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Background and objeclives

Background
Orofacial clefts (OFC) are frequently occurring birth defects in man. A failure of the normal
closure of the different structures of the mouth in the first trimester of pregnancy, results in an
opening of the lip, alveolus and/or palate and affects 0.5-3 per 1000 live births and stillbirths
worldwide.' In the Netherlands, approximately 400 children are born annually with this congenital
malformation. The group of OFC is heterogeneous and is generally divided into cleft lip, alveolus,
with or without cleft palate (CLP) and cleft palate only (CPO), two separate diagnostic entities.2
Although more than one half of these infants have associated malformations either minor or
major occurring in conjunction with the cleft3, most orofacial clefts are considered isolated,
nonsyndromic OFC in which no other major structural congenital malformations is present. The
remaining clefts are thought to be syndromic due to either syndromal disorders (such as 22qll
deletions), sequences (such as Pierre Robin), one of the 350 Mendelian disorders (such as van
der Woude syndrome), teratogens (such as phenytoin- or fetal alcohol syndrome) or part of a
yet uncategorized syndrome. The gender of the infant influences the risk for OFC. Males are
more likely than females to have a CLP, while females have slightly greater risk for CPO.4 These
defects may either occur unilaterally, bilaterally and depending on the timing of the detrimental
exposure during pregnancy as either complete or incomplete clefts.
An OFC has a major impact on the patient, their family and environment. Children with an
OFC often experience complex problems with feeding, speech, hearing, dental functioning, and
psychosocial development due to the cosmetic problem. This often necessitates multiple surgical
and non-surgical treatments which may considerably reduce quality of life. In the Netherlands
and most developed countries, the child and his/her parents are referred to a cleft lip and palate
team. This multidisciplinary team, generally composed of pediatricians, nurse practitioners,
plastic surgeons, dentists, otolaryngolists, geneticists, genetic counselors, speech therapists,
orthodontists, maxillofacial surgeons, social workers and psychologists, coordinate the treatment
to the best advantage of the patient and his/her parents. Besides the impact of this birth defect on
the individual, it also imposes a substantial economic burden. In 1994, it has been estimates that
the average lifetime medical cost for treatment of one individual affected with a cleft lip with or
without cleft palate is $100,000/ Because of this burden for patient and society, there is an urgent
need for tools for prevention. Understanding the complex etiology of OFC and identification of
risk factors for this birth defect must provide the basis for preventive interventions. Orofacial
clefts are generally believed to be caused by both genetic and environmental factors. A genetic
component is suggested by the fact that relatives of individuals with an OFC are at increased
risk for having affected offspring.·1 This increased risk declines with decreasing relationship.
The relation between OFC risk and ethnicity also suggests a genetic component in the etiology
of OFC. Most knowledge has been gained from twin studies. Monozygotic twins have a higher
concordance rate (25% to 60%) compared to dizygotic twins (3% and 6%). Because no 100%
concordance is reached in monozygotic twins, other factors are suggested to be involved as
well.267 To date, genetic linkage- and associations studies in humans and studies in knockout
animals have revealed numerous candidate genes that may be involved in the embryogenesis of
the lip, alveolus and/or palate.7
Environmental factors in the etiology of OFC have been recognized since 1914 when for the first
time nutritional deficiencies were associated with this birth defects in animals.8 The increased
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frequency of clefts in populations with a lower socio-economic status' also suggest the presence of
an environmental component in the etiology these birth defects These environmental factors are
not uniform worldwide as individual countries and regions differ m lifestyle and environmental
exposures Most epidemiological studies in humans have focused on maternal environmental
factors such as the exposure to a multitude of chemical compounds and pollutants'" '", high
altitude''* and occupational activities'6'7, lifestyle factors such as smoking"" 8 " and the use of
alcohol'0 '8 or health factors such as the use of medication (corticosteroids20, benzodiazepines2',
anticonvulsants", retinoids'1, some anti-infectious drugs14, the occurrence of common cold,
infections or fever4 2 \ stressful life events26 and illnesses such as diabetes27 during pregnancy as
possible risk factors for OFC Protective effects have been demonstrated for the penconceptional
use of multivitamins containing folic acid'810, which has been attributed to its homocysteinelowenng capacity, maternal hyperhomocysteinemia being related to an increased occurrence of
OFC in the offspring 1'
The impact of paternal exposures on reproduction has only be scarcely evaluated Studies in
male mice have demonstrated the teratogenic effect of chemical compounds on the offspring
32
", whereas human studies have suggested paternal smoking and occupation as potential risk
factors for fathering offspring with an OFC 14 6
Many of the above mentioned associations were only reported once and several could not be
reproduced in other studies Differences in populations, case definitions, study design, exposure
assessment, and even more chance is thought to be responsible for these differences in results
In the last decades, studies on gene-environment interactions have emerged as promising tools
in the identification of environmental risk factors Inter-individual genetic variations (eg
single nucleotide polymorphisms in the human genome), might reflect differences in individual
nutrient requirements" and the individual's susceptibility to teratogens Transforming growth
factor alpha and smoking have been studied most, but consistent results have not been reached
Similarly, interactions have been suggested between smoking, alcohol, multivitamins and
MSXl, the retinole acid receptor alpha, methylenentetrahydrofolate reductase, transforming
growth factors beta 3, transforming growth factor alpha, glutathione S-transferase and epoxide
hydrolase7 The results of these studies have been either negative or inconclusive and therefore
necessitate further research in the future

Objectives of the thesis
The impact of environmental factors to the etiology of nonsyndromic OFC is considered larger
compared to that of syndromic clefts In contrast to genetic predispositions, these factors are
amendable and therefore may provide strategies in the prevention of OFC through preconceptional
counseling in the future Therefore, the overall aim of this thesis was to gain insight into the role
of nutritional factors (other than folate), lifestyle and health factors and their interactions with
genes, in the etiology of nonsyndromic OFC
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Background and objectives

Specific objectives to accomplish this were
1 To provide a review of literature on the current knowledge of developmental genes,
nutrition and their interactions in the pathogenesis of the lip, alveolus and/or palate
2 To assess the association between preconceptional maternal nutritional status, the
intake of macronutnents, vitamins and minerals and the risk for OFC in the offspring
(Part 1)
3 To study parental lifestyle and health factors in the penconceptional period that may
contribute to the risk for OFC in offspring (Part II)
4 To investigate gene-environment interactions between parental penconceptional
smoking, the biotransformation enzymes epoxide hydrolase and glutathione Stransferase PI and the risk for nonsyndromic OFC (Part II)

Outline of the thesis
Chapter 2 presents a review of the literature on the role of genes, nutrition and their interaction
in the development of OFC in humans
Part I and II of this thesis displays the results of a nationwide case-control triad study that was
carried out between 1998 and 2004 at the Department of Epidemiology and Biostatistics and the
Department of Obstetrics and Gynecology of the Radboud University Nijmegen Medical Center
in Nijmegen and the Erasmus MC, University Medical Center Rotterdam, The Netherlands This
large-scale study was funded by the Royal Netherlands Academy of Arts and Sciences (KNAW),
Amsterdam, The Netherlands, 1997, and the Eurocran Grant 2000, no QLG1-CT-2000-01019
Due to the international character of the latter study, also non- Dutch and non-Caucasian triads
were eligible
Part I focuses on the role of the maternal preconceptional nutrition as a risk tactor for
nonsyndromic OFC in the offspring As the data on folate have been described by our group
before30 3" ,we assessed the maternal intake of other B-vitamins {Chapter 3) and of macronutnents
and micronutnents {Chapter 4) in relationship to OFC in offspring In Chapter 5, we describe
the nutritional status of /wyo-inositol, glucose and zinc of the mother and her child by measuring
their concentrations in blood both in case pairs and controls
Part II envisions to characterize the parents of a child with a nonsyndromic OFC in the
penconceptional period Chapter 6 gives a broad overview of parental characteristics and
lifestyle that may be involved in the pathogenesis of nonsyndromic orofacial clefting The study
in which gene-environment interactions were investigated is described in Chaptei 7 focusing on
the interaction between penconceptional parental exposures such as smoking and polymorphisms
in the detoxification enzymes epoxide hydrolase exon 3 and exon 4 and glutathione S-transferase
PI exon 5 and nonsyndromic OFC in the offspring
Throughout this thesis we consider the whole group of nonsyndromic OFC, assuming a common
etiology In many instances, we also did analyses on the CLP group and in some cases even in
the small CPO subgroup Further distinction, e g between complete and incomplete clefts was
not possible due to small numbers
The information obtained from Chapter 2 to 7 is discussed in the context of our objectives in
Chapter 8 and recommendations are made to further research and the implications for clinical
practice and public health
13
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Abstract
Orofacial clefts (OFC) occur in 0 5 to 3 per 1,000 live and stillbirths. Their exact pathogenesis
remains largely unknown. Evidence is increasing that both genetic and nutritional factors
are involved In contrast to genetic factors, nutritional causes can be amended and may
as such contribute to the prevention of OFC The goal of this review is to outline the
embryogenesis of OFC, and to give an overview of the genes and nutrients associated with
OFC in humans. This will improve our knowledge of the nutrient-gene interactions in the
pathogenesis of OFC and may stimulate the development of nutritional strategies for OFC
prevention in the future.
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Introduction
Worldwide, orofacial clefts are frequently encountered birth defects in man. The prevalence
rates vary between 0.5 and 3 per 1,000 live and stillbirths with a considerable variation between
populations, gender and geographic regions.' Although most types of OFC are isolated, in
around 20% they are part of a syndrome. The person affected with an OFC and his/her family
may encounter severe medical and psychosocial problems. The majority of the patients requires
multidisciplinary treatment up until adulthood. Therefore, there is a strong imperative towards
a better understanding of the etiology of OFC through which the exposures to modifiable risk
factors can be eliminated or reduced resulting in the prevention of these malformations in the
next generations.
As for most congenital malformations, the pathogenesis of nonsyndromic OFC is largely
unraveled due to the genetic and phenotypic heterogeneity and the complexity of the cell
biological processes involved. Increasing evidence indicates that OFC should be considered
as a complex trait, in which genetic and environmental determinants interact and express the
aberrant phenotype of the primary (lip, alveolus) and/or secondary palate (hard and soft palate
including the uvula). The nutritional environment of the embryo is dependent on the maternal
nutritional status and influences the expression and silencing of developmental genes involved
in embryogenesis and thereby the development of the primary and secondary palate. From this
background, we focus in this review on the role of OFC developmental and candidate genes
expressed in the embryonic tissues of the primary and secondary palate and the interaction with
nutrients, such as folate and vitamin A. This will improve our understanding of the nutrient-gene
interactions in the pathogenesis of OFC and may aid to develop nutritional strategies for OFC
prevention in the future.

