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Objective: Children with orofacial clefts (OFC) may have an increased risk of poor mental health. This study aimed to investigate the risk of
psychiatric diagnoses in individuals with OFC, stratified by cleft type.

Method: A nationwide register-based cohort of all individuals born with nonsyndromic OFC in Sweden between 1973 and 2012 (n ¼ 7,842) was
compared to a matched cohort (n ¼ 78,409) as well as to their unaffected siblings (n ¼ 9,637). The risk of psychiatric diagnoses, suicide attempts, and
suicides was examined by crude and adjusted Cox regression models. Effect modification by sex was investigated with interaction terms in the models.

Results: Children with cleft lip (CL) had a significantly higher risk of any psychiatric disorder, intellectual disability, and language disorders; children
with cleft lip and palate (CLP) had, in addition, an increased risk of autism spectrum disorder (ASD). Children with cleft palate only (CPO) had risk
increases for the same diagnoses as children with CL and CLP, but with higher hazard ratios, and also for psychotic disorders, attention-deficit/
hyperactivity disorder (ADHD), and other behavioral or emotional disorders in childhood. Sex stratification indicated higher risk increases among
females in CL and CLP but not in CPO. Siblings without OFC were less likely to be diagnosed with any psychiatric disorder, intellectual disability,
language disorder, ASD, or ADHD compared to their siblings with OFC.

Conclusion: Children with nonsyndromic clefts had a significantly higher risk of neurodevelopmental disorders. This risk is unlikely to be explained
by familial influences such as inherited genetic or shared environmental factors.
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rofacial clefts (OFC) are one of the most com-
mon congenital malformations.1 OFC arise in
about 1 per 500 live-born infants in Sweden.2
The OFC are, on an anatomical basis, grossly divided
into three different subtypes of clefts; cleft lip (CL), cleft lip
and palate (CLP), and cleft palate only (CPO), in which
CPO is pathophysiologically regarded as a separate condi-
tion in relation to CLP and CL. Approximately 30% of
OFC are associated with a known genetic syndrome (syn-
dromic OFC), but the remaining 70% of clefts occur
without a known syndrome identified (nonsyndromic
OFC).3,4 More than 300 cleft-related syndromes have been
described, and CPO is more likely to be syndromic than CL
and CLP. OFC occur at gestational week 5 to 8, when the
neural crest cells differentiate from the neural tube and
migrate to the facial region. Inheritance may be chromo-
somal, sporadic, or related to environmental teratogens.5,6

Known maternal risk factors include smoking,7,8 alcohol
consumption,8 diabetes, nutritional factors (eg, vitamin A,
folic acid insufficiency), and anticonvulsant medication.9
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Depending on the cleft type, different concerns for the
child may arise. Children with OFC need multidisciplinary
care from birth to adulthood, including staged surgical treat-
ment as well as monitoring of the various cleft-associated
symptoms and features such as difficulties with feeding, hear-
ing, dento-facial growth, speech, and appearance. Multidisci-
plinary care for OFCwith long-term follow-up until the age of
19 years was established in Sweden during in the 1960s and
today is conducted through 6 regional cleft lip and palate
centers. Surgical protocols have gradually evolved over time,
andwith some variations in surgical techniques among centers.
The longitudinal assessments of facial growth and speech today
are, to large extent, harmonized nationally through the
network Swedecleft. All Swedish children are monitored at the
primary care level for general growth, hearing, vision, and
development according to national guidelines.

Another area of concern is cognitive development and
language skills. Cognitive dysfunction in children with OFC
has been documented over time.10 In addition, nonsyndromic
clefts have been found to be associated with poor academic
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achievement, a lower verbal IQ, and deficits in rapid verbal
labeling, verbal fluency, and short-term memory.11 Among
children with nonsyndromic OFC, the prevalence of learning
disabilities, particularly specific reading disorders, has been
estimated to be between 30% and 46%.12,13 Less attention has
been placed on executive functioning skills (attention, orga-
nization, monitoring, planning, and initiation) or psychiatric
disorders.Moreover, most previous studies have been based on
small samples in a clinical setting, with only a few of them
distinguishing among the cleft subtypes. Earlier research has
found different patterns of deficits for patients with CL, CLP,
and CPO, with more severe disabilities reported in the CPO
group. Children with CLP have shown more deficits in verbal
expressive skills, whereas children with CPO have demon-
strated poorer associative and expressive language skills.14

