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Abstract 

Background: Epilepsy is a common neurological disease and occurs in 0.7-1.3 % of 

the general population. It is associated with comorbid mental disorders such as 

depression and anxiety, and with a high risk for adverse outcome during pregnancy 

and delivery. Epilepsy affects people of all ages, but especially among young people it 

represents a challenge in how to cope with the disease. This makes young people with 

epilepsy a vulnerable group. 

Aims: We hypothesized that young people with epilepsy have more eating disorders 

than the general population, and wanted to determine the prevalence of eating 

disorders among young people with epilepsy. A particular focus was put on pregnant 

women with epilepsy (WWE). We also wanted to investigate how comorbid eating 

disorders influence outcome of pregnancies in WWE. A second hypothesis we 

investigated was that young people with epilepsy are more overweight, and that such 

overweight leads to an increased risk for an adverse pregnancy-outcome in WWE. 

Material and methods: We used the Norwegian Mother and Child Cohort Study 

(MoBa) to study pregnancies in WWE. More than 100.000 women were included in 

this cohort, whereas 706 women reported a diagnosis of epilepsy. We compared 

pregnancies in women with and without epilepsy in relation to eating disorders and 

overweight, and also pregnancy-outcome. MoBa is linked to the Norwegian Medical 

Birth Registry (MBRN). Secondly we used the Health Profile for Children and Youth 

in Akershus Study to study prevalence of eating disorders among youth with epilepsy 

of both genders. We investigated also additional variables such as overweight, diet 

and physical activity. 

Results: We found that WWE have an increased rate of binge eating disorder 

compared to women without epilepsy. WWE were also more overweight and obese 

than the general population. Both of these variables were associated with adverse 
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outcome during pregnancy and delivery in WWE. Young people with epilepsy in 

Akershus were more likely to have had contact with health personnel due to eating 

disorders than the referent.  

Conclusion: Pregnancies in WWE have a higher risk of adverse outcome. An 

increased rate of overweight and weight inducing eating disorders are contributing 

factors to this. The increased rate of eating disorders among people with epilepsy is 

evident from an early age, and this is important for health personnel to be aware of in 

their interaction with these patients. Early diagnosis and treatment is of great 

importance. 
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1. Epilepsy 

1.1 Definition 

The International League Against Epilepsy (ILAE) defined epilepsy in 2014 as (1):  

 

 

In this definition, there is a variety of different expressions of epileptic seizures. 

Classification and descriptions of seizures have therefore been of importance through 

history, and in 2017 ILAE proposed an updated version of “Operational classification 

of seizure types” (2). As seen in Figure 1 the classification separates focal, 

generalized and unknown onset as the main seizure characteristics. In focal onset 

seizure a description of awareness is considered next, and then motor- and nonmotor 

onset of seizure. Generalized onset epilepsy classifies further as motor or non-motor, 

with non-motor generalized epilepsy being absence seizures. 
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Figure 1: Based on “Operational classification of seizure types by the International 

League Against Epilepsy.” (2) 

As well as a definition of epileptic seizures, there is of importance to classify epilepsy 

types. Throughout the 20th century the topic of epilepsy classification has sparked 

intense debate, and the ILAE have updated their terminology several times. In 1989 a 

revised version of classification of epilepsies and epileptic syndromes was authored 

(3) and this version has been highly influential worldwide and has had a major impact 

on epilepsy care and research (4). With time and further knowledge the ILAE felt the 

need to revise the classification of epilepsies and in 2017 ILAE classification of the 

epilepsies position paper of the ILAE commission for calssification and terminology 

(4) was published. 
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In this new classifiaction there is three levels (figure 2). The first level contains 

information about seizure type, which thoroughly discussed in a separate paper (2), 

and this is discussed above and in figure 1.  

The second level discusses epilepsy types, and contains four categories, 1) 

generalized, 2) focal, 3) combined general and focal, and 4) unknown. This level 

assumes that a patient has a diagnosis of epilepsy based on the current definition. A 

generalized epilepsy is made on clinical charachteristics, but would typically be 

supported by an electroencephalography (EEG) of generalized spike-slow wave 

pattern (4). Focal epilepsy include a range of seizure types, with and without impaired 

awareness, both motor and non-motor symptoms. This diagnosis is also based on 

clinical grounds, but supported by interictal epileptic acitivity in EEG. Patients with 

both focal and generalized seizures fits into the new group of combined generalized 

and focal epilepsies. The unknown category is used where a diagnosis of epilepsy has 

been concluded, but the physician is unable to determine whether it is a focal or 

generalized epilepsy due to insufficient information. 

Epilepsy syndromes are labeled in level three. This refers to a cluster of symptomes 

containing seizure types, EEG and imaging features that occur together (4). 

To determine the etiology of epileptic seizures is of great importance and this 

typically includes neuroimaging to determine structural pathology. There are five 

other etiological groups: Genetic, infectious, metabolic, immune and unknown. 

The final perspective to be considered in epilepsy classification and terminology is 

comorbidity. Many epilepsies are associated with a range of comorbidities including 

intellectual disability, psychiatric challenges such as autism spectrum disorder, 

depression, and anxiety, as well as psychosocial concerns (4). Comorbidity will be 

covered extensively in this dissertation. 



 16 

 

Figure 2: Framework for Classification of the Epilepsies, based on (4). *discussed in 

figure 1. 

1.2 Epidemiology 

Epilepsy is a common disorder in both children and adults. Population-based studies 

have shown incidence-rates in childhood to range from 0,5-8 per 1000 person-years 

(5-7), with a peak incidence within the first months of infancy. In adults the incidence 

rate of new-onset epilepsy varies with age, especially rising with every decade over 

60 years (6). In a Norwegian review of prevalence and incidence in Nordic countries 

it was assumed that the incidence of new cases per 100.000 person-years was 30-60 

(8), whereas the prevalence of active epilepsy was estimated to 0,6% (8). The 

prevalence of epilepsy varies in different parts of the world, with a marked difference 

between developed and non-developed countries. A review from China estimated a 

prevalence of 0,3% (9), and a study from Nigeria found a prevalence of 2,1% in rural 

communities and 0,5% in semirural communities (10). 

In pregnant WWE, 0.5% used antiepileptic drugs 3 months before conception in 

Norway between 2005 and 2015 (11). This is in line with European prevalences. A 
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paper from 2015 reports that 0.51% of study-participants (n=1.248.713) were 

prescribed an AED during pregnancy, ranging from 0.43% to 0.60% depending of 

residing country (12) 

1.3 Psychiatric comorbidity and stigma 

Multiple epidemiological studies show an increased risk of psychiatric comorbidity in 

people with epilepsy, both in adulthood and in youth (13-18). Children with epilepsy 

have been found to have an increased risk of psychiatric comorbidity such as 

depression(19), anxiety(19), attention deficit(19) and hyperactivity disorder (ADHD) 

(19) and autism spectrum disorder (19) compared with children without epilepsy. This 

has been found in uncomplicated epilepsies, but is especially increased in complicated 

epilepsies. Complicated epilepsy is defined as: Epilepsy plus brain lesions resulting in 

impaired cognitive function (13, 20). Likewise is mental health issues more prevalent 

in adults with epilepsy, with increased risk of depression (16, 21, 22), anxiety (17, 18, 

21), ADHD(21), cognitive impairment (23) and eating disorders (17, 24). In trying to 

understand the increased burden of psychiatric comorbidity in epilepsy, a theoretical 

framework of mediators have been proposed (20) (figure 3). Mediators include core 

epileptic characteristics such as early onset of seizures, duration of epilepsy, seizure 

drugs, and frequency and duration of seizures. Other potential mediators include 

epilepsy syndromes, underlying brain disorders and brain development and ageing, in 

addition to influences such as genotypic, psychological and sociocultural influences. 

This shows that increased psychiatric comorbidity in epilepsy is a multifaceted 

challenge, and few treatment options aside for seizure drug management and 

strategies adopted from the psychiatric profession are specific for people with 

epilepsy (20). 
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Figure 3, based on Uncovering the neurobehavioural comorbidities of epilepsy over 

the lifespan (20) 

1.3.1 Stigma 

Historically, but also today, considerable stigma has been attached to people with 

epilepsy. Stigma is defined as a negative reaction by other to an attribute of a person 

that serves to spoil one’s own social identity (25). Along with comorbidity and the 

seizures, stigma adds up to the total burden of epilepsy. Less social support, impaired 

social identity, humiliation and discrimination may be results of the stigma attached to 

epilepsy (25), which in turn leads to further social and economic morbidity and has 

the trademarks of a vicious cycle that is hard to interrupt. Few studies have studied 

the results of intervention with the purpose of reducing stigma, but it is widely agreed 

that public information and education is necessary (25). In 2008 a study from 

Germany compared public opinion of epilepsy through the 20th century and into the 

21st century, using results from surveys who have been conducted five times since 

1967 (26). Negative attitudes of epilepsy decreased in 2008 compared to 1967, with 

18% in 2008 objecting to having a son or daughter marrying a person with epilepsy 

compared to 30% in 1967. In 2008, 11% did not think people with epilepsy should be 
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employed like other people, compared to 31% in 1967. In 1967 27% thought epilepsy 

was a form of insanity. This has decreased in 2008, but still 11% of persons asked 

thought epilepsy was a form of insanity. This perhaps illustrates stigma in epilepsy, 

which otherwise often can be hard to define or measure (26). 

1.3.2 Treatment of psychiatric comorbidity 

As psychiatric comorbidity are more frequent in people with epilepsy, focus must be 

on treating this in the same way as in the general population, if not better. Previously 

there has been a reluctance to prescribe antidepressants or anxiolytica to people with 

epilepsy, possibly due to fears over negative influence on seizure threshold. Hospital 

based studies from the 1980s and 1990s using high doses of tricyclic antidepressants 

raised questions of seizure induction (27-29). Follow-up studies in out-clinic patients 

did not support these concerns, but the idea persisted. This limited treatment within 

this group, and impairing quality- of-life (30). Later, antidepressants have been found 

to be anticonvulsive when investigated as a group (31). It is therefore of great 

importance that health personnel treating people with epilepsy is aware of this 

common misperception, and that people with epilepsy must be given the right 

medication when needed (32). 

1.4 Pregnancy and offspring 

1.4.1 Seizures in pregnancy 

Most WWE have normal pregnancies and deliveries, but the threat of seizures during 

pregnancy and the effects seizures may cause on the foetus are of great concern to 

many. In terms of seizures it is the generalized tonic clonic seizures (GTCS) that are 

most feared. Seizure during labour is rare, but two case studies have shown 

bradycardia and asphyxiation in the foetus after a GTCS during labour (33). Seizures 
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during pregnancy have been associated with a significant higher preterm risk, a 

shorter gestational age, and a reduced birth weight (34, 35). In this study from 

Rauchenbach et al the 106 pregnant WWE also used antiepileptic drugs (AED) which 

are regarded as a confounding factor (34). Indications also point towards frequent 

seizures during pregnancy have a detrimental effect on neurodevelopment in the 

developing foetus (36). One study investigated 240 children born of mothers with 

epilepsy of 6 years or older. Of these, 80 children were born of mothers who did not 

use AEDs during pregnancy. Adab et al found that five or more GTCS during 

pregnancy was an independently risk factor for low IQ in the offspring (37). Studies 

with animal-models have found similar results. Novaes et al induced seizures in 

pregnant rats, and the offspring displayed impaired social behaviour (38), whereas 

Vale and coworkers found an effect on hippocampal interneurons in rat-pups with 

mothers who had seizures during pregnancy, as well as deficits in motor coordination 

and more immobility (39). 

Status epilepticus is rare during pregnancy, in the large EURAP study there were 10 

cases of convulsive status epilepticus of 3784 pregnancies reported (0,26%). Of these, 

there was one stillbirth and three children had major congenital malformations. 

1.4.2 Maternal mortality 

The increased risk of life-threatening pregnancy complications such as seizures, 

preeclampsia, and excessive bleeding postpartum, give rise to the thought of 

increased maternal mortality within the epilepsy population. In fact, two independent 

studies have shown a more than 10-fold increased mortality-rate for WWE compared 

to the general population (37, 40). Considering that the standard mortality rate is 2-3 

times increased in people with epilepsy throughout life, shows that WWE is especially 

vulnerable during and after pregnancy (37). It is hypothesized that in addition to the 

aforementioned risk factors seizures, preeclampsia and postpartum bleeding, another 

explanation for the increased mortality rate could be sudden unexpected death in 
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epilepsy (SUDEP) (40). Sudden unexpected death is more than 20 times as common 

in people with epilepsy compared to the general population (41). 

1.4.3 Complications during pregnancy 

Regardless of seizure frequency, WWE have an increased risk of complications 

during pregnancy and delivery. Borthen and coworkers, using the MBRN, found that 

WWE had an increased risk of mild pre-eclampsia and preterm birth compared to 

women without epilepsy (42). Further, WWE and AED use had an increased risk of 

gestational hypertension and vaginal bleeding late in pregnancy (42). This was 

consolidated in a hospital-based study from the same research group where 205 

consecutive deliveries at Haukeland University hospital with a confirmed diagnosis of 

epilepsy were retrospectively investigated and compared to 205 women without 

epilepsy with similar age and parity. WWE and AED use had an increased risk of 

severe preeclampsia and early vaginal bleeding (43). A systematic review published 

in the Lancet in 2015 where 38 papers and more than 2,8 million pregnancies were 

considered, there was an association between maternal epilepsy diagnosis and adverse 

maternal outcome such as spontaneous miscarriage, antepartum haemorrhage, 

postpartum haemorrhage, induction of labour, caesarean section, preterm birth and 

hypertensive disorders (44). Risk of adverse delivery outcome such as caesarean 

section, increased postpartum bleeding and low Apgar score was also found to be 

increased in WWE in Borthen and coworkers’ investigation using the MBRN (45). 

In relation to pregnancy and delivery, depression and anxiety are also complicating 

factors. Bjørk et al found in 2015 an increased risk of both in WWE using the 

Norwegian Mother and Child Cohort Study (MoBa) (46). They also found that the 

recovery rate was lower three years after delivery in WWE, and stresses the idea that 

it is important to identify patients at risk before delivery as symptoms of depression 

may be undertreated in this group. 
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Outcome of pregnancy in WWE does not only concern mothers, but the offspring as 

well. Questions have been raised in terms of how epilepsy influence development in 

the womb, but also long term effects such as cognitive effects in children born to 

mothers with epilepsy.  

Veiby and coworkers found in 2013 that exposure to antiepileptic drugs during 

pregnancy was associated with impaired motor skills at the age of 6 months using the 

Norwegian Mother and Child cohort study (47). Use of multiple antiepileptic drugs 

was associated with worse outcome in children, both in terms of fine motor skills, but 

also in social skills, compared to infants with no such exposure. In this study, 

breastfeeding of the infant was not associated with harmful effects (47). 

We have continued to study social skills and cognitive performance using the 

Norwegian Mother and Child cohort study, which in its prospective design enables 

researchers to follow children born of mothers with epilepsy. Veiby et al found an 

increased risk of autistic traits in children exposed to antiepileptic drugs in utero. The 

children were investigated at 18 months and 36 months of age (48). This has also 

consistently been found in other studies (49-51). What Bjørk et al were able to 

establish through a combination of self-reported information of use of folic acid 

preconceptionally and during pregnancy, and serumlevels of folic acid in gestational 

week 18-20, was that folic acid supplementation reduces the risk of autistic traits, 

especially in women using antiepileptic drugs (52). This shows that diet is of 

significance in pregnancy for WWE. 

Studying verbal skills in children born to mothers with epilepsy in the Norwegian 

Mother and Child cohort study, Husebye et al found that AED-exposed children had a 

language delay compared to non-exposed children at 18 months and 36 months of age 

(53). Also in regards to development of language skills, folic acid supplementation 

used in the period from 4 weeks before conception through the first trimester, had a 

protective effect. 
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1.4.4 Pregnancy registries 

Internationally there are three major population-based registries containing 

information about AED exposure, pregnancy- and infant outcome from the Northern 

hemisphere. These are the UK Epilepsy and Pregnancy register, the North American 

AED Pregnancy Registry, and European and International Registry of Antiepileptic 

Drugs in Pregnancy. They were all established in the late 1990s, where the UK 

register were the first to establish in 1997. The overall aims are similar for all three 

registries; to determine the risk of MCM in pregnancies exposed to prenatal use of 

AEDs (54), but there are some differences in methodology. These differences in 

methodology have made it difficult to merge or harmonize the different registries 

(54). The latest updates show that 5206 cases were included in the UK register (55), 

9818 AED exposed women were included in NAAPR (56), and in EURAP 21.875 

pregnancies were included in 2016 (57). 

In Scandinavia, there is a good foundation for epidemiologic studies concerning 

pregnancy and birth, as all Scandinavian countries have national birth registries (58-

60). This is a vast source of information, especially with its unique design of 

compulsory inclusion which will diminish selection bias in example. 

All these registries have added invaluable knowledge about a wide range of issues 

concerning maternal health, and especially knowledge about outcome for pregnancies 

in WWE.  

1.5 Treatment of epilepsy and anti-epileptic medication 

1.5.1 Antiepileptic drugs 

The overall idea in treating epilepsy is to prevent the occurrence of seizures. This is 

generally obtained in approximately 70% of cases when applying an antiepileptic drug 
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(61). Antiepileptic drugs are either classified by mechanism of action, or by efficacy 

spectrum. Because different drugs have different mechanisms of action and different 

efficacy spectrums, it is important to take into account seizure type, syndrome and 

other characteristics of the individual patient to be able to find the ideal antiepileptic 

drug. 

Efficacy spectrum and choice of antiepileptic drug 

The International League Against Epilepsy (ILAE) formed in 2006 guidelines for 

treatment with antiepileptic drugs by performing a structured literature review (62). 

These guidelines were updated in 2013 (63). Norwegian guidelines for treating 

epilepsy are based on these international reviews (64). When reviewing the literature 

the authors realized that many of the studies had major flaws, leading to poor 

documented effects of antiepileptic drugs, especially in generalized seizures in adults, 

and in treatment of epilepsy in children (62). When choosing an antiepileptic drug in 

treatment of epilepsy it is important to weigh potential anti-epileptic effect vs 

potential adverse effect on an individualistic basis (62). 

Treatment for focal onset seizures 

There is four drugs with evidence level A, which means the effect of this drug is well 

established. Carbamazepine, levetiracetam, phenytoin and zonisamide have level A 

evidence of efficacy. Valproate have level B evidence, as effectiveness is regarded as 

probable in partial onset epilepsy. Gabapentin, lamotrigine, oxcarbazepine, 

phenobarbital, topiramate, and vigabatrin have level C evidence, as they have a 

possible effect (63). When taking documentation for effectiveness in to account, and 

weighing up possible adverse effects, Norwegian guidelines states oxcarbazepine, 

lamotrigine and levetiracetam as drugs of choice for focal onset epilepsy. 

Treatment for generalized onset seizure 

For this group there is less documented effect, due to lower quality of clinical trials. 

Carbamazepine, lamotrigine, oxcarbazepine, phenobarbital, topiramate and valproate 

have evidence level C. Gabapentin, levetiracetam and vigabatrin have level D, and are 
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regarded as having a potential effect (63). Norwegian guidelines states valproate as 

the drug of choice in general onset epilepsy, the one exception being fertile women. 

Second line of choice is levetiracetam, lamotrigine and topiramate (65). 

Ethosuximide and valproate is effective against absence seizures (40, 63, 64). 

1.5.2 Antiepileptic drug treatment during pregnancy 

The association of major malformations in the offspring of mothers using 

antiepileptic drugs have had a growing awareness during the 20th century, which led 

to the EURAP epilepsy and other pregnancy registries. This is a cohort from 42 

countries that prospectively monitor pregnancies exposed to monotherapy of 

antiepileptic drugs and in 2011 a paper comparing four different drugs (lamotrigine, 

carbamazepine, valproate, and phenobarbital) was published. Comparatively a low 

dose of lamotrigine had the lowest rates of major malformations in the offspring, 

whereas risks of malformations were significantly higher with valproic acid and 

phenobarbital, as well as higher doses of carbamazepine (66). A dose-dependency 

was seen for all four drugs. I 2016 a new paper was published from EURAP, now the 

cohort contained 7355 pregnancies exposed to antiepileptic drugs, and Tomson et al 

were able to compare eight different drugs (carbamazepine, lamotrigine, 

levetiracetam, oxcarbazepine, phenobarbital, phenytoin, topiramate, and valproate) 

(57). Again valproate and phenobarbital had the highest risk of malformations (10.3% 

and 6.5% of pregnancies respectively), and lamotrigine and levetiracetam were 

considered the safest options (2.9% and 2.8% respectively) (57). 

Other pregnancy registries such as the North American AED Pregnancy Registry 

(NAAPR) and the UK Epilepsy and Pregnancy register have found similar results. 

