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Abstract 

Objective 

Maternal cancer may be associated with offspring mental and behavioural disorders through various 

biological pathways. When postnatally diagnosed, it may cause stress and changes in care, potentially 

influencing mental health. Prenatally diagnosed cancer could lead to maternal stress and treatment, or 

influence fetal neural development.  This study investigates associations between prenatally or postnatally 

diagnosed maternal cancers, and mental and behavioural disorders in children. 

 

Methods 

The study comprised of 2,158,430 children born in Denmark (1978-2012). Children were exposed if their 

mother received a cancer diagnosis prenatally (two years prepartum, until birth) or postnatally (birth, until 

18 years postpartum). Further analyses considered cancer types and diagnostic delays. Children were 

followed until 18 years of age or the first of the following: diagnosis of a mental or behavioural disorder, 

emigration, death, end of follow-up 

 

Results 

During follow-up 79,682 (3.7%) children were diagnosed with mental or behavioural disorders. There was 

an increased risk among offspring exposed to postnatally diagnosed cancers (HR 1.05, 95% CI: 1.00–1.11); 

for prenatally diagnosed cancers HR was 1.07 (0.87–1.31). The strongest associations for disorder types 

were for prenatal diagnoses with mood/affective disorders (HR: 2.45; 1.02–5.89) and postnatal diagnoses 

with mood/affective disorders (HR: 1.43; 1.14–1.79). 
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Conclusions 

The results indicate a link between maternal cancer occurrence during pregnancy or early postnatal life, 

and mental and behavioural disorders in offspring. This association could be driven by common factors in 

the two periods, such as psychological stress or genetic factors. No specific fetal programming was 

identified.  
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Introduction 

Parental cancer, diagnosed during an offspring’s childhood and adolescence has, unsurprisingly, been 

associated with negative psychosocial outcomes in the offspring.1-4 However, studies regarding medical 

diagnoses of mental and behavioural disorders, such as autism spectrum disorders, mood disorders and 

mental retardation, are limited in number. One study has suggested an association with these disorders 

among offspring of parents who received a cancer diagnosis during the offspring’s childhood and 

adolescence.4 A Danish study found that there was no overall increased risk, but that maternal lung cancers 

were associated with an increase in diagnosis of any psychiatric disorder, and diagnosis of schizophrenia.5 

In addition to the stress that the diagnosis, treatment and prognosis would cause a child, it would affect 

their daily lives, care received and parents’ abilities to be involved in family-related tasks.3, 6  

 

The body of evidence around the fetal origins of mental and behavioural disorders is also growing. 

Associations between offspring mental health and cancers diagnosed before childbirth could be expected 

to be mechanistically different from the associations observed when diagnoses are received postnatally. 

Fetal adversity has been suggested to increase vulnerability to psychopathology, with studies finding 

increased prevalence of mental and behavioural issues among children with poor fetal growth 7-10 and 

exposure to maternal disease and medication use.11, 12 Although cancer during pregnancy is relatively rare, 

it would be expected to create a suboptimal fetal environment. In addition to potential exposure to 

treatments, it would be a cause of stress for the mother.13, 14 It may also compromise nutritional intake and 

placental function, and cause chronic inflammation.15-18 Furthermore, prenatal insults, such as hypoxia, 

infection and inflammation, which may be more common in mothers with cancer, have been suggested to 

influence development via altered fetal central nervous system immune response and neuronal injury, 

predisposing children to certain psychiatric disorders.19  Thus, several aspects of maternal cancer during 

pregnancy are expected to inhibit fetal growth thereby potentially increasing the risk of mental disorders. 
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In this exploratory paper, we investigate the association between both prenatal and postnatal maternal 

cancer diagnoses and risk of mental and behavioural disorders in the offspring. While mechanisms for any 

observed associations would differ by timing of cancer diagnosis if any causal relations were to exist, we 

expected increased risks among children of mothers who received either prenatal or postnatal maternal 

cancer diagnoses. If mental health problems were increased only for those whose mothers were diagnosed 

with cancer during pregnancy, but not after, it would support a hypothesis of fetal programming. 
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Methods 

Study participants and follow-up 

All residents of Denmark are assigned a unique civil registration number at birth or immigration, which can 

be used to link data from the different nationwide registers. In this study, we identified all children born 

from 1st January 1978 to 31st December 2012 in Denmark, and obtained information on their diagnoses of 

mental and behavioural disorders, and whether, and when, their mothers received cancer diagnoses. 

