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Abstract
Tillman, K. K. 2020. Craniofacial malformations and psychiatric disorders from a 
neurodevelopmental perspective. Digital Comprehensive Summaries of Uppsala Dissertations 
from the Faculty of Medicine 1688. 58 pp. Uppsala: Acta Universitatis Upsaliensis.
ISBN 978-91-513-1028-2.

Orofacial clefts (OFC) and craniosynostosis (CS) are the two most common craniofacial 
malformations. Of note, craniofacial abnormalities share some overlapping risk factors with 
psychiatric disorders. Thus, this thesis aimed to study psychiatric and educational outcomes in 
this group.

In study I and III we examined psychiatric outcomes among children with nonsyndromic 
OFC stratified on cleft lip (CL), cleft lip and palate (CLP), cleft palate only (CPO), unilateral 
and bilateral CL and CLP. In study II we studied associations between nonsyndromic CS 
(NSCS) and psychiatric disorders. Study IV assessed national standardised tests in Swedish 
and mathematics, school grades and university degrees in children with CL, CLP and CPO. 
Children with craniofacial malformations were identified through the Swedish National Patient 
Register and compared to a cohort from the general population that was matched for month 
and year of birth, sex and county of birth. In addition, children with craniofacial 
malformations were compared to their unaffected siblings.

Individuals with OFC presented risk increases for intellectual disability, language disorders, 
psychosis, autism spectrum disorder, attention-deficit/hyperactivity disorder and behavioural 
disorders in childhood. CPO showed the most robust associations, followed in descending 
order by CLP and CL. Nonaffected siblings had a lower risk of psychiatric disorders. Females 
generally had higher risks for psychiatric comorbidity (Study I).

Children with bilateral clefts had higher risk increases for psychiatric disorders compared to 
children with unilateral clefts. We also found that females with bilateral CLP showed higher 
risks for intellectual disability and neurodevelopmental disorders compared to males with 
bilateral CLP (Study III).

Risk increases for any psychiatric disorder including intellectual disability, language 
disorders, other neurodevelopmental disorders and other psychiatric disorders, were seen 
in individuals with NSCS. In the crude analyses full siblings with NSCS, as compared to 
nonaffected siblings, were more likely to be diagnosed with any psychiatric disorder, 
intellectual disability, language disorders and other neurodevelopmental disorders. The 
higher risk for any psychiatric disorder and intellectual disability remained after adjusting 
for confounders. Females displayed borderline higher risk increases than males (Study II).

Finally, children with OFC had lower school performance almost throughout the 
educational years, especially in mathematics. Lower academic achievement was most evident 
in children with OFC without a concurrent psychiatric disorder. In the ninth school year 
and upper secondary school female academic outcomes were more negatively affected than 
male academic outcomes (Study IV).

In summary, craniofacial malformations were associated with increased risks for multiple 
psychiatric disorders and lower academic achievement.

Keywords: Nonsyndromic orofacial clefts, Nonsyndromic craniosynostosis, 
Neurodevelopmental disorders, Psychiatric disorders, Educational achievements

Karin K. Tillman, Department of Neuroscience, Child and Adolescent Psychiatry, Akademiska 
sjukhuset, Uppsala University, SE-75185 Uppsala, Sweden.

© Karin K. Tillman 2020

ISSN 1651-6206
ISBN 978-91-513-1028-2
urn:nbn:se:uu:diva-421456 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-421456)

http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-421456


 

Supervisors 
 
Fotios Papadopoulos, MD, PhD 
Department of Neuroscience, Psychiatry 
Uppsala University 
 
Lisa Ekselius, Professor, MD, PhD 
Department of Neuroscience, Psychiatry 
Uppsala University 
 
Mia Ramklint, MD, PhD 
Department of Neuroscience, Child and Adolescent Psychiatry 
Uppsala University 
 
Daniel Nowinski, MD, PhD 
Department of Surgical Sciences, Plastic Surgery 
Uppsala University 
 
  



 

 



 

List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 

 
I. Tillman, K.K., Hakelius, M., Höijer, J., Ramklint, M., Ekselius, L., 

Nowinski, D., Papadopoulos, F.C. Increased risk for neurodevelop-
mental disorders in children with orofacial clefts. (2018) JAACAP 

II. Tillman, K.K., Nowinski, D., Höijer, J., Ramklint, M., Ekselius, L., 
Papadopoulos, F.C. Non-syndromic Craniosynostosis is associated 
with increased risk for psychiatric disorders. (2020) Plastic and Re-
constructive Surgery 

III. Tillman, K.K., Hakelius, M., Höijer, J., Ramklint, M., Ekselius, L., 
Nowinski, D., Papadopoulos, F.C. Bilateral orofacial clefts confer 
increased risk of psychiatric morbidity relative to unilateral clefts 
Submitted Manuscript 

IV. Tillman, K.K., Nowinski, D., Höijer, J., Ramklint, M., Ekselius, L., 
Papadopoulos, F.C. Academic Achievement in children with orofa-
cial clefts - a nationwide study in Sweden. Manuscript 

Reprints were made with permission from the respective publishers. 
  



 

 



 

Contents 

Introduction ................................................................................................... 11 
Craniofacial malformations ...................................................................... 11 

Orofacial clefts ..................................................................................... 11 
Craniosynostosis .................................................................................. 15 

Neurodevelopment and the origins of psychiatric disorders .................... 18 
Risk factors ............................................................................................... 20 

Orofacial clefts ..................................................................................... 20 
Craniosynostosis .................................................................................. 20 
Neurodevelopmental disorders ............................................................ 20 

Aim and scope of this thesis .......................................................................... 22 

Methods ......................................................................................................... 23 
Study design ............................................................................................. 23 
Registers ................................................................................................... 23 
Outcome measures .................................................................................... 23 
Diagnostic classification systems ............................................................. 23 

ICD ....................................................................................................... 23 
DSM ..................................................................................................... 24 
Study populations study I-IV ............................................................... 25 
Statistical analyses ............................................................................... 27 

Results ........................................................................................................... 29 
Study I ....................................................................................................... 29 
Study II ..................................................................................................... 31 
Study III .................................................................................................... 33 
Study IV .................................................................................................... 34 

Discussion ..................................................................................................... 35 
Study I ....................................................................................................... 35 
Study II ..................................................................................................... 36 
Study III .................................................................................................... 37 
Study IV .................................................................................................... 37 
General discussion .................................................................................... 38 
Ethical considerations ............................................................................... 40 
Methodological considerations ................................................................. 40 
Implications and future directions ............................................................ 44 



 

Conclusions ................................................................................................... 45 

Sammanfattning på svenska .......................................................................... 47 
Bakgrund och frågeställning ..................................................................... 47 
Metod ........................................................................................................ 47 
Resultat ..................................................................................................... 48 
Slutsats ...................................................................................................... 49 

Acknowledgements ....................................................................................... 50 

References ..................................................................................................... 53 

 



 

Abbreviations 

ADHD Attention-deficit/hyperactivity disorder 
aHR Adjusted hazard ratio 
ASD Autism spectrum disorder 
BCL Bilateral cleft lip 
BCLP Bilateral cleft lip and palate 
CL Cleft lip 
CLP Cleft lip and palate 
CPO Cleft palate only 
CS Craniosynostosis 
DSM  Diagnostic and statistical manual of mental disorders 
ESSENCE Early symptomatic syndromes eliciting neurodevelop-

mental clinical examinations 
HR Hazard ratio 
ICD International statistical classification of diseases and re-

lated health problems 
MBR Swedish medical birth register 
NPR Swedish national patient register 
NSCS Nonsyndromic craniosynostosis 
NSOFC Nonsyndromic orofacial clefts 
OFC Orofacial clefts 
SGA Small for gestational age 
SGR Swedish school grade register 
UCL Unilateral cleft lip 
UCLP  Unilateral cleft lip and palate 
 
  



 

 



 11 

Introduction 

Craniofacial malformations 
Craniofacial malformations are congenital conditions in which the develop-
ment of cranial or facial structures has been disturbed during early embryo-
genesis, leading to various forms of anatomical defects and deformities. Cra-
niofacial malformations may be grossly categorised into four major groups: 
orofacial clefts (OFCs), craniosynostosis (CS), microsomia and dysostosis. 
These types of malformation may occur as an isolated phenomenon or as part 
of a genetic syndrome. The two most prevalent types of craniofacial malfor-
mation are nonsyndromic OFC (NSOFC) and nonsyndromic CS (NSCS).  
Children born with craniofacial disorders need multidisciplinary care that ex-
tends from birth to adulthood and includes, apart from surgical treatment, 
close follow-up and treatment for speech, hearing, facial growth and appear-
ance. Specialized craniofacial teams provide this kind of care.  