Valproate and phenobarbital carries the significantly highest risk of major congenital 

malformations, whereas newer drugs such as lamotrigine and levetiracetam are safer 

options (55, 67, 68). It is stressed that even though lamotrigine has been found to be a 
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safe option in terms of MCM, seizure control is of great importance, and lamotrigine 

can in some cases be less effective compared to other antiepileptic drugs such as 

valproate (55). 

A paper from the EURAP-study shows that seizure-control is reduced when valproate 

is withdrawn during pregnancy (69). 

AED in monotherapy have been shown to have similar risk of intrauterine death and 

there has been shown no dose dependency, although Tomson et al found that 

polytherapy increased this risk; RR 1.4 (CI 1.1-1.7) compared to all monotherapies 

(70).  

1.5.3 Unintended pregnancy 

AEDs and hormonal contraceptions have a high risk of bidirectional interaction, and 

that decreases seizure control and failed contraceptive function may be a consequence 

(71). Failed contraceptive medication is an apparent reason for unplanned pregnancy, 

and one study found that one in four unplanned pregnancy in WWE was due to failed 

contraception. Also less than 55% of WWE had planned their pregnancy (72). 

1.5.4  Catamenial epilepsy 

Some women have increased seizure activity in relation to hormonal changes 

following the menstrual cycle. Typically clusters of seizures occur in the ovulatory 

and menses fase of the menstrual cycle. This is called catamenial epilepsy. It does not 

refer to a specific type of epilepsy, but to the rhythmicity in seizure occurrence. In 

addition to antiepileptic treatment as described in the previous chapter, treatment 

focuses on influencing hormonal changes with oral contraceptives (73). 

Contraceptives with progesterone are most frequently used, but also acetazolamide 

can be used in some cases (73). 
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1.5.5 Other antiepileptic treatment 

Surgical treatment 

Surgery includes resection or destruction of parts of the brain with epileptic origin. 

Surgical treatment is an option to patients with drug-resistant focal epilepsy (40). 

Neurostimulation 

The most common mode of treatment with use of neurostimulation, is vagus nerve 

stimulation. Originally, vagus nerve stimulation was developed for patients with drug-

resistant epilepsy who were not candidates for surgical treatment. Half of patients 

with vagus nerve stimulation reduces seizure frequency by 50% (74), although only 

5% become seizure-free. 

Ketogenic diet 

Ketogenic diet is a well-established and well-documented mode of treatment of 

epilepsy in children (75), but there is less documentation in adults. In a small sized 

study from Norway four patients out of six with juvenile myoclonic epilepsy had 

>50% seizure reduction with the less restrictive modified Atkins diet (75). The 

modified Atkins diet restricts intake of carbohydrates to 15-20 g a day, and 

encourages food with a high fat content. 

1.6 Epilepsy in youth 

Epilepsy is the most common neurological disorder in youth with prevalence numbers 

varying between 0.05-1 % (76). Among offspring in the MoBa cohort the incidence 

rates during the first year 144 per 100.000 person-years, and 58 per 100.000 person-

years when considering ages 1 to 10 years (5). In total 587 of 112.744 (0.5%) met the 

criteria for validated epilepsy-diagnosis. 
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1.6.1 Etiology 

The underlying cause of epilepsy in youth are generally divided in to three categories, 

namely genetic, metabolic/structural and unknown (77).  

Genetic causes 

The idea of genetic epilepsy is that the disease is exclusively caused by mutations in 

the genome without environmental impact (77). Most types of genetic epilepsies 

begin in childhood and include childhood absence epilepsy, juvenile absence epilepsy, 

juvenile myoclonic epilepsy, as well as more severe syndromes with often therapy 

resistant seizures such as Dravet syndrome and West syndrome. 

Metabolic/structural causes 

Almost any structural lesion or damage to the cerebral cortex can cause seizures and 

epilepsy. Metabolic disturbances such as high fever, hyponatremia, and hypocalcemia 

are perhaps the most common causes of seizures in youth. Ischemia perinatally, or 

later in life, head trauma, infections such as meningitis or encephalitis are all common 

disorders that can cause lesions with epileptic potential. 

Unknown causes 

In defining epilepsy etiology this category reflects the fact our knowledge in certain 

cases are limited, and we’re not able to determine the exact cause (77). 

1.6.2 Comorbidity 

Psychiatric comorbidity is quite frequent in children and adolescents with epilepsy. 

Various studies have estimated that 21-60% of children with epilepsy have comorbid 

depression or anxiety (76). This is up to six times more than the general population, 

and also considerably higher than other children with chronic disease. Also children 

with complicated epilepsy have more comorbid psychopathology than children with 

uncomplicated epilepsy (76). There is thought to be multiple factors contributing to 

the development of comorbid psychopathology, and among others executive 



 

29 

 

29 

dysfunction, male gender, and early onset epilepsy were seen as risk factors in a study 

from Norway (78). Sleep disorders have also elevates the risk in paediatric epilepsy 

compared to population-based data, and are especially elevated among those with 

comorbid psycopathology (79) 

1.6.3 Cognition and education 

A global cognitive impairment is more common in children and adolescents with 

epilepsy than in their peers in population based studies, and rates of intellectual 

disability range from 21-40% (80). This will lead to difficulties in school 

performance, and this is also reflected in the fact that more children with epilepsy 

receives special educational services (81, 82). Global cognitive difficulties are seen as 

the main contributor to a significant lower academic achievement among people with 

epilepsy. Adjusted for IQ, other factors such as early onset epilepsy, difficulties in 

school attendance and specific cognitive deficits are also seen as risk factors for lower 

academic achievement (80). In the literature there is a separation between low-

achievement due to global cognitive impairment, and underachievement that is 

discrepant to IQ-levels. Youth with epilepsy are comparatively more prevalent in both 

categories (80). Early screening for educational difficulties is imperative for positive 

outcome, especially in cases where the academic underachievement is discrepant to 

IQ-levels (80). 

1.6.4 Social aspects 

Whatever reason for lower educational levels, inevitably this will have socioeconomic 

consequences. In the UK there is a strong correlation between epilepsy and living in 

socioeconomic deprived areas (83), and in Iceland low socioeconomic status was a 

risk factor for epilepsy (84). Low income and higher rates of unemployment are also 

features associated with persons with epilepsy (85). People with symptomatic epilepsy 

are less likely to have a partner and offspring than the referent (86, 87), and compared 
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to normal population there is a higher risk of being unfit to work (87). As well as 

lower socioeconomic status, persons with epilepsy are more likely to report reduced 

quality of life and emotional problems (85). Because of stigma, previously mentioned 

in chapter 1.3.1., there is a risk for social isolation and thus less possibilities of social 

interaction and building relationships (88). 

1.7 Overweight 

Worldwide overweight and obesity is a growing concern as prevalences continue to 

increase in adults (89), and overweight also increases in youth (90). In the US, more 

than 35% of adults were obese (BMI >30) in 2010, and almost 17% of youth (91).  

Overweight and obesity represent huge and growing public health issue, with it being 

an essential risk factor for cardiovascular disease, type 2 diabetes and some cancers 

(92). Figure 4 illustrates how weightgain in kg increases the risk of disease, in 

example an increase of 5-8 kg increases the risk of type 2 diabetes with 100% (92) 

(figure 4). 

Figure 4: Notable health risks of weight gain, Based on Ben Menachem (92) 
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1.7.1 Epilepsy and overweight 

Overweight and obesity is thought to be common in people with epilepsy, and in an 

adult US population they found that 55.2% of people with epilepsy was overweight, 

similar to the general US population (93). 

Another study found that overweight people with epilepsy reported a poorer health 

compared to the general population in a study from Georgia and Tennessee. They also 

reported a lower family income and lower employment rates (94). People with 

epilepsy reported a higher rate of obesity and the authors highlights the need for 

further studies that examines the physiological and psychosocial interactions between 

epilepsy and overweight. 

Overweight in general is a growing concern in the industrialized world, but also in 

some developing countries. In Norway, overweight has been scarcely studied in 

people with epilepsy. 

1.7.2 Mechanisms for increased overweight in epilepsy 

There are several possible mechanisms for increased overweight in epilepsy. Both 

structural, iatrogenic and social/environmental theories are suggested. 

Silveira and coworkers showed that amygdaloid seizures activate hypothalamic nuclei 

that are prominently involved in reproductive function and reproductive endocrine 

secretion and this could explain clinical features such as PCOS and hypothalamic 

amenorrhea (95). Hypothalamic nuclei are also involved in feeding behavior (96). 

Feeding behavior could then be affected by seizures in the same way endocrine 

function is affected by hypothalamic neuroendocrine control of energy homeostasis 

(93). 
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One study in Canada studied children and adolescents with epilepsy in terms of 

physical activity and overweight. There were 79 young people with at least 3 months 

history of epilepsy compared to their siblings (n=99). Those with epilepsy were more 

likely to be overweight and were less active (97). A German study investigated social 

and physical activity in 136 people with epilepsy (98). They were significantly less 

active in regular sports activities than controls, and they also judged sports to be more 

dangerous than controls. Furthermore, in a clinical study, people with epilepsy had a 

significantly higher BMI than controls, as well as having less aerobic and muscle 

strength endurance (98). Other studies supports this (65, 98), and as people with 

epilepsy tend to be less physically active this leads to increased BMI, decreased 

aerobic endurance, poorer self-esteem, and higher levels of depression and anxiety 

(99). 

Ben Menachem writes that the two most important factors for weight gain in people 

with epilepsy is social factors and use of antiepileptic drugs (AEDs) (92). 

Furthermore there is known weight inducers such as valproate, carbamazepine and 

pregabalin, weight neutral AEDs include lamotrigine, gabapentin, pregabalin, 

vigabatrin and levetiracetam, whereas AEDs associated with weight loss include 

topiramate, zonisamide and felbamate (92). 

1.7.3 Consequences 

Obesity is a well-established risk factor for complications during pregnancy, such as 

preeclampsia and other hypertensive disorders(100-102), diabetes type 2(103, 104), 

miscarriage(105), caesarian delivery (106, 107) and induction of labour (108, 109). 

The review of epilepsy in pregnancy published in Lancet had no mention of 

overweight or obesity in relation to pregnant WWE (44). This reflects that obesity is 

scarcely investigated in WWE, especially in relation to pregnancy and its outcome. 

As overweight is a known risk factor for numerous adverse health effects in the 

general population there is a need to study this association further in people with 
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epilepsy. To what degree is overweight a health issue in people with epilepsy, and 

how does overweight influence comorbidity in people with epilepsy? 

1.8 Eating disorders 

Eating disorders have increased dramatically in frequency in the last 50-60 years, and 

did not pose a severe challenge until the late 1970s (110). Thus research on the 

subject was scarce, and before year 2000 there only existed papers from small clinical 

samples (111). The most common eating disorders are anorexia nervosa (AN), 

bulimia nervosa (BN) and binge eating disorder (BED), in which life-time prevalence 

in Norway is 8.7% , and which will be prevalent in 3.8% of the population at any time 

(111, 112). In the Norwegian Mother and Child cohort there is a prevalence of 

approximately 5% of eating disorders (113). Rai et al. described an increased rate of 

self-reported eating disorders in people with epilepsy compared to the general 

population (17), and Reiter et al. also found an increased rate of eating disorders in 

pregnant WWE compared to other pregnant women (24). However, the prevalence of 

eating disorders in people with epilepsy have been scarcely studied, and there is a 

need for further investigations. 

1.8.1 Etiology 

The etiology of eating disorders are largely unknown, but factors such as body 

dissatisfaction, depression or anxiety and low self-esteem seem to be precursors 

(110). Interpersonal experiences that have been most frequently associated as risk 

factors for eating disorders are abuse, trauma and teasing (110), although there is still 

some debate into what mechanisms play a part and to what degree these are prominent 

in developing and maintaining an eating disorder (110). A theory is that a central 

feature in anorexia nervosa is personality traits such as having an extreme need to 

control eating, but also to control other aspects in life (114). Other contributing 
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factors is sociocultural pressure to be thin, family influences, dieting, biological 

contributors and genetic predisposition(110). BED in pregnancy has also been found 

to be associated with lifetime sexual abuse, anxiety and depression (115). 

1.8.2 Consequences 

Eating disorders may influence birth and obstetric outcomes, similarly to epilepsy and 

overweight. A Finnish population-based register study compared women with eating 

disorders to referent women and found that women with AN and BN had significantly 

lower weight babies, whereas women with BED had higher weight babies (116). AN 

was also associated with premature birth and perinatal death, and women with BN 

had increased risk of babies with low Apgar score. Using the Norwegian Mother and 

Child cohort study, Bulik et al found that women with BED had higher weight babies, 

a higher risk of large for gestational age babies and caesarian section than the referent 

(117). The authors noted in this paper that the statistical power for the lower prevalent 

disorders such as AN and BN was inadequate to determine an association to adverse 

obstetric outcomes. As noted in chapter 1.8. the prevalence of eating disorders in 

people with epilepsy is largely unknown. The influence of eating disorders on 

outcome of pregnancy and delivery in WWE is also largely unknown and studies on 

this subject is needed. 

1.8.3 Diagnostic criteria 

The American Psychiatric Association’s diagnostic manual of mental disorders, 4th 

edition (DSM-IV), was the most common diagnostic tool in which to classify mental 

disorders, and in example eating disorders. Figure 5 shows the diagnostic criteria of 

anorexia nervosa (AN), bulimia nervosa (BN), eating disorder not otherwise specified 

(EDNOS), and binge eating disorder (BED): 
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Figure 5: Diagnostic criteria for eating disorders in DSM-IV. 
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2. Aims 

Our main aim in this thesis was to determine how overweight and eating behavior are 

distributed in people with epilepsy, and whether findings were consistent when 

examining different study-populations. We also wanted to investigate predictors and 

consequences of overweight and eating disorders. 

Paper 1: To determine the prevalence of eating disorders in pregnant WWE. Further, 

we wanted to examine how eating disorders influence pregnancies in WWE. 

Paper 2: To determine whether WWE are more overweight than other women, and to 

investigate the effects of, and interactions between, overweight and epilepsy 

combined on pregnancy and obstetric outcome. 

Paper 3: Finally, we aimed to study whether youth with epilepsy are more overweight, 

have an increased risk of eating disorders, and to determine quality of diet compared 

to youth without epilepsy. 
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3. Method 

3.1 The Norwegian Mother and Child Cohort Study. 

3.1.1 Data material 

The Norwegian Mother and Child Cohort Study (MoBa) is a prospective population-

based study, which recruited pregnant women in Norway from 1999 to 2008. The 

objective of Moba was to test specific aetiological hypotheses by estimating the 

association between exposures and diseases, aiming at prevention (118). It included 

more than 100.000 women and information about their pregnancies, general health 

and social situation was gathered through comprehensive questionnaires. Pregnant 

women from all over Norway were invited to participate prior to a scheduled 

ultrasound examination in gestational week 18-20. The first questionnaires were sent 

to participants in week 13-17 (Q1). Follow-up questionnaires were sent in gestational 

week 22 (Q2) and 30 (Q3). Thereafter questionnaires were sent 6 months (Q4), 18 

months (Q5), 36 months (Q6), 5 years (Q-5year), 6 years (Q-6year), 7 years (Q-7year) 

and 8 years (Q-8year) after delivery. It is planned to follow the cohort further, and 

questionnaires are still being gathered. The recruitment included 50 of Norway’s 52 

hospitals with maternity units, and the overall response rate was 41% (119). In paper 

1 and 2 questions from Q1 and Q4 were used. In our version of the MoBa cohort there 

were totally 106.508 pregnancies, whereas 706 reported having epilepsy for paper 1. 

For paper 2, the cohort was updated and now contained in total 107.516 pregnancies, 

with 713 cases of pregnancies with reported maternal epilepsy. 
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3.1.2 Medical Birth Registry of Norway 

MBRN is a compulsory registry for all pregnancies and deliveries in Norway. The 

registry was established in 1967 and is run by the Norwegian Institute of Public 

Health (120). Midwives and general practitioners register information about maternal 

health during pregnancy, as well as birth outcome. The register is linked to the 

National Population Register to ensure a complete registration of all births in Norway. 

MBRN is linked to MoBa through an anonymous code, and we were therefore able to 

gain supplementary information about maternal health and birth outcome.  

3.1.3 Variables and outcomes 

The diagnosis of epilepsy was self-reported in MoBa, where participants answered 

yes or no to a question of whether they have or have had epilepsy. AED use was 

defined through three pathways:  

1) Reported AED use in MoBa through a predefined yes/no question in MoBa 

2) Or having reported an epilepsy diagnosis in MoBa and provided information 

about AED use in free-text answer 

3) Or reported diagnosis of epilepsy in both MoBa and MBRN, and a registered 

use of AED in MBRN. 

MoBa questionnaires were made in accordance with DSM-IV criteria for eating 

disorders. When trying to comply with the diagnostic criteria of eating disorders in 

paper 1, there were some adjustments that were needed. For AN the fourth criteria 

concerning amenorrhea had to be removed due to the fact MoBa consists of pregnant 

women. This criterion has also been removed in the new version of the manual – 

DSM-V. In the EDNOS category we focused on criterion 2, which was called 

impaired bodyimage and AN criteria are met except low BMI and amenorrhea, and 

criterion 6; BED.  
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In paper 1 we investigated associations between maternal epilepsy and ED, and how 

this influenced pregnancies in terms of hypertension, diabetes, preeclampsia, 

caesarian section, peripartum depression and/or anxiety (22), weight gain during 

pregnancy, SGA (121), LGA (121) and ponderal index. In paper 2 associations 

between maternal epilepsy and overweight, and how this influenced outcome in 

pregnancy for the same variables as in paper 1. 

Overweight was defined as body mass index (BMI = weight/height2) > 25, and 

obesity as BMI > 30. 

3.2 Health Profile for Children and Youth in Akershus 
Study 

3.2.1 Data material 

Health Profile for Children and Youth in Akershus Study is a cross-sectional 

population based study (122). The study was conducted by the Norwegian Health 

Services Research Centre in 2002. School classes from all municipalities in Akershus 

County were randomly selected, and all pupils aged 13-19 years in the chosen classes 

were invited to participate. Parents were informed and had to give their written 

consent. Questionnaires containing 110 questions regarding main topics such as: 

sociodemographic conditions, social network and school, smoking, alcohol, drug 

abuse, nutrition and attitude concerning body, physical health, psychosocial health, 

mental health, use of health services(14). The questionnaires were completed during a 

classroom session and were all anonymous. As many as 19.995 adolescents answered, 

yielding an 85 % response rate. 
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3.2.2 Variables and outcomes 

The participants had the opportunity to report a diagnosis of epilepsy and this defined 

the epilepsy group. This question could be answered by “yes”, “no” or “don’t know”. 

The answer “yes” counted as having epilepsy and “no” and “don’t know” counted as 

not having epilepsy. A total of 247 individuals (1.2%) reported a diagnosis of 

epilepsy. All other participants constructed the reference group (n=19.748). 

Individuals reporting a diagnosis of asthma formed a control group of chronic disease 

(n=3.320), participants with asthma were also included in the reference group. 

Participants reported if they had been in contact with school nurse or other health 

personnel regarding eating disorders and this defined eating disorders in this cohort. 

Before conducting the study, an unhealthy diet was defined by a group of nutritionists 

as eating or drinking candy, potato chips, French fries, or sugar containing soda daily. 

We constructed a dichotomous variable of physical activity where the cut-off was set 

at being physically active two or more times a week. Participants reported if they were 

currently on a diet or had been in the past. Mean age of menarche was calculated for 

female participants. We calculated BMI with the help of an age adjusted scale from 

the World Health Organization (123). 

3.3 Statistics 

3.3.1 Statistical methods 

When computing data we used IBM SPSS Statistics version 21. We studied 

differences between groups using Student’s t-test and Pearson’s chi-square test. 

Comparable groups were tested for variance using either Q-plotting or Levenes test. 

With an expected count of any cross-table was under 5, we used Fisher’s exact test. P-

values of < 0.05 were considered statistically significant. To estimate the odds ratios 

(OR) with 95% confidence interval (CI) we used binary logistic regression. Using this 

method we were able to adjust for possible confounders such as maternal age, parity, 
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smoking, and socioeconomic factors (low household income, low education, and/or 

being a single mother) in paper 1 and 2. In paper 3 we were able to adjust for reported 

low family income and living with a single parent. 

3.3.2 Additive and synergistic effects 

By introducing an interaction term to the regression model in paper 2 we investigated 

whether there was a potentiating effect of epilepsy and overweight on complications 

during pregnancy or delivery. Potentiating effect was defined as an increased effect 

compared to the expected cumulative risk of two factors, whereas additive effect was 

defined as epilepsy and overweight having an independent and cumulative effect on 

risk estimates. We compared groups of 1) WWE + overweight to normalweight WWE 

and 2) WWE + overweight to overweight women without epilepsy. When both 

comparisons were statistically significant we regarded the effect as an additive risk. 

