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Abstract
Background: Children experience a higher risk of psychiatric problems when their 
parents are diagnosed with cancer. However, the psychological effect among off-
spring who are born after parental cancer diagnosed in childhood or adolescence is 
unknown. We aimed to investigate the risk of psychiatric disorders in children of 
survivors with childhood or adolescent central nervous system (CNS) tumors.
Methods: By combining several nationwide Swedish registers, we identified all chil-
dren who had at least one parent previously diagnosed with CNS tumor below the 
age of 20. Five children without parental CNS tumor were randomly selected for the 
matching. Cox proportional hazards model was used to calculate hazard ratios (HRs) 
with 95% confidence interval (CI).
Results: The incidence rate of psychiatric disorders was 8.46 per 1000 person-years 
in children of CNS tumor survivors, whereas the rate was 7.47 in the matched com-
parisons, yielding an adjusted HR of 1.10 (95% CI = 0.94, 1.28). Boys of survivors 
had a higher risk of psychiatric disorders (adjusted HR = 1.29, 95% CI = 1.04, 1.59). 
The risk of the specific types of psychiatric disorders in children of tumor survivors 
was comparable with that in the matched comparisons, except for mental retarda-
tion. Children of survivors experienced 2.36 times higher risk of mental retardation 
(95% CI = 1.21, 4.58), mainly of mild mental retardation (adjusted HR = 2.99, 95% 
CI = 1.40, 6.38).
Conclusion: Children of survivors with CNS tumor in early life did not experience a 
significantly increased risk of overall psychiatric disorders, with the exception of an 
elevated risk of mental retardation that was mainly mild.
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1 |  INTRODUCTION

A growing number of studies have examined the mental 
health of children of cancer patients, during their parents’ di-
agnosis and treatment.1,2 These children often had a higher 
risk of psychiatric problems for multiple reasons, such as the 
decrease in physical and emotional availability of the parent, 
alteration of daily routines, shifting of household roles, and 
financial stress.1,2 However, the mental health of children 
born after parental cancer in childhood and adolescence has 
been less studied.3 Existing evidence has indicated that in-
dividuals with a CNS tumor in early life have a higher risk 
of adverse long-term neurologic and psychiatric outcomes 
due to primary and adjunct therapy, which could persist into 
adulthood.4–10 Furthermore, maternal or paternal exposure to 
stress or chemicals may induce epigenetic mutations, which 
are transgenerational and may affect their children's brain 
function and predisposition to psychiatric disorders.11–14 
Therefore, we hypothesized that a history of CNS tumor 
before adulthood might affect the mental health of children 
born subsequently. Central nervous system (CNS) tumor is 
one of the most frequently diagnosed malignancies among 
the younger population 15. With the development of modern 
cancer therapy and the associated improved survival rate, a 
greater number of patients with CNS tumor in early life can 
survive until adulthood and have children16,17; it is thus im-
perative to examine various health outcomes, including the 
mental health, in the children of these CNS tumor survivors.

By linking several Swedish national registers, we aimed 
to explore the risk of psychiatric disorders in offspring of 
survivors with childhood or adolescent CNS tumor as com-
pared to offspring without parental CNS tumor in childhood 
or adolescence, as well as the risk of the specific types of 
psychiatric disorders.

2 |  METHODS

2.1 | Study population

We identified all singleton live births that occurred between 
1973 and 2014 from the Swedish Medical Birth Register. 
This register was established to include childbirth infor-
mation in Sweden from 1973 and onwards. The Swedish 
Multi-generation Register allowed us to identify the parents 
of these children. By linking these parents to the Swedish 
Cancer Registry created in 1958,18 we obtained the informa-
tion of CNS tumor diagnoses in these parents. We then ex-
tracted data concerning all children whose parent was ever 
diagnosed with a CNS tumor below the age of 20 and sur-
vived for at least 5 years after the cancer diagnosis. Five chil-
dren, whose parents were not diagnosed with a CNS tumor, 
were randomly selected for matching to each child in the 

study group to generate the reference group, conditional on 
the same year of childbirth (continuous), the sex of offspring, 
maternal and paternal age at birth (continuous). We excluded 
children who were born within 1 year after parental diagnosis 
with a CNS tumor or died within 3 months after birth.

