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Abstract

Background: Children affected by parental traumatic brain injury (TBI) are documented to
access more specialised psychiatric services compared to their peers. It remains unknown if
the service use indicates psychiatric disorders.

Objective: To investigate whether parental TBI increases the overall risk for psychiatric
disorders and the risk for specific psychiatric diagnoses in the children affected by parental
TBI.

Methods: The 1987 Finnish Birth Cohort (n = 59 476) were followed up through national
registers from birth to the end of 2008. The diagnoses of cohort members and their parents
were obtained from the Care Register of Health Care, provided by the National Institute of
Health and Welfare.

Results: During the 21-year follow-up, the likelihood for psychiatric diagnoses being
assessed in psychiatric care was significantly increased in males with any mental disorder
(odds ratio (OR) = 1.43), substance-use-related disorders (OR = 1.71) and behavioural and
emotional disorders (OR = 1.75), and in females with disorders of psychological
development (OR = 1.85).

Conclusions: Children affected by parental TBI are at increased risk for psychiatric disorders:
males for externalising disorders and females for developmental disorders. Observed gender
interactions in the association between parental TBI and the psychiatric disorders of children
warrants further study.
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Introduction

A traumatic brain injury (TBI) is a common incident affecting a notable portion of the
working age population (1, 2, 3, 4). The frequency of TBI among adults implies that many
children will grow up facing the problems that follow parental TBI. Further, a recent
nationwide follow-up study in Finland showed that 2.6% of children had a parent with TBI
before the age of 21 (5). Thus, it is essential to understand the long-term implications of

parental TBI for the children affected by it.

Parental and family adversities, such as severe illnesses and mental illnesses, are reported to
associate with increased levels of psychological problems among children (6, 7, 8, 9).
Parental mental illnesses are shown to increase the risk of psychological symptoms and
mental disorders in children (6, 10). Further, emotional and behavioural difficulties are
identified in the siblings of children with special health care needs (11). Similarly, parental

TBI may cause mental health difficulties among children.

Some evidence has indicated that parental brain injury is associated with adverse
psychological outcomes in children (5, 7, 8, 12, 13). Adolescents have reported symptoms of
anxiety and depression following parental TBI (8). Further, children affected by parental
brain injury are reported to suffer from post-traumatic stress symptoms more than other
children (7). A recent qualitative study of parental brain injury revealed that the children
affected by it struggle with both the changed parental role and emotional distancing between

the parent and child (14).



Parental TBI is a stressful event for the family and for children in particular (5, 8, 15, 16).
Parental TBI affects the parents and their families in various ways (15, 17, 18). First, parental
TBI affects the injured parent. A TBI may cause permanent changes in a parent’s personality,
cognitive capacity and psychological well-being (18, 19, 20, 21, 22). A parent with TBI may
suffer from elevated levels of distress and psychological symptoms (18, 22, 23, 24, 25, 26,
27). Further, a parent with TBI may suffer from long-lasting changes in behaviour and
communication (22, 28, 29, 30). TBI is considered a risk factor for organic psychiatric
disorders, which can present with different kinds of clinical appearances (22, 31, 32), in other
words, TBI can cause similar interaction difficulties to psychiatric disorders. These changes

in parents affected by TBI may pose a threat to their children’s mental health.

Second, the changes in parents with a TBI can have major effects on family life. The entire
family may be affected by changes in communication; intimate relationships; work capacity;
and social, physical and psychological functioning. A normal everyday life can be profoundly
changed due to the challenging behaviour of a parent with a TBI. Changes include
demanding economic situations (33) and unemployment (18), as well as adverse changes in
spousal interactions, and marital stability and satisfaction (18, 34, 35, 36, 37). Healthy
spouses are overburdened with responsibilities and feel distressed (15, 38, 39, 40, 41).
Children coping with parental TBI face enormous challenges since both parents are

profoundly affected.

Third, parenting can be compromised by parental TBI. Previous studies have shown that
parenting is challenging for parents with a TBI (42). For instance, parents with a TBI can feel
uncertain about their role as a parent, leading to difficulties with setting boundaries and goals

(42). 1t is evident that multiple burdens on a family have, for example, an impact on the
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family atmosphere and mutual communication between parents and children. All of these

changes in a parent and in family life may have an effect on children.