Orofacial clefts 
OFC is the most common craniofacial malformation and affects approxi-
mately two in 1000 live births in Sweden, which results in about 150-200 new-
borns per year1. The prevalence varies across geographic origin and racial and 
ethnic groups but is considered stable over time2. OFCs occur at gestational 
week four to eight when the neural crest cells differentiate from the neural 
tube and migrate to the facial region. The facial structures are formed from the 
parietal maxillary and mandibular prominences and the central frontonasal 
prominence. The middle face is formed by the closure of the maxillary and 
frontonasal prominences during the fourth to eighth gestational weeks. In ges-
tational week 10 the facial structures are fully developed (Figure 1). Facial 
clefts occur when the prominences do not merge and the location of the cleft 
depends on involved prominences.  
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Figure 1. Facial embryological development gestational week four to eight  
By Kicko26 - Own work, CC BY-SA 4.0. https://commons.wikimedia.org/w/in-
dex.php?curid=484930392018. 

  

https://commons.wikimedia.org/w/in-dex.12
https://commons.wikimedia.org/w/in-dex.12
https://commons.wikimedia.org/w/in-dex.12
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Children with OFC can either have a cleft lip (CL), cleft palate (CPO) or 
cleft lip and palate (CLP) (Figure 2-3). The lip and primary palate (anterior to 
the incisive foramen) have distinct developmental origins from the secondary 
palate; clefts of these areas are divided into CL, CLP and isolated CPO, in 
which the lip is not affected. Incomplete fusion between the medial nasal and 
maxillary prominences (between the primary and secondary palate) causes 
CL. Cleft of the palate behind the incisive foramen is caused by incomplete 
fusion between the lateral palatal shelves (secondary palate). The cleft anterior 
to the incisive foramen can be either unilateral or bilateral. Because of the 
difference in developmental origin, patients with CPO are believed to consti-
tute an aetiologically different group from patients with a CL. Approximately 
70% of cases with clefts have no associated malformations or known syn-
dromes (nonsyndromic OFC).  

Children with OFC need multidisciplinary care from birth to young adult-
hood, including staged surgical treatment as well as monitoring of the various 
cleft-associated symptoms. Multidisciplinary care for OFC with long-term 
follow-up until the age of 19 was established in Sweden in the 1960s and is 
today conducted through six regional OFC centres. Surgical protocols have 
gradually evolved over time and with some variations in surgical techniques, 
or the timing of different surgical treatments, between centres. Individuals 
with OFC receive staged surgical treatment beginning already in infancy ac-
cording to specific protocols. In Sweden, children with CLP most often re-
ceive surgery at the age of three months (lip and nose), six months (soft pal-
ate), two years (hard palate) and at nine years (bone transplant from hip to 
palate). Children with CPO receive surgery at six months (soft palate) and two 
years (hard palate). Some centres operate the soft and hard palate in one ses-
sion at the age of one year instead of staged surgeries for the soft and hard 
palate. Additional surgery may be needed to enhance speech and is often per-
formed from the age of six. Secondary corrections for the nose and lip, usually 
performed in adolescence, are sometimes needed. At 19-20 years of age, cor-
rective jaw surgery is occasionally required to correct malocclusion and en-
hance facial appearance. The longitudinal assessments of facial growth and 
speech are today largely harmonised nationally through the professional net-
work Swedecleft. Outcomes are openly reported through the National Cleft 
Lip and Palate Register founded in 1999 and with a coverage rate above 90 
per cent for individuals born 2009 or later3,4.  

Children with OFC have been shown to have an increased risk for worse 
educational achievement in school5-7, increased risk of psychiatric disor-
ders2,8,9, increased use of psychotropic medications10 and increased all-cause 
mortality and suicide11. Of note, some studies have shown an association with 
children with OFC and structural brain anomalies, including midline anoma-
lies and differences in the sizes of the cerebrum and cerebellum associated 
with mild cognitive impairments12,13. 
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Figure 2. Baby with a cleft lip.  

 

 
Figure 3. Baby with a cleft palate involving both soft and hard palate. Both figures 
published with permission from Centers for Disease Control and Prevention, Na-
tional Center on Birth Defects and Developmental Disabilities, 2020. 
https://www.cdc.gov/ncbddd/birthdefects/cleftlip.html 

https://www.cdc.gov/ncbddd/birthdefects/cleftlip.html
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Craniosynostosis  
Craniosynostosis (CS) is the second most common craniofacial disorder after 
orofacial clefts, affecting nearly 1 in 2000 live births and approximately 80-
90 children per year receive surgical treatment for CS in Sweden14,15. The 
prevalence varies across geographic origin and racial and ethnic groups. A 
progressive change in the distribution of the different subtypes of NSCS has 
been observed across different geographic centres, with the subtype metopic 
synostosis presenting the most dramatic increase16-19. CS is a congenital con-
dition entailing premature fusion of one or more of the cranial sutures. About 
85 per cent of cases are NSCS while in 15 per cent of the patients CS is part 
of a syndrome with multiple manifestations. CS constitutes a very heteroge-
neous group with different embryological origins, symptomatology, surgical 
treatment protocols and follow-up. The embryonic cellular origin differs, 
where the frontal bone of the neurocranium originates from the neural crest 
and the more posterior cranial vault bones derive from the paraxial meso-
derm20. An infant’s skull comprises six cranial bones (i.e. the frontal bone, the 
occipital bone, two parietal and two temporal bones) held together by strong 
fibrous connection tissues, called sutures, enabling cranial expansion through 
intramembranous ossification. The expansion is driven by the growing brain 
pushing the cranial vault bones apart and osteoprogenitor cells then differen-
tiate to osteoblastic cells causing ossification and growth of the skull during 
the first two years of life. From age two to eight years, the growth of the skull 
is mostly driven by resorption of endocranial bone and epicranial ossification. 
In typically developed children the metopic suture fuses physiologically in 
infancy, but the other sutures normally fuse in adulthood21,22.  

CS is divided anatomically into simple (single suture involvement) or com-
plex (multiple suture involvement) synostosis and then subdivided depending 
on suture or sutures involved. The most common CS is the sagittal, followed 
by metopic, unilateral coronal and lambdoid synostosis as the rarest type of 
CS23(Figures 4-8). 

Fusion of cranial sutures leads to an altered cranial shape in which the type 
of cranial deformity depends on the pattern of sutural fusion. The growth of 
the skull is typically restricted in a direction perpendicular to and increased in 
parallel with the fused suture. Moreover, in syndromic CS the restricted 
growth of the skull base and facial skeleton may lead to severe functional im-
pairment of the eyes and upper aero-digestive tract. 
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Figure 4. Sagittal craniosynostosis  

 

 
Figure 5. Unilateral coronal craniosynostosis. 
Both figures published with permission from the Centers for Disease Control and 
Prevention, National Center on Birth Defects and Developmental Disabilities. 
https://www.cdc.gov/ncbddd/birthdefects/craniosynostosis.html  

https://www.cdc.gov/ncbddd/birthdefects/craniosynostosis.html
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from a brain growth in an abnormally shaped skull26. Current reviews suggest, 
however, that increases in ICP occur only in a minority of cases, mostly in 
sagittal synostosis and very rarely in metopic or unilateral coronal synostosis. 
There is no agreed level for what is ‘normal’ versus ‘abnormal’ ICP in chil-
dren. Studies have also failed to associate ICP with neurodevelopment27. The 
cerebral deformation hypothesis has only been studied to a limited extent. It 
has, however, been suggested that abnormally long or short distances between 
major brain structures could cause small perturbations in cortical connectivity, 
eventually producing functional changes in the way the brain processes infor-
mation28. Cognitive neuroscience research indicates that small variations in 
neural organisation can ultimately lead to changes in cognitive function-
ing20,21. 