Every resident who lives in Sweden longer than 3 months 
is assigned a unique individual national identification num-
ber. To secure people's integrity, the identification number 
has been replaced with a serial number, which was used to 
link the registers used in this study.

2.2 | Assessment of exposure and covariates

Details of parental diagnosis with CNS tumors were col-
lected from the Swedish Cancer Registry, including maternal 
or paternal diagnosis, date at diagnosis, and histologic type 
of tumor. To investigate the effects of parental age at diag-
nosis, survivors diagnosed under the age of 15 were defined 
as childhood survivors, and those diagnosed between 15 and 
19 were defined as adolescent survivors. The calendar year 
of parental diagnosis was divided into before or after 1990 
to examine the potential influence of in vitro fertilization, 
which was first adopted in 1982 and very rare before 1990 
in Sweden.19 To explore the histologic-specific impact, we 
classified CNS tumors into the following types: astrocytoma, 
neurinoma, ependymoma, meningioma, hemangioma, me-
dulloblastoma, and others.16,20,21 Parental highest education 
was retrieved from the Total Population Register established 
in 1960, modeled as 1-9 years, 10-11 years, and 12+ years. 
Parental diagnosis with psychiatric disorders was obtained 
from the National Patient Register (NPR). Preterm birth was 
defined as a live birth occurring at less than 37 full weeks of 
gestation, collected from the Swedish Medical Birth Register.

2.3 | Assessment of outcomes

Diagnosis of psychiatric disorder in the offspring of CNS 
tumor survivors was retrieved from the NPR, which was 
established in 1964 and includes data with complete in-
patient care since 1987 and data with specialized outpa-
tient care since 2001. The International Classification of 
Disease (ICD) was used to classify different diseases in 
this register, and the 7th version was used before 1969, the 
8th version from 1969 to 1986, the 9th version from 1989 
to 1996, and the 10th version after 1996. We transformed 
the ICD-7, ICD-8, and ICD-9 codes to ICD-10 codes to 
ensure the consistency of the diagnoses. To explore the 
risk of specific types of psychiatric disorders, we classi-
fied the diagnoses into 10 main types of psychiatric dis-
orders: Organic, including symptomatic, mental disorders 
(ICD10 codes: F00-F09); Mental and behavioral disorders 
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due to psychoactive substance use (ICD10 codes: F10-
F19); Schizophrenia, schizotypal and delusional disor-
ders (ICD10 codes: F20-F29); Mood [affective] disorders 
(ICD10 codes: F30-F39); Neurotic, stress-related and so-
matoform disorders (ICD10 codes: F40-F48); Behavioral 
syndromes associated with psychological disturbances and 
physical factors (ICD10 codes: F50-F59); Disorders of 
adult personality and behavior (ICD10 codes: F60-F69); 
Mental retardation (ICD10 codes: F70-F79); Disorders 
of psychological development (ICD10 codes: F80-F89); 
Behavioral and emotional disorders with onset usually 
occurring in childhood and adolescence (ICD10 codes: 
F90-F99). In addition, mental retardation was further cat-
egorized into mild type (F70) and others (F71-F79: moder-
ate, severe, profound, and others). Three criteria were used 
for mental retardation diagnosis according to the DSM-5 
(APA, 2013).22 The score of standardized IQ tests ranging 
from 50 to 69 indicates mild mental retardation.23