 

Ascertainment of maternal cancer diagnoses 

Maternal cancer diagnoses were extracted from the Danish Cancer Registry. Data on maternal cancer 

diagnoses were linked to the Danish Civil Registration System, which holds information on the birth dates 

of the child. This allowed identification of diagnoses in the defined exposure window. The main exposure of 

interest was any maternal cancer (International Classification of Diseases 7th Revision [ICD-7] codes: 140-

207 before 1994, ICD-10 codes: C00- C97 from 1994 to 2010) diagnosed either prenatally (two years prior 

to the index child's birth, up until their birthday) or postnatally (birth, up to 18 years postpartum). 

Additionally, types of cancer were considered (see online supplemental materials).  

 

Ascertainment of mental and behavioural disorders 

Offspring diagnoses of mental and behavioural disorders were obtained from the Danish National Patient 

Register and the Danish Psychiatric Central Research Register, from 1981 to 2015. Pre-1994, cases were 

identified using ICD-8 codes 290-315; from 1994 onwards, ICD-10 codes for mental and behavioural 

disorders (F00-F99) were used. Offspring were considered “at risk” of a mental and behavioural disorder 

diagnosis from 3 years of age. They followed up to a maximum of 18 years of age until the first of the 

following events: diagnosis of a mental or behavioural disorder, emigration, death, or 31 December 2015.  
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Some more specific types of mental and behavioural disorders were also considered (see online 

supplemental materials).  

 

Covariates 

Adjustment was made for the following covariates, identified as potential confounders based on directed 

acyclic graphs: sex (male, female), maternal age at time of birth (15-26 years, 27-30 years, ≥31 years), 

child’s birth year (continuous), maternal highest education at time of childbirth (≤14 years, ≥15 years), 

parity (previous viable births; 0, 1, ≥2, missing) and parental diagnosis of a mental or behavioural disorder 

(yes, no). No data were available on lifestyle factors.  

 

Statistical analysis 

Cox proportional hazards regression was used to obtain hazard ratios (HRs) with 95% confidence intervals 

(CIs). Prenatal diagnosis of maternal cancer was treated as a binary variable. Postnatal diagnosis was 

treated as a time-dependent, binary variable; with the child contributing to the person-time of the 

unexposed group from start of follow-up until a maternal cancer diagnosis was received, at which point 

their exposure status would change from “unexposed” to “exposed”. Reported analyses treated missing 

data as separate categories.  

 

Analyses were performed in Stata 15, with robust standard errors, allowing for some mothers contributing 

more than one child to the study population. 

 

 

Sensitivity analysis 

Analyses on postnatal cancer diagnoses were re-run with the introduction of lag times of 1 and 3 years 

after maternal cancer diagnosis, before a child was moved to the exposed group. These were carried out to 
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evaluate how estimates changed when allowing for a period between initiation of a mental or behavioural 

disorder and its diagnosis.  

 

Additional adjustment was made for maternal death from cancer before the end of the follow-up period, as 

a proxy for cancer severity and prognosis. Maternal smoking during pregnancy was also added to models, 

but as it was only available in the Danish National Patient Register from 1996 onwards and would not 

provide an indicator of maternal smoking during the child’s postnatal life, it was not included in the main 

analyses. 

 

Finally, paternal cancer diagnosis was substituted as the exposure, to assess the potential role of genetics in 

any observed associations. If risk estimates for paternal cancer matched risk estimates for maternal cancer, 

it would speak against a fetal programming effect of prenatal maternal cancer diagnosis. 

 

Ethical approval 

The study was approved by the Danish Data Protection Agency (j.nr. 2013-41-2569). Written informed 

consent is not required for register-based studies in accordance with regulations in Denmark. 
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Results 

The study population comprised of 2,158,430 children, who were born in Denmark from 1978 to 2012, to 

1,097,612 mothers. Of these children, 79,682 (3.69%) had a diagnosis of a mental or behavioural disorder 

recorded in the registers during follow-up; the most common of these being “disorders due to alcohol use” 

(n=20,520; 0.95%); neurotic, stress-related and somatoform disorders (n=13,518; 0.63%); and attention 

deficit disorder (n=7,077; 0.33%). The mothers of 2,725 (0.13%) of the children received a prenatal 

diagnosis of cancer and the mother of 63,862 (2.96%) of the children received a postnatal diagnosis. The 

characteristics of the study population are displayed in Table 1, by both prenatal and postnatal exposure.  