To determine potentiating risk, an interaction term was inserted as a variable, 

multiplying epilepsy x overweight. If the interaction variable was significant in the 

regression model, we regarded the effect as potentiating. 

3.4 Ethics 

The MoBa study was approved by the Regional Ethics Committee (REK nr 

2011/1616), this was also the case for Health Profile for Children and Youth in 

Akershus study (REK ref. 40-02022). Participants were included by informed 

consent, inclusion was voluntary and data was anonymous to researchers. Participants 

had the option of study-withdrawal at any time. In publishing information of adverse 

risk factors, there is a potential for stigmatization of WWE. These factors were 

considered when discussing cost vs benefit, and we conclude that the benefits of 

further knowledge in this field outweigh the possible negative implications. Further 
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awareness of risk factors concerning overweight and eating disorders in people with 

epilepsy enables health personnel to take proactive measures. 
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4. Results 

4.1 Paper I 

In our first paper, Epilepsy and eating disorders during pregnancy: Prevalence, 

complications and birth outcome, we found that WWE had a significantly increased 

rate of BED during pregnancy (6.5% vs. 4.7%, p<0.05) and impaired bodyimage 

(6.1% vs. 3.6%, p<0.05) compared to the referent. We found no differences between 

groups in terms of rates of anorexia nervosa or bulimia nervosa. WWE and comorbid 

eating disorder had an increased risk of peripartum depression and/or anxiety than the 

referent (OR 2.17, CI 1.4-3.4) and operative delivery (OR 1.96, CI 1.3-3.0) after 

adjusting for confounding factors. WWE and comorbid eating disorder also had 

significantly more preeclampsia (7.9% vs 3.7%, p<0.05) than women without 

epilepsy. When adjusting for confounding factors this was no longer significant. We 

found that WWE had a significantly higher mean BMI than other women (24.7 vs. 

24.0, p<0.001). 

4.2 Paper II 

Our second paper, Overweight in epilepsy as a risk factor for pregnancy and delivery 

complications, showed that WWE had higher weight (69.5 kg vs 68.0 kg, p<0.01) and 

BMI (24.7 vs. 24.0, p<0.001) prepregnancy than other women. WWE were also 

significantly younger (29.2 years vs. 29.8 years, p<0.01) than non-epilepsy women, 

and had more adverse socioeconomic factors (single mother, low educational level 

and low household income) (16.4% vs 9.5 %, p<0.001). WWE were more overweight 

38.4% vs 31.3%, p<0.001) and obese (13.2% vs 9.6%, p<0.01) than women without 

epilepsy. Women using carbamazepine had the highest rate of overweight with 49.4% 
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being overweight, and women using valproate had the highest rate of obesity (20.8%). 

Women using lamotrigine were not significantly different to women without epilepsy 

in terms of overweight or obesity. 

 Compared to normal-weight women without epilepsy, WWE and overweight 

had a significantly increased risk of all adverse pregnancy and delivery 

outcomes tested, except for SGA weight and SGA head circumference. 

 When adjusted for covariates of adverse socioeconomic factors, WWE and 

overweight had a significantly increased risk of caesarean section, excessive 

bleeding during delivery and severe depression and anxiety symptoms 

compared to overweight women without epilepsy.  

 Compared to normalweight WWE, overweight WWE had an increased risk of 

caesarean section, preeclampsia, gestational hypertension and neonatal transfer 

of the child to a pediatric unit. 

 Overweight women using lamotrigine (n=38) had a significantly higher risk of 

caesarean section, severe depression and anxiety peripartum, SGA infants 

(2.5th percentile) and neonatal transfer than overweight women without 

epilepsy.  

 Overweight women using valproate (n=22) had no significant increased risk of 

any adverse outcomes tested compared to overweight women without epilepsy, 

whereas overweight women using carbamazepine (n=41) had an increased risk 

of SGA (10th percentile) compared to overweight women without epilepsy. 

4.3 Paper III 

In our third paper, Young people with epilepsy have an increased risk of eating 

disorder and poor quality diet, we studied individuals between 13 and 19 years of 

age. We found an increased risk of reported eating disorder in the epilepsy group 
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compared to the referent (aOR 1.79, CI 1.0-3.0). There was also an increased risk of 

having an unhealthy diet (aOR 1.67, CI 1.3-2.2) and youth with epilepsy were less 

satisfied with their own appearance (aOR 0.69, CI 0.5-0.9). There were no differences 

in mean weight or BMI between groups. Individuals in the epilepsy group were more 

likely to smoke than the reference group (32.9% vs 24.2%, p<0.01). 

There was some gender differences in our study. Females with epilepsy were more 

likely to have a daily consumption of sugar-containing soda, potato chips, candy, or 

French fries than females without epilepsy (aOR 2.16, CI 1.5-3.2). Males with 

epilepsy were more often dieting than males in the reference group (aOR 3.12, CI 1.2-

7.9), and also reported being less satisfied with their looks (aOR 0.44, CI 0.3-0.7). 

Dieting and poor satisfaction with own appearance did not feature as prominently in 

females with epilepsy. In a multivariate model we found an association between 

having an eating disorder and dieting within the epilepsy group (OR 47.9, CI 4.5-

512), as well as an inverse association between satisfaction with own appearance and 

dieting (OR 0.05, CI 0.01-0.2). 

A group consisting of youth with asthma scored between the epilepsy group and the 

referent for all variables tested. 
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5. Discussion 

5.1 Methodological considerations 

5.1.1 Population-based studies 

This study includes observations from two population-based materials. MoBa is a 

prospective cohort study which is linked to MBRN, and the Health Profile for 

Children and Youth in Akershus is a cross-sectional study. Population-based 

questionnaire studies have many strengths and some limitations. Population based 

cohorts or cross sectional studies typically have large numbers of participants that 

increase statistical power. Population-based studies also provide study subjects with a 

wider range of disease severity compared to hospital-based populations. The main 

limitation is the lack of detailed clinical information, for example a precise diagnosis 

of epilepsy and epilepsy severity. With this methodology there is no randomization of 

exposure, and this makes observational studies more vulnerable to systematic errors. 

5.1.2 Bias 

Any comparison of groups in research with the ambition of detecting significant 

differences between these groups, aims at detecting the true difference. Selection bias 

is one important aspect that can skew results away from detection of true differences. 

Recall bias is another such factor.  

Selection bias 

Selection bias includes all are factors that influence or distort study participation. This 

results in a skewed relation of exposure and outcome in those who participate, 

compared to all those who theoretically should have been eligible for the study (124). 

In our case with MoBa, an example would be that people with epilepsy as a group 

often have lower educational levels, more cognitive challenges, and more mental 
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health issues than other women. This means that regarding inclusion into a study of 

this scale, with multiple and time consuming questionnaires to complete, a higher 

proportion of educated and intellectually well-functioning women might be included, 

and the inclusion rate of only 41% (119) may reflect this point. Women with severe 

epilepsy, which often includes cognitive impairment, are probably rarely included in 

MoBa. This will skew results in a way that had all WWE been included, also all 

women scoring in the lower brackets on scales for cognitive performance, education 

and mental health, the differences compared to other women in outcome such as 

eating disorders and overweight would expected to be even greater. On the other hand 

a study considering selection bias in MoBa found that the prevalence of epilepsy ≈ 

0,7% is similar to that of the general population in Norway (125). This may reflect 

that inclusion of women with cognitive challenges and/or mental health issues in the 

non-epilepsy group is also rare. 

With an inclusion rate of only 41% there is a wide range of possible selection biases, 

and motivation for study-inclusion may differ among groups. In chapter 1.3.1 stigma 

in epilepsy is considered. WWE will be aware of the stigma attached to a diagnosis of 

epilepsy, and perhaps especially in relation to pregnancy. This can influence their 

willingness to participate, thinking they don’t want to highlight possible flaws and 

preexisting notions about risk assessment in pregnancy in WWE. This may be 

particularly evident in high risk pregnancies, such as women who have frequent 

seizures or use high dosages of AEDs. 

MoBa is a register where only pregnant women are included. Women who are able to 

get pregnant are generally part of the more healthy part of the population. For 

anorexia nervosa, one diagnostic criteria is amenorrhea. Individuals with anorexia 

nervosa has therefore a decreased chance of becoming pregnant. This creates a 

selection bias as very few with symptomatic anorexia nervosa will be included in 

MoBa. To avoid this bias the criterion of amenorrhea for anorexia nervosa was 

excluded in our study. 
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Another selection bias in MoBa was due to the questionnaires only being available in 

Norwegian, excluding some women with background from ethnic minorities. 

In the Health Profile for Children and Youth in Akershus study the study design was 

different in that chosen participants had to fill out questionnaires during school hours. 

This made the participation rate much higher, 85% (126), which probably will make 

selection bias/volunteer bias less pronounced. All children in the chosen schools were 

invited to participate. Also because of the high response rate and the population-based 

nature of the study we were able to avoid overestimation of adverse outcome that is a 

common feature in clinical materials. A total of 0,4% of Norwegian children in 2002 

did not attend general public schools (127). Youth with a very active and severe 

epilepsy, including severe intellectual disability, will not have been included in the 

study as they did not attend ordinary schools. Of eligible participants, 15% did not 

answer the questionnaires. We know little about this group, but we know that people 

with severe epilepsy tend to suffer in terms of school attendance (80). If there is a 

higher frequency of pupils with active epilepsy among non-participants, this will 

serve as a selection bias. Thus, it may be assumed that our findings would be even 

more profound had all adolescents with epilepsy been included.  

Recall bias 

Recall bias appears when case- and control groups have a different recollection of 

events. This may be due to different awareness on a certain topic between 

participants. WWE may previously have been aware of a link between epilepsy and 

eating disorders, and thus be more likely to report symptoms of eating disorders than 

others. Collection of our material was finished in 2008, and such awareness may not 

have been clear at that time. Although our material in MoBa for the most part is 

prospective, some variables will have been retrospective, and in retrospective data 

there is a possibility for inaccuracy in recalled information. Retrospective information 

of weight prepregnancy was used. The questions about eating disorders in MoBa are 

retrospective and this method of self-reporting is prone to recall bias. Direct 
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interviews might have yielded more precise diagnostic information both in terms of 

eating disorders, and in terms of the epilepsy diagnosis.  

In the Health Profile for Children and Youth in Akershus study the issue with 

retrospective recollection of events is more prominent. Retrospective dietary 

information is generally hard to remember, and recall accuracy may also be different 

among groups. Young people with eating disorders are more likely to be aware and 

focused on diet, and will be more likely to remember accurately. 

The diagnosis of epilepsy may also be influenced by uncertain recollection or general 

uncertainty about diagnosis. A limitation in both materials used is little clinical 

information about type of epilepsy, diagnostic features and certainty of diagnosis. A 

follow-up study of MoBa has been conducted with the purpose to validate the 

diagnosis of epilepsy (128). All MoBa participants were sent follow-up 

questionnaires regarding complementary information about epilepsy diagnosis and 

AED-use. Hospital records of MoBa participants residing in Western Norway (n=40) 

were examined to further clarify epilepsy diagnosis, and blood samples collected in 

MoBa were examined for AED-detection (128). Half of the 300 women returned the 

questionnaire and 98% of these women confirmed a diagnosis of epilepsy. When 

comparing hospital records for women in Western Norway, the epilepsy diagnosis 

was confirmed in 95% of cases. This validation used the previous definition of 

epilepsy, and not the current definition described in chapter 1.1. Similarly, AED-use 

was detected in 95% of the cases where a mother had reported using AED. In 

conclusion, the reported epilepsy diagnosis in MoBa was in general confirmed by the 

validation studies.   

Channeling bias 

When drugs of similar indications are prescribed to a group of patients with different 

prognostic factors, it is called channeling bias (129). In our MoBa material this will 

be a probable bias, especially in women who use lamotrigine. Lamotrigine is also 
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used as a mood stabilizer and neurologists may have an inclination to prescribe this 

particular drug to women with psychiatric symptoms, and this could be a factor when 

considering the high risk of severe peripartum depression and/or anxiety in 

overweight women using lamotrigine. 

Missing data 

Missing data was a substantial challenge in collecting our data. Information about ED 

was only available for 73.171 pregnancies in MoBa. This means that close to 30% of 

women did not answer one or more questions about ED in the questionnaires. This 

will increase the possibility of bias, especially selection bias, as we do not know the 

characteristics of the women who had missing data. A way to offset missing data is by 

imputation, a statistical method to reduce the effects of missing data. When 

imputating data there is a risk of losing precision. We did not imputate for any data in 

our three papers, because we did not want to lose precision in an outcome variable.  

5.1.3 Confounding 

When investigating the causal effect of variable a to variable b, in example if epilepsy 

by itself causes overweight, it is important to be aware of the possibility of a variable 

c that influences both a and b; a confounder. 

 A confounder is defined the following criteria (130): 

 A confounder must influence the outcome by a different pathway than the 

studied exposure. 

 The confounder cannot be an intermediary in the causal pathway between 

exposure and outcome. 

 The confounder must be associated with the studied exposure. 

For epilepsy and overweight multiple confounders were considered, such as education 

and family economy. Using MoBa we were able to adjust for these variables in our 
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logistic regression model, and as a result minimize the effect of confounding factors. 

We also adjusted for smoking, parity and being a single parent. In the Health Profile 

for Children and Youth in Akershus study, we were able to adjust for smoking and 

perception of family economy, using logistic regression.  

Although multiple confounders were adjusted for, there is a possibility of hidden, 

additional confounders. Hidden confounders are variables that are either not known or 

variables that are unavailable for statistical adjustment, the latter called unmeasured 

confounders. 

Especially in studying youth with epilepsy from Akershu,s we would have preferred 

to have more socioeconomic data to account for. Self-reported perception of family 

economy is a subjective measure of socioeconomic status and may not reflect true 

values. We would have liked to be able to adjust for family structure, parents’ 

educational level and family income, as these are known confounders and valid 

measures of socioeconomic status. 

By adjusting for confounders in statistical models we were able to obtain better 

measure of true group-level differences, and as such increase specificity. Although 

specificity increases, there is a possibility that sensitivity decreases by using this 

method. Methods should be chosen to balance sensitivity and specificity in an optimal 

way. 

It is important to differentiate between mediators and confounders (see the definition 

of a confounder, second criterion). An example in our study is the use of AED. AED 

in some cases increases weight and thus works as an intermediary between the causal 

effect of epilepsy (exposure) and overweight (outcome). We acknowledged this by 

comparing WWE with and without use of AED, “stratification”. We also compared 

the effect of different subgroups of AEDs, but statistical power was a challenge for 

the majority of such subgroups due to small numbers. 
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A challenge we have been aware of in our studies is collinearity. This is when two 

variables are highly correlated and this leads to difficulty in statistically separating 

effects of these variables, meaning effect-estimates will be unstable (124). When 

comparing variables, and when adjusting for specific socioeconomic variables, we 

have tried to avoid this potential pitfall. 

When adjusting for confounders there needs to be an awareness of the possibility of 

overfitting. This is a statistical phenomenon that can occur when the ratio of the 

number of adjusting factors to the number of events is less than 1:10 in a logistic 

regression model (131). Overfitting will lead to inflated effect estimates. In some of 

the comparisons in our work, for example studying overweight women using 

lamotrigine, we cannot exclude the possibility that effects estimates is exaggerated 

due to overfitting. However, we do not find it likely, as the crude estimates was very 

similar to the adjusted estimates. 

5.1.4 External validity 

External validity refers to the generalizability of the study population. To which 

degree can we transfer associations in the study population to the general population? 

MoBa is a population based cohort study. Population based cohort studies covers 

people from all parts of society, and in our case from all over the country. This 

increases the study’s generalizability. A large study population also increases 

generalizability. In cohort studies a specific characteristic is often included to get a 

representative study population (132). In MoBa, only pregnant women were included. 

This makes it difficult to make generalizing conclusions beyond the target population. 

The Health Profile for Children and Youth in Akershus study is a cross sectional 

study with a large number of participants. Its external validity is good due to a very 

high response rate of 85%. This was due to the study design where children and 

adolescents gave their contribution during school hours and in the class-room. 

Randomization of chosen school classes were performed and, due to the Norwegian 
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school system with more than 96% of children attending state funded schools, a 

representative selection was obtained. 

Consistent findings in two different study populations, such as increased risk of eating 

disorders among people with epilepsy both in MoBa and the Health Profile study, also 

increases external validity. 

5.1.5 Errors 

Random errors can occur during inclusion, registration and analysis. Level of 

precision Confidence intervals (CI) mirrors the level of precision of results. A wide 

CI means low precision, and precision increases as CIs narrows. A way to reduce the 

influence of random errors is to increase the study population. In our materials we 

have large study populations, but for analysis of small subgroups there is a possibility 

that random errors influence results. One example is analysis of lamotrigine users 

with overweight in MoBa (n=38), where it is possible that random errors could have 

influenced risk estimates in pregnancy for this group.  

5.2 Discussion of results 

5.2.1 Epilepsy and eating disorders 

In our material from the Health Profile for Children and Youth in Akershus Study, we 

found that youth with epilepsy more often than others were seeking help of health 

personnel for eating disorders. Tegethoff et al studied the temporal associations 

between mental disorders and physical diseases in adolescents (13-18 years) with 

mental-physical comorbidities in a nationally representative United States cohort 

(133). They found a significant association between epilepsy and any eating disorder 

(HR 6.27, CI 1.58-24.96). In that study, diagnoses were self-reported. It is 
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hypothesized that an association between epilepsy and eating disorders arises from a 

right hemispheric focus and right frontal intracerebral lesions because of their close 

relationship to the limbic system (134). This is based on case-reports where eating 

disorders in patients with epilepsy resolved after right temporal lobe lesions (134).  

We found an increased risk of eating disorders also among pregnant WWE. We were 

able to distinguish between the different types of eating disorders due to the questions 

in MoBa covering diagnostic criteria from DSM-IV. The most frequent eating 

disorder among WWE was weight inducing types such as binge eating disorder, but 

also the outcome of impaired bodyimage was significantly increased in the epilepsy 

group. As described in methods this is a variable containing questions mirroring 

diagnostic elements in anorexia nervosa, but criteria of amenorrhea and low BMI was 

left out. The study population will not have low-weight induced amenorrhea as they 

are pregnant women, nor is low BMI compatible with pregnancy. An edited version 

of these criteria was therefore necessary to get an impression of mental health 

challenges in a population of pregnant women. This is in line with previous studies of 

eating disorders in MoBa (111). 

The results of two similar variables in the two different materials, impaired body 

image in MoBa and satisfaction with looks in Health Profile, are coinciding. This 

means that a negative personal image in people with epilepsy debuts early, at least in 

adolescents, and continues later in life. A negative personal image, or bodyimage, is 

the root of developing an eating disorder. We would hypothesize that stigma plays a 

part in the early development of impaired selfworth in people with epilepsy. An 

individual exposed to stigma will feel as an outsider or less normal. Striving to be 

normal, body appearance is easier to control or change than perhaps the epilepsy 

diagnosis is, and therefore youth and adults will be at risk of developing an eating 

disorder. 

Recommendations to screen school aged youth with active epilepsy for difficulties in 

school achievement (80) and for psychiatric comorbidity such as depression and 

anxiety (78) is a clear recommendation. Screening is a tool to be used to relocate 
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resources to children and adolescents in need of extra care. However, it is important 

to locate resources to this task in clinical departments, as time shortage may render 

doctors unable to fulfill the recommendation. Systematically organizing for example 

epilepsy nurses to undertake screening for these disorders, may be a solution. A 

similar approach should be taken in dealing with eating disorders, both in youth, but 

also later in life, as our study reveals that this is a frequent challenge for people with 

epilepsy. 

5.2.2 Epilepsy and overweight 

We found that WWE are more overweight than other women without epilepsy. 

Several AEDs are weight inducing, such as valproate, carbamazepine, and pregabalin 

(92). 

Valproate is weight inducing in patients on such drug treatment for either epilepsy or 

migraine (135-137), ranging from an average 2.0 kg weight increase after one year to 

an increase of 5.8 kg after 32 weeks. Lamotrigine is considered to be weight neutral 

(136, 138). 

We have found that WWE and overweight have an increased risk of pregnancy 

complications, as well as an increased risk of poor outcome for the child. This risk 

was increased compared to normal-weight women without epilepsy, but also 

compared to normal-weight WWE, and compared to overweight women without 

epilepsy. When AEDs are prescribed to fertile WWE weight-gain and overweight 

should always be considered. 