Embryogenesis of the primary and secondary palate: normal and
abnormal
In general, OFC are clinically subdivided into three groups: 1) cleft lip and/or alveolus,
2) cleft lip, alveolus and cleft palate and 3) cleft palate. Cleft lip with or without cleft palate
(CLP) and cleft palate are considered separate diagnostic entities. This clinical classification
gives insufficient insight into the etiology of isolated clefts. Therefore, we describe a closer
embryological analysis of the development of the primary palate and of the secondary palate.
We focus on basic morphological processes, such as the outgrowth and fusion of swellings
and the underlying cell biological features as proliferation, apoptosis and differentiation.2 In
addition, the timing and mechanisms of these outgrowth and fusion processes in relation to the
genetic and the environmental aspects is most relevant. In short, the normal development of
the primary palate takes place during the early as well as the late embryonic period, while the
secondary palate arises in the latter period (Figure 1). The development of the primary palate is
the result of the transformation of the left and right nasal placodes via the nasal grooves into the
nasal tubes between 4,5 and 7 weeks postconception. This transformation concerns the fusion
process of the facial swellings and starts about a week after termination of the fusion of the
cranial neural walls into the neural tube. In general, the swellings consist of mesenchymal cores
19
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covered by epithelium ι e, ectoderm Neural crest derived cells contribute to the majority of the
mesenchymal compartment of the head-neck region, including the cores of these swellings The
fusion process of the outgrowing facial swellings begins occipital as an ectodermal adhesion
between the maxillary and medial nasal processes (Figure 1-1) and continues frontally by
adhesion of the lateral and medial nasal processes Thus, both nasal processes border each
nasal aperture (Figure l-II) By this part of the fusion process an epithelial plate between the
respective swellings develops and gradually disappears by apoptosis2 and epithehomesenchymal
transformation (EMT) 1 This results in the fusion of the mesodermal cores of the facial swellings
around the 7th week postconception (Figure l-II, micrographs)
During the late embryonic period, from week 7 to 12 postconception, the primary palate
differentiates by the outgrowth of the lip and of the alveolus into a caudal direction forming
the labial groove in between (Figure l-III) In addition, the bone centers in the left and the right
maxilla and premaxilla (Figure l-III and IV, C and A alveolus, respectively) grow out and fuse
with each other without suture formation except for the intermaxillary suture 2
In the same period, the secondary palate develops by outgrowth of the palatine processes
(Figure l-III and IV, micrographs) After elevation, these swellings gradually fuse in a frontooccipital direction with the primary palate, with each other and the nasal septum that is formed
by both medial nasal processes (Figure l-III and IV) The Y- shaped enclosed epithelial plate,
ι e medial edge epithelium, disappears by apoptosis2 and EMT 4 One membrane bone center,
ι e, the presumptive palatine bone, develops on both sides of the palate These centers grow
towards each other and to the bone centers of the maxilla Together they grow and fuse with
the premaxilla thereby forming the median and transverse palatine sutures and both incisive
sutures, respectively (Figure 1-IV, C palate, and A alveolus) The musculature develops during
the bone differentiation of the primary and secondary palate ^
Extracellular matrix (ECM) molecules play a pivotal role in palatogenesis The maintenance
and degradation of the ECM is partly controlled by matrix metalloproteinases (MMPs) These
enzymes function at the cell surface or in the extracellular space The MMPs are controlled
by zymogen activation and are inhibited by endogenous tissue inhibitors of metalloproteinases
(TIMPs) During palatogenesis, biological processes such as migration, cell-cell interactions,
EMT, proliferation and differentiation accompany the remodeling of the ECM 4 Based on this
description of the embryonic development of the primary and secondary palate, the various
cleft types can be explained A complete cleft of the lip, alveolus and/or complete cleft palate
develops when there is no fusion of the swellings at all (Figure 1, cleft types) An interruption
of the fusion process somewhere along the fusion line of A) the primary palate will result in
a complete cleft lip and a normal alveolus or incomplete alveolar cleft, and B) the secondary
palate will result in a(n) (in)complete cleft uvula, complete cleft uvula and (in)complete cleft
soft palate, and complete cleft uvula and soft palate and (in)complete hard palate (Figure 1,
cleft types) An incomplete cleft lip shows always a tissue bridge underneath the nasal aperture,
which means that the fusion process of the facial swellings has taken place during the early
embryonic period (Figure 1, cleft types) Therefore, it is most likely that the incomplete cleft
lip is the result of insufficient caudal outgrowth of the lip during the late embryonic period
Such a lip presents with a normal alveolus, alveolar notch, alveolar hypoplasia or submucous
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alveolar cleft. These alveolar clefts are caused by insufficient outgrowth of the bone centers of
the premaxilla and/or maxilla.
Differentiation defects of the secondary palate concern: agenesis of the palatine bone(s),
malformed or hypoplasia of the hard palate, and a submucous cleft and/or defective development
of the palatine musculature.

Genes involved in the development of the primary and secondary palate
Most knowledge on genes and OFC is derived from animal studies. The expression patterns
of these genes have been identified in particular in studies in mice. Palatogenesis in mice
parallels that of humans and shows that comparable genes are involved. We choose to focus
on those genes implicated in nonsyndromic OFC based on human linkage and/or association
studies. In figure 1 these developmental genes and their time-related expression during primary
and secondary palatogenesis are outlined. Six of them have been reported to be associated
with OFC: transforming growth factor alpha5·6 (TGFa, nomenclature for DNA in humans),
transforming growth factor beta-37·* (TGFß3), MSX1\ ΤΒΧΙΙ"'", the GABA(A) receptor beta-3
subunit" (GABRßS), and interferon regulatory factor 612 (IRF6). Alterations in these genes and
their proteins could lead to derangements in the fusion process and/or differentiation of the
mesenchyme of the primary and/or secondary palate. In the following paragraph, the different
genes in relation to the development of specific cleft types are outlined. It has to be taken into
account that the secondary palate is much more investigated than the primary palate.
Transforming growth factor alpha is a gene of which the protein is a ligand for epidermal growth
factor receptor (EGFR, nomenclature for mRNA or protein in human) and elicits responses
similar to EGF." The expression patterns of Tgfa (nomenclature for mRNA or protein in
mouse) during the fusion processes of the mouse primary palate14 and the secondary palate"
are comparable. During the outgrowth of the swellings by cell proliferation Tgfa is expressed
in the epithelium and mesenchymal cores of the swellings. The expression is most prominent
at the tip of these swellings, being the prospective fusion zone, and the epithelial plates and its
remnants during the disappearance of these plates. Alterations in the fusion processes will lead
to complete and/or incomplete clefts thereby following the fusion lines. Evidence is rising from
association studies that aberrations in TGFa itself or a marker in its vicinity plays an important
role in the embryogenesis of the lip and oral cavity in humans.6
Transforming growth factor beta-3 is a gene of which the protein also plays a critical role during
the fusion process of the palatine swellings. Its role concerns the adhesion phase, the subsequent
disappearance of the epithelial plate by EMT and the associated degradation of the basement
membrane.16·17 Transforming growth factor beta-3 is strongly expressed in murine epithelial
cells of the prospective fusion zone of the vertical palatal shelves. The expression persists until
the epithelial plate, i.e., midline seam, disappears.18 Disrupted palatal shelf adhesion causes an
(in)complete cleft of the soft/hard palate along the fusion line in Tgfß3 null mice.""'9
A role for MSX1 in craniofacial development is supported by studies in both mice and humans.20 ^
Mice lacking Msxl function (nomenclature for DNA in mice) manifest complete cleft palate,
deficient anterior mandibular and premaxillary alveolar bone development and failure of tooth
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development.20 Initially, the complete cleft palate was thought to be the result of primary failure
of tooth development." Recently, however, Zhang and co-authors demonstrated that Msxl is
expressed in the anterior palatal mesenchyme of the mouse and that the cleft palate in the MsxJ
mutants resulted from defective cell proliferation.2' According to our definition, this indicates a
defective outgrowth of the anterior palatal shelves during the fusion process. Furthermore, this
gene is implicated in mediating epithelial-mesenchymal interactions during craniofacial bone
and tooth development.20 The deficient development of the alveolar bone of the mandible and of
the premaxilla in mutant mice can be considered as differentiation defects. These findings are in
line with the various oral clefts and/or tooth agenesis found in a Dutch family with a nonsense
mutation in exon 1 of MSXIP
The TBX22 mutations are found in patients with cleft palate with (CPX) and without
ankyloglossia.910 The range of TBX22 mutations found in patients with CPX indicates that
the phenotype is a result of complete loss of TBX22 protein function in affected males and a
consequence of haploinsufficiency in females.9 In human and mouse embryos TBX22 is widely
expressed. Strong expression was found in the mesenchyme of the facial as well as the palatal
swellings during their respective fusion processes, and in the base of the tongue.92'1 A role of
TBX22 in the outgrowth of the palatal swellings and nasal septum during the fusion process of
the secondary palate is suggested.1' Because of the CPX phenotype, little attention has been paid
to the TBX22 expression pattern in the outgrowing facial swellings resulting in the formation
of the primary palate, i.e., a developmental process comparable to that of the secondary palate.
Loss of TBX22 function in these swellings would, according to the above-described embryonic
theory, lead to a complete cleft lip and/or alveolus of the primary palate, but may be compensated
for by other T-box proteins with overlapping function.
The loss of GABRßS causes different phenotypes in mice and human. Cleft palates have been
observed in mice and CLP in humans. The expression pattern of GabrßS in mice is similar to
that of Tgfß3 and therefore Gabrß3 may be similarly involved in epithelial-mesenchymal cell
interaction during fusion.-^ In addition, it is suggested that Gabrßi mediates cell proliferation
during palatal shelf elevation. As far as we know, data of the GABRßS expression pattern during
development of the primary palate is not available.
Recently mutations in IRF6, the gene underlying van de Woude syndrome, have also been
associated with nonsyndromic CLP.,2Kondo et al. demonstrated that haploinsufficiency ofIRF6
disrupts orofacial development and that irf6 transcripts are expressed in the palatal medial edge
epithelium in humans before and during fusion of the palatal shelves.26 Speculations have arisen
that mutations in IRF6 might repress the TGFß-signaling pathway leading to excessive apoptosis
before the palatal shelves have fused.27 This is in line with the presumed overlapping expression
of Irf6 with Tgfß3.K Moreover, it is of interest that two IRF binding sites were found in the
promoter ofMSXl, suggesting a common pathway.26
Finally, five candidate genes have been associated with OFC and comprise the family of MMPs
and their counterparts TIMPs, sonic hedgehog (SHH), B-cell leukemia/lymphoma-3 (BCL3),
retinoic acid receptor alpha (RARa) and methylenetetrahydrofolate reductase (MTHFR). The
latter two will be discussed in more detail in the paragraph entitled 'Gene regulation by nutrients
in relation to orofacial clefts". In a large sample of multiplex nonsyndromic CLP families,
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Blanton et al examined three blocks of MMPs and they only found evidence for linkage at
the locus for MMP25 on chromosome 16pl3 3 n Matrix metalloproteinase 25 cleaves type IV
collagen, gelatin, fibronectin and fibrin 2 , I t is suspected that this protein invades the ECM and
basement membranes28 and is as such involved in palatal EMT Members of the collagen IV
family are found in all mice embryonic epithelia30, thus most likely including those of the fusion
zones of the primary and secondary palates This is important for EMT during fusion of the
facial and palatal swellings In contrast to the Mmp2,3,9,13 andTimpl,2,3 expression431 in mice,
patterns of Mmp25 during palatogenesis are not yet available
Sonic hedgehog is expressed in the epithelium of the prospective fusion zones of the facial and
palatal swellings Sonic hedgehog derived from the epithelium activates bone morphogenetic
protein 2 (Bmp2) expression in the mesenchyme that in turn stimulates cell proliferation A
transient loss of Shh signaling in the chick inhibits the outgrowth of the swellings and results
in a complete CLP ^ Recently, however, no significant association was demonstrated between
mutations in SHH and OFC risk in humans 33 Of interest is that another gene, Mxsl, expressed in
palatal shelves controls this Shh pathway via bone morphogenetic protein 4 (Bmp4) 2I Therefore,
it might be interesting to study the combination of these genes in association with OFC
Loci for BCL3M 35 and RARaM' have been associated with OFC risk in several populations In
1998, Na et al demonstrated that Bcl3, a family member of ΙκΒ proteins, regulates a diversity
of transcriptional factors including those involved in cell proliferation " In addition, Bcl3
interacts with the retinoid X receptor (RXR) and coactivated the 9-c/s-retinoic acid-induced
transactivations of RXR Retinole X receptor belongs to a family of ligand-activated transcription
factors that function by binding to specific response elements in the promoters of target genes
The RXR, RAR and other members of the nuclear hormone receptor superfamily play key roles
in the regulation of cell proliferation and differentiation38, and most likely apoptosis during
embryonic development In contrast to Bcl3, the expression patterns οι Rar genes during early
mouse facial development are available During embryonic day 10-13,5 postcoitum the Rara gene
is expressed and uniformly distributed in the facial region of the mouse 3'' It is hypothesized that
the pathogenic consequences of genetic defects in either BCL3 or RARa will cause an imbalance
between cell proliferation and apoptosis resulting in CLP
The MTHFR enzyme catalyzes the conversion of 5,10-methylenetetrahydrofolate to 5methyltetrahydrofolate, the predominant circulatory form of folate and the methyldonor for the
remethylation of homocysteine into methionine A mildly increased homocysteine level has been
associated with an increased risk for birth defects, including nonsyndromic OFC A0 Recently,
polymorphisms in MTHFR were found to increase the risk for OFC, however these findings
,0 42
are still debated '
A folate gene of interest to be further studied in association with OFC is
folate receptor alpha (FRa) It has been clearly demonstrated that Folbpl, the murine homologue
for FRa, regulates the expression of critical signaling molecules such as Shh, and Bmp4 and
may contribute to the development of craniofacial defects observed in Folbpl deficient mice n
Polymorphisms in this gene may contribute to OFC development
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Nutrition during embryogenesis of the primary and secondary palate
Evidence is increasing that nutrition plays a significant role in the development and prevention
of birth defects including OFC.44 In this respect it is important to address that during pregnancy
and thus also during the development of OFC, the embryonic nutritional status is fully dependent
on maternal food intake and metabolism. From the moment of implantation until the end of
the first trimester, nutrients from the uterine fluids are transferred to the conceptus through
diffusion via yolk sac, extra-embryonic coelom and amniotic cavity and intervillous space.
During that period embryonic nutrition is called histiotrophic. The histiotrophic nourishment
will gradually be replaced by hemotrophic nourishment. At the moment when the plugs in the
spiral arteries dissolve around 12 weeks after conception, the nutrition of the conceptus will be
fully hemotrophic (personal communication Burton and Steegers-Theunissen, lOOS).45
Maternal nutritional deficiencies during early pregnancy due to increased needs, inadequate
intake, decreased absorption, disturbances in (extra)embryonic transfer or underlying genetic
aberrations in the mother and/or embryo, could significantly affect the nutritional status and
gene expression of the embryonic tissues.

