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SUMMARY
This thesis involves both a clinical and a public health approach to studying injuries in young
children. In addition, the possible long-term consequences of childhood abuse in mothers are
explored. Two study samples were chosen to explore these perspectives. The clinical study is
a retrospective study reviewing the medical records of 91 children younger than 36 months of
age admitted to a university hospital with a traumatic head injury. The aims were to describe
the types of injuries, presenting characteristics and hospital course in young children with
traumatic head injuries, and to identify the characteristics of inflicted injuries. Data from the
Norwegian Mother and Child Cohort study conducted by the Norwegian Institute of Public
Health were used to explore the public health perspective in the next two papers. This sample
comprised 27,000 mother and child dyads in the general population and had a longitudinal
design. The aim of the second paper was to identify the child characteristics and familial
factors for predicting injuries in toddlers. The aim of the third paper was to assess
intergenerational perspectives on child abuse. We investigated the relationship between
maternal childhood abuse and behaviour in their toddlers, and the potential mediation of
maternal mental distress for this pathway.
In paper I, 17 cases met the criteria for inflicted injury (19%), 35 cases met the criteria
for accident (39%), and the remaining 39 cases (43%) were regarded as indeterminate.
Inflicted and accidental head injuries differed in injury type and presenting characteristics.
Nearly two-thirds of the subdural haemorrhages (SDH) were classified as inflicted, but none
of the epidural haemorrhages (EDH) or skull fractures were classified as inflicted. Seizures
and SDH without skull fractures occurred more frequently in the inflicted group. Compared
with the accident group, the children in the inflicted group were significantly more likely to
have been hospitalised earlier despite being considerably younger. The largest group was
classified as indeterminate. This group was characterised by low morbidity, and most of their
9

injuries were caused by domestic falls. The indeterminate group shared some characteristics
with the inflicted injury group. This overlap may indicate that some children in the
indeterminate group have been abused or neglected.
In paper II, we discussed both child characteristics and familial factors as predictors of
injuries in toddlers. Younger maternal age, financial problems, maternal mental distress,
having older siblings, increased gestational age at birth, male gender, impaired fine motor
development and attention problems were all risk factors for hospital-attended injuries.
Shyness and impaired gross motor development were protective factors. The paper
demonstrated how difficult it can be to separate relevant risk factors, which perhaps reflects a
complex reality where risk factors are truly entangled.
In paper III, we found that mothers having experienced abuse in childhood reported
more externalising behaviour in their children at three years of age compared with mothers
without such experiences. Maternal mental health problems constituted a partial mediator of
the relationship. Maternal childhood emotional abuse was as strong a predictor of behavioural
problems in the children as physical and/or sexual abuse. This study suggested that even in
low-risk populations, an intergenerational transmission of adverse effects of childhood abuse
may occur.
This thesis demonstrates that child abuse and neglect must be considered when infants
and toddlers suffer from severe head injuries, and thorough evaluations should be
implemented for these children in hospitals. In the general Norwegian population the risk of
being injured as a toddler depended on both child characteristics and familial factors.
Maternal childhood abuse predicted externalising behaviour in the offspring, and this thesis
suggests that childhood abuse may influence the subsequent generation.
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1 INTRODUCTION
1.1 What this dissertation is about
Soon after I started my career at the paediatric intensive care unit, three children with severe
inflicted head injuries were admitted. These children made a lasting impression and inspired
me to learn more. My research career started with an intention to review cases with
recognised inflicted head injuries. However, early in this process, I became aware of the
challenges clinicians face in recognising inflicted injuries and differentiating inflicted from
non-inflicted injuries. Consequently, all cases of young children with traumatic head injuries
had to be included in the review. In collaboration with Oslo University Hospital and the
Norwegian Center for Violence and Traumatic Stress Studies, I was given the opportunity to
study the hospital files of all cases of young children with traumatic head injuries admitted in
the last ten years. Reviewing the cases, our impression was that many of the children were
injured because they were insufficiently protected or secured, and we realised that
maltreatment in the form of child neglect was also a common cause of head injuries.
Furthermore, sociodemographic adverse factors were often described in the files. The
observation of the complex interaction between child maltreatment and injuries in children
motivated me to explore risk factors for injuries in young children with an epidemiological
approach. The Norwegian Mother and Child Cohort Study (MoBa) offered an opportunity to
assess some of the main risk factors for injuries in infants and toddlers in a large-scale,
population-based study.
The more I learning about child maltreatment, I realised that no matter how
devastating the neurodevelopmental consequences following inflicted brain injuries might be,
the psychological effects constitute the major public burden from child maltreatment. The
long-term consequences may also affect parenthood and subsequently the children of abuse
victims. The large number of mother-child dyads in the MoBa study offered an opportunity to
11

explore a possible intergenerational transmission of problems and thereby obtain a broader
picture of the risk factors for young children.

1.2 Background
The common view of children and childhood has changed dramatically in the Western world
during the last centuries. The United Nations Convention on the Rights of the Child from
1989 is perhaps the most important sign of this transition. This legally binding international
instrument incorporates the full range of human rights for children and states that children
deserve special considerations to ensure their wellbeing and development (1). New
knowledge on what is potentially harmful and threatening to the wellbeing of children has
evolved, and child maltreatment is now defined as a serious threat to children’s health and
development. In addition, the long-term negative consequences for mental health as well as
social functioning have been documented (2-5). As some negative consequences may affect
parenthood, maltreatment also has the potential to negatively affect subsequent generations
(6-9).
Up until the 1960s, physical discipline was an important part of parenting, and
corporal punishment was often an integrated and accepted part of the upbringing of children.
However, research has documented that corporal punishment is a risk factor for developing
psychological problems in children (10-12). This knowledge, together with the improved
social status of children, led to legislation against child maltreatment. In Norway, all corporal
punishment has been banned since 1987 (13). Just as important as the legislation was a shift in
the common opinion, and research from Sweden indicates that the majority now find corporal
punishment unacceptable (14).
Although our modern welfare state has established rights for children and extensive
research has documented the importance of protection against injuries and maltreatment,
12

children are still largely dependent upon the family environment to be safe, to develop and to
thrive. Parents do not always manage to act in the best interest of their children and often
attempt to conceal disadvantageous factors because of shame and social taboos. The family is
a private arena in society, and such social taboos may also prevent physicians and other
professionals from asking about family problems and abuse; thus, maltreatment often remains
undetected. To promote disclosure and aid for children at risk of injuries, abuse and behaviour
problems, more knowledge facilitating the identification of early warning signs is needed.
Earlier intervention may also break a potential vicious circle with the transmission to future
generations. This thesis will contribute to new knowledge by investigating the risk factors for
injuries in children from both a clinical and epidemiological perspective as well as by
investigating the intergenerational effects of childhood abuse.

1.3 Injuries in young children
An injury is defined as the physical damage that results when a human body is suddenly
subjected to energy in amounts that exceed the threshold of physiological tolerance – or as the
result of a lack of one or more vital elements, such as oxygen (15, 16). When the burden of
infectious diseases declined after the Second World War, injuries construed an increasing
share of morbidity and mortality (16). Studies followed, and as a result patterns of incidence
and prevalence were recognised. The view of injuries changed from being regarded as
accidental and a result of misfortune and something that happens randomly into injuries being
considered aetiologically. William Haddon wrote a ground-breaking article in 1968 in which
he conceptualised the etiological aspect of injuries and introduced a matrix model for
analysing the aetiology of injuries (17). Even if injuries are often still referred to as accidents,
the events that result in injuries are no longer regarded as random and unpredictable. The
events often form a pattern, have defined risk factors and are preventable.
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A range of risk factors has been identified. The early literature focused on
demographic factors such as age and sex, and it was recognised that the risk of injuries was
high in early childhood and in adolescence and was a leading threat to children’s life and
health. It is now well established that young children have a high rate of injuries and that the
incidence of injury, mechanism of trauma and type of injury vary with the child’s age and
developmental stage (18-20). In addition, a steep socioeconomic gradient was soon also
identified, where children from the least advantaged families, neighbourhoods and countries
were observed to be at greater risk (16, 21). Such a gradient has also been demonstrated in the
wealthy Scandinavian countries (20, 22, 23). Among the best established risk factors for
injuries in children are low parental education, young maternal age, single motherhood, large
family size, unemployment and substance abuse (22-24).
Unintentional injuries in young children may result from inadequate supervision and
failure by caregivers to protect the child from potential hazards. Parental supervision has been
a recurrent theme in the discussion of how to protect children from injuries (25). However,
researchers have only recently included the role of adequate supervision systematically in
studies (26-28). Failing to meet the standards of adequate supervision and exposing a child to
avoidable harm may also be regarded as neglect. Supervision is the responsibility of the
parents, and parental characteristics may thus represent risk factors of injuries in their children.
Parents’ ability and capacity to protect their children may depend on a combination of living
conditions and personal factors (29). Parental mental health, personality, temperament and
parenting style have been linked to injuries in children. (30, 31)
Injuries may be preceded by a series of psychologically motivated decisions and
behaviours, and since the late 1960s, behavioural scientists have made progress in identifying
child-based risk factors for injuries (32). Sensation seeking, activity level, impulsivity and
poor inhibitory control are traits that contribute to children’s tendencies to place themselves in
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potentially dangerous situations (33). Furthermore, behaviour problems and psychopathology
that encompass such traits have also been identified as risk factors for childhood injuries (3436). Attention problems may affect children’s ability to recognise potential hazards and to
comply with their supervisors’ instructions and rules. Aggression and high levels of
oppositional behaviour may challenge supervisors in controlling children and keeping them
safe from harm (33, 37). Motor development is rapid in toddlers with a considerable
individual variation. Young children’s motor development precedes their ability to understand
the consequences of their actions, and cognitive capacity and motor development may play a
central role in children’s safety. This relationship is, however, not well established, as the few
studies that have been conducted reported conflicting results (32, 38, 39).
Theorists who assert that the material and social environments are the major
determinants of accidents have challenged the concept that the personal characteristics of
individuals are important components of the accident process. Child-based risk factors
associated with injuries coexist with environmental and social factors that have also been
established as risk factors for injuries (25, 40), and a focus on individual characteristics may
be perceived as “blaming the victim” (41). These relationships and interactions are not fully
understood but are likely to vary with child age and different social settings, and
documentation is scarce in regard to injuries in the youngest children. To learn more about the
risk factors for injuries in toddlers, this thesis will focus on child-factors and family factors
together.

1.4 Child abuse
1.4.1 Background and history
Children have been maltreated throughout history, and stories of neglected and abused
children are found in myths and fairytales as well as in classical literature. The first medical or
15

scientific description of the injuries associated with child abuse is attributed to the French
pathologist Auguste Ambroise Tardieu. He described the classical features of almost all forms
of child abuse and neglect, and he was the first physician to recognise the prevalence of
children being mistreated at the hands of their parents (42). Tardieu also recognised that sex
crimes against children were alarmingly common (42). Nonetheless, Tardieu's research was
either sharply criticised or ignored by legal authorities and other clinicians, partly because his
conclusions and evidence, especially on sexual abuse, contradicted the prevailing beliefs and
violated taboos. John Caffey reintroduced research on abusive injuries in children in 1946
when he described 6 infants with chronic subdural hematomas in whom he identified long
bone fractures from an “obscure” traumatic origin (43). Later, Fredrick Silverman, a junior
associate of Caffey’s, collaborated with Henry Kempe and colleagues in 1962 to frame “The
Battered Child Syndrome”(44). They observed that injuries historically noted to be from
“unrecognised trauma” were in reality from “serious physical abuse”. In Norway, the first
report “Vanrøktsyndromet” [“The battered child syndrome”] was published in Tidsskrift for
Den Norske Lægeforening in 1964 (45) and was followed by public and professional
engagement (46), with the social worker Kari Killén as perhaps the foremost pioneer (47, 48),
together with the children’s department at Ullevål University Hospital lead by professor
Sverre Halvorsen. Sexual abuse of children came to the public and the professionals’ attention
later than physical abuse (49), and public concern did not rise before the late 1970s, with the
dedication from parts of the feminist movement playing a major role. Cases of sexual abuse of
children were increasingly investigated by the police and prosecuted in the court system.
Medical research focusing on physical findings and forensic evidence evolved as a result (50).
At the same time, psychological and psychiatric research ascertained potential severe mental
health consequences. Among mental health professionals, emotional abuse was also
recognised as a type of maltreatment. Emotional abuse was first believed to be less harmful,
16

but in the late 1980s, reports recognised severe mental health consequences from emotional
abuse, even in the absence of physical maltreatment (51, 52). Exposure to domestic violence
may also be regarded as a form of child maltreatment. It has been debated whether exposure
to domestic violence should be included under emotional abuse or neglect or whether it
should be described separately (2, 53).
Along with clinical studies, epidemiological research revealed that the different forms
of abuse commonly co-occurred and that poly-victimisation was common (54, 55). In addition,
the phenomena overlap conceptually. Aspects of emotional abuse are present in almost all
cases of physical and sexual abuse, and neglect overlaps with abuse, at least in the form of
failure to protect against harm (56).
From these early investigators, the body of medical literature on child abuse continues
to evolve (57). The modern definitions of child maltreatment reflect the present knowledge
and its consequences in the context of the view of the society on appropriate child rearing and
the rights of children.
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1.4 2 Definitions
Child maltreatment is the abuse and neglect that occurs to children under 18 years of age.
Child maltreatment includes all types of physical and/or emotional ill-treatment, sexual abuse, neglect,
negligence and commercial or other exploitation, which results in actual or potential harm to the child’s health,
survival, development or dignity in the context of a relationship of responsibility, trust or power (2).
WHO Consultation on Child Abuse Prevention distinguishes four types of child maltreatment:
Physical abuse is the intentional use of physical force against a child that results in – or has a high likelihood of
resulting in – harm for the child’s health, survival, development or dignity. This includes hitting, beating,
kicking, shaking, biting, strangling, scalding, burning, poisoning and suffocating (4).
Sexual abuse is the involvement of a child in sexual activity that he or she does not fully comprehend, is unable
to give informed consent to, or for which the child is not developmentally prepared, or else that violates the
laws or social taboos of society. Children can be sexually abused by both adults and other children who are – by
virtue of their age or stage of development – in a position of responsibility, trust or power over the victim (4).
Emotional abuse involves both isolated incidents, as well as a pattern of failure over time on the part of a parent
or caregiver to provide a developmentally appropriate and supportive environment. Acts in this category may
have a high probability of damaging the child’s physical or mental health, or its physical, mental, spiritual,
moral or social development. Abuse of this type includes the restriction of movement, patterns of belittling,
blaming, threatening, frightening, discriminating against or ridiculing and other non-physical forms of rejection
or hostile treatment (4).
Neglect includes both isolated incidents, as well as a pattern of failure over time on the part of a parent or other
family member to provide for the development and well-being of the child – where the parent is in a position to
do so – in one or more of the following areas: health, education, emotional development, nutrition, shelter and
safe living conditions (4).