The association between AED use and overweight in our study was modest, and this 

suggests that the observed increase in BMI was mediated by other factors as well. As 

discussed in the previous chapter, the eating disorder with the highest frequency in 

WWE was binge eating. This is a weight inducing eating disorder, and could play a 

part in the increased BMI in the epilepsy group.  
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We found no difference in BMI when comparing adolescents with epilepsy to 

adolescents without epilepsy. However, we found that youth with epilepsy were more 

prone to have an unhealthy diet, meaning daily consumption of candy, sugar-

containing soda, potato chips, or French fries than the controls. It was therefore rather 

surprising that overweight did not occur with an increased frequency in the epilepsy-

group.  

Previous studies have found an association between epilepsy and overweight. One 

study found an association between obesity, idiopathic generalized epilepsy and 

family history of epilepsy in a population recruited from an adult epilepsy clinic 

(139). In another study, the epilepsy group participated less in physical activities and 

had a higher BMI, supporting that overweight in epilepsy at least in some part is 

caused by lifestyle (98). In our material of youth in Akershus, youth with epilepsy 

were found to be as active as the reference group. Neither did the epilepsy group have 

more overweight, thus underlining the theory that these two factors are associated. 

We were not able to study physical activity in MoBa. It is possible that physical 

activity decreases in the epilepsy group when they become adults, when organized 

sport-activities in school are no longer available. Physical activity could therefore be a 

mitigating factor in nullifying other risk factors such as unhealthy diet, use of AED 

and weight inducing eating disorders.  

Previously people with epilepsy have been discouraged to participate in physical 

activities (65), and this recommendation may have lead to less exercise and increased 

rates of overweight in this group. In a Norwegian study of outclinic patients, exercise 

was reported as a possible precipitant of seizures in 10% of cases. The majority of 

patients had no adverse effect of training, and a third reported that physical exercise 

contributed to improved seizure control (65). Exercise should be encouraged for 

people with epilepsy, as well as for the population as a whole. Physical activity has 

during pregnancy been found to have a positive effect on birth outcome as low 

perinatal mortality was seen in those performing recreational physical activity at least 
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once a week (140), supporting a recommendation of physical activity also in pregnant 

WWE.  

Overweight/obesity is a significant secondary health problem in youth with 

intellectual disability and adolescents with intellectual disability is at a higher risk of 

being overweight/obese than their peers (141). This is also evident in adult 

populations (142). Cognitive impairment is more frequent in patients with epilepsy 

than in a population without epilepsy, and this may be another contributing factor to 

overweight in epilepsy. 

5.2.3 Epilepsy and outcome for pregnancy and delivery 

We have found that overweight is a significant contributing factor for the increased 

risk of pregnancy complications in WWE, as WWE and overweight have more 

complications than both normal weight WWE, and overweight women without 

epilepsy. Epilepsy is a known risk factor for complications during pregnancy and 

delivery, and for child outcome (42, 44, 45, 52, 53, 57, 66). Mechanisms behind these 

findings are scarcely studied, and risk stratification is needed. Overweight is 

important as it is a modifiable factor. 

For some of the variables tested, epilepsy and overweight had additive effects on 

several outcomes, including caesarean section, excessive bleeding during delivery, 

and transfer to a neonatal ward. Caesarean section is increased in most chronic 

diseases (143). In regards to epilepsy there is an indication for caesarean section if 

seizures occur during labor, or the patient is unable to cooperate due to sedation 

(144). In hypertensive disorders, such as preeclampsia, elective caesarean section is a 

frequent mode of delivery (145). In our material, preeclampsia rates were increased in 

women having a caesarean section, and both with and without epilepsy. This could 

therefore have been an indication for caesarean section in both groups. Preeclampsia 
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alone cannot alone explain the full effect overweight had on rates of caesarean section 

in WWE. 

We stratified our material so that we were able to compare WWE using AEDs to 

those who did not. AED use had an effect on risk of excessive bleeding, transfer of 

the child to a neonatal ward, and having small for gestational age children. Vitamin K 

supplements before birth are often given to women using enzyme-inducing AED such 

as carbamazepine and phenytoin to avoid bleeding (45). AED can also cause 

excessive bleeding due to uterine atony (45). In our study an increased risk of 

bleeding during delivery was seen for overweight women using AED compared to 

other overweight women, but not compared to normal weight WWE without AED. 

This implies AED use could be a causative factor for bleeding. 

Overweight women using lamotrigine had increased odds ratios for several 

complications (figure 5). Lamotrigine users with overweight was a relative small 

group, containing just 38 individuals in that study, and thus the statistical power is 

low with wide confidence intervals. Lamotrigine is also used for psychiatric 

diagnoses such as depression and anxiety. This could be a source for channelling bias, 

where physicians are more prone to prescribe lamotrigine to WWE and comorbid 

psychiatric disease. This will increase the proportion of psychiatric challenges in the 

lamotrigine group, and again lead to variables such as caesarean section and neonatal 

transfer being more frequent in this group. However, lamotrigine is often the drug of 

choice in pregnancy, and all overweight women using lamotrigine need to be 

carefully monitored. 
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Figure 5: Lamotrigine users with overweight at risk, from (146). 

Overweight in mothers with epilepsy is a risk factor for several obstetrical 

complications. An interesting outcome which we so far have not been able to study is 

overweight in mothers as a risk factor for epilepsy in the offspring. Razaz and 

coworkers recently published a paper where they used two large population based 

registers in Sweden (Sweden Medical Birth Register and National Patient Register). 

More than 1.4 million children were included in the study and 7592 (0.5%) were 

diagnosed with epilepsy. They found that rates of childhood epilepsy increased with 

maternal overweight or obesity in a dose-response manner (147). The authors 

hypothesize that obesity-induced inflammation affects neurodevelopment in the foetus 

and that this could be a mechanism for epilepsy in the child. Another theory is that 

mothers with overweight have a greater risk of pregnancy-associated diseases such as 

hypertensive disorders and diabetes, and that this may contribute to epilepsy in the 
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child. Maternal epilepsy is a risk factor for epilepsy in the child also as a genetic 

heritability (148). It is very interesting that also maternal environmental factors seem 

to have an effect. 

5.3 Conclusions 

Overweight are more frequent in pregnant WWE compared to women without 

epilepsy. The combination of overweight and epilepsy exposes mother and child to a 

significantly increased risk of complications during pregnancy and in the perinatal 

period. Therefore, overweight WWE should be considered as a high-risk group during 

pregnancy and should be monitored closely in terms of mental health, symptoms of 

preeclampsia, diabetes, and intrauterine growth restriction. Referral to a nutritionist 

should be considered for WWE, both when AED treatment is started and when 

planning a pregnancy. 

Eating disorders are frequent in youth with epilepsy, and also in pregnant WWE. This 

is especially valid for weight-inducing eating disorders and underlines the importance 

of intervention with nutritionists and increasing awareness of health issues linked to 

overweight in epilepsy.  

5.4 Importance and outcome of research 

Our findings in this study have been incorporated into the new national guidelines for 

epilepsy treatment and follow-up (149) . Information about the increased risk of 

complications during pregnancy for overweight WWE have been included in an 

information folder produced by the Norwegian Epilepsy Patient Organisation (150). 

Both papers on pregnant women was also cited in a recent authoritative review paper 

on women with epilepsy published in Lancet Neurology (151). 



 

61 

 

61 

5.5 Future directions 

Future research is still needed on this topic. How do the individual antiepileptic drugs 

influence pregnancy and delivery? To what degree to they cause overweight? People 

with epilepsy is a heterogenic group, and how do epilepsy-types differentiate in terms 

of comorbidity? A register with better information about what kind of epilepsy each 

participant have is integral to better stratification and investigation of subgroups. A 

register is also important to ensure the prospective nature of research in the field of 

pregnancy among WWE where women would be included in the register before they 

become pregnant. In Bergen, the recently started project EPI-REG, has set aim to 

fulfil this. Questionnaires in EPI-REG has partially been designed on the back of 

results from research performed in Bergen Epilepsy Research Group (BERG), and 

also due to results presented in this thesis. An emphasize has been put on noting BMI 

and questions have been designed to monitor mental health, included signs of eating 

disorders. 

We are also using EPI-REG to build a large bio-bank including a large set of blood 

samples. We have also approval for inclusion of placenta biopsies from women with 

epilepsy harvested after delivery. This will enable research in genetics in people with 

epilepsy, but perhaps more exciting studies of epigenetics and gene-environment 

interactions in relation to epilepsy and comorbidities. 

Another way of increasing statistical power is to merge registers. This leads to a 

higher number of participants and high statistical power, but also generate better 

opportunities for stratification and investigation of subgroups, in example subgroups 

of people using different antiepileptic drugs. SCAN-AED (www.SCANAED.org) is a 

new initiative from BERG where information on all births in the Nordic countries the 

last 15 years are included to study health consequences of AED exposure during 

pregnancy. Health registers (the birth registers, prescription databases, hospital 

registers and cancer registers) are linked with socioeconomic data from the National 
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Statistical agencies in Norway, Sweden, Denmark, Iceland and Finland. The data are 

linked on the individual level, and the linked files are pooled to one file to enable 

sophisticated regression models. The population encompasses about 4.5 million births 

where more than 20.000 have been exposed to AED.  There are more than 4500 births 

exposed to lamotrigine. As all the medical birth registers in the Nordic countries 

include information on maternal BMI, it will be possible to study the combined risk of 

lamotrigine and overweight on pregnancy outcome in detail.   

Another possibility to increase number of participants is to combine MoBa data with 

data from The Danish National Birth Cohort which is the Danish equivalent to MoBa. 

This is currently just at a planning stage, but could be a focus point for BERG in the 

future. 

There are still a lot of unknown variables and uncertainties in epilepsy. As I have 

pointed out in this thesis there are challenges in everyday treatment and interaction 

with people with epilepsy, and epilepsy is still a huge challenge in terms of future 

research. This should inspire further work in this field to potentially better lives and 

make people master living comfortably with an epilepsy-diagnosis. 



 

63 

 

63 

Source of data 

1. Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH, Elger CE, et al. ILAE 

official report: a practical clinical definition of epilepsy. Epilepsia. 2014;55(4):475-82. 

2. Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, et al. Operational 

classification of seizure types by the International League Against Epilepsy: Position Paper 

of the ILAE Commission for Classification and Terminology. Epilepsia. 2017;58(4):522-30. 

3. Proposal for revised classification of epilepsies and epileptic syndromes. Commission 

on Classification and Terminology of the International League Against Epilepsy. Epilepsia. 

1989;30(4):389-99. 

4. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et al. 

ILAE classification of the epilepsies: Position paper of the ILAE Commission for 

Classification and Terminology. Epilepsia. 2017;58(4):512-21. 

5. Aaberg KM, Gunnes N, Bakken IJ, Lund Soraas C, Berntsen A, Magnus P, et al. 

Incidence and Prevalence of Childhood Epilepsy: A Nationwide Cohort Study. Pediatrics. 

2017;139(5). 

6. Hauser WA, Annegers JF, Kurland LT. Prevalence of epilepsy in Rochester, 

Minnesota: 1940-1980. Epilepsia. 1991;32(4):429-45. 

7. Oka E, Ohtsuka Y, Yoshinaga H, Murakami N, Kobayashi K, Ogino T. Prevalence of 

childhood epilepsy and distribution of epileptic syndromes: a population-based survey in 

Okayama, Japan. Epilepsia. 2006;47(3):626-30. 

8. Syvertsen M, Koht J, Nakken KO. Prevalence and incidence of epilepsy in the Nordic 

countries. Tidsskr Nor Laegeforen. 2015;135(18):1641-5. 

9. Gu L, Liang B, Chen Q, Long J, Xie J, Wu G, et al. Prevalence of epilepsy in the 

People's Republic of China: a systematic review. Epilepsy research. 2013;105(1-2):195-205. 

10. Osakwe C, Otte WM, Alo C. Epilepsy prevalence, potential causes and social beliefs 

in Ebonyi State and Benue State, Nigeria. Epilepsy research. 2014;108(2):316-26. 

11. Engeland A, Bjorge T, Klungsoyr K, Hjellvik V, Skurtveit S, Furu K. Trends in 

prescription drug use during pregnancy and postpartum in Norway, 2005 to 2015. 

Pharmacoepidemiol Drug Saf. 2018;27(9):995-1004. 

12. Charlton R, Garne E, Wang H, Klungsoyr K, Jordan S, Neville A, et al. Antiepileptic 

drug prescribing before, during and after pregnancy: a study in seven European regions. 

Pharmacoepidemiol Drug Saf. 2015;24(11):1144-54. 

13. Davies S, Heyman I, Goodman R. A population survey of mental health problems in 

children with epilepsy. Dev Med Child Neurol. 2003;45(5):292-5. 

14. Lossius MI, Clench-Aas J, van Roy B, Mowinckel P, Gjerstad L. Psychiatric 

symptoms in adolescents with epilepsy in junior high school in Norway: a population survey. 

Epilepsy & behavior : E&B. 2006;9(2):286-92. 

15. Hoie B, Sommerfelt K, Waaler PE, Alsaker FD, Skeidsvoll H, Mykletun A. 

Psychosocial problems and seizure-related factors in children with epilepsy. Dev Med Child 

Neurol. 2006;48(3):213-9. 

16. Ettinger A, Reed M, Cramer J, Epilepsy Impact Project G. Depression and 

comorbidity in community-based patients with epilepsy or asthma. Neurology. 

2004;63(6):1008-14. 



 64 

17. Rai D, Kerr MP, McManus S, Jordanova V, Lewis G, Brugha TS. Epilepsy and 

psychiatric comorbidity: a nationally representative population-based study. Epilepsia. 

2012;53(6):1095-103. 

18. Tellez-Zenteno JF, Patten SB, Jette N, Williams J, Wiebe S. Psychiatric comorbidity 

in epilepsy: a population-based analysis. Epilepsia. 2007;48(12):2336-44. 

19. Russ SA, Larson K, Halfon N. A national profile of childhood epilepsy and seizure 

disorder. Pediatrics. 2012;129(2):256-64. 

20. Lin JJ, Mula M, Hermann BP. Uncovering the neurobehavioural comorbidities of 

epilepsy over the lifespan. Lancet. 2012;380(9848):1180-92. 

21. Ottman R, Lipton RB, Ettinger AB, Cramer JA, Reed ML, Morrison A, et al. 

Comorbidities of epilepsy: results from the Epilepsy Comorbidities and Health (EPIC) 

survey. Epilepsia. 2011;52(2):308-15. 

22. Bjork MH, Veiby G, Reiter SC, Berle JO, Daltveit AK, Spigset O, et al. Depression 

and anxiety in women with epilepsy during pregnancy and after delivery: a prospective 

population-based cohort study on frequency, risk factors, medication, and prognosis. 

Epilepsia. 2015;56(1):28-39. 

23. Kessler RC, Lane MC, Shahly V, Stang PE. Accounting for comorbidity in assessing 

the burden of epilepsy among US adults: results from the National Comorbidity Survey 

Replication (NCS-R). Mol Psychiatry. 2012;17(7):748-58. 

24. Reiter SF, Veiby G, Daltveit AK, Engelsen BA, Gilhus NE. Psychiatric comorbidity 

and social aspects in pregnant women with epilepsy - the Norwegian Mother and Child 

Cohort Study. Epilepsy & behavior : E&B. 2013;29(2):379-85. 

25. Fiest KM, Birbeck GL, Jacoby A, Jette N. Stigma in epilepsy. Curr Neurol Neurosci 

Rep. 2014;14(5):444. 

26. Thorbecke R, Pfäfflin, D., Balsmeier, D., Stephani, U., Coban, I., May, T.W. 

Einstellungen zu Epilepsie in Deutschland 1967 bis 2008. Zeitschrift für Epileptologie. 

2010;23(2):82-97. 

27. Preskorn SH, Fast GA. Tricyclic antidepressant-induced seizures and plasma drug 

concentration. J Clin Psychiatry. 1992;53(5):160-2. 

28. Jabbari B, Bryan GE, Marsh EE, Gunderson CH. Incidence of seizures with tricyclic 

and tetracyclic antidepressants. Arch Neurol. 1985;42(5):480-1. 

29. Rosenstein DL, Nelson JC, Jacobs SC. Seizures associated with antidepressants: a 

review. J Clin Psychiatry. 1993;54(8):289-99. 

30. Kobau R, Gilliam F, Thurman DJ. Prevalence of self-reported epilepsy or seizure 

disorder and its associations with self-reported depression and anxiety: results from the 2004 

HealthStyles Survey. Epilepsia. 2006;47(11):1915-21. 

31. Alper K, Schwartz KA, Kolts RL, Khan A. Seizure incidence in 

psychopharmacological clinical trials: an analysis of Food and Drug Administration (FDA) 

summary basis of approval reports. Biological psychiatry. 2007;62(4):345-54. 

32. Josephson CB, Jette N. Psychiatric comorbidities in epilepsy. Int Rev Psychiatry. 

2017;29(5):409-24. 

33. Teramo K, Hiilesmaa V, Bardy A, Saarikoski S. Fetal heart rate during a maternal 

grand mal epileptic seizure. J Perinat Med. 1979;7(1):3-6. 

34. Rauchenzauner M, Ehrensberger M, Prieschl M, Kapelari K, Bergmann M, Walser G, 

et al. Generalized tonic-clonic seizures and antiepileptic drugs during pregnancy--a matter of 

importance for the baby? Journal of neurology. 2013;260(2):484-8. 

35. Chen YH, Chiou HY, Lin HC, Lin HL. Affect of seizures during gestation on 

pregnancy outcomes in women with epilepsy. Arch Neurol. 2009;66(8):979-84. 



 

65 

 

65 

36. Cummings C, Stewart M, Stevenson M, Morrow J, Nelson J. Neurodevelopment of 

children exposed in utero to lamotrigine, sodium valproate and carbamazepine. Arch Dis 

Child. 2011;96(7):643-7. 

37. Adab N, Kini U, Vinten J, Ayres J, Baker G, Clayton-Smith J, et al. The longer term 

outcome of children born to mothers with epilepsy. J Neurol Neurosurg Psychiatry. 

2004;75(11):1575-83. 

38. Novaes GF, Amado D, Scorza FA, Cysneiros RM. Social behavior impairment in 

offspring exposed to maternal seizures in utero. J Neural Transm (Vienna). 2012;119(6):639-

44. 

39. do Vale TG, da Silva AV, Lima DC, de Lima E, Torres LB, Cossa AC, et al. Seizures 

during pregnancy modify the development of hippocampal interneurons of the offspring. 

Epilepsy & behavior : E&B. 2010;19(1):20-5. 

40. MacDonald SC, Bateman BT, McElrath TF, Hernandez-Diaz S. Mortality and 

Morbidity During Delivery Hospitalization Among Pregnant Women With Epilepsy in the 

United States. JAMA neurology. 2015;72(9):981-8. 

41. Ficker DM, So EL, Shen WK, Annegers JF, O'Brien PC, Cascino GD, et al. 

Population-based study of the incidence of sudden unexplained death in epilepsy. Neurology. 

1998;51(5):1270-4. 

42. Borthen I, Eide MG, Veiby G, Daltveit AK, Gilhus NE. Complications during 

pregnancy in women with epilepsy: population-based cohort study. BJOG : an international 

journal of obstetrics and gynaecology. 2009;116(13):1736-42. 

43. Borthen I, Eide MG, Daltveit AK, Gilhus NE. Obstetric outcome in women with 

epilepsy: a hospital-based, retrospective study. BJOG : an international journal of obstetrics 

and gynaecology. 2011;118(8):956-65. 

44. Viale L, Allotey J, Cheong-See F, Arroyo-Manzano D, McCorry D, Bagary M, et al. 

Epilepsy in pregnancy and reproductive outcomes: a systematic review and meta-analysis. 

Lancet. 2015;386(10006):1845-52. 

45. Borthen I, Eide MG, Daltveit AK, Gilhus NE. Delivery outcome of women with 

epilepsy: a population-based cohort study. BJOG : an international journal of obstetrics and 

gynaecology. 2010;117(12):1537-43. 

46. Bjork MH, Veiby G, Reiter SC, Berle JO, Daltveit AK, Spigset O, et al. Depression 

and anxiety in women with epilepsy during pregnancy and after delivery: A prospective 

population-based cohort study on frequency, risk factors, medication, and prognosis. 

Epilepsia. 2014. 

47. Veiby G, Engelsen BA, Gilhus NE. Early child development and exposure to 

antiepileptic drugs prenatally and through breastfeeding: a prospective cohort study on 

children of women with epilepsy. JAMA neurology. 2013;70(11):1367-74. 

48. Veiby G, Daltveit AK, Schjolberg S, Stoltenberg C, Oyen AS, Vollset SE, et al. 

Exposure to antiepileptic drugs in utero and child development: a prospective population-

based study. Epilepsia. 2013;54(8):1462-72. 

49. Christensen J, Gronborg TK, Sorensen MJ, Schendel D, Parner ET, Pedersen LH, et 

al. Prenatal valproate exposure and risk of autism spectrum disorders and childhood autism. 

Jama. 2013;309(16):1696-703. 

