,023 (33.0%) 350,487 (33.1%) 8,104 (20.2%) 10,178 (15.8%)

Calendar year at cohort entry, N (%)

1973–1989 7,956 (7.5%) 79,560 (7.5%) 2,720 (6.8%) 4,010 (6.2%)

1990–1999 16,159 (15.2%) 161,590 (15.2%) 6,479 (16.1%) 10,426 (16.2%)

2000–2009 38,763 (36.6%) 387,630 (36.6%) 14,953 (37.2%) 24,100 (37.4%)

2010–2016 43,127 (40.7%) 431,270 (40.7%) 16,066 (40.0%) 25,910 (40.2%)

Country of residence, N (%)

Sweden 57,163 (53.9%) 571,630 (53.9%) 31,370 (78.0%) 50,908 (79.0%)

Denmark 48,842 (46.1%) 488,420 (47.7%) 8,848 (22.0%) 13,538 (21.0%)

Educational level, years, N (%)

0–9 29,629 (28.0%) 269,323 (25.4%) 9,506 (23.6%) 15,556 (24.1%)

10–14 56,944 (53.7%) 568,839 (53.7%) 23,694 (58.9%) 38,334 (59.5%)

15- 17,949 (16.9%) 205,516 (19.4%) 6,601 (16.4%) 9,885 (15.3%)

Missing 1,483 (1.4%) 16,372 (1.5%) 417 (1.0%) 671 (1.0%)

Household income, N (%)

Below firstAU : Pleasenotethatordinalshavebeenspelledoutforfirstthroughninthandnumberedfor10thandupthroughoutthetext;asperPLOSstyle:tertile 30,772 (29.0%) 307,335 (29.0%) 8,221 (20.4%) 12,901 (20.0%)

Between first and second

tertile

27,962 (26.4%) 270,518 (25.5%) 12,312 (30.6%) 19,903 (30.9%)

Above second tertile 45,523 (42.9%) 464,382 (43.8%) 18,954 (47.1%) 30,644 (47.6%)

Missing 1,748 (1.6%) 17,815 (1.7%) 731 (1.8%) 998 (1.6%)

Marital status, N (%)

Single, widowed, or

divorced

26,534 (25.0%) 277,507 (26.2%) 10,159 (25.3%) 17,154 (26.6%)

Married 59,905 (56.5%) 586,014 (55.3%) 17,882 (44.5%) 27,397 (42.5%)

Missing 19,566 (18.5%) 196,529 (18.5%) 12,177 (30.3%) 19,895 (30.9%)

History of cancer, N (%)

Yes 8,268 (7.8%) 67,868 (6.4%) 2,170 (5.4%) 2,770 (4.3%)

No 97,737 (92.2%) 992,182 (93.6%) 38,048 (94.6%) 61,676 (95.7%)

History of psychiatric disorder, N (%)

Yes 9,258 (8.7%) 88,089 (8.3%) 3,223 (8.0%) 5,207 (8.1%)

No 96,747 (91.3%) 971,961 (91.7%) 36,995 (92.0%) 59,239 (91.9%)

Family history of psychiatric disorder, N (%)

Yes 18,449 (17.4%) 183,182 (17.3%) 10,454 (26.0%) 16,536 (25.7%)

No 87,556 (82.6%) 876,868 (82.7%) 29,764 (74.0%) 47,910 (74.3%)

https://doi.org/10.1371/journal.pmed.1004322.t001
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Given the null association for death by suicide in both the population and sibling compari-

sons as well as the smaller number of suicide attempts in the sibling comparison compared to

the population comparison, we focused on suicide attempt and the population comparison in

the following analyses.

As the average HRs of suicide attempt were similar between the unadjusted and adjusted

models, we present HRs with multivariable adjustment (Table 2). For instance, the mean HR

of suicide attempt was 1.15 (95% CI, [1.03, 1.28]; p = 0.01) during the first 7 years after a child

cancer diagnosis and 0.86 (95% CI, [0.75, 0.98]; p = 0.03) thereafter. Such increased risk was

mainly attributable to mothers, younger parents (60 or younger), earlier calendar years (before

2000), as well as parents without a history of cancer, a history of psychiatric disorder, or a fam-

ily history of psychiatric disorder. The lack of increased risk of suicide attempt thereafter was,

on the other hand, mainly attributable to fathers, older parents, as well as parents without a

history of cancer or a family history of psychiatric disorder.