1.4.3 Prevalence and incidence of childhood abuse
Population-based studies of child maltreatment have revealed a wide gap between the low
rates of maltreatment recognised by child-protection agencies and the ten-fold higher rates
reported in surveys (58, 59). The prevalence of child abuse differs between countries and
parts of the world, with the highest figures in developing countries (4, 16). However, to
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provide a foundation for discussion in this thesis, we have focused on results from countries
in the Western world, and included with Norwegian and other Scandinavian figures when
available. Internationally, a recent comprehensive review of the burden of child maltreatment
estimated the prevalence of the different forms of child maltreatment in the US and developed
European countries. The estimated prevalence of physical abuse during childhood ranged
from 5% to 35%, and approximately 5% of cases had been reported to child protection
agencies (5, 60, 61). In Sweden and Norway, the prevalence of physical child abuse was
found to be in the lower range of these estimates. In Sweden, two surveys of schoolchildren
concluded that approximately 15% had been hit by a caretaker at least once in their life,
whereas 3-6% experienced being hit by a caretaker repeatedly (14, 62). In Norway, a survey
conducted by Norwegian Social Research (NOVA) of 18 – 19-year-old adolescents found the
lifetime prevalence of violence to be higher for mild physical violence at least once (25%) but
was at comparable levels for severe violence (7%) and frequent violence (2%) (55). Only six
persons reported that they had received medical care because of an abusive injury. In another
Norwegian survey of 15 -16-year-old schoolchildren, a total of 4.6% of girls and 3.3% of
boys reported violence from an adult in the last 12 months (63).
In the international review, the prevalence of any type of sexual abuse was estimated
to 15–30% for girls and 5–15% for boys. Penetrative sexual abuse was estimated to be 5–10%
for girls and 1–5% for boys (5, 60). In the NOVA study of adolescents, 22% of girls and 8 %
of boys reported having experienced less severe forms of sexual abuse, and 15 % of the girls
and 7 % of the boys reported suffering more severe sexual offences (55). In the study of 15 16-year-old schoolchildren, 6.1% of the girls and 1.6% of the boys reported experiencing
some form of sexual abuse in the last 12 months (63).
Emotional abuse may be difficult to measure as there may be more room for
interpretation depending on how the questions are asked. International estimates for children
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experiencing emotional abuse range from 4 – 9% (5, 60, 64-66). In Norway, Schou et al.
found that 11.0% of children surveyed answered affirmative to that one or both of their
parents often having told them how stupid or useless they were during the last 12 months (63).
Witnessing violence in the home may also be regarded as abuse, and in the NOVA survey, 10%
of the participants had witnessed at least one incident of violence against one of their parents
(55). A total of 16 % reported at least one severe offence (severe sexual abuse, severe direct
violence from parents, or severe indirect violence), and within this group, multi-victimisation
was common.
The discrepancy between self-reported offences and contact with child protection
services is also evident in Norway. According to the NOVA study of adolescents, only 20-25%
of the youth who reported severe offences had been in contact with Child Protection services,
Child Psychiatry, or Pedagogical and Psychological services within the school system.
Moreover, emotional abuse was reported as a reason for intervention by child protection
services in 218 cases, physical abuse in 507 cases and sexual abuse in 116 cases in Norway in
2011 (67).

1.5 Traumatic head injury in children
Traumatic head injury is defined as any physical damage to the brain or skull caused by an
external force. Traumatic head injury is a common cause of mortality and acquired
neurological impairment in children (68). Several studies have reported that children younger
than 3 years of age have the highest incidence of head injury in the child and adolescent
population, and head injury is the most common type of injury presenting to health care in this
age group (69-73). In Stockholm, Falk et al. found the highest incidence among children
younger than 18 months of age (24 per 1,000 children per year), followed by 17 per 1,000
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children in the 18 months to three years of age group (71). These figures are comparable with
international estimates of approximately 20 per 1,000 children (69, 70).
In clinical samples, several studies have established that many head injuries in young
children may be inflicted (19% to 33%) and that the highest proportion is observed in infants
(74-76). Information on inflicted injuries can rarely be extracted from large health registries,
partly because of missing and inconsistent registration of the intentional cause of injury but
also because abuse may not be recognised at all or not confirmed. Official statistics from child
protection and police registries can be valuable, but these statistics most likely represent only
a small portion of the total number of cases and may be incomplete regarding medical
information. The most thorough population-based study of inflicted traumatic brain injury in
young children was conducted in North Carolina, USA. The incidence of inflicted traumatic
brain injury in the first 2 years of life was 17.0 per 100,000 person-years. Infants had a higher
incidence than children in the second year of life (29.7 vs. 3.8 per 100,000 person-years) (77).
The literature on inflicted vs. accidental traumatic brain injuries demonstrates the
progress made as well as the challenges that still remain in the medical assessment of child
abuse. The radiologist John Caffey published two seminal papers in 1972 and 1974,
attributing severe head injuries in infants to shaking (78, 79). Since then, the term "Shaken
Baby Syndrome" has been widely used for this type of injury. The violent shaking of a child
causes the head to fling back and forth, generating powerful acceleration-deceleration forces
within the head. Infants have a relative large and heavy head, weak neck muscles, and less
myelinisation of the brain and are therefore physically vulnerable to shaking. However, the
causal mechanism is rarely confirmed. Terminology that neither implies mechanism nor
intention has therefore been recommended. At present, leading professionals are moving
towards a consensus to use the term “abusive head trauma” (80, 81). However, in this thesis,
“inflicted head injury” is used in accordance with paper I.
21

The most frequent finding associated with severe inflicted injury is subdural
haemorrhage (SDH) due to the rupture of bridging veins caused by the accelerationdeceleration motion of the brain within the skull. The presence of SDH of varying
density/attenuation on computed tomography (CT) and magnetic resonance imaging (MRI)
may represent injuries of different dates, indicating abuse with recurrent traumas. Children
can also sustain parenchymal brain injuries, particularly secondary hypoxic – ischemic
encephalopathy appears to be related to abuse (82). Trauma to the infant brain may result in
respiratory compromise with apnoea, and young children tend to develop cerebral oedema and
poor blood perfusion to the brain after a head trauma (83). In addition, abused children are
often presented late for treatment, and secondary injuries may have more time to develop.
Inflicted brain injury has been proven to be associated with worse outcomes than non-inflicted
(84), and there is increasing evidence of greater vulnerability after brain injuries in the
youngest children (84, 85).
From the early 70s, retinal haemorrhages were noted in children with inflicted head
injuries, and a strong association has been confirmed through many studies since then (79, 86).
Although no findings are pathognomonic for inflicted head injury, the triad of SDH, hypoxicischemic encephalopathy and retinal haemorrhages in a previously healthy child without a
history of a major trauma may indicate an inflicted injury (87, 88). Such an injury pattern has
repeatedly been found in children where abuse is documented, and other causes of this
combination are not known (87, 89). The presence of other injuries associated with abuse,
such as rib fractures, metaphyseal fractures and bruises, in addition to head injuries, will
increase the probability of an injury being inflicted (90).
The identification of injury characteristics associated with abuse demonstrates the
progress made in this field. However, challenges still remain. Unknown medical conditions
may predispose children to SDH after low-energy traumas. Furthermore, many cases remain
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unsolved both clinically and in the legal system, and additional knowledge of injury
mechanisms and the forces involved in head injuries in children is needed. To obtain
additional knowledge, we studied children less than three years of age who had been admitted
to our hospital unit with a head injury. Of particular interest were characteristics that may
indicate that a head trauma was inflicted.

1.6 Long-term consequences of abuse
Although many physical injuries from abuse heal over time, children may suffer from severe
neurological sequelae after brain injuries, scars from burns and pain conditions. The
psychological consequences may also be long lasting and constitute the major burden of abuse.
Although different types of abuse may have specific consequences, this thesis focuses on
consequences that all types of abuse have in common.
Researchers and professionals now increasingly recognise that childhood abuse and
emotional trauma have profound and enduring effects on the developing brain. The immediate
emotional effects of abuse, such as fear, anger and sadness, can translate into lifelong
disturbances in emotion regulation and self-esteem as well as stress activation and posttraumatic stress symptoms. Furthermore, child maltreatment may disrupt the normal parentchild attachment dynamic and influence social relationships throughout life. Over the last
decades, a large body of research has concluded that there are long-term negative
consequences of childhood adversities for a range of social problems, along with negative
somatic and mental health outcomes (91-94). Large prospective studies have repeatedly
indicated that experiencing abuse in childhood predicts common psychiatric disorders, such as
depression, anxiety, post-traumatic stress disorder and self-harm later in life (5, 95-98).
Furthermore, children who are exposed to maltreatment have an increased risk of re-
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experiencing abuse as well as being exposed to more than one type of maltreatment. Such reand poly-victimisation has been associated with more adverse outcomes (94, 99, 100).
The broad range of negative consequences reported in clinical and epidemiological
studies is underpinned by research demonstrating genetic, neuroendocrine, immunological
and structural neurobiological changes associated with childhood abuse (92, 101-103). For
instance, neuroendocrine studies have revealed an association between early adversity and
atypical development of the hypothalamic-pituitary-adrenal (HPA) axis stress response, which
may predispose sufferers to psychiatric vulnerability in adulthood (104, 105). Neuroimaging
research in children and adults has reported changes in the corpus callosum, cerebellum and
prefrontal cortex, with the most consistent evidence for reduced corpus callosum volume in
children and adults who have experienced maltreatment (106) and decreased prefrontal cortex
volume among adults with childhood histories of maltreatment (107, 108). Functional
differences have been reported in the regions involved in emotional and behavioural
regulation, such as the amygdala and anterior cingulate cortex (109, 110). In addition, animal
studies have found evidence of later health effects of early life adversity (111). Such changes
at the neurobiological level may represent adaptations to early life stress, but may
nevertheless, result in lifelong susceptibility to disease, including psychopathology.

1.7 Intergenerational transmission
The convergence of evidence from neurobiology in humans and animals and epidemiological
studies leave little doubt that profound negative consequences of child abuse can last into
adulthood and manifest in many ways that may affect parenthood (112). The impact on the
next generation is likely through multiple pathways, but parental mental health is likely to be
an important mediator; being well established both as a consequence of exposure to abuse and
as a risk factor for problems in offspring.
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Mental health problems include various disorders in which a person's thoughts,
emotions, or behaviours cause suffering to themselves or other people. The most common
problems include anxiety, depression, posttraumatic stress disorder and addictive behaviours
(113). In addition, there is psychological distress, which is experienced as troubling but does
not qualify for a psychiatric diagnosis. All mental disorders affect interactions with others.
Parenting, which is a complex process of promoting and supporting the physical, emotional,
social, and intellectual development of a child, is likely to be affected. Mental health problems
may reduce the ability to meet children’s needs and may also influence the awareness of
children’s safety as well as reduce parents’ attention to external cues of potential hazards.
Furthermore, mental health problems are entangled with social problems and problematic
adult relationships, including domestic violence. Lower social support and higher social
isolation adds toll to the burden and increases the risk of victimisation of children (114).
Children of abused mothers might therefore be at risk of growing up in a harsh and stressful
environment. From the early 1960s, it has been hypothesised that abusive parents were
themselves abused as children (115), and more recent studies have confirmed that abused
parents may fail in their own parenting role (6, 7, 116, 117). Consequently, childhood abuse
may be associated with a later harsh or abusive parenting style, which may contribute to the
intergenerational transfer of difficulties due to abuse (8, 116-118). This alleged causal
relationship has been criticised by theorists and reviews that stressed the key roles of social
determinants and environmental factors (119, 120).
Genetic factors and neuroendocrine changes in the children may further enhance their
vulnerability (9, 121). Heritable individual variations imply that victims with the most
symptoms may be genetically vulnerable to psychological traumas and that this vulnerability
can be inherited by their offspring (122, 123). Neuroendocrine changes in the mother,
especially changes related to the HPA-axis, may, during pregnancy, have a direct impact on
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the development of the foetal brain and may induce epigenetic changes (124) with longlasting changes related to stress responses in the child (125). Such relationships are also
underpinned by animal studies describing epigenetic changes related to stressful versus
normal rearing practice in rodents and primates (126, 127).
Moreover, the factors involved in the intergenerational transmission of problems due
to adverse childhood experiences are not only entangled but are also likely to interact.
Although understanding of the biological fundaments of the intergenerational transmission
has progressed, more knowledge is also needed on how these complex pathways affect the
population in general. To contribute to such an understanding, we investigated the potential
impacts of maternal childhood abuse on toddlers’ behaviour in a population-based sample and
assessed the potential mediation of maternal mental distress.

1.8 Maternal childhood abuse and consequences for the offspring
The maternal mental health problems, parenting difficulties, social disadvantages and
biological changes discussed above are likely to affect the development of children. Outcomes
may differ due to individual susceptibility and predispositions as well as other circumstances
involved, and a broad spectrum of possible consequences has been identified (128-132).
Previous studies have also documented an impact of maternal childhood abuse on offspring
adjustment (116, 133). In the youngest children, maladjustment is perhaps most easily
observed as behavioural problems. Externalising behaviours in early childhood are the most
common complaint regarding behaviour in young children, and may also be associated with
maternal childhood abuse (8). The construct of externalising behaviour problems refers to a
grouping of behaviour problems that are manifested in children’s outward behaviour and
reflect the child negatively acting on the external environment (134). Three key behaviour
problems similarly make up this construct: aggression, delinquency, and hyperactivity.
26

Hyperactivity includes two types of problems; the first type is an excess of motor activity or
restlessness, and the second type involves attention deficits (134). Externalising behaviours
encompass a tendency to end in potentially dangerous situations and are risk factors for both
non-intentional and intentional injuries. Although a number of studies have indicated that
externalising problems tend to decrease from the age of 2 years onward (135, 136), such
behavioural problems cause concern because, for some of the children, they predict persistent
problems and psychiatric disorders (137-139). Follow-up studies of preschool children
identified as having behaviour problems at ages 3 or 4 years generally report a high
probability (approximately 50%) that the children will continue to display difficulties
throughout the elementary school years (137). For some children, the problems will continue
through adolescent years and into adulthood and may affect parenthood thus closing the circle
of intergenerational transmission of problems. However, it may be difficult at an early age to
separate transitory from persistent problems, and further research on the relevant trajectories
is needed (140). High levels of problems, negative parenting, familial stress and other social
risk factors have been observed to predict persistent and more severe problems (140, 141).
To address this issue further, the aim of this study was to investigate the impact of maternal
childhood abuse on toddlers’ behaviour in a population-based sample.
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2 AIMS OF THE STUDY
Although there have been substantial achievements in research on injuries in children and
child abuse in recent decades, the knowledge is in many ways fragmented. The overall aim of
this thesis was to contribute to more integration of the knowledge of injuries and abuse in
infants and toddlers. To achieve this goal, we studied the risk factors for injuries in children
from both a clinical and epidemiological perspective and we investigated the intergenerational
effects of childhood abuse.

The aim of the first paper was to describe the presenting characteristics, type of injury and
hospital course in young children with traumatic head injuries and to identify characteristics
indicating that the trauma was inflicted.

The aim of the second paper was to assess child characteristics and familial factors as
predictors for injuries in toddlers.

The aim of the third paper was to assess intergenerational perspectives by investigating the
impact of maternal childhood abuse on toddlers’ behaviour and to assess the potential
mediation of maternal mental distress for this pathway.
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3 MATERIAL AND METHODS
3.1 Design
Two samples were used in this thesis. The first paper was based on a retrospective medical
record review with an observational design of 91 children younger than 36 months of age with
a traumatic head injury. The next two papers were based on a longitudinal prospective
pregnancy cohort study, the Norwegian Mother and Child Cohort study. The study sample
comprises 27,000 mother and child dyads.

3.2 Sample and procedure paper I
Children younger than 36 months of age with a traumatic head injury admitted to Oslo
University Hospital (OUS) from January 1, 1995 through December 31, 2005, were identified
by diagnostic codes in administrative discharge lists by the first author. One hundred eight
patients were identified. The following diagnoses were included in this study (ICD-9 was in
use before 1999 and ICD-10 from 1999):
-

Fracture(s) of the skull and fracture of the base of the skull, excluding fracture of the
facial bones (ICD-10: S02.00 - .99, ICD-9: 800.00 - .99, 801.00 - .99, 803.00 - .99,
804.00 - .99)

-

Traumatic intracranial haemorrhage (ICD-10: S06.4 -.6, ICD-9: 852.00 - .99)

-

Intracerebral haemorrhage and cerebral parenchymal injuries (ICD-10: S06.1 - .3
S06.8 S06.9, ICD-9: 851.00 - .99, 853.00 - .99, 854.00 - .99, 959.01)

We also searched the Trauma Registry at Ullevål University Hospital. This is a hospital-based
trauma registry implemented August 1, 2000, including all patients were there had been
trauma alarm activation. Six additional patients were identified and included the study. Five
were not found in the discharge list because the codes were incomplete, and one patient died
in the emergency room. After an extensive search throughout the hospital, the complete
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records for all but five patients were found. The radiological reports and medical records were
reviewed for eligibility. In total, 18 patients were excluded. The registered ICD code was
inaccurate in 16 cases (11 cases were concussion, and five cases had fracture of facial bone
and not the skull), and two cases were excluded due to medical conditions that could have
impact upon the findings, e.g., bleeding disorders and bone disorders. The final study sample
comprised 91 children.