Recent work suggests that frontal and prefrontal function
may be impaired in many children with clefts, and further
examination of executive functions during follow-up is
recommended.15

Danish adults born with OFC have been reported to
have an increased risk for inpatient treatment for psychiatric
disorders,16 as well as increased all-cause mortality and
suicide.17 A recent extension of this Danish study, in which
outpatient visits and emergency room visits were also
included and a differentiation among the various types of
clefts was made, pointed out a significantly increased risk for
psychiatric disorders among individuals with nonsyndromic
OFC compared to controls.18 Recently, a large Swedish
population-based study showed that CL and CPO increase
the risk for psychotropic drug use in adolescence; however,
there was no distinction made among the different groups
of psychotropic drugs or psychiatric indications.19 The
majority of previous studies are small, underpowered, and
clinically based, and focus on psychological symptoms
rather than psychiatric disorders as a medical diagnosis.

The aim of this study was to test the hypothesis that
patients with nonsyndromic OFC have an increased risk of
a psychiatric diagnosis later in life. As a secondary aim, we
wanted to explore whether such an increased risk could be
explained by familial influences such as inherited genetic or
shared environmental factors, by studying psychiatric out-
comes among the unaffected full siblings of the children
with OFC.

METHOD
Data Sources
Data were obtained from the National Board of Health and
Welfare in Sweden and Statistics Sweden. All registers use the
10-digit National Registration Number (NRN), a unique
personal identifier assigned to all Swedish residents, which
allows linkage studies. In the data that we received,
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identification numbers were replaced with arbitrary numbers,
thereby securing anonymity.The following registerswere used:
the Swedish Medical Birth Register (MBR), the National Pa-
tient Register (NPR), the SwedishCause-of-Death register, the
Register of Total Population (RTP), the Multi-Generation
Register (MGR), the Migration Register, the Census of the
population and housing, and the longitudinal integration
database for health insurance and labor market studies (LISA).

The MBR has information on more than 99% of all
births in Sweden since 1973, concerning pregnancy, de-
livery, and the neonatal period. Information is collected
from medical records from the prenatal, delivery, and
neonatal care, and includes data such as maternal diagnoses
before and during pregnancy, tobacco use, alcohol use,
medical drug use, mode of delivery, analgesia and anaes-
thesia, birth weight, body length, head circumference,
duration of pregnancy, Apgar score, and infant diagnoses.20

The NPR has nearly complete nationwide coverage for
discharge diagnoses in both somatic and psychiatric settings
in Sweden based on the International Classification of Dis-
eases. It has full coverage of all inpatient care in Sweden since
1987. Each record includes admission and discharge dates,
the main discharge diagnosis, and secondary diagnoses.
Outpatient specialist visits, including day surgery and psy-
chiatric care from both private and public caregivers, have
been included since 2001, and the coverage has increased
from approximately 75% initially to 87% in 2011.21

The Swedish Cause-of-Death Register includes all in-
dividuals who died either in Sweden or abroad since 1952 and
who were registered in Sweden by the time of death. The data
are based on death certificates that provide information on date
as well as underlyingmain and secondary causes of death using
the International Classification of Diseases (ICD).22

The Register of Total Population includes information
about the country of birth.

Data available from the Swedish Multi-Generation
Register allow for linkage of individuals born in 1932 and
later to parents, siblings, and offspring. Only pregnancies
leading to live births can be identified in the Swedish Multi-
Generation Register.23

The Uppsala Ethics Committee approved the study
(Reg. No. 2012/363).

Participants
We identified, through MBR and NPR, 7,900 children
born in Sweden between January 1, 1973, and December
31, 2012, who received the diagnosis of OFC at birth or
prior to 5 years of age.

Two comparison groups were used: (1) 10 individuals
without diagnosis for OFC malformation from the general
population, matched according to the month and year of
www.jaacap.org 877
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birth, sex, and county of birth; and (2) all unaffected sib-
lings of the OFC patients with less than 20 years’ age dif-
ference, identified in the Multi Generation Register,
enabling us to control for familial influences such as
inherited genetic or shared environmental factors.