Children with CS need surgery for aesthetic and functional reasons and re-
ceive multidisciplinary care with follow-up at least until the growth of the 
neurocranium is completed at eight years of age. The treatment aims to pre-
vent deleterious effects on brain development, normalise appearance and re-
store normal facial functions in syndromic CS. In NSCS a single transcranial 
surgical procedure aiming to correct cranial anatomy is normally performed 
during the first year of life. There are currently several surgical methods used: 
open calvarial reconstruction, extended craniectomies, minimally invasive 
strip craniectomy using a post-operative moulding helmet and minimally in-
vasive strip craniectomy combined with cranial distraction using springs. The 
surgery is often undertaken before the age of one year among NSCS and more 
surgical complications have been reported with delayed surgical treatment29,30.  

Neurodevelopment and the origins of psychiatric 
disorders  
Early neurodevelopmental disturbances are suspected of contributing to the 
pathophysiology of several psychiatric disorders. Hence, many studies em-
phasise the importance of recognising the model of a neurodevelopmental ba-
sis for psychiatric disorders31-34. Accumulating data suggest that both heritable 
and environmental factors influence neurodevelopment, establishing risk to 
later psychiatric disorders. Neurodevelopment extends from the early embry-
onic period through adolescence to early adulthood and includes several crit-
ical processes. The embryonic development of the brain and spinal cord starts 
with a phase called neurulation in the second gestational week where ectoder-
mal tissue forms the neural plate. The neural folds begin to move together in 
the third gestational week and form the neural tube, which consequently, leads 
to cells separating from the surface ectoderm to form the neural crest. The 
neural crest will then give rise to the brain and several craniofacial structures 
with a distinct and predictable timetable35.  The neurodevelopment starts with 
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the proliferation of neurons and radial glia, continues with the migration of 
neurons, differentiation, synapse formation in the last trimester and first two 
years of life and myelinisation and synapse pruning beginning in the second 
trimester and continuing through adolescence. The centre for executive func-
tioning in the prefrontal cortex is not fully developed until after 2035. The tra-
ditional division between childhood neurodevelopmental disorders and adult 
psychiatric disorders has been questioned and the neurodevelopmental hy-
pothesis suggesting a neurobiological origin for psychotic disorder and to 
some extent also bipolar disorder (BD) has become the accepted conjecture. 
Data suggest that psychotic disorders, such as schizophrenia, have origins in 
disturbances of brain development, with several identified phenotypic simi-
larities as well as shared genetic risk and pathogenic mechanisms with the 
early onset neurodevelopmental disorders34,36. The term ‘neurodevelopmental 
disorders’ often refers to a long and heterogeneous list of diagnoses, tradition-
ally including intellectual disability (ID), autism spectrum disorder (ASD), at-
tention-deficit/hyperactivity disorder (ADHD), speech and language disor-
ders, learning disorders, developmental coordination disorder (DCD) and 
Tourette's syndrome (TS). Psychotic disorder and BD are also psychiatric dis-
orders with a neurodevelopmental origin but are not traditionally regarded as 
neurodevelopmental disorders. The neurodevelopmental disorders are com-
plex and highly heterogeneous and present symptoms early in childhood. Over 
the past decade, studies have indicated that developmental problems are often 
overlapping and not always distinct in the clusters of diagnostic criteria for a 
certain diagnosis36-38. A neurodevelopmental gradient hypothesis has also 
been introduced, suggesting that within the neurodevelopmental continuum 
stronger neurodevelopmental impairment and correlations are seen for ID and 
decreasing neurodevelopmental impairment following a gradient as follows: 
ID, ASD, ADHD, schizophrenia and BD34.  

The acronym ESSENCE (Early Symptomatic Syndromes Eliciting Neuro-
developmental Clinical Examinations) has been introduced and refers to chil-
dren affected by impairing symptoms in general development, communication 
and language, social inter-relatedness, motor coordination, attention, activity, 
behaviour, mood or sleep before the age of five39. Significant problems in at 
least one ESSENCE domain before five years of age have proven to predict 
poor mental health, academic achievement and psychosocial outcomes later 
in life and multidisciplinary support is often needed in more than one area of 
overlapping symptoms or deficits38.  
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Risk factors 
Orofacial clefts 
Approximately 30% of OFCs are associated with a known genetic syndrome 
(syndromic OFC), but the remaining 70% of clefts occur without a known 
syndrome identified (nonsyndromic OFC)40,41.  

Inheritance of orofacial clefts may be chromosomal, sporadic or related to 
environmental teratogens 42,43. Known maternal risk factors include smok-
ing44-46, alcohol consumption45, diabetes, nutritional factors (e.g., vitamin A, 
folic acid insufficiency) and anticonvulsant medication47. Season of birth, and 
specifically winter and early spring, has been associated with increased risk 
for OFC48.  

Craniosynostosis 
Approximately 15% of CSs are associated with a known genetic syndrome, 
but most are nonsyndromic cases23,49. Premature fusion of the cranial sutures 
occurs early prenatally but most patients are diagnosed postnatally50,51. Syn-
dromic CS is caused by identified genetic mutations in genes coding for 
growth factor receptors or involved transcription factors, with a predominance 
of autosomal dominant inheritance. Well-known syndromes are the Apert, 
Crouzon, Pfeiffer, Muenke and Saethre-Chotzen syndromes, all caused by 
changes in the genes for fibroblast growth factor receptor (FGFR)52 2 and 3 
and in the TWIST1 gene53.  

Predisposing risk factors for NSCS are environmental factors such as intra-
uterine fetal head constraint, abnormal position, maternal smoking46,54-56, ma-
ternal thyroid disease57 and anticonvulsant medication such as valproic acid 
and phenytoin58,59.  

Numerous studies have evaluated the association between NSCS and dif-
ferent potential risk factors but there are many inconsistencies in the results. 
Some discrepancies may be attributed to the study design with small sample 
sizes, variations in the types of exposure assessed and lack of data to evaluate 
the potential effects modification and confounding factors16. 

Neurodevelopmental disorders 
Neurodevelopmental disorders have a combination of predisposing genetic 
and specific environmental, gestational and perinatal risk factors affecting 
brain development during pregnancy, at birth or after birth. These risk factors 
include alcohol, medication or toxin exposure, nutritional deficiencies, infec-
tion (herpes, toxoplasma, cytomegalovirus, influenza), hypoxia, extreme 
premature birth, neonatal seizures, trauma or metabolic changes60. Many of 
these risk factors are poorly understood and gene defects are often unknown. 
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Mutations in genes encoding for cell adhesion molecules and calcium channel 
subunits have been associated with some neurodevelopmental and psychiatric 
disorders61. The cell adhesion genes have crucial roles in early brain develop-
ment, including neuronal migration, synaptogenesis and axonal growth but the 
exact mechanism for mutations in this gene family and their contribution to 
the pathogenesis of neurodevelopmental disorders is not known61.  

Emerging evidence from studies of rare copy number variants has shown 
that childhood neurodevelopmental disorders such as ID, ASD and ADHD 
share specific genetic risk alleles and to some extent also with psychotic dis-
orders and BD62,63  

Season of birth, mainly during late winter and spring, has also been associ-
ated with increased risk for psychotic disorders, bipolar and unipolar disorders 
and suicide, although suicide is affected by several other external factors64,65 

Educational achievement 
There are several known risk factors for poor school performance, such as 
preterm birth66, small for gestational age (SGA)67, Apgar score below seven 
at five minutes after birth68, ID, specific learning disorders69, ASD70, ADHD71, 
psychiatric disorders72,73, low parental educational level74,75, parental psychi-
atric disorders and a poor socio-cultural home environment76. 
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Aim and scope of this thesis 

The general aim of this thesis was to examine the possible role of neurodevel-
opmental disturbances in utero in psychiatric disorders by using craniofacial 
disorders as a model of developmental anomalies with a clear manifestation 
of disturbed embryonic development. It was hypothesised that children with 
craniofacial disorders would have an increased risk for psychiatric disorders.  

The specific aims of the individual studies were: 
 

I To investigate whether there is an increased risk for psychiatric dis-
orders, suicide attempts or suicide in children with orofacial clefts 
compared to children without clefts and analyse whether there are 
any differences by sex and the different subtypes of OFC. The study 
also investigated possible familial influences (genetic or shared envi-
ronmental factors) through sibling analyses.  