It has recently been documented that children with parental TBI access more specialised
psychiatric services compared to their peers (5). The study revealed that almost a quarter
(23%) of children who had faced parental TBI before the age of 21 had accessed specialised
psychiatric services (5). An increased use of a specialised level of psychiatric care may
indicate that parental TBI causes more severe outcomes among children than was previously
presumed (e.g. 8): not only symptoms but also psychiatric disorders. Earlier research
findings, however, have not comprehensively examined at population level whether parental
TBI increases the risk for psychiatric disorders in children and, if so, which specific
psychiatric diagnoses are emphasized among children affected by parental TBI. In this
nationwide study, we investigate whether parental TBI increases the overall risk for
psychiatric disorders among children affected by parental TBI. Further, we investigate which
psychiatric diagnoses are given to the children affected by parental TBI in specialized health
care. All analyses are stratified by gender because the prevalence of psychiatric disorders in

the general population is known to show marked gender differences (43, 44).

Methods

Data from the 1987 Finnish Birth Cohort study population

The 1987 Finnish Birth Cohort (FBC) covers all children (60 069 in total) born alive in

Finland in 1987. The cohort data are a collection of health, social welfare and

sociodemographic data on cohort members and their parents, collated from Finnish registers.
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The FBC study was based on Finnish Medical Birth Register data and was later
complemented with follow-up information, for example, information on health status.
Children surviving the perinatal period were included in the 21-year follow-up study,
extending to the end of 2008 (n = 59 476). At the end of the follow-up, 58 320 cohort
members (98.1%) were alive and living in Finland. The data are stored and maintained at the

National Institute for Health and Welfare, Finland (45, 46).

Psychiatric diagnoses of cohort members

The Care Register of Health Care (CRHC) holds data on all inpatient care episodes at all
hospitals since 1969 and all specialised-level outpatient visits in public hospitals since 1998
(47, 48, 49). In our study, the CRHC was used for collecting data on cohort members’
psychiatric diagnoses as assessed either in outpatient or inpatient settings in specialised-level
care from birth up to December 31, 2008. The diagnosis codes applied in the study are based
on the International Classification of Diseases (ICD; both the 9" revision from 1987 to 1995
and the 10" revision from 1996 onwards). The validity of the information from the CRHC

varies from satisfactory to very good (47).

Parental TBI diagnoses

The TBI diagnoses of a cohort member’s biological mother or father were collected from the
CRHC. Parental hospital-treated inpatient TBI diagnoses fell in the period between January 1,
1987, and December 31, 2008. TBI was defined using the ICD (9" and 10") coding.
Accordingly, parents with a diagnosis of a skull fracture, brain contusion or other intracranial

injuries (including hematomas) were included (the diagnoses ICD-9 800, 801, 803, 851-854
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and ICD-10 S02.0-S02.11, S06.1-S06.9, S07.1), as well as those with a diagnosis of post-
concussion syndrome or a sequela of a TBI (ICD-9 9050A, 9070A; ICD-10 F07.2, T90.5).
The reference group consists of all other children born in 1987 that had no parent with a TBI
during the follow-up period. The severity of TBI was not included in this study since our
previous study showed that both mild and severe parental TBI are associated with the use of

psychiatric services in children (5).

Covariates

The covariates used in this study were the mother’s age (in years) at the offspring’s birth
(MAGE), the father being known in 1987 (FSTATUS), the highest socioeconomic status of
either parent (SES), the highest level of education completed by either parent (EDU), the
death of a parent during the follow-up period of 1987-2008 (DEATH) and either parent have
had in- or outpatient treatment due to a mental disorder during the follow-up period 1987—

2008 (PSYCH).

Information on parental socioeconomic status was obtained from the Finnish Central
Population Register and Statistics Finland in 2009. SES was defined using the categories
white-collar workers, lower white-collar workers, blue-collar workers and others (the latter
including, for example, farmers, students, housewives, entrepreneurs and retired persons)
(Statistics Finland 1989, 1990). Data on educational achievements were obtained from
Statistics Finland in 2008 and classified into the following four levels: tertiary level (12 years
or more of education), lower tertiary level (11-12 years), secondary level (911 years) and
primary level (up to 9 years). The biological father was unknown for 821 cohort members, of

which 403 were girls and 418 were boys.



Covariates were selected on the basis of the existing literature. MAGE has been associated
with children’s mental health disorders. The offspring of young mothers are at risk of
different mental health disorders (50). Parental SES and EDU have been linked with adverse
health and psychological outcomes of the children in earlier studies (48, 51, 52, 53). Parental
death is a risk factor for children’s mental health problems (54, 55, 56, 57, 58). It is well
established that parental mental disorders are associated with an increased risk of
psychological symptoms and mental disorders in children (6, 10), hence parental psychiatric

diagnoses were used as a covariate in this study.