We excluded 58 individuals without any identified
matched individuals with whom they could be compared.

Comorbid diagnoses of any congenital malformations,
deformations, and chromosomal abnormalities (ICD 8 and
-9 codes 740�759 and ICD-10 codes Q00�Q99, except
for the facial cleft codes [749 in ICD-8 and -9 and
Q35�Q37 in ICD-10]) were identified as syndromic in-
dicators in both cases and comparison groups, to adjust the
analyses for possible nonidentified syndromic OFC.

All subjects were observed from their date of birth until
outcome, emigration, death, or end of the study on
December 31, 2012, whichever occurred first.

Exposure
The exposure was a diagnosis of CL, CLP, or CPO as
indicated in the MBR or NPR by their ICD-8, ICD-9, or
ICD-10 diagnoses. The ICD codes for CL were
749.10�749.13 (ICD-8), 749B (ICD-9), and Q36 (ICD-
10); for CLP the codes were 749.20�749.24 (ICD-8),
749C (ICD-9), and Q37 (ICD-10); and for CPO the codes
were 749.00 (ICD-8), 749A (ICD-9), and Q35 (ICD-10).

Outcome Measures
Information on psychiatric diagnoses and suicide attempts
was extracted from the NPR, and suicides were extracted
from the Swedish Cause-of-Death Register. We studied the
following psychiatric diagnoses (see Table S1, available
online, for the respective ICD codes): any psychiatric dis-
order, intellectual disability (including mental retardation in
ICD-8), speech and language disorders, psychotic disorders,
bipolar disorder, depression, autism spectrum disorders
(ASD), attention-deficit/hyperactivity disorder (ADHD), as
well as other behavioral/emotional disorders with onset in
childhood; neurotic, stress-related, or somatoform disorder;
eating disorders; alcohol and substance use disorders; per-
sonality disorder; suicide attempt; and suicide.

When analyzing the mean age at first diagnosis for each of
the above psychiatric disorders, we noticed a clear discrepancy
for the age at first diagnosis with an eating disorder, namely a
mean age of 7.8 years among children with OFC and 14.5
years among the children without OFC. As the ICD-8 and
ICD-9 codes for eating disorders were not specific, we
considered those events as probable feeding difficulties early in
life misclassified as eating disorders. Thereafter we restricted
the diagnosis of eating disorder to those who received such a
diagnosis at the age of 10 years or older.
878 www.jaacap.org
Covariates
We controlled the multivariate analyses for confounders and
mediators such as perinatal complications and somatic in-
dicators, year and season of birth, sex, congenital malfor-
mations or known genetic syndromes, parental psychiatric
morbidity, and sociodemographic factors among parents.

Perinatal variables were collected from the MBR.
Gestational age at birth was dichotomized into term birth
(�37 gestational weeks) or preterm birth (<37 gestational
weeks). Small for gestational age was defined as less than �2
SD. Birth weight was defined as low if <2,500 g. Low
Apgar score was defined as <7 at 5 minutes after birth. A
binary variable was created for gestational complications
(preterm, small for gestational age [SGA], low Apgar, and
low birth weight) and was used in the models. Season of
birth was categorized as winter (December to February),
spring (March to May), summer (June to August), and
autumn (September to November).

Sociodemographic variables and parental mental health
variables were accessed through linkage via the MGR to the
biological parents. Ages of parents at the time of birth were
identified, and we used the mean age of the parents or the
age of one parent if the other’s was missing for the multi-
variate analyses.

Data on maternal country of birth from the MBR were
aggregated across regions: Sweden, other Nordic countries,
and other countries. Information on the educational level of
parents was retrieved from the Education Register, the LISA
database, and the Census of the population and housing
from the year 1985. Parental education was entered into the
model as a categorical variable using 5 categories according
to the Swedish Education Terminology: 0 to 9 years, 10 to
11 years, 12 to 14 years, and >14 years (university). The
highest level of education obtained by either of the parents
was used in the analysis.