Figure 1. Flow-chart for inclusion of cases in Traumatic Head Injuries in Infants and Toddlers
study

114 patients
108 patients from discharge lists
6 patients from the Trauma Registry
Medical records not found, n=5
109 patients
Inaccurate diagnoses, n=16
Concussions, n=11
Fracture of facial bones, n=5

Review of
radiological reports

93 patients
Excluded due to medical
conditions, n=2
Haemophilia A, n=1
Osteogenesis imperfecta, n=1

Review of medical
records
91 patients
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The injuries were classified as falling into one of three “Causes of injury”, “Inflicted injury”,
“Accident” or “Indeterminate”, based on the criteria for inflicted injuries and accidents (Box
1). The cases were classified by the first author and second author together. Information on
the age of the patient, anamnestic information regarding the cause of the head injury and
copies of the radiological reports were sent to an external collaborator for additional “Cause
of injury” classification. Interrater evaluation was performed.

3.3 Variables and measurements paper I
3.3.1 Type of injury
The cases were categorised into four groups according to the most profound type of head
injury described in the radiological reports: isolated skull fractures, epidural haemorrhage
(EDH), subdural haemorrhage (SDH) and parenchymal brain injury, including intracerebral
haemorrhage. All patients had a CT scan of the head. In addition, MRI was performed in 21
patients. When two or more neuroexaminations were performed, the findings were added
together.

3.3.2 Recorded mechanism of injury
The injury mechanism recorded in the medical records was evaluated and classified as
unknown, fall < 0.8 m; fall 0.8–1.2 m; fall > 1.2 m; fall down stair; motor vehicle accident;
and unique accident (Appendix table 2). The limits were chosen primarily to ensure that
potential low and high impact falls were separated (< 0.8 m vs. > 1.2 m), secondly to comply
with literature from other countries where both 3 feet (approx. 90 cm) and 4 feet (approx. 1.2
m) are used as limits for low vs. high impact falls, and finally to frame the actual descriptions
in the records as accurately as possible, e.g., in many records the height of falls were
estimated to be approximately one meter or a fall from a high bench or changing table were
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described (approx. 90 cm high). Such common descriptions could, with reasonable certainty,
be classified as between 0.8–1.2 m.

3.3.3 Cause of injury
Criteria for classification as inflicted injury (74):
1.

Documented presumptive abuse in the medical record and referral to child protective services.

2.

Injuries where the medical history could not explain the injury (142).

-

No history of trauma

-

A low-impact insult (height of fall < 1.0 m)

-

Changes in the history given by the caregivers

-

History incompatible with the child’s developmental level

3.

Injuries where additional findings indicate child abuse.

-

Retinal haemorrhages

-

Additional injuries which were incompatible with the given mechanism of the injury

-

Older injuries without explanation

Criteria for classification as accident (75):
1. Motor vehicle accident
2. Witnessed accident by people other than the caretaker(s)
3. Isolated or unique injury mechanism with consistent and detailed description evaluated as accidental in the
medical record.

For cases with skull fracture(s) and EDH, the interrater agreement was low (kappa 0.13).
Therefore, these cases had to meet the first or third criteria above to be classified as inflicted.
For cases with SDH or parenchymal brain injuries, the interrater agreement was good (kappa
0.85). These cases were classified as inflicted if agreement between the raters was found and
one of the above criteria was present (Table 3). All cases were classified as an accident if they
met one of the above criteria for accidents. The remaining cases were classified as
indeterminate.
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3.3.4 Other variables
Information regarding age (months), gender, mother age (years), father age (years), prior
hospitalisation, estimated hours before call for medical assistance, seizures, decreased level of
consciousness, apnoea or hypoventilation, increased intracranial pressure, length of stay,
admittance to the intensive care unit, neurosequelae, and death were also retrieved from the
medical records.

3.4 Sample and procedure paper II & III
Paper II and III used data from the Norwegian Mother and Child Cohort Study (MoBa),
conducted by the Norwegian Institute of Public Health. MoBa is a prospective pregnancy
cohort study with a target population of all pregnant women in Norway and their children.
Participants were recruited from all over Norway from 1999 – 2008 through postal invitations
prior to routine ultrasound examinations at their local hospitals at approximately week 17 of
gestation, and 38.5% of invited women consented to participate. The cohort now includes
108,000 children, 90,700 mothers and 71,500 fathers. The details of the MoBa study’s
sampling, design, questionnaires, informed consent processes, and data collection strategies
have been reported elsewhere (www.fhi.no/morogbarn) (143, 144).
Although recruitment to the MoBa cohort is completed, data collection remains an ongoing process. The current study was based on version IV of the quality-assured data files
released for research on February 2009. This file comprises the first 27,227 mother and child
dyads (N = 25,488 mothers) with completed questionnaires when the children were 36 months
of age (children born 2001 – 2005). For paper II, cases with missing data on hospitalattended injuries in the children were excluded (N = 1,140), and the study sample comprised
26,087 children and mothers. The sample used for paper III comprised the first 25,452
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children and their mothers who had completed the questionnaires when their children were 18
and 36 months of age.

3.5 Variables and measurements paper II & III
Questionnaire data collected at gestational weeks 17 (Q1) and 30 (Q3) and at child ages 6
(Q4), 18 (Q5), and 36 months (Q6) were available for the current studies. The mother
reported both for herself and the child. The response rates were 95% for Q1, 92% for Q3, 87%
for Q4, 77% for Q5 and 62% for Q6. Information from the Medical Birth Registry of Norway
(MBRN), which contains data on all births in Norway, was also available (www.fhi.no/mfr).

3.5.1 Sociodemographic information (paper II & III)
Demographic information regarding maternal age and education (paper II and III), older
siblings and maternal occupational status (paper II) was reported at inclusion, Q1. Information
regarding sex and gestational age of the child (paper II) was retrieved from the MBRN. The
mother’s civil status and current financial problems (paper II) were reported at child’s age 18
months, Q5. Data on ethnicity were not available at the individual level in this study; however,
the MoBa cohort comprised predominantly ethnic Norwegian and Scandinavian families
(95%).

3.5.2 Maternal mental health (paper II & III)
The mother’s mental health was assessed with the Symptom Checklist – 8 (SCL-8), which is
an 8-item short version of the Hopkins Symptom Checklist (145-147), when the child was 18
months of age. The SCL-8 is designed to measure psychological distress, particularly anxiety
and depression, in population surveys. Short versions of the SCL have shown good
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psychometric properties (145, 146). The internal consistency in this sample was good and
comparable to other studies (Cronbach’s D = 0.84).

3.5.3 Injuries (paper II)
Hospital attended-injuries between the age of 18 and 36 months were the selected outcome in
paper II. Injuries in toddlers were assessed using the following questions: “Has your child
suffered any injury or accident since the age of 18 months?” and “If yes, has the child been
admitted to or examined in hospital?” The response categories to both items were “yes” or
“no”.

3.5.4 Child development (paper II)
Development was assessed using items derived from the Norwegian version of the Ages and
Stages Questionnaire (ASQ). The ASQ was designed for first-level screening and to monitor
developmental delay in children (148) and has been validated in a Norwegian sample (149).
When the child was 18 months of age, development was assessed using three items from the
gross motor area (Cronbach’s D = 0.63), three items from the fine motor area (Cronbach’s D =
0.30), three items from the communication area (Cronbach’s D = 0.59), and four items from
the personal–social area (Cronbach’s D = 0.50) of the ASQ 18 months form. Due to poor
internal consistency, these measures were analysed as categorical variables. The choice of
responses was “not yet”, “sometimes” or “yes”. Responses of “not yet” and “sometimes” are
indicative of delayed development and were categorised jointly as “not yet”. The number of
developmental skills that were not achieved was summarised, and the following three
categories were formed: “all skills achieved”, “one skill not achieved” and “two or more skills
not achieved”.
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3.5.5 Child temperament (Paper II)
The Emotionality, Activity, Shyness, and Sociability Temperament Survey for Children (EAS)
(150) was used to assess temperament at 18 months of age. Three items from each of the
emotionality, activity, and shyness subscales were included. “Emotionality” refers to the
tendency to become easily and intensely aroused or upset. “Activity” refers to the preferred
level of activity and speed of action. “Shyness” refers to the tendency to be inhibited and
awkward in new social situations. Each item was rated using a five-point scale, ranging from
“not typical” = 1 to “very typical” = 5. Cronbach’s D was 0.64 for emotionality, 0.64 for
activity, and 0.65 for shyness.

3.5.6 Child externalising behaviour (paper II & III)
Child behaviour in both MoBa studies was assessed by items from the Child Behaviour
Checklist (CBCL) for ages 1.5 to 5 years (134). The instrument is designed to identify a broad
array of problem behaviours and should be completed by caregivers or others who observe the
child in familiar settings. The externalising grouping of syndromes comprises problems that
mainly involve conflicts with other people and with their expectations for the child and is
divided into two syndromes: attention problems and aggressive behaviour. As with other large
scale multidisciplinary studies, item selection was necessary because of restricted
questionnaire space. Items selection in the MoBa study aimed at representing each subscale
with items that were both clinically and theoretically relevant and based on a consensus
among specialists in clinical and developmental psychology. All items were, according to the
CBCL procedure, rated “not true” = 0, “somewhat or sometimes true” = 1, and “very true or
often true” = 2.
Paper II: Child externalising behaviour was assessed when the child reached 18
months of age. Five items assessing aggressiveness and three items assessing attention
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problems were available. Cronbach’s D was 0.44 for the aggressive subscale and 0.59 for the
attention subscale. Due to poor internal consistency, these measures were analysed as
categorical variables. “Somewhat or sometimes true” and “very true or often true” were
categorised together to indicate problem behaviours. The number of problems were
summarised and then categorised as “no problems”; one, two or three problems for the
attention subscale; and one, two or three or more problems for the aggressiveness subscale.
Paper III: Child externalising behaviour was assessed when the child reached 36
months of age using seven items measuring aggressiveness and four items measuring
attention problems. Cronbach’s D was 0.74. Ratings from all items were summarised into a
total score.

3.5.4 Maternal abuse (paper III)
Maternal abuse exposure was assessed in late pregnancy with four items: 1) degradation or
humiliation: “Someone has over a long period of time systematically tried to subdue, degrade
or humiliate you”; 2) threats, “Someone has threatened to hurt you or someone close to you”;
3) physical abuse, “You have been subjected to physical abuse” and 4) sexual abuse: “You
have been forced to perform sexual acts”.1 The choice of response was “no, never”, “yes, as a
child (under 18 years of age)” and/or “yes, as an adult (over 18 years of age)”. The questions
were based on the Norvold Abuse Questionnair (NorAq) (151). Degradation or humiliation
and threats (items 1 and 2) were classified together as emotional abuse, and physical and
sexual abuse (items 3 and 4) were classified together. Emotional abuse in combination with
physical and/or sexual abuse, was categorised as physical and/or sexual abuse, due to the
1

Footnote
In the official English version of the 30th week of gestation questionnaire, the question about sexual abuse
experience is “Have you been forced to have sexual intercourse?”
In this paper, we apply the wording “Have you been forced to sexual acts?”, which we believe is a more correct
translation of the question from Norwegian (Har du blitt presset til seksuelle handlinger?).
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likelihood of elements of emotional abuse being present together with physical or sexual
abuse. The following categories for childhood abuse experience, “no childhood abuse”,
“childhood emotional abuse alone” and “childhood physical and/or sexual abuse”, were
formed.
The mothers’ exposure to abuse as adults (after age 18) was categorised in the same
manner as childhood abuse, creating the categories “no adult abuse”, “adult emotional abuse
alone” and “adult physical and/or sexual abuse”.

Figure 2. Prevalence of maternal exposure to childhood abuse
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Table 1. Overview of the variables in paper II & III
Q1

Q3

MBRN

Q5

Q6

17-20 week
of pregnancy

30 week of
pregnancy

Birth

Child age
18 months

Child age
36 months

Maternal age

Gender

Older
sibling(s)

Gestational
age at birth

Mother and child
not living with the
father

Outcome
Hospital
attended
injuries

Exposure
Paper II

Financial problems
Maternal
education

Maternal mental
health problems

Mother
unemployed
or disabled

Child development
Gross motor
Fine motor
Communication
Social
Child temperament
Activity
Emotionality
Shyness
Child externalising
behaviour
Attention
Aggression

Paper III

Maternal age
Maternal
education

Childhood
abuse
Adult
Abuse

Gender

Maternal mental
health problems

Child
externalising
behaviour

Civil status

3.6 Statistics
In paper I, continuous data were presented as the mean with 95% confidence interval (CI),
except when the distribution was far from normal. In such cases, the median and interquartile
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range (IQR) were used. When comparing continuous variables, t-tests were used if the
distribution of the variable was sufficiently close to the normal distribution. Otherwise, MannWhitney tests were used. Chi-square tests were used when comparing categorical data.
Pearson’s correlation coefficient was used to measure associations between two continuous
variables. SPSS 12.01 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
In paper II, the predictors of hospital-attended injuries in children were analysed using
logistic regression. Associations were presented as crude odds ratios (cORs) and adjusted
odds ratios (aORs) with 95% confidence intervals [95% CI]. The corresponding tests for
significance were performed using the Wald-test statistic. The summed scores of independent
continuous measures were standardised, and the presented odds ratios represent the difference
in risk for an increase of one standard deviation. Measures with internal consistency of
Cronbach’s D <0.60 were categorised.
In paper III, chi-square tests were used for comparison between groups of categorical
variables and one-way Analysis of variance (ANOVA) was used for continuous variables. For
pairwise comparisons, post-hoc tests with Holm correction were used for chi-squared tests
and Scheffé correction for ANOVAs. Maternal childhood abuse was investigated as a
predictor for externalising behaviour in children using hierarchical linear regression. The
potential mediation of maternal mental distress was tested using the four steps suggested by
Baron and Kenny (152).
In paper II and III, a Generalised Estimating Equation (GEE) approach was used both
for logistic and linear regression to account for clustering due to the inclusion of siblings in
the study sample. Multicollinearity among the predictors was assessed by variance inflation
factors and did not suggest any problems in either of the studies. The model in paper II was
cross-validated in two randomly selected subsamples. Stratification by child gender produced
only minor differences in effect estimates for all models. The rate of missing information on
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single items ranged from 0% to 11.9% in paper II and 0% to 3.0% in paper III, and modelling
was based on 20 multiply imputed datasets. Multivariate Imputation by Chained Equations
(MICE) was used for imputations. All analyses were performed using R (The R Foundation
for Statistical Computing, Vienna, Austria) with the R packages gee for GEE analysis and
mice for multiple imputation.

