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Abstract

Orofocial clefts are the most common congenital abnormality of the craniofacial structures.
They are defined as syndromic or non-syndromic clefts based on the underlying etiology. The
optimal clinical care of these patients is ensured by a multidisciplinary team, and a long-term
treatment plan in which well-timed cleft repair surgeries are of priority. In both syndromic and
non-syndromic cases, the defect is associated with additional medical conditions and/or a higher
risk for mental disorders that further complicate the overall care of these patients. The aim of
the current thesis work was to analyze the clinical and mental health outcomes of children born
with orofacial clefts, which was achieved in three levels by: (1) evaluating the impact of genetic
syndromes on the algorithm of cleft repair surgeries, (2) identifying a subpopulation of children
of non-syndromic orofacial clefts at risk for abnormal neurodevelopment, and (3) by
summarizing the available evidence on brain structural differences in individuals with orofacial
clefts and their controls.

Az ajak- és szajpadhasadék a koponya- és az arc leggyakoribb velesziiletett rendellenessége.
Az etiologia alapjan szindrémads és nem szindromas ajak-és szajpad hasadékot kiilonithetiink
el. E betegek optimalis klinikai ellatasat multidiszciplinaris team munka €s hosszl tavu kezelési
terv biztositja, amelyben a jol iddzitett miitéti beavatkozdsok élveznek prioritdst. Mind a
szindrémds, mind a nem szindromas esetekben a defektus tovabbi egészségiigyi allapotokkal
¢s/vagy a mentalis zavarok magasabb kockazataval jar egyiitt, ami tovabb neheziti e betegek
altalanos ellatasat. Jelen vizsgalatunk célja az ajak- és szdjpadhasadékkal sziiletett gyermekek
klinikai és mentalhigiénés allapotanak, valamint a betegség kimenetelének elemzése volt,
melyet harom aspektusbol vizsgaltunk: (1) a genetikai szindromak hatasanak értékelése a
hasadékjavitdé mitétek algoritmuséara, (2) a nem szindromas ajak- ¢és szajpadhasadékkal
sziiletett gyermekek azon alcsoportjanak azonositasa, akiknél fennall az idegfejlédési zavar
kockazata, és (3) az ajak-és szajpad hasadékkal sziiletett egyének ¢s kontrollok agyszerkezeti
kiilonbségeirdl rendelkezésre alld bizonyitékok dsszegzése.



Abbreviations
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ASD: Autism spectrum disorder

BA: Branchial arch

CBCL: Child Behavior Checklist
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WISC-IV: Wechsler Intelligence Scale for Children, Fourth Edition
WMI: Working Memory Index

22q11.2 DS: 22911.2 Deletion Syndrome



Introduction

Orofacial clefts (OFCs) are the most common congenital abnormality that affect the
development of the craniofacial structures. The anomaly is characterized by the presence of a
cleft on the lip and/or palate. OFCs are defined as syndromic or non-syndromic clefts and can
be further classified as cleft lip (CL), cleft palate (CP), and combined cleft lip and palate (CLP).
The optimal clinical care of children with OFCs is carried out by a multidisciplinary team that
ensures an individualized long-term treatment plan. Specialists including pediatric surgeons,
oral and maxillofacial surgeons, plastic surgeons, dentists, orthodontics, otolaryngologists,
speech, and language pathologists work together on a case-by-case basis to provide carefully
coordinated and well-timed interventions for these children. The multidisciplinary Cleft Team
of the University of Pécs (further mentioned as the Pécs Cleft Team) has over 25 years of
experience in treating this population and is an important center for cleft patient care in
Hungary.

Cleft research and clinical experience both underline that syndromic and non-syndromic OFCs
represent two distinct groups of patients that clinically differ in etiology, severity, timing of
treatment, and prognosis. Children with syndromic OFCs often present with additional
complications that affect the timing of their cleft repair including failure to thrive, feeding and
respiratory difficulties. As a result, the cleft repair protocol used for non-syndromic OFCs is
often altered for syndromic patients. Children with non-syndromic OFCs have a higher risk for
later neuropsychiatric disabilities compared to the general population. This observed risk was
explained by the presence of multiple chronic stressors present in the life of children with OFCs
and their families, including repetitive cleft repair surgeries, aesthetics, and functional
consequences such as speech difficulties. However, these underlying mechanisms have not
been able to further explain the atypical neurodevelopment and the higher risk for mental
difficulties observed in some of these children. Delays in developmental milestones, learning
difficulties in preschool, and brain structural differences identified with MRI indicate a primary
dysfunction of early developmental processes involving both facial and brain structures.



Review of the literature

Clinical classification of orofacial clefts

OFCs present as either cleft lip (CL) with or without cleft palate (CLP), or isolated cleft palate
(CP) (Bjernland et al., 2021). The International Classification of Diseases (ICD-10) classifies
OFC into three groups: Group Q35 representing CP, group Q36 as CL, and group Q37 as CLP
(World Health Organization., 2004).

CL can occur as uni- or bilateral-sided cleft, and can affect the lip only (i.e., isolated), or extend
into the alveolus (Bjernland et al., 2021). CLP can present as uni- or bilateral (BCLP), and CP
can involve the soft and/or the hard palate (Bjernland et al., 2021). Bifid uvula is the mildest
form of CP and may be an indicator of an underlying submucous cleft palate (SMCP)
(Bjernland et al., 2021) (Figure 1/1. and Figure 1/11.).



Figure 1/1. Types of orofacial clefts. I: unilateral cleft lip, II: unilateral combined cleft lip and
palate, I11: Bilateral combined cleft lip and palate.



V. V.

Figure 1/11. Types of orofacial clefts. IV: cleft palate, V: submucosal cleft palate.



Epidemiology of orofacial clefts

Orofacial clefts are the most common congenital anomaly of the craniofacial structures
(Bjernland et al., 2021). The incidence of OFCs is 1 in 700 live births, which translates into
approximately 220,000 newborns per year globally (Mossey et al., 2011). The incidence varies
between countries, ethnicity, geographical and socioeconomical factors (Ji et al., 2020;
Bjernland et al., 2021). The prevalence of OFCs in Hungary is estimated to be 2.02 per 1000
live births (Acs et al., 2020). A recent study has revealed a global prevalence of 0.45 for CLP,
0.30 for CL, and 0.33 for CP (Salari et al., 2022).

In about 70% of cases, OFCs occur as isolated findings also termed as non-syndromic OFCs
(Mossey and Modell, 2012; Saleem et al., 2019). A cleft is defined as syndromic when the
defect is associated with monogenic or chromosomal syndromes. Syndromic OFCs represent
about 30% of cleft cases (Mossey and Modell, 2012; Saleem et al., 2019). CP presents the
highest prevalence of additional congenital anomalies, followed by CLP and lowest for CL
(Mossey & Modell, 2012). The most common associated defects for CLP and CP include
congenital heart disorders (CHD), vertebral column and limb abnormalities (Mossey & Modell,
2012). Approximately 50% of CP and 70% of CLP cases are estimated to be non-syndromic
(Bjernland et al., 2021).

The sex distribution varies according to the form of the cleft, with a male predilection for CLP
and a female predilection for CP (Mossey & Modell, 2012). The explanation for these gender
differences is unclear, however they may be related to the differences in timing of crucial stages
in craniofacial development in utero between males and females (Mossey and Modell, 2012;
Pool et al., 2021). CL is unilateral in 90% of cases with a left sided predilection, independent
of severity of defect, ethnic group, or sex (Mossey and Modell, 2012; Lithovius et al., 2014;
Bjernland et al., 2021). CLP occurs bilaterally in approximately 30% of cases whereas 10% of
cases in CL are bilateral (Mossey & Modell, 2012). Unilateral CL or CLP, and bilateral CLP are
more common in males (Lithovius et al., 2014).

Embryology and neural crest migration

The development of the midface occurs from the fourth until the seventh week of gestation (Ji
et al., 2020). During this period, cranial neural crest cells start their ventral migration from the
dorsal part of the cephalic neural tube towards the branchial arch 1 and frontonasal processes
(Figure 2/1) (Ji et al., 2020). This migration is the hallmark for the commencement of
craniofacial development. The upper jaw is made up of three structures at this stage: the medial
(MNP) and lateral (LNP) nasal prominences, and the maxillary prominence (MP) derived from
the anterior branchial arch 1 (BA1) (Ji et al., 2020). Cells of the distal part of the MNP will
form intermaxillary segments that will gradually extend posteriorly into the oral cavity to form
the primary palate (Li et al., 2017; Ji et al., 2020). The MP will also extend to the oral cavity to
form a pair of palatal shelves (secondary palate), and these will fuse in the midline, with the
nasal septum, and with the anteriorly located primary palate (Li et al., 2017; Ji et al., 2020). The
posterial BA1 will develop onto the mandibulary prominences which are the primordial
structures of the lower jaw (Ji et al., 2020). The primary palate will form the philtrum and the
upper incisor region that is anterior to the incisive foramen. The secondary palate will develop
into the rest of the hard and soft palate (Li et al., 2017). The secondary palate has therefore
different embryological origins than the primary palate and the lip, which is the reason why
OFCs may present as isolated cleft palate (without lip involvement) and cleft lip with or without
palatal clefting (CLP) (Bjernland et al., 2021).
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Figure 2/1. Summarized process of neural crest cell migration and craniofacial formation. The
neural plate rises to form a neural tube, which induces the neural crest cells (I.-11.). Primordial
craniofacial structures (I11-1V.) further develop into the medial and lateral nasal prominences
(MNP, LNP), maxillary prominences (Mxp), and mandibular prominences (Mp) (V.), FNP:
Frontonasal prominence. Adapted from: (Kouskoura et al., 2011; Fitriasari and Trainor, 2021).
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Neural crest cells are multipotent cells that will migrate ventrally to differentiate into
cartilage, bone, neural tissue, melanocytes, and connective tissue of the craniofacial structures
(Li et al., 2017; Ji et al., 2020). This migration is tightly controlled and guided by signalling
pathways, including FGF/SHH, BMP, Wnt, MSX1, Folate, and TGFB (Ji et al., 2020; Alade et
al., 2022). Neural crest cells will detach from the neural tube, loose their intercellular adhesions,
and develop migration ability (Li et al., 2017; Ji et al., 2020). This is a particular migration that
does not occur randomly, rather by migration streams (Ji et al., 2020). Wnt, Bmp, Fgf, Rho,
cadherins, and Yap are important signalling molecules that give migration ability to the neural
crest cells towards BAL, BA2 and FNP (Ji et al., 2020). A critical regulatory network that drives
palatal development is the IRF6 gene-regulatory network, and includes genes implicated in non-
syndromic OFCs (Alade et al., 2022).

Clefting occurs when the development of the premordial structures of the upper jaw is disrupted
(Ji et al., 2020; Bjernland et al., 2021). Lip development begins prior to that of the palate;
however, its abnormal formation may affect the developing structures of the palate, which is
the reason why cleft lip and palate show high comorbidity (Ji et al., 2020). Clefting of the lip
occurs when the intermaxillary segments of the upper lip do not fuse with the nasal prominences
during the sixth to seventh week of gestation (Ji et al., 2020; Bjernland et al., 2021). The palate
develops from the fifth to the 12th week of gestation, and clefting of the palate occurs when the
palatal shelves fail to fuse during the eighth to 12th week of gestation (Bjernland et al., 2021).

Disruptions may stem from neural crest cell defects including abnormal proliferation,
migration, or survival; this causes an inadequate neural crest cell count once these cells reach
the cephalic neural tube (Ji et al., 2020). They may also occur due to post-migratory disruptions
affecting cell proliferation and apoptosis within the primordial structures (Ji et al., 2020). BAl
ensures a microenvironment that regulate the development of neural crest cells, including
proliferation and differentiation. Disrupted development of these cells causes syndromic OFCs
(Ji et al., 2020), which may arise due to abnormal microenvironment in the branchial arch
causing signalling aberrations that lead to VVan der Woude syndrome (Kondo et al., 2002), or
intrinsic defects in the neural crest cells leading to Treacher Collins Syndrome (Jones et al.,
2008; Ji et al., 2020).

Genetics and inheritance

OFCs have a complex multifactorial background involving the interaction of genetic and
environmental factors (Li et al., 2017; Ji et al., 2020; Bjernland et al., 2021; Alade et al., 2022).
The development of the face is a very sensitive process mediated by a coordination of genes,
transcription factors, growth factors and signalling molecules (Li et al., 2017; Alade et al.,
2022). Facial development is largely mediated by genetic factors, and the presence of
environmental teratogens and maternal dietary factors during this process may greatly affect
the critical role of these genes (Bjernland et al., 2021). Smoking, alcohol, certain drugs, low
folic acid intake, and viral infections are known maternal risk factors associated with clefting
(Bjernland et al., 2021). OFCs may show Mendelian, sporadic, or chromosomal inheritance
(Bjernland et al., 2021).
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Common syndromes occurring in orofacial clefts

There are over 500 identified OFC-related syndromes (Venkatesh, 2009; Bjernland et al.,
2021). Monogenic clefting syndromes are caused by defects involving a single gene, including
Treacher Collins and Van der Woude syndrome (Venkatesh, 2009). Chromosomal clefting
syndromes are caused by structural or numerical chromosomal abnormalities (Venkatesh,
2009). 22g11.2 Deletion Syndrome (22g11.2 DS) involves a deletion of 2.54 Mb size on the
long arm of chromosome 22 (McDonald-McGinn et al., 2020; Venkatesh, 2009). Trisomy 13
and 21 are chromosomal syndromes with orofacial clefting (Venkatesh, 2009; Bjernland et al.,
2021). Common cases of clefting syndromes include Pierre Robin sequence (PRS), 22q11.2
DS, and Van der Woude syndrome (Venkatesh, 2009; Bjernland et al., 2021).

Pierre Robin sequence (OMIM: 261800) occurs with the abnormal development of the lower
jaw, leading to micrognathia, glossoptosis, wide u-shaped cleft of the secondary palate, and a
volatile airway prone to airway obstruction (Venkatesh, 2009; Tan et al., 2013; Bjernland et al.,
2021). Feeding difficulties are also common in the neonatal period (Tan et al., 2013).
Chromosomal anomalies and various syndromes are associated with the majority of PRS cases,
most commonly Stickler syndrome (Tan et al., 2013; Baxter and Shanks, 2022). It is one of the
most common birth defects occurring 1 in 8500 to 1 in 14000 births (Izumi et al., 2012).

22011.2 Deletion syndrome is the most common microdeletion syndrome occurring in humans
with a prevalence of 1:3000-1:6000 live births (Botto et al., 2003; Hwang et al., 2014). 22911.2
DS (also known as DiGeorge syndrome, OMIM: 188400) presents with a wide phenotypic
spectrum including neonatal hypocalcemia, thyroid abnormalities, CHD, and neuropsychiatric
disorders including ADHD and schizophrenia (Cardenas-Nieto et al., 2020; Davies et al., 2020).
A recent systematic review has revealed that about 60% of cases have SMCP, 11% have isolated
CP, 5% have a bifid uvula, and 2% have CLP (Cardenas-Nieto et al., 2020).

Van der Woude syndrome (OMIM: 119300) is the most common single-gene cleft syndrome
and is associated with the presence of fistulae of the lower lip forming lip pits as the hallmark
of the disease (Venkatesh, 2009). It is caused by the mutation in the interferon regulatory factor-
6 gene (IRF6) located on chromosome 1g32 (Schutte et al., 2021). Patients typically present
with CL or CLP; however, some cases of bifid uvula and SMC have been reported (Schutte et
al., 2021). The estimated prevalence is approximately 1 in 300 000 births (Schutte et al., 2021).

Genetic basis of non-syndromic orofacial clefts

The last three decades of cleft research provided significant advancements to our understanding
of the complex multifactorial etiology in non-syndromic OFCs. However, the exact
etiopathogenesis still remains unclear (Alade et al.,, 2022). Challenges such as study
replicability, inconsistent findings across affected populations, and incomplete penetrance
across families make it difficult to establish a clear genetic etiology of non-syndromic OFCs
(Alade et al., 2022). Most non-syndromic OFC cases are sporadic, which implies the significant
role of de novo mutations in orofacial clefting (Alade et al., 2022).

Important pathways for craniofacial development harbor potential genes for orofacial clefting,
including FGFR1 and FGF2 genes of the FGF/SHH pathway, AXIN1 and WNT9B of the Wnt
pathway, MX1, Folate, TGFB and IRF6 regulatory network pathways (Alade et al., 2022).

With the increasing availability and use of Genome-Wide Association Studies (GWAS) in cleft
research, over 40 risk loci were identified in non-syndromic OFCs (Alade et al., 2022). Further
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studies were able to confirm genome-wide significance among candidate genes including
GRHL3, PARK2, FOXC2/FOXL1, and IRF6 (Leslie et al., 2017; Huang et al., 2019).
However, these risk loci account only for 20-30% of the overall heritability of non-syndromic
OFCs (Leslie et al., 2017; Alade et al., 2022). This ,,missing heritability” may be due to
epigenetics, rare genetic variants, and gene-gene interactions that cause non-syndromic OFCs
(Alade et al., 2022).

A recent study using next generation sequencing, whole genome sequencing (WGS) found loss
of function de novo mutations in three genes implicated in craniofacial development: ZFHX4,
IRF6, and TFAP2A (Bishop et al., 2020; Alade et al., 2022).

Syndromic and non-syndromic OFCs may be also caused by copy number variations (CNVs)
that may disrupt the function and expression of a gene, or alter its dosage (Maarse et al., 2012;
Alade et al., 2022). CNV analyses of non-syndromic OFCs were able to demonstrate deletions
and duplications of known candidate OFC genes, including FGF2, MAPK3, and SPRY1.
Further CNV analyses found novel candidate genes including Isthmin 1 (Conte et al., 2016),
KAT6B and MACROD2 (LEI et al., 2016), confirming the role of CNVs in the
etiopathogenesis of non-syndromic OFCs (Alade et al., 2022).

Mental disorders in the orofacial cleft population

Children born with syndromic OFCs frequently present with multisystem abnormalities that
involve the musculoskeletal, cardiac, gastrointestinal, respiratory, urogenital, ocular, auditory
and central nervous system (CNS) (Venkatesh, 2009; Junaid et al., 2022). CNS disorders
including epilepsy, and neurodevelopmental disorders (NDD) such as autism spectrum disorder
(ASD) and intellectual disability (ID) are common in syndromic children (Nopoulos et al.,
2007b; Diaz-Stransky and Tierney, 2012; Kucukguven et al., 2018; Zinkstok et al., 2019; Junaid
et al., 2022). The previously described 22q11.2 DS is a clefting syndrome with multisystem
involvement and extensively studied for its associated high risk for neuropsychiatric disorders
(Fiksinski et al., 2021). 22q11.2 DS is the strongest single genetic risk factor identified for
schizophrenia, with 20-25% of individuals diagnosed in adulthood (van Duin et al., 2020;
Fiksinski et al., 2021). ASD, ADHD, and mood disorders are also common mental illnesses
among affected individuals (Fiksinski et al., 2021). The symptoms of 22q11.2 DS are highly
variable, and this variability may be explained by incomplete penetrance, pleiotropy, and
additional genetic factors including the size of the deletion; all consistent with pathogenic
genetic variants (Fiksinski et al., 2021). 22g11.2 DS is currently emerging as a valuable model
to study neuropsychiatric conditions (Davies et al., 2020; Fiksinski et al., 2021).

Individuals born with non-syndromic OFCs also have a higher risk for neuropsychiatric
disorders compared to the general population (Richman et al., 2012; Tillman et al., 2018;
Gallagher and Collett, 2019). ID, ASD, anxiety disorders and ADHD are commonly reported
in these children (Nopoulos et al., 2010a; Pedersen et al., 2016; Ansen-Wilson et al., 2018;
Tillman et al., 2018; Gallagher and Collett, 2019; Junaid et al., 2022). Neurodevelopmental
delays have been documented in younger children including fine motor, gross motor, expressive
and receptive language development (Conrad et al., 2008, 2021; Hardin-Jones and Chapman,
2011; Richman et al., 2012; Gallagher and Collett, 2019). These children are also at a high risk
for learning disabilities (Tillman et al., 2018; Gallagher and Collett, 2019; Glinianaia et al.,
2021) with an estimated prevalence of 30-46% (Richman and Ryan, 2003). Verbal language
disability and speech difficulties have been among the reasons for this high rate of learning
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disability (Richman and Ryan, 2003; Nopoulos et al., 2005; Gallagher and Collett, 2019). The
basis of such deficits was previously explained by multiple stress factors including repetitive
cleft repair surgeries, anesthesia, social stigma, aesthetics, and functional consequences such as
speech difficulty (Gallagher and Collett, 2019). However, the underlying mechanisms for these
deficits have not been clarified (Yang et al., 2012; Gallagher and Collett, 2019). The
neurocognitive, psychosocial, and persisting functional difficulties such as speech and hearing
greatly affects the quality of life of these patients (Feragen et al., 2014).

Orofacial clefts and brain development

New advances in research have provided evidence of a unified primary dysfunction of normal
brain and face development that could explain the higher rate of neuropsychiatric disorders in
the non-syndromic OFC population (Yang et al., 2012; Ansen-Wilson et al., 2018; Gallagher
and Collett, 2019).

Evidence of possible brain involvement in non-syndromic OFCs came from neuroimaging
studies that found brain structural differences in individuals with non-syndromic OFCs
compared to controls (Nopoulos et al., 2001, 2002a, 2005, 2007a, 2010a; Shriver et al., 2006;
Boes et al., 2007; Weinberg et al., 2009, 2013; Chollet et al., 2010, 2014; Conrad et al., 2010;
Tollefson and Sykes, 2010; Van Der Plas et al., 2010; Devolder et al., 2013; Adamson et al.,
2014; DeVolder et al., 2014, 2015). Observational studies further confirmed cognitive deficits
in some children with non-syndromic OFCs (Speltz, 2000; Nopoulos et al., 2002b, 2010b;
Conrad et al., 2008, 2009; Hardin-Jones and Chapman, 2011; Richman et al., 2012; Bodoni et
al., 2021), suggesting frontal and prefrontal cortical function impairment in some of these
children (Nopoulos et al., 2010a; Adamson et al., 2014; Chollet et al., 2014).

Cortical interneuronopathy in orofacial clefts

Cortical interneurons (cINs) are crucial for proper neurodevelopment as they regulate cortical
maturation necessary for normal cognition, learning and memory (Le Magueresse and Monyer,
2013). cINs make roughly 10-25% of neurons in the neocortex, and dynamically modulate
cortical activity through dual inhibitory and excitatory actions (Le Magueresse and Monyer,
2013; Ansen-Wilson and Lipinski, 2017). Impairement of cIN activity— such as altereted GABA
signalling, excitatory-inhibitory imbalance, and neuronal dysfunction— are involved in many
illnesses including neuropsychiatric disorders, executive function disorders, and seizures
(Marin, 2012; Abbas et al., 2018; Ansen-Wilson et al., 2018; Ferguson and Gao, 2018; Pfisterer
et al., 2020). Ansen-Winson et al. were among the first to provide evidence of a link between
abnormal development of cINs and orofacial clefting (Ansen-Wilson et al., 2018). Their results
revealed a shared developmental mechanism between primordial structures of the upper lip and
palate and cINs, occuring in both molecular synchrony and spatiotemporal proximity.
Primordial structures of the midface and cINs may therefore have shared sensitivities to genetic
and/or teratogenic insults, such as prenatal alcohol exposure (Skorput et al., 2015). The authors
further demonstrated that significant disruptions occur in the proliferation and migration of cINs
in OFC (Figure 2/11) and affects specifically the somatostatin-producing subtype of GABAergic
cINs. Gene expression analysis further revealed a relationship of known OFC genes with genes
involved in cIN development. Altogether, these results provided findings for a unified
maldevelopment of cIN and orofacial clefting that may explain the observed higher rate of
neuropsychiatric illnesses across the non-syndromic OFC population (Ansen-Wilson et al.,
2018).
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Figure 2/11. Migration of future cortical interneurons (cINs). Cells that arise from the medial
ganglionic eminence (MGE) and the lateral ganglionic eminence (LGE) of the telencephalon
(green) will migrate towards the cortex and develop into interneurons. Disruptions occur in the
proliferation and migration of cINs in OFCs and affects specifically the somatostatin-producing
subtype of GABAergic cINs which originate from the MGE (Ansen-Wilson et al., 2018).
Adapted from (Goffinet, 2006).
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Aims

The aim of the current thesis work was to analyze the clinical and mental outcomes of children
born with orofacial clefts (OFCs).

The first study aimed to identify Hungarian syndromic OFC patients and evaluate how their
genetic syndrome influenced the timing of the algorithm of cleft repair surgeries.

The second study aimed to identify a subpopulation of Hungarian children with non-syndromic
OFCs that are at risk for abnormal neurodevelopment by assessing their developmental history
and present cognitive functioning.

The final study aimed to summarize the available evidence on potential brain structural
differences in individuals with non-syndromic OFCs and their matched controls.
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Materials, methods, and statistical analysis

Study |

Participants
The records of syndromic and non-syndromic CLP patients managed by the Pécs Cleft Team

between January 1999 and December 2015 were analyzed retrospectively. Detailed clinical
documentation of all patients, including genetic and epidemiological data, was required for
inclusion in the study.

Data collection and statistical analyses

The data were collected retrospectively without personal identifying details. Special permission
was obtained and granted for data collection from the Hungarian Congenital Abnormality
Registry (HCAR). The Ethics Committee of the University of Pécs waived the need for ethical
approval and the need to obtain consent for this study. The reason for this waiver was the
retrospective nature of this study and the anonymized nature of the data used in the study. All
procedures performed in the study were conducted in accordance with the ethics standards
given in the 1964 Declaration of Helsinki, as revised in 2013.