 

The association between prenatal maternal cancer diagnosis and offspring diagnosis of mental or 

behavioural disorders are displayed in Supplemental Table 1 (see online supplemental materials). The 

adjusted HR for any mental or behavioural disorder was 1.07 (95% CI: 0.87–1.31). The HRs for the 

associations with groups of mental and behavioural disorders are also displayed here. Confidence intervals 

were wide due to limited numbers of prenatally exposed children, however, the strongest associations 

were observed for mood/affective disorders (HR: 2.45, 95% CI: 1.02–5.89), autism spectrum disorders (HR: 

1.90, 95% CI: 1.02–3.54) and attention deficit disorders (HR: 0.77, 95% CI: 0.35–1.72). 

 

Table 2 shows the associations between postnatal maternal cancer diagnosis and offspring mental or 

behavioural disorders. For any mental or behavioural disorder, the HR was 1.05 (95% CI: 1.00–1.11). When 

considering groups of disorders, statistical significance was reached for: mood/affective disorders (HR: 1.43, 

95% CI: 1.14–1.79), and neurotic, stress-related and somatoform disorders (HR: 1.14, 95% CI: 1.02–1.27).  

Associations between types of prenatal and postnatal maternal cancer diagnosis and all mental and 

behavioural disorders are found in Supplemental Table 2 (see online supplemental materials). For 

postnatally diagnosed maternal cancers, the largest associations were seen for: lip, oral and pharyngeal 

(HR: 1.50; 95% CI: 1.20–1.87); digestive (HR: 1.16; 95% CI: 1.02–1.31); respiratory (HR: 1.31; 95% CI: 1.12–
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1.53); bone and cartilage (HR: 1.64; 95% CI: 1.15–2.34); and lymphoproliferative and haematopoetic 

cancers (HR: 1.25; 95% CI: 1.07–1.47). 

 

Paternal cancer had an adjusted HR of 0.97 (95% CI: 0.79, 1.17) for prenatal diagnoses and 1.03 (95% CI 

0.97, 1.09) for postnatal diagnoses, and any type of mental or behavioural disorder.  

 

Results from the other sensitivity analyses are available (see online supplemental materials). 
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Conclusions 

Increased risks for mental and behavioural disorders were seen among the offspring of mothers who 

received both a prenatal or a postnatal cancer diagnosis. However, statistical significance was reached for 

postnatal diagnoses only and associations were weak in most cases. Increased risks of any mental and 

behavioural disorder were also seen for exposure to some specific cancers; namely postnatally diagnosed 

maternal digestive, respiratory, bone and cartilage, and lymphoproliferative and haematopoetic cancers. 

Furthermore, despite low power, increased risks were seen for some specific mental and behavioural 

disorders with any prenatally (mood/affective disorders and autism spectrum disorders) and postnatally 

diagnosed maternal cancers (mood/affective disorders and neurotic, stress-related and somatoform 

disorders). All these findings need to be replicated in a different data source and considered in light of low 

power in some cases. 

 

Previous literature supports biological plausible theories for a causal relation between both prenatally and 

postnatally diagnosed maternal cancer and offspring psychiatric disorders. A prenatal diagnosis of cancer 

would lead to stress for a mother; and cancers and their treatments are associated with unfavourable 

nutrition and metabolic changes15-18, 20-22 which could affect fetal development. Early nutritional exposures 

have been reported to be associated with offspring mental health and disorders;23 as has exposure to 

prenatal stress,24-26 but this has not been consistently demonstrated.27 Postnatal maternal cancer 

diagnoses, on the other hand, would be a direct stressor for children and result in disrupted routines;3, 6 

these consequences have been shown to affect children’s mental wellbeing, with studies generally finding 

distress, stress, uncertainty and helplessness to be greater among these children.1, 28 Additionally stress 

activates the hypothalamic-pituitary-adrenal axis and results in a rise in cortisol levels.29 Serum cortisol has 

been linked to psychotic symptoms among patients with Cushing’s disease.30 Stressful experiences have 

also been found to be more frequent among patients with other psychiatric disorders, such as 

schizophrenia31 and depression.32  
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Some evidence of an association between postnatally diagnosed maternal cancer and offspring mental and 

behavioural disorders has been seen in epidemiological studies. While a previous study in Denmark found 

no association between all maternal cancer and offspring psychiatric diagnoses,5 an increase was observed 

for children whose mothers had lung cancers. This is in line with our findings of elevated risks among those 

with respiratory cancers, and could potentially be explained by the severity of these types of cancers. A 

study among Finnish children found an increase in mental disorders treated in specialised outpatient clinics, 

among female offspring exposed to postnatally diagnosed parental cancer.33 A recent study in Sweden by 