In additional analyses, we further adjusted for social welfare benefits received by either
parent, as an indicator of the economic status of the family, during the follow-up period
(1987-2008). Social welfare benefits can precede and/or follow parental TBI and can be
regarded as a potential mediator of the association. Receiving social welfare benefits is linked

to poverty, which is associated with adverse psychological outcomes for children (45, 59).

Statistical analyses

We used binary logistic regression to estimate ORs and 95% confidence intervals (Cls) for
the association of parental TBI with children’s psychiatric diagnoses. An analysis was
performed including several variables (SES, EDU, MAGE, FSTATUS, DEATH and PSYCH:
see above) as covariates in the logistic model. Maternal TBI was analysed with maternal
covariates and paternal TBI was analysed with paternal covariates. The data analyses were

conducted using SPSS version 21.



Results

Overall

Table 1 shows the prevalence of parental TBI and psychiatric disorders in adolescents from
the 1987 FBC. A total of 613 (1.0%) fathers had a TBI compared to 162 (0.3%) mothers. Of
the cohort, 1.4% of cohort males and 1.2% of cohort females had a parent with a TBI. The
most common psychiatric diagnoses among cohort members were affective disorders (5.1%),

anxiety disorders (4.3%) and behavioural and emotional disorders (3.4%).

(Insert Table 1 about here)

Parental TBI and the psychiatric diagnoses of children

As presented in Table 2, for female cohort members, the bivariate analyses showed a
statistically significant association of parental TBI with any mental disorder (21.1% vs.
14.3%, p < 0.001), as well as with affective disorders (10.1% vs. 7.0%, p = 0.021), anxiety
disorders (8.2% vs. 5.5%, p = 0.032) and disorders of psychological development (3.1% vs.
1.4%, p = 0.008). When adjusting for covariates, disorders of psychological development
(OR = 1.85, 95%, CI 1.00-3.43, p = 0.05) among female cohort members were slightly
significantly related with parental TBI. In male cohort members, parental TBI was
statistically significantly associated with any mental disorder (19.7% vs. 11.5%, p < 0.001)
and also with substance-use—related disorders (4.8% vs. 1.9%, p < 0.001), disorders of
psychological development (5.0% vs. 3.2%, p = 0.041) and behavioural and emotional

disorders (8.9% vs. 3.7%, p < 0.001). After adjusting the covariates, the association remained
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significant in terms of any mental disorder (OR = 1.43, 95% CI 1.11-1.83, p = 0.005),
substance-use—related disorders (OR = 1.71, 95% CI 1.07-2.72, p = 0.025), and behavioural
and emotional disorders (OR = 1.75, 95% CIl 1.23-2.48, p = 0.002) among male cohort

members.

(Insert Table 2 about here)

Maternal TBI and the psychiatric diagnoses of children

Additional analyses showed that maternal TBI (Supplemental Table 1) was significantly
associated with any mental disorder (25.3% vs. 14.4%, p = 0.007) and anxiety disorder
(12.0% vs. 5.6%, p = 0.037) among female cohort members, although when adjusting for
covariates, no statistically significant association between maternal TBI and psychiatric
disorders was observed. In male cohort members, significant associations were found
between maternal TBI and any mental disorder (18.4% vs. 11.6%, p = 0.048), substance-use—
related disorders (6.9% vs. 1.9%, p = 0.007), and affective disorders (8.0% vs. 3.2%, p =
0.021). In adjusted analyses, only the association of maternal TBI with substance-use—related
disorders among male cohort members remained statistically significant (OR = 2.56, 95% ClI

1.10-6.00, p = 0.030).

Paternal TBI and the psychiatric diagnoses of children

Further, in female cohort members, paternal TBI (Supplemental Table 2) was associated with
any mental disorder (19.9% vs. 14.4%, p = 0.008), which became statistically insignificant

after adjustment for the covariates. In male cohort members, significant associations were
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observed between paternal TBI and any mental disorder (19.9% vs. 11.5%, p < 0.001),
substance-use—related disorders (4.2% vs. 1.9%, p = 0.003), disorders of psychological
development (5.4% vs. 3.2%, p = 0.026) and behavioural and emotional disorders (9.6% vs.
3.7%, p < 0.001). After adjustment for covariates, the paternal TBI association with any
mental disorder (OR = 1.45, 95% CI 1.09-1.91, p = 0.009) and behavioural and emotional
disorders (OR = 1.92, 95% CI 1.31-2.81, p = 0.001) among male cohort members remained

statistically significant.