The Online Mendelian Inheritance in Man database (OMIM) was used to identify the genetic
syndromes. Epidemiological data were obtained from the HCAR. Special emphasis was placed
on the syndromic features of the patients and their associated anomalies. The timing of the CL
and/or CLP repair was recorded and was compared with the algorithm used for non-syndromic
cleft patients. The type and timing of the surgeries or interventions unrelated to the clefts were
listed and categorized. The study used descriptive statistics consisting of percentages and
frequencies of the surgical interventions, presenting syndromes and participants of the study.
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Study I

Participants
A single-center, case-controlled study was carried out at the Department of Pediatrics of the

University of Pécs between July 2020 and March 2022. The study was approved by the
Regional Ethics Committee of the University of Pécs (approval number: 7967-PTE 2020) and
was performed according to the principles of the Declaration of Helsinki. All participating
children with non-syndromic OFCs were patients of the Pécs Cleft Team. Medical geneticists
examined all participants of the cleft group to rule out the presence of additional congenital
malformations and/or underlying syndromes. Controls were recruited from the community of
Baranya County, specifically from public elementary, high schools, and post advertisements on
social media. The inclusion criteria for the OFC group consisted of the following: children with
non-syndromic forms of OFC, 6-16 years old and an 1Q>70. An OFC was considered non-
syndromic when the cleft was the only single malformation without additional physical or
developmental anomalies (Bjernland et al., 2021). The inclusion criteria of the controls
included the following: healthy children born without OFCs, 616 years old and 1Q > 70.

Materials

The study consisted of three phases including questionnaires to collect retrospective clinical
data and psychometric tools to assess executive functioning and Intelligence Quotient (1Q).
Initially all psychometric tests were completed on site. The study was converted into an online
platform due to restrictions related to the ongoing COVID-19 pandemic at the time.
Measurements that required in-person completion (IQ test) were postponed onto a later period
once the pandemic situation improved.

The Hungarian version of the Child Behavior Checklist (CBCL) was used to screen for
behavioral and emotional problems in children and adolescents for the previous six months
(Achenbach, 1991; Rozsa S et al., 1999). A parental questionnaire was developed for the study
to collect demographic data (Appendix 1). This included prenatal and postnatal history, birth,
motor and language development, education, previous psychiatric treatment, and history of
somatic and neuropsychiatric disorders. Parental socio-economic data were additionally
collected, including parental age, education, and employment status. Parents were also asked
about a possible family history of neuropsychiatric disorders and/or any previous psychiatric
treatment.

Four computer-based tests were used to assess the main domains of executive functioning. All
tests were provided by the Psyway Hungarian psychometric website and all tests are
standardized and norm-referenced (PsyWay, 2020). The official Hungarian version of the
WISC-IV (Nagyné Réz et al., 2007) was used to measure full-scale 1Q, which was important
for the assessment of executive functioning (Grizzle, 2011; Ardila, 2018). Each cognitive test
is summarized in Table 1.
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Table 1. Cognitive tests used in the study to measure executive functioning.

Cognitive test

EF domain(s) measured

Main outcome measures used in the
study

Stroop test

Tower of London

Corsi Block-
Tapping Test

Continuous
Performance
Task

Cognitive
flexibility(Diamond, 2013;
Parris, 2014; Scarpina and
Tagini, 2017)

Planning ability and
working memory (Bull et
al., 2004; Unterrainer et al.,
2004; Kaller et al., 2011;
Naidoo et al., 2019)

Visuo-spatial working
memory (Kessels et al.,
2000; Brunetti et al., 2014)

Attention (Conners, 2014;
Roebuck et al., 2016)

Inhibition of cognitive interference:
speed and accuracy of the response

Total correctly solved trials, total rule
violation, mean execution time,
average number of trials and weighted
performance score

Block-span

Detectability (%), omissions (%) and
commissions (%)
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Statistical analysis

Statistical analysis was carried out using IBM SPSS Statistics 28 Software. A descriptive
statistical analysis was performed. The primary aim of the analysis was to compare the
differences in the results of cognitive test for executive function assessment (London Tower,
Stroop, Corsi, and Continuous Performance Test), 1Q (WISC-1V), the CBCL questionnaire
(Child Behavior Checklist), and the demographic parameters between the two study groups.

Occupational statuses of the parents were classified as follows: employed, not employed, or
retired. Academic levels of the parents were initially grouped into basic (elementary, lower
secondary education), intermediate (upper secondary) and advanced (college or university). We
later grouped these levels as either higher education (upper secondary education, college, or
university) or lower education (elementary, lower secondary education) to increase statistical
power.

The raw score is an untransformed score from a measurement of the above listed cognitive tests
and the CBCL questionnaire. The raw scores were converted into a scale called T-score scale,
which assumes a normal distribution with the mean =50 and the standard deviation = 10. The
T-scores of all psychometric tests were expressed as means + standard deviations. The
categorical data of the cleft and control groups were analyzed using contingency tables and the
chi-squared or Fischer’s test, as appropriate. For quantitative variables, two-sided independent
samples Student’s t-test were used. The Welch test was applied in cases when the variance was
not homogenous. Analysis of variance (ANOVA) was used to test the difference among more
than two groups (e.g., in case of analysis based on the type of cleft). These variables follow a
normal distribution. Statistical significance was established as a value of p <0.05. Effect sizes
were defined as Cohen’s d value in case of two independent groups, 12 in case of ANOVA test,
and ¢ value in case of Chi-square test (Coe, 2002).
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Study Il1

Materials

The current meta-analysis was registered in PROSPERO (International Prospective Register of
Systematic Reviews; RRID:SCR_019061, identifier CRD42020167773), and is reported
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
(PRISMA 2020, RRID:SCR_018721) guideline (Page et al., 2021).The data that was retrieved
and analysed for this study was initially acquired by primary investigators who obtained
informed consent from participants. Ethical approval was therefore deemed not necessary for
the current study.

Database searches

MEDLINE, Scopus, Cochrane Central Register of Controlled Trials, Web of Science and
Embase were systematically searched in September 2020 for case-control studies that reported
structural brain MRI in individuals with non-syndromic OFCs and healthy controls.

Study selection and data extraction

The following criteria had to be met for inclusion into the study: (1) Case-control studies with
humans; (2) Individuals with non-syndromic (isolated) OFCs, without restriction to age; (3)
Healthy controls; (4) Structural brain differences of individuals with non-syndromic OFCs vs.
their controls as a relevant outcome: structural differences had to be explored with brain MRI.
No restrictions were applied for language. The publication was excluded if it had any of the
following: (1) Animal studies (2) Individuals with syndromes (syndromic forms of OFCs, such
as Pierre-Robin sequence or Velocardiofacial syndrome).

Two review authors independently screened studies for eligibility, extracted data and assessed
risk of bias with the Newcastle-Ottawa Scale (Wells et al., 2000). Any differences between the
two reviewers were settled by consensus after consulting a third author. Additional sources
were also screened (hand searching, reference/citation lists) to identify articles that may
potentially meet the inclusion criteria. Study setting (design, institution, country), patient
demographics (number, age, sex, ethnicity, gender, type of OFCs, brain imaging details, data
processing) and outcome measurement details (general and regional brain MRI measurements)
were collected. Any data that were not described in the article were calculated from existing
data or were obtained by contacting the authors.

The primary outcome measures were structural differences of the brain of individuals with
OFCs vs. individuals without OFCs (controls) investigated via MRI. Other sought outcomes
included the correlation between observed structural brain differences and alterations in
neurological and/or mental functioning.

23



Statistical analysis

Review Manager Software Version 5.4 was used for data synthesis (Cochrane, 2020). The
random-effects model was chosen a priori as the primary method to estimate all pooled
estimates for studies that were comparable in design, exposure, and outcomes. This model was
used to account for the differences within study populations such as age, sex, and type of OFCs.
Mean Differences (MDs) and their corresponding 95% confidence intervals (Cl 95%) were
used for continuous outcomes.

The extent and impact of between-study heterogeneity was assessed by inspecting the forest
plots and by calculating the tau-squared and the I-squared statistics, respectively. The I-squared
thresholds represented heterogeneity that may not be important (0-40%), moderate (30-60%),
substantial (50-90%), or considerable (75-100%). Possible sources of heterogeneity in meta-
analyses were sought through pre-specified mixed-effects subgroup analyses if at least two
studies were included for a comparison (same intervention/outcome). Pre-defined subgroup
analyses included: (i) age; (ii) sex; (iii) ethnicity; (iv) cleft form (non-syndromic vs. syndromic).
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Results

Study |

Syndromes and cleft types

A total of 607 patients were managed by the cleft team during the study between 1999 and
2015. Among the patients, 25 children (4.1%) had associated anomalies and sixteen patients
(2.6%) were noted to be afflicted with a particular identifiable syndrome. Ten patients (60%)
were boys and six (40%) were girls of the syndromic CLP group. The majority of the syndromic
CLP patients had CP only (n = 13, 81%). Seven different genetic syndromes and one sequence
were present in the study. The Pierre Robin sequence occurred most often, comprising 50% of
the cohort. The other syndromes observed in the cohort included: Smith-Lemli Opitz syndrome,
Dandy—Walker syndrome, DiGeorge syndrome, Ectrodactyly-ectodermal dysplasia-clefting
syndrome, Treacher Collins syndrome, Turner syndrome, and Weissenbacher—Zweymiiller
syndrome (Figure 3).

9
8
7
6
5
4
3
2
1 HEEEERENR
0 . Weissenba
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. Lemli- . y DiGeorge| EEC . Turner N
Robin . Walker Collins Zweymiill
) Opitz ) syndrome | syndrome ) syndrome )
syndrome syndrome syndrome er
syndrome )
syndrome
| = No. of patients 8 2 1 1 1 1 1 1

Figure 3. The distribution of the eight genetic syndromes present in the cohort (Sdndor-Bajusz,
Maros, Olasz et al., Annals of Maxillofacial Surgery, 2021).
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Modified treatment algorithm

The treatment algorithm used by the PCT in managing non-syndromic clefts required
modification in 13 of the 16 syndromic patients (81%). The timing of the cleft repair procedure
in the syndromic cohort is illustrated in Figure 4. There were notable delays in the timing of the
palate repair in syndromic patients. In two syndromic patients, the palatoplasty procedure was
completed much later, at four years of age. In addition, 15 patients underwent additional
surgeries due to the presence of the syndromes and associated medical conditions, including
heart and urogenital tract diseases (Figure 5). These operations had of necessity priority over
cleft repair. Tracheostomies were needed in three patients with PRS. Secondary operations for
CLP were required in six patients (37.5%). Speech improvement operations or pharyngoplasty
and tympanostomy tube placements were the most common secondary operations and were

mainly required by PRS patients.

Patient 16
Patient 15
Patient 14
Patient 13
Patient 12
Patient 11

E Patient 10
Patient 9

Patient 8

Syndromic child

Patient 7
Patient 6
Patient 5
Patient 4
Patient 3
Patient 2

Patient 1

Figure 4. The timing of the cleft repair surgery for syndromic patients (Sandor-Bajusz, Maros,
Olasz et al.
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, Annals of Maxillofacial Surgery, 2021).
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Figure 5. The distribution of additional surgeries for the affected organ system(s) for syndromic
patients (Sandor-Bajusz, Maros, Olasz et al., Annals of Maxillofacial Surgery, 2021).
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Study I

We recruited 43 children with non-syndromic OFCs and 44 controls for the study. Past medical
history revealed two syndromic OFCs and these participants were excluded from the study. One
participant of the cleft group was lost to follow up. The data of 84 study participants were

analyzed (Figure 6).

Phase 1

Questionnaires

Phase 2

Measurement of EF

Phase 3

1Q test

PARTICIPANTS
CLP: 43
Control: 44

/ Demographic Questionnaire \

CLP: 40
Control: 44

CBCL Questionnaire (sent via email)
1. Parents:
CLP: 37
Control: 44

2. Children (211 years):

CLP: 28

\ Control: 24 /

EF tasks online
CLP: 32
Control: 42

WISC-IV 1Q Test
in person
CLP: 32
Control: 43

Drop out:

Not responded: 1
Syndromic oral clefts: 2

Figure 6. Study flow. The analyses were divided into three phases. The number of the
participants are provided for each phase (CLP: cleft lip and/or palate group, EF: Executive
function, 1Q: Intelligence Quotient) (Sdndor-Bajusz, Dergez, Molndr, et al., Frontiers in

Psychology, 2023).
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Child Behavioral Checklist

Two dimensions of the Self-Report CBCL showed significant differences between the groups:
Cleft children reported higher symptoms of affective problems, while controls reported greater
symptoms of externalization, somatic, attention, oppositional, and behavioral problems. (Table
2). Parents of controls reported higher symptoms across all scales of the CBCL compared to

parents of the cleft group, with small effect sizes (Table 3).

Table 2. Results of the CBCL Self-Report. Data are presented as means and standard deviations

(SD) (Sdandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Scales Group n Mean+SD pvalue  Cohen’sd
Internalization Control 28 52.57+10.57

Cleft 24 54.17+14.00  0.64 0.13
Externalization Control 28 53.29+8.68

Cleft 24 47.83+8.05 0.024*  0.65
Affective problems Control 28 50.39+8.42

Cleft 24 53.08+13.10  0.39 0.24
Anxiety Control 28 49.50+10.16

Cleft 24 50.71+11.75  0.69 0.11
Somatic problems Control 28 51.60+11.54

Cleft 24 49.42+9.37 0.46 0.21
Attention Control 28 54.89+10.83
deficit/hyperactivity Cleft 24 51.67+8.29 0.24 0.33
Oppositional defiance Control 28 54.25+10.60

Cleft 24 48.13+11.15  0.048*  0.56
Behavioral problems Control 28 51.32+7.61

Cleft 24 48.46+7.90 0.19 0.37
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Table 3. Results of the CBCL Parental Report. Data are provided in means (M) and standard
deviations (SD) (Sandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Scales Group n M=SD pvalue  Cohen’sd
Internalization Control 44 54.15+15.70

Cleft 37 51.51+10.08 0.31 0.23
Externalization Control 44 50.18+7.72

Cleft 37 47.49+8.36 0.15 0.32
Affective problems Control 44 54.98+14.42

Cleft 37 52.57£10.26 0.35 0.21
Anxiety Control 44 51.16+13.44

Cleft 37 49.784+9.56 0.54 0.12
Somatic problems Control 44 54.91+14.64

Cleft 37 54.12+13.09 0.74 0.08
Attention Control 44 52.49+12.04
deficithyperactivity. o 37 49.97:806 031 023
Oppositional Control 44 51.2749.82
defiance Cleft 37 47549 51 011 036
Behavioral Control 44 49.29+6.79
problems Cleft 37 47382762 025 026
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Demographic data of children

Cleft status

Three subtypes of OFCs were present in the cleft group: 45% with cleft lip and palate (CLP),
37.5% with cleft lip (CL) and 17.5% with cleft palate (CP). Left-sided (32.5%) and bilateral
(32.5%) OFCs were the most common. Overall, 29.16% of the cleft group reported their
repaired OFCs as a current medical condition. All participants of the cleft group had repaired
clefts, and none of these children had persistent hearing deficiency. More than half of the cleft
group was represented by boys (56.6%), while controls had more girl participants (67.7%,
p=0.031, $=0.24). There were no significant differences between the age of cleft versus
controls (Table 4).
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Table 4. Demographic data of the study groups. Data are presented as means and standard
deviations (SD). The number of participants is provided for each variable (n). Units are
provided for each measurement. Overall academic score was provided according to the 5-point
grade system used in Hungary, which defines 1 as insufficient, 2 as sufficient, 3 as satisfactory,
4 as good, and 5 as excellent (Sdndor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology,
2023).

Variable Cleft group n Controlgroup n p value Cohen’s
(mean + SD) (mean + SD) d

Age 12.00+£2.62 39 11.77£2.63 44 0.69 0.09

Education

Academic year 6.17+£2.38 39  6.06x2.75 44  0.99 0.04

Overall academic 4.45+0.51 38  4.46+0.58 43 0.95 0.02

score

Birth

Week of delivery 38.97+£2.19 39 39.20+1.62 44 0.59 0.12

APGAR score 1 8.88+0.62 36  8.97+0.52 41  0.58 0.16

APGAR score 2 9.77+0.59 36  9.97+0.15 41 0.031* 0.48

Birth weight (g) 3414.87+614.58 39  3488.31+618.23 44 0.59 0.12

Birth height (cm) 51.76+4.08 38 50.43+3.32 44 011 0.36

Head circumference  34.75+1.51 16 34.43+1.90 30 0.57 0.19

(cm)

Motor

development

Rolls over (months)  3.97+0.93 39 4.17+1.02 40 0.37 0.20

Sits (months) 6.50£1.55 38  7.29+2.00 41 0.06 0.44

Crawls (months) 8.61+1.74 38  8.47+1.80 41  0.73 0.08

Walks (months) 11.88+1.38 39 12.02+1.64 43 0.68 0.09

Potty-trained (years) 2.71+0.84 39  2.3440.54 42 0.008* 0.53

Language

development

First words 15.00 £7.65 39 13.50+4.83 37 053 0.23

(months)

Two-word phrases  24.43+9.77 38 19.52+6.11 34 0.039* 0.60

(months)

Coherent sentences  2.50+0.75 38  2.22+0.59 38 0.055 0.41

(year)

Parental SES

Gravidity of mother  2.44+1.37 39  2.66+1.94 44  0.99 0.13

Mother’s age 42.79+4.43 39  44.67+4.57 43 0.063 042

Father’s age 45.71£5.06 39  48.13+5.24 43 0.037* 0.47
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Past psychiatric history and academic performance

We observed a higher proportion of psychiatric disorders in the cleft group (15%) compared to
controls (4.5%; p =0.14, ¢ = 0.18). The cleft group received previous psychiatric therapy more
often (15%) than controls (0%; p =0.009, ¢ = 0.29). The reported psychiatric diagnoses were
ADHD (50%), borderline personality disorder (12.5%), learning disability (12.5%), depression
(12.5%) and anxiety disorder (12.5%). Children in the cleft group required additional support
for learning, psychological and physical well-being during their education more often than
controls (p <0.001, ¢ = 0.49), specifically speech and language therapy (p <0.001, ¢ = 0.51).
Overall, 4.5% of controls reported having a psychiatric comorbidity, which included dyslexia
(50%) and ADHD (50%).

Preschool integration was significantly more difficult for the cleft group compared to controls
(p =0.025, ¢ = 0.26). Both study groups did well later in preschool without requiring grade
repetition (p =0.96, ¢ = 0.005). Children of the cleft group were examined by pedagogical
professional services more often than controls (p <0.001, ¢ = 0.49). Participants in the cleft
group required special education plans more often than controls (p =0.016, ¢ = 0.29). There
were no differences in the rate of elementary grade repetition between clefts and controls (p
=0.60, ¢ = 0.073). We observed no differences in the overall academic score; both clefts and
controls achieved a good overall score in the current academic year (Table 4).

Pregnancy and developmental history

All participating children were born full-term via uncomplicated births. Apgar score at 5 min
was lower in the cleft group (p=0.031, d = 0.48, Table 4). No differences were observed in the
total number of pregnancies, and natural and caesarian delivery (p=0.63, ¢ = 0.05). No
differences were observed in the week of delivery, head circumference and birthweight between
the two study groups (Table 4). The need for postnatal supportive care did not differ between
clefts and controls (respiratory support, surfactant therapy, phototherapy, antibiotics, and
transfusions; p=0.23, ¢ = 0.13).

Mothers of the cleft group reported feeding (p=0.007, ¢ = 0.29) and hearing (p <0.001, ¢ =
0.51) difficulties more often than mothers of controls. The cleft group developed motor skills
(roll over, sitting) later than controls, however the effect sizes were small (Table 4). The cleft
group was potty trained at an older age than controls (p = 0.008, d = 0.53, Table 4). Parents of
the cleft group reported that their children were able to form two-word sentences at a later age
compared to reports of parents of controls (p= 0.039, d= 0,60, Table 4). First words and
coherent sentences were also spoken later by children in the cleft group (Table 4).

Demographic data of parents

Parents of the control group were older at the time of assessment than those of the cleft group
(Table 4). Most parents of clefts (70.0%) and controls (69.8%) were married, and no differences
were observed between the relationship statuses of parents of both groups (p=0.47, ¢ =0.08).
The employment statuses of fathers (p = 0.42, ¢ = 0.25) and mothers (p =0.86, ¢ = 0.19) did
not differ between the two groups.

Past psychiatric and academic history

The majority of reported psychiatric diagnoses in the family of the cleft group were depression
(75%) and anxiety disorders (25%). History of psychiatric disorders was more often reported
by parents of controls (27.3%) compared to clefts (7.5%; p =0.010, ¢ = 0.39). One parent of
the control group reported to have history of anxiety, but most parents did not further specify
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these conditions. Fathers of the control group achieved a higher degree of education than fathers
of the cleft group who had lower secondary education (p= 0.024, ¢ =0.25). There were no
differences in the mother’s level of education between the two study groups (p =0.29, ¢ = 0.12).
Most parents completed high school and/or had a university degree.

Cognitive functioning

The CPT revealed differences between the two groups: the cleft group scored lower on
detectability (%) than controls (p= 0.022, d= 0.55, Table 5). They also missed more targets
than controls (p=0.058, d = 0.46, Table 5). We did not observed differences for the remaining
cognitive test results (Tables 6-8). Controls scored higher on the PRI and WMI subtests of the
IQ test (Table 9). None of the participants scored below average in any of the dimensions of
the WISC-1V.

Table 5. Results of the CPT (Continuous Performance Task). Data are presented as means and
standard deviations (SD) (Sdndor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology,
2023).

Performance measures  Group n Mean+SD p value Cohen’s
d

Detectability (%0) control 41 59.46+14.90

cleft 32 51.03+15.66 0.022* 0.55
Omission errors (%) control 41 59.54+13.00
(missed targets) cleft 32 53.84-11.84 0.058 0.46
Commission errors (%)  control 41 52.00+12.21
(false response without cleft 32 54281449 0.47 0.17
target) ' '
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Table 6. Results of the Stroop test. Data are provided in means (M) and standard deviations
(SD) (Sdandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Interference Group n MESD p value Cohen’s d
Speed control 42 48.93+6.66
0.48 0.16
cleft 32 47.67+8.59
Accuracy control 42 46.21+14.63
0.28 0.26
cleft 32 49.72+12.52

Table 7. Corsi Block Span Test. Data are provided in means (M) and standard deviations (SD)
(Sandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Performance Group n M=SD p value Cohen’s d
measure
Block Span control 42 53.67+11.39
0.50 0.16
cleft 32 55.3849.60
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Table 8. Results of the TOL (Tower of London Task). Data are provided in means (M) and
standard deviations (SD) (Sdndor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology,
2023).

Performance Group n M=SD p value Cohen’s d
measures
Total correctly control 40 49.03+11.88
solved trials
0.70 0.09
cleft 31 47.81+14.84
Total rule violation  control 40 49.03+11.88
0.77 0.07
cleft 31 49.90+12.88
Mean execution control 40 37.53+15.84
time
0.97 0.01
cleft 31 37.35+16.41
Average number of  control 40 41.18+14.68
trials
0.51 0.16
cleft 31 43.48+14.38
Weighted control 40 54.93+11.73

performance score
0.83 0.05

cleft 31 54.32+11.18
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Table 9. The IQ scores of both study groups. Data are provided in means (M) and standard
deviations (SD). All four indexes of the 1Q were measured, and a full-scale 1Q (FS-1Q) score is
provided below (VCI: Verbal Comprehension Index, PRI: Perceptual Reasoning Index, WMI:
Working Memory Index, PSI: Processing Speed Index) (Sdandor-Bajusz, Dergez, Molnar et al.,
Frontiers in Psychology, 2023).

Group n M=+SD p value Cohen’s d
Age Control 43 11.60+2.74
0.48 0.17
Cleft 32 12.03+2.39
VCI Control 43 116.91+10.75
0.66 0.10
Cleft 32 115.72+12.35
PRI Control 43 109.16£12.90
0.35 0.22
Cleft 32 106.63+9.60
WMI Control 43 107.12+13.87
0.29 0.25
Cleft 32 103.78+12.47
PSI Control 43 102.88+10.00
0.59 0.12
Cleft 32 104.22+11.47
FS-1Q Control 43 112.72+12.05
0.49 0.16
Cleft 32 110.81+11.12
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Subgroup analysis of the cleft group

We hypothesized that the more complex cleft subtypes would obtain lower scores on the 1Q
test, and present with a history of atypical neurodevelopment, psychiatric disorders, and
academic difficulties. We further assumed that early interventions for speech and language
would positively impact cognitive development, and the later would be reflected in the 1Q score
of these children.

A total of 10 girls and 30 boys were tested in the cleft group (Table 10). Boys became potty-
trained earlier (2.39 years) than girls (3.50 years; p=0.037, d = 0.79). Hearing difficulties were
in highest proportion for CP (57.1%) than for CL (13.3%) and CLP (44.4%) however with small
effect size (p=0 0.063, d= 0.36). In the analysis according to types of clefts, CLP was the
subtype that was most often referred to special education services: CLP in 72%, CL in 40%,
and CP in 14% of the cases (p= 0.023, d= 0.29). CLP subtype was also diagnosed with
psychiatric comorbidities in highest proportion (22.2%) compared to CL (13.3%) and CP (0%)
(p=10.53,d=0.22). CLP subtype had additionally received previous psychiatric care in highest
proportion (22.2%) compared to the rest of the cleft subtypes (p= 0.61, d= 0.23). Bilateral
(30.8%) and left-sided clefts (15.4%) presented the highest proportion of psychiatric diagnoses
(p=0.27,d=0.35).