50. Bromley RL, Mawer GE, Briggs M, Cheyne C, Clayton-Smith J, Garcia-Finana M, et 

al. The prevalence of neurodevelopmental disorders in children prenatally exposed to 

antiepileptic drugs. J Neurol Neurosurg Psychiatry. 2013;84(6):637-43. 



 66 

51. Rasalam AD, Hailey H, Williams JH, Moore SJ, Turnpenny PD, Lloyd DJ, et al. 

Characteristics of fetal anticonvulsant syndrome associated autistic disorder. Dev Med Child 

Neurol. 2005;47(8):551-5. 

52. Bjork M, Riedel B, Spigset O, Veiby G, Kolstad E, Daltveit AK, et al. Association of 

Folic Acid Supplementation During Pregnancy With the Risk of Autistic Traits in Children 

Exposed to Antiepileptic Drugs In Utero. JAMA neurology. 2018;75(2):160-8. 

53. Husebye ESN, Gilhus NE, Riedel B, Spigset O, Daltveit AK, Bjork MH. Verbal 

abilities in children of mothers with epilepsy: Association to maternal folate status. 

Neurology. 2018;91(9):e811-e21. 

54. Tomson T, Battino D, Craig J, Hernandez-Diaz S, Holmes LB, Lindhout D, et al. 

Pregnancy registries: differences, similarities, and possible harmonization. Epilepsia. 

2010;51(5):909-15. 

55. Campbell E, Kennedy F, Russell A, Smithson WH, Parsons L, Morrison PJ, et al. 

Malformation risks of antiepileptic drug monotherapies in pregnancy: updated results from 

the UK and Ireland Epilepsy and Pregnancy Registers. J Neurol Neurosurg Psychiatry. 

2014;85(9):1029-34. 

56. Hernandez-Diaz S, McElrath TF, Pennell PB, Hauser WA, Yerby M, Holmes LB, et 

al. Fetal growth and premature delivery in pregnant women on antiepileptic drugs. Ann 

Neurol. 2017;82(3):457-65. 

57. Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Perucca E, et al. 

Comparative risk of major congenital malformations with eight different antiepileptic drugs: 

a prospective cohort study of the EURAP registry. Lancet Neurol. 2018;17(6):530-8. 

58. Finland NIfHaWi. Description of the Finnish Medical Birth Register 2016 [Available 

from: https://thl.fi/fi/web/thlfi-en/statistics/information-on-statistics/register-

descriptions/newborns. 

59. Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson K, Neovius M, et al. 

Registers of the Swedish total population and their use in medical research. Eur J Epidemiol. 

2016;31(2):125-36. 

60. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Danish medical bulletin. 

1998;45(3):320-3. 

61. Moshe SL, Perucca E, Ryvlin P, Tomson T. Epilepsy: new advances. Lancet. 

2015;385(9971):884-98. 

62. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Chadwick D, Guerreiro C, et 

al. ILAE treatment guidelines: evidence-based analysis of antiepileptic drug efficacy and 

effectiveness as initial monotherapy for epileptic seizures and syndromes. Epilepsia. 

2006;47(7):1094-120. 

63. Glauser T, Ben-Menachem E, Bourgeois B, Cnaan A, Guerreiro C, Kalviainen R, et 

al. Updated ILAE evidence review of antiepileptic drug efficacy and effectiveness as initial 

monotherapy for epileptic seizures and syndromes. Epilepsia. 2013;54(3):551-63. 

64. Nakken KOea. Medikamentell behandling hos voksne 

www.epilepsibehandling.no2016 [Norwegian guidelines for epilepsytreatment]. Available 

from: https://www.epilepsibehandling.no/index.php?action=showtopic&topic=uJ2PjePe. 

65. Nakken KO. Physical exercise in outpatients with epilepsy. Epilepsia. 

1999;40(5):643-51. 

66. Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Sabers A, et al. Dose-

dependent risk of malformations with antiepileptic drugs: an analysis of data from the 

EURAP epilepsy and pregnancy registry. Lancet Neurol. 2011;10(7):609-17. 

67. Hernandez-Diaz S, Smith CR, Shen A, Mittendorf R, Hauser WA, Yerby M, et al. 

Comparative safety of antiepileptic drugs during pregnancy. Neurology. 2012;78(21):1692-9. 



 

67 

 

67 

68. Morrow J, Russell A, Guthrie E, Parsons L, Robertson I, Waddell R, et al. 

Malformation risks of antiepileptic drugs in pregnancy: a prospective study from the UK 

Epilepsy and Pregnancy Register. J Neurol Neurosurg Psychiatry. 2006;77(2):193-8. 

69. Tomson T, Battino D, Bonizzoni E, Craig J, Lindhout D, Perucca E, et al. 

Withdrawal of valproic acid treatment during pregnancy and seizure outcome: Observations 

from EURAP. Epilepsia. 2016. 

70. Tomson T, Battino D, Bonizzoni E, Craig JJ, Lindhout D, Perucca E, et al. 

Antiepileptic drugs and intrauterine death: A prospective observational study from EURAP. 

Neurology. 2015;85(7):580-8. 

71. Reimers A, Brodtkorb E, Sabers A. Interactions between hormonal contraception and 

antiepileptic drugs: Clinical and mechanistic considerations. Seizure. 2015;28:66-70. 

72. Fairgrieve SD, Jackson M, Jonas P, Walshaw D, White K, Montgomery TL, et al. 

Population based, prospective study of the care of women with epilepsy in pregnancy. Bmj. 

2000;321(7262):674-5. 

73. Navis A, Harden C. A Treatment Approach to Catamenial Epilepsy. Curr Treat 

Options Neurol. 2016;18(7):30. 

74. Englot DJ, Chang EF, Auguste KI. Vagus nerve stimulation for epilepsy: a meta-

analysis of efficacy and predictors of response. J Neurosurg. 2011;115(6):1248-55. 

75. Kverneland M, Selmer KK, Nakken KO, Iversen PO, Tauboll E. A prospective study 

of the modified Atkins diet for adults with idiopathic generalized epilepsy. Epilepsy & 

behavior : E&B. 2015;53:197-201. 

76. Ekinci O, Titus JB, Rodopman AA, Berkem M, Trevathan E. Depression and anxiety 

in children and adolescents with epilepsy: prevalence, risk factors, and treatment. Epilepsy & 

behavior : E&B. 2009;14(1):8-18. 

77. Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van Emde Boas W, et al. 

Revised terminology and concepts for organization of seizures and epilepsies: report of the 

ILAE Commission on Classification and Terminology, 2005-2009. Epilepsia. 

2010;51(4):676-85. 

78. Alfstad KA, Torgersen H, Van Roy B, Hessen E, Hansen BH, Henning O, et al. 

Psychiatric comorbidity in children and youth with epilepsy: An association with executive 

dysfunction? Epilepsy & behavior : E&B. 2016;56:88-94. 

79. Hansen BH, Alfstad KA, van Roy B, Henning O, Lossius MI. Sleep problems in 

children and adolescents with epilepsy: Associations with psychiatric comorbidity. Epilepsy 

& behavior : E&B. 2016;62:14-9. 

80. Reilly C, Atkinson P, Das KB, Chin RF, Aylett SE, Burch V, et al. Academic 

achievement in school-aged children with active epilepsy: a population-based study. 

Epilepsia. 2014;55(12):1910-7. 

81. Berg AT, Smith SN, Frobish D, Levy SR, Testa FM, Beckerman B, et al. Special 

education needs of children with newly diagnosed epilepsy. Dev Med Child Neurol. 

2005;47(11):749-53. 

82. Swiderska N, Gondwe J, Joseph J, Gibbs J. The prevalence and management of 

epilepsy in secondary school pupils with and without special educational needs. Child Care 

Health Dev. 2011;37(1):96-102. 

83. Steer S, Pickrell WO, Kerr MP, Thomas RH. Epilepsy prevalence and socioeconomic 

deprivation in England. Epilepsia. 2014;55(10):1634-41. 



 68 

84. Hesdorffer DC, Tian H, Anand K, Hauser WA, Ludvigsson P, Olafsson E, et al. 

Socioeconomic status is a risk factor for epilepsy in Icelandic adults but not in children. 

Epilepsia. 2005;46(8):1297-303. 

85. Konda K, Ablah E, Konda KS, Liow K. Health behaviors and conditions of persons 

with epilepsy: a bivariate analysis of 2006 BRFSS data. Epilepsy & behavior : E&B. 

2009;16(1):120-7. 

86. Geerts A, Brouwer O, van Donselaar C, Stroink H, Peters B, Peeters E, et al. Health 

perception and socioeconomic status following childhood-onset epilepsy: the Dutch study of 

epilepsy in childhood. Epilepsia. 2011;52(12):2192-202. 

87. Shackleton DP, Kasteleijn-Nolst Trenite DG, de Craen AJ, Vandenbroucke JP, 

Westendorp RG. Living with epilepsy: long-term prognosis and psychosocial outcomes. 

Neurology. 2003;61(1):64-70. 

88. Lambert V, Gallagher P, O'Toole S, Benson A. Stigmatising feelings and disclosure 

apprehension among children with epilepsy. Nurs Child Young People. 2014;26(6):22-6. 

89. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al. 

National, regional, and global trends in body-mass index since 1980: systematic analysis of 

health examination surveys and epidemiological studies with 960 country-years and 9.1 

million participants. Lancet. 2011;377(9765):557-67. 

90. Popkin BM, Conde W, Hou N, Monteiro C. Is there a lag globally in overweight 

trends for children compared with adults? Obesity. 2006;14(10):1846-53. 

91. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity in the United 

States, 2009-2010. NCHS data brief. 2012(82):1-8. 

92. Ben-Menachem E. Weight issues for people with epilepsy--a review. Epilepsia. 

2007;48 Suppl 9:42-5. 

93. Janousek J, Barber A, Goldman L, Klein P. Obesity in adults with epilepsy. Epilepsy 

& behavior : E&B. 2013;28(3):391-4. 

94. Kobau R, DiIorio CA, Price PH, Thurman DJ, Martin LM, Ridings DL, et al. 

Prevalence of epilepsy and health status of adults with epilepsy in Georgia and Tennessee: 

Behavioral Risk Factor Surveillance System, 2002. Epilepsy & behavior : E&B. 

2004;5(3):358-66. 

95. Silveira DC, Klein P, Ransil BJ, Liu Z, Hori A, Holmes GL, et al. Lateral asymmetry 

in activation of hypothalamic neurons with unilateral amygdaloid seizures. Epilepsia. 

2000;41(1):34-41. 

96. Williams KW, Elmquist JK. Lighting up the hypothalamus: coordinated control of 

feeding behavior. Nature neuroscience. 2011;14(3):277-8. 

97. Wong J, Wirrell E. Physical activity in children/teens with epilepsy compared with 

that in their siblings without epilepsy. Epilepsia. 2006;47(3):631-9. 

98. Steinhoff BJ, Neususs K, Thegeder H, Reimers CD. Leisure time activity and 

physical fitness in patients with epilepsy. Epilepsia. 1996;37(12):1221-7. 

99. Howard GM, Radloff M, Sevier TL. Epilepsy and sports participation. Current sports 

medicine reports. 2004;3(1):15-9. 

100. O'Brien TE, Ray JG, Chan WS. Maternal body mass index and the risk of 

preeclampsia: a systematic overview. Epidemiology. 2003;14(3):368-74. 

101. Robinson HE, O'Connell CM, Joseph KS, McLeod NL. Maternal outcomes in 

pregnancies complicated by obesity. Obstetrics and gynecology. 2005;106(6):1357-64. 

102. Sibai BM, Ewell M, Levine RJ, Klebanoff MA, Esterlitz J, Catalano PM, et al. Risk 

factors associated with preeclampsia in healthy nulliparous women. The Calcium for 

Preeclampsia Prevention (CPEP) Study Group. American journal of obstetrics and 

gynecology. 1997;177(5):1003-10. 



 

69 

 

69 

103. Ehrenberg HM, Dierker L, Milluzzi C, Mercer BM. Prevalence of maternal obesity in 

an urban center. American journal of obstetrics and gynecology. 2002;187(5):1189-93. 

104. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England LJ, et al. Maternal 

obesity and risk of gestational diabetes mellitus. Diabetes care. 2007;30(8):2070-6. 

105. Boots C, Stephenson MD. Does obesity increase the risk of miscarriage in 

spontaneous conception: a systematic review. Seminars in reproductive medicine. 

2011;29(6):507-13. 

106. Poobalan AS, Aucott LS, Gurung T, Smith WC, Bhattacharya S. Obesity as an 

independent risk factor for elective and emergency caesarean delivery in nulliparous women-

-systematic review and meta-analysis of cohort studies. Obesity reviews : an official journal 

of the International Association for the Study of Obesity. 2009;10(1):28-35. 

107. Gunatilake RP, Smrtka MP, Harris B, Kraus DM, Small MJ, Grotegut CA, et al. 

Predictors of failed trial of labor among women with an extremely obese body mass index. 

American journal of obstetrics and gynecology. 2013;209(6):562 e1-5. 

108. Gross T, Sokol RJ, King KC. Obesity in pregnancy: risks and outcome. Obstetrics 

and gynecology. 1980;56(4):446-50. 

109. Denison FC, Price J, Graham C, Wild S, Liston WA. Maternal obesity, length of 

gestation, risk of postdates pregnancy and spontaneous onset of labour at term. BJOG : an 

international journal of obstetrics and gynaecology. 2008;115(6):720-5. 

110. Polivy J, Herman CP. Causes of eating disorders. Annual review of psychology. 

2002;53:187-213. 

111. Watson HJ, Torgersen L, Zerwas S, Reichborn-Kjennerud T, Knoph C, Stoltenberg 

C, et al. Eating Disorders, Pregnancy, and the Postpartum Period: Findings from the 

Norwegian Mother and Child Cohort Study (MoBa). Norsk epidemiologi = Norwegian 

journal of epidemiology. 2014;24(1-2):51-62. 

112. Gotestam KG, Agras WS. General population-based epidemiological study of eating 

disorders in Norway. The International journal of eating disorders. 1995;18(2):119-26. 

113. Bulik CM, Von Holle A, Hamer R, Knoph Berg C, Torgersen L, Magnus P, et al. 

Patterns of remission, continuation and incidence of broadly defined eating disorders during 

early pregnancy in the Norwegian Mother and Child Cohort Study (MoBa). Psychological 

medicine. 2007;37(8):1109-18. 

114. Fairburn CG, Shafran R, Cooper Z. A cognitive behavioural theory of anorexia 

nervosa. Behaviour research and therapy. 1999;37(1):1-13. 

115. Knoph Berg C, Torgersen L, Von Holle A, Hamer RM, Bulik CM, Reichborn-

Kjennerud T. Factors associated with binge eating disorder in pregnancy. The International 

journal of eating disorders. 2011;44(2):124-33. 

116. Linna MS, Raevuori A, Haukka J, Suvisaari JM, Suokas JT, Gissler M. Pregnancy, 

obstetric, and perinatal health outcomes in eating disorders. American journal of obstetrics 

and gynecology. 2014;211(4):392 e1-8. 

117. Bulik CM, Von Holle A, Siega-Riz AM, Torgersen L, Lie KK, Hamer RM, et al. 

Birth outcomes in women with eating disorders in the Norwegian Mother and Child cohort 

study (MoBa). The International journal of eating disorders. 2009;42(1):9-18. 

118. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, Stoltenberg C, et al. Cohort 

profile: the Norwegian Mother and Child Cohort Study (MoBa). International journal of 

epidemiology. 2006;35(5):1146-50. 



 70 

119. Magnus P, Birke C, Vejrup K, Haugan A, Alsaker E, Daltveit AK, et al. Cohort 

Profile Update: The Norwegian Mother and Child Cohort Study (MoBa). International 

journal of epidemiology. 2016;45(2):382-8. 

120. Irgens LM. The Medical Birth Registry of Norway. Epidemiological research and 

surveillance throughout 30 years. Acta obstetricia et gynecologica Scandinavica. 

2000;79(6):435-9. 

121. Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in Norway. 

Acta obstetricia et gynecologica Scandinavica. 2000;79(6):440-9. 

122. Rødje K. C-AJ, van Roy B., Holmboe O., Mûller A. M. Health profile of children and 

youth in Akershus county - Report on young people 

http://www.kunnskapssenteret.no/en/publications/health-profile-of-children-and-youth-in-

akershus-county-report-on-young-people: http://www.kunnskapssenteret.no/; 2008 

[Available from: http://www.kunnskapssenteret.no/en/publications/health-profile-of-

children-and-youth-in-akershus-county-report-on-young-people. 

123. WHO. BMI for age (5-19 years) 

https://www.who.int/growthref/who2007_bmi_for_age/en/: www.who.int;  [Available from: 

https://www.who.int/growthref/who2007_bmi_for_age/en/. 

124. Rothman K. J. GS, Lash T. L. Modern epidemiology. 3rd ed: Lippincott Williams & 

Wilkins; 2008. p. 134-5. 

125. Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, Schreuder P, et al. 

Self-selection and bias in a large prospective pregnancy cohort in Norway. Paediatric and 

perinatal epidemiology. 2009;23(6):597-608. 

126. Kolstad E, Bjork M, Gilhus NE, Alfstad K, Clench-Aas J, Lossius M. Young people 

with epilepsy have an increased risk of eating disorder and poor quality diet. Epilepsia Open. 

2018;3(1):40-5. 

127. www.utdanningsforbundet.no. Spesialundervisning - tallenes tale 2010 [Available 

from: https://www.utdanningsforbundet.no/upload/Pdf-

filer/Publikasjoner/Temanotat/Temanotat_2010_02.pdf. 

128. Bjørk MH, Veiby, G., Spigset, O., Gilhus, N.E. Using the Norwegian Mother and 

Child Cohort Study to determine risk factors for delayed development and neuropsychiatric 

symptoms in the offspring of parents with epilepsy. Norsk Epidemiologi. 2014;24:79-89. 

129. Petri H, Urquhart J. Channeling bias in the interpretation of drug effects. Stat Med. 

1991;10(4):577-81. 

130. Rothman K. J. Epidemiology, An Introduction. 2nd ed: Oxford University Press; 

2012. 268 p. 

131. Schuster T, Lowe WK, Platt RW. Propensity score model overfitting led to inflated 

variance of estimated odds ratios. J Clin Epidemiol. 2016;80:97-106. 

132. Gelman A. HJ. Data analysis using regression and multilevel/hierarchical models: 

Cambridge Universtiy Press; 2009. 

133. Tegethoff M, Stalujanis E, Belardi A, Meinlschmidt G. Chronology of Onset of 

Mental Disorders and Physical Diseases in Mental-Physical Comorbidity - A National 

Representative Survey of Adolescents. PloS one. 2016;11(10):e0165196. 

134. Levine R, Lipson S, Devinsky O. Resolution of eating disorders after right temporal 

lesions. Epilepsy & behavior : E&B. 2003;4(6):781-3. 

135. Privitera MD, Brodie MJ, Mattson RH, Chadwick DW, Neto W, Wang S, et al. 

Topiramate, carbamazepine and valproate monotherapy: double-blind comparison in newly 

diagnosed epilepsy. Acta neurologica Scandinavica. 2003;107(3):165-75. 



 

71 

 

71 

136. Biton V, Mirza W, Montouris G, Vuong A, Hammer AE, Barrett PS. Weight change 

associated with valproate and lamotrigine monotherapy in patients with epilepsy. Neurology. 

2001;56(2):172-7. 

137. Freitag FG, Collins SD, Carlson HA, Goldstein J, Saper J, Silberstein S, et al. A 

randomized trial of divalproex sodium extended-release tablets in migraine prophylaxis. 

Neurology. 2002;58(11):1652-9. 

138. Devinsky O, Vuong A, Hammer A, Barrett PS. Stable weight during lamotrigine 

therapy: a review of 32 studies. Neurology. 2000;54(4):973-5. 

139. Ladino LD, Hernandez-Ronquillo L, Tellez-Zenteno JF. Obesity and its association 

with generalised epilepsy, idiopathic syndrome, and family history of epilepsy. Epileptic 

disorders : international epilepsy journal with videotape. 2014;16(3):343-53. 

140. Sorbye L, Klungsoyr K, Samdal O, Owe K, Morken NH. Pre-pregnant body mass 

index and recreational physical activity: effects on perinatal mortality in a prospective 

pregnancy cohort. BJOG : an international journal of obstetrics and gynaecology. 2015. 

141. Maiano C, Hue O, Morin AJ, Moullec G. Prevalence of overweight and obesity 

among children and adolescents with intellectual disabilities: a systematic review and meta-

analysis. Obesity reviews : an official journal of the International Association for the Study 

of Obesity. 2016;17(7):599-611. 

142. Melville CA, Hamilton S, Hankey CR, Miller S, Boyle S. The prevalence and 

determinants of obesity in adults with intellectual disabilities. Obesity reviews : an official 

journal of the International Association for the Study of Obesity. 2007;8(3):223-30. 