Additional analyses with social welfare benefits

Additional adjustment for the social welfare benefits covariate attenuated the risk estimates,
but did not change the overall pattern (not shown). After including social welfare benefits as
an adjusting factor, the association between parental TBI and any mental disorder (OR =
1.31, 95% CI 1.02-1.68, p = 0.036) and behavioural and emotional disorders (OR = 1.56,
95% CI 1.10-2.20, p = 0.013) among male cohort members remained statistically significant.
Furthermore, the association of paternal TBI with behavioural and emotional disorders (OR =
1.67, 95% CI 1.14-2.46, p = 0.008) among male cohort members remained statistically
significant after adjusting for social welfare benefits being received by the father. Other
analyses were statistically insignificant when adding social welfare benefits as a covariate.
Parental TBI’s association with both substance-use—related disorders among males and
disorders of psychological development among females became statistically insignificant

after the adjustment.
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Discussion

The main purpose of this study was to determine both whether parental TBI increases the
overall risk for psychiatric disorders among the children affected by parental TBI and which
psychiatric disorders were diagnosed among affected children. A major finding was that
children affected by parental TBI are at increased risk for psychiatric disorders. Since reverse
associations were not found, the clinical relevance of our finding is emphasized. The
evidence was more notable in males compared to females. Furthermore, the results of this
nationwide follow-up study indicate that males with parental TBI were more likely to suffer
from any mental disorder, substance-use-related disorders as well as behavioural and
emotional disorders than children without parental TBI, while female cohort members
showed an increased likelihood of being diagnosed with disorders of psychological
development compared to children without parental TBI. Very serious psychiatric diagnoses
(i.e. schizophrenia and other psychotic disorders) did not occur more frequently among the
cohort members affected by parental TBI in comparison to their peers. These results are in
line with the recent study, which revealed more prevalent use of specialised psychiatric
services among children affected by parental TBI (5). However, the finding of the increased
risk of psychiatric disorders among children affected by parental TBI discloses that parental
TBI causes more severe outcomes than was previously presumed, not only psychiatric

symptoms (e.g. 8) and service use (5) but also psychiatric disorders.

Parental and paternal TBI increased the risk of any mental disorders and behavioural and
emotional disorders among males. Substance use among the males was more prevalent when
the mother was affected by TBI. In comparison, parental TBI increased disorders of

psychological development among females. The way psychiatric disorders are expressed
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differs according to sex, that is, males seemed to have externalising psychiatric disorders
including substance-use-related disorders, and behavioural and emotional disorders (e.g.
attention-deficit disorders). This finding is in line with previous studies documenting that
externalising disorders are more common among men and internalising disorders among
women (43, 44). Mental disorders can be broadly grouped into externalising disorders
(including attention-deficit, conduct and substance-use—related disorders) and internalising
disorders (including depressive and anxiety disorders) (43). Externalising symptoms are
likely to be more apparent and seeking medical help is likely to be more noticeable.
Internalising symptoms, including the signs of depression (e.g. social withdrawal, fatigue and
sadness), may be more invisible; hence, females with internalising psychiatric symptoms
either may not seek or may not get specialised psychiatric care. Thus, females with
internalising symptoms and disorders may be treated in primary health care. Our study only
examined psychiatric diagnoses set in specialised health care, which could explain why

female cohort members’ internalising disorders were not significant in this study.

Psychiatric diagnoses are based on the existence of a clinically recognizable set of symptoms
that fill the criteria of a specific psychiatric disorder (60). Many factors influence whether an
individual will develop a psychiatric disorder. Risk factors make an individual more likely to
develop a disorder while resilience factors can help to reduce the risk of the disorder (61). In
clinical practice, clinicians try to avoid giving a psychiatric disorder diagnosis immediately
after crises and adverse life events. There are specific diagnoses for describing the reactions
to crises and adverse life events. The reactions to stressful events are grouped within anxiety
disorders, which were not significant in this study. This finding indicates that parental TBI
may have long-term effects on children in terms of psychiatric disorders, as opposed to acute

stress reactions.
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An adjustment for social welfare benefits had an influence on the risk estimates in this study.
Receiving social welfare benefits indicates a difficult economic situation. Family poverty in
the course of children’s early life has been linked to increased levels of poor mental health
(51, 59). According to our study, if either parent had received social welfare benefits, the risk
estimates were attenuated. This implies that economic disadvantage plays a role in mediating
the effects of parental TBI. However, after adjusting for either parent receiving social welfare
benefits, the association of parental TBI with any mental disorders, and behavioural and
emotional disorders among male cohort members remained significant. Similarly, paternal
TBI remained significantly associated with behavioural and emotional disorders among male
cohort members. This indicates that males in particular are at increased risk of mental
disorders following parental TBI, especially if it is paternal TBI, and the association is not

completely due to a disadvantaged economic situation.