2.4 | Statistical analysis

Cox proportional hazard models were used to calculate 
hazard ratios (HRs) and 95% confidence interval (CI). 
Follow-up for psychiatric disorder began at the date of 
childbirth and ended at the date of the first-time diagno-
sis of any psychiatric disorder, date of emigration, death, 
or end of the study (31 December 2015), whichever came 
first. Several covariates were taken into account in the 
multivariate analysis, including the year of childbirth, the 
sex of offspring, maternal and paternal age at birth, mater-
nal and paternal highest education, maternal and paternal 
diagnosis with psychiatric disorders. Stratified analyses 
were further performed by comparing with matched com-
parisons to explore whether the impact of parental CNS 
tumor differed depending on the sex of the child, maternal 
or paternal tumor diagnosis, parental age at tumor diagno-
sis, year of tumor diagnosis, parental psychiatric disorders, 
preterm birth and time interval between parental tumor di-
agnosis and childbirth, which was categorized into 1-10, 
10-20, >20 years.

We also investigated the risk of specific psychiatric dis-
orders using Cox proportional hazard models. The follow-up 
for the specific types of psychiatric disorders began at the 
date of childbirth and ended at the date of the first-time di-
agnosis of the specific type of psychiatric disorder, date of 
emigration, death, or end of the study (31 December 2015), 
whichever came first. Analyses were stratified by sex of the 
child, maternal or paternal diagnosis, and parental age at di-
agnosis. In addition, as the cause of mild mental retardation 
is distinct from other mental retardation, we further explored 
the risk of mild mental retardation and other mental retarda-
tions separately.

3 |  RESULTS

We identified a total of 1364 children (633 girls and 731 
boys) whose parents had been previously diagnosed with a 
CNS tumor below the age of 20. A total of 6820 children 
(3165 girls and 3655 boys) were selected as matched com-
parisons, as shown in Table 1,

As shown in Table 2, a total of 187 children of CNS tumor 
survivors developed a psychiatric disorder, yielding an inci-
dence rate of 8.46 per 1000 person-years, while the rate in 
the matched comparisons was 7.47 per 1000 person-years. 
After adjusting for the confounding factors, there was no sig-
nificant difference in the incidence rate of psychiatric disor-
ders between children of cancer survivors and the matched 
comparisons (crude HR: 1.13, 95% CI: 0.96, 1.32; adjusted 
HR: 1.10, 95% CI: 0.94, 1.28). However, the risk in boys 
was significantly higher compared to the reference (adjusted 
HR: 1.29, 95% CI: 1.04, 1.59). Additional stratified analyses 
indicated a stronger association in children of female CNS 
tumor survivors, of childhood CNS survivors, and first-born 
children after parental diagnosis but the associations were 
non-significant. The HRs for the different histological types 
of parental tumors ranged from 0.95 (astrocytoma) to 2.27 
(hemangioma). However, none of these were statistically sig-
nificant (Figure 1).

Regarding the risk of specific types of psychiatric dis-
orders, as shown in Figure 2 and Supplementary Table S1, 
the risk in children of tumor survivors was comparable with 
the matched comparisons, except for mental retardation. 
Children of survivors with a CNS tumor had a significantly 
elevated risk of mental retardation (crude HR: 2.29, 95% CI: 
1.19, 4.42; adjusted HR: 2.36, 95% CI: 1.21,4.58), especially 
children of survivors with astrocytoma (adjusted HR: 2.93, 
95% CI: 1.67,2.78). As shown in Table 3, the observed as-
sociation seemed to be more pronounced in boys (adjusted 
HR:2.47), children of female survivors (adjusted HR: 2.91), 
and childhood tumor survivors (adjusted HR:2.71). The ob-
served association seemed to be mainly contributed by a mild 
type of mental retardation (HR: 2.99, 95% CI: 1.40, 6.38).