Table 10. Demographical data of the orofacial cleft group. CLP: cleft lip and palate, CP: cleft
palate only, CL.: cleft lip (Sandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Variable n
Age

Younger group (6-11 years) 18
Older group (12-16 years) 22
Sex

Male 30
Female 10
Type of orofacial cleft

CLP 18
CP 7
CL 15
Side of orofacial cleft

Right 8
Left 13
Bilateral 13
Midline 6
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Parental socioeconomic status and children’s cognitive performance

We explored variables of parental SES that may influence the outcome of academic and
cognitive performance of the OFC group. Children who had fathers with a high academic
background reached a higher overall academic average (p= 0.005, d= 1.02). Children with
mothers of a high academic background also reached a higher overall academic average (Table
11). The same pattern was observed for the 1Q scores: children who scored higher on almost all
indexes of the 1Q had parents with a higher academic background (Tables 12 and 13). A total
of 44.4% of cleft children with single parents had a psychiatric condition(s), while only 6.5%
had psychiatric condition(s) when raised by married parents (p=0.016, d = 0.44).

Table 11. Parental level of education in relation to overall academic average of the cleft group
(Sandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

Level of education n Mean+SD p value Cohen’s d
Father High 25 4.60+£0.42

Low 14 4.11+0.57 0.005* 1,02
Mother High 29 4.62+0.42

Low 10 3.85+0.38 <0.001* 1.88
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Table 12. Fathers level of education in relation to the 1Q scores of the cleft group. Data are
provided in means (M) and standard deviations (SD). FS-1Q: Full-scale 1Q, VCI: Verbal
Comprehension Index, PRI: Perceptual Reasoning Index, WMI: Working Memory Index, PSI:
Processing Speed Index (Sdndor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

1Q Indexes Fathers level n M=SD p value Cohen’s d
of education

FS-1Q Low 11 103.8249.11
0011*  1.04
High 20 114.15£10.61
VClI Low 11 111.36+10.54
0.20 0.50
High 20 117.20£12.63
PRI Low 11 101.82+10.33
0.044* 077
High 20 109.10+8.57
WMI Low 11 97.09+10.75
0.028*  0.88
High 20 107.35+12.38
PSI Low 11 97.91+9.87
0.026*  0.90
High 20 107.45+11.33
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Table 13. Mothers level of education in relation to the 1Q scores of the cleft group. Data are
provided in means (M) and standard deviations (SD). FS-1Q: Full-scale 1Q, VCI: Verbal
Comprehension Index, PRI: Perceptual Reasoning Index, WMI: Working Memory Index, PSI:
Processing Speed Index (Sdandor-Bajusz, Dergez, Molnar et al., Frontiers in Psychology, 2023).

1Q Indexes Mothers level n M=SD p value Cohen’s d
of education

FS-1Q Low 7 101.714+6.70
0.015* 1.25
High 24 113.04+10.96
VCI Low 7 109.7149.25
0.18 0.64
High 24 116.71£12.52
PRI Low 7 96.29+6.78
0.001* 1.73
High 24 109.51+8.39
WMI Low 7 96.294+9.62
0.078 0.85
High 24 105.88+12.78
PSI Low 7 101.86+12.67
0.58 0.23
High level 24 104.70+£11.52
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Speech and language therapy and the 1Q score

We explored the effect of speech and language therapy on 1Q scores and overall academic
average. FS-1Q and VCI scores were higher for children who received therapy (Table 14).
Overall academic average was higher for cleft participants who did not receive therapy,
although with small effect size (Table 14). A one-way ANOVA was performed to compare the
effect of the affected side of the cleft (left, right, bilateral and midline) on IQ scores. We
observed differences for continuous variables in WMI when tested by the affected side (p=
0.037,m2 =0.27, Table 15).

Table 14. Effect of speech and language therapy on 1Q scores and overall academic average.
FS-1Q: Full-scale 1Q, VCI: Verbal Comprehension Index, PRI: Perceptual Reasoning Index,
WMI: Working Memory Index, PSI: Processing Speed Index (Sandor-Bajusz, Dergez, Molnar
et al., Frontiers in Psychology, 2023).

Cognitive Speech and n Mean+SD p value Cohen’s
performance language d

therapy
FS-1Q No 16 107.06+10.77

Received 15 114.13+10.68 0.077 0.66
VCI No 16 109.44+10.73

Received 15 121.20+10.63 0.005* 110
PRI No 16 104.50+10.67

Received 15 108.67+8.44 0.24 0.43
WMI No 16 102.38+13.88

Received 15 105.13+11.54 0.55 0.22
PSI No 16 103.63+9.02

Received 15 104.53+14.22 0.83 0.07
Overall academic No 18 4.54+0.48
average Received 21 4.33+0.56 0.22 0.40
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Table 15. Results of one-way ANOVA which was performed to compare the effect of the affected side of
the cleft on 1Q. VCI. Verbal Comprehension Index, PRI: Perceptual Reasoning Index, WMI: Working
Memory Index, PSI: Processing Speed Index, FS-1Q: Full-scale 1Q (Sdndor-Bajusz, Dergez, Molndr et al.,
Frontiers in Psychology, 2023).

n Affected side M=SD p n?
FS-1Q 5 right 118.00+12.31
12 left 108.83+9.01
0.34 0.12
10 midline 107.60+12.25
4 bilateral 113.25+£12.20
VCI 5 right 116.60+14,54
12 left 116.83+9.55
0.85 0.029
10 midline 112.30+14.84
4 bilateral 115.25+11.90
PRI 5 right 112.80+7.95
12 left 106.33+£8.94
0.33 0.12
10 midline 103.00+11.44
4 bilateral 108.00+£8.16
WMI 5 right 117.20£10.99
12 left 98.17£11.24
0.037 0.27
10 midline 103.50+11.11
4 bilateral 104.00+13.54
PSI 5 right 108.00+10.02
12 left 100.58+9.65
0.36 0.11
10 midline 103.30+12.91
4 bilateral 111.50+14.98
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Study 111

Systematic literature review

A total of 257 records were identified following the database searches. Of this total, 245 records
underwent title and abstract screening following duplicate removal and 32 records were
retrieved and assessed for eligibility. Two records were additionally identified by
handsearching, and only one met the inclusion criteria (Yang et al., 2012). Three records
included individuals diagnosed with VVan der Woude syndrome (Nopoulos et al., 2000, 2002a,
2005). These records were included in the current systematic review as none of the syndromic
individuals exceeded 15% of total cleft participants. The study selection process is shown in
the flow diagram of Figure 7.

Fifteen records seemed to meet the inclusion criteria; however, they were excluded during the
full-text screening process. The reasons for exclusion were as follows: absence of a control
group (n = 3) (Shen and Huang, 1996; Mueller et al., 2007; Zheng et al., 2019), conference
abstracts or commentaries (n = 4) (Chollet et al., 2010; Tollefson and Sykes, 2010; DeVolder
et al., 2014, 2015), wrong study population that only included syndromic cases of OFCs (n =
2) (Nopoulos et al., 2007c, 2007b), absence of neuroimaging (n = 5) (Ceponien= et al., 1999;
Scott et al., 2005; Kummer et al., 2007; Conrad et al., 2008; Watkins et al., 2018), or
neuroimaging other than brain MRI (n = 1 (Becker et al., 2008). The study characteristics are
presented in Tables 16 and 17. The study size ranged between 24 and 234 participants. Most of
the participants were males of Caucasian ethnicity, and the majority were children.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources

Identification of via and reg Identification of studies via other methods
o i = ) \ e ik =
§ Records removed before
| Records identified from: screening: Records identified from:
g Databases (n =257 ) > Duplicate records removed Citation searching (n =2 )
€ (n=12)
3
S
P Y
Records screened »| Records excluded
(n=245) (n=213)
A4 v
Reports sought for retrieval Reports sought for retrieval
= (n=32) (n=2)
£
; ] I
Reports assessed for eligibility Reports excluded: Reports assessed for eligibilit
(n=32) — Wrong intervention (n =1) n 52 ) gl >
Conference abstract (n =3 ) Reports excluded:
No controls (n =3 ) No controls (n=1)
Wrong population (n=2 )
Commentary (n=1)
Wrong outcomes (n=5 )
v
+ Studies included in review
3 (n=10)
° Reports of included studies
£ (n=18)
)

Figure 7. Flow diagram of the study selection process (Sdndor-Bajusz, Sadi, Varga et al.,
Frontiers in Neuroanatomy, 2022).
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Table 16. Characteristics of included studies (Sandor-Bajusz, Sadi, Varga et al., Frontiers in
Neuroanatomy, 2022).

References

MNopoulos et al. (2000)
MNopoulos et al. (2001)
Mopoulos et al. (2002)

MNopoulos et al. (2005)
(Nopaulas, 20024)

Shriver et al. (2008)
(Nopoulos, 2002B)

Nopoulos et al. (2007¢)

Boes et al. (2007)
(Nopoulos, 2007 4)

Weinbarg et al. (2009)

van der Plas et al. (2010)
(Nopoulos, 2007E)

MNopoulos et al. (2010)
(Nopoulos, 20078)

Conrad ct al. (2010)
{Nopoulos, 2007C)

Devolder et al. (2013)
(Nopoulas, 20070)

Yang et al. (2012)
Weinkerg et al. (2013)
Adamsen et al. (2014)
Chollet et al. (2014)

{Nopoulos, 2007F)

Bodoni et al, (2021)

Lietal (2020)

Country

United States

United States

United States
United States

United States

United States

United States

United States
United States

United States

United States

United States

China

United States

Australia
United States

Brazil

China

Study participants
present in another
reference?

Mo

No

No
Same study cohort as
{Nopoulos et al., 2002)
Same patient
population as
{Nopoulos et al., 2002)

No

Subset of cleft
participants from
MNopoulos et al. (2007c)
No
Participants of bath
groups were part of
another study
(Nopoulos et al., 2007c)
Subset of cleft
participants from
Nopoulos et al. (2007¢)
Cleft MRl results from
MNeopaoulos et al. (2007c)

Subset of participants
of two previous studies
from Nopoulos et al.
{2007¢) and Conrad
et l. (2010)

Ng

No

No

MRI data from previous
study by Nopoulos
et al. {2007¢)

No

Mo

Inglusion

Adult males (18 +) with non-syndromic
oral clefts

Adult males with nen-syndromic oral
clefts
Mon-syndromic oral clefts

Aduft males (18 4 with noen-syndromic
clefts

Adult males (18 +) with nen-syndromic
oral clefts

Children with nan-syndromic oral clefts

Boys with non-syndromic oral clefts

Adult males {18 +)
Children with unilateral CLP or CL only

Boys with non-syndromic oral clefts

Children with non-syndromic cral clefts

Children with non-syndromic cral clefts

Full-term birth, uncomplicated delivery,
non-syndromic oral cleft

Males, non-syndromic oral clefts,
Imited to 18-50 vear old

Children with non-syndromic oral clefts
Children with non-syndromic cral clefts

Children with nan-syndromic oral clefts

N/A

Exclusion

Cangenital syndromes
Congenital syndromes

Congenital syndromes
Congenital syndromes

Genetic syndrome, serious, active
medical or neurologic disease or active
substance abuse/dependence,
psychiatric disorders
Braces (artifact in MR scan), IQ < 70,
genetic syndrome
Genetic syndromes, serious medical or
neurclogical disease

N/A
CP, bilateral CLP or CL, genetic
syndromes, serious medical and
neurclogical disease

Braces (creates artifact in MRI scan),
G < 70, genetic syndrome

Genetic syndromes, significant hearing
loss {requiring a hearing aid), braces,
history of head trauma, brain tumer or
epilepsy.
Braces (artifact in MRl scan), IQ < 70

Cangenital syndromes, other chronic
health disorders

Congenital syndromes

Genetic syndromes
Braces, FSIQ < 70, genetic syndromes

Sensory or motor prablerns, psychiatric
disorders, claustrophobia,
contraindications to MRI
Brain structural abnormalities,
neurclogical or psychiatric disorders, and
MRI contraindications

28

124

g2
92

89

148

73

86
80

110

86

234

54

64

52
96

24

684

N, population size; CLP Cleft lip and pafate; CP Cleft pafate; CL, Cleft ip.
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Table 17. Demographic data of included studies (Sdndor-Bajusz, Sadi, Varga et al.,

Frontiers in Neuroanatomy, 2022).

References Demographic measures of clefts Demographic measures of contrels
Age: mean Gender (%) Ethnicity (%) Cleft Age: mean Gender (%) Ethnicity (%)
(SD) subtype (N) (sSD)

Nopoulos et al. (2000) 33.7(7.3) Male (100%) Caucasian (100%) GL (1), CPC 33.1(7.7) Male (100%) Caucasian

(5, oneis (100%)
syndromic),
CLP {8, cne
is syndromic)

Nopoulos et al. (2001) 30.3 (N/A) Male (100%) Caucasian (100%) CPO(15), 27.3 (N/A) Male (52%), female N/A
CLP (34, (48%)
three are

syndromic)

Nopoulos et al. (2002) 30.1 (7.04) Male (100%) Caucasian (100%) CPQ {14), 28.8 (7.60) Male (100%) Caucasian
CLP (32, (100%)
three are

syndromic)

Nopoulos et al. (2005) 301 (7.04) Male (100%) Caucasian (100%) CPO (14), 28.8 (7.60) Male (100%) Caucasian

{(Nopoulos, 20024) CLP (32, (100%)
three are
syndromic

Shriver et al. (2006) 30.1(7.04) Male (100%) Caucasian (100%) CPO(14), 28,8 (7.60) Male (100%) Caucasian

[Nopoulas, 20028) CLP (32, {(100%)
three are

syndromic)
Nopoulos et al. (2007¢) 12.1(3.28) Male {67.57%), White (90.5%), Asian CL (18), CPO 12.3 (3.08) Male (67.57%), White (87.8%),
female American (8, 1%), Hispanic  (23), CLP (33) female (33, 33%)  Asian American
(33.33%) (1.4%) {5.4%),
Hispanic (6.8)
Boes et al. (2007) 9.88 (1.64) Male (100%) Provided for both study CL (8), CPO 10.88 (1.45) All male See oral cleft
{Nopoulos, 2007A) groups: African (1.37%), {(7), CLP (15) group
Asian (1.37%), Asian
American (4.11%),
Caucasian (89.049%),
Hispanic (1,37%), and
mixed (2.74%).

Weinberg et al. (2009) 30,1 (7.1) Male (100%) Caucasian (100%) CPO (14), 28.8(7.5) All male Caucasian
CLP (31) {(100%)

van der Plas et al. (2010)  Separated by Male (100%) N/A CL(9), CLP 12,2 (3.01) All miales N/A

{Nopoulos, 2007E) cleft side: (24)

Right, 13
(2.68); left cleft,
11.7 (2.80)

Nopoulos et al. (2010) 11.9(3.3 Male (100%) Caucasian (95%; detailed  CL {11), CPO 12.127) All males See oral cleft

(Nopoulos, 20078B) info N/A) (13), CLP (26) group

Conrad et al. (2010) 13.27 (3.28) Male, (59%) White (70%) Asian CL (7), CFO 13.28(3.27) Males (59%), White: 37

{Nopoulos, 2007C) female (41%) American (9%), Hispanic ~ (11), CLP (25) females, (41%) (86%),

(5%), multiracial (7 %) multiracial: 1
unknown (9%) (2%), unknown:
5(12%)
DeVolder et al. (2013) Male: 13.44  Male: (61.68%). N/A CL (22), CP Male: 13.04 Males {50.39%), N/A
{(Nopoulos, 2007D) (4.61), fernale: female: (31), CLP (52)  (3.92), female: females: 63
14.11(3.80) (38.31%) 13.65(3.82) (49.60%)
‘Yang et al. (2012) 15.6 months Male: 24 Han Chinese (100%) CL{2), CP 15.6 months Same as oral cleft Han Chinese
(5.7 months) (88.9%), (6), CLP (19) (5.7 months) group (100%)
female: 3
(11.1%)
Weinberg et al. (2013) 32.3(7.4) All male N/A N/A 291 (7.9) Al male N/A
Adamson et al. (2014) 10.40 (2.57) Males: 11 N/A N/A 10, 82 (1.72) Meale (61, 54%), N/A
(42.31%) tfemale (38.46%)
Females: 15
(57.69%)
Chollet et al. (2014) CP:11.7 Male (68, 67%), Caucasian (82%), Asian CP {22), CLP 12.5{3.0) Male (69.23%) See oral cleft
{Nopoulos, 2007F) {£3.2), CLP: female (33, American (8%), African (35) femnale {30.77%) group
127 (£3.1) 33%) American (1%),
Hispanic/Latino (2%),
Native Hawaiian/Pacific
Islander (19), biracial (4%),
N/A(1%)
Bodoni et al. (2021) 13(1) Male (58, 33%), N/A CLP(12) 13{2) Male (58.33%), N/A
female (41, female (41.67%)
67%)
Li et al. (2020) Group B before Male: 26 N/A N/A 22 (1.58) Male: 15 (62.50%), N/A
therapy: 24 (57.78%) female: 9 (37.50%)
(4.92)7, group A fernale:19
after therapy (42.22%)

22.8 (5.4)"

N, population size; CLE, Cleft iip and palate; CF, Cleft palate; CL, Cleft fip.
*Data were calculated from median (IQR) values with statistical tool developed by Wan et al. (2014) and Luo et al. (2018).
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Risk of bias

The overall risk of bias ranged from medium to high. Selection of cleft participants, their
comparators and the assessment of exposure were described in half of the studies. Information
on recruitment and reasons for dropout were not available in most studies. Only one study
reported blinding personnel of group status during MRI scanning (Nopoulos et al., 2007a). The
risk of bias assessment of included studies are shown in Table 18.

Table 18. Risk of bias (RoB) assessment using the Newcastle-Ottawa Scale (Sandor-Bajusz,
Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).

Studies Selection Comparability Outcome Total quality
score
Author, year Isthe case Representativeness Selection Definition Comparability Ascertainment of Same method Non- 9 = Low RoB;
definition of the cases of controls of controls of cases and outcome of ascertain- response  7-8 = Medium
adequate? controls on ment for rate RoB; < 6 = High
the basis of cases and RoB
design or controls
analysis
Nopoulos et al. * * * * e * * * 6
(2000)
Nopoulos et al. * * * * * * * " 5
(2001)
Nopoulos et al. * * * * e * * * 7
(2002)
Nopoulos et al. * 8
(2007c)
Weinberg et al. = x ' % b * * B 5
(2009)
Yang et al. * * * * - * - - 7
(2012)
Weinberg et al. = = & < = 5 * & 6
(2013)
Adamson et al. * * * * * * * " 8
(2014)
Bodoni et al. * . . * = . * . 7
(2021)
Li et al. (2020) * * * * b * * * 4

Total quality score of 9 indicates low RoB, 7-8 medium RoB and < 6 high RoB (Wells et al., 2000; Muka et al., 2020). The asterisks represent the scores under each
dimension of the Newcastle-Ottawa Scale.
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Meta-analyses

Five studies were comparable in terms of study design, exposure, and outcome. Studies were
pooled using a random-effect meta-analysis. All five studies segmented the brain according to
all or one of the following: intracranial volume was divided into total brain tissue and
cerebrospinal fluid; the brain tissue was divided into the cerebrum and cerebellum; the
cerebrum was subdivided into the frontal, parietal, temporal, and occipital lobes. Most studies
used the Talairach Atlas-based method for measures of general and regional brain tissue. Most
studies used three different sequences (T1-weighted, T2-weighted, and/or proton density
images) with comparable parameters to classify tissue into gray matter, white matter, and
cerebrospinal fluid.

Studies investigating global measurements

These measurements included three anatomical groups: total brain volumes (including MRI
volumes of the cerebrum and cerebellum), cerebral volumes (only MRI volumes of the
cerebrum), and cerebellar volumes (only MRI volumes of the cerebellum).

The cleft group had lower total brain gray matter volume compared to controls (MD: —41.14
cm3; 95% CI: —57.36 to —24.92; n = 2; 172 participants; 12: 0%) (Figure 8). The cerebellum
was significantly smaller in OFCs compared to controls (MD: —12.46 cm3; 95% CI. —18.26,
—6.67; n = 3; 354 participants; 12: 0%, n = 3) (Figure 9).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bodoni 2020 692 77 12 724 60 12 86% -32.00[-87.23,23.23) P TR W
Nopoulos 2007 892 6.5 74 934 742 74 91.4% -42.00[-58.97,-25.03) -.-
Total (95% Cl) 86 86 100.0% -41.14[-57.36,-24.92] <
Heterogeneity: Tau*= 0.00; Chi*= 012, df=1 (P=0.73); F= 0% t t + t
Test for overall effect: Z= 4.97 (P < 0.00001) 12:%\/0”?50[0'“] UFavousrg [con1t?oDI]

Figure 8. Forest plot for total brain gray matter volume (cm®) (Sandor-Bajusz, Sadi, Varga et
al., Frontiers in Neuroanatomy, 2022).

Cleft Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2000 1236 138 14 1355 155 14 28.4% -11.90[22.77,-1.03] =%
Nopoulos 2002 133 177 46 146 169 46 67.1% -13.00[-20.07,-5.93] : 3

Nopoulos 2007 D 1433 1444 107 1513 128 127 45% -8.00[-35.45,19.45) e

Total (95% ClI) 167 187 100.0% -12.46 [-18.26, -6.67] ®
Heterogeneity: Tau®= 0.00; Chi*=0.13, df= 2 (P=0.94), F= 0% I {

100 -50 0 50 100
Test for overall effect: Z= 4.22 (P < 0.0001) Favours [cleft] Favours [control]

Figure 9. Forest plot for total volume of the cerebellum (cm?®) (Sandor-Bajusz, Sadi, Varga et
al., Frontiers in Neuroanatomy, 2022).
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Overall brain size (MD: —38.86 cm3; 95% CI: —83.88 to 6.16; n = 4;322 participants; 12: 48%),
total white matter volume (MD: —21.93 cm3; 95% CI: —64.20 to 20.33; n = 2; 172 participants;
12: 69%), total volume of the cerebrum (MD: —22.42 cm3; 95% CI: —66.40 to 21.56; n = 3; 268
participants; 12: 58%), cerebral white matter (MD: —5.08 cm3; 95% CI: —20.19 to 10.03; n=2;
146 participants; 12:0%), and gray matter volume of the cerebrum (MD: —6.45 cm3; 95% CI:
—25.17 to 12.27; n = 2; 202 participants; 12: 0%), did not differ between OFCs and controls.

Studies investigating regional measurements

Measurements included the frontal, temporal, parietal, and occipital lobes. Smaller temporal
lobes were found for the cleft group compared to controls (MD: —10.53 cm3; 95% CI: —18.23
to —2.82; n = 2; 120 participants; 12: 0%) (Figure 10). The cleft group had significantly smaller
occipital lobes compared to controls (MD: —7.39 cm3; 95% CI: —12.80 to —1.99; n = 2; 120
participants; 12: 0%) (Figure 11).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2000 2261 21.7 14 2352 199 14 250% -9.10[-24.52,6.32) .7
Nopoulos 2002 227 229 46 238 206 46 750% -11.00[-19.80,-2.10) E =
Total (95% CI) 60 60 100.0% -10.53[-18.23,-2.82] E=4
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P=0.83); F= 0% I t + {
-100 -50 0 50 100
Test for overall effect: Z= 2.68 (P = 0.007) Favours [clef] Favours [control]

Figure 10. Forest plot for temporal lobe volume (cm®) (Sdndor-Bajusz, Sadi, Varga et al.,
Frontiers in Neuroanatomy, 2022).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2000 1154 108 14 1237 154 14 301% -8.30[-18.15,1.55) ——r
Nopoulos 2002 124 143 46 131 17.2 46 69.9% -7.00[-13.46,-0.54) -
Total (95% CI) 60 60 100.0% -7.39[-12.80, -1.99] @
Heterogeneity: Tau®= 0.00; Chi*= 0.05, df=1 (P=0.83);, F=0%

-50 -25 0 25 50

Testfor overall effect Z= 2.68 (P = 0.007) FOurs KER]. Faiouds lortiod

Figure 11. Forest plot for occipital lobe volume (cm?®) (Sandor-Bajusz, Sadi, Varga et al.,
Frontiers in Neuroanatomy, 2022).
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The following regional sizes did not differ between clefts and controls: the size of the frontal
lobe (MD: 18.27 cm3; 95% CI: —12.62 to 49.16; n = 2; 120 participants 12: 0%), frontal gray
matter volume (MD: 4.77 cm3; 95% CI: —7.84 to 17.38; n = 2; 165 participants; 12: 0%), the
two components of the ventrofrontal cortex; the straight gyrus (MD: —0.17 cm3; 95% CI: —1.35
to 1.00; n = 2; 165 participants; 12: 90%) and orbitofrontal cortex (MD: —0.99 cm3; 95% CI:
—2.69 t0 0.71; n = 2; 165 participants; 12: 0%), the parietal lobe (MD: 4.91 cm3; 95% CI: —4.29
to 14.10; n = 2; 120 participants; 12: 0%), and superior temporal plane (STP) (left side MD:
—0.37 cm3; —1.78 to 1.04; n = 2; 143 participants; 12: 66%. Right side MD: 0.20 cm3; 95% CI:
—0.21 to 0.60; n = 2; 143 participants; 12: 0%).

Studies investigating mental and cognitive functioning

Heterogeneity of methods and outcomes prevented statistical pooling for meta-analyses for
most secondary outcomes, except for 1Q scores. All studies used the Wechsler Intelligence
Scale of different editions. Significantly lower FS-1Q scores were as observed in individuals
with OFCs compared to controls (MD: —12.58; FS-IQ; 95% CI: —21.98 to -3.17; n = 2; 234
participants; 12 = 84%) (Figure 12). The rest of the secondary outcomes are illustrated in Table
19.