The effects of parental TBI on children might be mediated by the parental TBI’s effects on
the affected parent (i.e. personality changes, cognitive impairment and psychological distress)
or by the secondary effect on the family (e.g. changed marital status and a weakened
socioeconomic situation). As found with psychiatric disorders, the similar behaviour changes
and distress resulting from a parent being affected by TBI have an impact on parenting (42).
Further, parental TBI involves interpersonal loss, since one parent has a brain injury and the
other parent may be overburdened with caring for them (38). Both the injured and uninjured
parent may suffer from depressive symptoms (12, 41). Thus, the children’s main support
network, their parents, is diminished. Children may also be required to take on the role of
carer. The challenges of TBI — including distress, reduced social activity, mental health

problems and changes in role expectations — may lead to marital difficulties and diminished
14



marital quality (18, 34, 37, 62, 63, 64, 65, 66). Parental alcohol and substance-abuse
problems occur frequently before and after TBI injuries (67, 68, 69, 70). Family violence is a
known risk following a TBI — for example, marital aggression increases after a head injury
(71). Family economic difficulties often follow the injury. The unemployment rate is
relatively high among adults who have had a TBI (18, 72, 73). Unemployment affects various
dimensions of the physical, psychological and social health of a parent and influences the
entire family, and most importantly, the children. According to our study, economic
difficulties (i.e. either parent receiving social welfare benefits) appear to account for some of
parental TBI’s impact on children. In sum, parental TBI puts children at risk for mental
health problems as they face both common and more specific challenges following parental
TBI. Common challenges include parental mental health problems and marital difficulties.
More specific challenges accompanying parental TBI comprise household dysfunctions, and
emotional and physical abuse (18, 33, 36, 65, 67, 68, 69, 71). All of these challenges are

often described as adverse childhood events (ACES) in the relevant literature (74, 75, 76, 77).

ACEs are of major interest in the recent research on the risk factors for mental health
problems in children and adults (74, 75, 76, 77). It is known that ACEs can precede many
psychiatric disorders (10, 58, 59); hence, traumatic events in childhood (e.g. parental TBI)
may have an effect on children that may in turn lead to psychiatric disorders among some
individuals. It is widely agreed that more than one ACE occurring at the same time (as is the
case with parental TBI) increases difficulties for children. The cumulative effects of ACEs
are significantly associated with an increased risk of mental health problems over the child’s
lifetime (74, 76, 77). Several of the above-mentioned ACEs can follow parental TBI; hence,
parental TBI is a major challenge for all family members, for both the injured and uninjured

parent as well as for the children living in the family. A TBIl-affected family faces a broad
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spectrum of challenges that may affect children in many ways. Moreover, this study confirms
that parental TBI itself can be seen as a major risk factor for mental disorders in children;

hence, we suggest that parental TBI should be considered an ACE.

Contacts with health and social services are more frequent with families affected by parental
TBI. These contacts give an opportunity to reach the families and to provide them with
support. Parenting and child development can be supported, for example, through social
assistance services and most importantly through the adult health care units in which an
injured parent is treated. Unfortunately, the need for support for families with a parent with
TBI is often unrecognized (42, 78). Yet, according to this study, children affected by parental
TBI are at increased risk of mental disorders; hence, the intervention actions, such as
adopting a child-focused approach when treating a parent with TBI, should be taken more
seriously than before. This study highlights the unmet needs in a vulnerable demographic:
children. With these findings on how parental TBI increases psychiatric disorders among
children affected by parental TBI, future research should focus more widely on gender
interactions in the association between parental TBI and the mental disorders of the affected

children, as well as focussing on intervention strategies.

Strengths and limitations

To our knowledge, no other study to date has determined the psychiatric diagnoses of
children affected by parental TBI. A major strength of the study is the data, which consists of
all children born in Finland in 1987. The Finnish specialised health service diagnoses are
reliable and implicate the seriousness of the problem. For statistical and research purposes,

the quality of the CRHC has been shown to be good and reliable (47, 48, 49). This study also
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covers the key development periods of childhood and adolescence, periods when personality

develops and children are more vulnerable to external effects.