4 |  DISCUSSION

This retrospective cohort study is the first population-based 
study to explore the mental health of children of survivors 
who were diagnosed with a CNS tumor before adulthood. 
We found that the overall mental health of these children was 
comparable with children of parents without a CNS tumor. 
However, children of tumor survivors were at 2.36 times 
higher risk of mental retardation. Mild mental retardation con-
tributed mostly to increased risk (HR = 2.99). The elevated 
risk was more pronounced in boys and children of female or 
childhood survivors. Although the underlying mechanisms of 
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T A B L E  1  Sociodemographic characteristics among offspring of survivors with central nervous system (CNS) tumor and matched 
comparisons

Variables

Offspring of survivors Matched comparisons

No. of individuals No (%). of outcome No. of individuals No (%). of outcome

Overall 1364 189 (13.8) 6820 827 (12.1)

Sex of offspring

Female 633 78 (12.3) 3165 399 (12.6)

Male 731 111 (15.2) 3655 428 (11.7)

Year of childbirth

<2001 721 150 (20.8) 3605 653 (18.1)

≥2001 643 39 (6.1) 3215 174 (5.4)

Maternal age at birth

<25 304 60 (19.7) 1520 252 (16.6)

25-29 438 59 (13.5) 2190 275 (12.6)

≥30 622 70 (11.2) 3110 300 (9.6)

Paternal age at birth

<30 530 82 (15.5) 2650 384 (14.5)

30-34 447 61 (13.6) 2235 240 (10.7)

≥35 387 46 (11.9) 1935 203 (10.5)

Maternal highest education

1-9 y 123 26 (21.1) 685 84 (12.3)

10-11 y 673 112 (16.6) 3145 436 (13.9)

>=12 y 568 51 (9.0) 2990 307 (10.3)

Paternal highest education

1-9 y 199 39 (19.6) 969 133 (13.7)

10-11 y 673 99 (14.7) 3387 418 (12.3)

> =12 y 492 51 (10.4) 2464 276 (11.2)

Maternal diagnosis with mental 
diseases

280 56 (20.0) 1066 162 (15.2)

Paternal diagnosis with mental 
diseases

217 31 (14.3) 846 128 (15.1)

Parental tumor

Maternal 720 104 (14.4) 3600 442 (12.3)

Paternal 644 85 (13.2) 3220 385 (12.0)

Parental age at tumor diagnosis

Childhood 883 130 (14.7) 4415 553 (12.5)

Adolescence 481 59 (12.3) 2405 274 (11.4)

Year of parental tumor diagnosis

<1990 1190 182 (15.3) 5950 775 (13.0)

≥1990 174 7 (4.0) 870 52 (6.0)

Histological type of parental tumor

Astrocytoma 741 94 (12.7) 3705 465 (12.5)

Meningioma 41 9 (21.9) 205 31 (15.1)

Neurinoma 116 16 (13.8) 580 75 (12.9)

Ependymoma 82 13 (15.9) 410 44 (10.7)

Medulloblastoma 38 5 (13.2) 190 23 (12.1)

Haemangioma 47 8 (17.0) 235 21 (8.9)

Others 299 44 (14.7) 1495 168 (11.2)
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the higher incidence of mental retardation in the offspring of 
these survivors are unclear, more clinical attention on these 
children may be needed as well as more school support.

Previous studies have demonstrated an increased risk of 
psychiatric problems among children of cancer patients di-
agnosed and treated for cancer in adulthood.1,2 However, in 

F I G U R E  1  Hazard ratio of psychiatric disorders among offspring of survivors with central nervous system tumor compared with matched 
comparisons stratified by histologic type. HRs were adjusted for year of childbirth, sex of offspring, maternal and paternal age at birth, maternal 
and paternal highest education, maternal and paternal diagnosis with psychiatric disorders

F I G U R E  2  Hazard ratio of the specific type of psychiatric disorder among the offspring of survivors with central nervous system tumor 
compared with matched comparisons. CI, confidence intervals; HR, hazard ratio. HRs were adjusted for year of childbirth, sex of offspring, 
maternal and paternal age at birth, maternal and paternal highest education, maternal and paternal diagnosis with psychiatric disorders. (Data are 
shown in Supplementary Table S1)
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terms of children born after a parental diagnosis with a CNS 
tumor in childhood and adolescence, we did not observe a 
higher burden of psychiatric disorders when compared with 
matched comparisons. The results are consistent with our 
previous study in the offspring of overall cancer survivors.3 
However, boys of these survivors seemed to experience a 
slightly higher risk of psychiatric disorders.