II To investigate psychiatric disorders, suicide attempts or suicide in 
children with NSCS, to perform sibling analyses to address familial 
influences and sex-stratified analyses. We further studied the effect 
modifying role of the number of operations, age at first surgery, time 
at first admittance and surgery with springs.  

III To investigate the risk of psychiatric disorders, suicide and suicide 
attempts in children with bilateral clefts compared to unilateral clefts 
and assess possible sex-related differences in psychiatric outcomes. 

IV To investigate academic attainment in children born with nonsyn-
dromic CL, CLP and CPO. As a secondary aim, we sought to assess 
possible sex differences and assess the academic outcomes in chil-
dren with clefts, both with and without psychiatric disorders. 
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Methods 

Study design 
Retrospective nationwide register cohort studies. 

Registers 
We obtained data from the National Board of Health and Welfare in Sweden 
and Statistics Sweden. In the data we received anonymity was secured by re-
placing identification numbers with arbitrary numbers. We used and linked 
the following registers: the Swedish Medical Birth Register (MBR), the Na-
tional Patient Register (NPR), the Swedish Cause of Death Register, the Reg-
ister of Total Population, the Multi-Generation Register, the Migration Regis-
ter, the Census of the population and housing and the longitudinal integration 
database for health insurance and labour market studies (LISA).  

Outcome measures 
Information on psychiatric diagnoses and suicide attempts was extracted from 
the NPR and data on suicide were extracted from the Swedish Cause of Death 
Register. Table 1 presents the codes used in the different versions of the Inter-
national Statistical Classification of Diseases and Related Health Problems 
(ICD). Information on educational outcomes for study IV was retrieved from 
the Swedish School-Grade Register (SGR) (Figure 10-11). 

Diagnostic classification systems 
ICD 
The ICD is the international standard health care classification system for clin-
ical work, health management and epidemiology. The ICD is published by 
The World Health organisation (WHO) and promotes international compara-
bility to classifying disorders. The ICD has been revised periodically. In our 
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longitudinal studies we use the Swedish versions of ICD-8 (1969-1986), ICD-
9 (1987-1996) and ICD-10 (1997-2018).  

DSM 
The Diagnostic and Statistical Manual of Mental Disorders (DSM) is another 
manual of classification of mental health problems maintained by the Ameri-
can Psychiatric Association. The two classification systems strive to use the 
same diagnoses and criteria but are not identical and the revised versions are 
not automatically updated at the same time. WHO performed an evaluation 
comparing the two diagnostic systems throughout 66 countries and found that 
ICD-10 was more frequently used and valued for clinical diagnosis and train-
ing and that DSM-IV was more valued for research77. A survey among mental 
health professionals, primarily psychiatrists, from 92 countries reported that 
both the ICD-10 and DSM IV were rated to be useful for assigning a diagnosis, 
communicating with other health care professionals and teaching, but more 
clinicians were using the ICD for administrative and billing purposes78. 

Table 1. ICD-8, 9 and 10 codes for specific groups of psychiatric disorders used in 
the studies79,80 

 ICD-8 ICD-9 ICD-10 
Any psychiatric disorder  290-315 290-319  F00-F99 
Intellectual disability/ 
Mental retardation  

310-315 317-319 F70- F79 

Speech and language disor-
ders  

306,00 781,59 315D F80 R47 

**Psychotic disorders  
 

295 297-299 
(except 298,00) 

295 297 298 (ex-
cept 298A) 

F20-F29 

**Bipolar disorders  296 (except 
296,00) 

296 (except 
296B, 296X) 

F30-F31 

**Depression  298,00 300,40 
790,20 

298A 300E 311 F32-F33 

**Eating disorders  306,50 307B 307F F50 

*Autism spectrum disorders  - 299 F84 

*Attention-deficit hyperac-
tivity disorder 

- 314 F90 

*Other behavioural/emo-
tional disorders with onset 
in childhood  

308,99 312-313 F91-F98 
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**Neurotic, stress-related or 
somatoform disorders  

300 (except 
300,40); 305 
306,80 306,98 
307,99 

300 (except 
300E)  
306 307W 308 
309 

F40-F48 

**Alcohol and substance 
use disorder  

291 303 294,30 
304 971 

291 303 305A 
292 304 305X 

F10-F16 F18 
F19 

**Personality disorder 301 301 F60 
Suicide attempt E950-E959 E950-E959 X60-X84 
Suicide  E950-E959 E950-E959 X60-X84 
 
*’Other neurodevelopmental disorders’ in study II. **’Other psychiatric disorders’ in study II 

Study populations study I-IV 
Study I 
We identified through the NPR 7900 children born in Sweden between 1973 
and 2012 who received the diagnosis of OFC at birth or before five years of 
age; of these 7900 children, 7842 (99%) were included and 58 excluded in the 
analyses. These 58 children were excluded because they had no identified 
matched comparison individuals from the population. Children with OFC 
were identified using the ICD codes as indicated in the NPR using the follow-
ing ICD codes: CL: 749.10-749.13(ICD-8), 749B(ICD-9) and Q36 (ICD-10); 
CLP: 749.20-749.24(ICD-8), 749C(ICD-9) and Q37 (ICD-10); and CPO: 
749.00(ICD-8), 749A(ICD-9) and Q35 (ICD-10). Two comparison groups 
were used: (i) 78409 individuals without a diagnosis of OFC malformation 
from the general population, identified by Statistics Sweden and matched for 
month and year of birth, sex and county of birth, and (ii) 9637 full siblings to 
our individuals with OFC with less than 20 years age difference, identified in 
the Multi-Generation Register79.  

Study II 
We identified through the inpatient NPR 1238 children born in Sweden be-
tween 1973 and 2012 who received the diagnosis of NSCS at birth or before 
five years of age according to ICD-8 or ICD-10. We decided not to include 
children who received a diagnostic code of NSCS only from ICD-9 because 
unspecific diagnostic codes could also include other facial malformations such 
as hypertelorism and not representing exclusively NSCS. The NSCS cohort 
was compared to a matched community cohort (n=12380) and their unaffected 
full siblings (n=1487). Children with NSCS were identified using the ICD 
codes as indicated in the inpatient NPR by the following ICD codes: 756,00 
(ICD-8) and Q75.0 (ICD-10) given at the same time as the respective opera-
tion code 0202, AAK20 or AAK3080.  
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Study III 
We identified 2454 children born between January 1, 1973 and December 31, 
2012 who received a diagnosis of unilateral or bilateral CL or CLP before 5 
years of age. Each study participant was matched with 10 individuals without 
OFC (comparison cohort, n=24535) by month and year of birth, sex and 
county of birth.   

Study IV 
We identified all children born with CL, CLP and CPO in Sweden between 
1973 and 2004, with available records in the Swedish School Grade Register 
(SGR) (n=6286) and compared them to the matched community cohort 
(n=61352).  

 
 

 
Figure 10 Timeline nonsyndromic OFC 

  
Figure 11. Timeline nonsyndromic CS 
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In study IV we also stratified on CL, CLP and CPO with and without psy-
chiatric disorders in that previous studies have reported an association be-
tween psychiatric disorders and poorer academic achievement.  

Table 2. Overview of exposure, unexposed population, outcome and statistical meth-
ods for Study I-IV 

Study Population 
with the ex-
posure 

Unexposed popu-
lation 

Outcome measu-
res 

Statistical methods 

I CL, CLP, 
CPO 

1. Matched indi-
viduals without 
OFC 
2. Siblings 

Psychiatric disor-
ders, suicide and 
suicide attempts 

Cox proportional 
hazard regression 
models 

II CS 1. Matched indi-
viduals without 
CS 
2. Siblings 

Psychiatric disor-
ders, suicide and 
suicide attempts 

Cox proportional 
hazard regression 
models 

III BCL, BCLP 1. UCL, UCLP 
2. Matched indi-
viduals without 
OFC 

Psychiatric disor-
ders, suicide and 
suicide attempts 

Cox proportional 
hazard regression 
models 

IV CL, CLP, 
CPO, 
stratified on 
psychiatric 
disorders 

Matched individu-
als without OFC, 
stratified on psy-
chiatric disorders 

National stand-
ardised tests, 
school grades, 
university degree 

Binomial regression, 
ordinal logistic re-
gression and condi-
tional logistic regres-
sion 
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Results 

Study I 
Children with OFC were more likely to receive a diagnosis of any psychiatric 
disorder, ID, language disorder, ASD, psychotic disorder, ADHD, and other 
behavioural and emotional disorders with onset in childhood and personality 
disorders. However, the outcomes differed somewhat between the different 
subtypes of OFC: Children with CL had a higher risk for any psychiatric dis-
order, ID and language disorders. Children with CLP additionally had an in-
creased risk for ASD. Children with CPO presented with higher HRs, and ad-
ditionally for psychotic disorders, ADHD and behavioural or emotional dis-
orders in childhood. Of note, children born with CL presented a risk decrease 
for depression. 