Parental psychiatric morbidity was defined as having at
least one psychiatric diagnosis (codes 290�315 in ICD-8,
290�319 in ICD-9, and F00�F98 in ICD-10) in the
NPR; a suicide attempt (codes E950�E959 in ICD-8 and
ICD-9, and X60�X84 in ICD-10) in the NPR; or a death
by suicide in the Cause-of-Death Register. This ordinal
variable would take the value of 0 if none of the parents had
psychiatric morbidity, 1 if only one parent had psychiatric
morbidity and 2 of both parents had psychiatric morbidity.
The variable was treated as time varying in the analyses.

Statistical Analysis
The data were analyzed using the statistical software Stata
v.13.24 Crude and adjusted Cox proportional hazard
regression models were used with age as the underlying time
scale to investigate hazard ratios and 95% CIs for the
Journal of the American Academy of Child & Adolescent Psychiatry
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outcomes. Because the controls and siblings could not be
considered as independent of the corresponding case, cluster
robust varianceLcovariance estimation was used.25 We
compared the individuals with OFC with both the matched
comparison cohort and the sibling cohort. Additional ana-
lyses were stratified by cleft type. For the continuous
covariates concerning parental age and year of birth, we
used restricted cubic spline to avoid forcing the relationship
to the outcomes to be linear.

To examine a possible moderating effect of sex, we
estimated separate Cox models in which an interaction term
of sex and exposure (OFC, CL, CLP, CPO) was included.
From these models, the p value of the interaction term was
calculated. However, some of these models were not
possible to estimate because of too rare outcomes in one of
the two sexes.

RESULTS
Descriptive characteristics of the study population for the
studied cohorts are provided in Table S2, available online.
A total of 7,842 children with OFC and 78,409 matched
children without OFC were observed for 1,654,328
person-years. Among the children with OFC, 2,526 (32%)
were diagnosed with CL; 3,048 (39%) were diagnosed
with CLP; and 3,436 (43%) were diagnosed with CPO.
Almost 20% of the children with OFC (CL, 15.4%; CLP,
19.1%; and CPO, 23.2%) received at least one diagnosis of
a psychiatric disorder, compared to 11% of the children
without OFC.

More specifically, children with OFC were more likely
to receive a diagnosis of any psychiatric disorder
(aHR ¼ 1.63, 95% CI ¼ 1.53�1.73), intellectual disability
(aHR ¼ 4.19, 95% CI ¼ 3.63�4.84), language disorder
(aHR ¼ 4.89, 95% CI ¼ 4.08�5.87), ASD (aHR ¼ 1.96,
95% CI ¼ 1.65�2.33), psychotic disorder (aHR ¼ 1.62,
95% CI ¼ 1.15�2.29), ADHD (aHR ¼ 1.25, 95% CI ¼
1.08�1.46), other behavioral and emotional disorders with
onset in childhood (aHR ¼ 1.43, 95% CI ¼ 1.23�1.65),
and personality disorders (aHR ¼ 1.35, 95% CI ¼
1.00�1.82) (Figure 1, Tables S3�S6, available online).

Children with cleft lip (CL) had a significantly higher
risk of any psychiatric disorder, intellectual disability, and
language disorders. Children with cleft lip and palate (CLP)
also had an increased risk of ASD. Children with cleft palate
only (CPO) presented with higher hazard ratios, and
additionally for psychotic disorders, ADHD, and other
behavioral or emotional disorders in childhood
(Figure 1A�D, Tables S3�S6). Interestingly, children born
with CL presented with a risk decrease for depression
(aHR ¼ 0.73, 95% CI ¼ 0.54�0.98).
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No significant risk increase was found among any of the
stratified cleft types for suicide attempts, death by suicide,
affective disorders, neurotic or anxiety disorders, eating
disorders, alcohol or psychoactive substance abuse, and a
modest but significant risk increase for personality disorders
was seen only in the OFC analysis.