However, this study also has several limitations. The study only included register data.
However, the use of national registers caused no harm to the cohort members. The timing of
the events is based on the use of services and cannot be estimated systematically. The time of
the cohort members’ exposure to parental TBI is unknown. Data on outpatient care are
missing from the time of birth up to the age of 11 (1998). The size of a family is not
measured and so is not included in the analyses. It is not known if the injured parent actually
lived with the child. There is no information on siblings. Associations may also be missed
because of a lack of power in the psychiatric diagnosis classes that have a small number of
cases. However, the results are more likely underestimates since many cases of children’s
psychiatric problems are only treated in primary care or are not treated at all. The comparison
group of children without parental TBI may have other risk factors, such as another serious
parental illnesses (although this is also true for the affected children). Finally, the study was
conducted in Finland, a country with a strong social protection system; hence, the results may

not be generalizable worldwide.

Conclusion

In conclusion, our study findings indicate that children are at increased risk for psychiatric
disorders following parental TBI. Gender specificity in the prevalence of psychiatric
disorders was clearly seen with male children having externalising disorders and females
having developmental disorders. Parental TBI seems to not lead to very serious psychiatric

diagnoses (i.e. psychosis) among children. The gender of the child and the parent seems to be
17



an important mediator between the association of parental TBI and child psychiatric
diagnoses, which requires future analyses. Further, these findings justify preventive actions

focused on children affected by parental TBI.
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Table 1. Traumatic brain injury (TBI) of parent(s) and mental disorder among the members of the 1987 Finnish Birth cohort.

Members of the 1987 Finnish Birth Cohort

Total Males Females
(n=59 476) (n=30435)  (n=29 041)
TBI OF PARENTS *
TBI of a parent after the birth of offspring, n (%)*
Mother with TBI 162 (0.3) 87 (0.3) 75 (0.3)
Father with TBI 613 (1.0) 332 (1.1) 281 (1.0)
Either parent with TBI 772 (1.3) 417 (1.4) 355 (1.2)
MENTAL DISORDERS AMONG CHILDREN **
Any mental disorder among cohort members, n (%)**
Substance-use—-related disorders (F10-19) 1087 (1.8) 591 (1.9) 496 (1.7)
Schizophrenia and other psychotic disorders (F20-29) 569 (1.0) 276 (0.9) 293 (1.0)
Affective disorders (F30-39) 3014 (5.1) 972 (3.2) 2042 (7.0)
Anxiety disorders (F40-49) 2551 (4.3) 932 (3.1) 1619 (5.6)
Behavioural syndromes associated with physiological 851 (1.4) 175 (0.6) 676 (2.3)
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 496 (0.8) 194 (0.6) 302 (1.0)
Disorders of psychological development (F80-89) 1410 (2.4) 994 (3.3) 416 (1.4)
Behavioural and emotional disorders (F90-98) 2023 (3.4) 1152 (3.8) 871 (3.0)

* First hospital-treated TBI diagnosis of parent(s) after the birth of the cohort member up to 31.12.2008.

** Psychiatric diagnosis (ICD-10: F10-69, F80-98) of cohort members after birth up to 31.12.2008 assessed either in outpatient or inpatient settings of specialised level care.



Table 2. Association of parental TBI to the mental disorder of offspring, the 1987 Finnish birth cohort.

Parent(s) with TBI Association of parental TBI to mental disorder of cohort
Yes No members
n % n % p- Adj. OR 95%CI p- Statistically significant covariates
value value in either parent of cohort
members
FEMALES (n=29 041) (n=355) (n=28 686)
Any mental disorder 75 21.1 4109 14.3 <0.001 1.24 0.95-1.61 0.112 all
Substance-use-related disorders (F10-19) 8 2.3 488 1.7 0.425 0.98 0.48-1.99 0.947 SES, EDU, MAGE, DEATH,
PSYCH
Schizophrenia and other psychotic disorders (F20-29) 5 1.4 288 1.0 0.414 1.08 0.44-2.66 0.861 FSTATUS, DEATH, PSYCH
Affective disorders (F30-39) 36 10.1 2006 7.0 0.021 1.15 0.81-1.63 0.440 MAGE, FSTATUS, EDU, DEATH,
PSYCH
Anxiety disorders (F40-49) 29 8.2 1590 55 0.032 1.14 0.77-1.68 0.517 EDU, MAGE, DEATH, PSYCH
Behavioural syndromes associated with physiological 9 2.5 667 2.3 0.794 1.09 0.56-2.13 0.807 ---
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 5 1.4 297 1.0 0.425 1.03 0.42-2.54 0.940 MAGE, DEATH, PSYCH
Disorders of psychological development (F80-89) 11 3.1 405 1.4 0.008 1.85 1.00-3.43 0.050 EDU,PSYCH
Behavioural and emotional disorders (F90-98) 13 3.7 858 3.0 0.461 0.96 0.55-1.68 0.885 EDU, FSTATUS, DEATH, PSYCH
MALES (n=30 435) (n=417) (n=30 018)
Any mental disorder 82 19.7 3451 115 <0.001 1.43 1.11-1.83 0.005 all
Substance-use—related disorders (F10-19) 20 4.8 571 1.9 <0.001 1.71 1.07-2.72 0.025 MAGE, DEATH, PSYCH
Schizophrenia and other psychotic disorders (F20-29) 4 1.0 272 0.9 0.793 0.81 0.30-2.20 0.679 PSYCH
Affective disorders (F30-39) 17 4.1 955 3.2 0.302 0.92 0.56-1.51 0.750 SES, EDU, DEATH, PSYCH
Anxiety disorders (F40-49) 17 4.1 915 3.0 0.226 0.97 0.59-1.60 0.920 EDU, FSTATUS, DEATH, PSYCH
Behavioural syndromes associated with physiological 3 0.7 172 0.6 0.520 1.10 0.35-3.50 0.867 PSYCH
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 5 1.2 189 0.6 0.197 1.27 0.51-3.15 0.600 FSTATUS, EDU, PSYCH
Disorders of psychological development (F80-89) 21 5.0 973 3.2 0.041 1.36 0.87-2.14 0.175 SES, EDU, PSYCH
Behavioural and emotional disorders (F90-98) 37 8.9 1115 3.7 <0.001 1.75 1.23-2.48 0.002 all