In the analysis of child cancer characteristics, we focused on suicide attempt and found that

the increased risk of suicide attempt soon after a child’s cancer diagnosis was mainly observed

in relation to a child cancer diagnosis at 18 or younger (HR, 1.25; 95% CI, [1.08, 1.46];

p = 0.004), a child diagnosis of hematological malignancy (HR, 1.26; 95% CI, [1.02, 1.55];

p = 0.03), a child diagnosis of highly aggressive cancer (HR, 1.60; 95%CI, [1.05, 2.43];

p = 0.03), and when the child died from the cancer (HR, 1.63; 95% CI, [1.29, 2.06]; p< 0.001)

(Table 3).

Further adjustment for smoking (HR, 1.20, 95% CI, [1.04, 1.39]; p = 0.01) or BMI (HR,

1.17, 95% CI, [0.99, 1.37]; p = 0.06) during pregnancy as well as using complete case method

Fig 1. Adjusted hazard ratio (HR) with 95% confidence interval (CI) of suicide attempt and death by suicide in

relation to cancer diagnosis of a child, analyses of population, or sibling comparison. HR and associated 95% CI

were estimated from flexible parametric survival models, allowing the effect of cancer diagnosis of a child to vary over

time. A spline with 5 degrees of freedom (4 intermediate knots and 2 knots at each boundary, placed according to

quintile distribution of events) was used for the baseline rate, while a spline with 3 degrees of freedom was used for the

time-varying effect. (A) and (C) were adjusted for sex, age at cohort entry, country of residence, calendar year of

cohort entry, marital status, the highest attained educational level, household income, history of cancer, history of

psychiatric disorder, and family history of psychiatric disorder. (B) and (D) were adjusted for sex, age at cohort entry,

country of residence, calendar year of cohort entry, marital status, the highest attained educational level, household

income, history of cancer, and history of psychiatric disorder. The analyses of flexible parametric survival models were

performed on 5 imputed datasets, and HRs were obtained from combination of each dataset using Rubin’s rule. (A)

Suicide attempt in population comparison. (B) Suicide attempt in sibling comparison. (C) Death by suicide in

population comparison. (D) Death by suicide in sibling comparison.

https://doi.org/10.1371/journal.pmed.1004322.g001
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Table 2. IR (per 100,000 person-years) and HR with 95% CI of suicide attempt following a child cancer diagnosis—Analysis of the population comparison.

Characteristics Parents of

cancer-free

children

Parents of children with cancer

Entire follow-

up

Entire follow-

up

First 7 years of follow-up >7 years of follow-up

No. of

cases

IR No. of

cases

IR Unadjusted HR

(95% CI)a; P value

Adjusted HR

(95% CI)b; P
value

P for

interaction

Unadjusted HR

(95% CI)a; P value

Adjusted HR

(95% CI)b; P
value

P for

interaction

Overall 5,888 57.1 613 58.8 1.17 (1.11, 1.23);

P< 0.001

1.15 (1.03,

1.28); P = 0.01

0.87 (0.82, 0.92);

P< 0.001

0.86 (0.75,

0.98); P = 0.03

Sex 0.15 0.17

Male 2,531 52.4 235 48.1 1.04 (0.97, 1.13);

P = 0.27

1.04 (0.88, 1.24);

P = 0.63

0.76 (0.69, 0.84);

P< 0.001

0.77 (0.62,

0.95); P = 0.02

Female 3,357 61.2 378 68.2 1.27 (1.19, 1.35);

P< 0.001

1.23 (1.07,

1.41); P< 0.001

0.95 (0.88, 1.02);

P = 0.15

0.93 (0.79, 1.10);

P = 0.40

Age at cohort entry, years 0.04 0.11

<40 2,765 82.1 297 87.1 1.25 (1.15, 1.35);

P< 0.001

1.27 (1.06,

1.52); P = 0.009

0.95 (0.88, 1.02);