In the sex-specific analyses, we found, within the OFC
cohort, risk increases that were significantly higher among
females than among males for any psychiatric disorder
(interaction p ¼ 0.007), intellectual disability (interaction
p ¼ 0.017), language disorders (interaction p ¼ 0.023),
ASD (interaction p ¼ 0.015), and other behavioral and
emotional disorders with onset in childhood (interaction
p ¼ 0.005), whereas the sex difference was borderline sig-
nificant for psychotic disorders (interaction p ¼ 0.089) and
ADHD (interaction p ¼ 0.089) and not significant for
personality disorder (interaction p ¼ 0.5) Our analyses also
detected a borderline significant sex difference among in-
dividuals born with CL and the risk of depression, whereby
mostly the males presented with a risk decrease for
depression (aHR ¼ 0.54, 95% CI ¼ 0.33�0.87, interac-
tion p ¼ 0.081) (Figure 1, Tables S3�S6, available online).
These sex differences with generally higher risk increases for
females persisted in some of the analyses after stratification
into the different cleft types, and most evidently among
children born with CLP.

A total of 9,637 full siblings to our individuals with
OFC were studied in the sibling cohort. The unaffected full
siblings without OFC were less likely to be diagnosed with
any psychiatric disorder, intellectual disability, language
disorder, ASD, and ADHD, whereas no significant different
risk pattern was observed for psychotic disorders, other
behavioral disorders in childhood, and personality disorders
(Figure 1, Tables S7LS10, available online).

DISCUSSION
In this large Swedish nationwide register cohort study, we
found a significant risk increase for being diagnosed with a
psychiatric disorder, and specifically with intellectual
disability, language disorder, ASD, ADHD, psychotic dis-
order, other behavioral and emotional disorders with onset
in childhood, and personality disorders, among children
born with an OFC compared with children without an
OFC. Our sibling analyses confirmed decreased risks for
any psychiatric disorder, intellectual disability, language
disorders, ASD, and ADHD among siblings without OFC,
suggesting that the associations with these diagnoses are
unlikely to be explained by familial influences. There was
no significant increase in suicide attempts or suicides, and
no increased risk of anxiety disorders, depression, bipolar
www.jaacap.org 879
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FIGURE 1 Adjusted Cox-Derived Hazard Ratios (aHRs) With 95% CIs for Psychiatric Diagnoses, Suicide Attempts, and Suicide
Among Children With Orofacial Clefts (OFC) Compared to Children Without Clefts
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disorder, eating disorders, or alcohol or substance use
disorder.

When investigating the different subtypes of OFC, the
risk increases differed. The overall risk increase for psychiatric
morbidity was highest among individuals with CPO and
lowest among those with CL. Those findings remained sig-
nificant when adjusted for sociodemographic, perinatal, and
somatic covariates. Our findings are in line with the results
from a previous large population-based cohort study from
Denmark in which a higher risk of psychiatric disorders
emerged among individuals with nonsyndromic OFC, and
especially for CPO, when stratifying for different cleft types.
The Danish study also revealed a higher mortality in suicide,
a finding that was not seen in our study.18 Interestingly, our
study revealed substantially higher risk increases for all
neuropsychiatric diagnoses compared with the Danish study.
A plausible explanation could be a higher detection rate of
880 www.jaacap.org
neurodevelopmental disorders in the OFC population in
Sweden and possibly more support services following the
diagnosis. This would also be relevant when interpreting the
higher risk of suicide and suicide attempts seen in Denmark,
but not in Sweden, among individuals with OFC.

The highest risk increases among children with non-
syndromic OFC were seen for the diagnoses intellectual
disability and language disorders, followed by ASD and
psychosis. An increased risk for an ADHD diagnosis was
seen among children with OFC and CPO, whereas an
increased risk for an ASD diagnosis was evident in all cleft
types except for CL, in which the increased risk was
statistically significant only among females. There was an
interesting, notable discrepancy in the sizes of the risk
increases for the different psychiatric diagnoses. The risk
increase for psychiatric diagnoses other than intellectual
disability and language disorders among OFC, and within
Journal of the American Academy of Child & Adolescent Psychiatry
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each subtype (CL, CLP, or CPO) were approximately half
of that risk, suggesting a stronger neurodevelopmental as-
sociation for intellectual disability and language disorders.