3.7 Ethical considerations
The traumatic head injury part of this thesis was conducted as a quality assurance and
evaluation project. In accordance with the requirements for such retrospective research on
hospital patients, personal consent was not obtained from the included patients. This approach
was approved by the Data Protection Official at Ullevål University Hospital, and the study
was approved by the Regional Committee for Medical Research Ethics for Eastern Norway.
The study included already collected information from medical records and did not affect the
treatment or follow-up for the patients. Nevertheless, the study includes information of very
sensitive character and precautions were taken to keep the patients and carers anonymous.
Retrospective research in this field in the largest trauma hospital in Norway is likely to be of
value for further quality assurance and improvement and justifies the inclusion of information
from vulnerable patients.
Participation in the Norwegian Mother and Child Cohort Study with repeated
extensive questionnaires may be burdensome. The study is based on informed written consent
and participants may at any time withdraw from the study without any negative consequence.
Children are included with consent from the mother. Children will be informed personally
about the study when they are 15 years of age. When the child reaches 18 years of age,
informed consent from the child is needed for further storage of data. The Regional
Committee for Medical Research Ethics and the Norwegian Data Inspectorate approved the
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study. Our project has the same overall intention as the main study: identification of causal
factors of disease and health problems, and is thus embedded by the original consent given,
and no additional approval from the Regional Ethical Committee was required. The privacy of
the participant is secured as we only have access to de-identified data, and the number of
participants is so large that recognition of individuals is considered impossible.
The current study used only data that was already collected and therefore represents no
additional burden to the participants. Our study, like other sub-studies, ensures that more
knowledge can be generated from previously collected data and increases the utility of large
population studies. Sub-studies that use existing data are cost effective and contribute to
efficient use of public funds and research resources. Epidemiological research on victims of
abuse might unintentionally contribute to stigmatism, a feeling of humiliation and self-blame
among victims. The linkage to another unwanted attribute such as externalising behaviour in
their children might further enhance such feelings. "Increased risk of injuries in children" is
also a negatively charged term, which also has the potential of inducing regret and self-blame
in parents. Therefore, we thought carefully about the wording and statements before the
results were presented to avoid such effects.
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4 RESULTS
4.1 Paper I
Traumatic head injuries in infants and toddlers
Ninety-one children with a traumatic head injury were included in the study. The cases were
classified according to four types of injuries: isolated skull fractures (N = 39), EDH (N = 12),
SDH (27) and parenchymal brain injury (N = 13) 2. Domestic falls were the most common
reported cause of isolated skull fractures. EDH followed the pattern of skull fractures in
regards to mechanism of injury. Two-thirds of the SDH were reported from fall heights < 0.8
m, and there were no history of trauma in 26%. In total, 63% were classified as inflicted. No
fall < 1 m was reported as a cause of parenchymal brain injury, and the largest proportion of
motor vehicle accidents was found in this category.
Seventeen cases met the criteria for inflicted injury (19%), 35 cases met the criteria for
accident (39%), and the remaining 39 cases (43%) were regarded as indeterminate. Compared
to the accident group, the children in the inflicted group were significantly more likely to have
been hospitalised earlier despite being considerably younger. Seizures and SDH without skull
fractures occurred more frequently in the inflicted group.
The indeterminate group was characterised by low morbidity, and most of the injuries
(46%) were caused by domestic falls from heights 0.8 to 1.2 m. The indeterminate group
shared some characteristics with the inflicted injury group. The children were young, several
had previously been hospitalised, and there were cases with no history of trauma, changing
history or a low-impact fall described.

2

The tables in paper I were published as supporting information online
(http://onlinelibrary.wiley.com/doi/10.1111/j.1651-2227.2007.00356.x/full), and are here presented in appendix I.
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4.2 Paper II
Familial factors and child characteristics as predictors of injuries in toddlers: a
prospective cohort study
In this study, we investigated characteristics that place toddlers at risk of injury. Both childrelated factors (male gender, increased gestational age at birth, motor development, shyness,
and attention) and familial factors (having older siblings, younger maternal age, financial
difficulties and maternal mental health problems) were associated with hospital attended
injuries.
In the multivariable analysis, younger maternal age, financial problems, maternal
mental distress, having older siblings, increased gestational age at birth and male gender were
risk factors for hospital-attended injuries. Children with impaired gross motor development
had a decreased risk of injury, whereas those with impaired fine motor development had an
increased risk. Of the temperamental traits, shyness was a protective factor after adjustment,
whereas activity was no longer significant. Children with three reported attention problems
had a slightly increased risk of injuries; otherwise, externalising behaviour was not a
significant risk factor. This longitudinal population-based study confirmed that a wide-variety
of factors interact as predictors of injuries in toddlers.

4.3 Paper III
Maternal childhood abuse predicts externalising behaviour in toddlers – A prospective
cohort study
In this study, we investigated the impacts of maternal childhood abuse on toddlers’ behaviour
in a population-based sample. Maternal mental distress was assessed as a mediator for this
pathway. Childhood emotional abuse alone was reported by 8.3% of the mothers and physical
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and/or sexual abuse was reported by 8.9%. Mothers with childhood abuse experiences were
younger, less educated, at a greater risk for adult abuse and mental distress, and fewer were
married or lived with a partner compared with women not reporting childhood abuse.
Children of mothers with childhood abuse experiences displayed significantly more
externalising behaviour, even after adjusting for maternal age, education, single motherhood,
gender and adult abuse experiences. When maternal mental health was entered into the model,
the associations remained significant but were substantially attenuated.

Figure 3. Maternal mental health as mediator of the relationship between maternal childhood
abuse and externalising behaviour in the offspring
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5 DISCUSSION
5.1 Discussion of the main findings
In many ways, our first paper illustrates both the progress made and the problems that remain
in the field of traumatic head injuries in young children. For SDHs, the existing knowledge
made it possible to recognise inflicted injuries, and in many of these cases, there was strong
evidence of abuse. For skull fractures and EDHs, our study demonstrated how difficult it is to
be conclusive regarding “cause of injury” if there were no other signs of child maltreatment.
Nearly two-thirds of the SDHs were classified as inflicted, but none of the EDHs or skull
fractures were classified as inflicted. This proportion is consistent with other studies (76, 153).
The children in the inflicted group were young, which is also consistent with the literature.
This well-established relationship between age and inflicted head injuries is first of all due to
infants being vulnerable to shaking. Babies are often taken care of by the perpetrator from
birth, and situations such as extensive crying that may trigger abuse often arise early. It may
also be easier to question parents’ explanations of injuries in babies compared with older
children, as babies have limited opportunity to harm themselves. Despite being considerably
younger, the children in the inflicted group were significantly more likely to have been
hospitalised earlier. This result indicates that the parents may have had some concerns,
although the underlying situation was not disclosed. We detected no clear pattern in the
causes of hospitalisation. The fact that parents sought medical help underlines the importance
of a thorough history and examination when young children present to health care. Otherwise,
an opportunity to recognise abuse could be lost. It also underscores the importance of
documenting the medical history when children present with injuries. Inflicted injuries were
associated with seizure, and this finding has been confirmed by several studies (154-156).
Seizures are likely to be a consequence of the injury type in combination with young age. It
may also be a factor that seizures are so frightening for the carers that they bring the child to
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health care in a situation where they otherwise would be reluctant to do so. Contrary to many
other studies, few sociodemographic differences were found between the groups (157, 158),
except for younger paternal than maternal age in the inflicted group. This is, however, an
uncertain finding because the numbers were small. The few socioeconomic differences
observed may be due to social risk factors being present in all three groups. Reviewing the
material, our impression was that such risk factors were common in the whole sample, but
comparison with the general population was not possible.
The largest group was classified as indeterminate. Injuries due to abuse and neglect
may be indistinguishable from unintentional injuries with the present knowledge. The
indeterminate group was characterised by skull fractures with low morbidity, and most of the
injuries were caused by domestic falls. Even in a prospective study with diagnostic
procedures according to best practise for all cases, there is likely to be indeterminate cases.
Nevertheless, a more detailed and systematic history may reduce the proportion. The
indeterminate group shared some characteristics with the inflicted injury group. They were
young, more of them than expected had previously been hospitalised, and there were cases
with no history of trauma, changing explanations or a low-impact mechanism as explanation.
This could indicate that more children were abused or neglected and demonstrates that followup after unclear injuries in young children is necessary. It also exemplified that more
knowledge is needed.
It is important to keep in mind that documented presumptive abuse in the medical
record and referral to child protective services was one of the criteria for classification as
inflicted injury. Hence, many of the established features associated with abuse, such as SDH
and retinal haemorrhages, were already taken into account in the primary evaluation, and we
had to be careful to avoid circular reasoning where the premise included the conclusion when
we interpreted our results. The issue of circular reasoning is one of the main concerns when
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comparing factors indicative of abuse vs. not abuse and makes research on inflicted injuries
challenging. However, a comparative design is useful to identify new or not well-established
features, in addition to evaluate features blinded in the classification. When our study was
performed, seizures, prior hospitalisation and paternal age were not well-established features
of inflicted injuries and were not likely to have been considered either in the primary
evaluation or in the study classification. Age, time elapsed before accessing medical
assistance and the absence of skull fracture when an intracranial injury was present may, on
the other hand, have been considered in the primary evaluation. Since the publication of this
study, systematic review articles of abusive head injuries have been published (87, 90, 156,
159), also including the present study (156). This review by Piteau et al. also compared the
result when only studies with multidisciplinary assessment were included with the results
when all studies otherwise available were included. Interestingly, few differences were found
(156). This suggests that some medical features of inflicted injuries are so well-established as
indicators of abuse that further multidisciplinary evaluation provides little additional
information.
In the second paper, we investigated risk factors for hospital-attended injuries in
toddlers with an epidemiological design. This study confirmed that a wide variety of factors
are in play as predictors. One of the most robust risk factors was maternal mental distress.
Other recent studies have also found that maternal depression constituted a risk factor for
injuries in children (30, 31). Parents’ mental health conditions should be addressed in further
studies, preferably including both parents and providing more extensive information of mental
health problems. Maternal mental health may be a factor one should be more aware of when
assessing injury risk in children. Contrary to other studies, socioeconomic factors were not
prominent risk factors in our study. This lack of association may be due to the low-risk profile
of the sample. In addition, young age may also be an explanation for this result, as other
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studies have found that socioeconomic factors are less important in the youngest children
(160). Financial problems, which were significantly associated with injuries, were reported by
a rather large proportion of the mothers in this study and are not likely to represent poverty,
but perhaps problems to adapt to a life situation with a growing family, which may contribute
to familial stress (22, 23).
In contrast to other studies, we did not identify temperamental and behavioural
characteristics as robust risk factors for injury in children (33, 34, 37, 161). This disparity may
be due to the younger age in this study, and assessment of child characteristics may be
difficult at this early age. In our study, the associations between temperament, behaviour, and
injury were substantially attenuated in adjusted models, perhaps indicating that other factors
may be more robust predictors of injuries in young children. Child development withstood
adjustment better. Children with impaired gross motor development had a decreased risk of
injury, whereas those with impaired fine motor development had an increased risk. The
different directionalities suggest that these areas should be assessed separately in future
studies and illustrates the usefulness of assessing the developmental areas separately.
Our finding that preterm birth was associated with a decreased risk of injuries was
unanticipated. Many studies have identified behavioural problems that are also linked to
injury proneness in children born preterm (162, 163). On the other hand, studies of
adolescents have suggested that children born with extremely low birth weights are more
cautious, shy and risk aversive than children born at term (164), and our finding might be
explained by such attributes. Along the same line, shyness was a protective factor against
injury. Shyness is considered to represent an inhibition to the unfamiliar and is associated
with inhibitory control (165, 166). The finding of decreased injury risk in children born
prematurely may have limited implication for injury prevention but may, nevertheless,
contribute to insight regarding the consequences of premature birth.
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A hospital-attended injury between 18 and 36 months of age was reported for 4.6% of
the children, which is lower than most international estimates. A report from six European
countries showed a wide variation in attendance rates ranging from 50 – 180 per 1,000
population for all children per year admission (167). Injury prevalence is often graphically
represented as a pyramid, with fatalities on top, hospitalised patients in the middle and nonhospitalised patients at the base. Naturally, the prevalence varies greatly depending on which
injuries are included but may also be influenced of access to health care and the organisation
of health care. The low rate in our study may be due to many injuries being taken care of in
primary care, as well as the low risk profile of the sample. Brudvik found an annual incidence
of 9% (90 per 1,000) for medically attended injuries in preschool children below six years of
age in Bergen in 2000 (73), and as expected, the rate was lower for hospital-attended injuries
than for medically attended injuries.
In the third paper, we investigated potential behaviour problems in children of
childhood abuse victims. This study found that mothers who had experienced abuse in
childhood reported more externalising behaviour in their children at three years of age
compared with mothers without such experiences. Adjustment for sociodemographic
variables and abuse experiences later in life had little impact. Maternal mental health
problems were a partial mediator of the relationship, but the associations remained significant
in the final model. Consequently, other mechanisms not assessed in our study are in play.
Important factors not assessed in our study may include genetic factors, parenting style or
paternal factors. However, the robustness of the effect of childhood experience emphasises
how childhood adversities may have intergenerational consequences. To our surprise,
childhood emotional abuse was as strong a predictor of behavioural problems in the children
as physical and /or sexual abuse. Both parental verbal aggression and other forms of
emotional abuse have been proven to be a potent form of maltreatment in other studies (93,
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168). One comparable study also suggested an association between childhood emotional
abuse and behaviour problems in the offspring (133). Emotional abuse may be more chronic
exposure, whereas more single or time-limited events may have been included in physical and
/or sexual abuse. Repeated exposure to abuse has been found to result in worse outcomes than
single events (94, 169). Nevertheless, our study suggests that childhood emotional abuse may
affect parenthood.
The prevalence of physical abuse (4.7 %) and sexual abuse (6.3 %) were lower than
most international and national estimates for these types of abuse in general (5, 55), and this
may be due to the low risk profile of this sample. The prevalence was closer to what has been
reported for more severe offences in Norway, and the reported abuse may then perhaps
represent more severe offences (55). The use of a single labelled question for each of the
abuse types may have contributed to underreporting of less severe offences (170). On the
other hand, the prevalence of emotional abuse (12.5%) was higher than the international
estimates of 4 - 9% (5). This may depend upon the use of two descriptive- and behaviourspecific questions used in the assessment of emotional abuse (170). Uses of such questions
have been demonstrated to reduce underreporting (171).
Maternal mental health was an important predictor both for injuries in children and
behavioural problems. Mental distress may reduce a parent’s attention to external cues and
may negatively impact the parent-child relationship. These relationships indicate that the
wellbeing of mothers is important for child safety and development. Together, these studies
indicated that maternal childhood abuse may also be a risk factor for injuries in their children.
Maternal childhood abuse predicted an increase in child externalising behaviour, and
externalising behaviour may be a risk factor for injuries even though a robust relationship
could not be established in our study.
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5.2 Methodological considerations
The clinical and the epidemiological approaches used in this thesis represent different
research strategies and designs and hence different limitations and strengths. Paper I is based
on a retrospective review of medical records of a highly selected hospital sample, whereas
paper II and III is based on data from a large prospective cohort survey of the general
population with a wide aim. These different designs have different implications in regard to
hypothesis testing. In paper I, the likelihood for type II errors was most prominent. The small
sample and the non-systematic information available in the files may have resulted in no
significant differences between the groups on characteristics which in reality were different.
In paper II and III, the large sample and the large number of available variables may have
given false positive relationships, and type I errors may be considered.

5.2.1 Main limitations and strengths in paper I
In paper I, the information available was restricted to the content of the medical records,
including radiologic reports and laboratory reports. Standardised measures were not regularly
used, and the available information varied. Generally, more information was available for
severe cases with a long hospital stay and the most recent cases. Moreover, the medical
assessment was dependent of the injury type. For instance, skeletal survey and fundoscopy
were only performed if abuse was suspected. This limitation put restrictions on choice of
variables, classification and analyses. However, the comparison groups are likely to be
representative with regards to inflicted vs. accidental injuries. This was ensured by a
conservative approach where cases were classified as indeterminate when pre-set criteria for
inflicted injury or accident were not clearly met. Likewise, a variable was left missing if there
was any doubt of its value. Furthermore, interrater reliability was assessed. Interrater
reliability was good for the more severe injuries, and they could be classified according to the
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pre-set criteria. For less severe injuries, the interrater reliability was low. Consequently, the
classification criteria were set more stringent for these injuries. The strength of this study was
the proximity to the clinic, and the authors’ clinical experience in the hospital which made it
possibility to extract much of the available information retrospectively.