Chen et al found higher risks of psychiatric disease diagnoses and use of prescribed psychiatric medication 

in children exposed to postnatal parental cancer, particularly among those whose parents had poor 

prognosis or died after a cancer diagnosis.34 

 

We found increased risks for mood/affective disorders and for autism spectrum disorders, for prenatally 

diagnosed maternal cancer; however when looking at all mental and behavioural disorders statistical 

significance was not reached. Chen et al reported estimates of a similar magnitude for diagnoses of all 

disorders; but this is the extent of epidemiological evidence on this association.34 Other studies provide 

support for early life programming of these disorders; for example, a study on affective disorders 

demonstrated a role of neurodevelopmental impairment.35, 36 Abnormal cerebral cortex development has 

been observed to be more common in children with autism,37 suggesting it has its origins in prenatal life 

and risk could be influenced in utero, for example by maternal cancer. Our findings for autism spectrum 

disorders could alternatively be due to their postulated genetic link with cancers.38  

 

While a paternal diagnosis of cancer would also cause stress, the absence of an observed association for 

prenatal paternal cancer diagnoses suggests prenatal maternal diagnoses act on the development of 

mental and behavioural disorders through a different, or additional, pathway; supporting a role of fetal 
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programming, in addition to other factors. The role of chance and uncontrolled confounding cannot be 

ruled out for any of the associations we observed in our study. It is also possible that there are genetic links 

or common causes for the cancers and mental disorders, rather than a causal association.  

 

Methodological strengths include the use of nationwide Danish register data. We could examine the 

associations between some groups of mental and behavioural disorders and cancers; however, larger 

numbers would provide more precise estimates, particularly for prenatal maternal cancers, which are 

relatively rare. The Danish Psychiatric Central Research Register and the Danish Cancer Registry are 

considered to have high levels of completeness and quality. 

 

Study limitations 

There are a number of limitations to our study. First, both psychiatric disorders and cancer can have 

lengthy time-to-diagnosis, which could affect the study in a number of ways. For example, stress caused by 

offspring behavioural issues prior to a psychiatric diagnosis could be postulated to increase cancer risk. 

However, we would not expect reverse causation to be an important issue in this study; for postnatal 

diagnoses, children were only considered to be exposed after their mother received a cancer diagnosis. 

Furthermore, the introduction of a 1 year and 3 year lag between maternal cancer diagnosis and offspring 

mental disorders did not alter results. Time-to-diagnosis could, however, have impacted the results 

observed for prenatal cancers; diagnosis of cancers present during pregnancy can be delayed due to limited 

diagnostic tools and because symptoms of cancers can be mistakenly attributed to the normal physiological 

changes associated with pregnancy.39 Some maternal cancers may have been present, but preclinical in the 

prenatal stage; in these cases children would have been considered “exposed” to postnatally diagnosed 

cancer, but not to prenatally diagnosed cancer. While it could be said that, as the exposure is based on the 

timing of the diagnosis of a maternal cancer, the child would not technically be misclassified, it highlights a 

limitation. A cancer diagnosed three months postnatally would most likely have been present while the 
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child was in utero, so the child would have been exposed to the in utero nutritional and metabolic 

challenge, but not classified as such.  

 

Another limitation is that our results may not demonstrate the true effect of exposure to maternal cancer. 

While the results presented here show the associations present in this study population of live-born 

children, increased risks of stillbirth and infant mortality have been seen among children exposed to 

pregnancy related cancers, including cancers diagnosed in the year after birth.40   

 

It could be argued that mental and behavioural disorders would be diagnosed differentially in the exposed 

group compared to the unexposed group. However, it is difficult to hypothesise about the magnitude and 

direction of the bias this could potentially cause. Children of mothers who had received a cancer diagnosis 

may be more closely monitored and more likely to be referred to psychiatric health services. Conversely, 

mental and behavioural disorders could be underdiagnosed because of strains on the family from the 

maternal cancer diagnosis, or because of the family considering abnormal behaviours to be a reaction to 

the mother’s diagnosis.  