There is emerging evidence that bipolar disorder and
schizophrenia have a common genetic pathway, and we ex-
pected a risk increase not only for psychotic disorders but also
for bipolar disorder.26,27 Our results with an increased risk
only for psychotic disorders may support the notion of
different trajectories for schizophrenia and bipolar disorder
leading to different phenotypes. Another plausible explana-
tion could be the fact that bipolar disorder was diagnosed less
frequently in previous years and other diagnoses were used
instead, and this could have obscured a risk increase in our
study. Moreover, the mean age at a diagnosis of bipolar
disorder in our study was approximately 25 years among
individuals with OFC and their matched nonaffected in-
dividuals, whereas the respective age for a diagnosis of psy-
chotic disorder was 23 years. Thus, it can be assumed that
the age of our cohort could have been a restricting factor in
capturing more diagnoses of bipolar disorder. A larger study
population or a longer follow-up period could possibly detect
and reveal an association between OFC and bipolar disorder.

The cognitive deficits and poorer mental health among
children born with OFC have earlier been attributed to
secondary factors, including low self-esteem, depressed
mood, and hearing and speech deficits.28-30 Psychological
factors in the child’s environment are crucial for the child’s
mental development. However, it is possible that these
deficits are, instead, the result of an abnormal brain devel-
opment. Our finding of no increased risk for mood disor-
ders or anxiety-related disorders, which are consistent with
the recent results from Denmark, support the hypothesis of
neurodevelopmental differences as a major common path-
ophysiologic mechanism for the association between OFC
and psychiatric disorders.18

It has been suggested that facial malformations may be
associated with aberrant brain development.31 Interestingly,
associations between nonsyndromic OFC and structural brain
anomalies have been reported in children and adolescents with
clefts.32,33 Thesemidline brain anomalies have been associated
with intellectual disability, developmental delay, and schizo-
phrenia in previous studies.34,35 The relatively high incidence
of central nervous system abnormalities among individuals
with nonsyndromic OFC, being approximately 13 times
higher compared to that in the general population,36 provides
additional support for the hypothesis that cognitive and lan-
guage deficits as well as other psychiatric disorders may be the
result of underlying neurodevelopmental abnormalities. The
craniofacial skeleton and the brain are derived from the same
ectodermal tissues, and their development is closely linked
during early morphogenesis.37,38
Journal of the American Academy of Child & Adolescent Psychiatry
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To further elucidate the possible mechanisms behind the
association between OFC and neurodevelopmental disorders,
we studied all unaffected full siblings. Children without OFC
were less likely, compared to their siblings with any OFC or
CPO, to be diagnosed with any psychiatric disorder, intel-
lectual disability, language disorder, ASD, and ADHD,
whereas no significant different risk pattern was observed for
psychotic disorders, other behavioral disorders in childhood,
and personality disorders. Siblings without OFC, compared
to their siblings with CL or CLP, had a decreased risk only
for any psychiatric disorder, intellectual disability, and lan-
guage disorders. The results from the siblings’ analyses sug-
gest that the strong associations with intellectual disability
and language disorders and the modest associations with
ASD and ADHD are unlikely to be explained by familial
influences such as inherited genetic or shared environmental
factors, supporting the theory that these neuropsychiatric
diagnoses and OFC might be the result of the same abnormal
neurodevelopment.

Interestingly, we also found a risk decrease for depression
among children with CL, and the risk decrease was seen
mostly among males with CL. This finding, which may be a
chance finding, is difficult to interpret in terms of a biological
or psychological resilience for the development of major
depression in children with CL, especially as males with CPO
showed an increased risk for depression. A rather more
plausible explanation could be that males with CL are less
prone to seek, by their own initiative, the health care system
for depressive symptoms. Such symptoms often have their
onset later than symptoms of neurodevelopmental disorders,
which debut in childhood and whichmight be brought to the
attention of the health care system by family members. If this
finding is replicated, more focus on detecting depressive
symptoms in males with CL would be indicated. The
increased risk of depression among males with CPO could be
explained by secondary factors due to an underlying neuro-
psychiatric disorder. There is evidence that depression is the
most common comorbidity among individuals with neuro-
psychiatric disorders, especially when transitioning from
adolescence to adulthood.39 A combination of being less
prone to seek care for treatment and an undetected neuro-
psychiatric disorder leading to high levels of distress could
possibly be an explanation to the higher rates of suicide
among OFC in Denmark; if so, that would indicate the
importance of consistent follow-up and screening of children
with OFC for neurodevelopmental disorders.