OR, odds ratio; CI, confidence interval; MAGE, mother’s age in years at offspring’s birth; FSTATUS, father known (yes, no) in 1987; SES, highest socioeconomic status of
either parent (white collar worker, lower white collar worker, blue collar worker, other); EDU, highest level of education completed by either parent (tertiary level, lower
level tertiary, secondary level, primary level); DEATH, death of a parent (yes, no) during follow-up time 1987-2008; PSYCH, either parent have had in- or outpatient
treatment due to a mental disorder (yes, no); all: MAGE, FSTATUS, SES, EDU, DEATH, PSYCH.



Supplemental Table 1. Association of maternal traumatic brain injury (TBI) to the mental disorder of offspring, the 1987 Finnish birth cohort.

Mother with TBI Association of maternal TBI to mental disorder of cohort members
Yes No
n % n % p- Adj. OR 95%ClI p-value Statistically significant
value covariates in mothers of
cohort members
FEMALES (n=29 041) (n=75) (n=28 966)
Any mental disorder 19 25.3 4165 14.4 0.007 1.60 0.94-2.72 0.081 all
Substance-use-related disorders (F10-19) 2 2.7 494 1.7 0.367 1.13 0.27-4.65 0.870 MAGE, MDEATH, MPSYCH
Schizophrenia and other psychotic disorders (F20-29) 1 1.3 292 1.0 0.533 1.01 0.14-7.36 0.990 MSES, MDEATH
Affective disorders (F30-39) 8 10.7 2034 7.0 0.218 1.25 0.60-2.63  0.550 all
Anxiety disorders (F40-49) 9 12.0 1610 5.6 0.037 1.86 0.92-3.76  0.086 all
Behavioural syndromes associated with physiological 3 4.0 673 2.3 0.254 1.87 0.59-5.97 0.292 MAGE
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 0 0 302 1.0 1.000 ne
Disorders of psychological development (F80-89) 3 4.0 413 1.4 0.093 2.53 0.79-8.11 0.119 MSES
Behavioural and emotional disorders (F90-98) 3 4.0 868 3.0 0.493 1.00 0.31-3.22  0.993 all
MALES (n=30 435) (n=87) (n=30 348)
Any mental disorder 16 18.4 3517 11.6 0.048 1.28 0.74-2.22 0.384 all
Substance-use—related disorders (F10-19) 6 6.9 585 19 0.007 2.56 1.10-6.00 0.030 all
Schizophrenia and other psychotic disorders (F20-29) 1 11 275 0.9 0.548 1.00 0.13-7.02 0.973 MPSYCH
Affective disorders (F30-39) 7 8.0 965 3.2 0.021 1.85 0.84-4.06  0.126 MSES, MEDU, MDEATH,
MPSYCH
Anxiety disorders (F40-49) 3 3.4 929 3.1 0.750 0.79 0.25-2.53  0.694 MSES, MDEATH, MPSYCH
Behavioural syndromes associated with physiological 0 0 175 0.6 1.000 ne
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 1 1.1 193 0.6 0.427 1.18 0.16-8.59  0.871 MAGE, MEDU, MDEATH,
MPSYCH
Disorders of psychological development (F80-89) 3 3.4 991 3.3 0.763 0.88 0.28-2.80 0.828 MAGE, MEDU, MPSYCH
Behavioural and emotional disorders (F90-98) 5 5.7 1147 3.8 0.387 1.06 0.42-2.64 0.905 all