P = 0.15

0.96 (0.81, 1.12);

P = 0.58

40–60 2,583 47.9 273 50.2 1.22 (1.14, 1.30);

P< 0.001

1.18 (1.02,

1.36); P = 0.03

0.75 (0.67, 0.83);

P< 0.001

0.73 (0.57,

0.93); P = 0.01

>60 540 34.6 43 27.3 0.80 (0.70, 0.94);

P = 0.005

0.79 (0.56, 1.09);

P = 0.15

0.54 (0.35, 0.85);

P = 0.008

0.53 (0.19, 1.45);

P = 0.15

Calendar year at cohort entry 0.18 0.73

1973–1989 1,579 68.9 166 71.5 1.34 (1.19, 1.50);

P< 0.001

1.32 (1.02,

1.71); P< 0.001

0.91 (0.83, 0.99);

P = 0.04

0.90 (0.73, 1.11);

P = 0.32

1990–1999 1,860 61.4 190 62.2 1.32 (1.20, 1.44);

P< 0.001

1.31 (1.06,

1.61); P< 0.001

0.80 (0.73, 0.89);

P< 0.001

0.80 (0.65, 1.00);

P = 0.05

2000–2009 1,893 51.1 199 53.1 1.08 (1.00, 1.17);

P = 0.04

1.06 (0.89, 1.25);

P = 0.14

0.92 (0.80, 1.05);

P = 0.22

0.91 (0.67, 1.23);

P = 0.54

2010–2016 556 43.1 58 44.6 1.04 (0.92, 1.18);

P = 0.51

1.01 (0.77, 1.32);

P = 0.93

- -

Country of residence 0.43 0.36

Sweden 3,101 54.6 320 55.9 1.21 (1.14, 1.30);

P< 0.001

1.19 (1.03,

1.38); P< 0.001

0.82 (0.75, 0.89);

P< 0.001

0.82 (0.68,

0.98); P = 0.03

Denmark 2,787 60.1 293 62.4 1.12 (1.05, 1.20);

P = 0.001

1.10 (0.94, 1.28);

P = 0.25

0.93 (0.85, 1.01):

P = 0.10

0.91 (0.75, 1.11);

P = 0.35

Educational level,

years

0.79 0.66

0–9 2,252 81.3 249 82.6 1.11 (1.03, 1.20);

P = 0.008

1.12 (0.94, 1.33);

P = 0.21

1.11 (1.03, 1.20);

P = 0.008

0.92 (0.75, 1.12);

P = 0.40

10–14 2,904 52.3 294 52.4 1.17 (1.09, 1.25);

P< 0.001

1.16 (0.99, 1.34);

P = 0.06

0.80 (0.73, 0.87);

P< 0.001

0.80 (0.66,

0.98); P = 0.03

�15 582 31.5 58 35.0 1.22 (1.05, 1.41);

P = 0.008

1.26 (0.91, 1.76);

P = 0.17

0.94 (0.77, 1.16);

P = 0.57

0.97 (0.61, 1.55);

P = 0.89

Household income 0.76 0.88

Below the lowest

tertile

1,897 89.7 200 96.2 1.13 (1.05, 1.22);

P = 0.001

1.10 (0.93, 1.30);

P = 0.28

0.94 (0.83, 1.06);

P = 0.29

0.90 (0.68, 1.18);

P = 0.44

Between the lowest

and highest tertile

1,745 65.6 192 68.6 1.19 (1.09, 1.30);

P< 0.001

1.17 (0.96, 1.43);

P = 0.12

0.87 (0.80, 0.96);

P = 0.005

0.87 (0.70, 1.08);

P = 0.21

Above the highest

tertile

1,880 37.8 186 37.5 1.20 (1.10, 1.31);

P< 0.001

1.19 (0.98, 1.44);

P = 0.08

0.82 (0.74, 0.91);

P< 0.001

0.83 (0.66, 1.04);

P = 0.11

Marital status 0.34 0.88

Single, widowed, or

divorced

2,685 96.8 261 100.3 1.13 (1.05, 1.21);

P< 0.001

1.09 (0.93, 1.27);