Associations between nutrition and orofacial clefts
Associations between specific nutrients and OFC have mainly been investigated in animals.
Studies in humans focused in particularly on the preventive effect of multivitamin supplements,
including folic acid.46'48 Table 1 gives an overview of the nutrients that have been associated
with OFC in humans, either in excess or deficiency.4960 These nutrients are involved in the
molecular biological processes as substrates, cofactors and ligands, that are essential in normal
palatogenesis. Important sources for these nutrients are vegetables, fruits, grains, bread, meat,
fish, eggs, dairy products and nuts. The specific mechanisms through which these nutrients
affect palatogenesis are largely unknown. Suggested pathways are their role in homocysteine
metabolism, e.g. riboflavin61, folate62, pyridoxine62, cobalamin62 and zinc61, the induction of,
e.g. excess of glucose, or prevention of oxidative stress, e.g. ascorbic acid, or the prevention
of anemia, e.g. iron, cobalamin and folate. Nutrients also influence gene expression either
directly by regulation of OFC developmental gene expression or indirectly through epigenetic
events64, e.g. niacin, folate or influencing genomic stability, e.g. magnesium, folate and zinc.65
The influence of nutrients on OFC (developmental) gene expression will be discussed in the
following paragraph.
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Table 1. Associations between nutrients and orofacial clefts1
Deficiency/lack
Excess
Macronutrients
-19
Glucose
™
Cholesterol
Vitamins
Thiamin
Riboflavin
Niacin
Pyridoxtne
Folate
Cobalamin
Vitamin A (dérivâtes)
Ascorbic acid

SI

s:
M

S3 «

.1748 M ^
5S
56

17^8
53

Minerals
5')

Zinc

Iron
Magnesium
Myo-inositol

60

53
M
5Ί

Numbers m the table are references

Gene regulation by nutrients in relation to orofacial clefts
In general, mammalian gene and protein expression can be affected by (post)transcriptional
and (post)translational alterations or in a temporary easily reversible manner in response to
extracellular signals. Differences in the status of nutrients and their intermediates can result
in nutrient-related hormonal changes or alterations in their intracellular signaling pathways.
In this review, we emphasized the role of folate and vitamin A or retinole acid (RA) on gene
expression. A described example of the modification of OFC risk associated with a genetic
variation by nutrition are polymorphisms in the candidate gene MTHFR and folate intake. Folate
is important for DNA methylation, which is one of the primary means of the cell to control
gene expression. DNA methylation is considered to silence transcriptional activity. Several
studies have demonstrated that failure to establish the correct methylation pattern can lead to
developmental malformation.6667 Maternal periconceptional folate shortage due to malnutrition
and carriership of the MTHFR C677T polymorphism result in a mild hyperhomocysteinemia and
is associated with an increased OFC risk."' 0 ' i:!4748 In addition, Van Rooij et al. demonstrated that
the combination of the maternal and child 677TT MTHFR genotypes, the periconceptional use
of folic acid and low food folate intake more than 10-fold increased OFC risk in the offspring.·1"
Several other studies revealed a protective effect of folic acid on having OFC offspring.46"18
Other groups demonstrated that the MTHFR genotype plays a role in the susceptibility to OFC
independent on the child's BCL3 genotype.68 The C677T MTHFR variant results in a decreased
enzyme activity due to a lower affinity for the riboflavin cofactor flavin adenine dinucleotide.61
This may explain that a higher riboflavin status in carriers of the Τ allele restores the MTHFR
activity.
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Knowledge on biological pathways affected by folate shortage and/or hyperhomocysteinemia
is scarce It is possible that derangements in the methylation of developmental genes contribute
to OFC. On the other hand the induction of oxidative stress due to increased homocysteine
concentrations resulting in cellular damage and increased apoptosis may lead to OFC as well
Preliminary results of our group suggest that folate indeed controls certain embryonic pathways,
in particular the Wnt signaling pathway in which Rho- and GTP-ase genes are regulated by
folate These genes are essential for normal growth, intracellular signaling, patterning and
differentiation 69
Lipid-soluble molecules, such as vitamin A are of interest in palatogenesis as well. These
nutrients bind to specific intracellular or membrane bound receptors and result in an altered
transcription of specific genes either directly by binding of the ligand receptor complex to
specific DNA sequences in the promotor region of a gene, or indirectly through an altered
signaling transduction pathway Most knowledge is available on the gene-regulatory properties
of RA, which acts through various receptors of the steroid, thyroid, vitamin D and the retinoid
superfamily. The retinoid receptors, i.e., Retinole Acid Receptor (RAR) and Retinole X Receptor
(RXR), consist of different subtypes. Retinole acid signaling is mediated through several
pathways as RXR-RXR homodimers, heterodimers of RXR and RAR and heterodimers of RXR
with some orphan nuclear receptors.7071 In general, the activity of the retinoids is mediated by
RAR-RXR heterodimers However, RXRs can form homodimers that are supposed to have
biological activity Of interest is that a RAR RXR binding site in the mouse Msxl promotor has
been described72 Retinole acid increases the expression of mRNA Tgfß3 and Msxl in palatal
cells m vitro1177, whereas the effect on Tgfa was dual depending on the time of exposure during
gestation. Exposure of RA at day 10 postcoitum in mice decreased the levels of Tgfa protein at
day 14 and increased its levels at day 16 The opposite effect was observed after exposure on
embryonic day 12 when the protein levels increased and decreased at embryonic day 14 and 1674
Like antibodies to SHH, RA has an inhibitory effect on Shh in the chick, preventing the fusion
process of the maxillary and medial nasal processes resulting in a bilateral cleft lip7*
An excess of RA may saturate or inactivate its receptors, which will ultimately result in cellular
damage and a reduction in RA-mediated signaling, respectively A defect in the candidate gene
RARa will also reduce RA-mediated signaling It is conceivable that other up- or downstream
genes, or other growth and environmental factors are also involved Of special interest is
the influence of TGFß3, EGFR (and thus indirectly TGFa) and hyperhomocysteinemia on
the regulation of Mmp's/Timps in the secondary palate 479 Normal palatal fusion requires a
controlled expression of these enzymes Blavier et al described that TGFß3 increased Mmpl3
levels in mesenchymal palatal cells4, whereas others related hyperhomocysteinemia to elevated
mRNA MMP9 concentrations in peripheral mononuclear cells.80 Therefore, it will be interesting
to study the effect of TGFß3 on the OFC candidate gene MMP25. Hyperhomocysteinemia will
cause an imbalance between MMPs and TIMPs and will eventually disturb normal palatogenesis
through an affected remodeling of ECM and an altered EMT.
Finally, in the multifactorial etiology of OFC, in which genetic mutations and a deficiency of folate
and/or excess of RA are involved, other genes such as growth factors and environmental factors
could play a role Although palatogenesis in mice parallels that in humans, the extrapolation
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of these data to humans remains difficult due to possible species-specific differences in gene
expression and their biological effect, especially when dosage and/or timing are involved