143. Linton A, Peterson MR. Effect of preexisting chronic disease on primary cesarean 

delivery rates by race for births in U.S. military hospitals, 1999-2002. Birth. 2004;31(3):165-

75. 

144. Borthen I. Obstetrical complications in women with epilepsy. Seizure. 2015;28:26-8. 

145. Pacher J, Brix E, Lehner R. The mode of delivery in patients with preeclampsia at 

term subject to elective or emergency Cesarean section. Archives of gynecology and 

obstetrics. 2014;289(2):263-7. 

146. Kolstad E, Veiby G, Gilhus NE, Bjork M. Overweight in epilepsy as a risk factor for 

pregnancy and delivery complications. Epilepsia. 2016. 

147. Razaz N, Tedroff K, Villamor E, Cnattingius S. Maternal Body Mass Index in Early 

Pregnancy and Risk of Epilepsy in Offspring. JAMA neurology. 2017. 

148. Ottman R, Annegers JF, Hauser WA, Kurland LT. Higher risk of seizures in offspring 

of mothers than of fathers with epilepsy. Am J Hum Genet. 1988;43(3):257-64. 

149. Bjørk MH, Nordeng, H., Alvestad, S., Veiby, G., Friis, C. M., Benjaminsen, E., 

Danielsson, K., Reimers, A, Spigset, O. Retningslinjer for behandling av kvinner med 

epilepsi, kapittel 4.: Den Norske Legeforening; 2018 [Available from: 

https://legeforeningen.no/Emner/Andre-emner/Publikasjoner/Retningslinjer/Retningslinjer-

for-behandling-av-kvinner-med-epilepsi/. 

150. Epilepsiforbund N. Epilepsi og graviditet. 2018. p. 8. 

151. Stephen LJ, Harden C, Tomson T, Brodie MJ. Management of epilepsy in women. 

Lancet Neurol. 2019;18(5):481-91. 

 



 72 



 

73 

 

73 

6. Original publications 

Kolstad E, Gilhus NE, Veiby G, Reiter SF, Lossius MI, Bjørk M (2015): "Epilepsy 

and eating disorders during pregnancy: Prevalence, complications and birth outcome", 

Seizure  

Kolstad E, Gilhus NE, Veiby G, Bjørk M (2016): "Overweight in epilepsy as a risk 

factor for pregnancy and delivery complications", Epilepsia 

Kolstad E, Bjørk M, Gilhus NE, Alfstad K, Clench-Aas J, Lossius M. (2017): "Young 

people with epilepsy have an increased risk of eating disorder and poor quality diet", 

Epilepsia Open 
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Epilepsy and eating disorders during pregnancy: Prevalence,
complications and birth outcome

Eivind Kolstad a,b,*, Nils Erik Gilhus a,b, Gyri Veiby a,b, Simone Frizell Reiter a,
Morten Ingvar Lossius c, Marte Bjørk a,b

aDepartment of Clinical Medicine, University of Bergen, Bergen, Norway
bDepartment of Neurology, Haukeland University Hospital, Bergen, Norway
cDepartment of Complex Epilepsy, SSE, Oslo, Norway

1. Introduction

Antiepileptic drug (AED) treatment is used by 0.2–0.7% of
pregnant women [1,2]. Several obstetrical complications such as
preeclampsia, gestational hypertension, caesarian delivery, con-
genital malformations and low birth weight occur more frequently
in these women than in women without epilepsy [3]. Adverse birth
outcomes in women with epilepsy (WWE) are believed to be

mediated by AED use, although the exact mechanisms of action
and the role of confounding factors remain unclear. Comorbid
eating disorders (ED) are an unexplored potential contributor to
pregnancy complications in WWE.

Using data from The Norwegian Mother and Child Cohort Study
(MoBa), Reiter et al. [4] found an increased life time prevalence of
self-reported, unspecified ED in pregnant WWE. Rai et al. also
found an increased frequency of ED (OR 2.9) in non-pregnant
persons with epilepsy [5].

Adverse pregnancy outcomes are more frequent in women with
ED, especially for the subgroup with binge eating disorder (BED)
[6]. Women with BED deliver babies that are large for gestational
age and have an increased risk of caesarian section. An increased
rate of miscarriages has been noted in both anorexia nervosa (AN)
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Method: This study is based on The Norwegian Mother and Child Cohort Study (MoBa) linked to the

Medical Birth Registry of Norway. Epilepsy was reported in 706 pregnancies. The remaining cohort

(n = 106,511) served as the reference group. Eating disorders were diagnosed using DSM-IV criteria
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and bulimia nervosa (BN) [7,8]. ED have also been linked to an
increased risk of stillbirth, low birth weight, low Apgar scores,
breech presentation, lower weight-for-length offspring trajecto-
ries and cleft lip and palate [9,6,10].

As both epilepsy and ED increase the risk of complications
during pregnancy and delivery, we investigated the prevalence and
subtypes of this combination during pregnancy, and estimated
possible impacts of ED in epilepsy on pregnancy and birth outcome
in WWE.

2. Materials and methods

The Norwegian Mother and Child Cohort Study (MoBa) is a
prospective population-based pregnancy cohort study con-
ducted by the Norwegian Institute of Public Health. Participants
were recruited from all over Norway from 1999 to 2008. The
women consented to participation in 40.6% of the pregnancies.
The cohort now includes 114,500 children, 95,200 mothers and
75,200 fathers. The response rate was 45% [11]. The women
received standardized questionnaires addressing information
on maternal epilepsy, psychiatric symptoms and socioeconomic
status. The MoBa database is linked to the Medical Birth Registry
of Norway that contains information on pregnancy and delivery
complications.

The MoBa database comprises 706 pregnancies in women with
epilepsy and 106,508 pregnancies in women without epilepsy.
Information concerning ED was available for 73,171 pregnancies.
The MoBa epilepsy cohort has been validated [12,13].

The women answered questions in accordance with DSM-IV
criteria for AN, BN and BED. The questions were slightly adjusted
due to the cohort being pregnant, amenorrhea was not required in
AN. We also evaluated ‘‘impaired bodyimage’’ defined as fulfilling
the AN criteria, except for amenorrhea and low BMI criteria. The
frequency of fasting, use of laxantia and vomiting during
pregnancy was investigated. The rates of ED in the women
without epilepsy in the MoBa study have been validated [14].

We investigated the relationship between epilepsy and any
type of ED (except for impaired body image) and hypertension
during pregnancy, diabetes during pregnancy, preeclampsia,
peripartum depression and/or anxiety [15], excessive pregnancy
weight gain (>16 kg), operative deliveries (caesarian section, use
of vacuum or forceps), small for gestational age (<10th percentile),
large for gestational age (>10th percentile), small head circumfer-
ence (<10th percentile) [16], low Apgar score (<7 after 5 min) and

ponderal index (weight/length3, <10th percentile and >90th
percentile). Neonatologists have preferentially used the ponderal
index rather than small for gestational age as an indicator of
nutritional status in the child, and the variable is a predictor of
neonatal disease [17].

IBM SPSS Statistics version 21 was used. We investigated group
differences using Student’s t test and Pearson’s x2 test (Fisher’s
exact test if any cross table cell had an expected count < 5). Binary
logistic regression was used to estimate the odds ratio (OR) with
95% confidence interval (CI) for pregnancy and delivery complica-
tions adjusted for the confounding factors maternal age, parity,
smoking and socioeconomic factors (low household income, low
education or being a single mother).

The study was approved by the Regional Ethical Committee in
Western Norway.

3. Results

WWE in the MoBa cohort more frequently had lower
educational attainment, low income, single parenting, and were
younger than women without epilepsy [15]. They also had
significantly higher weight and BMI than the reference group
(Table 1).

There was a significantly increased rate of BED and ‘‘impaired
body image’’ during pregnancy in WWE compared to women
without epilepsy (Table 1). ‘‘Impaired body image’’ was signifi-
cantly increased in both women using AED monotherapy (6.9%,
p < 0.05, n = 266) and polytherapy (9.4%, p < 0.05, n = 72), as
compared with the reference group (3.6%). No difference in
prevalence was found for bulimia or anorexia before or during
pregnancy.

WWE and comorbid ED had significantly more often pre-
eclampsia (7.9% vs. 3.7%), peripartum depression and/or anxiety
(40.4% vs. 17.8%) and operative delivery (38.2% vs. 23.5%) than
women without epilepsy and no ED (Fig. 1). WWE and comorbid
ED had more peripartum depression and/or anxiety than WWE
without ED (40.4% vs. 24.2%, p < 0.01). No confounding factors
were considered in this analysis.

After adjusting for confounding factors, WWE and comorbid ED
had a significantly greater risk of peripartum depression and/or
anxiety (OR = 2.17, CI 1.4–3.4, p < 0.001) and operative delivery
(OR = 1.96, CI 1.3–3.0, p < 0.01, Fig. 2). After additional adjustment
for AED use, the risk of operative delivery was no longer
significantly higher (OR 1.35, CI 0.7–2.5, p < 0.35).

Table 1
Weight, BMI and eating disorders in women with and without epilepsy.

Reference

n = 106,508

Epilepsy

n = 706

No AEDb

n = 367

AED

n = 338

Weight (SD) 68.0 (12.9) 69.5 (13.7)** 69.2 (13.0)* 69.7 (14.3)*

BMI (SD) 24.0 (4.3) 24.7 (4.6)*** 24.6 (4.5) 24.8 (4.8)

Impaired bodyimagee 2356 (3.6%) 30 (6.1%)** 13 (4.9%) 17 (7.5%)**

BEDa pre-pregnancyc 3165 (3.3%) 30 (4.5%) 13 (3.7%) 17 (5.3%)*

BED during pregnancyd 4298 (4.7%) 41 (6.5%)* 21 (6.3%) 20 (6.6%)

Bulimia pre-pregnancyc 1747 (1.7%) 7 (1.0%) 4 (1.1%) 3 (0.9%)

Bulimia during pregnancyd 466 (0.5%) 1 (0.1%) 1 (0.3%) 0 (0%)

Use of laxantia during pregnancyd,f 79 (0.1%) 0 0 0

Fasting during pregnancyd,f 60 (0.1%) 2 (0.3%)* 1 (0.3%) 1 (0.3%)

Vomiting during pregnancyd,f 392 (0.4%) 4 (0.7%) 2 (0.7%) 2 (0.6%)

a BED = binge eating disorder.
b AED = antiepileptic drugs.
c Pre-pregnancy = last 6 months before pregnancy.
d During pregnancy = gestation week 17–19.
e Impaired bodyimage = DSM-IV criteria for anorexia nervosa, but amenorrhea and BMI < 18.5 were not required.
f Use of laxantia, fasting or vomiting at least once a week with the purpose of controlling body weight.

*p < 0.05; **p < 0.01; ***p < 0.001 vs. the reference group.
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4. Discussion

Pregnant WWE have an increased risk of binge eating disorder.
WWE and comorbid ED more often had operative deliveries and
pregnancy related depression and/or anxiety.

In contrast with other psychiatric disorders, ED has rarely been
studied in epilepsy. Using DSM-IV criteria we found slightly higher
rates of ED than reported in non-pregnant patients with epilepsy (5%
point prevalence) [5]. Possibly, earlier estimates of ED in epilepsy did
not include BED. In women without epilepsy, BED is the most
common type of ED during pregnancy [18]. As reproductive health is
negatively affected by ED [19], a lower rate of ED in pregnant than in
non-pregnant WWE is expected. This is supported by Reiter et al.
who found an increased life-time prevalence of unspecified self-
reported ED in pregnant WWE compared with other women in the
same study sample (4.8% vs. 2.9%), but very few reported having such
disorders during pregnancy (0.4% vs. 0.3%). Similarly, unspecified ED

has been found in only 0.8% of women without epilepsy after
delivery [20].

The subgroup of WWE with ED had a numerically higher risk
than the rest of the epilepsy cohort for the majority of pregnancy
and delivery complications investigated. However, the power to
find an ED related difference surpassed 60% only for peripartum
depression and/or anxiety as well as operative deliveries. Our
results were probably driven by BED. This disorder increases the
risk for complications during pregnancy and delivery, and adverse
birth outcome, such as higher birth weight babies, higher risk of
large for gestational age and caesarian section than the referent [6].

There are several explanations as to why WWE with ED have
more pregnancy complications. Women with ED are more likely to
smoke during pregnancy [18]; this is why we adjusted for this in
our binary logistic regression model. Comorbid anxiety, depression
and excessive weight gain may be associated with adverse effects
on pregnancies and birth outcome [21,22]. Furthermore, the use of
AEDs is a risk factor for pregnancy complications [3,12], and partly

Fig. 1. Pregnancy and delivery complications (plot A) and birth outcome (plot B) according to a diagnosis of epilepsy and/or eating disorders. Significance levels are marked

with *, compared with the reference group without eating disorder. W = with, wo = without.

Fig. 2. Complications during pregnancy, delivery and birth outcome. WWE and ED (grey markers) and WWE and no ED (black markers) compared with the reference group (all

other women in MoBa). Risk of complications during pregnancy (plot A) and risk of adverse birth outcome (plot B). The estimates are adjusted for parity, maternal age,

smoking and socioeconomic factors. Depression/anx = peripartum depression and/or anxiety. Op. delivery = caesarian section, use of vacuum or forceps. PI = ponderal index.

SGA/LGA = small/large for gestational age. SGA head = small for gestational age head circumference. Low Apgar: <7 after 5 min.
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mediated the risk for operative deliveries in WWE and ED in
our data.

The prospective design of the MoBa study minimized reporting
bias. The participation rate of 40.6% at first assessment is expected
for population-based studies [23]. A study investigating selection
bias found that epilepsy prevalence was similar in the MoBa study
and in the general Norwegian population [24].

5. Conclusion

The increased risk for complications in WWE with ED during
pregnancy with possible adverse health effects for both mother
and child should be considered and minimized in consultations
both before and during pregnancy.
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SUMMARY

Objective: To investigate whether prepregnancy overweight in women with epilepsy

increases their risk for complications during pregnancy and delivery.

Methods: This study is based on The Norwegian Mother and Child Cohort Study

(MoBa) linked to the Medical Birth Registry of Norway. A diagnosis of epilepsy was

reported in 706 pregnancies. Overweight was defined as body mass index ≥ 25

prepregnancy. Overweight women with epilepsy (n = 259) were compared to normal-

weight women with epilepsy (n = 416), and to women without epilepsy with and with-

out overweight (n = 30,516 and n = 67,977, respectively). The risks of pregnancy and

delivery complications were calculated as odds ratios (ORs) with 95% confidence inter-

vals (CIs) adjusted for adverse socioeconomic factors, age, parity, and smoking.

Results: Women with epilepsy were more often overweight than women without epi-

lepsy (38.4% vs. 31.3%, p < 0.001). The majority of pregnancy and delivery complica-

tions were more frequent in overweight women with epilepsy. Compared to

overweight women without epilepsy, the risk was increased for cesarean section (OR

1.6, CI 1.2–2.2, p < 0.001), excessive bleeding (OR 1.4, CI 1.0–1.8, p = 0.04), peripar-

tum anxiety and depressive symptoms (OR 1.9, CI 1.3–2.8, p < 0.001), small for gesta-

tional age children (OR 2.4, CI 1.2–4.8, p = 0.02), and transfer of the infant to a

neonatal ward (OR 1.5, CI 1.1–2.2, p = 0.02). Compared to normal-weight womenwith

epilepsy, the risk of cesarean section (OR 1.6, CI 1.1–2.3, p < 0.05), gestational hyper-

tension (OR 2.0, CI 1.1–3.5, p < 0.05), preeclampsia (OR 2.3, CI 1.2–4.5, p < 0.05), and

transfer of the infant to a neonatal ward (OR 2.2, CI 1.3–3.6, p < 0.01) was increased.

Significance: Prepregnancy overweight in combination with epilepsy entails a strong

negative effect on risk of complications during pregnancy and delivery. In women with

epilepsy and overweight referral to a nutritionist should be considered when an

antiepileptic drug is started as well as when pregnancy is planned. Thesewomen should

be regarded as a high-risk group.

KEYWORDS: TheNorwegianMother andChild Cohort Study, Epilepsy, Overweight,

Obesity, Pregnancy.

Women with epilepsy are a vulnerable group, especially
during pregnancy. Obstetric complications such as depres-
sion, anxiety, preeclampsia, gestational hypertension,

cesarean delivery, congenital malformations, and low birth
weight are reported more frequently than in women without
epilepsy.1–3 Most studies have not been adjusted for over-
weight, even though overweight and obesity are known
causes of complications during pregnancy and delivery, as
well as of adverse birth outcome. Conditions such as
preeclampsia, diabetes during pregnancy, fetal macrosomia,
stillbirth, perinatal death, and postterm pregnancy are all
known to be more frequent in overweight and/or obese
women.4,5 Obese women are more likely to experience ante-
natal and postpartum depression symptoms, with a
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moderate increased risk also for overweight women.6

Antiepileptic drugs (AEDs) are known to influence body
weight.7 AEDs associated with weight gain are gabapentin,
pregabalin, valproate, vigabatrin, and possibly carba-
mazepine. AEDs associated with weight loss are felbamate,
topiramate, and zonisamide. Lamotrigine, levetiracetam,
and phenytoin are believed to be weight neutral.7 It is
unknown whether AEDs have any additional effects on
weight control in pregnancy.

Our first aim was to establish the frequency of overweight
and obesity in women with epilepsy. The effect of over-
weight on complication risk during pregnancy and delivery
has not been investigated in women with epilepsy. Our sec-
ond aim was to compare overweight women with epilepsy
to overweight women without epilepsy, as well as to nor-
mal-weight women with and without epilepsy, to determine
to what degree overweight contributes to the increased com-
plication rate in epilepsy. Because both overweight and epi-
lepsy represent known risk factors for pregnancy and
delivery complications, we wanted to explore the combined
effect of these two factors to see if they had an additive or
potentiating effect on the outcome.

Materials and Methods
The Norwegian Mother and Child Cohort Study (MoBa)

is a prospective population-based pregnancy cohort study
conducted by the Norwegian Institute of Public Health.8,9

Participants were recruited from all over Norway from 1999
to 2008. The women consented to participation in 41% of
all invited pregnancies. The current study includes 107,516
pregnancies, where epilepsy was reported in 713 cases.
Women answered the following question in week 17–19 of
pregnancy when they were included in the study: Do you
have or have you had epilepsy? They were also instructed to
provide information about any medication taken in conjunc-
tion with the illness. Diagnosis of epilepsy and AED use in
MoBa has been validated with further retrospective ques-
tionnaires, by AED plasma measurements as well as investi-
gation of hospital records on patients from Western

Norway.10 The dataset was also linked to the Medical Birth
Registry of Norway (MBRN), a national health registry con-
taining information on all births in Norway during the study
period. The attending physician or midwife collects medical
information during delivery for all births after 12 weeks of
gestation, including information on epilepsy and AED
intake. The retrospective questionnaires confirmed the epi-
lepsy diagnosis in all but seven women. The examination of
patient journals confirmed the epilepsy diagnosis in 95%
when applying the International League Against Epilepsy
(ILAE) criteria.11,12 With the help of blood samples from
the MoBa Biobank, the detection rate of AEDs in blood of
women who reported taking such drugs was 95%. This leads
to a positive predictive value (PPV) of 98.8% and a speci-
ficity of 99.9%.

The attrition rate was low. In women without epilepsy,
647 (0.6%) died pre-birth and 102 children (0.1%) died peri-
natally. In the epilepsy group, 8 children (1.2%) died pre-
birth and 2 (0.3%) children perinatally. There were no sig-
nificant differences between groups in terms of stillborns
(p = 0.1) or perinatal deaths (p = 0.1).

The women reported prepregnancy weight and height.
MBRN also contains prepregnancy and weight at the end of
pregnancy. We calculated the body mass index (BMI) in
MoBa according to BMI = kg/m2 Overweight was defined
as BMI ≥ 25 and obesity as BMI > 30. In gestational week
30 and 6 months postpartum, the women completed the
Hopkins symptom checklist, an eight-item version of a vali-
dated screening tool designed to detect depression and anxi-
ety in population studies.13 Severe anxiety and depression
were defined as a mean score > 2.0 in both the depression
and anxiety domains.3 Information concerning pregnancy
and obstetric complications such as cesarean section, exces-
sive bleeding during delivery (>500 ml), preeclampsia
(blood pressure > 140/90 mm Hg and proteinuria), diabetes
during pregnancy, gestational hypertension (blood pres-
sure > 140/90 mm Hg without proteinuria), small/large for
gestational age (SGA/LGA) infants,14 head circumference,
transfer of the baby to a neonatal ward, and Apgar score at
5 min after delivery was collected from the MBRN.