 

Clinical implications 

The study’s findings support previous research on the impact a diagnosis of maternal cancer has on 

children. Health care services need to consider this impact as signs of mental and behavioural disorders 

could be dismissed as normal reactions to the psychological stress of parental illness. Children of mothers 

with a cancer diagnosis may benefit from further support, processing the diagnosis, at home and at school.  

 

In conclusion, we found that maternal cancer diagnosed after a child’s birth increased the occurrence of 

any mental and behavioural disorders in that child. The association was indicative of a similarly increased 

risk when the maternal cancer diagnosis was made prenatally. Positive associations were also seen for 
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certain groups of cancers and certain groups of psychiatric disorders. Our study provides some support for 

the theory of prenatal origins of mental and behavioural disorders and for the role of early postnatal life 

stress, but needs to be replicated. 
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Table 1. Descriptive characteristics of the study population according to prenatal and postnatal maternal 

cancer diagnosis status among 2,158,430 children born in Denmark (1978-2008) 

 Prenatal exposure to maternal 

cancer diagnosis 

Postnatal exposure to maternal 

cancer diagnosis 

 Exposed 

(N=2,725) 

Unexposed 

(N=2,155,705) 

Exposed 

(N=63,862) 

Unexposed 

(N=2,094,568) 

Variables N (%) N (%) N (%) N (%) 

Maternal age, years     

  <27 474 (17) 714,439 (33) 13,834 (22) 701,079 (33) 

  27-<30 755 (28) 628,628 (29) 18,382 (29) 611,001 (29) 

  ≥31 1,245 (46) 696,063 (32) 30,912 (48) 666,396 (32) 

  Missing 251   (9) 116,575   (5) 734   (1) 116,092   (6) 

Maternal highest education      

  Lower secondary 521 (19) 538,791 (24) 15,267 (24) 524,045 (25) 

  Higher secondary 1,167 (43) 889,554 (41) 26,518 (42) 864,203 (41) 

  Higher education 885 (32) 518,121 (24) 17,209 (27) 501,797 (24) 

  Missing 152   (6) 209,239 (10) 4,868   (8) 204,523 (10) 

Maternal smoking during pregnancy  †     

  Yes 267 (10) 186,970   (9) 5,286   (8) 181,951   (9) 

  No 1,433 (53) 897,563 (39) 19,700 (31) 819,296 (39) 

  Missing 1,025 (38) 1,131,172 (52) 38,876 (61) 1,093,321 (52) 

Parity      

  1 1,553 (57) 1,346,361 (62) 38,759 (61) 1,309,155 (63) 

  2 767 (28) 543,296 (25) 16,753 (26) 527,310 (25) 

  ≥3 401 (15) 256,991 (12) 8,284 (13) 249,110 (12) 

  Missing 4 (<1) 9,057 (<1) 66 (<1) 8,993 (<1) 

Parental diagnosis of mental or behavioural disorders    

  Yes 577 (21) 433,046 (20) 14,566 (23) 419,057 (20) 

  No 2,148 (79) 1,722,659 (80) 49,296 (77) 1,675,511 (80) 

Birth weight, g     
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† Available from 1996 onwards 

 

 

  

  <2500 250   (9) 112,452   (5) 3,966   (6) 108,736   (5) 

  2500-<4000 2,048 (75) 1,668,059 (77) 48,483 (76) 1,621,624 (77) 

  ≥4000 414 (15) 359,772 (17) 11,172 (17) 349,014 (17) 

  Missing 13 (<1) 15,422  (1) 241 (<1) 15,194   (1) 

Gestational age, weeks     

  <37  323 (11) 124,255   (6) 4,392   (7) 120,186   (6) 

  ≥37-40  1,466 (54) 1,261,555 (59) 38,155 (60) 1,224,906 (58) 

  ≥41 936 (34) 769,895 (36) 21,355 (33) 749,476 (36) 

Singleton     

  Yes 2,085,304 (97) 2,618 (96) 2,026,334 (97) 61,588 (96) 

  No 70,401  (3) 107   (4) 68,234   (3) 2,274   (4) 

Sex     

  Male 1,359 (50) 1,099,374 (51) 32,458 (51) 1,068,275 (51) 