No risk increase was found among any of the stratified cleft types for sui-
cide-attempts, death by suicide and the diagnosis of affective disorders, anxi-
ety disorders, eating disorders and alcohol or psychoactive substance abuse. 
A modest risk increase was seen for personality disorders in the OFC analysis 
but not in the subtype-stratified analyses.  

In the sex-specific analyses we found within the OFC cohort higher risk 
increases in females than in males for the following: any psychiatric disorder, 
ID, language disorders, ASD and behavioural and emotional disorders with 
onset in childhood. These sex differences with generally higher risk increases 
in females persisted in some of the stratified-by-cleft-type analyses and were 
most evident in females born with CLP.  

The unaffected full siblings without OFC were less likely to be diagnosed 
with any psychiatric disorder, ID, language disorders, ASD and ADHD, 
whereas no different risk pattern was observed for psychotic disorders, behav-
ioural disorders in childhood and personality disorders. (Figure 13). 
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Figure 13: Adjusted hazard ratios (aHRs) for psychiatric disorders in children with 
OFC79 
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Figure 14: Kaplan-Meier curves with 95% CI for the detected associations for OFC 

Study II 
Individuals with NSCS had a higher risk of any psychiatric disorder, including 
ID, language disorders, neurodevelopmental disorders and other psychiatric 
disorders.  

In the crude analyses full siblings with NSCS were more likely to be diag-
nosed with any psychiatric disorder, including ID, language disorders and neu-
rodevelopmental disorders compared to their siblings without NSCS. The 
higher risk for any psychiatric disorder and ID remained after adjusting for 
confounders. Our sex interactions analyses showed only borderline risk in-
creases in females for any psychiatric disorder, ID and a conglomerate of other 
neurodevelopmental disorders that included ADHD, ASD and other behav-
ioral and emotional disorders with onset in childhood (Figure 15).  

There was no observed difference in the risk increases when operated on 
before or after 6 months of age, except for a borderline risk increase for lan-
guage disorders that needs to be investigated further before drawing any con-
clusions. There were no detectable moderating effects for surgery with springs 
or without and the number of surgical procedures in our analyses. 
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Figure 15: Adjusted Cox derived hazard ratios (aHRs) for psychiatric disorders in 
children with NSCS80 
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Figure 16: Kaplan-Meier curves 
with 95% CI for the detected associ-
ations for NSCS  

 
 
 
 
 
 
 

Study III 
Individuals with bilateral clefts demonstrated elevated risks of psychiatric dis-
orders compared to unilateral clefts. Children with bilateral CL had an in-
creased risk for any psychiatric disorder (including ID) than unilateral CL. 
Children with bilateral CLP demonstrated risk increases for any psychiatric 
disorder, including speech and language disorders, neurodevelopmental dis-
orders and other psychiatric disorders relative to unilateral CLP. Females with 
bilateral CLP showed higher risks for ID and neurodevelopmental disorders 
than males (Figures 17-18).  

 
Figure 17: Adjusted Cox derived hazard ratios (aHRs) for psychiatric diagnoses in 
children with BCL relative to UCL. 

+

+

+
+ p−value for sex interaction < 0.10

.1

.25

.5

1

2

4

8

16

aH
R

Any
psychiatric

Intellectual
disability

Language
disorders

Neuro
develop.
disorders

ASD ADHD Other
behavioral
disorders

Learning
difficulties

Other
psychiatric

Psychotic
disorders

Bipolar Depression Eating
disorders

Neurotic,
stress
related

Alcohol
and drug

use

Personality
disorders

Suicide
attempts

Suicide

Hazard ratios for
BCL relative to UCL Males Females



 34 

 
Figure 18: Adjusted Cox derived hazard ratios (aHRs) for psychiatric diagnoses in 
children with BCLP relative to UCLP 

Study IV 
Children with nonsyndromic CLP and CPO showed lower performance in 
mathematics as early as in the third school year in primary school; moreover 
children with CPO also had lower performance in Swedish in primary school 
national standardised tests. In their last year of compulsory school students 
with CLP and CPO had lower grades in mathematics; students with CLP 
also had lower grades in Swedish; and students with any clefts had lower av-
erage percentile grades in all subjects compared to non-cleft peers. At upper 
secondary school, students with CLP and CPO had lower grades in mathe-
matics but not in Swedish.  

There were no detectable differences between boys and girls at national 
standardised tests in the third school year, but females’ academic outcomes 
were more negatively affected when leaving compulsory and upper secondary 
school.  

At year three, lower academic achievement was seen on the national stand-
ardised tests in children with clefts both with and without psychiatric comor-
bidity. In the last year of compulsory school and upper secondary school lower 
academic achievement was only evident in children with OFC without psy-
chiatric comorbidity. This lower academic achievement was not seen in chil-
dren with OFC and who also have concurrent psychiatric comorbidity when 
compared to children without OFC and who also have concurrent psychiatric 
comorbidity.   
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Discussion 

Study I and II aimed to investigate psychiatric disorders, suicide and suicide 
attempts in children born with nonsyndromic craniofacial disorders using data 
from nationwide registers in Sweden. Study III investigated whether there 
were increased risks for psychiatric disorders in children with bilateral clefts 
compared to unilateral clefts and study IV continued on the explorative path 
of study I and assessed whether being born with OFC affected academic out-
comes. In study IV we analysed academic attainment both in individuals with 
and without psychiatric disorders and stratified on sex.  

Study I 
We showed that children with nonsyndromic OFC have an increased risk of 
being diagnosed with a neurodevelopmental disorder compared to children 
without clefts and full siblings. CPO showed the highest risk increase, fol-
lowed in descending order by CLP and CL. There was no overall risk increase 
for affective disorders or anxiety disorders. The sizes of the risk increases var-
ied for the different psychiatric diagnoses. Risk increases for ID and language 
disorders were approximately four times higher in OFC. In contrast, risk in-
creases for ASD, ADHD, behavioural disorders, psychotic disorders and per-
sonality disorders were less than half those of ID and language disorders, sug-
gesting a stronger neurodevelopmental association for ID and language disor-
ders. When stratifying on cleft type and sex, we did find a small risk increase 
for BDs (aHR 2.53, 95% CI 1.06-6.05) for males with nonsyndromic CPO, 
but not for any other subtypes of cleft or females. This finding suggests that 
there might also be an association for BDs. However, a larger study population 
may be needed or a more extended follow-up period to detect and reveal that 
risk increases because BDs are often diagnosed later in life (mean age 25.8 
years in our study) compared to many of the neurodevelopmental disorders 
diagnosed early in childhood. Our findings support the neurodevelopmental 
gradient hypothesis of psychiatric disorders previously discussed in the intro-
duction, but our results suggest a stronger neurodevelopmental association for 
psychotic disorders than proposed by Owen et al34. Our results support the 
traditional division between certain childhood neurodevelopmental disorders 
and adult psychiatric disorders. The present results point at the strongest neu-
rodevelopmental associations in descending order for ID, language disorders, 
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ASD, psychotic disorders, other behavioural disorders, personality disorders 
and ADHD. The risk increase for BD was detectable only in a subgroup anal-
ysis, but no other associations were seen for other general psychiatric disor-
ders.  