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2001 969 154 49 1142 116 75 50.8% -17.30[-22.35,-12.25) L g
Nopoulos 2007 B 105.3 133 50 113 166 60 49.2% -7.70 [13.29,-2.11) .
Total (95% ClI) 99 135 100.0% -12.58 [-21.98,-3.17] 3
Heterogeneity: Tau®*= 38.70; Chi*=6.24, df=1 (P=0.01); F=84%

-100 -50 0 50 100

Test for overall effect: Z= 2.62 (P = 0.009) Favours [cleff Favours [control]

Figure 12. Forest plot for full-scale 1Q scores (Sdndor-Bajusz, Sadi, Varga et al., Frontiers in
Neuroanatomy, 2022).
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Table 19. Psychometric tools used to measure psychosocial functioning (Sdndor-Bajusz, Sadi,
Varga et al., Frontiers in Neuroanatomy, 2022).

Study Outcome Results Validated

Nopoulos (2002A)  Social function measured with the Psychiatric Symptoms  Social function was measured only for cleft subjects (recreational interests Yes
You Currently have-Baseline tool (PSYCH-base), andthe  and activities; relationship with friends and peers; relationship with family
relationship to brain volumes. members). Twenty-six percent of oral cleft subjects rated relationship with

friends as poor. Thirteen percent of oral cleft subjects rated their relationship
with family members as poor. Six percent of subjects rated recreational
participation as poor. No significant differences of social function between
CLP and CP subtypes. Significant correlation was observed between
smaller surface of the OF and social dysfunction in cleft subjects

(P = 0.003).

Nopoulos (2007B) Pediatric Behavior Scale derived The cleft group showed significantly elevated scores in HIl compared to Yes
hyperactivity/impulsivity/inattention (HIl) scores and its controls {P = 0.021). Boys of the control group with the lowest right vmPFC
relationship to the volume of the vmPFC. volume scored the highest on the HIl (P = 0.041). In the cleft group, boys

with the highest volume of the right vimPFC achieved the highest HIl scores
(P = 0.005).

Noppulos (2002B) Boston Naming Test, Rey Auditory-Verbal Learning Test, Lower test performance on the Boston Naming Task correlated with greater  Yes
Rey-Osterreith Complex Figure Test, Stroop Test. STP volume for oral cleft subjects, but not significant (P = 0.074). No
Relationship of test performance and brain volumes. correlations observed in the other tests.

Bodoni et al. (2021) RAVEN, Rey Complex Figure, Wisconsin. Relationship Cleft group performed significantly worse on the Raven test compared to Yes
between test performance and brain volumes. controls, and had non-verbal inteligence scores below average (P = 0.006).

Raven test correlated positively with decreased cortical thickness of right
pars orbitalis in oral clefts. Rey Complex Figure Test—Memory scores in
oral cleft subjects showed significant positive correlation to decreased
cortical thickness in: left supramarginal gyrus, right supramarginal gyrus, left
superior parietal lobule, left inferior parietal lobule, right inferior parietal
lobule, right middle temporal gyrus, right pars orbitalis, right superior
temporal gyrus, and right rostral middle frontal gyrus (P < 0.05).

Nopoulos (2007A)  Self-Description Questionnaire: SDQ-1 and relationshipto  Boys with oral clefts had significantly poorer peer relations in the Yes

brain volumes. self-reported SDQ-1 score (P = 0.002). Significant correlation between
small SG measures and self-reported low peer relation scores was
observed (P < 0.05).
Nopoulos (2007C)  Speech measured by hypernasality, articulation proficiency, Boys had greater impaired speech than girls in all three domains. These N/A

and nasalance. Relationship between performance and
brain volumes.

differences reached significance only for the hypernasality rating

(P =0.003). Speech and structure correlations for boys with oral clefts were
significant for cerebellar volume and articulation (P = 0.015), and those with
worse articulations had smaller cerebellar volumes.

CLR Cleft lip and palate; CR, Cleft palate; OFC, orbitofrontal cortex; vimPFC, Ventro-medial prefrontal cortex.
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Subgroup analysis

Four meta-analyses demonstrated moderate to considerable levels of heterogeneity. We
performed the analysis to identify possible sources of the heterogeneity observed in the main
analyses. Subgroup analysis was feasible for only two meta-analyses (Figures 13 and 17).
Subgroup analyses were performed for age, sex, ethnicity, non-syndromic, and mixed
(syndromic and non-syndromic) OFCs.

The non-syndromic subgroup had significantly smaller total brain volume compared to
controls. However, this significant difference was not seen in the mixed subgroup (syndromic
and non-syndromic cases) (MD: —77.06 cm3; 95% CI: —115.47 to —38.64; n = 2; 202
participants; 12 = 0%; Figure 13). The same phenomenon was observed for age (children vs.
adults), sex (male only vs. mixed) and ethnicity (Caucasian vs. mixed) (Figures 14-16). These
factors may be possible sources of the heterogeneity seen in the main analysis. A decrease in
heterogeneity was found in the subgroup analysis of mixed OFCs for cerebral volume (MD:
—0.80 cm3; 95%CI: —40.88 to 39.29; n = 2; 120 participants; 12 = 0%; Figure 17). The same
phenomenon was observed for age (children vs. adults) and sex (male vs. male and female).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Mixed CLP
Nopoulos 2000 1,280.8 98.1 14 12738 1079 14 21.3% 7.00 [-69.39, 83.39] ST . CE—
Nopoulos 2002 1,360 134 46 1,384 118 46 31.9%  -24.00[-75.60, 27.60] —_— 1
Subtotal (95% ClI) 60 60 53.1% -14.29[-57.04,28.47] B o

Heterogeneity: Tau®= 0.00; Chi*=0.43, df=1 (P = 0.51); F=0%
Test for overall effect: Z= 0.65 (P = 0.51)

1.1.2 Nonsyndromic CLP

Nopoulos 2007 1,312 133 74 1,394 114 74 383% -82.00[121.91,-42.09] B s
Yang 2012 1,201.3 267.95 27 1,216.22 262.61 27 8.5% -14.92[-156.44,126.60)
Subtotal (95% ClI) 101 101 46.9% -77.06 [-115.47,-38.64] -

Heterogeneity: Tau®= 0.00; Chi*= 0.80, df=1 (P = 0.37), F=0%
Test for overall effect: Z= 3.93 (P < 0.0001)

Total (95% ClI) 161 161 100.0%  -38.86 [-83.88,6.16] R
Heterogeneity: Tau®= 962.19; Chi*= 5.82, df= 3 (P=0.12); F= 48% p t y t

-100 -50 0 50 100
Test for overall effect: Z=1.69 (P = 0.09) Favours [clefi] Favours [control]
Test for subgroup differences: Chi*= 4.58, df=1 (P = 0.03), F=78.2% i

Figure 13. Forest plot for total brain volume (cm®) with subgroup analysis (non-syndromic vs.
mixed) (Sandor-Bajusz, Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).
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Total brain volume

Cleft Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Adults

Mopoulas 2000 1,280.8 981 14 12738 1079 14 21.3% 7.00 [[69.39, 83.39] n—
MNopoulos 2002 1,360 134 46 1,384 118 46 31.9% -24.00 [-75.60, 27 .60] — &
Subtotal (95% CI) 60 60 53.1%  -14.29 [.57.04, 28.47] e
Heterogeneity: Tau®=0.00; Chi*= 043, df=1 (P=051); F=0%

Testfor overall effect: £=0.65 (P =0.51)

1.1.2 Children

MNopowlos 2007 1,312 133 74 1,394 114 T4 38.3% -82.00[121.91,-42.09] —

Yang 2012 1,201.3 267.95 2F 121622 26261 27 B.5% -14.92 [156.44, 126.60]

Subtotal (95% CI) 101 101 46.9% -77.06 [-115.47, -38.64] il
Heterogeneity: Tau®=0.00; Chi*= 080, df=1 (P=0.37), F= 0%

Testfor overall effect; 2= 3.93 (P = 0.0001)

Total {95% CI) 161 161 100.0% -38.86 [-83.88, 6.16] —a-

Heterogeneity: Tau®= 96218, Chi"= 582 df=3(P=012); F= 48%
Testfar overall effect: £=1.69 (P = 0.09)
Test for subaroup differences: Chi*=4.98, df=1 (P =003 F=78.2%

00 -50 0 &0 100
Favours [cleff] Favours [control]

Figure 14. Forest plot for total brain volume (cm®) with subgroup analysis (adults versus
children) (Sandor-Bajusz, Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).

Total brain velume
Cleft Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Male

MNopoulos 2000 1,280.8 98.1 14 12738 1079 14 21.3% 7.00 [69.38, 53.39] I —
MNopoulos 2002 1,360 134 46 1,384 118 46 31.89% -24.00 [-75.60, 27 .60] —
Subtotal (95% CI) 60 60 531%  14.29[-57.04, 28.47] —
Heterogeneity: Tau®= 0.00; Chi*=0.43,df =1 {FP=0.513;F=0%

Test for overall effect Z=0.65 (P=0.51)

1.1.2 Male and female

MNopoulos 2007 1,312 133 74 1,394 114 74 38.3% -82.00[121.91,-42.09] —

Yang 2012 1,201.3 267.95 27 121622 26261 27 B5% -14.82[156.44, 126.60]

Subtotal (95% CI) 101 101  46.9% -77.06 [-115.47, -38.64] e
Heterogeneity: Tau®= 0.00; Chi*=0.80,df =1 {(P=0.37);F= 0%

Test for overall effect: £=3.93 (P = 0.0001)

Total (95% Cl) 161 161 100.0% -38.86 [-83.88, 6.16] ~-

Heterogeneity: Tau®= 86219, Chi*=582, df= 3 (FP=012);F=48%
Test for overall effect Z=1.69 (P = 0.09)
Test for subaroup differences: Chi*=4.58, df=1 (P =003, F=78.2%

, , , ,
00 .50 0 &0 100
Favours [cleft] Favours [control]

Figure 15. Forest plot for total brain volume (cm®) with subgroup analysis (male versus male
and female) (Sdandor-Bajusz, Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).
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Total brain velume

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Caucasian
MNapoulos 2000 1,280.8 931 14 12738 1079 14 21.3% 7.00 [69.38, 83.39] e
Maopoulos 2002 1,360 134 4G 1,384 118 46 31.9%  -24.00[-75.60, 27.60] — &1
Subtotal (95% CI) 60 60 53.1%  -14.29[-57.04, 28.47] e

Heterogeneity: Tau®=0.00; Chi*=043, df=1 (FP=051); F=0%
Testfar overall effect Z= 065 (F=0.51)

1.1.2 Mixed

MNopoulos 2007 1,312 133 74 1,394 114 74 38.3% -82.00[-121.91,-42.09] —
Yang 2012 1,201.3 267.95 27 1,2116822 26261 27 8.5% -1492[156.44,126.60]

Subtotal (95% CI) 101 101 46.9% -77.06 [-115.47, -38.64] —al—

Heterageneity Tau®=0.00; Chi*= 080, df=1{P=037);, F=0%
Testfor overall effect 2= 3.93 (P <= 0.0001)

Total {95% CI) 161 161 100.0% -38.86 [-83.88, 6.16] il
Heterageneity: Tau*=962.19; Chi®= 582 df= 3P =012} F= 48% 1 :UU —S:D 0 5:9 160
Testfor overall effect 2=1.69 (P = 0.09) Favours [clefi] Favours [control]
Testfor subgroup differences: Chi*= 458, df=1{P=0.03, F=78.2%

Figure 16. Forest plot for total brain volume (cm?) with subgroup analysis (Caucasian versus
mixed) (Sdndor-Bajusz, Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Nonsyndromic CLP
Nopoulos 2007 1,198 112 74 1,253 96 74 43.6% -55.00(-88.61,-21.39) ——
Subtotal (95% ClI) 74 74 43.6% -55.00[-88.61,-21.39] S

Heterogeneity. Not applicable
Test for overall effect: Z= 3.21 (P = 0.001)

2.1.2 Mixed CLP

Nopoulos 2000 1,2346 982 14 1,209.4 1055 14 21.5% 25.20[-50.30,100.70]
Nopoulos 2002 1190 123 46 1,201 108 46 349% -11.00[-58.30, 36.30) —
Subtotal (95% CI) 60 60 56.4%  -0.80[-40.88, 39.29] e

Heterogeneity: Tau®= 0.00; Chi*= 0.63, df=1 (P = 0.43); F=0%
Test for overall effect: Z=0.04 (P=0.97)

Total (95% CI) 134 134 100.0% -22.42[-66.40, 21.56] "'

Heterogeneity: Tau®= 860.19; Chi*= 4.76, df= 2 (P = 0.09); F= 58% _1?00 3 5 550 160
Test for overall eﬁec_t: Z=1.00 (P=_ 0.32) Favours [clefts] Favours [control]
Test for subaroup differences: Chi*=4.12, df=1 (P=0.04), F=75.8%

Figure 17. Forest plot for total volume of the cerebrum (cm®) with subgroup analysis (non-
syndromic vs. mixed) (Sandor-Bajusz, Sadi, Varga et al., Frontiers in Neuroanatomy, 2022).
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Summary of new findings and discussion

Study |

e The Cleft Team needed to modify the treatment algorithm for primary and/or secondary
operations in the majority (81%) of the syndromic patients.

e The main causes of the delay in palatoplasty for PRS patients were airway issues and
feeding problems. In other syndromic patients, cardiorespiratory and urogenital
interventions had priority and therefore caused a delay in the timing of the primary cleft
operations.

e The observed high rate (37.5%) of the secondary operations such as speech
improvement surgery and ancillary procedures such as placement of tympanostomy
tubes for the syndromic OFC patients is in accordance with the literature (Godbout et
al., 2014; Hardwicke et al., 2016; Lehtonen et al., 2016; Gustafsson et al., 2020;
Kocaaslan et al., 2020).

e Velopharyngeal insufficiency and speech problems were more common conditions in
syndromic patients, especially in patients with PRS. This finding explains the high rate
of pharyngoplasties and tympanostomies in these patients (Godbout et al., 2014;
Hardwicke et al., 2016; Gustafsson et al., 2020; Kocaaslan et al., 2020).

e The percentage of the syndromic OFC patients managed by the PCT was 2.6% during
the study. This number is below the 10%-30% prevalence of syndromic OFC described
in the literature (Sarkdzi et al., 2005; Venkatesh, 2009; Saleem et al., 2019).

e Interestingly, two very rare syndromes both Ectrodactyly-ectodermal dysplasia-clefting
syndrome and Weissenbacher—Zweymiiller syndrome were present in the syndromic
cohort (Galil et al., 1991; Bigata et al., 2003; Malvankar et al., 2012). A center for rare
congenital diseases was subsequently established in Pécs during the latter half of the
study period, in 2009, which may explain the more current appearance and reporting of
these rare syndromes.

Strengths and limitations

The main limitation is the retrospective nature of the current study; the quality of the data
depends on the availability and accuracy of the patient’s medical records, and the study may be
subjected to selection bias as the cases are self-selected from previous records. However, the
current study has several strengths. We analyzed data of the Pécs Cleft Team collected over a
period of 16 years. Our cohort included two very rare cleft syndromes. We identified and
characterized important factors that may contribute to the delay of surgical interventions for
syndromic clefts in an otherwise internationally well-established treatment algorithm for cleft
patients.
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Study I

e The postnatal period was uneventful for the two study groups. Apgar score at 5 min
was lower for the cleft group than for controls, but clinically within the normal range.

e There was a tendency of a slower onset of developmental milestones in children with
OFCs; potty-training and the use of two-word phrases presented at a later age compared
to controls, also within clinical ranges.

e Children with OFCs experienced difficulties integrating into preschool, and most
required additional support for learning, psychological and physical well-being
throughout their education. Difficulties with speech and language development are
known to be a consequence related to the primary defect; however, studies highlight
the possibility of a central auditory dysfunction, which may cause developmental issues
that affect these skills (Ceponien= et al., 1999; Yang et al., 2012; Conrad et al., 2021).
Based on our results, children with non-syndromic OFCs initially have a slower
development and experience difficulties integrating into preschool; however, it seems
that they go through a “catch-up phase” around school age and perform well—almost
equal to their peers—throughout elementary and high school.

e Psychiatric diagnoses varied across cleft subtypes and the affected side: the highest
proportion of psychiatric diagnoses were observed in CLP and bilateral-sided clefts.
These observations may suggest that the more complicated clefts are more likely to
present with psychiatric comorbidities (Pedersen et al., 2016; Gallagher et al., 2018).

e We did not observe psychiatric comorbidities in CP children, which is in contrast with
previous observations (Nilsson et al., 2015; Pedersen et al., 2016; Tillman et al., 2018;
Gallagher and Collett, 2019). Interestingly, less than half (29.16%) of the cleft group
participants recognized their repaired OFC as a disease or medical condition. This may
indicate that the causative stressor is in fact something other than the physical
awareness of the defect itself (Aleksieva et al., 2021).

e Children with non-syndromic OFCs reported symptoms of internalizing disorders
(affective, anxiety), in contrast to symptoms of externalizing disorders reported by
controls (attention, oppositional, behavioral) (Table 2).

e Retrospective analysis of past medical history revealed that children with non-
syndromic OFCs were clinically diagnosed with psychiatric disorders at a higher
proportion and received psychiatric support more often than controls. Larger cohort
studies have previously described this observation (Pedersen et al., 2016; Tillman et
al., 2018). While there is a clear difference in the proportion of psychiatric disorders
between our two study groups, this is not statistically detectable, and the effect size is
small. A larger sample may provide conclusive evidence of this observation.

e Children with non-syndromic OFCs scored lower on the CPT and missed targets more
often than controls (omission errors, Table 5). The results raise the possibility of an
underlying attention deficit in these children described previously by other studies
(Nopoulos et al., 2010; Pedersen et al., 2016).

e Controls scored higher on the PRI and WMI 1Q subtests than cleft children.

e Subgroup analysis of the cleft group revealed significant relationships between parental
SES and 1Q scores: children of parents with a higher educational background scored
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significantly higher on the 1Q test, specifically reflected in perceptual reasoning and
the FS-1Q score.

e We observed a significant association between early intervention and 1Q: children who
received speech and language therapy achieved higher scores specifically reflected in
the verbal component (VCI) of the WISC-IV (Table 14).

e We further observed the influence of family structure on mental health outcomes:
children raised by single parents were diagnosed with psychiatric conditions more often
than children raised by married parents.

Strengths and limitations

This study has important limitations. The small sample size of the study limited us to further
explore relationships within gender, cleft subtype and affected side. The sample size varied
across the different phases of the study. Most of the children in the cleft group were represented
by males. The retrospective nature of the questionnaires may have created bias in the data
provided. We could not assess the baseline level of executive functioning prior to the
interventional programs (speech and language therapy), and we may observe an overall
“corrected” level of cognitive functioning. However, this study has several strengths. Our study
is the first to provide data on cognitive performance and clinical characteristics of Hungarian
children with non-syndromic OFCs across a wide age-range. We were able to provide data on
neurodevelopmental differences in children with non-syndromic OFCs in early infancy and the
preschool period. We further demonstrated how these children, despite having previous
difficulties during early infancy, can “catch-up” to their peers and perform well. Early
intervention, additional help in school and proper parental support seem to have a strong effect
on proper cognitive development for this patient population. Our observations suggest the
presence of attention deficit in children with non-syndromic OFCs in support of the higher
proportion of ADHD diagnosis seen in this population compared to controls. Assessing the
executive system at an earlier stage of development, prior to interventional programs, may be
useful to screen and identify individuals within the cleft population who are at risk for atypical
neurodevelopment.
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Study Il1

e Subjects with OFCs had smaller total gray matter, cerebellum, temporal lobes, and
occipital lobes on brain MRI compared to controls.

e Individuals with OFCs had lower FS-1Q scores compared to matched controls.

e Most studies controlled for confounders such as age and/or sex to control for brain
growth and development; however, only half of the studies controlled for subjects
and/or parent’s sociodemographic level (Nopoulos et al., 2000, 2002a, 2007a; Li et al.,
2020; Bodoni et al., 2021).

e The risk of bias for the included studies was moderate to high. Most included studies
did not analyze cleft subtypes separately which was likely due to the small sample size
across subgroups.

e The total gray matter volume was significantly smaller in the cleft group (Figure 8), an
interesting outcome as the total brain and cerebral volume did not significantly differ
between the two groups. This observation may be explained by the following
hypotheses:

(1) Shifts in brain tissue distribution in individuals with non-syndromic OFCs have
been shown previously (Nopoulos et al., 2007a). This phenomenon was suggested to
occur due to a “compensatory overgrowth” of either brain tissue component unaffecting
total brain size (Nopoulos et al., 2002). The cerebellum was also significantly smaller
in the cleft group; however, the gray or white matter volumes of the cerebellum could
not be analyzed separately due to the lack of data in studies. The OFC group may
additionally have a smaller cerebellar cortex (i.e., gray matter), a difference which may
not affect the overall tissue size of the “compensated” brain.

(2) Subgroup analysis revealed a significantly smaller brain and cerebrum in studies
with exclusively non-syndromic OFC participants. These differences were not
observed in studies with mixed syndromic participants (Figures 13, 17).

e Non-syndromic OFCs may have smaller total brain and cerebrum, but the presence of
syndromic individuals might have influenced this outcome.

o Some effects of OFCs may have remained hidden as a consequence to the small number
of studies for most outcomes. A few studies have included syndromic OFCs, notably
Van der Woude syndrome. There have been documented cases of cognitive deficits and
brain structural abnormalities of VVan der Woude syndrome (Nopoulos et al., 2007c;
Rincic et al., 2016), and their inclusion may have an impact on the results of the non-
syndromic cleft population.

e Previous systematic reviews have shown an increased risk of neurodevelopmental and
academic difficulties in individuals with non-syndromic OFCs (Hunt et al., 2005; Al-
Namankany and Alhubaishi, 2018; Gallagher and Collett, 2019). These studies,
however, highlight the difficulty of summarizing the available evidence due to the lack
of uniformity and consistency across studies. It has been proposed that syndromes and
additional conditions related to the cleft should be analyzed in a separate group to
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observe if the additional condition is of any way a confounding variable affecting
cognitive functioning (Feragen et al., 2014). Future studies should consider the
assessment of brain structural data in reference to the subtype of OFCs, the side
affected, additional congenital malformations or comorbidities, anamnestic data on
neurodevelopment, age, and gender.

Strengths and limitations

Our study has several important limitations. Most studies did not report participation rate or
investigate the differences between participants and dropouts. We could not analyze structural
brain differences across the subtypes of OFC and gender due to the small sample sizes. Most
participants were Caucasian and originated from one register (University of lowa Cleft Lip and
Palate Registry). The clinic-based recruitment and the absence of blinding during the MRI
procedures may have introduced bias. It was not possible to isolate data of the syndromic cases
from the overall data of respective studies. Furthermore, the impact of surgical interventions on
the developing brain could not be analyzed due to lack of data regarding the timing of the
surgery, age of the patient, type of cleft repair surgery and anesthesia exposure. Only one study
included the cleft repair status of its participants (Yang et al., 2012). Demographic factors, such
as age and/or sex of the participants were provided by most of the included studies; however,
there was a lack of detailed information of parental socio-economic factors including education
and financial backgrounds. Parental socio-economic factors are known to strongly relate to the
child’s neurodevelopment (Noble et al., 2015; Rakesh and Whittle, 2021), and may be a crucial
factor in the developing brain of children with OFCs. It is unclear how brain structural
differences affect psychosocial functioning due to the variable assessment tools used in the
included studies. The meta-analyses combined data across studies to estimate the effect of OFCs
on brain structure. The main limitations of these meta-analyses are the incomplete reporting of
study designs and the variable definition of the patient population across the studies. The
interpretation and synthesis of the included studies may have been influenced by these factors.
Applicability of our results may be affected due to the limited data for certain subgroups, such
as cleft type and gender.

The current review has several strengths. To the best of our knowledge, this is the first study to
have assessed the overall empirical evidence of brain imaging studies in OFCs carried out for
over two decades. We were able to highlight possible sources of heterogeneity including sex,
ethnicity, age, and syndromic cases of OFCs.
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Future directions

The future will underscore the importance of dedicated cleft teams with multidisciplinary
expertise and experience in cleft excellence. The application of early interventions, special
educational programmes, and proper parental support will aim at the goal of attaining outcomes
where most children with OFCs develop and perform as well as their peers. Future studies with
increasing sophistication may greatly benefit the clinical field in establishing more refined
timely therapeutic interventions. These include such possible approaches as robotic surgical
platforms (Al Omran et al., 2019), simplified rapid genetic testing, and early screening of
executive functions to carefully monitor neurodevelopmental trajectories as a part of the
complex therapy applied to OFC patients.

Stem cell-based interventions are becoming increasingly recognized in the medical field. They
may in the future, offer novel approaches to the clinical care of OFC patients. Stem-cells may
be used for example, in reconstructions to replace missing orofacial hard and soft tissues in the
defects left behind the wake of malformations caused by the presence of a cleft (Sandor et al.,
2014). Stem cells may also in the future, provide a new model for cleft research to monitor
interneuronal development and identify key gene/protein pathways that are altered or
dysregulated in these individuals (Drouin-Ouellet et al., 2017, Stiissel et al., 2022).
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Conclusions

Treating syndromic OFC patients is by nature, more complex than treating non-syndromic cleft
patients. Syndromic patients require more attention and support for their multiple potential
special needs from both the family and the health care facility, including the cleft teams. The
surgical treatment of certain associated anomalies, such as heart defects and respiratory
insufficiency, has priority over the timing of the reconstruction of the cleft lip and/or cleft palate
in syndromic patients. The presence of a genetic syndrome may therefore notably affect the
treatment algorithm of cleft repair surgeries.