  Female 

  Missing 

1,350 (50) 

16 (<1) 

1,043,819 (49) 

12,512 (<1) 

31,066 (49) 

338   (1) 

1,014,103 (48) 

12,190   (1) 

     



21 
 

Table 2. Hazard ratios (HR) for offspring mental and behavioural disorders according to exposure to 

postnatal maternal cancer diagnosis 

Type of offspring mental or 

behavioural disorder 

Postnatal 

maternal cancer 

diagnosis 

Mental and behavioural 

disorder cases 

(rate 1/100,000 person 

years) 

Crude HR Adjusted HR  

(95% CI) † 

Any Unexposed 77,479 (0.90) 1 (reference) 1 (reference) 

 Exposed 1,584 (1.20) 1.06  1.05 (1.00–1.11) 

Mood/affective disorders Unexposed 1,833 (0.02) 1 (reference) 1 (reference) 

 Exposed 80 (0.06) 1.53  1.43 (1.14–1.79) 

Neurotic, stress-related and 

somatoform disorders 

Unexposed 13,080 (0.15) 1 (reference) 1 (reference) 

Exposed 338 (0.25) 1.20  1.14 (1.02–1.27) 

Eating disorders Unexposed 3,277 (0.04) 1 (reference) 1 (reference) 

 Exposed 95 (0.07) 1.24  1.14 (0.93–1.41) 

Developmental disorders Unexposed 5,704 (0.07) 1 (reference) 1 (reference) 

 Exposed 61 (0.05) 1.01  0.95 (0.73–1.22) 

Autism spectrum disorders Unexposed 3,987 (0.05) 1 (reference) 1 (reference) 

 Exposed 52 (0.06) 0.90 0.80 (0.60–1.06) 

Attention deficit disorders Unexposed 6,934 (0.08) 1 (reference) 1 (reference) 

 Exposed 105 (0.08) 1.07  1.09 (0.90–1.32) 

Conduct disorders Unexposed 3,300 (0.04) 1 (reference) 1 (reference) 

 Exposed 46 (0.03) 1.08  1.29 (0.96–1.72) 

Tic disorders and Tourette 

Syndrome 

Unexposed 2,311 (0.03) 1 (reference) 1 (reference) 

Exposed 87 (0.06) 1.03  0.95 (0.75–1.19) 

Mental retardation Unexposed 5,455 (0.06) 1 (reference) 1 (reference) 

 Exposed 62 (0.05) 0.86  0.85 (0.66–1.09) 

Psychosis Unexposed 922 (0.01) 1 (reference) 1 (reference) 

 Exposed 29 (0.02) 1.16  1.14 (0.79–1.65) 

Personality disorders Unexposed 683 (0.01) 1 (reference) 1 (reference) 

 Exposed 21 (0.02) 0.84  0.85 (0.55–1.32) 

Disorders due to alcohol Unexposed 19,726 (0.23) 1 (reference) 1 (reference) 

 Exposed 598 (0.44) 1.02  1.07 (0.99–1.16) 
 

† Adjusted for maternal age group at time of birth, maternal highest education at time of birth, birth year 

and sex 



Online supplemental materials 

Supplemental Methods 

In our analyses we also looked at more specific types of maternal cancer diagnosis and offspring mental 

and behavioural disorders. The types of cancers considered were: lip, oral and pharangeal (ICD-7 codes 

140-148; ICD-10 codes C00-C14); digestive (ICD-7 150-159; ICD-10 C15-C26); respiratory (ICD-7 160-165; 

ICD-10 C30-C39); bone and cartilage (ICD-7 196; ICD-10 C40-C41); mesothelial and soft tissue (ICD-7 197; 

ICD-10 C45-C49); breast (ICD-7 170; ICD-10 C50); female genital (ICD-7 171-176; ICD-10 C51-C58); urinary 

(ICD-7 180-181; ICD-10 C64-C68); brain and central nervous system (CNS; ICD-7 192-193; ICD-10 C69-C72); 

other solid (ICD-7 15-159; ICD-10 C15-C26); lymphomas and other lymphoproliferative and haematopoetic 

(ICD-7 198-199; ICD-10 C76-C80, C97); leukaemias (ICD-7 204; ICD-10 C91-C95).   