P = 0.25

0.87 (0.80, 0.95);

P = 0.003

0.85 (0.69, 1.05);

P = 0.13

(Continued)
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(HR, 1.16, 95% CI, [1.04, 1.29]; p = 0.01) or indicator-missing method (HR, 1.15, 95% CI,

[1.03, 1.28]; p = 0.01) for missing imputation did not change the results substantially. In the

sibling comparison, the mean HR of suicide attempt was 1.45 (95% CI, [1.00, 2.10]; p = 0.049)

during the first 3.5 years after a child cancer diagnosis and 0.89 (95% CI, [0.70, 1.13]; p = 0.34)

thereafter. Finally, in separate analyses of parents with at least 1 suicide attempt before the

index date, we observed an increased risk of recurrent suicide attempt during the first 2 years

after a child cancer diagnosis but not thereafter (S3A and S3B Fig), and there was no increased

risk of death by suicide any time after a child cancer diagnosis (S3C and S3D Fig).

Discussion

In this binational cohort study, we observed an increased risk of parental suicide attempt dur-

ing the first years after a child cancer diagnosis, particularly when the child was diagnosed at

18 or younger or when the child was diagnosed with an aggressive or fatal cancer. There was

no increased risk of parental suicide attempt later during follow-up, and there was no altered

risk of parental death by suicide any time after a child cancer diagnosis.

Table 2. (Continued)

Characteristics Parents of

cancer-free

children

Parents of children with cancer

Entire follow-

up

Entire follow-

up

First 7 years of follow-up >7 years of follow-up

No. of

cases

IR No. of

cases

IR Unadjusted HR

(95% CI)a; P value

Adjusted HR

(95% CI)b; P
value

P for

interaction

Unadjusted HR

(95% CI)a; P value

Adjusted HR

(95% CI)b; P
value

P for

interaction

Married 2,722 42.9 303 46.4 1.25 (1.16, 1.33);

P< 0.001

1.21 (1.04,

1.40); P = 0.02

0.89 (0.82, 0.97);

P = 0.005

0.87 (0.72, 1.04);

P = 0.14

History of cancer 0.28 0.42

Yes 175 50.8 22 50.0 0.90 (0.71, 1.13);

P = 0.37

0.89 (0.53, 1.50);

P = 0.67

1.30 (0.88, 1.92);

P = 0.19

1.17 (0.49, 1.80);

P = 0.72

No 5,731 57.7 591 59.2 1.18 (1.13, 1.24);

P< 0.001

1.16 (1.04,

1.30); P = 0.007

0.86 (0.81, 0.92);

P< 0.001

0.86 (0.75,

0.98); P = 0.02

History of

psychiatric disorder

0.27 0.87

Yes 1,829 317.0 193 317.5 1.07 (0.99, 1.16);

P = 0.09

1.07 (0.90, 1.27);

P = 0.44

0.84 (0.74, 0.96);

P = 0.01

0.85 (0.63, 1.14);

P = 0.27

No 4,059 41.7 420 42.8 1.21 (1.14, 1.28);

P< 0.001

1.20 (1.05,

1.37); P = 0.009

0.87 (0.81, 0.93);

P< 0.001

0.86 (0.74, 1.00);

P = 0.06

Family history of

psychiatric disorder

0.15 0.38

Yes 1,143 82.9 113 55.3 1.00 (0.90, 1.12);

P = 1.00

0.98 (0.76, 1.25);

P = 0.86

0.98 (0.86, 1.13);

P = 0.82

0.98 (0.72, 1.34);

P = 0.90

No 4,745 53.1 500 82.0 1.22 (1.15, 1.28);

P< 0.001

1.19 (1.06,

1.34); P = 0.003

0.85 (0.79, 0.91);

P< 0.001

0.84 (0.72,

0.97); P = 0.02

aWithout any adjustment. Time since cohort entry was used as the underlying time scale. The analyses were performed on 5 imputed datasets, and HRs were obtained

from combination of each dataset using Rubin’s rule.
bAdjusted for sex, age at cohort entry, country of residence, calendar year at cohort entry, marital status, the highest attained educational level, household income,

history of cancer, history of psychiatric disorder, and family history of psychiatric disorder. Time since cohort entry was used as the underlying time scale. The analyses

were performed on 5 imputed datasets, and HRs were obtained from combination of each dataset using Rubin’s rule.