Conclusions and future perspectives
Orofacial clefts are mainly determined by the interplay of genetic and environmental factors.
With the completion of the human genome sequence, our knowledge on potential developmental
and candidate genes for the OFC phenotypes has increased Also our understanding of the
importance of environmental teratogens by epidemiological and experimental studies has been
substantiated Especially of interest is the identification of modifiable environmental factors,
such as nutrition, because of the possibilities of developing targeted strategies to prevent OFC in
future generations. Most knowledge is available on the role of a deficiency of folate and an excess
of RA on OFC risk. Possible biological mechanisms, such as a decreased proliferation, an altered
differentiation of the neural crest derived cells of the swellings and increased apoptosis are
implicated 8182 During palatogenesis, an excess of RA specifically induces cell death primarily
at those sites where physiological cell death occurs, being at the tips of the facial and palatine
swellings838" Thus, these data further strengthen the current recommendations to pregnant
women or those who want to become pregnant to avoid excessive intake of RA and vitamin A
by specific foods, supplements and some therapeutic drugs and to ensure an adequate intake of
folate by a folate rich diet and daily supplementation
Our current understanding of the functions of OFC developmental genes, their proteins and
metabolites and the interactions with specific nutrients is mainly derived from animal studies
This limits the extrapolation to the human condition The time- and dose-dependent effect of
nutrients on gene expression and its subsequent biological effect may differ between species
Moreover, alterations in genes may cause different phenotypes in mice and human, e g the loss
of the GABRß3 The mouse is a very useful model to gain insight in the underlying mechanisms
and to detect new candidate genes for OFC In this context, the FRa would be interesting to
study. Another gap in our knowledge originates from the confinement of most research to the
secondary palate and furthermore no attempt has been made to distinguish between incomplete
and complete clefts of the primary palate both in fundamental research as in the clinical
setting.'
To achieve a more comprehensive knowledge of the development of the lip, alveolus and palate,
future research should focus on both the primary and the secondary palate and distinguish
between all subtypes of clefts We acknowledge that large numbers of individuals will be
needed to realize such analyses An international and structural registration of all cleft types
and associated anomalies, such as the database developed for the Dutch Cleft Palate Association
(NVSCA), will be an important tool to overcome some of these difficulties 8S We hope that this
review will stimulate the continued search for genes involved in palatogenesis, to elucidate their
functions and their possible interactions with nutrients
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Figure I: The development of the primary and
secondary palate: genes and cleft types
Relevant stages of the development of the primary palate,
drawings I and II the human face in frontal view after
adhesion of ad I) the medial nasal (A) and maxillary (C)
swellings and after fusion ad II) the medial nasal (A), the
lateral nasal (B) and maxillary (C) swellings mandible
(D) light micrographs of frontal sections of the same
developmental stages I six-week embryo postconception
with the epithelial plate between A and C, II seven-week
embryo postconception with remnants of the epithelial
plate between A, Β and C Patient with a complete cleft
lip/alveolus (cleft types)
Relevant stages of the development of the primary and
secondary palate, drawings III and IV view of the roof of the
mouth, mandible removed, illustrating the differentiation
of the lip/alveolus of the primary palate (A and C) and
development of the secondary palate in fronto-occipital
direction by fusion of the palatine processes (C palate) with
the primary palate (A lip/alveolus) and subsequently with
each other (including the uvula) and the nasal septum Light
micrographs of frontal sections of the same developmental
stages III eight-week embryo postconception with the
palatine processes (C) in vertical position on each side of the
tongue (E), B'/i-week embryo with the palatine processes
in horizontal position, and finally IV 11 -week embryo with
adhesion of the palatine processes (C) and the nasal septum
(A) forming the Y-shaped epithelial plate during the fusion
process of the secondary palate Within the micrographs
sites of expression for the genes involved in palatogenesis
are indicated The lines indicating the gene expression
patterns within the mesenchyme apply for A, Β and C
Patients with an incomplete cleft lip/alveolus, a complete
cleft palate and an incomplete cleft palate, these cleft types
are related spatiotemporal to the various developmental
stages of the primary and secondary palate
The
nomenclature for animal genes is used Tgfa=transforming
growth factor alpha, Tgfß3 = transforming growth factor
beta-3, Rara=retinoic acid receptor alpha, Shh = sonic
hedgehog, Mmp25= matrix metalloprotemases, Gabrß3 =
Gaba (A) receptor ß3 subunit gene
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Abstract
Background: Periconceptional folic acid supplementation is suggested to prevent orofacial clefts
(OFCs). Other Β vitamins however may be beneficial as well.
Aim of the study: To investigate the maternal periconceptional dietary intake of thiamine,
riboflavin, niacin, pyridoxine and cobalamin in association with the occurrence of OFC.
Methods: Two hundred and six mothers of a child with nonsyndromic OFC and 203 control
mothers filled out a general questionnaire and a food frequency questionnaire around 14 months
postpartum as a proxy for periconceptional intake. After exclusion of known pregnant and
lactating mothers, those who reported to have altered their diet compared to the periconceptional
period, and mothers with incidental folic acid supplement use periconceptionally, data of 182
OFC mothers and 173 controls were analyzed. After logarithmic transformation, geometric
means (P5-P95) were calculated and compared between the groups. After subsequent adjustment
for energy, quintiles of dietary Β vitamin intake were created.
Results: The periconceptional intake of thiamine, niacin and pyridoxine was significantly lower
in mothers of a child with an OFC. A trend towards risk reduction for OFC with increasing dietary
intake was demonstrated for thiamine (p=0.04) and pyridoxine (p=0.03). Risk reductions were
only demonstrated in women using folic acid supplements periconceptionally. Supplement users
tended to consume a diet richer in Β vitamins.
Conclusions: Periconceptional intake of thiamine, niacin and pyridoxine seems to contribute to
the prevention of OFC.
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Introduction
Orofacial clefts (OFC) are common congenital abnormalities in humans occurring in 1 -2 per 1000
live births Its prevalence vanes with geographic region, ethnic background and socio-economic
status.'2 The majority of OFCs are isolated malformations The etiology of nonsyndromic
OFC is multifactorial, in which both genetic and environmental aspects, such as nutrition are
involved The pathogenesis of OFC though still remains unraveled due to its complexity and
heterogeneity3 4
Evidence is accumulating that inadequate maternal nutrition during pregnancy, in particular of
vitamins, could be a risk factor for the occurrence of congenital malformations ^ Research on
OFC has mainly been focused on maternal use of multivitamin supplements containing folic acid
and several studies reported a protective effect on the occurrence and recurrence rate of OFC 6 9
Recently, Van Rooij et al. demonstrated a beneficial effect for the penconceptional intake of a
folic acid supplement and/or folate intake on OFC risk "' Less is known about the association
between OFC and thiamine, riboflavin, niacin, pyridoxine and cobalamin intake. Beneficial
effects of these vitamins on facial development are mainly derived from animal studies and
one case reported recurrent cleft lip and palate in siblings of a patient with a malabsorption
syndrome, of which folic acid and riboflavin deficiency may be plausible causative factors " "'
These Β vitamins are involved in several metabolisms that are important for normal DNA and
RNA synthesis and thus for normal development and growth Thiamine plays an important role
in the carbohydrate and ammo acid metabolism l 7 1 8 Riboflavin is involved in the metabolisms
of fat, carbohydrate and proteins and is an important cofactor in folate metabolism ''' Niacin is
essential for the biosynthesis of pentose, steroids, red blood cells, fatty acids and is involved
in glycolysis, protein, carbohydrate and fat metabolism and DNA repair 1718 Furthermore, the
metabolism of certain drugs and toxicants is altered by niacin Pyridoxine acts as a cofactor in
the metabolism of carbohydrates, lipids, amino acids, glycogen and in the transsulphuration of
1718
homocysteine to cysteine
It also regulates the activity of hormones that bind to the nuclear
receptor, thereby influencing transcription and gene expression i : The coenzyme cobalamin
is important in DNA/RNA, protein, fat, homocysteine and folate metabolism and as such is
essential in central and peripheral nervous system functioning 17 ' li
We postulate that cellular nutrient concentration, determined in persons by food intake, affect
the regulation of developmental genes Therefore, decreased intake of Β vitamins and the
resulting increased homocysteine concentrations could interfere with the genetically controlled
development of the lip and palate To investigate this hypothesis, we studied the maternal dietary
intake of thiamine, riboflavin, niacin, pyridoxine and cobalamin in the penconceptional period
and the risk for OFC offspring in humans

Materials and methods
We performed a case-control study in the Netherlands in the period 1998-2001 of which the
design has been described in detail by Van Rooij et al l 0 Two hundred and six mothers of a child
with nonsyndromic OFC were recruited in collaboration with the nine largest cleft palate centers
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at around 14 months after the delivery of the child The control mothers were women with a nonaffected child of the same age, recruited in the population domain of the case group, through
acquaintances from mothers of a child with an OFC (59,5%) or nurseries and infant public health
centers (40,5%) Known pregnant and lactating mothers as those mothers who altered their diet
compared to the penconceptional period were excluded Incidental folic acid supplement users
were also excluded from our calculations through which 182 mothers of a child with an OFC
and 172 control mothers revealed for analysis All mothers were Dutch Caucasians The Medical
Ethical Committees of all participating hospitals approved the study protocol and a written
informed consent was obtained from every participant
All mothers filled out a general questionnaire from which data such as age, education level,
pregnancy nausea, maternal penconceptional alcohol consumption, smoking and the
penconceptional use of vitamins were extracted From the mothers who visited the hospital
for the study, maternal length and weight was recorded Their body mass index was defined
as weight divided by the quadrate of the length Educational level was categorized into low
education (primary/lower vocational/intermediate secondary/intermediate vocational education)
and high education (higher secondary/higher vocational or university education) Nausea was
characterized by duration, period, and seriousness Because of the potential influence on the diet,
extreme nausea is defined as nausea starting after the first week of pregnancy with excessive
vomiting or nausea resulting in a changed or decreased food intake Women were considered
to be drinking alcohol or smokers when any alcohol consumption or smoking was reported in
the penconceptional period Data on vitamin supplements comprised the dosage, contents of
the tablets (folic acid only or multivitamins containing folic acid, thiamine, riboflavin, niacin,
pyndoxine and cobalamin), frequency of intake and specification in which weeks the supplements
were taken before and during pregnancy Penconceptional use of vitamin supplements was
defined as daily intake from four weeks before through eight weeks after conception
Furthermore, all participants filled out a validated Food Frequency Questionnaire (FFQ),
developed for the Dutch cohorts of the European Prospective Investigation into Cancer and
Nutrition study (EPIC) which provided information on the dietary intake of the Β vitamins,
thiamine, riboflavin, niacin, pyndoxine and cobalamin , 0 The FFQ was mailed to the subjects
and filled out at home During a hospital visit scheduled for this study or through a telephone
interview we checked the FFQ in a standard way for completeness and consistency The FFQ
accounted for at least 90% of the population mean intake of food groups and nutrients of interest
In the FFQ, subjects could indicate their answers in frequency per day, per week, month, year or
never For several food items additional questions were asked about the consumption frequency
for different subitems, preparation methods or additions The amount eaten was estimated in
commonly used units, by using household measures or colored photographs of foods showing
different portion sizes Average daily nutrient intake was estimated by multiplying the frequency
of consumption of the food items by the portion size and the nutrient content per gram Total
energy intake and the intake of thiamine, riboflavin, niacin and pyndoxine were calculated
by using an extended version of the computerized 1996 Dutch food-composition table21, folate
and cobalamin intake was calculated using that of 2001 2 2 A validation study demonstrated
that the reproducibility and validity of foods groups predominantly contributing to the intake
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of Β vitamins for this questionnaire were acceptable and comparable to other FFQs 102J We
collected our information on the dietary pattern around 14 months after delivery, as Devine et
al demonstrated that this period is adequate to reflect the dietary pattern of 24 months before,
covering the penconceptional period of the index child , 4 Moreover the assumption of the validity
of the data is strengthened because the season in which the penconceptional period took place
and the moment at which the FFQ was filled out was comparable
Statistical analysis
Mothers of children with an OFC and controls were compared with respect to age at delivery,
age of the child at the time of study and body mass index by using a Student's /-test Differences
in maternal education, frequency of extreme nausea in the first trimester of pregnancy, lifestyle
factors in the penconceptional period such as alcohol consumption, smoking and vitamin
supplement use were evaluated by chi-square tests
As the distribution of the dietary intake of the Β vitamins was skewed, we applied natural
logarithmic transformations and presented the dietary intakes of Β vitamins as geometric
means (P5-P95) The differences in Β vitamin intake between the groups was evaluated
by a Student's /-test The association between maternal intake of Β vitamins and the risk
for OFC was assessed after adjustment for total energy intake '"' The energy-independent
residuals of this analysis were standardized to the predicted Β vitamin intake at the average
energy intake (9186 KJ/day) in our population Quintiles of the dietary intake of thiamine,
riboflavin, niacin, pyndoxine and cobalamin were created based on the control group in
order to derive odds ratios for arbitrary dose categories The risk for OFC was estimated
using Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for each quintile of vitamin
intake with the lowest quintile as a reference in an unconditional logistic regression model
Trends across the quintiles were evaluated, in which quintiles were modeled as continuous
variables
As vitamin supplement use and especially folic acid supplementation is suggested to reduce the
occurrence of midline defects such as neural tube defects and OFC, we constructed a multivariate
model with a term of interaction of folic acid supplement use with dietary Β vitamin intake
Pearson coefficients of correlation were computed to assess the correlations between the intake
of energy, thiamine, riboflavin, niacin, pyndoxine, folate and cobalamin
To investigate the adequacy of the dietary intake of our population, comparisons were made
with the Dutch Recommended Daily Allowances (RDA) of most recent date For all Β vitamins,
the RDA from 2000 was used26, with the exception of pyndoxine and cobalamin, which were
originating from 2003 ^ The RDA for energy was extracted from 2001 18 The RDAs for non
pregnant women in the reproductive age (19-50 years of age) were used because we investigated
the maternal dietary intake around 14 months after delivery and assumed that the intake in this
period is comparable to the penconceptional period as the need for specific nutrients is not likely
to be significantly raised that early in pregnancy
Significance was defined as p<0 05 All analyses were performed using SAS Statistical Analysis
System version 6 12 (SAS institute Ine, Cary, NC)
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Results
The characteristics of the study population presented in Table 1 are comparable between the
mothers of children with an OFC and controls with the exception of the significantly higher
body mass index and significantly lower educational level in mothers of children with an OFC
compared to controls.
Table 1. Characteristics of mothers and their children with orofacial clefts and control
mothers and their children.
OFC group
Control group
P-value
n=182
n=173
31.5(3.6)
0.22
Maternal age at delivery in years, mean (SD)
31.0(3.9)
14.6(2.8)
14.5(4.7)
0.78
Child age at time of study in months, mean (SD)
25.2 (4.4)
23.7(4.4)
0.04
Maternal BMl' (kg/m2), mean (SD)
2
107(59.1)
82
(47.4)
0.03
Low maternal educational level, η (%)
33(19.1)
Extreme nausea infirsttrimester, η (%)
25(13.7)
0.17
Alcohol consumption periconceptionally, η (%)
66(36.3)
73 (42.2)
0.25
43 (24.9)
Cigarettes/pipe smoking periconceptionally, η (%)
57(31.3)
0.18
Periconceptional use of, η (%)
Multivitamin supplements3
Folic acid supplements3

4(2.2)
61 (33.5)

6(3.5)
74(42.8)