5.2.2 Main limitations and strengths in paper II and III
5.2.2.1 Selection bias in MoBa and implications for our studies
Selection bias is a systematic error in a study that stems from the procedure used to select
subjects and from factors that influence study participation (172). A response rate of 38.5% in
the MoBa-study and a further attrition where the response rates were 95% for Q1, 92% for Q3,
87% for Q4, 77% for Q5 and 62% for Q6 suggest a potential selection bias, which gives rise
to concern to what extent the results of MoBa are valid for the total pregnant population. A
comparison of educational information using national data indicated that women with the
highest education level were overrepresented in the cohort (national: 31%; cohort: 56%) (143),
and comparisons with data from MBRN indicate that the youngest women (<25 years), those
living alone, mothers with >2 previous births and with previous stillbirth were strongly underrepresented (143, 173). Attrition analysis indicated the same tendency with regard to
demographic and family risk variables (132). Furthermore, the sample predominantly
comprised ethnic Norwegian participants and did not allow us to investigate the influence of
ethnicity or culture. Our study samples may be regarded as representing a low-risk population,
and the prevalence of risk factors and adversities, such as childhood abuse, are likely to be
underestimated. However, few significant differences in exposure-outcome associations have
been found in studies where this cohort has been compared data from the MBRN, which
comprises the entire Norwegian pregnancy population (173). The implication is that although
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participants may differ from non-participants on key characteristics, the associations observed
in our studies are most likely to be underestimated.

5.2.2.2 Information bias in the measurement of child injury
Information bias occurs because erroneous information from or about participants leads to
systematic misclassification. Self-reported medically attended or hospital-attended injuries are
common measures in the injury literature and for children parental report are often used.
However, concerns about the sensitivity and validity of self-reported injury data have been
raised and may also have biased our risk estimates (174). Parental injury recall has been
shown to decrease with time and tends to be more accurate for major injuries (175, 176). The
expected over-representation of more recent injuries and more severe injuries are, however,
not likely affect the association measures substantially.
Our study did not include measures of injury type or injury mechanism. Not knowing
the injury type was not a concern because we wanted to study the risk factors common to all
types of injuries. The lack of information about the injury mechanism may have reduced the
probability of identifying child-based risk factors because injuries with little child control
were included (e.g., car occupant accidents). Similarly, the inclusion of injuries occurring
without parental control, e.g., in day-care, may have reduced the likelihood of identifying
familial factors. Not knowing the injury mechanism also made it impossible to recognise
injuries caused by neglect and abuse.
A concern in our study was that there may be some overlap between the comparison
groups of children with and without hospital-attended injuries regarding injury severity,
which may have reduced effect sizes. Although the specification “admitted to or examined in
a hospital” ensured a minimal injury severity, there are differences in referral routines and
organisation of the health care system throughout Norway. Differences in hospital attendance
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can be expected with more severe injuries treated in out-patient clinics in rural areas, as well
as in the large inner city Emergency Medical Agency in Oslo. On the other hand, the large
sample size made it less likely that important risk factors were overlooked. Notably, patients
require a referral from a GP for an examination at a hospital in Norway. The impact of
parental differences in seeking health care was thereby reduced for hospital-attended injuries.
Moreover, financial difficulties should not contribute to differences as all medical care for
children in Norway is free.

5.2.2.3 Information bias in the measurement of childhood abuse
Retrospective reports of adverse childhood experiences are likely to involve measurement
errors, but are nevertheless regarded to have a worthwhile place in research (177, 178).
Forgetfulness, denial, misunderstanding, and embarrassment may result in false negative
reports (5, 179). On the other hand, studies indicate that few individuals report a false history
of abuse (170), and the assumed problems are more likely to lead to the under-reporting rather
than over-reporting of abuse of children and then perhaps diminished strength of associations
(177, 180).
Maternal childhood abuse was assessed in late pregnancy with four questions. The
first two questions were descriptive and behaviour specific. Both described constructs are
defined as emotional abuse, and thus they were categorised together. Physical and sexual
abuse were both assessed by single, broad labelling questions. Such labelling has been
demonstrated to result in lower positive responses, compared with descriptive questions, and
may have contributed to false negative reports (171, 181).

5.2.2.4 Single-informant bias
Reliance on the mother as single informant may have affected the response accuracy.
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Parents have been observed to report more externalising behaviour in their children than
teachers and other professionals. Regardless, parental reports of externalising behaviour have
been demonstrated to be equally predictive of later problem behaviour as professional reports
(182, 183).
In our studies, the mother was the informant of both her own symptoms and the child’s
characteristics. Current maternal mental distress has been observed to result in reporting of
more behaviour problems in the child by the mother, thereby raising questions about the
validity of reports of child behaviour by persons who are currently distressed (184).
Depressed or anxious mothers may also remember adverse events such as injuries to their
children better than mothers in general. To our knowledge, no such effects are described in
the literature, but they cannot be excluded, and may have resulted in an overestimation of the
relationship between maternal mental health and injury in their children. The potential overreport of child behaviour problems by distressed mothers may have resulted in an overestimation of the relationship between maternal childhood abuse and behavioural problems in
children in the models that did not include mental health (185). In the final model, the
adjustment for maternal mental health compensated for this effect. The mediation effect of
maternal mental health may, on the other hand, be overestimated. However, even though the
depression–distortion question is worth considering, it may not explain the full effect (186).

5.2.2.5 Reliability and validity
Shortened scales lessen the burden on the respondents and allow more variables to be
included in questionnaires with limited space. However, the use of abbreviated scales may
have threatened the reliability as well as the validity of otherwise psychometrically welldocumented instruments. A major concern in our study was the low internal reliability for
some of the measures. These measures were analysed as categorical variables, which may
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have reduced their sensitivity and lessened the opportunity to identify significant and robust
child characteristic as risk factors.
The MoBa study used items from instruments that have been extensively validated
(134, 148, 150). Items for the abbreviated scales were selected by consensus among
specialists in clinical and developmental psychology with an aim towards maintaining content
validity. However, the scale abbreviations may represent the original construct less accurately
(187). Both the instruments used to assess behaviour and development were constructed to
identify children in need of further follow-up. As expected, these measures were heavily
skewed toward low scores in this normal population. Instruments that had captured the normal
variation better might have provided additional knowledge.

5.3 Implications and suggestions for future research
The traumatic head injury study may have had implications for clinical practice in Norway.
The study was the first on inflicted injuries in Norway and brought focus to the topic, which
may have contributed to more cases being identified as well as better documentation and more
systematic assessment regarding injury mechanism of head injuries in young children (188).
To develop this field further, a prospective study with systematic gathering of information is
needed. Long-term follow-up would be valuable, not only to assess neurological sequelae, but
also to follow social and legal issues. However, in the future, research on inflicted vs. noninflicted injuries must avoid circular reasoning, which may limit the identification of new
aspects as well as confirm established knowledge without a critical view. Research with other
approaches, such as studies of biomechanics of the infant skull and brain and a combination
of biomechanical measurements and reconstruction of witnessed events, may prove useful.
Attempts to develop tests and methodology to date bruises, bleedings, brain injury and
fractures more accurately have been made (189, 190), but more knowledge is needed before
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such strategies are applicable for clinical and forensic use. Many professions are involved in
regard to injuries in children and child abuse and neglect, and the clinical knowledge as well
as research is in many ways fragmented. Research cooperation between paediatricians and
forensic pathologists with knowledge of child abuse, surgeons who treat injuries and
epidemiologists with knowledge of how and why children of different age, size and
developmental stage become injured may provide valuable new insight. Finally, long-term
consequences of childhood abuse have been established for both somatic and mental health,
but there is little integrated research on the more acute aspects.
A variety of relevant predictors were associated with injuries in toddlers. Our study
demonstrates that it can be difficult to separate relevant risk factors and perhaps reflect that
the risk factors were truly entangled. However, some of the limitations in our study is possible
to overcome. Injury variables that better capture the continuous nature of many aspects of
injuries, such as frequency and severity may better identify injury prone children. To achieve
this, a more accurate injury surveillance system or population-based studies especially
designed for this purpose are needed. A combination of such register data and survey data are
likely to provide even more valuable results. The forthcoming national injury surveillance
system through the Norwegian Patient Registry will hopefully provide new research
opportunities on children’s injury risk in Norway. Furthermore, monitoring of injury
incidence with changes over time and evaluation of preventions strategies will be possible.
New possibilities would also arise if such registries included information identifying inflicted
injuries.
The large sample size made it possible to recognise small group differences that may
not be directly recognisable in clinical practice. However, the direction of the associations
may provide clues to what to look for, and the risk factors may also be clinically evident in
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the upper end of the constructs. The identification of specific child-based risk factors may also
reveal interesting information on child developmental psychology.
In addition to neurobiological research to understand the underlying biological
changes, integrated research that focuses on the family context is require to obtain further
knowledge of the processes involved in intergenerational transmission of adversity. Studies
that use both biological and psychological methods may also give rise to new interesting
perspectives. Our results also Our study describes three indicators of families at risk: maternal
childhood abuse, maternal mental health problems and child behaviour. First and foremost,
this calls for cooperation between child and adult psychology/psychiatry. The mother’s
history, the mother’s present mental health and child problems should be studied
simultaneously. Up until now, studies with an intergeneration perspective have mainly
focused on mother and child dyads, whereas fathers has received less attention, and the
inclusion of fathers in future studies may provide valuable new insight.
In the MoBa papers, the low risk profile of the sample may have led to
underestimation of the relationships, and sampling strategies that ensure a better
representation of the general population, including the immigrant population and high-risk
groups, would be valuable in future epidemiological research on adversities in childhood.
Preferably, further studies should also include both parents.

5.4 Conclusions
A considerable number of the children admitted to hospital with a head injury were not
adequately assessed for trauma history and possible abuse. This thesis demonstrates that a
thorough evaluation is necessary when a young child presents with a head injury otherwise
severe abuse could be missed. Inadequate supervision may also have caused the injury.
Assessments of and actions towards potential neglect and abuse are thereby also needed to
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safeguard the children against future injuries. Our study confirms that a wide-variety of
factors are in play as predictors of injuries. Both child characteristics and familial factors
increase injury risk in toddlers. Professionals should be especially aware of maternal mental
health and delayed fine motor development as risk factors. Furthermore, maternal childhood
abuse predicted increased externalising behaviour in the offspring. The longitudinal design of
the study supports a parent-to- child directionality, and this thesis suggests that childhood
abuse may influence the subsequent generation. Multiple pathways are possible, but maternal
mental health was identified as a significant mediator. Systematic assessment of predictors
may help to identify children at risk of abuse, injuries and behavioural problems at an early
stage. A family perspective and involvement of both somatic and mental health professionals
may increase the quality of evaluations and the level of care.
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Errata
4.3 Results Paper III (page 44-45)
Childhood emotional abuse alone was reported by 8.3% of the mothers and physical
and/or sexual abuse was reported by 8.9% should read Childhood emotional abuse alone was
reported by 8.4% of the mothers and physical and/or sexual abuse was reported by 9.1%.
Paper III abstract
Childhood emotional abuse alone was reported by 8.3% of the mothers and physical
and/or sexual abuse was reported by 8.9% should read Childhood emotional abuse alone was
reported by 8.4% of the mothers and physical and/or sexual abuse was reported by 9.1%.
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ABSTRACT
Objective: To identify family and child characteristics
that put toddlers at risk of injuries.
Design: A prospective cohort study.
Setting: This study was based on the Norwegian
Mother and Child Cohort Study, conducted by the
Norwegian Institute of Public Health.
Participants: The study sample consisted of 26 087
children and their mothers.
Outcome measures: Family and child characteristics
measured before or at 18 months of age were
investigated as potential predictors of hospitalattended injuries that occurred between 18 and
36 months of age.
Results: In the multivariable analysis, younger
maternal age (OR 0.93, 95% CI 0.86 to 1.00), ﬁnancial
problems (OR 1.18, 95% CI 1.01 to 1.39), maternal
mental distress (OR 1.09, 95% CI 1.03 to 1.16), having
older siblings (OR 1.22, 95% CI 1.08 to 1.39),
increased gestational age at birth (OR 1.04, 95% CI
1.00 to 1.07) and male gender (OR 1.26, 95% CI 1.11
to 1.42) were risk factors for hospital-attended
injuries. Children with impaired gross motor
development had a decreased risk of injury (OR 0.65,
95% CI 0.42 to 0.99), whereas those with impaired ﬁne
motor development had an increased risk (OR 1.55,
95% CI 1.22 to 1.97). Shyness was a protective factor
(OR 0.92, 95% CI 0.86 to 0.98). Children with three
reported attention problems had a slightly increased
risk of hospital-attended injuries (OR 1.33, 95% CI
1.02 to 1.72; p¼0.035); otherwise, behaviour was not
a signiﬁcant risk factor.
Conclusions: This study demonstrated that a wide
variety of factors were in play as predictors of injuries
in young children. Both child-related factors (gender,
gestational age at birth, child motor development,
shyness and attention) and familial factors (having
older siblings, maternal age, ﬁnancial difﬁculties and
maternal mental health problems) were associated
with injuries in toddlers.

ARTICLE SUMMARY
Article focus
-

-

Key messages
-

-

-

This longitudinal population-based study of
toddlers conﬁrmed that a wide variety of
factors are in play as predictors of injuries.
Both child-related factors (gender, gestational
age at birth, child motor development, shyness
and attention) and familial factors (having older
siblings, maternal age, ﬁnancial difﬁculties and
maternal mental health problems) were associated with injuries in toddlers.
Children with impaired gross motor development
had a decreased risk of injury, whereas those
with impaired ﬁne motor development had an
increased risk; and the timing of preventive
measures against injuries should be based on
motor development in young children and not on
age.

Strengths and limitations of this study
-

-

-

-

INTRODUCTION
Injuries are a major cause of morbidity and
mortality in toddlers.1 The incidence of injury,
mechanisms of trauma and type of injury
vary with children’s ages and developmental

To identify characteristics that put toddlers at
risk of injuries in a large prospective cohort
study.
Several risk factors related to both the child’s
family situation and individual characteristics of
the child have been identiﬁed, and this study
assessed both important child factors and
familial factors together.