Bold confidence intervals and p-values refer to statistically significant results.

CIAU : AbbreviationlistshavebeencompiledforthoseusedinTables2and3:Pleaseverifythatallentriesarecorrectlyabbreviated:, confidence interval; HR, hazard ratio; IR, incidence rate.

https://doi.org/10.1371/journal.pmed.1004322.t002
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Relatively little is known regarding the risk of suicidal behavior among parents of children

with cancer. The few studies assessing the risk of death by suicide among parents of a child

with cancer have so far yielded inconsistent results [5,9,10]. This may in part be owing to the

relatively limited sample size and the short follow-up of the previous studies, considering the

low absolute risk of death by suicide. In line with 2 of these studies [5,10], we found in the pres-

ent study little evidence for an association between cancer diagnosis of a child and risk of

death by suicide among parents. Our study extends, on the other hand, the existing knowledge

base by demonstrating an increased risk of parental suicide attempt during the first years after

a child cancer diagnosis, but not thereafter.

Having a child with cancer is a severely stressful life event [1]. The observed increased risk

of parental suicide attempt within the first years after a child cancer diagnosis might be attrib-

uted to the psychological distress of having a child receiving a cancer diagnosis and the subse-

quent treatment of cancer. In addition, changes in financial [23] and marital status [24], as

potential subsequence of a child cancer diagnosis, might also contribute to the observed risk

increase. The increased risk was mainly attributable to mothers and younger parents. The for-

mer is likely because females might be more susceptible to psychological distress than males

[25,26]. The latter, on the other hand, corroborates the observation that the increased risk of

suicide attempt during the first years after a child cancer diagnosis was mainly observed for a

Table 3. HR with 95% CI of suicide attempt during the first 7 years after a child cancer diagnosis—Subgroup anal-

ysis of population comparison by cancer characteristics and calendar period.

Cancer characteristics HR (95% CI)a P value

Age at cancer diagnosis

�18 years 1.25 (1.08, 1.46) 0.004

>18 years 1.07 (0.92, 1.24) 0.36

Cancer type

CNS tumor 1.18 (0.91, 1.54) 0.21

Hematological malignancy 1.26 (1.02, 1.55) 0.03

Other cancer types 1.10 (0.96, 1.26) 0.16

Cancer aggressivenessb

Low 1.10 (0.89, 1.37) 0.37

Medium 1.13 (1.00, 1.28) 0.05

High 1.60 (1.05, 2.43) 0.03

Survival status

Surviving 1.07 (0.95, 1.21) 0.25

Deceased 1.63 (1.29, 2.06) <0.001

aCox models were adjusted for sex, age at cohort entry, country of residence, calendar year at cohort entry, marital

status, the highest attained educational level, household income, history of cancer, history of psychiatric disorder,

and family history of psychiatric disorder. Time since cohort entry was used as the underlying time scale. The

analyses of Cox models were performed on 5 imputed datasets, and HRs were obtained from combination of each

dataset using Rubin’s rule.
bCancer aggressiveness was defined according to 5-year survival rate of each cancer type (https://www-dep.iarc.fr/

nordcan/english/frame.asp.). Low aggressiveness of cancer type includes breast cancer, prostate cancer, non-

melanoma skin cancer, melanoma, corpus uteri cancer, and thyroid cancer. High aggressiveness of cancer type

includes lung cancer, esophagus cancer, liver cancer, pancreatic cancer, ovary cancer, and unknown/ill-defined

cancer. Medium aggressiveness of cancer type includes other cancer types not included in low aggressiveness and

high aggressiveness.

Bold confidence intervals and p-values refer to statistically significant results.

CI, confidence interval; CNS, central nervous system; HR, hazard ratio.

https://doi.org/10.1371/journal.pmed.1004322.t003
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child cancer diagnosed at age 18 or younger. In addition, the risk increase of suicide attempt

was also stronger for a child diagnosis of cancer with poor prognosis and when the child died

from cancer.