The findings in Study I are in line with those from a previous large popu-
lation-based cohort study from Denmark, where a higher risk of psychiatric 
disorders emerged in individuals with nonsyndromic OFC, especially for CPO 
when stratifying for different cleft types. The Danish study also revealed a 
higher suicide mortality rate, which did not appear in our study9. Of note, our 
study revealed substantially higher risk increases for all neurodevelopmental 
disorders compared to the Danish study. A plausible explanation could be a 
higher detection rate of neurodevelopmental disorders in Sweden’s OFC pop-
ulation and possibly more support services after diagnosis. This is particularly 
noteworthy when interpreting the higher risk of suicide and suicidal attempts 
in individuals with OFC in Denmark, but not in Sweden.  

The results from the siblings’ analyses suggest that the strong associations 
with ID and language disorders and the modest associations with ASD and 
ADHD are unlikely to be fully explained by familial factors, supporting the 
theory that these neurodevelopmental disorders and OFC might be the result 
of the same abnormal neurodevelopment. Nevertheless, when interpreting and 
discussing these risk increases for neurodevelopmental disorders in individu-
als with OFC, we need to emphasise that most children with OFC were not 
diagnosed with psychiatric or neurodevelopmental disorders. Even in the out-
comes with the strongest detected associations with aHR above 4 (which 
means a risk increase of more than 400 per cent), most children were not di-
agnosed with any psychiatric or neurodevelopmental disorder because the 
baseline risks of the observed outcomes were rare (Figure 15). 

Study II 
Study II demonstrated risk increases for any psychiatric disorder, ID, language 
disorders and a conglomerate of other neurodevelopmental disorders (ASD, 
ADHD and behavioural disorders) in children born with NSCS compared to 
the matched children without CS. In the crude analyses we also detected risk 
increases for behavioural disorders in childhood, psychotic disorders and per-
sonality disorders, but they did not remain in the adjusted analyses. OFC and 
CS are the two most common craniofacial malformations. However, important 
to bear in mind when interpreting the results is that they represent two entirely 
different clinical conditions of birth defects with different embryonic origin, 
developmental pathways, clinical phenotypes and treatment. All this may re-
flect that the observed differences in psychiatric outcome may not be that eas-
ily explained only by power issues or heterogeneity within the CS cohort. 
There may be a larger neurodevelopmental association for OFC than for CS. 
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However, the lack of different ICD codes for specific CS subtypes may have 
diluted our findings because we were unable to distinguish between different 
CS subtypes. Moreover, we cannot rule out that the higher risks seen for fe-
males can be explained by different male to female ratios for different types 
of CS that pose different risks of neurodevelopmental disorders82,83.  

While the causes for these modest associations remain to be clarified, the 
results are important for the clinical follow-up of these patients and the plan-
ning of future studies.  

To contextualise the risks for children with NSCS to be diagnosed with 
psychiatric and neurodevelopmental disorders the Kaplan-Meier curves illus-
trate that most children were not diagnosed with psychiatric or neurodevelop-
mental disorders, even though we detected important associations with re-
vealed risk increases for these outcomes (Figure 16). 

Study III 
New important knowledge on nonsyndromic bilateral and unilateral clefts and 
psychiatric comorbidity was revealed in study III. Children with bilateral 
clefts had increased risks for psychiatric disorders and specifically neurode-
velopmental disorders compared to children with unilateral clefts, which sup-
ports neuroimaging findings showing more structural brain anomalies in bi-
lateral clefts.  

Females with bilateral CLP showed higher risks for intellectual and neuro-
developmental disorders than males.  

Important comparisons within a cohort of individuals with OFC offer a 
unique opportunity to address psychiatric morbidity in a well-defined group 
of individuals with increased risks of psychiatric disorders and with otherwise 
similar anaesthesia exposures, which is relevant from a neurodevelopmental 
perspective.  

Study IV 
Study IV showed that children with nonsyndromic CLP or CPO had poorer 
academic achievement than non-affected peers from the population already in 
primary school and, except for the national standardised tests that are per-
formed in school year five or six, these differences were present throughout 
the educational years until adulthood, especially in mathematics. These asso-
ciations were also evident in the sub-cohort of children with clefts but no psy-
chiatric disorders.  

Children with nonsyndromic clefts and concurrent psychiatric comorbidity 
had poorer academic achievement in only the third school year, but no such 
associations were evident in later school years. Conceivably, these results 
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suggest that children diagnosed with neurodevelopmental disorders in primary 
school have received the extra support needed to learn in school. At least our 
data suggest that their academic results are at a similar level to the comparison 
cohort of non-OFC children with psychiatric disorders.  

These findings emphasise the need to screen children with clefts for neuro-
developmental disorders or cognitive difficulties in order to provide additional 
support in school. 

General discussion 
The general aim of this thesis was to examine the possible role of neurodevel-
opmental disturbances in utero in psychiatric disorders by using craniofacial 
disorders as a model of developmental anomalies. In these studies we found a 
pattern of increased risks for neurodevelopmental disorders in children born 
with craniofacial disorders, higher risk increases for bilateral clefts than uni-
lateral clefts and poorer educational achievement in children with clefts al-
ready from primary school up until adulthood, especially in mathematics and 
also in the sub-cohort of children without psychiatric disorders.  

The overall aim of this thesis was to address the neurodevelopmental per-
spective in different psychiatric disorders. Our studies showed a distinct pat-
tern by which no risk increases were revealed for psychiatric disorders not 
usually called neurodevelopmental disorders, i.e. no revealed increased risk 
of depression, anxiety disorders, eating disorders or substance use disorders 
in individuals with craniofacial disorders.  

Sibling analyses and adjustment for socioeconomic status and psychiatric 
disorders in parents suggest that the higher risk of neurodevelopmental disor-
ders and poorer educational attainment are unlikely to be explained by familial 
influences and point to supporting the neurodevelopmental hypothesis.  

We found the same pattern for sex differences in all four studies, with 
higher risks for neurodevelopmental disorders in females than males, but only 
at a borderline level for females with NSCS. Academic outcomes for females 
with OFC were more negatively affected when leaving compulsory school and 
at upper secondary school, but not in previous school years. These sex differ-
ences coincide with research revealing higher risks of being diagnosed with a 
neurodevelopmental disorder in females with additional comorbid features 
(e.g., congenital malformations but also epilepsy, cardiac malformation, 
growth abnormalities, dysmorphic features and other CNS malfor-
mations)84,85. The role of sex-specific diagnostic bias has been discussed, with 
females being less often diagnosed with neurodevelopmental disorders such 
as ADHD and ASD due to different expressed phenotypic profiles of symp-
toms or symptoms severity, compared to males with ADHD and ASD in the 
general population. However, another recent Swedish study found that educa-
tional outcomes for females with cleft are more adversely affected than for 
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males with cleft when leaving compulsory school6, suggesting a possible ex-
planation of a higher vulnerability of the female brain to the underlying neu-
rodevelopmental mechanisms in craniofacial disorders. Another plausible ex-
planation may be that girls with neurocognitive deficits are not always identi-
fied and given enough special educational support at school. 

The role of general anaesthetics during infancy and the risk of poor long-
term neurodevelopmental outcomes have also been discussed.  Preclinical 
studies have shown that anaesthesia and surgery in infancy have neurotoxic 
effects in neonatal animals, but there is limited relevant data on humans86-88. 
Clinical debate and conflicting evidence from cohort studies suggest that early 
childhood exposure to anaesthesia may increase the risk of poor long-term 
neurodevelopmental outcome, although the causality is uncertain89,90. Chil-
dren exposed to anaesthesia in early childhood undergo surgery for a specific 
condition and most studies have not been able to control for the underlying 
comorbidity and possible causality for added risk of neurodevelopmental dis-
orders91.  

The findings in Study II demonstrate no increased risk for neurodevelop-
mental disorders with increasing numbers of surgical treatments or surgery in 
infancy compared to later surgery at age 1-5 years. The difficulties investigat-
ing the impact of early anaesthesia on neurodevelopment include finding a 
comparable cohort of patients with craniofacial malformations without surgi-
cal treatment and preferably also a group of patients with anaesthesia at a 
young age but without face or brain surgery. In study III we were at least in 
part able to address the potential effect of early anaesthesia on brain develop-
ment given that we made comparisons within a cohort of individuals with 
OFC. These comparisons gave us a unique opportunity to address psychiatric 
morbidity in individuals with similar anaesthesia exposures in the cohorts.  
The observed variations in psychiatric outcome indicate a link between pri-
marily aberrant brain development and the abnormal facial development early 
in morphogenesis, with importance for the observed associations with neuro-
developmental disorders in children with OFC.  