Some Hungarian children with non-syndromic OFCs seem to be at risk for atypical cognitive
and speech development compared to children not born with OFCs. Future studies with large
sample sizes are needed to further explore this underlying etiology to identify this at-risk
subpopulation, since not all children with non-syndromic OFCs present with such difficulties.
Longitudinal studies are further needed to provide more evidence of baseline cognitive
functioning to study early signs of atypical neurodevelopment and the effect of early
interventions.

There may be structural brain differences between individuals with non-syndromic clefts and
controls based on the available evidence, which may indicate a co-occurring brain involvement
in orofacial clefts. Structural brain MRI studies may provide evidence on how the type and
degree of clefts plays a role with later cognitive development and functioning. Improvement in
study design, size, methodology, and participant selection may allow a more thorough analysis
and decrease study heterogeneity.
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Appendix

Parental Questionnaire generated for the study (original version in Hungarian)

o PTE KK GYERMEKGYOGYASZATI .

KLIM K&

SziilGi KérddGiv

Ajak- és szijpadhasadékos kutatdsban résztvevd gyermekek szilei részére

GYERMEKET ILLETO KERDESEK:
Terhesség alatti idoszak:
1. lkerterhességnek indult?
o Mem
o lgen
2. Terhesség alatt tortént-e:
= Dohanyzds
o Alkohol fogyasztas
o Egyéb drog, kabitoszer fogyasztas
o Az alabbi gyogyszerek szedése:
o Antiepileptikum: Phenytoin, Carbamazepine
= Antiemetikum: Thietylperazine
o Antibiotikum: Owytetracycline

o Egyeb:

3. Haigen, a terhesség melyik szakaszaban tortént?
o 1. trimeszter (1-3 honap)
o 2_trimeszter (4-7 honap)
o 3. trimeszter (7-9 honap)
o Aterhesség alatt mindvégig
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o PTE KK GYERMEKGYOGYASZATI

KLINIEA

4. Terhesség alatt tértént-e:
o Magas vérnyomas
o Diabetes (magas vércukor)
o Fertdzés (Toxoplasma gondil, (egyéb mikrobak), Rubeola virus,
Cytomegalovirus, Herpes simplex virusok)
o Egyeb

5. Haaz "egyéb” opcidt valasztotta, kérjik részletezze:

6. Hanyadik terhesség volt?

7. Tartént-e megeldzd mivif spontdan abortusz (vetélés)?
o Spontan
o Mivi (miitét)
o Mivi (gyogyszer)
o MNem tortént
Gyermeke sziiletése:
8. Gyermeke melyik terhességi héten sziiletett?
9. Milyen APGAR pontszammal?
10. Milyen testsillyal, testhosszal, fejkorfogattal?
11. Milyen uton sziletett?
o Természetes
o Csaszar

12. Milyen ajak- és/vagy szdjpadhasadékkal sziiletett (tipus, oldal)?

13. Szilletését kivetten hany napig kellett kdrhazban tartézkodni?
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o PTE KK GYERMEKGYOGYASZATI

KLIMIKA

14. Sziletését kovetden, pyermekének sziksége volt-e:
o Légzéstamogatds
o Antibiotikum terapia
o Kékfény
o Egyeb
o MNem volt szikseg

15. Ha az “egyéb” opcidt valasztotta, kérjik részletezze:

Gyermeke fejlodése:
16. Mikor (hany honaposan) kezdett el gyermeke:

o forogni:
o llni:
o kidszni:
o maszni:
o jarni:
o MNormal dtemben, vagy voltak kihagyasok?

17. Mikor mondta elsd szavait?

18. Mikor beszélt t5- majd Gsszeflipgegd mondatokban?

19. Szobatisztasdga hany honap-éves korban alakult ki?
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o PTE KK GYERMEKGYOGYASZATI

KLIMIKA

20. Visszaesések voltak?

21. Tapldlassal voltak-e nehézségek?

Gyermeke hallasa:

22. Halldsaval gondok voltak?

23. Hallokésziléket visel vagy viselt kordbban?

24. Hallokészialékkel /Cochledris implantatummal rendelkezik?

25. Grommet (dobdregi tubus) behelyezés megtortent?

Egyeb ismert:
26. Gyermekének egyéb ismert testi, testre vald betegsége? Ha igen:

o Milyen jellegi?

27. Gyermekének egyéb ismert pszichiatriai (lelki, pszichére vonatkozo) betegség?
Ha igen:

o Milyen jellegi?

Gyermeke iskolai teljesitménye:
28. Ovodaskordban beilleszkedése, szabalytartasa rendben zajlott?
o lgen
<o Nem

29_Ovoddban évet kellett ismételnie?

78



o PTE KK GYERMEKGYOGYASZATI .

KLIMIKA

30. Jelenlegi 6voda, altalanos iskola: Gyermeke hanyadik osztalyba jar?

31. Mi az dssztanulmanyi dtlaga?

32. Szakértoi Bizottsag vizsgalta? Ha igen, megalapitottak valamit gyermekénél?

33. Kilanleges banasmadot, tantervet igényel vagy igényelt korabban?
o Specialis iskala?
o SNI [sajatos nevelési igényil) tanula?
o BTM |beilleszkedési, tanulasi, magatartasi nehézséggel kizdd) tanula?
o Felmentett targyak?
o Egyik sem
34 Magan tanuld volt-e valaha?
o lgen
o Nem
35. Evet kellett ismételnie?
o lgen
o Nem

36. Gyogypedagogiai fejlesztést kap/kapott? Ha igen, milyet?

37. Gyermeke hany nyelven beszél?
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o PTE KK GYERMEKGYOGYASZATI

KLIMIKA

Gyogyszerszedés:
38. Rendszeres gydgyszert szed? Ha igen:

o GyoOgysZer neve:

o Mennyiség (dozis, mg), adagolas:

CSALAD ES SZULOKET ILLETO KERDESEK:

39. Gyermekének hany testvére van?

40. Testverei egészségesek? Van olyan, aki ajak-&s vagy szajpadhasadékkal
sziletett?

41. 5zdj- és srajpadhasadék eldfordult a csaladba?

o lgen
o Nem

42 Csalddban eldforduld szomatikus betegségek? Ha igen, milyen jellegi?

43. El6fordult wérrokonsagi hazassag?
o lgen
o MNem

44 Csaladban eléforduld pszichiatriai betegségek (pld. depresszio, szorongas,
kényszerbetegség, bipolaris betegség, autizmus)?
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o PTE KK GYERMEKGYOGYASZATI .

KLIM K&

Csaladi allapot:
45.0n:
o hadzas
o élettars
o elaltak
o kialén élnek
o OzZvegy

a Egyeb:

46. Ha elvaltak, kilén élnek:
o A gyermek kivel &l?

o Milyen a jelenlegi csaladi felallas? (féltestvérek, neveldapa/anya)

Sziildi adatok:
47 5zaldk életkora:

o Apa:

o Anya:
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o PTE KK GYERMEKGYOGYASZATI

KLINIKA

48. 5zildk foglalkozasa:
o Apa:

o Alkalmazott, beosztott
o Kortiszviseld (kozalkalmazott)
o Fizikai dolgozo
o Haztartasbeli
o  Nyugdijas
o Rokkant nyugdijas
o Vallalkozd

o Egyéb:

o Anya:
o Alkalmazott, beosztott
o Kortiszviseld (kozalkalmazott)
o Fizikai dolgozo
o Haztartasbeli
o Nyugdijas
o Rokkant nyugdijas
o Valalkozo

o Egyéb:
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o PTE KK GYERMEKGYOGYASZATI

KLINIKA

49. Legmagasabb iskolai végzettség:
o Apa:
oAltalanos iskola/ befejezett 8 ltalanos
oSzakmunkasképzd/ OKJ képzé
o Gimnazium, szakkdzépiskola
oFelsofoku: Egyetem, foiskola
o Anya:
oAlaldnos iskola/ befejezett 8 altaldnos
oSzakmunkasképzo/ OKJ képzo
o Gimnazium, szakkozépiskola
oFelsofoku: Egyetem, féiskola
Csaladi milieu:
50. Otthoni kornyezetik mostanaban harmonikus vagy konfliktusos?

o Ha vannak konfliktusok, milyen fajta? Mi valtja ki, mi okozza Gket?
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Parental Questionnaire generated for the study (English version)

o DEPARTMENT OF PEDIATRICS .

UMIVERSITY OF PECS

Parent Questionnaire

For parents of children participating in cleft lip and palate research

QUESTIONS ABOUT YOUR CHILD:
During pregnancy:
1. Was it initially a twin pregnancy?
o Mo
oYes
2. Was any of the following agents used during pregnancy:
o Smoking, tobbaco use
o Alcohol
o Other drug use
o Any of the following medications:
o Antiepileptic drugs: Phenytoin, Carbamazepine
o Antiemetic: Thietylperazine
o Antibiotic: Oxytetracycline

o Other:

3. If yes, please indicate at what stage of pregnancy it occured:
o 1st trimester (1-3 months)
o 2nd trimester (4-7 months)
o 3rd trimester (7-9 months)

o Throughout the pregnancy
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o DEPARTMENT OF PEDIATRICS .

UMIVERSITY OF PECS

4. Did any of the following occur during pregnancy:
o High blood pressure
o Diabetes (high blood sugar)

o Infection (Toxoplasma gondii, (other microbes), Rubeala virus,
Cytomegalovirus, Herpes simplex viruses)

o Other

5. If you selected "other”, please specify:

6. Was this child your first pregnancy? If no, please explain the order:

7. Did you have a previous abortion (miscarriage)?
o Spontaneocus
o Artificial (surgical)
o Artificial (drug-induced)
o Mone
Childbirth:

8. In which week of pregnancy was your child delivered?

9. What was the APGAR score?

10.What was your child's body weight, body length, head circumference?
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e DEFARTMENT OF PECIATRICS .

UNIVERSITY OF PECS

11. How was your child delivered?
o Natural (vaginal)

o Caesarean [C-section)

12. What type of deft lip and/or palate was your child born with [affected side)?

13. How many days after birth did you have to stay in the hospital?

14. After birth, did youwr child require amy of the following:
o Respiratory support
o Antibiotic therapy
o Blue light (for jaundice)
o Other
o None

15. If you selected "other", please specify:

Your child's development:
16. When (months) did your child start to:
o Turn over:
o 5it:
o Crawl:
o Creep:
o Walk:

o Did these occur at a normal pace, or were there lapses?
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o DEFARTMENT OF PECIATRICS

UNIVERSITY OF PECS

17.When did your child speak their first words?

18 When did your child speak in coherent sentences?

19. At how many months was your child potty-trained ?

20.Were there any relapses?

21_Did your child have feeding difficulties?

Your child's hearing development:

22_Were there difficulties with your child’s hearing?

23.Does your child wear or have they worn hearing aids previously?

24_Does your child have a hearing aid/cochlear implant?

25_Has a grommet [eardrum tube) been inserted?

Other known medical conditions:

26. Does your child have any other known physical, bodily illness? If yes, please
describe:
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° DEPARTMENT OF PEDIATRICS .

UMNIVERSITY OF PECS

27_Does your child have any other known psychiatric (mental, psychological)
illness? If yes, please describe:

Academic performance and learning:
28_Did your child settle in well at school?
oYes
o Mo

29_Did your child have to repeat a year in kindergarten?

30.Current kindergarten, primary or high school: what grade is your child in?

31_What is your child’s overall grade point average?

32_Has your child been assessed by a Review Committee for special education? If
yes, has the assessment revealed a spedal need?

33.Does your child need or has previously needed a special education plan or
services?

o Designated Special Education School?
o IEP (individualized education plan)?

o BIP (behavioral intervention plan)?

o Exempted subjects?

o Mone of the above
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e DEPARTMENT OF PEDIATRICS

UMIVERSITY OF PECS

34_Has your child ever been home-schooled?
oYes
o Mo
35_Did your child have to repeat an academic year?
oYes
o Mo

36.Is your child currently receiving/has your child received special education
services? If yes, what kind?

37_How many languages does your child speak?

Medication:
38._Does your child take any medication? If yes:

o Mame of medication:

o Quantity (dose, mg), frequency:

FAMILY AND PARENTING:

Family:

39_How many siblings does your child have?

40_Are the siblings healthy? Were any of the siblings born with cleft lip and/or
palate?

89



o DEPARTMENT OF PEDHATRICS .

UMIVERSITY OF PECS

41 _Is their a history of cleft lip and/or palate in your family?
o Yes
o No

42 _|Is there a family history of somatic diseases in your family? If yes, what type?

43_Have consanguineous marriages occured in your family?
o Yes
o No

44 Do you have a family history of psychiatric illness (e.g. depression, anxiety,
OCD, bipolar disorder, autism)?

Marital status:
45_Please indicate your current status:
o Married
o partner
o divorced
o separated
o widowed

o Other:

46_If you are divorced or separated:
o Who does the child live with?

o What is the current family situation (half siblings, foster father/mother)?
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o DEPARTMENT OF PEDIATRICS .

UMIVERSITY OF PECS

Parental details:
47_ Parents' age:

o Father:

o Mother:

48_Parents' occupation:
o Father:

o Employed
o Civil servant (public employee)
o Physical worker
o Domestic worker
o Pensioner
o Disabled pensioner
o Self-employed
o Other:

o Mother:
o Employed, salaried
o Public employee (civil servant)
o Physical worker
o Domestic worker
o Pensioner
o Disabled pensioner
o Divorcer

o Other:
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o DEPARTMENT OF PEDIATRICS

UMIVERSITY OF PECS

49_Highest level of education:

o Father:
o Primary school/ completed 8 primary
o Vocational schoolf OKI training
o Secondary school, vocational schoaol
o Higher education: university, college

o Mother:
o Primary school/ completed 8 primary
o Vocational schoolf OKI training
o Secondary school, vocational schoaol
o Higher education: university, college

Family environment:

50_Has your home environment been harmonious or conflictual lately? If there
are conflicts, what kind? What triggers them, what causes them?
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Original Article - Retrospective Study

The Influence of Genetic Syndromes on the Algorithm of Cleft
Lip and Palate Repair — A Retrospective Study

Kinga Amalia Sandor-Bajusz', Teodor Barna Maros?, Lajos Olasz®, George Kalman Sandor®, Kinga Hadzsiev®, Attila Mihaly Vastyan'®

Departments of 'Paediatrics, *Dentistry, Oral and Maxillofacial Surgery and SMedical Genetics, University of Pécs, Pécs, 2Department of Otorhinolaryngology, Ferenc
Flor County Hospital, Kistarcsa, SPaediatric Surgery, Department of Paediatrics, University of Pécs, Pécs, Hungary, “Department of Oral and Maxillofacial Surgery,
Medical Research Centre, University of Qulu, Oulu University Hospital, Oulu, Finland

Introduction: This study aimed to determine if the treatment algorithm used for nonsyndromic cleft patients required alteration to
manage syndromic cleft lip and/or palate patients. Methods: The records of patients managed by the Pécs Cleft Team between January
1999 and December 2015 were analyzed retrospectively. The sources of the data included clinical and genetic records. Results: A total
of 607 patients were managed by the cleft team during the study. Sixteen patients (2.6%) were noted to be afflicted with a particular
identifiable syndrome. Seven different genetic syndromes and one sequence were present in the study. The Pierre Robin sequence occurred
most often, comprising 50% of the cohort. The treatment algorithm used in managing nonsyndromic clefts required modification in 13
of the 16 syndromic patients. Discussion: The presence of a genetic syndrome may notably affect the treatment algorithm in children
born with cleft lip and/or palate. The surgical treatment of certain associated anomalies has by necessity, priority over the timing of the
reconstruction of the cleft lip and/or cleft palate in syndromic patients.

Keywords: Child, cleft lip, cleft palate, syndrome, treatment timing

INTRODUCTION

Cleft lip and/or cleft palate (CLP) are common developmental
anomalies.l! In general, the worldwide incidence of clefts
is estimated to be between 1 and 2.21 cases per 1000 live
births.[Y! In most cases, CLP occurs as an isolated anomaly.
However, the association of CLP with genetic syndromes,
the so-called syndromic cleft lip and palate (SCLP), has been
described previously in the seventies.”! At that time, only
154 cleft-related syndromes were known in contrast to the
well over 500 syndromes recognized in the literature today.?!
SCLP patients represent between 10% and 30% of CLP cases,
according to past and current publications.!

The aim of this clinical study was to identify syndromic
cleft patients and evaluate how their genetic syndrome
influenced the timing of the algorithm in the treatment
of CLP. The study was conducted on patients managed
by the Pécs Cleft Team (PCT) between January 1999 and
December 2015.
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MeTtHoDS

A study of nonsyndromic and syndromic cleft patients
managed and followed by the PCT was conducted over the
16 years between January 1999 and December 2015. Detailed
clinical documentation of all patients, including genetic and
epidemiological data, was required for inclusion in the study. The
data were collected retrospectively without personal identifying
details. At the time of the data collection, permission from the
regional ethical committee was not deemed to be obligatory
because of the retrospective nature of the study. Special
permission was obtained and granted for data collection from
the Hungarian Congenital Abnormality Registry (HCAR). The
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Sandor-Bajusz, et al.: Genetic syndromes and cleft repair

Ethics Committee of the University of Pécs waived the need for
ethics approval and the need to obtain consent for the collection,
analysis and publication of the retrospectively obtained and
anonymized data for this study. The reason for this waiver was
the retrospective nature of this study and the anonymized nature
of the data used in the study. All procedures performed in the
study were conducted in accordance with the ethics standards
given in the 1964 Declaration of Helsinki, as revised in 2013.

Special emphasis was placed on the syndromic features of
the patients and their associated anomalies. The type and
timing of the surgeries or interventions unrelated to the clefts
were listed and categorized. The timing of the cleft lip and/or
cleft palate repair was recorded as well, and was compared
with the algorithm used for nonsyndromic cleft patients.
The Online Mendelian Inheritance in Man database!® was
used to identify the genetic syndromes. Epidemiological data
were obtained from the HCAR. The study used descriptive
statistics consisting of means and percentages of the presenting
syndromes and participants of the study, which were calculated
and used along with standard deviations in the data analysis.

ResuLts

Among the 607 CLP patients, 25 children (4.1%) had associated
anomalies noted during the study period. Sixteen (2.6%) of

m 1. Pierre Robin Sequence

m2. Smith-Lemli-Opitz
syndrome

u 3. Dandy-Walker
syndrome

m 4. DiGeorge syndrome

u 5. EEC syndrome

u6. Treacher Collins
syndrome

7. Turner syndrome

8. Weissenbacher-
Zweymiiller syndrome

9
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2
1 PR T— M — E— o
0 Weissenba
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Figure 1: (a) The distribution of the seven genetic syndromes and one
sequence present in the cohort. (b) Number of individuals in each group

the 607 CLP patients were found to be SCLP cases. A total
of seven different genetic syndromes and one sequence were
identified in this cohort [Figure 1a and b].

Pierre Robin sequence (PRS) comprised 50% of all cases. Ten
patients (60%) were boys and six (40%) were gitls of the SCLP
group. The majority of the SCLP patients had cleft palate only,
n =13 (81%) [Figure 2]. The other syndromes observed in the
cohort included: Smith-Lemli Opitz syndrome, Dandy—Walker
syndrome, DiGeorge syndrome, Ectrodactyly-ectodermal
dysplasia-clefting syndrome, Treacher Collins syndrome,
Turner syndrome, and Weissenbacher—Zweymiiller syndrome.

The algorithm used by the PCT had to be modified for most of the
SCLP patients (n =13, 81%). The modifications were necessary
due to the nature and needs of the given syndrome. This was true
in all SCLP cases, except for one patient. The timing of the cleft
repair procedure in the SCLP cohort is illustrated in Figure 3.

The authors observed notable delays in the timing of the
palate repair in SCLP patients. In two SCLP patients, the
palatoplasty procedure was completed much later, at 4 years
of'age. In addition, 15 patients underwent additional surgeries
due to the presence of the syndromes and associated medical
conditions [Figure 4]. These operations had of necessity
priority over the repair of the CLP deformities. Tracheostomies
were needed in three patients with PRS.

Secondary operations for CLP were required in six
patients (37.5%). Speech improvement operations or
pharyngoplasty and tympanostomy tube placements were the
most common secondary operations. These procedures were
mainly required in patients with PRS [Figure 5].

Discussion

Treating SCLP patients is by nature, more complex than
treating nonsyndromic cleft patients. Syndromic patients
require more attention and support for their multiple potential
special needs from both the family and the health care facility,
including the cleft teams.[--!1]

14
13
12
11
10

O

No. of patients

S = N WA

Unilateral Cleft Lipand Bilateral Cleft Lip and Palate
Palate

Cleft Palate Only

Cleft type

Figure 2: The distribution of cleft type in syndromic patients
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Patient 16 Tl 2'20 u Millard repair (cleft lip)
4
Patient 15 H 18 u Furlow repair (palate repair)
Patient 14 < - 41 u2. step (palate repair)
6
Patient 13 * 20 1. line — cleft lip repair (3.
. months)
tient 12 2 3
Patient 1 1 |3 14 . 2. line — cleft palate repair
Patient 11 = (18. months)
<
§ Patient 10 = 39
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Figure 3: The timing of the cleft repair surgery for syndromic patients.
Vertical lines in bold (1 and 2) represent the usual timing of the cleft repair
surgeries carried out by the Pécs Cleft Team. Patients 1-16 are grouped
according to the types of syndromes
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Figure 5: Types of secondary ancillary operations carried out on
syndromic cleft patients

The percentage of the SCLP patients managed by the PCT
was 2.6% during the study. This number is below the 10%
and 30% prevalence described in the literature.(-312:13]
On the other hand, the prevalence of PRS in the SCLP
cohort was similar to the literature, according to the data
obtained from the HCAR. In contrast, Smith-Lemli-Opitz,
Dandy—Walker syndrome, and Turner syndrome were
underrepresented in this SCLP cohort. The under-diagnosis
and/or reporting of cases could be responsible for their
low prevalence.

Interestingly, two very rare syndromes both Ectrodactyly-
ectodermal dysplasia-clefting syndrome and Weissenbacher—
Zweymiiller syndrome were present in the syndromic
cohort.l"*11 A center for rare congenital disecases was
subsequently established in Pécs during the latter half of the
study period, in 2009, which may explain the more current
appearance and reporting of these rare syndromes.

The cleft team needed to modify the treatment algorithm for
CLP in the majority (81%) of the SCLP patients. One example
of these alterations is the delay of the primary cleft repair
operations. The main causes of the delay in palatoplasty for
PRS patients were airway issues and feeding problems. In other
patients, cardiorespiratory and urogenital interventions had
priority over the cleft surgeries. Upper respiratory infections
also caused a delay in the timing of the primary cleft operations
in some cases [Figures 3 and 4].

The high rate (37.5%) of the secondary operations such as
speech improvement surgery and ancillary procedures such
as placement of tympanostomy tubes for the SCLP patients is
in accordance with the literature.!”!17-1%]

The authors have noted velopharyngeal insufficiency and
speech problems as more common conditions in SCLP
patients, especially those patients with PRS. This explains the
high rate of pharyngoplasties and tympanostomies in these
patients.”!"I The author’s findings support these observations.
In some previous studies, however, no differences were found
between the secondary operations for nonsyndromic patients
and patients with PRS.2%

CoNncLuSION

The presence of a genetic syndrome noticeably altered the
treatment algorithm of the PCT in the majority of children
born with SCLP (81%) compared to nonsyndromic CLP
patients. The surgical treatment of the associated anomalies
has priority over the timing of the reconstruction of the cleft
lip and palate in a number of syndromic patients. Cleft palate
only and velopharyngeal insufficiency were more common
in the syndromic group. Secondary operations for clefts
were needed in greater numbers in SCLP patients than in
nonsyndromic patients. With improvements in pediatric care
and better recognition of the milder phenotypes, the number of
future SCLP patients is likely to increase. Syndromic patients
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will likely require further flexible modifications of the cleft
treatment timing algorithm.
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Introduction: The higher rate of neuropsychiatric disorders in individuals with
non-syndromic orofacial clefts has been well documented by previous studies.
Our goal was to identify children with non-syndromic orofacial clefts that are
at risk for abnormal neurodevelopment by assessing their developmental history
and present cognitive functioning.

Materials and methods: A single-center, case-controlled study was carried out
at the Department of Pediatrics of the University of Pécs in Hungary. The study
consisted of three phases including questionnaires to collect retrospective clinical
data and psychometric tools to assess |IQ and executive functioning.

Results: Forty children with non-syndromic oral clefts and 44 age-matched
controls participated in the study. Apgar score at 5min was lower for the cleft
group, in addition to delays observed for potty-training and speech development.
Psychiatric disorders were more common in the cleft group (15%) than in
controls (4.5%), although not statistically significant with small effect size. The
cleft group scored lower on the Continuous Performance Test. Subgroup analysis
revealed significant associations between higher parental socio-economic status,
academic, and cognitive performance in children with non-syndromic orofacial
clefts. Analyzes additionally revealed significant associations between early speech
and language interventions and higher scores on the Verbal Comprehension
Index of the WISC-IV in these children.