0.47
0.07

OFC=orofacial cleft, SD=standard deviation, 'body mass index, determined on 83 OFC and 81 control mothers visiting
the hospital for this study; :low education: primary/ lower vocational/ intermediate secondary/ intermediate vocational
education, missing: one case mother; 'daily use from four weeks before until eight weeks after conception.
Control mothers tended to use more folic acid supplements periconceptionally compared to
mothers of a child with an OFC (p=0.07).
The geometric mean dietary intake of energy and Β vitamins was lower in mothers of a child with
an OFC compared to control mothers, reaching significance for the intake of energy, thiamine,
niacin and pyridoxine (Table 2).
Table 2. Periconceptional dietary intake of Β vitamins and energy for mothers of a child with an
orofacial cleft and control mothers.
Dietary intake
RDA
Mothers of OFC children Control mothers
P-value
of
Geom. mean (P5-P95)
Geom. mean (P5-P95)
Energy
(kJ/d)
10000 8751 (5865-12330)
9190(6359-12708)
Thiamin
(mg/d) 1.1
1.05(0.69-1.50)
1.12(0.71-1.62)
Riboflavin
(mg/d) 1.1
1.55(0.79-2.63)
1.66(1.02-2.74)
Niacin
(mg/d) 13.0
17.1 (11.0-23.9)
16.1(9.8-23.5)
Pyridoxine
(mg/d) 1.5
1.58(1.10-2.27)
1.68(1.16-2.36)
Cobalamin
5.12(2.49-9.12)
5.37(2.85-8.49)
2.8
(μ&ά)
Geom. mean=geometric mean, OFC=orofacial cleft, RDA: Recommended daily allowances2621

0.04
0.007
0.07
0.01
0.007
0.24

All dietary intakes were conform the RDA. Adjustment for energy resulted in a non-significant
difference for niacin, and a tendency of a difference for thiamine and pyridoxine (both p=0.06)
between the groups.
The dietary intake of thiamine and pyridoxine demonstrated a trend towards a reduced risk for
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OFC with increasing dietary intake (Table 3). This trend for thiamine intake, became apparent
above a dietary intake of 1.08 mg/d, reducing OFC risk with 21-64%. A decreased risk for OFC
of 29-65% became apparent for dietary pyridoxine intake above 1.51 mg/d. Riboflavin, niacin
and cobalamin intake did not demonstrate significant risk reductions for the occurrence of OFC.
A greater percentage of mothers of children with an OFC were present in the lowest quintiles
of dietary intake of all Β vitamins. The results did not significantly change after separate
adjustment for maternal age, maternal education, extreme nausea in the first trimester and folic
acid supplement use. Adjustment for dietary folate intake in quintiles did not significantly affect
the associations (Table 3).
Table 3. Periconceptional maternal dietary Intake of Β vitamins In association with orofacial cleft
risk In offspring.
Dietary intake1 of

OFC/Controls
n/n

OR (95% CI)

OR(95%CI) ;

47/35
54/35
28/34
17/35
36/34

1.0 (Reference)
1.15(0.62-2.12)
0.61 (0.32-1.19)
0.36(0.18-0.75)
0.79(0.42-1.50)
0.04

1.0 (Reference)
1.21 (0.65-2.27)
0.69(0.34-1.39)
0.42(0.19-0.91)
0.93(0.45-1.90)
0.21

42/35
41/35
22/34
26/35
51/34

1.0 (Reference)
0.98(0.52-1.84)
0.54(0.27-1.09)
0.62(0.31-1.22)
1.25(0.67-2.33)
0.86

1.0 (Reference)
1.05(0.55-2.00)
0.60(0.29-1.22)
0.72(0.36-1.46)
1.53(0.79-2.96)
0.39

48/35
38/35
31/34
38/35
27/34

1.0 (Reference)
0.79(0.42-1.49)
0.67(0.35-1.28)
0.79(0.42-1.49)
0.58(0.30-1.13)
0.15

1.(1 (Reference)
0.77(0.40-1.45)
0.69(0.36-1.34)
0.85(0.45-1.62)
0.65(0.33-1.29)
0.32

55/35
39/35
36/34
19/35
33/34

1.0 (Reference)
0.71 (0.38-1.32)
0.67(0.36-1.27)
0.35(0.17-0.70)
0.62(0.33-1.17)
0.03

1.0 (Reference)
0.76(0.39-1.48)
0.74(0.37-1.45)
0.39(0.18-0.83)
0.74(0.35-1.54)
0.16

33/35
28/35
40/34
35/35
46/34

1.0 (Reference)
0.85(0.43-1.69)
1.25(0.65-2.41)
1.06(0.54-2.07)
1.44(0.75-2.75)
0.20

1.0 (Reference)
0.88(0.44-1.76)
1.30(0.66-2.54)
1.18(0.60-2.35)
1.79(0.90-3.56)
0.06

Thiamin (mg/d)
0.58-0.96
0.96-1.08
1.08-1.16
1.16-1.25
1.25-1.53
Ρ for trend
Riboflavin (mg/d)
0.76-1.34
1.36-1.56
1.56-1.73
1.73-1.90
1.90-3.41
Ρ for trend
Niacin (mg/d)
8.4-14.9
14.9-16.4
16.5-17.6
17.6-19.6
19.6-25.9
Ρ for trend
Pyridoxine (mg/d)
1.07-1.51
1.51-1.62
1.62-1.72
1.72-1.84
1.84-2.42
Ρ for trend
Cobalamin (Mg/d)
2.20-4.13
4.14-4.92
4.92-5.53
5.53-6.24
6.27-42.92
Ρ for trend

CI=confidence interval, OFC=orofacial cleft, OR=odds ratio, 'energy-adjusted dietary intake per quintile, : adjustment
for dietary folate in quintiles.
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Table 4. Penconceptional maternal dietary Intake of Β vitamins In association with orofacial
cleft risk in offspring by folic acid supplement use.
Supplement users
Non-supplement users
n=135
n=220
OFC/
OR (95% CI)
Dietary
OFC/
OR (95% CI)
Dietary
Controls
intake of'
Controls
intake of'
η n
n/n
Thiamin (mg/d)
13/11
1.0 (Reference)
0.72-0.96
34/24
1.0 (Reference)
0.58-0.96
25/13
1.63(0.57-4.63)
0.97-1.08
29/22
0.93(0.43-1.99)
0.96-1.08
10/14
0.60(0.19-1.89)
1.08-1.16
18/20
0.64(0.28-1.45)
1.09-1.16
3/15
0.17(0.04-0.74)
1.16-1.25
14/20
0.49(0.21-1.17)
1.17-1.25
1.25-1.53
10/21
0.40(0.13-1.21)
1.25-1.51
26/13
1.41 (0.61-3.29)
Ρ for trend
0.003
0.94
Riboflavin
(mg/d)
0.76-1.33
1.38-1.55
1.56-1.73
1.75-1.90
1.91-3.36
Ρ for trend
Niacin (mg/d)
9.6-14.8
14.9-16.4
16.5-17.6
17.8-19.5
19.6-25.9
Ρ for trend
Pyridoxine
(mg/d)
1.07-1.51
1.52-1.61
1.62-1.72
1.72-1.84
1.84-2.42
Ρ for trend
Cobalamin
(Hg/d)
2.68-4.08
4.14-4.91
4.92-5.51
5.53-6.24
6.38-10.93
Ρ for trend

13/16
12/12
8/14
10/16
18/16

1.0 (Reference)
1.23(0.42-3.64)
0.70(0.23-2.19)
0.77 (0.26-2.26)
1.39(0.51-3.74)
0.76

0.84-1.33
1.36-1.56
1.56-1.73
1.73-1.89
1.90-3.41

29/19
29/23
14/20
16/19
33/18

1.0 (Reference)
0.83 (0.37-1.83)
0.46 (0.19-1.12)
0.55 (0.23-1.33)
1.20 (0.53-2.71)
0.92

19/11
10/17
12/13
10/13
10/20

1.0 (Reference)
0.34(0.12-1.00)
0.53(0.18-1.57)
0.45(0.15-1.35)
0.29(0.10-0.84)
0.058

8.4-14.9
14.9-16.4
16.5-17.6
17.6-19.6
19.6-25.1

29/24
28/18
19/21
28/22
17/14

1.0 (Reference)
1.29(0.58-2.87)
0.75(0.33-1.7!)
1.05(0,48-2.29)
1.00(0.41-2.45)
0.85

22/12
14/11
9/10
7/19
9/22

1.0 (Reference)
0.69(0.24-1.99)
0.49(0.16-1.54)
0.20(0.07-0.61)
0.22 (0.08-0.64)
0.0006

1.12-1.51
1.52-1.62
1.62-1.72
1.72-1.84
1.84-2.33

33/23
25/24
27/24
12/16
24/12

1.0 (Reference)
0.73(0.34-1.57)
0.78(0.37-1.69)
0.52(0.21-1.31)
1.39(0.58-3.34)
0.80

10/12
9/16
16/15
10/18
16/13

1.0 (Reference)
0.68(0.21-2.18)
1.28(0.43-3.83)
0.67(0.21-2.09)
1.48(0.49-4.49)
0.50

2.20-4.13
4.16-4.92
4.92-5.53
5.53-6.21
6.27-42.92

23/23
19/19
24/19
25/17
30/21

1.0 (Reference)
1.00(0.42-2.36)
1.26(0.55-2.91)
1.47(0.63-3.42)
1.43(0.64-3.19)
0.25

OFC=orofacial cleft, OR=odds ratio, CI=confidence interval, 'energy adjusted dietary intake per quintile
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Ten women used multivitamins containing Β vitamins through which they will have higher Β
vitamin intakes than non-users. After classification of multivitamin supplement users in the fifth
quintile of dietary intake, the association between Β vitamins and OFC risk was strengthened
and the risk estimate of the highest quintile of niacin intake became significant (OR (95% CI):
0.51 (0.27-0.98)). The dietary intakes of thiamine, riboflavin, niacin, pyridoxine and cobalamin
are positively correlated among each other and significant Pearson coefficients of correlation
varied from 0.47 for the intake of riboflavin and niacin to 0.86 for the intake of thiamine and
pyridoxine. After adjustment for energy, these correlations decreased and varied from 0.14 for
the intake of pyridoxine and cobalamin to 0.68 for the intake of thiamine and pyridoxine.
Thiamine, niacin and pyridoxine only exerted their protective effects in periconceptional folic
acid supplement users (Table 4).
Adjustment for maternal education only marginally altered our results. Significant risk estimates
were observed in the highest quintile of dietary niacin after adjustment for maternal education.
After adjustment for dietary folate intake, pyridoxine intake and surprisingly the first quintile of
niacin intake remained beneficial factors in OFC risk reduction (data not shown).
Folic acid supplement users and non-users were comparable with respect to demographic and
pregnancy characteristics. The overall Β vitamins intakes tended to be lower in non-folic acid
supplement users (Table 5). Energy adjustment did not change the conclusions.
Table 5. Dietary energy and Β vitamin intake for mothers of children with an orofacial cleft
and control mothers by periconceptional folic acid supplement use.
Supplement users
Non-si pplement users
P-value
n=135
n=220
Geom. mean
Geom. mean
(P5-P95)
(P5-P95)
Energy
Thiamin
Riboflavin
Niacin
Pyridoxine
Cobalamin

(kJ)
(mg)
(mg)
(mg)
(mg)
(Ug)

9029
1.11
1.63
17.0
1.66
5.35

(5731-12749)
(0.71-1.59)
(0.88-2.62)
(10.8-24.2)
(1.09-2.32)
(2.71-9.08)

8921
1.07
1.59
16.3
1.61
5.17

(5908-12574)
(0.69-1.54)
(0.83-2.74)
(9.9-23.5)
(1.12-2.38)
(2.61-8.62)