The results from study II on CS need to be interpreted with caution as the 
information on type of CS or surgeries performed could not be obtained from 
the NPR. While the causes for these associations remain to be determined, our 
results are important for clinical follow-up.  

The studies of this thesis indicate that it is beneficial to screen for early 
neurodevelopmental symptoms in children born with craniofacial malfor-
mations, provide consistent long-term follow up of children with neurodevel-
opmental disorders and identify those in need of special educational support 
at school.  
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Ethical considerations 
The studies were entirely register-based and the patients were not contacted 
during the study. Recognising possible long-term adverse outcomes for chil-
dren with craniofacial malformations relative to psychiatric morbidity is a cru-
cial step in primary and secondary prevention of these outcomes. This 
knowledge is necessary to plan the follow-up of these patients and address 
future research hypotheses. It is also important to advance our understanding 
of the neurodevelopmental pathophysiology of psychiatric disorders. 

The studies were approved by the Uppsala Ethics Committee (Reg. No. 
2012/363). 

Methodological considerations 
These studies were register-based cohort studies that enabled us to study a 
uniquely large number of children born with craniofacial malformations over 
time. We were also able to explore possible different patterns in patients with 
various types of craniofacial malformations. Information gathered from regis-
ters eliminates the risk of recall and selection bias. Another important strength 
is the availability of data used for our multivariate analyses to adjust for con-
founders. Moreover, the sibling cohort in study I and II allowed us to match 
many unmeasured factors, including cultural background, parental character-
istics, child-rearing practices and genetics92.  

The diagnoses for identifying our study population and the psychiatric di-
agnoses were obtained from the NPR. The validity of the psychiatric diagno-
ses in the NPR is considered high as measured by moderate to high positive 
predictive values for psychiatric diagnoses93-95.  

Still, there are some limitations to consider when interpreting the current 
results. It should be borne in mind that psychiatric symptoms (e.g., mild de-
pressive and anxiety symptoms) that are not severe enough to require psychi-
atric care are treated within the primary healthcare system in Sweden, and 
those diagnoses registered in primary care are not included in the NPR. 

We have adjusted for several potential confounders, but there are always 
potential unknown or residual confounders that are not possible to adjust. So-
cioeconomic status includes many hard-to-capture factors, but we used paren-
tal country of birth, parental education level, parental age and parental psychi-
atric disorders as a proxy for important sociodemographic factors. Relevant 
confounding variables were identified and visualised through directed acyclic 
graphs (DAGs), showing both adjusted confounders, unadjusted confounders 
and possible mediators based on available data and expert opinion96-98. The 
DAGs were performed using DAGitty.net v.2.0.(http://www.dagitty.net/his-
tory/v1.1/dags.html)  

http://www.dagitty.net/his-tory/v1.1/dags.html
http://www.dagitty.net/his-tory/v1.1/dags.html
http://www.dagitty.net/his-tory/v1.1/dags.html
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which may have led to over adjustment of the effect on our outcomes (i.e. a 
lower aHR). More children born in the earlier years of the study period may 
have had unknown syndromes later re-classified as syndromic: for example, 
for CS, the Muenke syndrome (FGFR3) was identified in 1996 and ERF-re-
lated CS in 2013. We have adjusted for calendar year and all congenital mal-
formations to address this potential issue.  Some data of possible confounders 
in the registers are also not known to be valid, including self-reported amounts 
of alcohol consumption and smoking during pregnancy100,101. We could not 
measure data on smoking or alcohol consumption during pregnancy and be-
cause the tobacco use data in the MBR are underreported, we decided not to 
use this information. Prenatal smoking, however, is associated with premature 
birth, SGA, low birth weight and low Apgar102, which we had solid data on 
from the MBR. 

Surveillance bias could also be important in these studies. Children with 
craniofacial disorders are followed by craniofacial teams that may increase the 
likelihood to get referred to child and adolescent mental health services 
(CAMHS). Children who are not being brought into medical centres routinely 
might be more likely to go undetected. However, in clinical settings we often 
witness the opposite phenomenon, notably that if you are born with another 
severe medical condition or congenital malformation needing regular follow 
up, there is often a delay in referral to CAMHS for an assessment. People seem 
to explain behavioural and emotional difficulties from the view that the child’s 
medical condition could explain the behavioural or emotional difficulties. 
Moreover, the Swedish compulsory national screening programme with pub-
lic health nurses screening for speech and language, motor, cognitive and so-
cial development throughout the first six years of life and the school health 
nurses from primary school reduce the risk of not capturing children in the 
population with neurodevelopmental disorders.  

Another limitation is the problem of multiple testing, given that we are an-
alysing a set of statistical inferences simultaneously. In discussions with our 
statistician regarding compensating for multiple comparisons to reduce the 
false positive outcomes we decided to refrain as established methods (i.e. false 
discovery rate, Bonferroni-Holm method) decrease power and focus on indi-
vidual tests. Thus, we decided to analyse the data without compensation for 
multiple testing in that we sought to investigate patterns and trends instead of 
each outcome in detail. Moreover, when interpreting the results, it is beneficial 
to look for patterns and trends in both crude and adjusted HRs and not focus 
on only specific p-values and confidence intervals.   

Using data from large longitudinal registers over long periods with changes 
in the classification systems can be challenging when it comes to the validity 
of the specific diagnostic entity. We considered the definition of ADHD and 
ASD over the years problematic and excluded individuals that died before the 
introduction of ICD-9, as those diagnoses were not included in ICD-8, which 
had other classifications. Regarding the diagnosis of mental retardation and 
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ID, we included mental retardation from ICD-8 in the same definition as ID 
in the ICD-9 and 10.  

Implications and future directions   
These studies hope to raise awareness in clinicians and stimulate researchers 
to investigate further the link between craniofacial disorders and psychiatric 
disorders. Congenital birth defects are an important window into new re-
search. Accordingly, having better knowledge of how events during early em-
bryogenesis could affect not only facial anatomical development but also neu-
rodevelopment of the brain and the neurodevelopmental origin of different 
psychiatric disorders. Although these studies cannot explain the aetiology be-
hind the disturbed craniofacial development and neurodevelopment, the sib-
ling analyses have considered some of the familial factors that are otherwise 
hard to control for. Meanwhile, the neurodevelopmental impact on other gen-
eral psychiatric disorders (e.g., depression, anxiety disorders, substance use 
disorders and eating disorders) seems to be absent in these studies. However, 
ID, speech and language disorders, ASD, ADHD, psychotic disorders and pos-
sibly also BDs and personality disorders (the last two only in single sub-anal-
yses) seem to be more affected by events of disturbed neurodevelopment.  

The multifactorial aetiology and overlapping risk factors underlying both 
neurodevelopmental disorders and orofacial clefts would be highly relevant 
for future studies. In the future we have obtained ethical approval and are 
planning to link registry data to patient charts, so that the type of CS, type of 
surgery, anaesthesia and other important factors can be assessed. We also want 
to assess whether being born with NSCS affects subsequent academic out-
comes later in life. Raising awareness of poorer educational achievement in 
children with OFC, even without concurrent psychiatric disorders, is crucial 
in the educational sector. Moreover, secondary prevention with additional spe-
cial support in school needs to be addressed.  
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Conclusions 

• In our studies, using craniofacial malformations as a group of individuals 
with disturbed development during early embryogenesis, we detected an 
association with several psychiatric disorders in OFC: ID, speech and lan-
guage disorders, ASD, ADHD, psychotic disorders and possibly also BDs 
and personality disorders (the last two only in single sub-analyses), but 
these associations were more modest in NSCS. No such associations were 
seen for depression, anxiety disorders, eating disorders and substance use 
disorders, indicating a weak neurodevelopmental link to these psychiatric 
disorders.  

• Individuals with OFC presented with risk increases for ID, language dis-
orders, psychosis, ASD, ADHD and behavioural and emotional disorders 
in childhood. Individuals with CPO showed the largest risk increases and 
individuals with CL the least. Non-affected siblings presented with a 
lower risk for psychiatric disorders. Females presented with generally 
higher risks than males for psychiatric comorbidity.  