 

The following groupings of mental and behavioural disorders were used: mood and affective disorders (ICD-

8 codes 296x9, 29809, 20819, 30049, 30119; ICD-10 codes F30-F39, F92.0); neurotic, stress-related and 

somatoform disorders (ICD-8 300x9, 205x9 30568, 30799; ICD-10 F40-F48, F93-F94); eating disorders (ICD-8 

30650; ICD-10 F50); developmental disorders (ICD-8 30610-30619; ICD-10 F80-F83); autism spectrum 

disorders (ICD-8 29900-29903; ICD-10 F84.0, F84.1, F84.5-F84.9); attention deficit disorders (ICD-8 30801, 

30803; ICD-10 F90, F98.8); conduct disorders (ICD-8 30800, 30802, 30804-30809; ICD-10 F91); tic disorders 

and Tourette syndrome (ICD-8 30629; ICD-10 F95); mental retardation (ICD-8 31000-31599; ICD-10 F70-

F79); schizophrenia, schizotypal and delusional disorders (ICD-8 295x9, 297x9, 29689, 29823, 29830-29899; 

ICD-10 F20-F29); personality disorders (ICD-8 30109, 30129-30199, 30180-30182; ICD-10 F60-F62); mental 

and behavioural disorders due to use of alcohol (ICD-8 303x9, 30320, 30328, 30390; ICD-10 F10).  

 

Supplemental Results - Results from sensitivity analyses 

When introducing a lag time of 1 year and 3 years after postnatal maternal cancer diagnosis, before a child 

was moved to the exposed group, the associations remained. With a 1 year delay, the adjusted HR became 

1.06 (95% CI: 1.02–1.10); whereas, with the 3 year delay, the adjusted HR became 1.07 (95% CI: 1.01–1.14). 



 

The addition of maternal death from cancer before end of follow-up resulted in a HR of 1.06 (95% CI: 0.86–

1.30) for prenatal maternal cancer diagnosis and offspring mental or behavioural disorder; and a HR of 1.04 

(95% CI: 0.99–1.10) for postnatal maternal cancer diagnosis. Adjustment for maternal smoking during 

pregnancy did not alter the results. 

 

Paternal cancer had an adjusted HR of 0.97 (95% CI: 0.79–1.17) for prenatal diagnoses and 1.03 (95% CI 

0.97–1.09) for postnatal diagnoses, and any type of mental or behavioural disorder. 

 

  



Supplemental Table 1. Hazard ratios (HR) for offspring mental and behavioural disorders according to 

exposure to prenatal maternal cancer diagnosis 

Type of offspring mental 

or behavioural disorder 

Prenatal maternal 

cancer diagnosis 

Mental and behavioural 

disorder cases 

(rate 1/100,000 person years) 

Crude HR Adjusted HR  

(95% CI) † 

Any Unexposed 78,970 (0.91) 1 (reference) 1 (reference) 

 Exposed 93 (0.96) 1.10 1.07 (0.87–1.31) 

Mood/affective disorders Unexposed 1,908 (0.02) 1 (reference) 1 (reference) 

 Exposed 5 (0.05) 2.67  2.45 (1.02–5.89) 

Neurotic, stress-related & 

somatoform disorders 

Unexposed 13,407 (1.49) 1 (reference) 1 (reference) 

Exposed 21 (1.40) 1.49  1.34 (0.88–2.06) 

Developmental disorders Unexposed 5,759 (0.07) 1 (reference) 1 (reference) 

 Exposed 6 (0.06) 0.90  0.83 (0.37–1.85) 

Autism spectrum disorders Unexposed 4,029 (0.05) 1 (reference) 1 (reference) 

 Exposed 10 (0.10) 2.22  1.90 (1.02–3.54) 

Attention deficit disorders Unexposed 7,033 (0.08) 1 (reference) 1 (reference) 

 Exposed 6 (0.06) 0.76  0.77 (0.35–1.71) 

Conduct disorders Unexposed 3,342 (0.04) 1 (reference) 1 (reference) 

 Exposed 4 (0.04) 1.05 1.26 (0.48–3.35) 

Mental retardation Unexposed 5,507 (0.06) 1 (reference) 1 (reference) 

 Exposed 10 (0.10) 1.60  1.59 (0.86–2.96) 

Disorders due to alcohol Unexposed 20,308 (0.23) 1 (reference) 1 (reference) 

 Exposed 16 (0.16) 0.81  0.86 (0.52–1.40) 
 