In contrast to an increased risk of parental suicide attempt during the first years after a

child cancer diagnosis, we observed no increased risk of parental suicide attempt later during

the follow-up and no altered risk of parental death by suicide any time after a child cancer

diagnosis. The exact mechanisms underlying such contrasting findings are yet known. How-

ever, one might speculate that parenting a child with cancer might eventually increase the resil-

ience and ability of the parents to adapt to challenges and better deal with future stress [27,28].

Another explanation might be the differential clinical characteristics and risk factors between

suicide attempt and death by suicide [29,30]. For instance, some might conduct self-harm to

cope with extreme negative emotions, with however no clear suicidal intent. Regardless, the

different risk patterns between suicide attempt and death by suicide needs to be validated in

future studies with independent study populations.

The major strengths of the study are the large sample size and the long follow-up. Thanks

to the population-based design, the complete follow-up due to register linkage, and the inde-

pendent and prospective ascertainment of child cancer diagnosis as well as parental suicidal

behavior, concerns of information and selection biases should have been minimized. The posi-

tive predictive value (PPV) of using register-based definitions of suicide attempt was shown to

be high in the Swedish and Danish registers (above 80%) [18,31]. The accuracy of register-

based definitions of death by suicide is also high, with a reported 81% and 90% agreement

after expert reevaluation in Sweden and Denmark, respectively [32]. Further, the multivariable

adjustment in the main and sensitivity analyses as well as the sibling comparison enabled thor-

ough control for confounding. Our study also has limitations. First, although we tried our best

to control for the effect of some lifestyle factors (for instance, smoking and BMI during preg-

nancy), the impact for other lifestyle factors was not addressed. However, to qualify as con-

founders, such factors have beenAU : Pleasecheckandconfirmthattheeditsto}However; toqualifyasconfounders; suchfactorshavebeencommon:::}didnotaltertheintendedmeaningofthesentence:common causes for both child cancer diagnosis and parental

suicidal behavior. The diminished estimates observed in the sibling comparison could partly

speak for residual confounding due to shared familial factors. However, as siblings of the

exposed individuals also experienced, to different extent, the psychological distress of having a

niece or nephew with a cancer diagnosis, the results of the sibling comparison may also repre-

sent an underestimation of the real association (i.e., overmatching). Second, given a lack of

information on prognostic markers of cancer (for instance, cancer stage at diagnosis), we clas-

sified cancer aggressiveness based on cancer type, which might have led to some misclassifica-

tion. Third, there is a concern of surveillance bias, assuming parents of children with cancer

might have a greater access to healthcare, leading to a greater possibility of being recorded for

suicide attempt in the healthcare system, or, alternatively, a lower chance of presenting them-

selves to healthcare in case of ill health, due to psychological distress or the demanding parent-

ing of a child with cancer. Fourth, although our study had a binational study population and a

large sample size, we had, regardless, relatively limited statistical power in the analysis of death

by suicide given the rareness of this event. Fifth, given that parents of children with cancer

might have a higher mortality than others, competing risk due to other causes of death might

have diluted the observed positive association. Sixth, as the presence of other children has been

shown to alleviate grief of parents undergoing stressful life events, for instance, bereavement of

a child due to death [33,34], the association of child cancer diagnosis with parental suicidal

behavior might vary for parents with or without other children. Future studies are therefore

warranted to test such a hypothesis. Finally, the generalizability of our findings to other coun-

tries with different healthcare system, sociocultural context, and prevalence of cancer and sui-

cidal behavior from those of Denmark and Sweden needs caution.
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In conclusion, there was an increased risk of parental suicide attempt during the first years

after the diagnosis of a child cancer, particularly when the child was diagnosed at age 18 or

below, or when the child was diagnosed with a cancer of poor prognosis, but not thereafter.

There was no altered risk of parental death by suicide any time after a child cancer diagnosis.

Our findings suggest the need of extended clinical awareness for the risk of suicide attempt

among parents of children with cancer, primarily during the first years after cancer diagnosis.

Vigilance and interventions for severe psychological distress and psychiatric symptoms might

be important and effective.
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