Discussion: Children with non-syndromic orofacial clefts seem to be at risk for
deficits involving the attention domain of the executive system. These children
additionally present with difficulties that affect cognitive and speech development.
Children with non-syndromic orofacial clefts show significant skill development
and present with similar cognitive strengths as their peers. Longitudinal studies
with larger sample sizes are needed to provide more conclusive evidence on
cognitive deficits in children with non-syndromic orofacial clefts at risk for
neurodevelopmental difficulties.

cleft lip, cleft palate, neurodevelopment, executive function, developmental outcomes
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1. Introduction

Orofacial clefts are the most common craniofacial anomalies that
affect the lip, palate and/or both structures (Harila et al., 2013; Li
etal., 2019). Approximately 30% of oral clefts are associated with a
known genetic syndrome (syndromic clefts), however, the remaining
70% occur without a known identified syndrome (non-syndromic
clefts; Mossey and Modell, 2012; Saleem et al., 2019). Orofacial clefts
(OECs) are divided into three different subtypes on an anatomically
basis; cleft lip (CL), cleft lip and palate (CLP) and cleft palate only
(CPO; Lithovius et al., 2014). The higher risk of mental disorders in
individuals born with non-syndromic OFCs is well documented in
the literature (Richman and Ryan, 2003; Nopoulos et al., 2005, 20105
Boes et al., 2007; Richman et al., 2012; Pedersen et al., 2016; Tillman
et al, 2018; Gallagher and Collett, 2019). These children are
disproportionately afflicted by psychiatric disorders including
schizophrenia, intellectual disability, autism spectrum disorder,
anxiety disorders and ADHD (Pedersen et al., 2016; Ansen-Wilson
etal, 2018; Tillman et al., 2018). Children with non-syndromic OFCs
are also at high risk for learning disabilities (Richman and Ryan,
2003; Tillman et al., 2018; Gallagher and Collett, 2019). Multiple
stress factors including repetitive cleft repair surgeries, aesthetics, and
functional consequences such as speech difficulty were believed to
be the basis of such deficits (Gallagher and Collett, 2019). However,
the underlying mechanisms for these deficits have not been clarified
(Yang et al, 2012; Gallagher and Collett, 2019). A unified
maldevelopment of the brain and facial structures is a possible
etiology behind the observed neuropsychiatric disorders in this
patient population (Speltz, 2000; Nopoulos et al., 2005; Boes et al.,
2007; Weinberg et al., 2009; Yang et al., 2012; Adamson et al., 2014;
Ansen-Wilson et al., 2018; Gallagher and Collett, 2019).

Executive dysfunction occurs when cognitive skills responsible for
organizing and self-regulating behaviors are impaired (Shaheen, 2014;
Zelazo, 2015). Executive functions are interconnected with the
maturation of the prefrontal cortex, and their dysfunctions are
common in neurodevelopmental and psychiatric disorders (Shaheen,
2014; Zelazo, 2015; Bausela-Herreras et al., 2019; Faedda et al., 2019).
Specific patterns of executive dysfunction manifest according to
different types of neurodevelopmental disorder and may even be a
precursor before the diagnosis of these conditions (Zelazo, 2015;
Bausela-Herreras et al., 2019; Otterman et al., 2019). Neuroimaging
studies and the underlying cognitive deficits suggest that frontal and
prefrontal cortical function may be impaired in children with
non-syndromic OFCs (Nopoulos et al., 2010; Adamson et al., 2014;
Chollet et al., 2014), and recommend further examination of executive
functioning during follow-up (Tillman et al., 2018). Previous studies
have examined the executive system in children with non-syndromic
OFCs (Nopoulos et al., 2002; Laasonen et al., 2004; Conrad et al.,
2009; Lemos and Feniman, 2010; Bodoni et al., 2021), but screened
only one or two of its dimensions. It is often unclear whether
syndromic participants were excluded from these studies (Gallagher
and Collett, 2019), and may include a mixed population of both
syndromic and non-syndromic forms (Nopoulos et al., 2000, 2002).
Underlying genetic abnormalities—which are present in syndromic
oral clefts—often affect proper brain development and function
(McDonald-McGinn et al,, 2015; Berg et al., 2016) and may therefore
misrepresent the non-syndromic population (Rincic et al., 2016;
Sandor-Bajusz et al., 2022).
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The primary goal of our study was to screen cognitive deficits in
children with non-syndromic OFCs to identify an at-risk
subpopulation for neurodevelopmental disorders. We further aimed
to identify risk factors that may additionally affect the overall
neurodevelopmental course of these children. We hypothesized that
children with non-syndromic OFCs would present with more
cognitive difficulties compared to their non-cleft peers.

2. Materials and methods
2.1. Design

A single-center, case-controlled study was carried out at the
Department of Pediatrics of the University of Pécs in Hungary. The
study was approved by the Regional Ethics Committee of the
University of Pécs (approval number: 7967-PTE 2020) and was
performed in line with the principles of the Declaration of Helsinki.
Permission to utilize the materials in the study was granted by the
copyright holders (PsyWay, 2020).

2.2. Participants

All participating children with non-syndromic OFCs (further
mentioned as the cleft group) are patients of the Cleft Team of the
Pediatric Surgery Unit, Department of Pediatrics of the University of
Pécs. The inclusion criteria consisted of the following: children with
non-syndromic OFCs, 6-16years old and an IQ >70. An OFC was
considered non-syndromic when the cleft was the only single
malformation without additional physical or developmental anomalies
(Bjornland et al., 2021). Controls were recruited from the community
of Baranya County, specifically from public elementary, high schools,
and post advertisements on social media. The inclusion criteria of the
controls included the following: healthy children born without oral
clefts, 6-16years old and IQ>70. Medical geneticists examined all
participants of the cleft group to rule out the presence of additional
congenital malformations and/or underlying syndromes. The study
was carried out between July 2020 and March 2022 in the Department
of Pediatrics of the University of Pécs, Hungary. Informed consent was
obtained from the parents and participants in the study.

2.3. Materials

Initially all psychometric tests were completed on site. Due to the
ongoing COVID-19 pandemic, parts of the study were completed
online; this included the questionnaires and the four cognitive tests
(Stroop, TOL, CPT, and Corsi). Measurements that required in-person
completion (IQ test) were postponed onto a later period once the
pandemic situation improved.

2.3.1. Questionnaires

A parental questionnaire was developed for the study to collect
demographic data. This included prenatal and postnatal history, birth,
motor and language development, education, previous psychiatric
treatment, and history of somatic and neuropsychiatric disorders.
Parental socio-economic data were additionally collected, including
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parental age, education, and employment status. Parents were also
asked regarding family history of neuropsychiatric disorders and/or
any previous psychiatric treatment. The Hungarian version of the
Child Behavior Checklist (CBCL) was used to screen for behavioral
and emotional problems in children and adolescents during the
previous 6 months (Achenbach, 1991; Rozsa et al., 1999).

2.3.2. Computer-based cognitive tests

Four computer-based tests were used to assess the main domains of
executive functioning. All tests were provided by the Psyway Hungarian
psychometric website and all tests are standardized and norm-
referenced (PsyWay, 2020). Each cognitive test is summarized in Table 1.

2.3.3. Intelligence test: WISC-IV (Wechsler
intelligence scale for children—Fourth edition)

We used the official Hungarian version of the WISC-IV (Nagyné
Rézetal, 2007) to measure full-scale IQ, important for the assessment
of executive functioning (Grizzle, 2011; Ardila, 2018).

2.4. Procedure

The study was divided into three phases, which begun by completing
two online questionnaires (Phase 1) followed by online cognitive tasks
(Phase 2) and an in-person IQ test (Phase 3, see Figure 1).

2.5. Statistics

Statistical analysis was carried out using IBM SPSS Statistics 28
Software. A descriptive statistical analysis was performed. The primary
aim of the analysis was to compare the differences in the results of
cognitive tests (London Tower, Stroop, Corsi, and Continuous
Performance Test), IQ (WISC-1IV), CBCL (Child Behavior Checklist)
and the demographic parameters between the two study groups.
Occupational statuses of the parents were classified as follows:
employed, not employed, or retired. Academic levels of the parents
were initially grouped into basic (elementary, lower secondary
education), intermediate (upper secondary) and advanced (college or
university). We later grouped these levels as either higher education
(upper secondary education, college, or university) or lower education
(elementary, lower secondary education) to increase statistical power.

The raw score is an untransformed score from a measurement of
the above listed cognitive tests and the CBCL questionnaire. The raw
scores were converted into a scale called T-score scale, which assumes

TABLE 1 Cognitive tests used in the study to measure executive functioning.

Cognitive test EF domain(s) measured

10.3389/fpsyg.2023.1115304

a normal distribution with the mean=50 and the standard
deviation=10. The T-scores of all psychometric tests were expressed
as means + standard deviations. The categorical data of the cleft and
control groups were analyzed using contingency tables and the
chi-squared or Fischer’ test, as appropriate. For quantitative variables,
two-sided independent samples Student’s ¢-test were used. The Welch
test was applied in cases when the variance was not homogenous.
Analysis of variance (ANOVA) was used to test the difference among
more than two groups (e.g., in case of analysis based on the type of
cleft). These variables follow a normal distribution. Statistical
significance was established as a value of p of <0.05. Effect sizes were
defined as Cohen’s d value in case of two independent groups, #* in
case of ANOVA test, and ¢ value in case of Chi-square test (Coe, 2002).

3. Results
3.1. Participants

We recruited 43 children with non-syndromic OFCsand 44
controls for the study. Past medical history revealed two syndromic
OFCs and these participants were excluded from the study. One
participant of the cleft group was lost to follow up. The data of 84 study
participants were analyzed (see Figure 1).

3.2. Cognitive functioning

The CPT revealed differences between the two groups: the cleft
group scored lower on detectability (%) than controls (p= 0.022,
d=0.55, see Table 2). They also missed more targets than controls
(p=0.058, d= 0.46, see Table 2). We did not observed differences for
the remaining cognitive test results (see Supplementary Tables 1-3).
None of the participants scored below average in any of the dimensions
of the WISC-IV, however controls scored higher on the PRI and WMI
subtests (see Supplementary Table 4).

3.3. Questionnaires
3.3.1. CBCL questionnaire
3.3.1.1. Children (self-report)

Two dimensions of the CBCL showed significant differences
between the groups: controls reported higher symptoms of

Main outcome measures used in the

study

Stroop test

Cognitive flexibility (Diamond, 2013; Parris, 2014; Scarpina and Tagini, 2017)

Inhibition of cognitive interference: speed and

accuracy of the response

Tower of London

2004; Kaller et al., 2011; Naidoo et al., 2019)

Planning ability and working memory (Bull et al,, 2004; Unterrainer et al,,

Total correctly solved trials, total rule violation, mean
execution time, average number of trials and weighted

performance score

Corsi block-tapping test

Visuo-spatial working memory (Kessels et al., 2000; Brunetti et al., 2014)

Block-span

Continuous performance task Attention (Conners, 2014; Roebuck et al., 2016)

Detectability (%), omissions (%) and commissions (%)
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PARTICIPANTS
CLP: 43
Control: 44
> Drop out:
- Not responded: 1
Syndromic oral clefts: 2
Demographic Questionnaire \
Phase 1 o a0
Control: 44

Questionnaires
CBCL Questionnaire (sent via email)
1. Parents:

CLP: 37
Control: 44

2. Children (211 years):

CLP: 28
K Control: 24 /

EF tasks online
Phase 2 CLP: 32

Control: 42

Measurement of EF

WISC-IV IQ Test
Phase 3 in person
CLP: 32
1Q test Control: 43

FIGURE 1
Study flow. The analyzes were divided into three phases. The number of the participants are provided for each phase (CLP, cleft lip and/or palate
group; EF, executive function; IQ, intelligence quotient).

TABLE 2 Results of the CPT (continuous performance task).

Performance measures Group n Mean+SD p-Value Cohen’'s d
Detectability (%) Control 41 59.46 +14.90 0.022% 0.55

Cleft 32 51.03+15.66
Onmission errors (%) (missed Control 41 59.54+13.00 0.058 0.46
targets) Cleft 32 53.84+11.84
Commission errors (%) (false Control 41 52.00+12.21 0.47 0.17
response without target) Cleft 32 5428+ 14.49

*Statistical significance. Data are presented as means and standard deviations (SD).

externalization, somatic, attention, oppositional, and behavioral 3.3.2. Demog raphic measures
problems than clefts. Clefts reported higher symptoms of affective

problems (see Table 3). 3.3.2.1. Children
3.3.1.2. Parental report 3.3.2.1.1. Cleft status
Parents of the controls reported higher symptoms across all scales There were no significant differences between the age of cleft

of the CBCL compared to parents of the cleft group, with small effect ~ versus controls (see Table 4). More than half of the cleft group was
sizes (see Supplementary Table 5). represented by boys (56.6%), while controls had more girl participants
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TABLE 3 Results of the CBCL self-report.

Scales Group n Mean+SD p- Cohen’s
Value d

Internalization Control 28 52.57+10.57 0.64 0.13
Cleft 24 54.17+14.00

Externalization Control 28 53.29+8.68 0.024%* 0.65
Cleft 24 47.83+8.05

Affective Control 28 50.39 +8.42 0.39 0.24

problems Cleft 24  53.08+13.10

Anxiety Control 28 49.50+10.16 0.69 0.11
Cleft 24 50.71+11.75

Somatic Control 28 51.60+11.54 0.46 0.21

problems Cleft | 24 49424937

Attention Control 28 54.89+10.83 0.24 0.33

deficit/ Cleft 24 | 5167829

hyperactivity

Oppositional Control 28 54.25+10.60 0.048%* 0.56

defiance Cleft | 24 | 48131115

Behavioral Control 28 51.32+7.61 0.19 0.37

problems Cleft 24 | 48.46%7.90

*Statistical significance. Data are presented as means and standard deviations (SD).

(67.7%, p=0.031, ¢ =0.24). Three subtypes of OFCs were present in
the cleft group: 45% with cleft lip and palate (CLP), 37.5% with cleft
lip (CL) and 17.5% with cleft palate only (CPO). Left-sided (32.5%)
and bilateral (32.5%) OFCs were the most common. Overall, 29.16%
of the cleft group reported their repaired OFCs as a current medical
condition. All participants of the cleft group had repaired clefts, and
none of these children had persistent hearing deficiency.

3.3.2.1.2. Academic performance and past psychiatric history

‘We observed no differences in the overall academic score; both
clefts and controls achieved a good overall score in the current
academic year (see Table 4). Preschool integration was significantly
more difficult for the cleft group compared to controls (p =0.025,
¢ = 0.26). Both study groups did well later in preschool without
requiring grade repetition (p =0.96, ¢» = 0.005). Children of the cleft
group were examined by pedagogical professional services more often
than controls (p <0.001, ¢ = 0.49). Participants in the cleft group
required special education plans more often than controls (p =0.016,
¢ = 0.29). There were no differences in the rate of elementary grade
repetition between clefts and controls (p =0.60, ¢ = 0.073).
We observed a higher proportion of psychiatric disorders in the cleft
group (15%) compared to controls (4.5%; p =0.14, ¢ = 0.18). The cleft
group received previous psychiatric therapy more often (15%) than
controls (0%; p =0.009, ¢ = 0.29). The reported psychiatric diagnoses
were ADHD (50%), borderline personality disorder (12.5%), learning
disability (12.5%), depression (12.5%) and anxiety disorder (12.5%).
Children in the cleft group required additional support for learning,
psychological and physical well-being during their education more
often than controls (p <0.001, ¢ = 0.49), specifically speech and
language therapy (p <0.001, ¢ = 0.51). Overall, 4.5% of controls
reported having a psychiatric comorbidity, which included dyslexia
(50%) and ADHD (50%).
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3.3.2.1.3. Pregnancy and developmental history

All participating children were born full-term via uncomplicated
births. No differences were observed in the total number of
pregnancies, and natural and caesarian delivery (p=0.63, ¢p = 0.05).
Apgar score at 5min was lower in the cleft group (p=0.031, d=0.48,
see Table 4). No differences were observed in the week of delivery,
head circumference and birthweight between the two study groups
(see Table 4). The need for postnatal supportive care did not differ
between clefts and controls (respiratory support, surfactant therapy,
phototherapy, antibiotics, and transfusions; p=0.23, ¢= 0.13).
Mothers of the cleft group reported feeding (p=0.007, ¢»= 0.29) and
hearing (p<0.001, ¢p= 0.51) difficulties more often than mothers of
controls. The cleft group developed motor skills (roll over, sitting) later
than controls, however the effect sizes were small (see Table 4). The
cleft group was potty trained at an older age than controls (p = 0.008,
d=0.53, see Table 4). Parents of the cleft group reported that their
children were able to form two-word sentences at a later age compared
to reports of parents of controls (p=0.039, d= 0,60, see Table 4). First
words and coherent sentences were also spoken later by children in
the cleft group (See Table 4).

3.3.2.2. Parents

3.3.2.2.1. Age, marital and employment status

Parents of the control group were older at the time of assessment
than those of the cleft group (see Table 4). Mothers of the cleft group
gave birth to their child at an older age than mothers of controls
(p =0.50, d=0.05). Most parents of clefts (70.0%) and controls (69.8%)
were married, and no differences were observed between the
relationship statuses of parents of both groups (p = 0.47, ¢ =0.08). The
employment statuses of fathers (p= 0.42, ¢ = 0.25) and mothers
(p =0.86, ¢ = 0.19) did not differ between the two groups.

3.3.2.2.2. Past psychiatric and academic history

History of psychiatric disorders was more often reported by parents
of controls (27.3%) compared to clefts (7.5%; p =0.010, ¢ = 0.39). One
parent of the control group reported to have history of anxiety, but most
parents did not further specify these conditions. The majority of
reported psychiatric diagnoses in the family of the cleft group were
depression (75%) or anxiety disorders (25%). Most parents completed
high school and/or had a university degree. Significant differences were
not observed in the mother’s level of education between the two study
groups (p= 0.29, ¢ = 0.12). Fathers of the control group achieved a
higher degree of education than fathers of the cleft group who had lower
secondary education (p= 0.024, ¢ =0.25).

3.4. Subgroup analysis of the cleft group

Following data collection and analyzes, we hypothesized that the
more complex cleft subtypes would obtain lower scores on the IQ test,
and present with a history of atypical neurodevelopment, academic
difficulties, and psychiatric disorders. We further assumed that early
interventions for speech and language would positively impact
cognitive development, and the later would be reflected in the IQ
score of these children.

A total of 10 girls and 30 boys were tested in the cleft group (see
Table 5): Boys became potty-trained earlier (2.39years) than girls
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TABLE 4 Demographic data of the study groups.
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Variable Cleft group Control group
(mean+SD) (mean+SD)

Age 12.00£2.62 39 11.77+2.63 44 0.69 0.09

Education
Academic year 6.17+2.38 39 6.06+2.75 44 0.99 0.04
Overall academic 4.45+0.51 38 4.46+0.58 43 0.95 0.02
score

Birth
Week of delivery 38.97+2.19 39 39.20+1.62 44 0.59 0.12
APGAR score 1 8.88+0.62 36 8.97+0.52 41 0.58 0.16
APGAR score 2 9.77+£0.59 36 9.97+0.15 41 0.031%* 0.48
Birth weight (g) 3414.87+614.58 39 3488.31+618.23 44 059 0.12
Birth height (cm) 51.76+4.08 38 50.43+3.32 44 0.11 0.36
Head circumference 34.75+1.51 16 34.43+1.90 30 0.57 0.19
(cm)

Motor development
Rolls over (months) 3.97+0.93 39 4.17+1.02 40 0.37 0.20
Sits (months) 6.50+1.55 38 7.29+2.00 41 0.06 0.44
Crawls (months) 8.61+1.74 38 8.47+1.80 41 0.73 0.08
Walks (months) 11.88+1.38 39 12.02+1.64 43 0.68 0.09
Potty-trained (years) 2.71£0.84 39 2.34+0.54 42 0.008* 0.53

Language development
First words (months) 15.00+7.65 39 13.50+4.83 37 0.53 0.23
Two-word phrases 24.43+9.77 38 19.52+6.11 34 0.039* 0.60
(months)
Coherent sentences 2.50+0.75 38 2.22+0.59 38 0.055 0.41
(year)

Parental SES
Gravidity of mother 2.44+1.37 39 2.66+£1.94 44 0.99 0.13
Mother’s age 42.79+4.43 39 44.67 £4.57 43 0.063 0.42
Father’s age 45.71£5.06 39 48.13+£5.24 43 0.037* 0.47

Data are presented as means and standard deviations (SD). The number of participants is provided for each variable (1). Units are provided for each measurement. Overall academic score was
provided according to the 5-point grade system used in Hungary, which defines 1 as insufficient, 2 as sufficient, 3 as satisfactory, 4 as good and 5 as excellent.

(3.50years; p=0.037, d= 0.79). Hearing difficulties were in highest
proportion for CPO (57.1%) than for CL (13.3%) and CPL (44.4%)
however with small effect size (p=0 0.063, d= 0.36). In the analysis
according to types of clefts, CLP was the subtype that was most often
referred to special education services: CL in 40%, CPO in 14% and
CLP in 72% of the cases (p= 0.023, d= 0.29). CLP subtype was
diagnosed with psychiatric comorbidities in highest proportion
(22.2%) compared to CL (13.3%) and CPO (0%) (p= 0.53, d=0.22).
CLP subtype had additionally received previous psychiatric care in
highest proportion (22.2%) compared to the rest of the cleft subtypes
(p=0.61, d= 0.23). Left (15.4%) and bilateral (30.8%) sided clefts
presented the highest proportion of psychiatric diagnoses (p=0.27,
d=0.35). The relationship between parental socioeconomic status
(SES) and children’s cognitive performance.

We aimed to explore variables of parental SES that may influence
the outcome of academic and cognitive performance. Fathers with a
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high academic background reached a higher overall academic average
compared to children with fathers of low academic background
(p= 0.005, d= 0.79). Children with mothers of a high academic
background reached a higher overall academic average compared to
children with mothers of a low academic background (see Table 6).
The same pattern was observed for the IQ scores: children who scored
higher on almost all indexes of the IQ had parents with a higher
academic background (see Supplementary Tables 6, 7). A total of
44.4% of cleft children with single parents had a psychiatric
condition(s), while only 6.5% had psychiatric condition(s) when
raised by married parents (p=0.016, d= 0.44).

3.4.1. The relationship between speech/language
therapy and the 1Q score

We explored the effect of speech and language therapy on IQ
scores and overall academic average. FS-IQ and VCI scores were
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TABLE 5 Demographical data of the orofacial cleft group.

Age
Younger group (6-11years) 18
Older group (12-16 years) 22
Sex
Male 30
Female 10
Type of orofacial cleft
CLP 18
CPO 7
CL 15
Side of orofacial cleft
Right 8
Left 13
Bilateral 13
Midline 6

CLP, cleft lip and palate; CPO, cleft palate only; CL, cleft lip.

TABLE 6 Parental level of education in relation to overall academic
average of the cleft group.

Level of n Mean+SD p- Cohen'’s

education Value d

Father High 25 4.60+0.42 0.005* 1,02 ‘
Low 14 4.11+0.57 ‘

Mother High 29 4.62+0.42 <0.001%* 1.88 ‘
Low 10 3.85+0.38 ‘

*Statistical significance.

higher for children who received therapy (see Table 7). Overall
academic average was higher for cleft participants who did not
undergo therapy, although with small effect size (see Table 7). A
one-way ANOVA was performed to compare the effect of the
affected side of the cleft (left, right, bilateral and midline) on IQ
scores. We observed differences for continuous variables in WMI
when tested by the affected side (p= 0.037, ° = 0.27, see
Supplementary Table 8).

4. Discussion

We analyzed the cognitive functioning and clinical characteristics
of 40 children with non-syndromic OFCs and 44 age-matched
controls. All participants performed well on the executive function
tasks, except for the CPT; children with non-syndromic OFCs scored
lower and missed targets more often than controls (omission errors,
see Table 4). The results raise the possibility of an underlying attention
deficit in these children described previously by other studies
(Nopoulos et al., 2010; Pedersen et al., 2016). The two groups scored
within normal ranges on the IQ test, however controls scored higher
on the PRI and WMI subtests. Subgroup analysis of the cleft group
revealed significant relationships between parental SES and IQ scores:
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children of parents with a higher educational background scored
significantly higher on the IQ test, specifically reflected in perceptual
reasoning and the full-scare IQ score. We also observed a significant
association between early intervention and IQ: children who received
speech and language therapy achieved higher scores specifically
reflected in the verbal component (VCI) of the WISC-IV (see Table 7).
We further observed the influence of family structure on mental
health outcomes: children raised by single parents were diagnosed
with psychiatric conditions more often than children raised by
married parents.

Children of the control group reported more symptoms of
externalizing disorders (attention, oppositional, behavioral), while
children with non-syndromic OFCs reported symptoms of
internalizing disorders (affective, anxiety) more than controls
(Table 3). Parents of the control group reported higher symptoms
across all scales of the CBCL. However, retrospective analysis of past
medical history revealed that children with non-syndromic OFCs
were clinically diagnosed with psychiatric disorders at a higher
proportion and received psychiatric support more often than
controls. Larger cohort studies have previously described this
observation (Pedersen et al., 2016; Tillman et al., 2018). While there
is a clear difference in the proportion of psychiatric disorders between
our two study groups, this is not statistically detectable, and the effect
size is small. A larger sample may provide conclusive evidence of
this observation.