0.62
0.18
0.44
0.14
0.21
0.39

Geom, mean=geometric mean

Discussion
This study demonstrates that the periconceptional dietary intake of thiamine, niacin and
pyridoxine was significantly lower in mothers of a child with an OFC compared to controls. A
diet rich in thiamine and pyridoxine significantly reduced the risk of a child with an OFC. The
protective effect of these Β vitamins however could only be demonstrated in periconceptional
folic acid supplement users.
Due to the high correlations between the Β vitamins, the identification of one Β vitamin with a
predominant role in the pathogenesis of OFC, is not feasible. The different Β vitamins are often
simultaneously present in several products, making it difficult to distinguish a separate effect
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of one Β vitamin In addition, the FFQ may lack power to adequately differentiate between Β
vitamins Intervention studies with different Β vitamins separately and a study in populations
where the dietary intake of Β vitamins is less correlated could help elucidate this issue
Furthermore, the question remains whether the adjustment for dietary folate intake or other Β
vitamins is appropriate as foods are always highly correlated and a great variety of errors and
29
contradictory results may emerge from a multivariate analyses
The protective effect of thiamine, niacin and pyndoxine could only be demonstrated in the group
of women using folic acid supplements Although it is most probable that the penconceptional
use of these supplements is of major importance in the prevention of OFC, its use and the dietary
intake of thiamine, niacin and pyndoxine could also be a reflection of a healthier lifestyle and
thus of a more adequate nutrition as main dietary sources of Β vitamins are products such as
bread, fruits, vegetables, grains, fish and meat Folic acid supplement users did differ from nonusers in diet composition as they reported higher dietary intakes of energy and of all investigated
Β vitamins None of these differences reached significance though, which could result from
our assessment of folic acid supplement use in our study, being restricted to the daily use of
these supplements from four weeks before until eighth weeks after conception This could have
underestimated the actual number of women using nutritional supplements in this period
We speculate that an unbalance between the intake of macronutnents and the micronutnents
thiamine, niacin and pyndoxine contributes to OFC risk Our western diet is known to be rich in
macronutnents such as fat and proteins and relatively poor in micronutnents such as vitamins
Thiamine, niacin and pyndoxine are known to be essential for the metabolic breakdown of
proteins, fats and carbohydrates for energy supply to the cells A diet rich in these macronutnents
and relatively poor in micronutnents could possibly adversely affect the development of the lip
and/or palate
The use of a FFQ in dietary assessment is subject to errors as it gives a relative, rather than an
absolute, reflection of the actual daily intake Possible lower coefficients of correlation between
the FFQ and the actual dietary intake of certain nutrients could lead to misclassification or overor underestimation of our risk estimates Measurement errors due to the FFQ could also be the
explanation for the significant OFC risk reductions in the fourth quintile of dietary thiamine
and pyndoxine intake rather than the expected highest one Furthermore, it was remarkable
that all geometric mean dietary Β vitamin intakes were conform RDA values Our results can
be extrapolated to the Dietary Reference Intakes used in the US as similar conclusions could be
30
drawn after these comparisons These results should be interpreted with care though as the FFQ
has been developed to categorise individuals in levels of low or high dietary intake respectively
and is less suitable for comparisons to absolute values Nevertheless, our FFQ has been described
to be acceptable and comparable to other FFQs as the validity of foods contributing to Β vitamin
intake was considered generally to be good 2 0 2 3 This finding was supported by reports of Melse
et al demonstrating a positive association between the dietary intake of folate recorded by the
same FFQ and plasma folate levels •"
Maternal education, considered as a proxy for socio-economic status, was significantly lower
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in mothers of children with an OFC compared to controls. Studies on dietary intake assessment
have demonstrated that a lower education is more subject to underreporting of energy in
12
comparison to people with a higher educational background. This would overestimate our
results. A possible selection of controls is not expected to have distorted our findings since
underreporting is minimized by adjustment for energy and the ORs only changed marginally
after adjustment of maternal education. Information bias is unlikely to have occurred, as none of
the participants knew on forehand that the study focused on Β vitamins.
In conclusion, this study demonstrates a lower intake of energy and Β vitamins in mothers of
children with an OFC compared to controls and suggests that a periconceptional diet rich in
thiamine, niacin, pyridoxine is important in reducing OFC risk.
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Abstract
Periconceptional folate and folic acid intake prevents orofacial clefts (OFC) in the offspring.
It has been suggested that other nutrients also play a role. We investigated the preconceptional
intake of macronutrients (protein, fat, carbohydrate, fiber and cholesterol), vitamins (vitamin A,
retinol, beta-carotene, ascorbic acid and alpha-tocopherol), minerals (calcium, phosphorus, iron,
magnesium and zinc) and food groups in mothers of children with an OFC and controls. Around
14 months after the index pregnancy, 206 mothers of a child with a nonsyndromic OFC and 203
control mothers completed a food frequency questionnaire on current food intake and a general
questionnaire. After exclusion of pregnant and lactating mothers, mothers who reported a
changed diet compared to the preconceptional period and those for whom periconceptional folic
acid supplement use was unclear, 182 mothers of a child with an OFC and 173 control mothers
were evaluated. Macronutrient, vitamin, mineral and food group intakes were compared. After
adjustment for energy, quintiles of dietary nutrient intake and odds ratios with 95% confidence
intervals were calculated. The preconceptional intake of all macronutrients, vitamins, minerals
and food groups with the exception of milk(products), potatoes and pies/cookies were lower in
mothers of a child with an OFC compared to controls. The energy-adjusted intakes of vegetable
protein, fiber, beta-carotene, ascorbic acid, alpha-tocopherol, iron and magnesium, were
significantly lower in cases compared with controls. Increasing intakes of vegetable protein, fiber,
ascorbic acid, iron and magnesium decreased OFC risk. In conclusion, a higher preconceptional
intake of nutrients predominantly present in fruits and vegetables reduces the risk of offspring
affected by OFC.
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Introduction
Orofacial clefts (OFC) are common birth defects in humans occurring in 1 to 2 per 1,000 live
births Its pathogenesis is multifactorial in which both genetic and lifestyle aspects such as
nutrition are involved ' Since the early twentieth century, nutritional deficiencies have been
2
associated with OFC in humans Nutritional intake is related to socio-economic status and the
increased frequency of OFC among offspring of less educated women emphasizes the importance
of the maternal nutritional status on reproductive outcome 1
To date, research on the association between the maternal nutritional status and OFC risk focused
mainly on multivitamin and folic acid supplementation 4 * Recently, Van Rooij et al demonstrated
that not only folic acid from supplements but also food folate significantly lowered the risk
of offspring with an OFC 6 7 Our group also demonstrated that the dietary intake of several Β
vitamins and red blood cell zmc concentrations were significantly lower in mothers of children
with an OFC compared with controls 8 '' Protective effects on OFC risk have been attributed
to foods rich in beta-carotene in humans10, whereas a dietary excess of fat was postulated to
potentiate the cleft palate-inducing effect of triamcinolone in mice " Maternal hyperglycemia1^,
but also low calcium concentrations'" are suggested to play a role in OFC pathogenesis Of
interest is that both low and high concentrations of vitamin A1"1 " and cholesterol"' '7 interfere
with palatogenesis
Research on other nutrients and OFC risk is not available Neural tube defects (NTD) share
similarities in the pathogenesis of OFC as both birth defects originate from disturbances in which
neural crest cells are involved Therefore, it is conceivable that nutritional factors implicated in
NTD pathogenesis also apply to OFC Groenen et al demonstrated that a low maternal dietary
intake of vegetable protein, fiber, magnesium and iron increased the risk tor spina bifida 2 to
5- fold l8 A report of Shaw et al suggests a protective effect of a magnesium intake over 258 mg
per day " In addition, the anti-oxidant alpha-tocopherol decreased the occurrence of valproic
acid- and hyperglycemia-induced neural tube defects in mice 1 ( n i
The aim of the current study was to investigate whether the maternal preconceptional nutritional
intake is associated with OFC in the offspring

Materials and Methods
We performed a case-control study at the Department of Epidemiology and Biostatistics of the
Radboud University Nijmegen Medical Center in Nijmegen in the Netherlands from 1998-2001
This study has been described in detail by Van Rooij et a l 6 7 Mothers (n=206) of a child with
a non-syndromic OFC were recruited in collaboration with the nine largest cleft lip and palate
centers at around 14 months after the delivery of the index child, 203 mothers who had a healthy
child of the same age and unrelated to the cases served as controls They were recruited in
the population domain of the case group, through acquaintances, friends or neighbors of the
mothers of children with an OFC and through nurseries and public health care centers Mothers
who were known to be pregnant, lactating or those who reported a change in the diet since the
preconceptional period were excluded for analysis Also excluded were those mothers whose
folic acid supplement use during the periconceptional period was unclear Thus, 182 mothers of
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a child with an OFC and 173 control mothers (59.5% recruited by the cases, e.g. acquaintances,
friends and neighbors from mothers of children with an OFC and 40.5% by nurseries and public
health care centers) were evaluated. The OFC group was made up of 153 mothers of a child with
a cleft lip with or without cleft palate (CLP) and of 29 mothers of a child with a cleft palate only
(CPO). Case and control mothers were all Dutch Caucasians. The Medical Ethical Committees
of all participating hospitals approved the study protocol and written informed consent was
obtained from every participant.
Dietary intake was assessed using a validated food frequency questionnaire (FFQ) developed for
the Dutch cohorts of the European Prospective Investigation into Cancer and Nutrition (EPIC)
study.22 21 The FFQ accounted for at least 90% of the population mean intake of food groups and
nutrients of interest. We collected the dietary intake data around 14 months after the delivery
of the index child. At that time, the diagnosis of the child with nonsyndromic OFC has been
confirmed. Our assumption was that nutritional habits in general are rather constant, with the
exception of periods of dieting and periods with increased needs such as pregnancy and lactation.
The validity of the data are strengthened by the time at which the FFQ was filled out, i.e., at
around 14 months after the birth of the index-child, which is 24 months after the preconceptional
period and in the same season of the year as the preconceptional period.
The FFQ was mailed to the subjects and filled out at home. In the FFQ subjects could indicate
their answers in frequency per day, per week, per month or per year or as never. For several
food items, additional questions were asked about the frequency of consumption, preparation
methods, including the addition of condiments and spices. The amount consumed was estimated
in commonly used units by using household measures or colored photographs of foods showing
different portion sizes. During the hospital visit at the Radboud University Nijmegen Medical
Center or through a telephone interview, we checked the FFQ in a standard way for completeness
and consistency. Mean daily nutrient intake was estimated by multiplying the frequency of
consumption of the food items by the portion size and the nutrient content per gram. Total energy
intake, the intake of macronutrients, vitamins, minerals and food groups were calculated by
using a extended version of the computerized 1996 Dutch food composition table.24 A validation
study of our questionnaire demonstrated that the reproducibility and validity of food groups and
nutrients was acceptable and comparable to other food frequency questionnaires.22 21
Furthermore, all mothers filled out a general questionnaire from which data such as age,
education, nausea and/or vomiting in the first trimester of pregnancy, parity, previous children
with an OFC and periconceptional lifestyle factors such as smoking, alcohol consumption and
the use of vitamins were extracted. The periconceptional period was defined as the period of 3
months before until 3 months after the conception of the index child. Education was categorized
into low (primary/lower vocational/intermediate secondary/intermediate vocational) and high
education (higher secondary/higher vocational or university). Nausea was characterized by
duration, period and severity. Because of the potential influence on dietary intake, severe nausea
and/or vomiting was defined as starting after the first week of pregnancy resulting in a change
or decrease in food intake. Mothers were considered smokers or to consume alcohol during the
periconceptional period when any smoking (cigarettes, cigars or pipe) or alcohol consumption
was reported. Data on vitamin supplements comprised information on the contents (folic acid
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only or multivitamins), dosage, frequency of intake and specification in which weeks the
supplements were taken before and during pregnancy. The periconceptional use of supplements
was defined as the daily intake from 4 weeks before through 8 weeks after conception of the
index pregnancy.
Statistical analysis
Maternal age at delivery and age of the child at the time of study are presented as means +/- SD
and compared between the groups by using Student's Mests. Significant differences in frequency
of a low level of maternal education, sever nausea and/or vomiting in the first trimester of
pregnancy, parity and periconceptional lifestyle factors such as smoking, the consumption of
alcohol and the use of nutritional supplements were tested using chi-square tests. When the
tables of the variables contained cells with expected counts less than five, the Fisher's Exact test
was used. Vitamin A retinol equivalents were computed as retinol plus (beta-carotene/6) and the
intake of unsaturated fat by adding the amounts of mono-unsaturated and poly-unsaturated fat
intakes consumed. The distributions of most food groups and nutrients were positively skewed.
The skewness of the data on food groups remained after logarithmic transformation. Therefore,
we present these data as medians with 5'h and 95'h percentiles and the difference between cases
and controls were evaluated by Wilcoxon's rank sum tests. The macronutrient, vitamin and
mineral intakes were log-transformed and presented as geometric means with 5lh and 95Ih
percentiles, and differences between cases and controls are evaluated by Student's Mests. We
used the nutrient residual method to adjust for total energy intake as described by Willet et al.^
Briefly, the crude nutrient intakes of the individuals were log-transformed and regressed on their
total energy intake. This regression equation was used to calculate the expected mean nutrient
log-intake for the mean total energy intake of the study population (9186 kJ/day). The energyadjusted log-intake of each individual was calculated by adding the expected mean nutrient
log-intake of the study population to the individual residual that was derived from the regression
analysis. Differences in energy-adjusted log-nutrient intakes between the groups were evaluated
using Student's /-tests. For the nutrients that remained significantly different between cases
and controls after energy-adjustment, quintiles of the dietary intake were computed from the
continuous variables of the control mothers. The risk for offspring with an OFC was estimated
by odds ratios (OR) and 95% confidence intervals (95% CI) for each quintile of dietary intake of
the nutrient with the lowest quintile as a reference in an unconditional logistic regression model.
Trends across the quintiles were evaluated, in which the quintiles were modeled after inclusion
of the continuous variables in 5 categories ranging from 1 (Reference) to 5 (highest quintile of
dietary intake). Adjustments were made for potential confounders such as maternal age and
periconceptional smoking, alcohol and folic acid supplement use by logistic regression analyses.
We did not adjust for maternal body mass, because it was not feasible to collect valid data on body
weight and length by standardized measurements for all participants. Because CLP and CPO
are considered etiologically two distinct diagnostic entities, we conducted separate analyses for
both types of clefts. Because periconceptional vitamin supplement use and especially folic acid
supplementation is suggested to reduce OFC, we also performed a stratified statistical analyses
for periconceptional folic acid supplement use. Significance was defined as a p-value <0.05. All
statistical analyses were performed using SAS Statistical Analysis System version 6.12 (SAS
institute Ine, Cary, NC).
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Results
The educational level was significantly lower in mothers of children with an OFC, who tended
to use less folic acid supplements compared with controls (p=0.07) (Table I). Three mothers of
a child with an OFC had a previous live born affected child with an OFC (Fisher's Exact Test,
2-tailed p=0.25).
Table 1. Characteristics of mothers and their children with non-syndromic orofacial
clefts and control mothers and their children.
OFC group
Control group
n=182
n=173
Maternal age at delivery in years, mean (SD)