† Adjusted for maternal age group at time of birth, maternal highest education at time of birth, parity, birth year and 

sex 

‡ Associations for eating disorders, psychosis, tic disorders and Tourette syndrome, and personality disorders cannot 

be displayed due to small numbers of exposed cases, since Statistics Denmark’s reporting regulations were not met 



Supplemental Table 2. Hazard ratios (HR) for all offspring mental and behavioural disorders according to exposure to type of maternal cancer diagnosis 

Type of maternal cancer diagnosis Exposure 

status 

Prenatal maternal diagnosis 

Offspring mental and behavioural disorders 

Postnatal maternal diagnosis 

Offspring mental and behavioural disorders 

Cases 

(rate 1/100,000 

person years) 

Crude HR 
 

Adjusted HR  

(95% CI) a† 

Cases 

(rate 1/100,000 

person years) 

Crude HR 

 

Adjusted HR  

(95% CI) †  

Lip, oral & pharyngeal‡ Unexposed - 1 (reference) 1 (reference) 78,986 (0.91) 1 (reference) 1 (reference) 

 Exposed - - - 77 (1.48) 1.59 1.50 (1.20–1.87) 

Digestive Unexposed 79,059 (0.91) 1 (reference) 1 (reference) 78,814 (0.91) 1 (reference) 1 (reference) 

 Exposed 4 (0.95) 1.06  1.01 (0.38–2.87) 248 (1.08) 1.16  1.16 (1.02–1.31) 

Respiratory ‡ Unexposed - 1 (reference) 1 (reference) 78,898 (0.91) 1 (reference) 1 (reference) 

 Exposed - - - 165 (1.25) 1.33  1.31 (1.12–1.53) 

Bone & cartilage‡ Unexposed - 1 (reference) 1 (reference) 79,027 (0.91) 1 (reference) 1 (reference) 

 Exposed - - - 36 (1.41) 1.50  1.64 (1.15–2.34) 

Mesothelial & soft tissue‡ Unexposed - 1 (reference) 1 (reference) 79,002 (0.91) 1 (reference) 1 (reference) 

 Exposed - - - 61 (1.10) 1.20  1.20 (0.93–1.53) 

Breast Unexposed 79,055 (0.91) 1 (reference) 1 (reference) 78,150 (0.91) 1 (reference) 1 (reference) 

 Exposed 8 (1.15) 1.38  1.25 (0.63–2.48) 913 (0.88) 0.95  0.99 (0.92–1.06) 

Female genital Unexposed 79,038 (0.91) 1 (reference) 1 (reference) 78,516 (0.91) 1 (reference) 1 (reference) 

 Exposed 25 (0.93) 1.02  1.01 (0.68–1.49) 547 (0.86) 0.91  0.96 (0.88–1.04) 

Urinary Unexposed 79,057 (0.91) 1 (reference) 1 (reference) 78,947 (0.91) 1 (reference) 1 (reference) 

 Exposed 6 (0.87) 0.90  1.00 (0.46–2.20) 116 (1.02) 1.06  1.20 (1.00–1.44) 

Brain & central nervous system‡ Unexposed - 1 (reference) 1 (reference) 78,971 (0.91) 1 (reference) 1 (reference) 

Exposed - - - 92 (0.98) 1.05  1.05 (0.86–1.30) 

Other solid tumours‡ Unexposed - 1 (reference) 1 (reference) 78,714 (0.91) 1 (reference) 1 (reference) 



 Exposed - - - 349 (0.95) 1.03 1.01 (0.90–1.12) 

Lymphomas & other lymphoproliferative 

& haematopoetic cancers 

Unexposed 79,053 (0.91) 1 (reference) 1 (reference) 78,905 (0.91) 1 (reference) 1 (reference) 

Exposed 10 (1.32) 1.45  1.43 (0.78–2.62) 158 (1.12) 1.20  1.23 (1.05–1.44) 

Leukaemias ‡ Unexposed - 1 (reference) 1 (reference) 79,010 (0.91) 1 (reference) 1 (reference) 

 Exposed - - - 53 (1.06) 1.15 1.16 (0.88–1.53) 
 

† Adjusted for maternal age group at time of birth, maternal highest education at time of birth, parity, birth year and sex 

‡ Associations for certain prenatal maternal cancer diagnoses cannot be displayed due to small numbers of exposed cases, since Statistics Denmark’s reporting regulations 

were not met  
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