The strengths of this study included its prospective design, large sample size and the inclusion
of a large number of potentially important
variables.
A response rate of 42.7% suggests a selection
bias, and comparisons with registry data have
shown a positive selection into this cohort.
This study’s reliance on self-reported data may
have affected the response accuracy, and there
may be information biases.
The use of abbreviated scales might have
threatened the validity of measures.

stages.2 3 Before adolescence, the highest rate
of injury occurs in toddlers aged 15e17
months.2 Falls are consistently the leading
cause of non-fatal injuries in toddlers, followed
by poisoning and transportation-related
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injuries.2 3 Wounds and head injuries are the most
common types of injury.3
Until the 1960s, injuries were considered accidental in
the sense of being random acts of misfortune. Although
they are still referred to as ‘accidents’, events that result
in injuries are no longer regarded as unpredictable;
rather, they are thought to have a causal sequence with
identiﬁable risk factors.4 Several studies have since
reported that risk factors related to both the child’s
family situation and individual characteristics of the
child are associated with injuries in children.
Low familial socioeconomic status5e7 and related
aspects, including low parental education, young maternal
age, single motherhood, large family size, unemployment
and substance abuse, are established risk factors for
injuries in children.6e8 More recently, researchers have
found associations between the mother’s mental health
and an increased risk of injury in toddlers.9 10 Adequate
adult supervision is essential for toddlers to stay free from
harm,11e13 and mothers mental distress may reduce the
ability to meet children’s needs and may impact awareness
of children’s safety. Many unintentional injuries among
young children are the results of inadequate supervision.
Supervision exists on a spectrum from keeping a child
overly protected and thereby denied opportunities to
develop towards inadequate supervision and boundary
setting exposing a child to avoidable harm.
Male sex is probably the best established risk factor for
injury, and gender-speciﬁc behaviours such as rough play
and taking risks are believed to contribute to this association in children.14 Potentially important predictors
that have received less attention in the literature include
preterm birth and psychomotor development. Many
studies have identiﬁed cognitive and behavioural
consequences of preterm birth; however, few have
examined these consequences in relation to the risk of
later injury. Similarly, the relationship between psychomotor development and the risk of injury is not well
established, as the few studies that have been conducted
show conﬂicting results.15e17 However, there is considerable individual variation in toddlers’ motor development, and their physical development precedes their
ability to understand the consequences of their actions.
Motor ability may therefore be of speciﬁc importance as
a risk factor for injuries in this age group.
Temperamental attributes in children have been
associated with proneness to injury, including a high
activity level, impulsiveness, sensation seeking and poor
inhibitory control.14 Each of these traits contributes to
children’s tendencies to place themselves in potentially
dangerous situations. Externalising behaviours may
also be challenging in toddlers and can affect child
safety.14 18 Attention problems may affect a child’s ability
to recognise potential environmental hazards and to
comply with their supervisor’s instructions and rules.
Aggression and related high levels of oppositional
behaviour make it difﬁcult for parents to control their
children and keep them safe from harm.14 18e20
2

The aim of this study was to assess important child
factors and familial factors for injuries requiring hospital
admission in toddlers. Research, mainly on older children, has identiﬁed a range of characteristics of children
and several familial factors as risk factors for injuries in
childhood, but few have assessed them together in young
children. The Norwegian Mother and Child Cohort
Study (MoBa), with its comprehensive data collection
over several waves, offered a unique opportunity to
assess these relationships prospectively in a large-scale
population-based study.
METHODS
Design and participants
This study used data from the MoBa, conducted by
the Norwegian Institute of Public Health. MoBa is
a prospective, population-based pregnancy cohort study
with a target population of all pregnant women in
Norway and their children. The women were recruited to
the study at approximately week 17 of gestation through
postal invitations prior to routine ultrasound examinations at their local hospitals. The study included 108 000
pregnancies; recruitment began in 1999 and was
completed in 2008. The response rate was 42.7%.21
Questionnaire data were collected at gestational weeks 17
and 30 and at an age of 6, 18 and 36 months of the child.
Information from the Medical Birth Registry of Norway
(MBRN) was also available (http://www.fhi.no/mfr).
Informed consent was obtained from each participant
upon recruitment. The Regional Committee for Medical
Research Ethics and the Norwegian Data Inspectorate
approved the study. Details of the MoBa study’s sampling,
design, questionnaires, informed consent processes and
data collection strategies have been reported elsewhere
(http://www.fhi.no/morogbarn).21
Although recruitment to the study is complete, data
collection is an ongoing process. The current study is
based on data ﬁles released for research on February
2009. This ﬁle comprised the ﬁrst 27 227 children and
their mothers who had completed the questionnaires
when their children were aged 36 months. Cases with
missing data on hospital-attended injuries in the children were excluded (N¼1140), and the study sample
comprised 26 087 children and mothers.
Injuries
At 36 months of age, injuries in toddlers were assessed
using the following questions: ‘Has your child suffered
any injury or accident since the age of 18 months?’ and
‘If yes, has the child been admitted to or examined in
hospital?’ The response categories to both items were
‘yes’ or ‘no’. The outcome variable in our study was an
afﬁrmative answer for hospital-attended injuries.
Familial factors
Demographic information regarding older siblings,
maternal age, maternal education and occupational
status was reported at gestational week 17. At child’s age
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of 18 months, whether the mother and child lived with
the child’s father was assessed with the following question: ‘Do you and your child live with your child’s
father?’ Current ﬁnancial problems were assessed with
the following questions: ‘Have you had ﬁnancial problems since the previous questionnaire?’ The response
categories were ‘yes’ or ‘no’. Data on ethnicity were
not available at the individual level in this study;
however, the MoBa cohort comprised predominantly
ethnic Norwegian and Scandinavian families (95%).
Maternal mental health
The mother’s mental health was assessed with the
Symptom Checklist SCL-8 when the child was aged
18 months.22 23 The SCL-8 is designed to measure
psychological distress, particularly anxiety and depression, in population surveys. Each item has four response
categories, ranging from ‘not at all’¼1 to ‘severe’¼4.24
Cronbach’s a was 0.84.
Child factors
Information regarding the child’s sex, birth weight and
gestational age was retrieved from the MBRN. Births
before gestational age of 37 weeks were classiﬁed as
preterm births.

to ‘very typical’¼5. Cronbach’s a was 0.64 for emotionality,
0.64 for activity and 0.65 for shyness.
Child behaviour
Child externalising behaviour was assessed using
items from the Child Behaviour Checklist for ages
1.5e5 years27 when the child was aged 18 months. Five
items assessing aggressiveness and three items assessing
attention problems were available. Cronbach’s a was 0.44
for the aggressive subscale and 0.59 for the attention
subscale. Due to poor internal consistency, these
measures were analysed as categorical variables. All items
were rated ‘not true’, ‘somewhat or sometimes true’ and
‘very true or often true’. ‘Somewhat or sometimes true’
and ‘very true or often true’ were categorised together to
indicate problem behaviours. The number of problems
was summarised and then categorised as ‘no problems’,
one, two or three problems for the attention subscale
and one, two or three or more problems for the
aggressiveness subscale.

Child development
Development was assessed using items derived from the
Norwegian version of the Ages and Stages Questionnaire
(ASQ). The ASQ was designed for ﬁrst-level screening
and to monitor developmental delay in children.25
When the child was aged 18 months, development was
assessed using three items from the gross motor area
(Cronbach’s a¼0.63), three items from the ﬁne motor
area (Cronbach’s a¼0.30), three items from the
communication area (Cronbach’s a¼0.59) and four
items from the personalesocial area (Cronbach’s
a¼0.50) of the ASQ 18 months form. Due to poor
internal consistency, these measures were analysed as
categorical variables. The choice of responses was ‘not
yet’, ‘sometimes’ or ‘yes’. Responses of ‘not yet’ and
‘sometimes’ are indicative of delayed development and
were categorised jointly as ‘not yet’. The number of
developmental skills that were not achieved was
summarised, and the following three categories were
formed: ‘all skills achieved’, ‘one skill not achieved’ and
‘two or more skills not achieved’.

Statistical analysis
Predictors of hospital-attended injuries in children were
analysed using logistic regression with a Generalised
Estimating Equation approach to account for correlation due to the inclusion of siblings in the study sample.
Associations are presented as crude ORs and adjusted
ORs with 95% CIs. The corresponding tests for signiﬁcance were performed using the Wald test statistic and
a signiﬁcance level of p<0.05. The sum scores of independent continuous measures were standardised, and
the presented ORs represent the difference in risk for an
increase of 1SD. Measures with internal consistency of
Cronbach’s a<0.60 were categorised. Variance inﬂation
factors were computed to assess multicollinearity. The
model was cross-validated in two randomly selected
subsamples. Stratiﬁcation by gender produced only
minor differences in effect estimates of potential risk
factors. The rate of missing information ranged from 0%
to 11.9%. Modelling was based on 20 multiply imputed
data sets. Multivariate Imputation by Chained Equations
was used for imputations.
All analyses were performed using R (The R Foundation for Statistical Computing, Vienna, Austria), with the
R packages gee for logistic regression using Generalised
Estimating Equation and Multivariate Imputation by
Chained Equations for multiple imputation.

Child temperament
The Emotionality, Activity, Shyness and Sociability
Temperament Survey for Children26 was used to assess
temperament at 18 months of age. Three items from
each of the emotionality, activity and shyness subscales
were included. ‘Emotionality’ refers to the tendency to
become easily and intensely aroused or upset. ‘Activity’
refers to the preferred level of activity and speed of
action. ‘Shyness’ refers to the tendency to be inhibited
and awkward in new social situations. Each item was
rated using a 5-point scale, ranging from ‘not typical’¼1

RESULTS
The study sample comprised 50.7% males, with 53% of
the children having older siblings. The mean gestational
age at birth was 39.4 weeks (SD¼2.0). Maternal age
ranged from 14 to 47 years, with a mean of 29.7 years
(SD¼4.4). The majority of mothers (60.5%) had more
than 12 years of education. Only 0.9% of the subjects
(N¼252) were teenage mothers, and 3.4% (N¼853)
reported not living with the father of their child. Four
per cent of mothers were unemployed or disabled.
Current ﬁnancial problems were reported by 18.5% of
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mothers. A hospital-attended injury between 18 and
36 months of age was reported for 4.6% (N¼1247) of the
children.
Table 1 displays univariable and multivariable
comparisons between children with and without
hospital-attended injuries. In unadjusted analyses,
a range of factors were signiﬁcantly associated with
injuries, including maternal mental distress, ﬁnancial
problems, gender, gestational age at birth, development,
temperament and behaviour. Children born preterm
had a decreased risk of injury (OR¼0.74, 95% CI 0.56 to
0.96; p¼0.024).
Similarly, several potential predictors were signiﬁcantly
associated with hospital-attended injuries in toddlers in
the multivariable analyses.
Familial factors
In the adjusted model, ﬁnancial problems, maternal
mental distress and having older siblings were risk
factors for hospital-attended injuries in toddlers. Older
maternal age was a protective factor. Maternal education,
occupational status and not living with the child’s father
were not associated with hospital-attended injuries.
Child factors
Male gender and increased gestational age at birth were
risk factors for hospital-attended injuries in the toddlers.
Children with impaired gross motor development were
less prone to injury, whereas children with less ﬁne
motor skills were more at risk. Social development was
not signiﬁcantly associated with hospital-attended
injuries. Impaired communication, the temperamental
traits of emotionality and activity and aggressive behaviour did not achieve statistical signiﬁcance in the
adjusted analysis. Following adjustment, shyness
remained a protective factor and children with at least
three reported attention problems had a modestly
increased risk for hospital-attended injuries (p¼0.035).
DISCUSSION
Injuries in toddlers are multifaceted phenomena with
a wide variety of relevant risk factors in play. The current
population-based study of toddlers found that both
familial factors and developmental factors in children
were associated with injury risk. Consistent with previous
studies and our clinical experience, children admitted to
hospitals with injuries are not randomly selected.
Similar to earlier studies,8 having older siblings was
a risk factor for hospital-attended injuries. Differences in
parental supervision or the possibility that older siblings
sometimes act as supervisors may explain this association. Older siblings may also act as models of risky
behaviour. Research has shown that children are allowed
to engage in more risky behaviour and show poor
compliance when supervised by their older siblings
rather than by their mothers.28
Education and socioeconomic status are closely intertwined, and most prior studies have found that low
4

maternal education is a risk factor for injuries in children. In this study, maternal education, unemployment
and single parenthood were not associated with injury.
This lack of association may be due to the generally high
educational level, well-developed social security system
and high standard of living in Norway. Financial problems, which were signiﬁcantly associated with injury,
were reported by a rather large proportion of the
mothers in this study and are not likely to represent
poverty, but perhaps problems to adapt to a life situation
with a growing family. As in other studies, older maternal
age was a protective factor.6 7
In line with previous research, maternal mental health
problems constituted a risk factor for injuries in children.9 10 Mental distress may reduce a parent’s attention
to external cues and may negatively impact the parente
child relationship. Maternal mental distress withstood
adjustment for other familial and child-related predictors. This observation calls for further investigation of
the mechanisms involved.
Behavioural and temperamental differences between
boys and girls have been proposed as explanations for
the well-established relationship between gender and
injury risk. In this study, adjustment for development,
temperament and behaviour did barely attenuate this
relationship. Perhaps other differences, for example,
gender-speciﬁc socialisation, supervision and guidance,
games and encouraged activities, might explain this
disparity.
Our ﬁnding that the risk of injury was increased
with increasing gestational age at birth and that preterm
birth was associated with a decreased risk was unanticipated. Many studies have identiﬁed later behavioural
problems, including attention deﬁcit and hyperactivity
in children who are born preterm,29 attributes that are
also linked to injury proneness. On the other hand,
studies of adolescents have suggested that children born
at extremely low birth weight are more cautious, shy and
risk aversive than their normal birth weight counterparts,30 and our ﬁnding might be explained by such
attributes. More research is needed to conﬁrm and
explain this ﬁnding.
Novel ﬁndings in this study were that children with
impaired gross motor development had a decreased risk
for injury, whereas those with impaired ﬁne motor
development had an increased risk. Toddlers’ physical
development often precedes their ability to understand
the consequences of their actions, and early physical
mobility may put children at greater risk of injury,
regardless of their temperament, behaviour or environment. Impaired ﬁne motor development may be linked
to clumsiness, which subsequently leads to injury
proneness. Alternatively, early ﬁne motor development
may reﬂect a preference for calmer activities. The
different directionalities of the associations between
gross and ﬁne motor development and injury risk imply
that these areas should be assessed separately in future
studies.
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Family factors
Older sibling(s)
Maternal age
Maternal education #12 years
Mother unemployed or disabled
Mother and child not living with the father
Financial problems
Maternal mental health problems (8-32)
Child factors
Male
Gestational age
Gross motor development
All skills achieved
One skill not achieved
Two or three skills not achieved
Fine motor development
All skills achieved
One skill not achieved
Two or three skills not achieved
Communication development
All skills achieved
One skill not achieved
Two or three skills not achieved
Social development
All skills achieved
One skill not achieved
Two or more skill not achieved
Temperament
Activity (3e15)
Emotionality (3e15)
Shyness (3e15)
Externalising behaviour
Attention
No attention problem
One attention problem
Two attention problems
Three attention problems
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46.8 (10 631)
26.4 (5989)
18.3 (6095)
71.4 (16 302)
19.5 (4451)
6.6 (1510)
12.1 (1.96)
8.2 (2.26)
6.1 (1.93)

10.8
42.1
28.7
18.5

46.6 (11 117)
26.5 (6313)
26.9 (6413)
71.3 (17 094)
19.6 (4688)
6.6 (1582)
12.1 (1.96)
8.2 (2.27)
6.1 (1.93)

10.7
41.9
28.7
18.7

(2371)
(9231)
(6288)
(4057)

73.9 (16 754)
21.0 (4774)
5.1 (1154)

73.8 (17 569)
21.0 (5004)
5.2 (1236)

(2464)
(9653)
(6611)
(4294)

82.1 (18 794)
14.5 (3322)
3.4 (776)

(13 197)
(4.44)
(9078)
(1017)
(778)
(4129)
(2.82)

82.2 (19 742)
14.5 (3481)
3.4 (800)

53.1
29.7
37.6
4.1
3.4
18.4
10.1
50.5 (12 540)
39.4 (1.96)

(13 902)
(4.43)
(9534)
(1069)
(819)
(4379)
(2.84)

Without injuries
% (N)/mean (SD)

50.8 (13 250)
39.4 (1.94)

53.3
29.7
37.6
4.1
3.4
18.6
10.2

Overall (N[26 087)
% (N)/mean (SD)
(705)
(4.44)
(456)
(52)
(41)
(250)
(3.06)

8.7
39.3
30.0
22.0

(93)
(422)
(323)
(237)

12.2 (1.97)
8.3 (2.37)
6.0 (1.95)

70.3 (792)
21.0 (237)
6.4 (72)

43.1 (486)
28.7 (324)
19.3 (318)

72.3 (815)
20.4 (230)
7.3 (82)

83.8 (948)
14.1 (159)
2.1 (24)

56.9 (710)
39.5 (1.79)