When studying complications during pregnancy and
delivery and adverse outcome for the infant, results were
stratified into the following groups: (1) overweight women
with epilepsy (n = 259); (2) overweight women without
epilepsy (n = 30,728); (3) normal-weight women with epi-
lepsy (n = 447); (4) normal-weight women without epi-
lepsy (n = 67,977); and (5) overweight women using
lamotrigine (n = 38), carbamazepine (n = 41), or valproate
(n = 22) in all combinations of drugs. Other specific AEDs
were in numbers too small to allow meaningful analysis.

IBM SPSS Statistics version 21 was used. We investi-
gated group differences using Student’s t-test and Pearson’s
chi-square test (Fisher’s exact test if any cross-table cell had
an expected count < 5). Binary logistic regression was used
to estimate the odds ratio (OR) with 95% confidence

Key Points
• Women with epilepsy are often overweight
• Overweight and epilepsy represent additive risks for
cesarean section, bleeding complications, and neona-
tal transfer

• Overweight women with epilepsy should be regarded
as a high-risk group during pregnancy and be followed
closely

• Referral to a nutritionist should be considered for
women with epilepsy
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interval (CI) for pregnancy and delivery complications
adjusted for maternal age, parity, smoking, and socioeco-
nomic factors (low household income, low education,
and/or being a single mother). In this model of logistic
regression, we compared groups 1 and 2, groups 1 and 3,
groups 1 and 4, as well as groups 5 and 2. Additive effect
was defined as epilepsy and overweight, having an inde-
pendent and cumulative effect on risk estimates. We cal-
culated this by comparing groups 1 and 2 and groups 1
and 3. If both comparisons were significant, we regarded
the effect as an additive risk. Potentiating effect was
defined as an increased effect compared to the expected
cumulative risk of two factors. A potentiating (synergis-
tic) effect was investigated by inserting an interaction
term: multiplying epilepsy 9 overweight. If the interac-
tion terms were significant in the logistic regression
model, we regarded the effect as potentiating.

MoBa has obtained a license from the Norwegian Data
Inspectorate. The current study is based on version VII of
the quality-assured data files released for research on epi-
lepsy. The current study was approved by The Regional
Committee for Medical Research Ethics.

Results
Compared to women without epilepsy, women with

epilepsy had a significantly lower age, higher weight,
and BMI prepregnancy, as well as significantly more
adverse socioeconomic factors (Table 1). Women with
epilepsy and overweight had less weight gain during
pregnancy than the nonepilepsy group without over-
weight.

Women with epilepsy were more often overweight and
obese before pregnancy (Fig. 1). We found overweight
in 38.4% of women with epilepsy and obesity in 13.2%
compared to, respectively, 31.3% and 9.6% of women
without epilepsy (p = 0.001 and p = 0.01). There was no
significant prepregnancy weight difference between
women with and without AED use during pregnancy in
the epilepsy group, and there was not any significant dif-
ference between patients using AED in monotherapy and
polytherapy (38.9% vs. 35.3%, p = 0.5). Women using
carbamazepine and valproate had the highest proportion
of overweight and obesity, respectively. For carba-
mazepine users compared to the nonepilepsy group, the
significance levels were p = 0.001 (overweight) and
p = 0.1 (obesity), for valproate users they were p = 0.1
and p = 0.006, respectively. There was no weight differ-
ence for women using lamotrigine compared to the none-
pilepsy group (p = 0.6 for overweight and p = 0.3 for
obesity).

Women with epilepsy and overweight had a high and
significantly increased risk of all adverse pregnancy and
delivery outcomes tested compared to normal-weight
women without epilepsy, except for SGA weight and
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SGA head circumference below the 10th percentile (Fig. 2).
Unadjusted analysis showed that women with epilepsy

and overweight more often had cesarean section,
preeclampsia, hypertension during pregnancy, diabetes dur-
ing pregnancy, small head circumference, and neonatal
transfers compared to normal-weight women with epilepsy
(Table 2, Fig. 2). Compared to overweight women without
epilepsy, women with epilepsy and overweight more often
had cesarean section, excessive bleeding during delivery,
severe symptoms of depression and anxiety, SGA children,
and neonatal transfer of the infant to a pediatric ward
(Table 2, Fig. 2).

When we adjusted for several covariates including
adverse socioeconomic factors, women with epilepsy and
overweight still had significantly higher odds of cesarean
section, excessive bleeding during delivery, and a twofold
increased risk of severe depression and anxiety symptoms
than overweight women without epilepsy (Fig. 3A). When
stratifying the epilepsy group according to AED use,
women using AEDs had an increased risk of cesarian sec-
tion (adjusted [aOR] 1.81, 95% CI 1.2–2.7), excessive
bleeding (aOR 1.56, 95% CI 1.0–2.4), SGA 2.5th percentile
(aOR 3.31, 95% CI 1.3–8.2), and neonatal transfer (aOR
1.69, 95% CI 1.0–2.8) compared to overweight women

without epilepsy (Appendix S1). The epilepsy group with-
out use of AED had an increased risk of cesarian section
(aOR 1.49, 95% CI 1.0–2.2) and severe depression and anxi-
ety (aOR 2.25, 95% CI 1.4–3.7) compared to overweight
women without epilepsy (Appendix S1). Compared to
women with epilepsy and normal-weight, women with epi-
lepsy and overweight had significantly higher adjusted odds
of cesarean section, preeclampsia, gestational hypertension,
and neonatal transfer of the child to a pediatric unit
(Fig. 3B). Of the women with epilepsy and overweight who
had a cesarean section, 12.7% (n = 71) also had preeclamp-
sia, whereas this comorbidity was shared with only 7.4%
(n = 81) of normal-weight women with epilepsy with a
cesarean section delivery (p = 0.28). Similarly, preeclamp-
sia was more frequent in overweight than normal-weight
women without epilepsy having a cesarean section (12.3%
vs. 7.2%, p = 0.001).

Adjusted for confounders, overweight women using lam-
otrigine (n = 38) had a higher risk of cesarean section (OR
3.5, 95% CI 1.8–6.7, p = 0.001), severe depression and anx-
iety symptoms peripartum (OR 2.5, 95% CI 1.0–6.2,
p = 0.04), SGA age infants (2.5th percentile) (OR 4.5, 95%
CI 1.1–19.1, p = 0.04), and neonatal transfers (OR 2.8, 95%
CI 1.3–6.0, p = 0.008) than overweight women without epi-
lepsy (Fig. 4). Normal-weight women using lamotrigine, had
a significant higher risk of cesarean section (OR 2.7, 95% CI
1.7–4.3, p = 0.0001) and excessive bleeding during delivery
(OR 2.3, 95% CI 1.4–3.6, p = 0.0001) compared to normal-
weight women without epilepsy. When comparing over-
weight women using valproate to overweight women without
epilepsy there were no significant increase in any of the
adverse outcomes tested (Appendix S1). Overweight women
using carbamazepine had an increased risk of SGA 10th per-
centile (OR 3.5, 95% CI 1.5–8.3, p = 0.005) compared to
overweight womenwithout epilepsy (Appendix S1).

The reasons for neonatal transfer to a pediatric ward were
similar for all groups examined (Appendix S1).

Figure 1.

Percent of overweight and obesity.

Epilepsia ILAE

Figure 2.

Unadjusted proportions of

complications during pregnancy and

delivery.

Epilepsia ILAE
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Discussion
Epilepsy is known to cause complications during preg-

nancy. However, there have been no previous studies where
mechanisms behind the increased risk have been targeted.
To improve the pregnancy outcome in women with epi-
lepsy, risk stratification is needed. Our study shows that
overweight contributes significantly to the increased com-
plication risk during pregnancy and after delivery in women
with epilepsy. Both compared to overweight women with-
out epilepsy and normal-weight women with epilepsy, over-
weight women with epilepsy are at an especially increased
risk for several complications during pregnancy and in the
perinatal period. This shows that a significant proportion of
pregnancy-related complications that women with epilepsy
experience is applicable to overweight. This new informa-
tion is important, as overweight is a modifiable risk factor.

We also found that women with epilepsy were more often
overweight than women without epilepsy.

Epilepsy and overweight had an additive effect on out-
come for some of the parameters, including cesarean sec-
tion, excessive bleeding during delivery and transfer to a
neonatal ward. The three most common indications for
cesarean section are failure to progress during labor, abnor-
mal fetal status, and fetal malrepresentation.15 Epilepsy is
an indication for cesarean delivery if a seizure occurs during
the second stage of labor, or the patient is unable to cooper-
ate due to sedation.16 Most chronic diseases increase cesar-
ean delivery rates.17 Elective cesarean section is the most

frequent mode of delivery for women with preeclampsia.18

In women with epilepsy who had a cesarean section,
preeclampsia rates were numerically higher in the over-
weight group compared to the normal-weight group, as also
seen in women without epilepsy. Preeclampsia was there-
fore a reason for operational delivery in both women with
and without epilepsy, but cannot fully explain the additive
effect overweight had on risk of cesarian section in the epi-
lepsy group.

Maternal overweight and obesity in otherwise healthy
women are associated with several adverse outcomes such
as gestational diabetes,19 gestational hypertension,19

preeclampsia,19 cesarean delivery,20 low Apgar score,21

preterm birth,22 stillbirth,23 neonatal death,24 and large for
gestational age (LGA) infant.25 The risk increases with
increasing degrees of overweight/obesity.26 It is not fully
understood whether overweight is a cause of adverse preg-
nancy outcome or whether the association between over-
weight and complications during pregnancy is due to shared
characteristics of both entities, such as adverse socioeco-
nomic factors or poor health. However, we adjusted for
socioeconomic factors (low household income, low educa-
tion, and/or being a single mother) in our analyses, as well
as for smoking, parity, and maternal age. Complications
during pregnancy in overweight women are often attributed
to the increase in gestational diabetes, but overweight
women who are glucose tolerant are still at a greater risk of
adverse pregnancy outcome.27 Therefore, other mecha-
nisms play a part.

Table 2. Complications during pregnancy, delivery, and for birth outcome

Normal BMI (%) Overweight (%)

Epilepsy w/o

overweight,

n = 416

Nonepilepsy w/o

overweight,

n = 67,411

Epilepsy

w/ overweight,

n = 259

Nonepilepsy

w/ overweight,

n = 30,516

Lamotrigine

w/ overweight,

n = 37

Carbamazepine

w/ overweight,

n = 41

Valproate

w/ overweight,

n = 21

Cesarean section 81 (19.5) 8,420 (12.4) 71 (27.4)**,#,††† 5,769 (18.8) 16 (42.1)*** 10 (24.4) 6 (27.3)

Excessive bleeding 72 (17.3) 9,849 (14.6) 60 (23.2)*,† 5,542 (18.1) 9 (23.7) 9 (22.0) 6 (27.3)

Preeclampsia 16 (3.8) 1,829 (2.7) 21 (8.1)# 1,858 (6.1) 3 (7.9) 4 (9.8) 3 (13.6)

Hypertension during

pregnancy

26 (6.3) 2,905 (4.3) 29 (11.4)# 2,835 (9.3) 6 (15.8) 6 (15.0) 3 (13.6)

Diabetes 1 (0.2) 350 (0.5) 6 (2.4) 636 (2.1) 3 (8.1)* 0 0

Severe depression/anxiety 45 (10.9) 4,067 (6.1) 34 (13.2)***,††† 2,095 (6.9) 6 (15.8)* 4 (9.8) 1 (4.5)

SGA 10th percentile 42 (10.1) 5,147 (7.6) 20 (7.7) 1,623 (5.3) 3 (7.9) 6 (14.6)** 1 (4.5)

SGA 2.5th percentile 9 (2.2) 1,091 (1.6) 8 (3.1)*,†† 378 (1.2) 2 (5.3)* 2 (4.9)* 0

LGA 10th percentile 41 (10.0) 5,940 (8.9) 38 (15.1) 5,107 (16.9) 6 (16.2) 2 (5.0)* 3 (13.6)

SGA head circ 10th perc 43 (10.5) 5,737 (8.6) 15 (6.0)# 1,722 (5.7) 1 (2.7) 5 (12.5) 0

Apgar < 7 after 5 min 9 (2.2) 885 (1.3) 8 (3.3) 558 (1.9) 1 (2.7) 0 1 (4.8)

Neonatal transfer 31 (7.8) 4,726 (7.4) 37 (15.6)*,##,†† 2,996 (10.4) 9 (23.7)** 5 (13.9) 4 (19.0)

Cesarean delivery: either elective or urgent operational delivery; excessive bleeding: >500 ml during delivery; preeclampsia: blood pressure > 140/90 mm Hg
and proteinuria; diabetes during pregnancy: gestational diabetes and diabetes type 2; hypertension during pregnancy: blood pressure > 140/90 mm Hg without
proteinuria; SGA 10th/2.5 percentile or LGA 10th percentile: small/large for gestational age (SGA) babies; SGA head circ 10th perc: small head circumference for
gestational age, 10th percentile; neonatal transfer: transfer to neonatal ward after birth; Apgar score < 7 after 5 min: low score of appearance, pulse, grimace,
activity, and Respiration.

Unadjusted comparisons.
*p < 0.05, **p < 0.01, ***p < 0.001, compared to nonepilepsy with overweight.
#p < 0.05, ##p < 0.01, ###p < 0.001, compared to epilepsy without overweight.
†p < 0.05, ††p < 0.01, †††p < 0.001, compared to overweight women without epilepsy.
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In our study, overweight contributed more than a
diagnosis of epilepsy to the increased risk of gestational
diabetes, gestational hypertension, preeclampsia, and
delivery of a LGA infant. This effect was not mediated
by AED use, as we also investigated the epilepsy group
by stratifying into groups with and without use of
AEDs. AEDs did have an effect on the risk of excessive
bleeding, having SGA children and transfer of the infant
to a neonatal ward. However, having epilepsy was the
main generator of anxiety and depressive symptoms, as
the risk was increased in women both using and not
using AEDs compared to the other women. Peripartum
depression is frequent in women with epilepsy,28 but
seldom medically treated.29 According to prior investiga-
tions of the MoBa epilepsy cohort, peripartum anxiety
and depression were strongly associated with frequent
epileptic seizures during pregnancy, prepregnancy
depression and anxiety, a history of physical or sexual
abuse, having lost a child, as well as unplanned preg-
nancy. These associations are probably more related to
the epilepsy disorder itself rather than any comorbid
overweight. In addition, the increased frequency of
neonatal transfers to a children’s ward depended more
on having epilepsy than on being overweight, indicating
a greater need for closer observation and/or treatment of
the newborn in maternal epilepsy regardless of maternal
weight.

Because overweight influenced the frequency of preg-
nancy and delivery complications, obese women with epi-
lepsy should be regarded as a high-risk group and receive
extra care in the pregnancy and perinatal period. Blood
sugar levels, blood pressure, and signs of preeclampsia
should be monitored carefully. Additional ultrasound inves-
tigations should be considered in order to detect potential
fetal growth anomalies or malformations. Screening for
maternal symptoms of anxiety and depression is also war-
ranted. Anxiety and depression may cause severe adverse
consequences for the mother and child, and therefore swift
treatment is important.29 Antenatal vitamin K supplements
are often given routinely to women using an enzyme-indu-
cing AED, such as carbamazepine or phenytoin to avoid
bleeding.30 Because the risk of bleeding was increased in
overweight women using AEDs compared to other over-
weight women, but not compared to normal weight women
with epilepsy, AEDs may be the causative factor. AEDs
may also cause bleeding by uterine atony.30

Most previous studies on pregnancy and delivery compli-
cations in epilepsy have not adjusted for overweight and
obesity.2 Such adjustment should be a prerequisite, as we
show that women with epilepsy are more overweight than
control women also in relation to pregnancy. The associa-
tion between weight and AED use was modest, suggesting
that the increased weight also was moderated by other fac-
tors. Weight tends to increase with number of pregnancies,
but there was no difference in parity in women with epilepsy

Figure 3.

(A,B) Risk of complications during pregnancy and delivery.

Epilepsia ILAE

Figure 4.

Risk of complications during pregnancy and delivery for over-

weight women using lamotrigine.

Epilepsia ILAE

Epilepsia, 57(11):1849–1857, 2016
doi: 10.1111/epi.13573

1854

E. Kolstad et al.



compared to the nonepilepsy group. Our results are in line
with other reports on weight in epilepsy populations.31–33 In
a study of people with epilepsy recruited from an adult epi-
lepsy clinic; BMI, waist circumference, and information
regarding physical activity were obtained.31 There was an
association between obesity, idiopathic generalized epi-
lepsy, and family history of epilepsy. The epilepsy group
participated less in physical activities and had a higher BMI,
supporting that greater weight in epilepsy is affected by life-
style.32 People with epilepsy have previously been discour-
aged from participation in physical activity because of fear
of inducing seizures.34 The recommendation may have
caused people with epilepsy to exercise less, thereby
increasing obesity rates. Exercise was a seizure precipitant
in 10% of patients with epilepsy.34 However, in the majority
of patients, physical exercise has no adverse effects. One
third of patients claimed that exercise even contributes to
improved seizure control.34 Physical activity during preg-
nancy will also have positive effects on birth outcome. For
women with a BMI < 30, the lowest perinatal mortality was
seen in those performing recreational physical activity at
least once a week.5 Exercise should be encouraged also in
women with epilepsy, and especially during their childbear-
ing years.

In our material, valproate and carbamazepine were partic-
ularly associated with overweight and obesity. AEDs influ-
ence body weight, and some cause overweight.7 A possible
explanation is the effect on hormonal balance. Liver
enzyme–inducing AEDs, as well as valproate, alter levels of
sex hormones and thyroid function,35 which in turn may
affect weight gain. Low serum leptin level is associated with
weight loss in overweight female patients with epilepsy.36

Zonisamide reduces serum leptin levels, and this may
explain the association of zonisamide with weight loss.36

Other AEDs could also influence leptin and associated hor-
mones. There are also indications that epilepsy itself has an
effect on hormonal balance, especially sex hormones,37

which in turn is associated with polycystic ovary syndrome.
This syndrome alters distribution of adipose tissue and
causes overweight. Adipose tissue itself is also an active
endocrine organ that could enhance the effects of AEDs on
hormonal balance.

We found that women using lamotrigine were especially
at risk for complications such as cesarean section and severe
peripartum depression and anxiety if they were overweight.
Giving birth to a very small infant and neonatal transfer of
the child was frequent. The adverse effects on the child did
not seem to apply for women using lamotrigine if they were
normal weight. The increased complication rates were not
seen for overweight women using carbamazepine or val-
proate (Appendix S1). Lamotrigine is considered to be a rel-
atively safe drug during pregnancy,38 although it has been
linked to a greater risk of preeclampsia and bleeding.1

Lamotrigine is associated with reduced seizure control dur-
ing pregnancy, possibly due to increased hepatic drug

elimination during pregnancy.39 This may in part explain
the high complications rates for lamotrigine in our study.
There is also the possibility of selection bias, in that clini-
cians may have subscribed lamotrigine to patients who were
vulnerable in terms of mental health issues such as depres-
sion and anxiety. This is backed up by the increased risk that
overweight women using lamotrigine have of depression
and anxiety peripartum compared to overweight women
without epilepsy (OR 2.29, CI 1.4–3.7). The results for other
AED groups may be influenced by a lower statistical power,
as there were numerical increased risks for several variables
(Appendix S1). There is a possibility that polytherapy may
have an effect, but rates of polytherapy were similar in all
AED groups studied.

Strengths of the present study include a large study popu-
lation and a prospective design. The participation rate of
41% at first assessment is as expected for population-based
studies.40 Because filling out the questionnaires requires
some effort, it is possible that the MoBa participants were
more resourceful than nonparticipants. However, this is not
expected to influence or bias effect measures.9 A strength of
the present study is the inclusion also of women with
resolved/inactive epilepsy who were not using AEDs during
pregnancy. A retrospective study of the MoBa cohort
showed that the frequency of seizures during pregnancy in
women not taking AEDs was 10.7% the last 2 years and
16.8% the last 5 years before pregnancy.11 A self-reported
diagnosis of epilepsy might be less accurate than a diagnosis
reported by medical professionals. However, the epilepsy
diagnosis and medication were validated by linkage to the
MBRN, hospital records (diagnosis not confirmed for 5%),
blood samples (detection rate 95%), and with a retrospective
questionnaire (PPV 98.8%, specificity 99.9%).10,11 There
was no significant difference in the prevalence estimates of
epilepsy in the MoBa cohort and the total population.9 Com-
plications during pregnancy, delivery, and birth outcome
were reported by midwives and physicians. Given that the
MoBa study contains >100,000 participants, the statistical
power in our study was high. Nevertheless, some AED sub-
groups were underpowered, and we were not able to do
monotherapy analyses. However, the proportion of poly-
therapy users was similar in all AED groups.