OR, odds ratio; CI, confidence interval; MAGE, mother’s age in years at offspring’s birth; MSES, socioeconomic status of mother (white collar worker, lower white collar
worker, blue collar worker, other); MEDU, mother’s highest level of education (tertiary level, lower level tertiary, secondary level, primary level); MDEATH, mother’s death
(yes, no) during follow-up time 1987-2008; MPSY CH, mother have had in- or outpatient treatment due to a mental disorder during follow-up time 1987-2008 (yes, no); all:
MAGE, MSES, MEDU, MDEATH, MPSYCH.



Supplemental Table 2. Association of paternal traumatic brain injury (TBI) to the mental disorder of offspring, the 1987 Finnish birth cohort.

Father with TBI Association of paternal TBI to mental disorder of cohort
Yes No members
n % n % p- Adj. OR 95%CI p-value Statistically significant
value covariates in fathers of
cohort members
FEMALES (n=29 041) (n=281) (n=28 760)
Any mental disorder 56 19.9 4128 144 0.008 1.10 0.81-1.49 0.531 FEDU, FSTATUS, FDEATH,
FPSYCH
Substance-use-related disorders (F10-19) 6 2.1 490 1.7 0.487 0.92 0.40-2.09 0.838 FEDU, FPSYCH
Schizophrenia and other psychotic disorders (F20-29) 4 1.4 289 1.0 0.373 1.05 0.38-2.88 0.923 FSTATUS, FPSYCH
Affective disorders (F30-39) 28 10.0 2014 7.0 0.053 1.06 0.71-1.58  0.773 FEDU, FSTATUS, FDEATH,
FPSYCH
Anxiety disorders (F40-49) 20 7.1 1599 5.6 0.257 0.90 0.57-1.44  0.675 FDEATH, FPSYCH
Behavioural syndromes associated with physiological 6 2.1 670 2.3 0.830 0.87 0.38-1.97 0.736 -
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 5 1.8 297 1.0 0.222 1.32 0.53-3.27 0.546 FPSYCH
Disorders of psychological development (F80-89) 8 2.8 408 1.4 0.067 1.56 0.76-3.20 0.229 FPSYCH
Behavioural and emotional disorders (F90-98) 10 3.6 861 3.0 0.581 0.94 0.49-1.79 0.851 FSTATUS, FEDU, FPSYCH
MALES (n=30 435) (n=332) (n=30 103)
Any mental disorder 66 19.9 3467 115 <0.001 145 1.09-1.91  0.009 FEDU, FSTATUS, FDEATH,
FPSYCH
Substance-use—related disorders (F10-19) 14 4.2 577 19 0.003 1.48 0.85-2.57 0.168 FEDU, FSTATUS, FDEATH,
FPSYCH
Schizophrenia and other psychotic disorders (F20-29) 3 0.9 4 14 0.995 0.75 0.24-2.39 0.631 FDEATH
Affective disorders (F30-39) 10 3.0 962 3.2 0.850 0.67 0.35-1.27  0.217 FEDU, FDEATH, FPSYCH
Anxiety disorders (F40-49) 14 4.2 918 3.0 0.220 1.00 0.58-1.72  0.988 FSTATUS, FDEATH,
FPSYCH
Behavioural syndromes associated with physiological 3 0.9 172 0.6 0.444 1.39 0.43-4.44  0.581 -
disturbances and physical factors (F50-59)
Personality disorders (F60-69) 4 1.2 190 0.6 0.163 1.25 0.45-3.43 0.670 FPSYCH
Disorders of psychological development (F80-89) 18 5.4 976 3.2 0.026 1.50 0.92-2.44  0.100 FEDU
Behavioural and emotional disorders (F90-98) 32 9.6 1120 3.7 <0.001 192 1.31-281  0.001 FEDU, FSTATUS, FDEATH,
FPSYCH

OR, odds ratio; Cl, confidence interval; FSTATUS, father known (yes, no) in 1987; FSES, socioeconomic status of father (white collar worker, lower white collar worker,
blue collar worker, other); FEDU, father’s highest level of education (tertiary level, lower level tertiary, secondary level, primary level); FDEATH, father’s death (yes, no)



during follow-up time 1987-2008; FPSYCH, father have had in- or outpatient treatment due to a mental disorder during follow-up time 1987-2008 (yes, no); all: FSTATUS,
FSES, FEDU, FDEATH, FPSYCH.