56.5
29.5
37.6
4.2
3.6
22.4
10.5

With injuries
% (N)/mean (SD)
(1.02
(0.89
(0.88
(0.76
(0.77
(1.09
(1.06

to
to
to
to
to
to
to

1.29)*
1.02)
1.12)
1.36)
1.46)
1.48)**
1.18)***

Reference
1.15 (0.91 to 1.44)
1.26 (1.00 to 1.60)
1.47 (1.16 to 1.86)**

1.09 (1.02 to 1.16)**
1.06 (0.99 to 1.12)
0.92 (0.87 to 0.98)**

Reference
1.09 (0.94 to 1.27)
0.99 (0.77 to 1.26)

Reference
1.16 (1.00 to 1.34)*
1.13 (0.98 to 1.31)

Reference
1.01 (0.87 to 1.18)
1.45 (1.15 to 1.83)**

Reference
0.94 (0.80 to 1.12)
0.65 (0.43 to 0.98)*

1.30 (1.16 to 1.45)***
1.04 (1.01 to 1.07)*

1.15
0.95
0.99
1.01
1.06
1.27
1.12

OR (95% CI)
(1.08
(0.86
(0.80
(0.71
(0.69
(1.01
(1.03

to
to
to
to
to
to
to

1.39)**
1.00)*
1.02)
1.26)
1.33)
1.39)*
1.16)**

Reference
1.13 (0.89 to 1.43)
1.19 (0.93 to 1.53)
1.33 (1.02 to 1.72)*
Continued

1.02 (0.95 to 1.09)
1.02 (0.96 to 1.09)
0.92 (0.86 to 0.98)*

Reference
1.04 (0.90 to 1.21)
0.92 (0.73 to 1.15)

Reference
1.11 (0.95 to 1.28)
1.04 (0.89 to 1.22)

Reference
1.03 (0.89 to 1.19)
1.55 (1.22 to 1.97)***

Reference
0.94 (0.79 to 1.12)
0.65 (0.42 to 0.99)*

1.26 (1.11 to 1.42)***
1.04 (1.00 to 1.07)*

1.22
0.93
0.90
0.95
0.96
1.18
1.09

aOR (95% CI)

Table 1 Descriptive comparison between children with and without hospital-attended injuries and univariable and multivariable logistic regression analysis of potential risk
factors (N¼26 087)
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Reference
1.07 (0.87 to 1.31)
1.09 (0.89 to 1.34)
1.01 (0.82 to 1.25)
Reference
1.13 (0.92 to 1.38)
1.21 (0.99 to 1.47)
1.21 (1.00 to 1.47)
(127)
(268)
(314)
(344)
12.1
25.5
29.8
32.7
(3151)
(5685)
(6018)
(6747)
14.6
26.3
27.9
31.2
(3278)
(5953)
(6332)
(7091)
*p<0.05, **p<0.01, ***p<0.001 from Wald test statistic.
aOR, adjusted OR.

14.6
22.8
24.3
27.2

OR (95% CI)
With injuries
% (N)/mean (SD)
Without injuries
% (N)/mean (SD)
Overall (N[26 087)
% (N)/mean (SD)
Table 1 Continued
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Aggression
No aggression problem
One aggression problem
Two aggression problems
Three or more aggression problems

aOR (95% CI)

Predictors of injuries in toddlers: a prospective cohort study
Shyness was a consistent protective factor against injury.
Shyness is considered to be an inhibition to the unfamiliar and is associated with inhibitory control.31 32 The
protective effect of shyness observed in this study indicates that inhibitory control may also be a protective
factor against injury in young children. Attention problems was borderline signiﬁcant after adjustment and may
be a risk factor for injuries in toddlers. Aggression was not
signiﬁcant. These ﬁndings are different from the many
studies of older children concluding with behaviour as
a predictor for injuries.14 18e20 This disparity may be due
to measurement difﬁculties at this early age or lack of
stability in aggressive behaviour in the developmental
period in this study (18 and 36 months). In our study, the
associations between temperament and behaviour, and
injury were substantially attenuated following adjustment,
perhaps indicating that other factors may be more robust
predictors of injuries in young children.
There are some important limitations of this study. A
response rate of 42.7% suggests a selection bias, and
comparisons with data from MBRN have shown a positive selection into this cohort,21 33 and the study sample
can be regarded as a low-risk population; this fact may
have resulted in an underestimation of the true effect
sizes. However, few signiﬁcant differences in exposuree
outcome associations have been identiﬁed in studies of
this cohort,33 and the positive associations found in this
study is likely to be generalisable.
This study’s reliance on self-reported data may have
affected the response accuracy. Self-reported medically
attended or hospital-attended injuries are common
measures in the injury literature. However, injury recall
has been shown to decrease with time and tends to
be more accurate for major injuries.34 35 The expected
over-representation of more recent injuries and more
severe injuries will, however, not affect the association
measures. The division into children with and without
hospital-attended injuries leaves children with injuries
treated in outpatient clinics in the comparison group
and may have led to an underestimation of effects. There
may also be selection biases regarding injury severity and
type of injuries, which are treated in outpatient clinics.
Especially, regional differences with more severe injuries
treated in outpatient clinics in rural areas are expected.
Our study did not include systematic measures of injury
severity, injury mechanism or injury type. Another
omitted variable in this study was adult supervision,
which is an important factor in preventing injuries in
preschool children. This study was also unable to
discriminate injuries that resulted from abuse.
The sample predominantly comprised ethnic Norwegian participants and did not allow us to investigate the
inﬂuence of ethnicity or culture. As in other large
population studies, there was extensive use of abbreviated scales that might threaten the validity of measures.
The strengths of this study included its prospective
design, large sample size and the inclusion of a large
number of potentially important variables.
Myhre MC, Thoresen S, Grøgaard JB, et al. BMJ Open 2012;2:e000740. doi:10.1136/bmjopen-2011-000740
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Predictors of injuries in toddlers: a prospective cohort study
An injury brings the family in contact with healthcare
and gives professionals an opportunity to identify
potential risk factors. In addition, the fact that injuries
may also be caused by poor supervision and, sometimes,
neglect or abuse emphasise that a thorough assessment
of the circumstances surrounding injuries in young
children is important to identify families where children
are at risk of further injury.
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Abstract
Aims: To investigate the impact of maternal childhood abuse on toddlers’ behaviour and
assess the potential mediation of maternal mental distress for this pathway.
Methods: This study was based on the Norwegian Mother and Child Cohort Study,
conducted by the Norwegian Institute of Public Health. The study sample consisted of 25,452
children and their mothers. Maternal childhood abuse was investigated as a potential predictor
for child externalizing behaviour at 36 months of age. Maternal mental distress at child age 18
months was assessed as a potential mediator. Hierarchical linear regressions were used for
analyses.
Results: Childhood emotional abuse alone was reported by 8.3% of the mothers and physical
and/or sexual abuse by 8.9%. Mothers with childhood abuse experiences were younger, less
educated, more at risk for adult abuse and mental distress, and fewer were married or lived
with a partner compared with women not reporting childhood abuse. Children of mothers with
childhood abuse experiences showed significantly more externalizing behaviour even after
adjusting for maternal age, education, single motherhood, gender and adult abuse experiences.
When maternal mental health was entered into the model, the associations remained
statistically significant, but were substantially attenuated.
Conclusions: Maternal childhood abuse consistently predicted increased externalizing
behaviour in the offspring, and this study suggests that childhood abuse impacts subsequent
generations. Multiple pathways are possible, but this study identified maternal mental health
as a significant mediator.

Key words
Childhood abuse, mental health, psychological distress, child behaviour, the Norwegian
Mother and Child Cohort Study
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Introduction
Child abuse is a widespread problem in society. Prevalence estimates vary between studies
and populations, but even the lowest estimates describe child abuse as a major public problem
with a large number of victims [1, 2]. Three forms of abuse are recognized: emotional or
psychological abuse, physical abuse and sexual abuse [2]. Studies have shown that the various
forms of abuse are interrelated and that exposure to more than one type is common [3-5].
A large body of research supports that all types of abuse experiences in childhood are
linked with negative mental health outcomes [1, 4, 6], and several studies have demonstrated
an association between maternal mental health problems and emotional and behavioural
difficulties in their children [7-9]. The life-long consequences of childhood abuse are
therefore likely to affect the children, and intergenerational transmission of problems has been
described where children of mothers exposed to childhood abuse seem to be at an increased
risk of adjustment problems [10-12]. In a previous study both maternal childhood sexual and
physical abuse was found to be associated with increased internalizing and externalizing
behaviours in a high risk sample [10], and in one population based study maternal childhood
emotional abuse as well as sexual and physical abuse was found to be associated with poorer
behavioural trajectories [11]. In the youngest children, externalizing behaviours are among
the most common complaint regarding adjustment [13], and may also be related to maternal
childhood abuse [10]. Less is known about the mechanisms involved, but maternal mental
health problems with subsequent parenting difficulties are likely to be of importance [7, 10-12,
14]. Furthermore, several studies have demonstrated that children of abused mothers have an
increased risk of growing up in harsh and stressful environments, including an increased risk
of being exposed to domestic violence and abusive parenting [15].
In summary, previous research suggests a link between maternal childhood abuse and
behavioural difficulties in their offspring. Mothers’ mental health may be an important factor
3

in this relationship as mental health is a well-established consequence of exposure to abuse
and a risk factor for problems in offspring. Most of the previous studies who have
investigated these relationships are from clinical or high risk samples. However, the large
number of childhood abuse victims and the common long-term consequences point to a public
health problem, and emphasize the importance of understanding the mechanisms involved. To
address this issue further, the aim of this study was to investigate the impact of maternal
childhood abuse on toddlers’ behaviour in a population-based sample. In addition, we
investigated if maternal mental health was a mediator in this relationship. The Norwegian
Mother and Child Cohort study (MoBa), with its comprehensive data collection on motherchild dyads over several waves, offered a valuable opportunity to assess this relationship
longitudinally.

Material and methods
This study used data from the Norwegian Mother and Child Cohort Study (MoBa). MoBa is a
prospective population-based pregnancy cohort study conducted by the Norwegian Institute of
Public Health [16]. The main aim of the MoBa study is to detect early signs of childhood
diseases including rare conditions for which a very large sample size was needed. Participants
were recruited from all over Norway from 1999 – 2008, through postal invitations prior to
routine ultrasound examinations at their local hospitals at approximately week 17 of gestation
and 38.5% of invited women consented to participate. The cohort now includes 108,000
children, 90,700 mothers and 71,500 fathers. Blood samples were obtained from both parents
during pregnancy and from mothers and children (umbilical cord) at birth. Follow-up is
conducted by questionnaires over several waves and by linkage to national health registries.
Several sub-studies are conducting additional collections of data and biological materials.
Informed consent was obtained from each participant upon recruitment. The Regional
4

Committee for Medical Research Ethics in South-Eastern Norway and the Norwegian Data
Inspectorate approved the study. Details of the MoBa study sampling, design, questionnaires,
informed consent processes, and data collection strategies have been reported elsewhere
(www.fhi.no/morogbarn) [16].
Although recruitment to the study is complete, data collection is an on-going process.
The current study is based on version IV of the quality-assured data files released for research
in February 2009. Information from the Medical Birth Registry of Norway, MBRN, was also
available (www.fhi.no/mfr). The current sample comprises the first 25,452 mother and child
dyads (including 23,805 unique mothers) with children born 2001- 2005.

Measures
We used data from four separate waves of the MoBa study, collected at gestational weeks 17
and 30, and at child ages 18 and 36 months.

Child behaviour. Child externalizing behaviour was assessed when the child reached 36
months of age using 11 items from the Child Behaviour Checklist (CBCL) for ages 1.5 to 5
years [17]. Seven items measured aggressiveness, and four items measured attention problems.
All items were rated “not true” = 0, “somewhat or sometimes true” = 1, and “very true or
often true” = 2. Cronbach’s D was 0.74.

Maternal abuse. Maternal experiences of abuse were assessed in late pregnancy with four
items: 1) degradation or humiliation: “Someone has over a long period of time systematically
tried to subdue, degrade or humiliate you”, 2) threats: “Someone has threatened to hurt you or
someone close to you”, 3) physical abuse: “You have been subjected to physical abuse” and 4)
sexual abuse: “You have been forced to perform sexual acts”. The choice of response was “no,
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never”, “yes, as a child (under 18 years of age)” and/or “yes, as an adult (over 18 years of
age)”. The questions were based on the Norvold Abuse Questionnair (NorAq) [18]. An
affirmative answer to item 1 and/or 2 but not 3 or 4 was classified as “Emotional abuse alone”.
An affirmative answer to item 3 and/or 4 was classified as “Physical and/or sexual abuse”,
including also those with additional emotional abuse due to the likelihood of elements of
emotional abuse being present together with physical or sexual abuse. Separate categories
were created for childhood (<18 years) and adult experiences.

Maternal mental health. The mother’s mental health was assessed with the Symptom
Checklist SCL-8, which is an 8-item short version of the Hopkins Symptom Checklist [19]
when the child was 18 months of age. The SCL-8 is designed to measure psychological
distress, particularly anxiety and depression, in population surveys. Each item has four
response categories, ranging from “not at all”=1 to “severe”=4. Cronbach’s D was 0.84.

Sociodemographic information. Demographic information regarding maternal age and
education was reported at inclusion. The mother’s marital status at child age 18 months was
applied. Information regarding the child’s sex was retrieved from the MBRN. Data on
ethnicity were not available at the individual level in this study. However, the MoBa cohort
comprised predominantly ethnic Norwegian and Scandinavian families (95%) [16].

Statistical Analyses
For comparison between groups, chi-squared tests were used for categorical variables and
one-way ANOVA was used for continuous variables. For pairwise comparisons, post hoc
tests with Holm correction were used for chi-squared tests and Scheffé correction was used
for ANOVA.
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Maternal childhood abuse was investigated as a predictor for externalizing behaviour
in children using hierarchical linear regression with a Generalized Estimating Equation (GEE)
approach to account for clustering due to the inclusion of siblings in the study sample. The
potential mediation of maternal mental distress was tested using the four steps suggested by
Baron and Kenny [20]: Step 1: The relationship between maternal childhood abuse and child
behaviour was assessed without the suggested mediator (maternal mental health) in the model;
Step 2: The relationship between maternal childhood abuse and mental health was assessed;
Step 3 and 4: The relationship between maternal childhood abuse and child behaviour was
assessed with the suggested mediator in the model. The mediation effect was then tested with
the Sobel test.
In all analyses, we used two-sided tests and a significance level of p <0.05.
Multicollinearity among the predictors was assessed by variance inflation factors and did not
suggest any problem. Stratification by child gender produced only minor differences in effect
estimates. The rate of missing information on single items ranged from 0% to 3.0%.
Modelling was based on 20 multiply imputed datasets. Multivariate Imputation by Chained
Equations (MICE) was used for imputations. All analyses were performed using R (The R
Foundation for Statistical Computing, Vienna, Austria) with the R packages gee for GEE
analyses and mice for multiple imputation.