Conclusion
Our results show that the combination of overweight and

epilepsy exposes mother and child to a significantly
increased risk of complications during pregnancy and in the
perinatal period. Overweight is a preventable risk factor.
Referral to a nutritionist should be considered for young
women with epilepsy when an AED is initiated and when
pregnancy is planned. Exercise should be encouraged to
reduce weight. Overweight and obese women with epilepsy
should be regarded as a high-risk group during pregnancy
and be followed closely. In particular, symptoms indicating
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preeclampsia, hypertension, intrauterine growth restriction,
as well as perinatal depression and anxiety should be moni-
tored. Heredity, physical activity, lifestyle, antiepileptic
medication, and diet are all probable mediators for over-
weight and obesity in epilepsy.
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SUMMARY

Objective: To investigate whether adolescents with epilepsy are at increased risk of

having self-reported eating disorder symptoms and poor quality diet compared to

young people from the general population.

Methods: We used data from the Health Profile for Children and Youth in Akershus

Study, a cross-sectional population-based study based on a voluntary self-reported

questionnaire. There were 19,995 participants (response rate 85%) aged 13–19 years;

247 (1.2%) reported a lifetime diagnosis of epilepsy. Odds ratios (OR) and 95% confi-

dence intervals (CI) for eating disorders, unhealthy diet, dieting, satisfaction with

looks, and participation in sports were estimated by using a logistic regression model.

All estimates were adjusted for single parents and poor family economy.

Results: Children and adolescents with epilepsy had more eating disorders than their

peers (OR 1.8, CI 1.0–3.0, p = 0.03). They were less satisfiedwith their own appearance

(OR 0.7, CI 0.5–0.9, p = 0.02), and they eat more unhealthily (OR 1.7, CI 1.3–2.2,
p = 0.001). Males with epilepsy were more likely to have been dieting (OR 3.1, CI 1.2–
7.9, p = 0.02) and less satisfied with their own appearance (OR 0.4, CI 0.3–0.7,
p < 0.001). Females with epilepsy were more likely to eat unhealthily (OR 1.7, CI 1.1–
2.5, p = 0.01).

Significance: Adolescents with epilepsy are at increased risk of having eating disorder

symptoms. They eat less healthily and are less satisfied with their looks. Health work-

ers should be aware of this and bring diet and lifestyle into the dialoguewith young peo-

ple with epilepsy.

KEYWORDS: Epileptic, Psychiatric, Adolescents, Overweight, Children.

Epilepsy is a common neurological disorder with a preva-
lence of 0.6–1.2%.1–3 Epilepsy in adolescents is associated
with comorbid disorders such as depression, anxiety, atten-
tion-deficit/hyperactivity disorder (ADHD), and low self-

esteem.4–7 Boys with epilepsy are prone to risk-taking
behavior.8 The relation between epilepsy and eating disor-
ders has been scarcely studied, and not at all in adolescents.
A population-based study from England found an increase
in risk of eating disorders among people with epilepsy in
general.3 Pregnant women with epilepsy in Norway also
more frequently reported an eating disorder than other
women, especially binge eating disorder.9,10 The prevalence
of eating disorders among adolescents continues to
increase11 and is a predictor of negative outcome in terms of
mental health disorders, substance abuse, deliberate self-
harm, and overweight or underweight.12,13 Thus, there is a
demand for further knowledge within this field. Our aim
was to investigate whether adolescents with epilepsy more
often than their peers had eating disorder symptoms and eat-
ing-associated problems such as frequent dieting and
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negative feelings toward their own appearance. We also
wanted to study quality of diet in adolescents with epilepsy.

Methods
We used data from the Health Profile for Children and

Youth in Akershus Study.14 This cross-sectional popula-
tion-based study was based on a voluntary self-reported
questionnaire. The relevant questions for this investigation
are listed in the Appendix. The study was conducted by the
Norwegian Health Services Research Centre in 2002. Ran-
dom school classes from all municipalities in Akershus
County were selected, and all pupils aged 13–19 years in
the selected classes were invited to participate. Their par-
ents were informed and gave consent. A total of 19,995
adolescents answered, yielding an 85% response rate; 0.4%
of pupils in Norway attended special schools in 2002 and
were excluded from this study.15 Special schools are for
children and adolescents with disabilities such as mental
retardation. The questionnaire comprised 110 questions
grouped under the main topics: sociodemographic condi-
tions, social network and school, smoking, alcohol, drug
abuse, nutrition and attitude concerning body, physical
health, psychosocial health, mental health, use of health
services.16 The questionnaires were completed during a
classroom session and were all anonymous.

The epilepsy diagnosis was self-reported. The participants
answered the simple question of whether they had or had had
epilepsy. This question could be answered by “yes,” “no,” or
“don’t know.” The answer “yes” counted as having epilepsy,
and “no” and “don’t know” counted as not having epilepsy.
Two hundred forty-seven individuals (1.2%) reported a diag-
nosis of epilepsy. In an exploratory analysis those who
answered “don’t know” were excluded. All other participants
constructed the reference group. Questions concerning
asthma were asked in the same way as for epilepsy. All indi-
viduals reporting this diagnosis formed a control group of
chronic disease (n = 3,320). This group was also a part of
the total reference group (n = 19,748).

Outcome variables
For the purposes of this investigation, reporting having

sought help from health personnel for an eating disorder
was used as a proxy for a diagnosis of an eating disorder.
Participants reported whether they had visited a school

nurse or other health personnel with an eating disorder as
the main issue. Participants’ diet was investigated. An
unhealthy diet was defined prestudy by nutritionists as eat-
ing or drinking candy, potato chips, french fries, or sugar-
containing soda daily. The participants reported whether
they were or previously had been on a diet to reduce weight.
They also noted whether they were satisfied with their own
body appearance (yes/no) and whether they wanted to
improve their looks (yes/no). Finally, the level of physical
exercise was recorded. Participants reported how often they
were physically active, and the alternatives were (1) never,
(2) less than once a month, (3) once a month, (4) once a
week, (5) 2–3 times a week, (6) 4–6 times a week, and (7)
every day. A dichotomous variable was constructed where
the cut-off was set at being physically active two or more
times a week. Mean age of menarche was calculated for
female participants.

Covariates
Perceived low family income, living with a single parent,

and depressive symptoms were used as covariates. Depres-
sive symptoms were assessed using SDQ-S (Strength and
Difficulty Questionnaire), a tool frequently used to screen for
psychiatric symptoms with good psychometric properties.16,17

These data has been reported for this population previously.8

The appropriate questions are listed in the Appendix.

Statistics
For statistical analysis we used SPSS version 22. Chi-

square tests (Fisher exact test for an expected cell count <5)
and t test were used to investigate group differences, and
odds ratios with 95% confidence intervals were obtained
using logistic regression. The logistic regression models
were adjusted for reported low family income and living
with a single parent. Both logistic univariate and multivari-
able analyses were performed to investigate associations
between variables. Eating disorder was set as the dependent
factor and dieting, unhealthy diet, satisfaction with own
body appearance, desire to change looks, depressive symp-
toms, and age, sex, overweight, family economy, single par-
ent, and smoking as independent factors within the epilepsy
group. The independent factors were first tested separately
in univariate analyses. Criterion for variables to enter the
multivariate analysis was set at p < 0.1. Satisfaction with
own body appearance and desire to change looks were not
included in the same multivariate analysis owing to
collinearity with dieting.

The study was approved by the regional ethics committee
(REK, ref. 40-02022).

Results
Background information is provided in Table 1. Mean

age and mean height were similar in the epilepsy and refer-
ence populations as well as for the group with other chronic

Key Points
• Adolescents with epilepsy are at an elevated risk of
suffering from eating disorder symptoms

• They eat less healthily and are less satisfied with their
looks

• Referral to a nutritionist should be considered in
young people with epilepsy at the time of diagnosis
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diseases. The epilepsy group and the group with other
chronic disease were significantly heavier than the refer-
ence group and more often reported nicotine smoking.

People with epilepsy between 13 and19 years more often
reported having an eating disorder (OR 1.79, CI 1.0–3.0,
p = 0.03) and an unhealthy diet (OR 1.67, 1.3–2.2,
p = 0.001) than the reference group. Young people with
epilepsy had a significant higher daily consumption of
candy, sugar-containing soda, potato chips, and pommes
frites than adolescents without epilepsy (Fig. 1). They were
also significantly less satisfied with their own body appear-
ance (OR 0.69, CI 0.5–0.9, p = 0.02) (Table 2; Fig. 2).
Results did not change when people who did not know
whether they had epilepsy or not were excluded from the
analysis.

Females with epilepsy were more prone to an unhealthy
diet (OR 2.16, CI 1.5–3.2, p = 0.001) compared to females
in the reference group (Fig. 3). Males with epilepsy were
more likely to be dieting (OR 3.12, 1.2–7.9, p < 0.02) than
their peers and reported being less satisfied with their body
appearance (OR 0.44, 0.3–0.7, p < 0.001) (Fig. 4). These
differences were not as prominent in females with epilepsy

(Fig. 3). A group of adolescents with the chronic disease
asthma scored in between the epilepsy group and the refer-
ence group for all variables (Table 2).

There was no difference in age of menarche in the epi-
lepsy group (mean age 12.6, SD 1.4) and the reference
group (mean age 12.6, SD 1.2).

In the univariate logistic regression analysis within the
epilepsy group there was a significant inverse association
between eating disorder and satisfaction with looks (OR
0.2, CI 0.06–0.58, p = 0.004), between an eating disorder
and a desire to change looks (OR 5.1, CI 1.8–15.1,
p = 0.003), and between seeking help for eating disorders
and dieting (OR 89.3, CI 4.5–542.0, p < 0.001), although
CI for the latter analysis was wide. There was no significant
association between eating disorder and depressive symp-
toms, with family economy, living with a single parent, or
with being overweight (OR 1.44, CI 0.5–4.5, p = 0.53).
However, there was an association between satisfaction
with looks and family economy (OR 3.58, CI 1.5–8.7,
p = 0.005). There was an inverse association in the epilepsy
group between satisfaction with looks and dieting (OR 0.05,
CI 0.01–0.2, p < 0.001). Only dieting remained signifi-
cantly associated with having an eating disorder in the mul-
tivariate model (OR 47.9, CI 4.5–511.9, p = 0.0.1).

Discussion
Key findings

Our main finding is an increased rate of eating disorder
symptoms in an unselected and population-based cohort of
adolescents with epilepsy compared with a reference group.
This is an important finding in a group that is known to be at
risk of several psychiatric disorders.5,9,16,18 Better knowl-
edge should increase awareness and lead to a better holistic
treatment of epilepsy. Apart from their immediate impact,
eating disorders can result in physical problems later in life,
such as impaired bone density, reduced skeletal function,19

and impaired reproductive health in women.20 Perhaps more
importantly, however, eating disorders also represent a pre-
dictor of mental health disorders, substance abuse, and
deliberate self-harm.12,13 The presence of an eating disorder

Table 1. Background data

Epilepsy

n = 247

Reference

n = 19,995

Males with

epilepsy n = 137

Male controls

n = 10,180

Females

with epilepsy

n = 108

Female

controls

n = 9,703

Asthma

n = 3,320

Age (SD) 16.1 (1.4) 16.2 (1.5) 16.1 (1.4) 16.2 (1.5) 16.1 (1.4) 16.2 (1.5) 16.2 (1.5)

Height in cm (SD) 174.7 (9.4) 173.8 (9.0) 180,5 (7.5) 179.8 (7.1) 167.5 (6.5) 167.4 (6.0) 173.3 (9.2)

Weight in kg (SD) 67.5 (11.8)* 65.4 (11.7) 72,8 (11.4) 71.3 (11.1) 60.9 (9.0) 59.1 (8.8) 66.2 (12.1)**
Smoking (%) 78 (32.9%)** 4,180 (24.2%) 45 (34.4%)*** 1,877 (21.4%) 33 (31.4%) 2,278 (27.0%) 913 (28.0%)***
Overweight BMI >25 n (%) 13 (13.0%) 1,047 (12.6%) 8 (13.8%) 677 (15.7%) 5 (11.9%) 364 (9.2%) 246 (15.9%)***
Obesity BMI >30 n (%) 2 (2.0%) 172 (2.1%) 1 (1.7%) 102 (2.4%) 1 (2.4%) 69 (1.7%) 45 (2.9%)*

BMI, body mass index; SD, standard deviation.
*p < 0.05, **p < 0.01, ***p < 0.001 compared to the reference group.

Figure 1.

Eating-related factors in the epilepsy group (n = 247) vs. the refer-

ence group (n = 19748).
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before pregnancy has been associated with a greater likeli-
hood of pregnancy complications in patients with epilepsy.9

This is also seen among the general population, where

maternal eating disorders have been associated with
impaired fetal growth and impaired growth in the children
during their first year.21 Furthermore, children of mothers
with eating disorders have been shown to be at increased
risk of psychiatric disease in childhood.22 This highlights
the importance of early detection and intervention regarding
eating disorders, both in the general population, but espe-
cially among patients with epilepsy who may also have
additional problems.

The etiology of eating disorders is largely unknown. Both
genetic predisposition and environmental and sociocultural
influences are thought to be relevant etiologic factors for
eating disorders,23 but none of these should be specific for
epilepsy. However, some antiepileptic drugs (AEDs) con-
tribute to a weight increase,24 and eating disorders may arise
as a response to these changes. Another contributing factor
may be that failure to control seizures may prompt a need in
patients with epilepsy to gain control over their body in a

Table 2. Eating-related outcome

Epilepsy

(n = 245)

Reference

(n = 19,995)

Males with

epilepsy

(n = 137)

Reference

males

(n = 10,180)

Epilepsy

female

(n = 108)

Reference

female

(n = 9,703)

Asthma

(n = 3,320)

Eating disorder n (%) 8 (5.4%)** 210 (2.0%) 3 (4.3%)* 50 (1.1%) 5 (6.7%)* 159 (2.8%) 54 (2.7%)*
Dieting n (%) 13 (5.3%) 655 (3.7%) 5 (3.6%)** 94 (1.1%) 8 (7.4%) 559 (6.5%) 148 (4.5%)*
Unhealthy diet n (%) 119 (51.7%)*** 6,718 (39.0%) 65 (52.8%) 3,919 (45.0%) 54 (54.9%)*** 2,762 (32.7%) 1,481 (48.0%)**
Wants to improve

looks n (%)

60 (24.3%) 3,490 (19.8%) 21 (15.3%)* 903 (10.1%) 39 (36.1%) 2,577 (30.1%) 657 (19.8%)

Satisfied with looks n (%) 174 (77.0%)* 14,258 (83.2%) 104 (83.9%)*** 8,004 (92.6%) 70 (68.6%) 6,187 (73.5%) 2,589 (80.6%)***
Participates in sports n (%) 158 (66.7%) 11,636 (66.9%) 82 (63.6%) 6,292 (71.4%) 75 (70.1%) 5,285 (62.1%) 2,220 (67.8%)

*p < 0.05, **p < 0.01, ***p < 0.001 compared to the reference group.

Figure 2.

Eating-related factors in males with epilepsy (n = 137) vs. males in

the reference group (n = 10180).
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Figure 3.

Eating-related factors in females with epilepsy (n = 108) vs.

females in the reference group (n = 9703).
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Figure 4.

Frequency (percent) of young people with a daily consumption of

various food categories in the epilepsy (n = 247) vs. the reference

group (n = 19748). ***p < 0.001 compared to the reference

group.
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different way. By focusing attention on weight, shape, and
eating, epilepsy patients may feel that they are in a domain
where control is possible.25 Furthermore, people with epi-
lepsy have a higher burden of psychiatric comorbidity, such
as anxiety and depression,26 and eating disorders could be
associated with these conditions. Anxiety and depression
are frequent comorbid conditions in people with eating dis-
orders.13 However, in our material there was no association
between an eating disorder and depressive symptoms within
the epilepsy group.

In our study, adolescents with epilepsy appeared to have
a diet of poorer quality than their peers without epilepsy. An
unhealthy diet is a growing concern and a major cause of
morbidity and disability worldwide,27 partly because it
leads to overweight and obesity. These conditions are
mainly concerns of developed countries and could also be
seen as a socioeconomic problem.28 However, despite the
less healthy diet in the young people with epilepsy, we did
not find an increased rate of overweight, although they were
heavier. Increased frequency of overweight in patients with
epilepsy has been reported in other cohorts.29

The chronic disease asthma scored in between the epi-
lepsy group and the reference group in terms of risk of eat-
ing disorder, dieting, unhealthy diet, and dissatisfaction
with own appearance. This emphasizes that young people
with epilepsy are especially vulnerable in terms of develop-
ing bad eating habits and eating disorders.

A risk of eating disorders and poor diet quality should be
evaluated in young people with epilepsy, and referral to a
nutritionist at the time of diagnosis as well as when starting
on AEDs should be considered. Exercise and a healthy life-
style should be encouraged in all adolescents but particu-
larly among those with epilepsy. In some cases exercise will
help control seizure frequency.30

Dissatisfaction with own body appearance was more fre-
quent in adolescents with epilepsy than in the reference
group. This may reflect the stigma that many epilepsy
patients feel influences their lives,31 which affects their
quality of life and leads to anxiety and depression. An
increased rate of hyperactivity/inattention problems, anxi-
ety, and depression has previously been reported also in our
epilepsy cohort.5 Dissatisfaction with own appearance was
associated with dieting and a wish to improve looks. There
was also an association between poor family economy and a
dissatisfaction with own body appearance.

Strengths and limitations
A large sample size and very high response rate (85%)

are the main strengths of this study. A major strength is
also the population-based nature of the study. Because a
large proportion of the invited youths participated, we
avoided the overestimation of adverse outcomes that
often occurs in clinical materials. Randomization of
selected school classes was performed, and, because of
the organization of the Norwegian school system with

almost all children (>96% in 2015) attending ordinary
state-funded schools, an accurate representation of the
population was obtained. Our reference group consisted
of youths who were representative of the general popula-
tion and not only healthy individuals; hence we avoided
inflation of the rates of adverse outcomes in the epilepsy
group. We were also able to compare the epilepsy group
with a relevant control group with a nonneurological
chronic disease and to assess the relationship between
epilepsy, eating disorders, diet, and socioeconomic status.
The main limitation of this study is the lack of clinical
information, such as type of eating disorder, type of epi-
lepsy, seizure frequency, and treatment. In addition, we
were not able to classify the types of eating disorder.
Adolescents with severe disabilities, including severe
mental retardation, were excluded from this study if they
were not attending general public schools (0.4% of pupils
in Norway in 2002).15 This means that we have possibly
excluded people with the most disabling epilepsy but
also we have excluded those with similar disabilities
who are not epileptic. It might be assumed that our
findings would be even more pronounced if only
people with active epilepsy and using AEDs had been
included.

Significance
Both female and male adolescents with epilepsy are at an

elevated risk of suffering from eating disorder symptoms.
They eat less healthily than their peers without epilepsy and
are less satisfied with their own appearance. Health workers
should be aware of these associations between epilepsy, eat-
ing disorders, and diet and introduce diet and lifestyle into
their dialogues with young people with epilepsy. Referral to
a nutritionist should be considered in young people with epi-
lepsy at the time of diagnosis as well as when initiating
antiepileptic medication.
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Appendix Items from
questionnaire used in the paper:
1 Are you male or female?
2 In what year were you born?
3 Do you live with your mother, father, or both?
4 Howmuch do you weigh?
5 How tall are you?
6 Do you have or have you had asthma, diabetes, or epi-
lepsy? (yes/no)

7 Do you smoke? (yes/no)
8 How often do you smoke? (1. Not at all. 2. Less than
once a week. 3. Every week. 4. Every day.)

9 How often do you participate in sports? (1. Not at all. 2.
Less than once a month. 3. Once a month. 4. Once a
week. 5. 2–3 times a week. 6. Every day.)

10 How often do you eat/drink fruit, vegetables, whole-
wheat bread, dairy products, potatoes, candy, juice,
sugar-containing soda, potato chips, hamburger, and
sausages? (1. seldom/never. 2. Less than once a week. 3.
Once a week. 4. Several times a week. 5. Every day. 6.
Several times a day.)

11 Have you ever tried dieting to lose weight? (yes/no)
12 Are you satisfied with your appearance? (yes/no)
13 Do you want to change your appearance? (yes/no)
14 How old were you when you first had your period?
15 Have you ever sought help of health personnel because

of an eating disorder? (yes/no)

From Fig. 1: Analyses where the epilepsy group is com-
pared to a reference group that denied having epilepsy.
Those who answered “don’t know” are excluded.

OR (CI) p-value

Eating disorder 1.82 (1.1–3.1) 0.02

Dieting 1.48 (0.8–2.6) 0.2

Unhealthy diet 1.47 (1.1–1.9) 0.005

Wants to improve looks 1.08 (0.8–1.4) 0.5

Satisfied with looks 0.67 (0.5–0.9) 0.01

Participates in sports 1.2 (0.8–1.7) 0.2
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