Psychiatric diagnoses varied across cleft subtypes and the
affected side: the highest proportion of psychiatric diagnoses were
observed in CLP, and bilateral-sided clefts. These observations may
suggest that the more complicated clefts more likely present with
psychiatric comorbidities (Pedersen et al., 2016; Gallagher et al.,
2018). We did not observe psychiatric comorbidities in CPO
children, which is in contrast with previous observations (Nilsson
et al., 2015; Pedersen et al., 2016; Tillman et al., 2018; Gallagher
and Collett, 2019). Interestingly, less than half (29.16%) of the cleft
group participants recognized their repaired OFC as a disease or
medical condition. This may indicate that the causative stressor is
in fact something other than the physical awareness of the defect
itself (Aleksieva et al,, 2021). Apgar score at 5min was lower for
the cleft group than for controls, but clinically within the normal
range. We observed no further complications in the postnatal
period between the two study groups. There was a tendency of a
slower onset of developmental milestones in children with OFCs;
potty-training and the use of two-word phrases presented at a later
age compared to controls, also within clinical ranges. Children
with OFCs experienced difficulties integrating into preschool, and
most required additional support for learning, psychological and
physical well-being throughout their education. Difficulties with
speech and language development are known to be a consequence
related to the primary defect; however, studies highlight the
possibility of a central auditory dysfunction, which may cause
developmental issues that affect these skills (Ceponien etal., 1999;
Yang et al., 2012; Conrad et al, 2021). Based on our results,
children with non-syndromic OFCs initially have a slower
development and experience difficulties integrating into preschool;
however, it seems that they go through a “catch-up phase” around
school age and perform well—almost equal to their peers—
throughout elementary and high school.
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TABLE 7 Effect of speech and language therapy on IQ scores and overall academic average.

Cognitive Speech and n Mean+SD p-Value Cohen’'s d

performance language therapy

FS-1Q No 16 107.06 £10.77 0.077 0.66
Received 15 114.13+10.68

VCI No 16 109.44+10.73 0.005* 1.10
Received 15 121.20+10.63

PRI No 16 104.50+10.67 0.24 0.43
Received 15 108.67 +8.44

WMI No 16 102.38+13.88 0.55 0.22
Received 15 105.13+11.54

PSI No 16 103.63+9.02 0.83 0.07
Received 15 104.53 +£14.22

Overall academic average No 18 4.54+0.48 0.22 0.40
Received 21 4.33+0.56

FS-IQ, full-scale IQ; VCI, verbal comprehension index; PRI, perceptual reasoning index; WMI, working memory index; PSI, processing speed index.

Our study has important limitations. The small sample size of
the study, limited us to further explore relationships within gender,
cleft subtype and affected side. The sample size varied across the
different phases of the study. Most of the children in the cleft group
were represented by males. The retrospective nature of the
questionnaires may have created bias in the data provided.
We could not assess the baseline level of executive functioning
prior to the interventional programs (speech and language
therapy), and we may observe an overall “corrected” level of
cognitive functioning. However, this study has several strengths.
Our study is the first to provide data on cognitive performance and
clinical characteristics of Hungarian children with non-syndromic
OFCs across a wide age-range. We were able to provide data on
neurodevelopmental differences in children with non-syndromic
OFCs in early infancy and the preschool period. We further
demonstrated how these children, despite having previous
difficulties during early infancy, can “catch-up” to their peers and
perform well. Early intervention, additional help in school and
proper parental support seem to have a strong effect on proper
cognitive development for this patient population. Our
observations suggest the presence of attention deficit in children
with non-syndromic OFCs in support of the higher proportion of
ADHD diagnosis seen in this population compared to controls.
Assessing the executive system at an earlier stage of development,
prior to interventional programs, may be useful to screen and
identify individuals within the cleft population who are at risk for
atypical neurodevelopment.

Children with non-syndromic OFCs seem to be at risk for
atypical cognitive and speech development. This may be explained by
a unified brain and facial maldevelopment in utero. Future studies
with large sample sizes are needed to further explore this underlying
etiology to identify this subpopulation, since not all children with
non-syndromic OFCs present with such difficulties. Longitudinal
studies are needed to provide more evidence of baseline cognitive
functioning to study early signs of atypical neurodevelopment and
the effect of early interventions. Under the right environment, these
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children present with similar cognitive strengths as their peers and
show significant skill development. A good multidisciplinary team,
early interventions, special education programs, and proper parental
support allow most children with non-syndromic OFCs to perform
just as well as other children.
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Background: Neuroimaging of individuals with non-syndromic oral clefts have revealed
subtle brain structural differences compared to matched controls. Previous studies
strongly suggest a unified primary dysfunction of normal brain and face development
which could explain these neuroanatomical differences and the neuropsychiatric issues
frequently observed in these individuals. Currently there are no studies that have
assessed the overall empirical evidence of the association between oral clefts and brain
structure. Our aim was to summarize the available evidence on potential brain structural
differences in individuals with non-syndromic oral clefts and their matched controls.

Methods: MEDLINE, Scopus, Cochrane Central Register of Controlled Trials, Web of
Science and Embase were systematically searched in September 2020 for case-control
studies that reported structural brain MRI in individuals with non-syndromic oral clefts
and healthy controls. Studies of syndromic oral clefts were excluded. Two review authors
independently screened studies for eligibility, extracted data and assessed risk of bias
with the Newcastle-Ottawa Scale. Random effects meta-analyses of mean differences
(MDs) and their 95% confidence intervals (95% CI) were performed in order to compare
global and regional brain MRI volumes.

Results: Ten studies from 18 records were included in the review. A total of 741
participants were analyzed. A moderate to high risk of bias was determined for the
included studies. The cerebellum (MD: —12.46 cm3, 95% Cl: —18.26, —6.67, n = 3
studies, 354 participants), occipital lobes (MD: —7.39, 95% CI: —12.80, —1.99, n = 2
studies, 120 participants), temporal lobes (MD: —10.53 cm?3, 95% Cl: —18.23, —2.82,
n = 2 studies, 120 participants) and total gray matter (MD: —41.14 cm?3; 95% Cl: —57.36
to —24.92, n = 2 studies, 172 participants) were significantly smaller in the cleft group
compared to controls.
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Discussion: There may be structural brain differences between individuals with non-
syndromic oral clefts and controls based on the available evidence. Improvement in
study design, size, methodology and participant selection could allow a more thorough
analysis and decrease study heterogeneity.

Keywords: cleft lip, cleft palate, neurodevelopment, brain, neuroimaging

INTRODUCTION

Oral clefts are one of the most common birth defects with
a worldwide incidence of 1:700 births (Mossey and Modell,
2012). Oral clefts can be syndromic or non-syndromic, the latter
occurring as a single anomaly in the absence of other physical and
developmental disorders (Mossey and Modell, 2012; Bjornland
etal., 2021). The etiology of oral clefts is multifactorial, including
gene-environmental interactions, hereditary causes, antenatal
nutrition, and drug exposure (Lithovius et al., 2014; Bjornland
et al,, 2021). Oral clefts can be anatomically classified as cleft lip
(CL), cleft palate (CP), and combined cleft lip and palate (CLP)
(Lithovius et al., 2014; Bjernland et al., 2021).

Syndromic oral clefts are predisposed to more complex
treatment due to the underlying genetic disorder and other
associated health complications (Sandor-Bajusz et al., 2021).
Syndromic individuals often have mental comorbidities
including intellectual disability and learning disorders (Hardin-
Jones and Chapman, 2011; Diaz-Stransky and Tierney, 2012;
Feragen et al., 2014; McDonald-McGinn et al.,, 2015; Zinkstok
et al, 2019). Decades of research revealed the presence
of neuropsychiatric and neurodevelopmental disorders in
individuals with non-syndromic oral clefts (Broder et al., 1998;
Richman and Ryan, 2003; Conrad et al., 2008; Pedersen et al,,
2016; Ansen-Wilson et al., 2018; Tillman et al., 2018). Children
with oral clefts are associated with a significant agglomeration
of psychiatry disorders including intellectual disability, autism
spectrum disorder, ADHD and learning disorders (Pedersen
et al., 2016; Ansen-Wilson et al., 2018; Tillman et al., 2018).
Neurodevelopmental delays have been documented in younger
children including fine motor, gross motor and both expressive
and receptive language development (Conrad et al, 2008;
Hardin-Jones and Chapman, 2011; Gallagher and Collett, 2019).
These observations were suggested to be the consequence of
multiple stressors including social stigma, frequent anesthesia
exposure and/or cleft-related airway obstruction impairing
proper neurodevelopment (Gallagher and Collett, 2019).

New advances in oral cleft research have strongly suggested
a unified primary dysfunction of normal brain and face
development, that could explain the neurodevelopmental-related
deficits observed in these children (Conrad et al., 2021). This
primary dysfunction seems to affect a crucial developmental
stage of a physiological migration of cells that will later form
the face and parts of the brain and the central nervous system
(Ansen-Wilson et al., 2018; Ornoy, 2020). Neuroimaging studies
have additionally revealed significant differences in the brain
structure of individuals with non-syndromic oral clefts compared
to matched controls. However, a definitive statement cannot
be made due to the heterogeneity among the studies including

quality, sample size, methodology and outcomes (Yang et al.,
2012; Gallagher and Collett, 2019).

The aim of the present systematic review was to assess the
overall empirical evidence of the association between of non-
syndromic oral clefts and the brain.

METHODS

The current meta-analysis was registered in PROSPERO
(International Prospective Register of Systematic Reviews';
RRID:SCR_019061, identifier CRD42020167773), and is
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 (PRISMA 2020,
RRID:SCR_018721) guideline (Page et al., 2021).

Search Strategy

Searches of the following databases were conducted until
7 September 2020: MEDLINE (Ovid; RRID:SCR_002185),
Scopus, Cochrane Central Register of Controlled Trials
(CENTRAL; RRID:SCR_006576), Web of Science and Embase
(RRID:SCR_001650). Clinicaltrials.gov (RRID:SCR_002309) was
searched to identify ongoing/completed studies and unpublished
SRs (see Supplementary Table 1 for the full search strategy used
in each of the databases).

Selection of Studies

Inclusion Criteria

The following criteria had to be met for inclusion into the study:
(1) Case-control studies with humans; (2) Individuals with non-
syndromic (isolated) oral clefts, without restriction to age; (3)
Healthy controls; (4) Structural brain differences of individuals
with non-syndromic oral clefts vs. their controls as a relevant
outcome: structural differences had to be explored with brain
MRI. No restrictions were applied for language.

Exclusion Criteria

The publication was excluded if it had any of the following:
(1) Animal studies (2) Individuals with syndromes (syndromic
forms of oral clefts, such as Pierre-Robin sequence or
Velocardiofacial syndrome).

The selection process was performed with the Covidence
systematic review software (RRID:SCR_016484) (Veritas Health
Innovation, 2017).

Two review authors (KSB and EV) screened the titles and/or
abstracts of studies retrieved from the searches. Additional
sources were also screened (hand searching, reference/citation

'https://www.crd.york.ac.uk/prospero/
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lists) to identify articles that may potentially meet the inclusion
criteria. Full texts of these potentially eligible records were
retrieved and assessed by one review author (KSB), while a
second checked the decisions (EV). Any differences between the
two reviewers were settled by consensus after consulting a third
author (GA or SL).

Data Extraction
Data was extracted independently by three authors (KSB, AS, and
EV). Discrepancies were resolved the same way as stated above.

Study setting (design, institution, country), patient
demographics (number, age, sex, ethnicity, gender, type
of oral cleft, brain imaging details, data processing) and
outcome measurement details (general and regional brain MRI
measurements) were collected. Any data that were not described
in the article were calculated from existing data, or were obtained
by contacting the authors.

The primary outcome measures were structural differences
of the brain of individuals with oral clefts vs. individuals
without oral clefts (controls) investigated via MRI. Other
sought outcomes included the correlation between observed
structural differences in the brain of individuals with oral
clefts and alterations in neurological and/or mental functioning
compared to controls.

Risk of Bias Assessment

The Newcastle-Ottawa Scale (NOS) (Wells et al., 2000) was used
for all outcomes to assess the quality of non-randomized case-
control studies included in the systematic review. Assessment was
completed by two authors (KSB, AS) and independently checked
by a third (SL) the same way to resolve discrepancies.

Statistical Analysis and Data Synthesis
Methods

Review Manager Software Version 5.4 was used for data
synthesis (RRID:SCR_003581) (Cochrane, 2020). The random-
effects model was chosen a priori as the primary method to
estimate all pooled estimates for studies that were comparable
in design, exposure and outcomes. This model was used to
account for the differences within study populations such as age,
sex, and type of oral clefts. Mean Differences (MDs) and their
corresponding 95% confidence intervals (CI 95%) were used for
continuous outcomes.

The extent and impact of between-study heterogeneity was
assessed by inspecting the forest plots and by calculating
the tau-squared and the I-squared statistics, respectively. The
I-squared thresholds represented heterogeneity that may not be
important (0-40%), moderate (30-60%), substantial (50-90%),
or considerable (75-100%). Possible sources of heterogeneity in
meta-analyses were sought through pre-specified mixed-effects
subgroup analyses if at least two studies were included for a
comparison (same intervention/outcome). Pre-defined subgroup
analyses included: (i) age; (ii) sex; (iii) ethnicity; (iv) cleft form
(non-syndromic vs. syndromic).

Additional Analyses

Assessment of reporting biases (small-study effects or publication
bias) was planned through the inspection of a contour-enhanced
funnel plot and with the Egger’s weighted regression test if a
sufficient number of trials were identified (n > 10).

RESULTS

Study Selection (Systematic Literature
Search)

A total of 257 records were identified following the database
searches. Overall, 245 records underwent title and abstract
screening following duplicate removal. Thirty-two records
were retrieved and assessed for eligibility. Two records were
additionally identified by handsearching, and only one met the
inclusion criteria (Yang et al, 2012). A total of 10 studies
from 18 records met the inclusion criteria. Three records
included individuals diagnosed with Van der Woude syndrome,
a syndromic form of oral clefts (Nopoulos et al., 2000, 2002,
2005). These records were included in the current systematic
review as none of the syndromic individuals exceeded 15% of
total cleft participants.

The study selection process is shown in the flow diagram of
Figure 1.

Fifteen records seemed to meet the inclusion criteria, however,
they were excluded during the full-text screening process. The
reasons for exclusion were as follows: absence of a control group
(n = 3 Shen and Huang, 1996; Mueller et al., 2007; Zheng et al.,
2019), conference abstracts or commentaries (n = 4 Chollet
et al.,, 2010; Tollefson and Sykes, 2010; DeVolder et al., 2014,
2015), wrong study population that only included syndromic
cases of oral clefts (n = 2 Nopoulos et al., 2007a,b), absence of
neuroimaging (n = 5 Ceponiene et al., 1999; Scott et al., 2005;
Kummer et al., 2007; Conrad et al., 2008; Watkins et al., 2018),
or neuroimaging other than brain MRI (n = 1 Becker et al,
2008).

Study Characteristics

The study characteristics are presented in Tables 1A,B. The
majority were conducted in the US. Other countries included
Australia (Adamson et al., 2014), Brazil (Bodoni et al., 2021),
and China (Yang et al, 2012; Li et al., 2020). Study size
ranged between 24 and 234 participants. The majority of the
participants were males of Caucasian ethnicity. Most of the
participants were children.

Risk of Bias of Included Studies

The risk of bias assessment of included studies are shown
in Table 2. The overall risk of bias ranged from medium
to high. Selection of cleft participants, their comparators and
the assessment of exposure were described in half of the
studies. Information on recruitment and reasons for dropout
were not available in most studies. Only one study reported
blinding personnel of group status during MRI scanning
(Nopoulos et al., 2007c¢).
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Results

Five studies were comparable in terms of study design, exposure
and outcome. Studies were pooled using a random-effect meta-
analysis.

All five studies segmented the brain according to all or one
of the following: intracranial volume was divided into total brain
tissue and cerebrospinal fluid; the brain tissue was divided into
the cerebrum and cerebellum; the cerebrum was subdivided into
the frontal, parietal, temporal, and occipital lobes. The majority of
the studies used the Talairach Atlas-based method for measures
of general and regional brain tissue. Most studies used three
different sequences (T1-weighted, T2-weighted, and/or proton
density images) with comparable parameters to classify tissue into
gray matter, white matter, and cerebrospinal fluid. Additional
details of MRI analysis are presented in Supplementary Table 2.

Primary Outcome

Studies Investigating Global Measurements

Global measurements were anatomically grouped into three
groups: total brain volumes (including MRI volumes of the
cerebrum and cerebellum), cerebral volumes (only MRI volumes
of the cerebrum), and cerebellar volumes (only MRI volumes of
the cerebellum).

Total Brain Volumes. The cleft group had lower total gray matter
volume compared to controls (MD: —41.14 cm?; 95% CI: —57.36
to —24.92; n = 2; 172 participants; I?: 0%) (Figure 2). There were
no differences in brain size of oral cleft subjects compared to
controls (MD: —38.86 cm?; 95% CI: —83.88 to 6.16; n = 4;322
participants; I2: 48%) (Figure 3). No differences were found in
white matter volume of oral cleft subjects and their controls (MD:

—21.93 cm?; 95% CI: —64.20 to 20.33; n = 2; 172 participants; I%:
69%) (see Supplementary Figure 1).

Cerebral Volume. Total volume of the cerebrum in the oral
cleft group did not differ from the control group (MD:
—22.42 cm?; 95% CI: —66.40 to 21.56; n = 3; 268 participants;
12: 58%) (Figure 4). There were no differences in gray matter
volume of the cerebrum between oral clefts and controls (MD:
—6.45 cm®; 95% CI: —25.17 to 12.27; n = 2; 202 participants;
I2: 0%) (see Supplementary Figure 2). An included study
found a significantly lower gray matter volume on the left
side of the cerebrum in individuals with oral cleft (Yang
et al, 2012, P = 0.033). However, the study could not be
included in the meta-analysis due to incomplete data (missing
SD values). No differences were observed in cerebral white
matter volume between oral clefts and controls (MD: —5.08 cm3;
95% CI: —20.19 to 10.03; n = 2; 146 participants; 12:0%)
(Supplementary Figure 3).

Cerebellar Volume. The cerebellum was significantly smaller in
oral clefts compared to controls (MD: —12.46 cm®; 95% CI:
—18.26, —6.67; n = 3; 354 participants; 2: 0%, n = 3) (Figure 5).

Studies Investigating Regional Measurements

Frontal Lobe Volume. The size of the frontal lobe did not
differ between the cleft group and controls (MD: 18.27 cm?;
95% CI: —12.62 to 49.16; n = 2; 120 participants I?: 0%)
(Supplementary Figure 4). There were no differences in frontal
gray matter volume between oral clefts and controls (MD:
4.77 cm?®; 95% CI: —7.84 to 17.38; n = 2; 165 participants; I%:
0%) (Supplementary Figure 5). There were no differences in
the two components of the ventrofrontal cortex; the straight
gyrus (MD: —0.17 cm’; 95% CL: —1.35 to 1.00; n = 2; 165
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TABLE 1A | Characteristics of included studies.

References Country Study participants Inclusion Exclusion N
present in another
reference?
Nopoulos et al. (2000) United States No Adult males (18 +) with non-syndromic Congenital syndromes 28
oral clefts
Nopoulos et al. (2001) United States No Adult males with non-syndromic oral Congenital syndromes 124
clefts
Nopoulos et al. (2002) United States No Non-syndromic oral clefts Congenital syndromes 92
Nopoulos et al. (2005) United States Same study cohort as Adult males (18 +) with non-syndromic Congenital syndromes 92
(Nopoulos, 2002A) (Nopoulos et al., 2002) clefts
Shriver et al. (2006) United States Same patient Adult males (18 +) with non-syndromic Genetic syndrome, serious, active 89
(Nopoulos, 2002B) population as oral clefts medical or neurologic disease or active
(Nopoulos et al., 2002) substance abuse/dependence,
psychiatric disorders
Nopoulos et al. (2007¢) United States No Children with non-syndromic oral clefts Braces (artifact in MRI scan), 1Q < 70, 148
genetic syndrome
Boes et al. (2007) United States Subset of cleft Boys with non-syndromic oral clefts Genetic syndromes, serious medical or 73
(Nopoulos, 2007A) participants from neurological disease
Nopoulos et al. (2007¢)
Weinberg et al. (2009) United States No Adult males (18 +) N/A 86
van der Plas et al. (2010) United States Participants of both Children with unilateral CLP or CL only CP, bilateral CLP or CL, genetic 90
(Nopoulos, 2007E) groups were part of syndromes, serious medical and
another study neurological disease
(Nopoulos et al., 2007¢)
Nopoulos et al. (2010) United States Subset of cleft Boys with non-syndromic oral clefts Braces (creates artifact in MRI scan), 110
(Nopoulos, 2007B) participants from IQ < 70, genetic syndrome
Nopoulos et al. (2007¢)
Conrad et al. (2010) United States Cleft MRI results from Children with non-syndromic oral clefts Genetic syndromes, significant hearing 86
(Nopoulos, 2007C) Nopoulos et al. (2007c) loss (requiring a hearing aid), braces,
history of head trauma, brain tumor or
epilepsy.
DeVolder et al. (2013) United States Subset of participants Children with non-syndromic oral clefts Braces (artifact in MRI scan), IQ < 70 234
(Nopoulos, 2007D) of two previous studies
from Nopoulos et al.
(2007¢) and Conrad
et al. (2010)
Yang et al. (2012) China No Full-term birth, uncomplicated delivery, Congenital syndromes, other chronic 54
non-syndromic oral cleft health disorders
Weinberg et al. (2013) United States No Males, non-syndromic oral clefts, Congenital syndromes 64
limited to 18-50 year old
Adamson et al. (2014) Australia No Children with non-syndromic oral clefts Genetic syndromes 52
Chollet et al. (2014) United States MRI data from previous Children with non-syndromic oral clefts Braces, FSIQ < 70, genetic syndromes 96
(Nopoulos, 2007F) study by Nopoulos
et al. (2007¢)
Bodoni et al. (2021) Brazil No Children with non-syndromic oral clefts Sensory or motor problems, psychiatric 24
disorders, claustrophobia,
contraindications to MRI
Li et al. (2020) China No N/A Brain structural abnormalities, 69

neurological or psychiatric disorders, and

MRI contraindications

N, population size; CLR, Cleft lip and palate; CF, Cleft palate; CL, Cleft lip.

participants; I?: 90%) and orbitofrontal cortex (MD: —0.99 cm?;
95% CI: —2.69 to 0.71; n = 2; 165 participants; I%: 0%) (see

Supplementary Figures 6, 7).

Parietal Lobe Volume. There were no differences in the size of the
parietal lobe between the cleft group and controls (MD: 4.91 cm?;
95% CI: —4.29 to 14.10; n = 2; 120 participants; I2: 0%) (see

Supplementary Figure 8).

Temporal Lobe Volume. Smaller temporal lobes were found for
the cleft group compared to controls (MD: —10.53 cm?; 95%

CIL: —18.23 to —2.82; n = 2; 120 participants; I>: 0%) (Figure 6).
No differences were found on any side of the Superior temporal

Figures 9, 10).

plane (STP) (left side MD: —0.37 cm3; —1.78 to 1.04; n = 2;
143 participants; 1>: 66%. Right side MD: 0.20 cm3; 95% CI:
—0.21 to 0.60; n = 2; 143 participants; I>: 0%) (Supplementary
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TABLE 1B | Demographic data of included studies.

References Demographic measures of clefts Demographic measures of controls
Age: mean Gender (%) Ethnicity (%) Cleft Age: mean Gender (%) Ethnicity (%)
(SD) subtype (N) (SD)

Nopoulos et al. (2000) 33.7 (7.3) Male (100%) Caucasian (100%) CL (1), CPO 33.1(7.7) Male (100%) Caucasian

(5, one is (100%)
syndromic),
CLP (8, one
is syndromic)

Nopoulos et al. (2001) 30.3 (N/A) Male (100%) Caucasian (100%) CPO (15), 27.3 (N/A) Male (52%), female N/A
CLP (34, (48%)
three are

syndromic)

Nopoulos et al. (2002) 30.1 (7.04) Male (100%) Caucasian (100%) CPO (14), 28.8 (7.60) Male (100%) Caucasian
CLP (32, (100%)
three are

syndromic)

Nopoulos et al. (2005) 30.1 (7.04) Male (100%) Caucasian (100%) CPO (14), 28.8 (7.60) Male (100%) Caucasian

(Nopoulos, 2002A) CLP (32, (100%)
three are

syndromic

Shriver et al. (2006) 30.1 (7.04) Male (100%) Caucasian (100%) CPO (14), 28,8 (7.60) Male (100%) Caucasian

(Nopoulos, 2002B) CLP (32, (100%)
three are

syndromic)
Nopoulos et al. (2007c) 12.1 (3.26) Male (67.57%), White (90.5%), Asian CL (18), CPO 12.3 (3.08) Male (67.57%), White (87.8%),
female American (8, 1%), Hispanic  (23), CLP (33) female (33, 33%)  Asian American
(33.33%) (1.4%) (5.4%),
Hispanic (6.8)
Boes et al. (2007) 9.98 (1.64) Male (100%) Provided for both study CL (8), CPO 10.68 (1.45) All male See oral cleft
(Nopoulos, 2007A) groups: African (1.37%), (7), CLP (15) group
Asian (1.37%), Asian
American (4.11%),
Caucasian (89.04%),
Hispanic (1,37%), and
mixed (2.74%).