The findings of an elevated risk of mental retardation, pre-
dominately mild mental retardation, is noteworthy, which is 
in line with our previous study that children of these survivors 
tended to get a poorer school performance.20 The causes behind 
the intellectual and learning disabilities in mental retardation 
are not completely clear. Genetics plays a critical role in severe 
and profound mental retardation, which often appears as part of 
syndromes, such as Down syndrome and fragile X syndrome.24 
Mild mental retardation may be more likely to be linked to epi-
genetic changes and sociocultural and psychological causes.24–29 
The epigenetic changes might be induced by prenatal exposures 
(maternal alcohol use, drug use, malnutrition, and infection) and 
postnatal causes (whooping cough, measles, meningitis, and 
malnutrition).25–29 Sociocultural and psychological causes in-
clude poor environment, insufficient parent-child interactions or 
early learning experiences.25–29 In this study, children of tumor 
survivors had a higher risk of mild mental retardation rather than 
a severe type thus indicating that epigenetic changes and socio-
cultural causes might have contributed to the observed findings 
while genetics may play a smaller role. Sociocultural and psy-
chological problems are often tied to parental educational level 
and parental mental health. In the multivariate model, including 
parental educational level and parental diagnosis with psychiatric 
disorders, the association between parental CNS tumor and mild 
mental retardation remained, however, similar. This may indicate 
that there are other factors involved in the association, which calls 
for further investigations. Emerging evidence has suggested that 
parental exposure to radiation, chemicals, or stress might lead to 
transgenerational epigenetic programming of brain development 
in offspring.11–14 Besides, parental tumors caused by germline 
neurofibromatosis type 1 (NF1) alterations may contribute to 
the observed association given that NF1 and other RAS-driven 
brain tumor syndromes are known to cause mild behavioral and 
cognitive abnormalities in children.30 Additionally, tuberous scle-
rosis 1 (TSC1)/TSC2 mutations cause subependymal giant cell 
astrocytoma and are the main cause of autism-like symptoms in 
children.30 Mild mental retardation might not be apparent before 
a poor academic performance is recognized in school.26 Results 
from the Carolina Abecedarian Project suggest that early interven-
tion is beneficial for children to obtain better academic attainment, 
more employment opportunities, and fewer behavioral prob-
lems.31,32 Therefore, survivors who were previously diagnosed 
with CNS tumor may be recommended to be observant of their 
children's intellectual development, especially adaptive function-
ing, such as skills of communication, self-care, self-direction, and 
academic skills.

We acknowledge several limitations in this study. A mul-
ticenter cohort study with a larger sample may be needed to 
confirm the observation. Furthermore, we were unable to ex-
amine the risk of psychiatric disorders in children associated 
with parental cancer treatments due to the lack of such infor-
mation in our datasets. Several strengths should, however, be 
noted for this study. The external validity is warranted due to 
the nationwide coverage, the high quality of the registers, and 
the clinical diagnoses of psychiatric disorders. The matched 
cohort design helped to reduce the impact from several im-
portant covariates, such as the sex of the child, parental age at 
birth, and other potential confounders. Other covariates were 
further included in the multivariate model.

To sum up, children of survivors diagnosed with a CNS 
tumor during childhood or adolescence did not seem to have 
an increased risk of overall psychiatric disorders, but they 
had a significantly increased risk of mainly mild mental re-
tardation. Intervention programs may be needed for these 
children to improve their future cognitive ability.
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