Finally, our sex-specific analyses revealed significant
interactions with higher risks among females with OFC for
any psychiatric disorder, intellectual disability, language
disorders, ASD, and other behavioral disorders. A similar
pattern was seen among children with CL and CLP,
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although it did not reach statistical significance. A possible
explanation of a higher vulnerability of the female brain to
the underlying neurodevelopmental mechanisms in OFC
cannot totally be dismissed, but is not supported by the fact
that no such patterns could be seen among children with
CPO, who had the highest risk increases for neuro-
developmental disorders. An alternative explanation might
be a sex-specific diagnostic bias, with these disorders in fe-
males being less often diagnosed due to different presenta-
tion of symptoms or symptom severity. Recent studies have
shown that females are more likely to be diagnosed with a
neurodevelopmental disorder when they have additional
comorbid features.40,41

The major strength of this study is the study design of a
nationwide register-based cohort with a long follow-up time.
This has provided us with a unique opportunity to study a
large sample of patients with clefts, which is crucial when
investigating relatively rare conditions. We were also able to
explore possible different patterns among patients with
different types of OFCmalformations. Information collected
from registers eliminates the risk of recall bias and selection
bias. Another important strength is the availability of data
used for our multivariate analyses to adjust for confounders.
Moreover, the sibling cohort enabled us to match on many
unmeasured factors, including cultural background, parental
characteristics and child-rearing practices, and genetics.42

The diagnoses for identifying our study population and
the psychiatric diagnoses were obtained from the National
Patient Register. The validity of the psychiatric diagnoses in
the NPR is considered high, as measured by moderate-to-
high positive predictive values for psychiatric diagnoses.43-45

It should be kept in mind, however, that psychiatric symp-
toms, such as mild depressive and anxiety symptoms, that
are not severe enough to require psychiatric care are treated
within the primary health care system, and those diagnoses
registered in primary care are not included in the Swedish
Patient Register.

The study also has some limitations. A number of in-
dividuals with OFC received several different ICD codes for
their cleft type. This clinical misclassification may have
resulted in results being diluted or exaggerated when strat-
ified by cleft type.

There is a possibility that some individuals with OFC are
classified as nonsyndromic, although they might have un-
identified associatedmalformations or anomalies that could be
associated with intellectual disability or other psychiatric dis-
orders. Clinicians sometimes have difficulties identifying the
correct code for genetic conditions and associated anomalies.
This is expected tohave occurredmore often in the earlier-born
individuals of the cohort, and we have adjusted for calendar
year in our multivariate analyses to eliminate this risk. To
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decrease the risk even more for undetected syndromic OFC,
we also decided to be overly inclusive in our definition of what
diagnoses could indicate syndromic OFC, and we therefore
adjusted for all congenital malformations and chromosomal
abnormalities in our multivariate analysis.

Finally, there have been changes over time in the diag-
nostic criteria in the ICD-8, -9, and -10 for specific neuro-
psychiatric diagnoses, which could possibly result in some
uncertainty in the validity of our outcome measures. We
decided to analyze the diagnosis mental retardation according
to the ICD-8 together with the diagnosis intellectual
disability according to ICD-9 and -10. Because of the lack of
specific ICD-8 codes for ADHD and ASD, the individuals
who died before the ninth version of the ICD were therefore
not included in the analyses for ADHD and ASD.

In conclusion, this large nationwide register study
showed that children with nonsyndromic OFC in Sweden
have an increased risk of being diagnosed with a neuro-
developmental disorder compared to children without clefts.
The highest risk was for CPO, followed by CLP, whereas
children with CL had the lowest, but still significant, risk
increase. There was no overall risk increase for mood dis-
orders or anxiety-related disorders, indicating that neuro-
developmental and neurological structural differences may
play a major role for the observed associations. The full
sibling analyses suggest that the higher risk of psychiatric
disorders among individuals with orofacial clefts is unlikely
to be explained by familial influences such as inherited ge-
netic or shared environmental factors.
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