Results
Maternal age ranged from 14 to 47 years, with a mean of 29.7 years (SD = 4.4). Only
0.9% (N = 252) of the sample were teenage mothers. The majority of mothers (60.5%) had
completed more than 12 years of education, 4% of mothers were unemployed or disabled and
3.2% (N=801) were not living with a partner. The study sample comprised 50.7% boys.
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A total of 17.5% (N=4,360) of the mothers responded affirmatively to at least one out
of the four childhood abuse questions. Childhood emotional abuse alone was reported by 8.4%
(N = 2,100), and childhood physical and/or sexual abuse by 9.1% (N = 2,260); of the latter,
1074 mothers (41.3%) reported emotional abuse in addition to the physical and/or sexual
abuse (Table I).
Mothers, who reported childhood abuse experiences were younger, less educated and
fewer were married or lived with a partner compared with women not reporting childhood
abuse (Table II). Childhood abuse was associated with abuse in adult life and mothers with
childhood abuse experiences reported more mental distress themselves, as well as more
externalizing behaviour in their children at three years of age compared with mothers without
such experiences. Comparing the two abuse categories those exposed to physical and/or
sexual abuse in childhood were more at risk for adult abuse and mental distress than those
who had experienced emotional abuse alone (Table II, b vs. c). However, there was no
significant difference in child externalizing behaviour between the two abuse categories.
The association between maternal childhood abuse and child externalizing behaviour
withstood adjustment for maternal age, education, single motherhood, gender and adult abuse
experiences (Model 1, Table III). To test if maternal mental health was a mediator between
maternal childhood abuse and externalizing behaviour in the offspring, maternal mental health
was added in Model 2. The relationship remained statistically significant (Model 2, Table III),
but was substantially attenuated, as confirmed by the Sobel test (test statistics for emotional
abuse alone 11.8, SE 0.017, p<0.001 and physical and/or sexual abuse 12.7, SE 0.017, p =
p<0.001). Externalizing behaviour did not differ significantly between the two exposure
groups (Table III). An increase in the regression coefficient of 0.5 – 0.6 in the crude analyses
and 0.2 – 0.4 in the adjusted model for a 0 – 22 point scale may not be of clear clinical
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significance, but the results showed a consistent positive prediction towards more behavioural
difficulties in children of exposed mothers.
In addition to childhood abuse, adult abuse experiences were also associated with
externalizing behaviour in the offspring. Emotional abuse alone did not remain significant
after adjustment for maternal mental health, and adult physical/sexual abuse was only
marginally significant (Model 2, Table 3), indicating a near fully mediation of mental health
for these relationships.

Discussion
The current population-based study of mother-child dyads found that mothers who had
experienced abuse in childhood reported more externalizing behaviour in their children at
three years of age compared with mothers without such experiences. This finding indicates
that childhood abuse have consequences also for the next generation. Our findings confirm
and expand on the limited previous population based research, which has suggested an
association between maternal childhood abuse and offspring adjustment [11, 12]. In addition,
the longitudinal design of the current study made it possible to investigate potential mediation,
and our results suggests that maternal mental health may be a partial mediator of the
relationship. To our knowledge this has not been demonstrated in other population based
studies. However, the association between maternal childhood abuse and child behaviour
remained significant also after the adjustment for mental health, indicating that there must be
other pathways as well. Important factors not assessed in our study include biological factors,
parenting style and paternal factors. On the other hand, the relationship between maternal
adult abuse and child externalizing behaviour was almost completely mediated by mental
health. This suggests that established mechanisms between maternal mental distress and
behaviour in offspring predominantly accounted for the relationship [9].
9

In line with previous literature describing long-term consequences of childhood abuse
on social functioning, mental health and later victimization [1, 4-6, 12], we found that
childhood abuse experiences were associated with lower levels of education, single
motherhood, maternal mental distress and later exposure to abuse. However, adjustment for
these factors only slightly attenuated the relationship between maternal childhood experiences
and increased externalizing behaviour in the children in the children. The stable relationship
of childhood experience emphasizes how early adversities may have long-term and
intergenerational consequences.
To our surprise, our study showed that maternal childhood emotional abuse alone was
as strong a predictor of behavioural problems in the children as physical and /or sexual abuse.
Several studies confirm a strong independent association between childhood emotional abuse
and mental health problems later in life [21, 22], and one comparable study also found a
significant association between childhood emotional abuse and adjustment of offspring [11].
Our study suggests that childhood emotional abuse may affect parenthood, but further
research is needed to confirm this association. Nevertheless, the result highlights that it is
important to assess also emotional abuse in future studies of the consequence of childhood
abuse.
There are some important limitations to this study. A response rate of 38.5% suggests
a selection bias, and comparisons with national registry data have shown that women with the
highest education level were overrepresented and that the youngest women (<25 years), those
living alone, mothers with >2 previous births and with previous stillbirth were strongly underrepresented [16, 23]. The study sample may then be regarded as representing a low-risk
population and the prevalence of risk factors and adversities, such as childhood abuse, are
likely to be underestimated. However, few significant differences in exposure-outcome
associations have been identified in studies of this cohort [23]. Furthermore, the sample
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comprised predominantly ethnic Norwegian participants, and did not allow us to investigate
the influence of ethnicity or culture. Sampling strategies that ensure a better representation of
the general population, including the immigrant population and high-risk groups, would be
valuable in future epidemiological research on adversities in childhood. Preferably, further
studies should also include both parents.
Retrospective reports of adverse childhood experiences are likely to involve
measurement errors, but are nevertheless regarded to have a worthwhile place in research [24].
Forgetfulness, denial, misunderstanding, and embarrassment may result in false negative
reports [1, 25]. On the other hand, studies indicate that few individuals report a false history
of abuse [26]. Maternal childhood abuse was assessed in late pregnancy with four questions.
The two questions assessing emotional abuse were descriptive and behaviour specific.
Physical and sexual abuse was assessed by single, broad labelling questions. Such labelling
has been demonstrated to result in lower positive responses, compared with descriptive
questions, and may have contributed to false negative reports [27].
Reliance on the mother as single informant may have affected the response accuracy.
Parents have been found to report more externalizing behaviour in their children than teachers
and other professionals [28]. However, parental report of externalizing behaviour has been
shown to be predictive of later problem behaviour [28]. Behaviour at three years of age may
not be a stable construct, and further research on trajectories is needed to identify children
with persistent problems more accurately [13]. Maternal mental health may influence the
perception of child behaviour, and the result could be influenced by shared method variance,
and hence an over-estimation of the associations is possible [29].
As in other large population studies, abbreviated scales were used. Items from the
CBCL were selected by consensus among specialists in clinical and developmental
psychology with an aim towards maintaining content validity. However, the scale
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abbreviation may represent the original construct less accurately. The strengths of this study
included its large sample size and prospective design with assessment of many potentially
important variables several times making it possible to assess mediation.
The large sample size may have led to the detection of statistically significant effects
that are not necessarily clinical relevant per se. Nevertheless, this study indicated a trend
towards more behavioural difficulties in children of mothers exposed to childhood abuse, and
the longitudinal design of the study supports a parent-to-child directionality. The low risk
profile of the sample and the identification of this association in a Scandinavian welfare state
add support to the robustness of the observation. Intergenerational transmission of adversity is
a major challenge to public health and effort to break this cycle may profit from a focus on all
three aspects discussed in this paper; Childhood abuse, maternal mental health and child
behaviour.
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a

Missing rate 2.2%

11.2% (2,791)

3.7 % (917)

Sexual and/or physical abuse

Total

7.5% (1,874)

% (n)

humiliation

Degradation or

Emotional abuse alone

Childhood abuse categories

3.8% (938)

2.2% (541)

1.6% (397)

% (n)

Threats

4.8% (1,207)

4.8% (1,207)

__

% (n)

Physical abuse

6.4% (1,592)

6.4% (1,592)

__

% (n)

Sexual abuse

Questionnaire items responses (N = 24,900)a

Table I. Prevalence of maternal childhood abuse in the Norwegian Mother and Child Cohort Study

17.1% (4,360)

9.1% (2,260)

8.4% (2,100)

% (n)

Total

35.3% (7,046)
2.6% (530 )

Not living with a partner

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.62

0.025

< 0.001

0.022

< 0.001

< 0.001

b vs. c

Post hoc p values for pairwise comparisons using Scheffé correction for ANOVA and Holm correction for chi-square tests

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

p

a vs. c

Chi-square tests were used for comparison between categorical variables and one-way ANOVA between continuous variables

5.94 (3.34)

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

a vs. b

b

6.03 (3.26)

1.43 (0.48)

17.6% (390)

12.2% (254)
1.40 (0.45)

17.5% (388)

65.0% (1,442)

6.3% (140 )

50.1% (1,088)

29.3 (5.0)

16.9% (352)

70.9% (1,477)

4.7% (97 )

40.9% (829)

29.0 (4.6)

(2,260)

statistics

test

Overall

a

5.40 (3.07)

Child externalizing behaviour (0 - 22)

6.4% (1,323 )

Physical and/or sexual abuse (N = 1,990)
1.24 (0.32)

9.0% (1,840)

Emotional abuse alone (N = 2,602)

Maternal mental distress (mean 1- 4)

84.6% (17,377)

No, never (N = 20,423)

Maternal adult abuse

29.9 (4.3)

Maternal education ≤ 12 years

% (n) / mean (SD)

(2,100)

(20,540)

9.1%

(c)

(b)
8.4%

sexual abuse

(a)

Physical and/or

Emotional
abuse alone

childhood abuse a, b

n=24,900

82.5%

No, never

Comparison between the categories of

Maternal childhood abuse

Maternal age

Characteristics

maternal childhood abuse, and comparisons between the categories

Table II. Sociodemographic characteristics, maternal mental health and child behaviour at three years of age for the different categories of

B = unstandardized regressions coefficient

Adjusted for maternal age, maternal education, maternal marital status and child’s gender

c

< 0.001

0.32 (0.17, 0.47)

0.25 (0.12, 0.39)

0.14(-0.006, 0.34)

0.41(0.26, 0.56)

0.55 (0.41, 0.69)

b

0.19 (0.18, 0.21)

Maternal mental health

< 0.001

Model 1c
B (95% CI)b

Modelling based on 20 multiply imputed datasets

0.43 (0.28, 0.58)

Physical and/or sexual abuse vs. no, never

< 0.001

0.428

< 0.001

< 0.001

p

a

0.34 (0.21, 0.475)

Emotional abuse alone vs. no, never

Maternal adult abuse

Emotional abuse alone

0.08 (-0.12, 0.28)

0.56 (0.41, 0.71)

Physical and/or sexual abuse vs. no, never

Physical and/or sexual abuse vs.

0.64 (0.49, 0.79)

Emotional abuse alone vs. no, never

Maternal childhood abuse

B (95% CI)b

Univariate

<0.001

<0.001

0.164

< 0.001

< 0.001

p

0.18 (0.16, 0.19)

0.15 (0.005, 0.30)

0.11 ( -0.022, 0.24)

0.16 (-0.03, 0.34)

0.19 (0.04, 0.33)

0.35 (0.20, 0.49)

B (95% CI)b

Model 2c

Table III. Hierarchical regression with maternal childhood abuse as predictor of externalizing behavior in the offspring (N = 25,452) a

< 0.001

0.043

0.10

0.105

0.012

< 0.001

p

APPENDIX I

Table S1 (Paper I) Type of injury, evaluated by radiological reports.
Skull

Epidural

Subdural

Parenchymal

fracture(s)

haemorrhage

haemorrhage

brain injury

n=39 (43%)

n=12 (13%)

n=27 (30%)

n=13 (14%)

Simple

29

10

9

3

Impression

5

1

1

3

Base of skull

2

0

0

0

Complex or multiple

3

1

7

6

None

-

0

10

1

Parenchymal injury

-

1

15

13

Edema

-

0

11

7

Increased ICP

-

5

10

3

Spine injury

0

0

0

0

Visceral injuries

0

0

1

1

Extremity fracture(s)

2

0

4

0

Costa fracture(s)

0

0

2

0

Type of skull fracture

Table S2 (Paper I) Reported cause of injury in relation to type of injury.
Reported cause of

Skull

Epidural

Subdural

Parenchymal

injury

fractures

haemorrhage

haemorrhage

brain injury

n=39

n=12

n=27

n=13

Unknown

5 (13%)

0

7 (26%)

0

Fall < 0.8m

7 (18%)

1 (8%)

8 (30%)

0

Fall 0.8–1.2m

10 (26%)

7 (58%)

1 (4%)

3 (23%)

Fall > 1.2 m

8 (21%)

3 (25%)

3 (11%)

4 (31%)

Fall down stairs

1 (3%)

0

2 (7%)

1 (8%)

Motor vehicle accident

4 (10%)

0

5 (19%)

4 (31%)

Unique accident

4 (10%)

1 (8%)

1 (4%)

1 (8%)

Table S3 (Paper I) Classification criteria for the cases in the inflicted injury group.
Age (months)

Type of injury

Classification criteria

2

SDH

1, 2b, 4

13

SF, SDH, PBI

1, 2b, 3a, 4

17

SF, SDH, PBI

1, 2a, 3a, 3b, 4

3

SF, SDH, PBI

1, 2a, 3b, 4

1

SF, SDH, PBI

1, 2b, 3a, 4

12

SF, SDH, PBI

1, 2b, 2c, 3a, 4

2

SDH, PBI

2b, 4

2

SF, SDH, PBI

1, 2a, 3a

3

SDH

1, 2a, 3b

2

SDH

1, 2a, 3a, 4

0

SF, SDH

2b

4

SF, SDH

2b

3

SDH

2b, 4

4

SDH

2b

1

SF, SDH

2b, 2c

14

SDH, PBI

1, 2a, 3a, 4

12

SDH, PBI

2a

n=17

Skull fracture SF, Subdural haemorrhage SDH, Parenchymal brain injury PBI
1) Documented presumptive abuse in the medical record, and referral to child protective services.
2) Injuries where the medical history could not explain the injury [18].
a) No history of trauma
b) A low impact insult (height of fall < 1.0m)
c) Changes in the history given by the caregivers
d) History incompatible with the child’s developmental level
3) Injuries where additional findings indicate child abuse.
a) Retinal haemorrhages
b) Additional injuries which were incompatible with the given mechanism of the injury
4) Older injuries without explanation

Table S4. (Paper I) Comparison between the inflicted and the accident group.
Inflicted

Accident

n=17

n= 35

Age (months), median (IQR)

3 (2.0-12.0)

20 (13-28)

Gender, male

12 (71%)

19 (54%)

Mother age (years), mean (SD)

31.4 (5.2)

32.2 (4.2)

_

0.63

Father age (years), mean (SD)

29.6 (4.7)

34.3 (4.2)

_

0.018

Prior hospitalization

5 (30%)

2 (6%)

6.9 (1.2-40.3)

0.031

medical assistance, median (IQR)

6 (0-24)

0 (0-0)

_

<0.001

Seizures

8 (47%)

3 (9%)

9.5 (2.1-43.3)

0.003

Decreased level of consciousness

15 (88%)

26 (74%)

2.3 (0.5-13.6)

0.30

Apnoea or hypoventilation

10 (59%)

12 (34%)

2.7 (0.8-9.0)

0.14

Skull fracture

9 (53%)

31 (89%)

6.9 (1.7-28.2)

0.011

Edema

7 (41%)

11 (31%)

1.5 (0.5-5.1)

0.54

Increased ICP

8 (47%)

6 (17%)

4.3 (1.2-15.7)

0.043

LOS (days), median (IQR)

9 (4-15)

4 (2-11)

_

0.12

Admittance to the PICU

14 (82%)

23 (66%)

2.4 (0.6-10.2)

0.33

Nevroseqele

10 (58%)

6 (19%)

6.2 (1.7-23.0)

0.009

3 (9%)

1.5 (1.2-1.9)

0.54

OR (95% CI)
_
2.0 (0.6-7.0)

p value
<0.001
0.26

Estimated hours before call for

Death

0

Table S5 (Paper I) Characteristics of the indeterminate cases.
Characteristics of the indeterminate cases
n (%) /median (IQR)

Comparison with

Comparison with

the inflicted group

the accident group

p value

p value

Age (months)

7.0 (5 – 11)

0.023

< 0.001

Gender, male

20 (51%)

0.24

0.82

Prior hospitalization

10 (26%)

0.76

0.027

call for medical assistance

1 (0.48)

0.83

< 0.001

Seizures

1 (3%)

0.001

0.34

consciousness

16 (41%)

0.001

0.001

Apnoea or hypoventilation

2 (5%)

0.001

0.002

Skull fracture

38 (97%)

0.001

0.18

Increased ICP

5 (13%)

0.013

0.75

LOS (days)

2 (1 - 3)

0.001

0.001

Admittance to the PICU

8 (21%)

0.001

0.001

Neurosequele

2 (5%)

0.001

0.13

Death

0

-

0.10

Estimated hours before

Decreased level of