31.0(3.9)

31.5(3.6)

Child age at the time of study in months, mean (SD)

14.6(2.8)

14.5(4.7)

Low maternal educational level1, %

59.1

47.4*

Severe nausea and/or vomiting in first trimester, %

13.7

19.1

Primiparity, %

44.5

50.3

Smoking (cigarettes, cigars and pipe), %

31.3

24.9

Alcohol, %

36.3

42.2

Multivitamin supplement', %

2.2

3.5

Folic acid supplements3, %

33.5

42.8

Periconceptional period2

OFC = orofacial cleft, * Student's /-test p<0.05, 'low education is defined as primary/lower vocational/
intermediate secondary/ intermediate vocational education, missings: 1 OFC mother, defined as 3 month before until 3
months after conception of the index child, 'daily use of supplements from 4 weeks before until 8 weeks after conception
of the index child.

The geometric mean dietary intake of energy, all macronutrients, vitamins and minerals was
lower in mothers of children with an OFC than in controls (Table 2).
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Table 2. Preconceptional energy and nutrient intake in mothers of children with a non-syndromic
orofacial cleft and control mothers
FCS RDA
OFC mothers
Control mothers

Energy (kJ/d)

n=182
Geom. mean (P5-P95)

n=173
Geom. mean (P5-P95)

8519

9700-10200

8751 (5865-12330)

9190(6359-12708)*

76

50-52

76.6(49.5-112.1)

81.2(53.8-114.4)*

-

-

28.8(18.6-42.5)
47.0(27.4-73.8)
82.8(49.2-120.6)

31.6(20.1-45.4)**
48.8(31.0-76.3)
88.2(58.5-133.7)*

Macronutrients
Total protein (g/d)
Vegetable protein (g/d)
Animal protein (g/d)
Total fat (g/d)

S5

Saturated fat (g/d)

33

As low as
possible

34.6(19.3-53.4)

36.7(23.6-57.9)*

Unsaturated fat (g/d)

Fiber (g/d)

45
15
30
228
119
108
20

30

47.3 (29.3-73.0)
15.3(8.1-26.0)
31.8(19.4-49.1)
247.6(164.4-367.4)
124.1 (84.0-185.6)
119.9(66.0-211.9)
22.0(14.7-31.9)

50.5 (32.8-77.9)*
16.6(10.0-26.2)*
33.8(22.4-51.7)*
258.9(174.7-376,5)
130.4(89.2-182.4)*
125.0(68.3-218.7)
24.4(15.5-34.9)**

Cholesterol (mg/d)

200

-

191.4(111.6-310.5)

208.2(131.3-359.8)**

803

800
-

843.2(401.3-1862.3)
582.8(238.3-1660.4)

910.3(503.8-1765.2)
615.8(265.9-1504.6)

70
9.5

1381 (779.4-2347)
92.9(49.3-172.2)
12.0(7.6-21.6)

1527(864.5-2647)**
105.6(56.9-201.3)**
13.2(8.0-21.1)**

1034(433.0-1891)
1487(919.3-2248)
11.4(8.0-15.8)
333.7(223.1-484.1)
9.9(5.9-15.1)

1120(644.2-1898)
1593(1062-2363)*
12.4(8.3-17.2)**
363.6(226.3-524.6)**
10.7(6.9-15.6)**

Polyunsaturated fat (g/d)
Monounsaturated fat (g/d)
Total carbohydrate (g/d)
Poly/disaccharides (g/d)
Mono/disaccharides (g/d)

Vitamins
Vitamin A ^ g / d a y ) 1
Retinol ^g/day)

1

Beta-carotene ^ g / d a y ) 1
Ascorbic acid (mg/d)

81

Alpha-tocopherol (mg/d) 2

11.6

Minerals
Calcium (mg/d)

963

1000

Phosphorus (mg/d)

1387

700-1400

Iron (mg/d)

10.7

15

Magnesium (mg/d)

302
9

250-300

Zinc (mg/d)

9

OFC = orofacial cleft, FCS = food consumption survey2'. RDA = recommended daily allowance2628,
geom. mean = geometric mean, * Student's Mest p<0.()5, ** Student's Mest pO.01, 'expressed as retinol-equivalents,
expressed as alpha-tocopherol-equivalents.
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To assess the adequacy of the maternal diet during the period of data collection (1998-2000),
the dietary intakes were compared with the most recent Dutch recommended daily allowances
(RDAs) for non-pregnant women in the reproductive age.2628 The RDAs used for energy, proteins
and saturated fat were established in 20012'', those for calcium in 200027 and those forfiber,vitamin
A, ascorbic acid, alpha-tocopherol, phosphorus, iron, magnesium and zinc in 1989.28 The nutrient
intake levels were compared with the data of the Dutch food consumption survey (FCS) held in
1997-199829 for non-pregnant women aged 22-50 years. With the exception of energy, saturated
fat, fiber and iron, all geometric mean dietary intakes met the RDAs and in line with the Dutch
FCS 1997-1998. In cases and controls, the geometric mean dietary intake of energy, fiber and
iron were below the RDA, whereas the percentage of energy derived from saturated fat (15%)
exceeded the Dutch recommendation of 10%.26 After adjustment for energy intake, the dietary
intake of vegetable protein (p=0.002), fiber (p=0.0005), beta-carotene (p=0.04), ascorbic acid
(p=0.008) and alpha-tocopherol (p=0.04), iron (p=0.002) and magnesium (p=0.004), remained
significantly different in mothers of children with an OFC compared with controls.
On food group level, cases had lower intakes of vegetables (p=0.04), eggs (p=0.02), fruit
(p=0.0003), fat (p=0.009), grain products (p=0.02), bread (p=0.06), herbs (p=0.0003), cheese
(p=0.07) and soy products (p=0.03) and tended to consume more potatoes (p=0.08) compared
with controls.
For the energy-adjusted nutrient intakes that demonstrated a significant difference between
cases and controls, the risk for OFC was assessed by increasing the nutrient intakes throughout
the quintiles. A trend towards decreased OFC risk with increasing dietary intake could be
demonstrated for vegetable protein (p=0.004), fiber (p=0.002), ascorbic acid (p=0.04), iron
(p=0.008) and magnesium (p=0.003) (Table 3). The most important risk reductions were
observed for ascorbic acid and magnesium above the RDA and for fiber and iron equal to RDA.
Separate adjustment for maternal age, parity, periconceptional smoking, alcohol consumption or
folic acid supplement use altered the odds ratios only marginally.
Although CLP and CPO are two separate diagnostic entities with different etiologies, the results
for the CLP group were comparable to those from the OFC group. The CPO group differed
with significantly lower intakes of meat/poultry (p=0.04), eggs (p=0.04), fruit (p=0.002) and
sweets (p=0.02) compared with the controls. After energy-adjustment, the dietary intake of fat
(p=0.05), saturated fat (p=0.009), cholesterol (p=0.03), fiber (p=0.006), iron (p=0.005) and zinc
(p=0.02) remained significantly different between CPO mothers and controls. The CPO risk
decreased with increasing dietary intake of fiber (p=0.03), saturated fat (p=0.05), cholesterol
(p=0.05), and iron (p=0.04).
In a separate stratified analysis for maternal periconceptional folic acid supplement use, all
significant trends for a reduced risk for OFC by increasing dietary intake could be demonstrated
only in folic acid supplement users, with the exception of vegetable protein. (Table 4). Similar
results were obtained for CLP, whereas in the CPO group, no conclusions could be drawn due
to the small numbers.
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Table 3. Risk for orofacial clefts in offspring in association with the preconceptional
dietary maternal intake of several nutrients.
OR (95 % CI)
Dietary intake1
FCS
RDA
OFC/Controls
n/n
Vegetable protein (g/d)
1.0 (Reference)
18.6-27.3
56/35
38/35
0.7(0.4-1.3)
27.3-30.0
35/34
30.0-32.2
0.6(0.3-1.2)
37/35
0.7(0.4-1.2)
32.2-35.4
16/34
0.3(0.1-0.6)
35.4-47.4
0.004
Ρ for trend
Fiber (g/d)
12.8-20.7
20.7-23.2
23.2-25.5
25.5-27.8
27.8-34.2
Ρ for trend

20

30

Beta-carotene ^g/d) 2
430.4-1143
1143-1324
1324-1677
1677-2019
2019-5934
Ρ for trend
Ascorbic acid (mg/d)
29.8-82.2
82.2-97.9
97.9-110.4
110.4-128.7
128.7-295.8
Ρ for trend

81

70

Alpha-tocopherol (mg/d)1
6.4-10.7
10.7-11.9
11.9-13.5
13.5-15.4
15.4-22.0
Ρ for trend

11.6

9.5

Iron (mg/d)
7.6-10.7
10.7-11.9
11.9-12.7
12.7-13.7
13.7-22.1
Ρ for trend

10.7

15

Magnesium (mg/d)
183.4-318.1
318.1-346.2
346.2-376.0
376.0-404.3
404.3-502.9
Ρ for trend