• Individuals with NSCS had risk increases of any psychiatric disorder, in-
cluding ID, language disorders and neurodevelopmental disorders. In the 
crude analyses full siblings with NSCS, compared to non-affected sib-
lings, were more likely to be diagnosed with any psychiatric disorder, in-
cluding ID, language disorders and neurodevelopmental disorders. The 
higher risk of any psychiatric disorder and ID remained after adjusting for 
confounders. Females presented with borderline higher risk increases than 
males for any psychiatric disorder, ID and a conglomerate of other neuro-
developmental disorders, including ADHD and ASD.  

• Individuals with bilateral clefts showed higher risks of psychiatric disor-
ders compared to unilateral clefts. Individuals with BCL had  
an increased risk of any psychiatric disorder, including ID. Children with 
BCLP showed risk increases for any psychiatric disorder, including 
speech and language disorders, neurodevelopmental disorders and other 
psychiatric disorders. Females with BCLP, compared to their male coun-
terparts, presented higher risks for ID and neurodevelopmental disorders.  

• Children with nonsyndromic CLP and CPO showed lower performance in 
mathematics; children with CPO also had lower performance in Swedish 
as early as in the third school year in primary school. In their last year of 
compulsory school students with CLP or CPO had lower grades in math-
ematics; students with CLP also had lower grades in Swedish; and 
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students with any clefts had lower average percentile grades in all subjects 
than non-cleft peers. At upper secondary school, students with CLP and 
CPO had lower grades in mathematics but not in Swedish. There were no 
detectable differences between males and females in national standardised 
tests in the third school year, but females’ academic outcomes were more 
negatively affected in the ninth school year and upper secondary school. 
After year 3, the lower academic achievements were only evident in OFC 
without a concurrent psychiatric disorder. 
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Sammanfattning på svenska 

Bakgrund och frågeställning 
Läpp-, käk- och/eller gomspalt (LKG) är en av de vanligaste missbildning-
arna. I Sverige föds 150–200 barn per år med någon form av LKG. Syftet med 
denna avhandling var att undersöka risken för neuropsykiatriska funktions-
nedsättningar, psykiatriska sjukdomar och försämrade skolprestationer i lång-
tidsuppföljningar av barn som föds med kraniofaciala missbildningar, såsom 
LKG och kraniosynostos (CS).  

Dessa medfödda anläggningsdefekter kan anses som en modell för stör-
ningar i hjärnutvecklingen eftersom fostrets hjärna, ansikte och kranium ut-
vecklas mestadels från samma groddblad (ektodermet) i den tidiga embryo-
nala utvecklingen.  Enligt tidigare forskning anses störningar i hjärnutveckl-
ingen under fosterstadiet vara en bakomliggande orsak till bl.a. autism, ADHD 
och intellektuell funktionsnedsättning, men även för vissa andra psykiatriska 
sjukdomar som psykoser. 

Metod 
Avhandlingen bygger på fyra delarbeten, samtliga baserade på data från nat-
ionella hälso- och sjukvårdsregister. Tre delarbeten studerar barn med LKG 
(Studie I, III och IV) och ett delarbete studerar barn med CS (Studie II). I 
studie I undersöktes förekomsten av neuropsykiatriska funktionsnedsätt-
ningar, psykiatriska sjukdomar, självmordsförsök och självmord hos barn som 
fötts i Sverige med LKG mellan 1973 och 2012 utan känt genetiskt syndrom 
(cirka 70 procent av alla barn med LKG). De identifierades i patientregistret 
och kopplades sedan ihop med data från medicinska födelseregistret, flerge-
nerationsregistret, dödsorsaksregistret, information om föräldrarnas födelse-
land från registret över totalbefolkningen, information om emigrering från mi-
grationsregistret och föräldrarnas utbildningsnivå från Longitudinella integ-
rationsdatabasen för sjukförsäkrings och arbetsmarknadsstudier (LISA).  

Barnen med LKG jämfördes med sina syskon samt för varje identifierat 
barn med LKG tog Statistiska centralbyrån (SCB) fram 10 barn utan LKG i 
den allmänna befolkningen som var födda i samma län, födelsemånad och 
kön. Totalt inkluderades 7842 barn med LKG från 1973 till 2012, 78409 barn 
utan spalt från den allmänna befolkningen samt 9637 syskon utan spalt.  
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I Studie II där barn med CS undersöktes med samma metod och register 
som vid första studien identifierades 1238 barn med CS, 12380 barn från den 
allmänna befolkningen och 1487 syskon utan CS. I studie III jämförde vi psy-
kiatriskt utfall hos barn som fötts med dubbelsidiga spalter jämfört med ensi-
diga spalter.  

I Studie IV undersöktes skolprestationer hos barn som fötts med någon av 
LKG-subtyperna: läppspalt (CL), läpp-käk och gomspalt (CLP) samt enbart 
gomspalt (CPO). Vi använde oss av samma register som i tidigare studier med 
skolverkets register i tillägg och undersökte resultaten från nationella proven 
i matematik och svenska i åk 3, 5/6, betyg i åk 9, betyg i matematik och 
svenska på gymnasiet samt högskole- och universitetsexamen. 

Resultat 
Första studien visade att barn med LKG hade ökad risk för intellektuell funkt-
ionsnedsättning (ID), språkstörning, psykos, ASD, ADHD och andra beteen-
destörningar i barndomen. Ingen förhöjd risk för depression, ätstörningar, 
missbruk, ångestsyndrom, suicid eller suicidförsök fanns, jämfört med barn 
utan LKG. Deras syskon utan LKG hade lägre risk för dessa utfall än barnen 
med LKG. Flickor hade generellt högre riskökningar än pojkar. Barn med 
LKG hade högre riskökningar än barn med bara läppspalter.  

I tredje studien visades att barn med bilaterala spalter har högre risker för 
neuropsykiatriska funktionsnedsättningar än barn med unilaterala. Även i 
dessa analyser hade flickor högre riskökningar än pojkar.  

I fjärde studien visades att barn med LKG har sämre skolprestationer, spe-
ciellt i matematik, så tidigt som i tredje årskurs och med undantag av nation-
ella proven i åk 5/6 fanns de försämrade skolprestationerna kvar genom hela 
skolgången. Bara individer med gomspalter hade lägre odds för att få univer-
sitetsexamen.  

Vi gjorde även subgruppsanalyser av barn med LKG utan psykiatrisk sam-
sjuklighet och neuropsykiatriska funktionsnedsättningar och även i dessa ana-
lyser fanns en tydlig association med försämrade skolprestationer.  

Flickor uppvisade större risk än pojkar för försämrade skolprestationer från 
årskurs nio och på gymnasiet, men inte i de tidigare grundskoleåren.  

Studie II visade att barn med icke-syndromal CS löper nästan fem gånger 
högre risk för ID och över fördubblad risk för språkstörning, jämfört med barn 
från den allmänna befolkningen och jämfört med sina syskon utan CS. Studien 
påvisade även en liten riskökning för ett konglomerat av andra neuropsykia-
triska funktionsnedsättningar inklusive autism, ADHD och andra beteende-
störningar samt en liten riskökning för övriga psykiatriska diagnoser när de 
neuropsykiatriska funktionsnedsättningarna exkluderades. Även här observe-
rades könsskillnader där flickor med CS uppvisade gränsfall högre riskök-
ningar än pojkar.   
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Slutsats 
Kunskapen om riskökningar för neuropsykiatriska funktionsnedsättningar och 
skolsvårigheter för personer med LKG och CS ger sjukvården och samhället 
en möjlighet till att tidigt identifiera stödbehov hos de individer som har be-
hov. Dessa studier ger ytterligare stöd för att störningar under fostertiden kan 
leda till både neuropsykiatriska funktionsnedsättningar och kraniofaciala 
missbildningar såsom LKG och CS. Vetskapen om detta möjliggör prevention 
och tidig behandling för barnen och stimulerar till ytterligare forskning kring 
vilka riskfaktorer i den tidiga utvecklingen som kan påverka utvecklingen av 
neuropsykiatriska funktionsnedsättningar. 
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