Weinberg et al. (2009) 30.1(7.1) Male (100%) Caucasian (100%) CPO (14), 28.8 (7.5) All male Caucasian
CLP (31) (100%)

van der Plas et al. (2010)  Separated by Male (100%) N/A CL (9), CLP 12,2 (3.01) All males N/A

(Nopoulos, 2007E) cleft side: (24)

Right, 13
(2.68); left cleft,
11.7 (2.80)

Nopoulos et al. (2010) 11.93.9) Male (100%) Caucasian (95%; detailed  CL (11), CPO 121 (2.7) All males See oral cleft

(Nopoulos, 2007B) info N/A) (13), CLP (26) group

Conrad et al. (2010) 13.27 (3.28) Male, (59%) White (70%) Asian CL (7), CPO 13.28 (3.27) Males (59%), White: 37

(Nopoulos, 2007C) female (41%) American (9%), Hispanic (11), CLP (25) females, (41%) (86%),

(5%), multiracial (7%) multiracial: 1
unknown (9%) (2%), unknown:
5(12%)
DeVolder et al. (2013) Male: 13.44 Male: (61.68%). N/A CL (22), CP Male: 13.04 Males (50.39%), N/A
(Nopoulos, 2007D) (4.61), female: female: (81), CLP (52)  (3.92), female: females: 63
14.11 (3.80) (38.31%) 13.65 (3.82) (49.60%)
Yang et al. (2012) 15.6 months Male: 24 Han Chinese (100%) CL (2), CP 15.6 months Same as oral cleft Han Chinese
(5.7 months) (88.9%), (6), CLP (19) (5.7 months) group (100%)
female: 3
(11.1%)
Weinberg et al. (2013) 32.3(7.4) All male N/A N/A 29.1(7.9) All male N/A
Adamson et al. (2014) 10.40 (2.57) Males: 11 N/A N/A 10, 52 (1.72) Male (61, 54%), N/A
(42.31%) female (38.46%)
Females: 15
(57.69%)
(Continued)
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TABLE 1B | (Continued)

References Demographic measures of clefts Demographic measures of controls
Age: mean Gender (%) Ethnicity (%) Cleft Age: mean Gender (%) Ethnicity (%)
(SD) subtype (N) (SD)
Chollet et al. (2014) CP: 11.7 Male (66, 67 %), Caucasian (82%), Asian CP (22), CLP 12.5 (8.0) Male (69.23%) See oral cleft
(Nopoulos, 2007F) (£ 3.2), CLP: female (33, American (8%), African (35) female (30.77%) group
12.7 (£ 3.1) 33%) American (1%),
Hispanic/Latino (2%),

Native Hawaiian/Pacific
Islander (1%), biracial (4%),

N/A (1%)
Bodoni et al. (2021) 13 (1) Male (58, 33%), N/A CLP (12) 13 (2) Male (58.33%), N/A
female (41, female (41.67%)
67%)
Li et al. (2020) Group B before Male: 26 N/A N/A 22 (1.58)* Male: 15 (62.50%), N/A
therapy: 24 (57.78%) female: 9 (37.50%)
(4.92)*, group A female:19
after therapy (42.22%)

22.8 (5.4)"

N, population size; CLR, Cleft lip and palate; CF, Cleft palate; CL, Cleft lip.
*Data were calculated from median (IQR) values with statistical tool developed by Wan et al. (2014) and Luo et al. (2018).

TABLE 2 | Risk of bias (RoB) assessment using the Newcastle-Ottawa Scale.

Studies Selection Comparability Outcome Total quality
score
Author, year Is the case Representativeness Selection Definition Comparability Ascertainment of Same method Non- 9 = Low RoB;
definition of the cases of controls of controls of cases and outcome of response 7-8 = Medium
adequate? controls on ascertainment rate RoB; < 6 = High
the basis of for cases and RoB
design or controls
analysis
Nopoulos et al. * * * * ox N N . 6
(2000)
Nopoulos et al. * * * * * * * * 5
(2001)
Nopoulos et al. * * * * * * * * 7
(2002)
Nopoulos et al. * * * * o * * * 8
(2007¢)
Weinberg et al. * * * * ** * * * 5
(2009)
Yang et al. N N N N *x N " N 7
(2012)
Weinberg et al. * * * * - * * * 6
(2013)
Adamson et al. * * * * * * * * 8
(2014)
Bodoni et al. * * * * * * * * 7
(2021)
Li et al. (2020) * * * * * * * * 4

Total quality score of 9 indicates low RoB, 7-8 medium RoB and < 6 high RoB (Wells et al., 2000; Muka et al., 2020). The asterisks represent the scores under each
dimension of the Newcastle-Ottawa Scale.

Occipital Lobe Volume. The cleft group had significantly smaller = Secondary Outcome

occipital lobes compared to controls (MD: —7.39 cm’; 95% CL Studies Investigating Mental and Social Functioning

—12.80 to —1.99; n = 2; 120 participants; I*: 0%) (Figure 7). Heterogeneity of methods and outcomes prevented statistical
Tables 3, 4 summarize studies that were not included pooling for meta-analyses for most secondary outcomes, with the

in the meta-analyses due to the wvariability in either exception of IQ scores. These secondary outcomes are illustrated

methods or outcome. in Table 5.
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Test for overall effect: Z= 4.97 (P < 0.00001)

FIGURE 2 | Forest plot for total brain gray matter volume (cm®).

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bodoni 2020 692 77 12 724 60 12 86% -32.00(-87.23,23.23] —
Nopoulos 2007 892 6.5 74 934 742 74 91.4% -42.00(-58.97,-25.03] ‘.-
Total (95% Cl) 86 86 100.0% -41.14 [-57.36,-24.92] <>
it R - . R = - - IR - : : : :
Heterogeneity: Tau®= 0.00; Chi*=0.12,df=1 (P=0.73); F=0% 00 .30 o a0 100

Favours [cleft] Favours [control]

Test for overall effect: Z=1.69 (P = 0.09)
Test for subgroup differences: Chi*= 4.58, df=1 (P =0.03), F=78.2%

FIGURE 3

| Forest plot for total brain volume (cm?®) with subgroup analysis (non-syndromic vs. mixed).

Cleft Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Mixed CLP
Nopoulos 2000 1,2808 981 14 12738 1079 14 21.3% 7.00 [-69.39, 83.39] T
Nopoulos 2002 1,360 134 46 1,384 118 46 31.9%  -24.00 [-75.60, 27.60] —
Subtotal (95% CI) 60 60 53.1%  -14.29 [-57.04, 28.47] e
Heterogeneity: Tau®= 0.00; Chi*=0.43, df=1 (P=0.51); F=0%
Test for overall effect: Z= 0.65 (P = 0.51)
1.1.2 Nonsyndromic CLP
Nopoulos 2007 1,312 133 74 1,394 114 74 383% -82.00[-121.91,-42.09] —
Yang 2012 1,201.3 267.95 27 1,216.22 262.61 27 8.5% -14.92[-156.44, 126.60]
Subtotal (95% CI) 01 101 46.9% -77.06 [-115.47,-38.64] R
Heterogeneity: Tau®= 0.00; Chi*= 0.80, df=1 (P=0.37); F=0%
Test for overall effect: Z= 3.93 (P < 0.0001)
Total (95% ClI) 161 161 100.0% -38.86 [-83.88, 6.16] =i

it Tau? = - Chiz= L s L , N . .
Heterogeneity: Tau®= 962.19; Chi*=5.82, df=3(P=0.12), "= 48% 100 20 ) 20 100

Favours [cleft] Favours [control]

Heterogeneity: Tau®= 860.19; Chi*= 4.76, df= 2 (P = 0.09); F=58%
Testfor overall effect: Z=1.00 (P = 0.32)

Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Nonsyndromic CLP
Nopoulos 2007 1,198 112 74 1,253 96 74 436% -55.00([-88.61,-21.39) ——
Subtotal (95% CI) 74 74 43.6% -55.00[-88.61,-21.39] iR
Heterogeneity: Not applicable
Test for overall effect: Z= 3.21 (P = 0.001)
2.1.2 Mixed CLP
Nopoulos 2000 1,2346 98.2 14 1,209.4 1055 14 21.5% 25.20[-50.30,100.70)
Nopoulos 2002 1,190 123 46 1,201 108 46 34.9% -11.00[-58.30, 36.30) S
Subtotal (95% ClI) 60 60 56.4%  -0.80[-40.88, 39.29] S
Heterogeneity: Tau®= 0.00; Chi*= 0.63, df=1 (P = 0.43); F=0%
Test for overall effect: Z=0.04 (P = 0.97)
Total (95% ClI) 134 134 100.0% -22.42[-66.40, 21.56] *

Test for subgroup differences: Chi*=4.12, df=1 (P =0.04), F=75.8%

-100

-5 0 50 100
Favours [clefts] Favours [control]

Test for overall effect: Z= 4.22 (P < 0.0001)

FIGURE 5 | Forest plot for total volume of the cerebellum (cm3).

Favours [cleft] Favours [control]

FIGURE 4 | Forest plot for total volume of the cerebrum (cm?3) with subgroup analysis (non-syndromic vs. mixed).
Cleft Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2000 1236 138 14 1355 155 14 28.4% -11.80[-22.77,-1.03) L
Nopoulos 2002 133 177 46 146 16.9 46 671% -13.00[-20.07,-5.93) . 3
Nopoulos 2007 D 1433 1444 107 1513 128 127 45% -8.00[-35.45,19.45] = =
Total (95% CI) 167 187 100.0% -12.46 [-18.26,-6.67] L3

ity 2= - Chi*= = = 2= ., t y {
Heterogeneity: Tau®= 0.00; Chi*=0.13, df=2 (P = 0.94), F= 0% T 20 0 20 100
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Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Nopoulos 2000 2261 21.7 14 2352 198 14 250% -910[-24.52, 6.32) SR
Nopoulos 2002 227 229 46 238 206 46 75.0% -11.00[19.90,-2.10) E B
Total (95% Cl) 60 60 100.0% -10.53[-18.23,-2.82] @
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P =0.83); F=0% I 1 y J
-100 -50 0 50 100
Test for overall effect: Z= 2.68 (P = 0.007) Favours [clef] Favours [control]
FIGURE 6 | Forest plot for temporal lobe volume (cm®).
Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2000 1154 108 14 1237 154 14 301% -8.30[-18.15,1.55) . T
Nopoulos 2002 124 143 46 131 17.2 46 699% -7.00[-13.46,-0.54) —i-
Total (95% CI) 60 60 100.0% -7.39[-12.80,-1.99] <
Heterogeneity: Tau?= 0.00; Chi*= 0.05, df=1 (P = 0.83); F= 0% _510 _2=5 3 245 5?0
Test for overall effect: Z= 2.68 (P = 0.007) Favours [clefi] Favours [control]
FIGURE 7 | Forest plot for occipital lobe volume (cm®).

TABLE 3 | Regional measurements.

Study

Outcome

Results (mean, SD)

Nopoulos et al.
(2000)

Nopoulos et al.
(2002) and
Nopoulos
(2002A,B)

Nopoulos et al.
(2007c) and
Nopoulos
(2007A,E)

Yang et al. (2012)

Li et al. (2020)

Weinberg et al.
(2013)

Nopoulos et al.
(2001)

Total lobar volumes: frontal, parietal,
temporal and occipital

Total lobar volumes, gray and white

matter volumes provided separately:

frontal (and VFC), parietal, temporal
(and STP) and occipital

Lobar gray and white matter volumes
separately: frontal (and VFC), parietal,
temporal and occipital

STP, thalamus

Left postcentral gyrus, right inferior
frontal gyrus

Eight corpus callosum landmarks
assessed.

Enlargement of CSP analyzed by a
rating scale designed for the studly.

Significantly larger frontal lobes for clefts (440.4, 39.1) than controls (421.4, 46.0; P = 0.02). Smaller
temporal and occipital lobes for clefts (226.1, 21.7) vs. controls (235.2, 19.9; P = 0.02); clefts (115.4,
10.8) vs. control (123.7,15.4; P = 0.009), respectfully. No significant differences between parietal lobe
volumes.

Significantly smaller volumes observed in clefts for all the following: total frontal lobe (463, 55.9) vs.
controls (460, 49.7; P = 0.029); frontal gray matter (275, 32.3) vs. controls (270, 30.0; P = 0.028);
parietal lobe (264, 28.0) compared to controls (260, 26.7; P = 0.001); parietal gray matter (143, 15.6)
vs. controls (139, 15.3; P = 0.006); smaller temporal lobe (227, 22.9) vs. controls (238, 20.6;

P < 0.0001); temporal gray matter (153, 14.4) vs. controls (159, 12.9), P = 0.002; temporal white matter
(74,0, 10.3) vs. controls (78,9, 10.8; P = 0.005); smaller occipital lobe (124, 14.3) vs. controls (131,
17.2; P = 0.007); and occipital white matter (Kummer et al., 2007; Mueller et al., 2007; Luo et al., 2018)
vs. controls (61.6, 7.39; P < 0.0001). The volume of SG (of the VFC) was smaller in clefts (5.876, 1.184)
than controls (6.733, 1.533; P = 0.02). Total volume of STP greater in clefts (11.96, 1.807) vs. controls
(11.61, 1.776; P = 0.034), but no significant differences when two sides were compared separately.

Only means were provided: Frontal white matter was significantly lower in boys with right clefts (156.0)
compared with boys with left clefts (166.3; P = 0.01), and healthy boys (164.5; P = 0.01). Same was
observed occipital white matter in right cleft (35.1), left cleft (39.5) and controls (38.6; P = 0.004). The
VFC, parietal, temporal lobes, and gray matter of frontal and occipital lobe did not differ between the
two groups.

Total volume of the STP on the left side significantly smaller for cleft subjects (7.42, 2.91) vs. controls
(8.77, 3.38; P = 0.0006). Thalamus on the left side significantly smaller for cleft (4.98, 0.66) than
controls (56.59, 1.06; P < 0.001).

Only narrative data available: before articulation therapy group had an increased gray matter volume in
left postcentral gyrus compared to controls (P < 0.001) and after therapy group (P < 0.05). Increased
gray matter volume in right inferior frontal gyrus in the before therapy group compared to controls

(P < 0.05).

Mean corpus callosum shape of cleft subjects was significantly different from controls (Procrustes
distance = 0.049; P = 0.029). There was a decrease in overall antero-posterior length of the corpus
callosum with an increase in convexity of the body in cleft subjects compared to controls.

One individual out of the 75 controls had an enlarged CSP. Four out of the 49 cleft subjects had
enlarged CSP. The incidence of enlarged CSP was significantly different between the two groups

(P =0.039).

VIFC, Ventrofrontal cortex; STR, Superior temporal plane; CSP, Cavum septum pellucidum.
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TABLE 4 | 3D morphometric analysis of brain shape.

Study Outcome Results

Nopoulos (2007F) 3D brain shape analyzed with EDMA

(interlandmark distances)

Narrative data: Major differences in cleft subjects included posterior expansion of the occipital lobe,
reorientation of the cerebellum, heightened callosal midbody, and posterior displacement of the caudate

nucleus and thalamus. The magnitude of expansion of the occipital lobe was greatest in children with CP.

Weinberg et al.
(2009)

3D brain shape analyzed with EDMA
(interlandmark distances) and CVA
(shape coordinates)

Narrative data: Major brain shape changes associated with clefting were observed with CVA and EDMA:
this included selective enlargement of the anterior cerebrum coupled with a relative reduction in posterior
and/or inferior cerebral portions, changes in the medio-lateral position of the cerebral poles, posterior

displacement of the corpus callosum, and reorientation of the cerebellum.

EDMA, Euclidean distance matrix analysis; CVA, canonical variates analysis; CF, Cleft palate.

TABLE 5 | Psychometric tools used to measure psychosocial functioning.

and nasalance. Relationship between performance and
brain volumes.

differences reached significance only for the hypernasality rating

(P = 0.003). Speech and structure correlations for boys with oral clefts were
significant for cerebellar volume and articulation (P = 0.015), and those with
worse articulations had smaller cerebellar volumes.

Study Outcome Results Validated

Nopoulos (2002A)  Social function measured with the Psychiatric Symptoms  Social function was measured only for cleft subjects (recreational interests Yes
You Currently have-Baseline tool (PSYCH-base), and the and activities; relationship with friends and peers; relationship with family
relationship to brain volumes. members). Twenty-six percent of oral cleft subjects rated relationship with

friends as poor. Thirteen percent of oral cleft subjects rated their relationship
with family members as poor. Six percent of subjects rated recreational
participation as poor. No significant differences of social function between
CLP and CP subtypes. Significant correlation was observed between
smaller surface of the OF and social dysfunction in cleft subjects

(P =0.003).

Nopoulos (2007B)  Pediatric Behavior Scale derived The cleft group showed significantly elevated scores in HIl compared to Yes
hyperactivity/impulsivity/inattention (HIl) scores and its controls (P = 0.021). Boys of the control group with the lowest right vmPFC
relationship to the volume of the vmPFC. volume scored the highest on the HIl (P = 0.041). In the cleft group, boys

with the highest volume of the right vmPFC achieved the highest Hil scores
(P =0.005).

Noppulos (2002B) Boston Naming Test, Rey Auditory-Verbal Learning Test, Lower test performance on the Boston Naming Task correlated with greater Yes
Rey—Osterreith Complex Figure Test, Stroop Test. STP volume for oral cleft subjects, but not significant (P = 0.074). No
Relationship of test performance and brain volumes. correlations observed in the other tests.

Bodoni et al. (2021) RAVEN, Rey Complex Figure, Wisconsin. Relationship Cleft group performed significantly worse on the Raven test compared to Yes
between test performance and brain volumes. controls, and had non-verbal intelligence scores below average (P = 0.006).

Raven test correlated positively with decreased cortical thickness of right
pars orbitalis in oral clefts. Rey Complex Figure Test—Memory scores in
oral cleft subjects showed significant positive correlation to decreased
cortical thickness in: left supramarginal gyrus, right supramarginal gyrus, left
superior parietal lobule, left inferior parietal lobule, right inferior parietal
lobule, right middle temporal gyrus, right pars orbitalis, right superior
temporal gyrus, and right rostral middle frontal gyrus (P < 0.05).

Nopoulos (2007A)  Self-Description Questionnaire: SDQ-1 and relationship to  Boys with oral clefts had significantly poorer peer relations in the Yes

brain volumes. self-reported SDQ-1 score (P = 0.002). Significant correlation between
small SG measures and self-reported low peer relation scores was
observed (P < 0.05).
Nopoulos (2007C)  Speech measured by hypernasality, articulation proficiency, Boys had greater impaired speech than girls in all three domains. These N/A

CLR, Cleft lip and palate; CR, Cleft palate; OFC, orbitofrontal cortex; vimmPFC, Ventro-medial prefrontal cortex.

Full-Scale IQ. Significantly lower FSIQ scores were as observed in
individuals with oral clefts compared to controls (MD: —12.58;
FSIQ; 95% CI: —21.98 to -3.17; n = 2; 234 participants; I = 84%)
(Figure 8). All of the studies used the Wechsler Intelligence Scale
of different editions.

Subgroup Analysis

Four meta-analyses demonstrated moderate to considerable
levels of heterogeneity. Subgroup analysis was feasible for only
two of the four meta-analyses (Figures 3, 4). Subgroup analyses

were performed for age, sex, ethnicity, non-syndromic, and
mixed (syndromic and non-syndromic) oral clefts.

Total Brain Volume

The non-syndromic subgroup had significantly smaller total
brain volume compared to controls. However, this significant
difference was not seen in the mixed subgroup (syndromic
and non-syndromic cases) (MD: —77.06 cm?; 95% CI: —115.47
to —38.64; n = 2; 202 participants; 1> = 0%; Figure 3). The
same phenomenon was observed for age (children vs. adults),
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Cleft Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nopoulos 2001 969 154 49 1142 116 75 50.8% -17.30[-22.35,-12.29] L
Nopoulos 2007 B 105.3 133 50 113 16.6 60 49.2% -7.70[-13.29,-2.11) &
Total (95% ClI) 99 135 100.0% -12.58[-21.98,-3.17] R
Heterogeneity: Tau®= 38.70; Chi*= 6.24, df=1 (P = 0.01); F=84% t t {

Test for overall effect: Z= 2.62 (P = 0.009)

FIGURE 8 | Forest plot for full-scale 1Q scores.
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sex (male only vs. mixed) and ethnicity (Caucasian vs. mixed)
(Supplementary Figures 11A-C). These factors may be possible
sources of the heterogeneity seen in the main analysis.

Total Cerebral Volume

A decrease in heterogeneity was found in the subgroup analysis of
mixed oral clefts (MD: —0.80 cm?; 95%CI: —40.88 to 39.29; n = 2;
120 participants; I = 0%; Figure 4). The same phenomenon was
observed for age (children vs. adults) and sex (male vs. male and
female) (Supplementary Figures 12A,B).

Reporting Bias

Tests for funnel plot asymmetry could not be used to detect
reporting bias due to the few studies included in the meta-analysis
(n < 10) (Higgins et al., 2019).

DISCUSSION

The aim of this review was to analyze the empirical evidence
of the association between non-syndromic oral clefts and the
brain. Overall, oral cleft subjects had smaller cerebral gray matter,
cerebellum, temporal lobes, and occipital lobes compared to
controls. Individuals with oral clefts had lower FSIQ scores
compared to matched controls. Most of the studies controlled for
confounders such as age and/or sex to control for brain growth
and development; however, only half of the studies for subjects
and/or parent’s sociodemographic level (Nopoulos et al., 2000,
2002,2007¢; Lietal., 2020; Bodoni et al., 2021). The risk of bias for
the included studies was moderate to high. Most included studies
did not analyze cleft subtypes separately which was likely due to
the small sample size across subgroups.

Some effects of oral clefts may have remained hidden
as a consequence to the small number of studies for most
outcomes. A few studies have included syndromic cases of
oral cleft, notably Van der Woude syndrome. Van der Woude
is a dominantly inherited syndrome caused by the deletion
of a gene encoding the interferon regulatory factor-6 (IRF6)
on chromosome 1q32 (Johns Hopkins University, 2022). The
authors state that the oral cleft occurs in an isolated matter
without any other significant developmental issues and allow
these individuals to be a part of the non-syndromic group.
However, there have been documented cases of cognitive deficits
and brain structural abnormalities of Van der Woude syndrome
(Nopoulos et al., 2007a; Rincic et al., 2016). Including individuals
with Van der Woude syndrome may have an impact on the results
of the non-syndromic cleft population.

The total gray matter volume was significantly smaller in
the cleft group, an interesting outcome as the total brain
and cerebral volume did not significantly differ between the
two groups. We hypothesize the following to explain this
observation: (1) Shifts in brain tissue distribution in individuals
with non-syndromic oral clefts have been shown previously
(Nopoulos et al., 2007c). This phenomenon was suggested to
occur due to a “compensatory overgrowth” of either brain tissue
component unaffecting total brain size (Nopoulos et al., 2002).
The cerebellum was significantly smaller in the cleft group;
however, the gray or white matter volumes of the cerebellum
could not be analyzed separately due to the lack of data in
studies. This may indicate the presence of a smaller cerebellar
cortex in the oral cleft group (i.e., gray matter), a difference
which may not affect the overall tissue size of the “compensated”
brain. (2) Subgroup analysis revealed a significantly smaller brain
and cerebrum in studies with exclusively non-syndromic oral
cleft participants. These differences were not observed in studies
with mixed syndromic participants (Figures 3, 4). Total brain
gray matter volume was analyzed in studies with non-syndromic
individuals exclusively (Figure 2). Non-syndromic oral clefts
may have smaller total brain and cerebrum, but the presence of
syndromic individuals might have influenced this outcome.

There is supportive evidence regarding a primary unified
maldevelopment of the brain during clefting; this might be
an underlying etiology for the high risk of neuropsychiatric
and neurodevelopmental issues seen in this patient population
(Ansen-Wilson et al, 2018). Previous systematic reviews
have shown an increased risk of neurodevelopmental and
academic difficulties in individuals with non-syndromic oral
clefts (Hunt et al., 2005; Al-Namankany and Alhubaishi, 2018;
Gallagher and Collett, 2019). These studies, however, highlight
the difficulty of summarizing the available evidence due to the
lack of uniformity and consistency across studies. It has been
proposed that syndromes and additional conditions related to the
cleft should be analyzed in a separate group in order to observe
if the additional condition is of any way a confounding variable
affecting cognitive functioning (Feragen et al., 2014). Future
studies should consider the assessment of brain structural data in
reference to the subtype of oral clefts, the side affected, additional
congenital malformations or comorbidities, anamnestic data on
neurodevelopment, age and gender.

Our study has several important limitations. The majority of
participants were Caucasian and originated from one register
(University of Iowa Cleft Lip and Palate Registry). The clinic-
based recruitment and the absence of blinding during the MRI
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procedures may have introduced bias. Most studies did not
report participation rate or investigate the differences between
participants and dropouts. We could not analyze structural
brain differences across the subtypes of oral cleft and gender
due to the small sample sizes. It was not possible to isolate
data of the syndromic cases from the overall data of respective
studies. Furthermore, the impact of surgical interventions on
the developing brain could not be analyzed due to lack of data
regarding the timing of the surgery, age of the patient, type of cleft
repair surgery and anesthesia exposure. Only one study included
the cleft repair status of its participants (Yang et al.,, 2012).
Demographic factors, such as age and/or sex of the participants
were provided by most of the included studies; however, there
was a lack of detailed information of parental socio-economic
factors including education and financial backgrounds. Parental
socio-economic factors are known to strongly relate to the child’s
neurodevelopment (Noble et al., 2015; Rakesh and Whittle, 2021)
and may be a crucial factor in the developing brain of children
with oral clefts. It is unclear how brain structural differences affect
psychosocial functioning due to the variable assessment tools
used in the included studies.

The meta-analyses combined data across studies in order
to estimate the effect of oral clefts on brain structure. The
main limitations of these meta-analyses are the incomplete
reporting of study designs and the variable definition of the
patient population across the studies. The interpretation and
synthesis of the included studies may have been influenced
by these factors. Applicability of our results may be affected
due to the limited data for certain subgroups, such as cleft
type and gender.

The current review has a number of strengths. To the best
of our knowledge, this is the first study to have assessed the
overall empirical evidence of brain imaging studies in oral clefts
carried out for over two decades. We were able to highlight
possible sources of heterogeneity including sex, ethnicity, age and
syndromic cases of oral clefts.

There may be structural brain differences between individuals
with non-syndromic oral clefts and controls based on the
available evidence. Structural brain MRI studies may provide
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