302

250-300

54/35
44/35
36/34
31/35
17/34

1.0 (Reference)
0.8(0.4-1.5)
0.7(0.4-1.3)
0.6(0.3-1.1)
0.3 (0.2-0.7)
0.002

41/35
37/35
51/34
30/35
23/34

1.0 (Reference)
0.9(0.5-1.7)
1.3(0.7-2.4)
0.7(0.4-1.4)
0.6(0.3-1.2)
0.12

58/35
39/35
27/34
23/35
35/34

1.0 (Reference)
0.7(0.4-1.3)
0.5 (0.3-0.9)
0.4(0.2-0.8)
0.6(0.3-1.2)
0.04

42/35
42/35
40/34
32/35
26/34

1.0 (Reference)
1.0(0.5-1.9)
1.0(0.5-1.9)
0.8(0.4-1.5)
0.6(0.3-1.3)
0.14

46/35
53/35
29/34
36/35
18/34

1.0 (Reference)
1.2(0.6-2.1)
0.7(0.3-1.3)
0.8(0.4-1.5)
0.4(0.2-0.8)
0.008

55/35
37/35
48/34
21/35
21/34

1.0 (Reference)
0.7(0.4-1.3)
0.9(0.5-1.7)
0.4(0.2-0.8)
0.4 (0.2-0.8)
0.003

OFC = orofacial clefts, FCS = food consumption survey1", RDA = recommended daily allowance26"2', OR = odds ratio, CI
= confidence interval, 'quintilcs of energy adjusted nutrient intake based on all the control mothers;
:
expressed as retinol-cquivalents, 'expressed as alpha-tocopherol-equivalents.
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Table 4. Preconceptional maternal dietary ntake of nutrients by periconceptional maternal folic
acid supplement use and orofacial cleft risk.
Supplement users
Non-supplement users
n=135
π = 220
OFC/ Controls OR (95% CI)
OFC / Controls OR (95% CI)
Dietary intake of
η η
n/n
Vegetable protein (g/d)
18.6-27.3
18/16
1.0 (Reference) 38/19
1.0 (Reference)
1.1(0.4-3.2)
27.3-30.0
14/11
24/24
0.5(0.2-1.1)
0.6(0.3-1.2)
0.7 (0.2-2.2)
30.0-32.2
9/11
26/23
0.7(0.3-1.7)
0.7(0.3-1.7)
32.2-35.4
14/19
23/16
0.3(0.1-1.0)
35.4-47.4
6/17
10/17
0.3(0.1-0.8)
Ρ for trend
0.04
0.06
Fiber (g/d)
12.8-20.7
20.7-23.2
23.2-25.5
25.5-27.8
27.8-34.2
Ρ for trend

19/13
13/14
11/9
15/18
3/20

1.0 (Reference)
0.6(0.2-1.8)
0.8 (0.3-2.6)
0.6(0.2-1.5)
0.1 (0.03-0.4)
0.004

35/22
31/21
25/25
16/17
14/14

1.0 (Reference)
0.9 (0.4-2.0)
0.6(0.3-1.4)
0.6(0.3-1.4)
0.6(0.3-1.6)
0.14

Beta-carotene ^g/d) :
430.4-1143
1143-1324
1324-1677
1677-2019
2019-5934
Ρ for trend

14/14
13/14
19/14
8/15
7/17

1.0 (Reference)
0.9(0.3-2.7)
1.4(0.5-3.7)
0.5 0.2-1.7)
0.4(0.1-1.3)
0.09

27/21
24/21
32/20
22/20
16 17

1.0 (Reference)
0.9 (0.4-2.0)
1.2(0.6-2.8)
0.9 (0.4-2.0)
0.7(0.3-1.8)
0.56

Ascorbic acid (mg/d)
29.8-82.2
82.2-97.9
97.9-110.4
110.4-128.7
128.7-295.8
Ρ for trend

18/9
14/15
9/18
8/11
12/21

1.0 (Reference)
0.5(0.2-1.4)
0.3(0.1-0.8)
0.4(0.1-1.2)
0.3(0.1-0.8)
0.03

40/26
25/20
18/16
15/24
23/13

1.0 (Reference)
0.8(0.4-1.8)
0.7(0.3-1.7)
0.4 (0.2-0.9
1.2(0.5-2.7)
0.48

Alpha-tocopherol (mg/d)3
6.4-10.7
10.7-11.9
11.9-13.5
13.5-15.4
15.4-22.0
Ρ for trend

17/17
12/10
10/18
13/17
9/12

1.0 (Reference)
1.2(0.4-3.5)
0.6(0.2-1.6)
0.8(0.3-2.1)
0.8 (0.3-2.2)
0.40

25/18
30/25
30/16
19/18
17/22

1.0 (Reference)
0.9(0.4-1.9)
1.4(0.6-3.2)
0.8(0.3-1.8)
0.6(0.2-1.3)
0.21

Iron (mg/d)
7.6-10.7
10.7-11.9
11.9-12.7
12.7-13.7
13.7-22.1
Ρ for trend

17/6
14/17
11/13
16/18
3/20

1.0 (Reference)
0.3(0.1-0.9)
0.3(0.1-1.0)
0.3(0.1-1.0)
0.1 (0.01-0.2)
0.0007

29/29
39/18
18/21
20/17
15/14

1.0 (Reference)
2.2(1.0-4.6)
0.9(0.4-1.9)
1.2(0.5-2.7)
1.1 (0.4-2.6)
0.69

Magnesium (mg/d)
183.4-318.1
318.1-346.2
346.2-376.0
376.0-404.3
404.3-502.9
Ρ for trend

18/14
13/8
16/16
8/18
6/18

1.0 (Reference)
1.3(0.4-3.9)
0.8(0.3-2.1)
0.4(0.1-1.0)
0.3(0.1-0.8)
0.004

37/21
24/27
32/18
13/17
15/16

1.0 (Reference)
0.5(0.2-1.1)
1.0(0.5-2.2)
0.4(0.2-1.1)
0.5(0.2-1.3)
0.17

OFC = orofacial cleft, OR = odds ratio, CI = confidence interval, 'quintiles of energy adjusted geometric mean micronutnent
intake based on the control mothers, expressed as retinol-equivalents, 'expressed as a-tocopherol-equivalents.
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Discussion
This study demonstrates that the preconceptional dietary intake of energy and all macronutrients,
vitamins and minerals were lower in mothers of children with an OFC compared with controls.
A few differences in nutrient intake could be explained by a lower energy intake in mothers
of children with an OFC. After energy adjustment, the intake of vegetable protein, fiber, betacarotene, ascorbic acid, alpha-tocopherol, iron, and magnesium remained significantly different
between the groups. On the food group level, this coincided with lower intakes of vegetables, eggs,
fruits, grain products, bread, herbs, cheese and soy products. The intake of vegetable protein,
fiber, ascorbic acid, iron and magnesium reduced OFC risk with increasing dietary intake. With
the exception of vegetable protein, these significant trends toward OFC risk reductions could be
demonstrated only in women using folic acid supplements periconceptionally.
With the exception of an excess of saturated fat and a relative lack of fiber and iron, the overall
diet was adequate for both mothers of children with an OFC and controls and met the Dutch RDA
and FCS of 1997-1998.26 "Careful interpretation of these comparisons is warranted because the
FFQ categorizes individuals in groups of low or high dietary intake, making it less suitable for
comparisons with absolute values. The RDA for energy is based on the mean low activity level
of the Dutch adults, which should be taken into account in the interpretation of the results.26 Our
data can be extrapolated to the Dietary Reference Intake values used in the United States of
America with the exception of alpha-tocopherol, which would be considered deficient because
the value is higher than the Dutch one.1011
The results of this study are in line with the recommendations of the Dutch Nutrition Center
that emphasize the importance of the consumption of a diet rich in fruits and vegetables. These
foods are important sources of essential nutrients and dietary fiber.3" Fiber stimulates the
transport of ingested food through the bowel, thereby minimizing the toxic effects of some
dietary compounds. Thus, a low intake of fiber could indirectly lead to an increased maternal
and subsequently embryonic and fetal exposure to toxic compounds.
The World Health Organization revealed that in Europe, 10% of women have hemoglobin values
below the norm before conception.35 This fits with our finding of lower dietary iron intakes in
both nonpregnant mothers of a child with an OFC and controls. A low preconceptional iron
status increases the risk for anemia during pregnancy.36 This is of interest because anemia has
been associated with cleft palate in the offspring of mice.37 Iron is essential for hematopoiesis,
nucleic acid metabolism, and it plays a role in multiple enzyme reactions.38 ^ A low iron status
was also suggested to adversely affect important regulators of growth and development.4"
Nutritional sources of iron are meat/poultry, fish, cereals, bread and green vegetables. Thus our
results also confirm the difficulty women have in meeting their iron requirements by dietary
intake. Iron status could be optimized by increasing the bioavailability of food iron or fortifying
a food staple with iron. The concerns raised about the risk of cancer and heart disease, especially
in individuals with high iron stores, support the current recommendation to meet dietary iron
requirements and not to exceed them.41
Magnesium is mainly found in grain products and green vegetables and is essential for energy-
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requiring processes and the mediation of immune responses This trace element is also involved
in protein synthesis, and membrane and nucleic acid stability M42 Ascorbic acid, mainly found
in vegetables and fruits is an important anti-oxidant, but is also important in the synthesis of
collagen, carnitine, and catecholamines, and in the metabolism of cholesterol, lipids, folate and
iron Moreover, ascorbic acid plays a role in the functioning of detoxification enzymes and in the
immune system }4 42 Despite the adequacy of magnesium and ascorbic acid intake in our study
groups, an intake above the RDA at 375 9-502 9 mg/day and 97 9-295 8 mg/day, respectively,
substantially decreased OFC risk, values that are closer to the RDAs of magnesium (300-360
mg/day) and ascorbic acid (90 mg/d) for pregnant women 2i This may indicate that the RDAs
for these nutrients are insufficient for women of reproductive age and further strengthen our
recommendation to further optimize the maternal nutritional status before conception Although
the toxicity of high dietary intakes of these nutrients is considered to be low, other studies
will have to replicate our findings, before these results may contribute to an evaluation of the
RDAs
Our study has some limitations that must be recognized We standardized the study moment
at approximately 14 months after delivery to reflect the preconceptional period of the index
pregnancy and assumed that nutritional habits in general remain constant, with the exception
of periods of dieting and periods of increased needs such as pregnancy and lactation Several
authors support this assumption Devine et al demonstrated that, in general, no difference
occurs in dietary patterns between the beginning of pregnancy and one year postpartum n Leek
et al showed that red blood cell folate concentrations in early pregnancy correlated well with
those one year after delivery44 Moreover, Riboli et al demonstrated reasonable correlations
between food frequency questionnaire data determined at baseline and two to four years later
in a subgroup of women enrolled in the NYU Women Health StudyA* These data are further
supported by our studies, in which we demonstrated that nutritional preconceptional biochemical
values, including /wvo-inositol, glucose, zinc and folate, were not significantly different trom
those determined around 14 months after the index-pregnancy46 47
Another issue to consider is that the control group were acquaintances, friends and neighbors of
mothers of children with an OFC (59 5%) and were also recruited from local nurseries and public
health care centers (40 5%) The educational level differed substantially between these two
control groups, 62 1% and 25 7% respectively were poorly educated We therefore compared the
dietary intakes of these control groups separately with the OFC group When the OFC group was
compared with controls recruited by case mothers, an increasing dietary intake of cholesterol
significantly reduced OFC risk The comparison of controls recruited by public health centers
and nurseries revealed that higher intakes of vegetable protein, protein, fiber, beta-carotene,
ascorbic acid, phosphorus, iron, magnesium and zinc were associated with a decreased OFC
risk Higher intakes of monounsaturated fat, however, increased OFC risk Although these
differences indicate confounding by education in the association between dietary intake and
OFC risk, adjustment for education only marginally affected the conclusions Furthermore, it
is not likely that regional differences between mothers of a child with an OFC and controls
as a consequence of the recruitment method significantly affected the results because regional
differences in populations are very small in the Netherlands In addition, confounding was
minimized by restriction of the analyses to Dutch Caucasian mothers only
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Although OFC risk reductions were also apparent in the highest quintiles of dietary intake
in those not (correctly) using folic acid supplements, our results merely demonstrated that a
trend toward a higher dietary intake of fiber, ascorbic acid, iron and magnesium particularly
reduced OFC risk in periconceptional folic acid supplement users This may point to a different
attitude towards health and nutrition in these mothers. Lyle et al reported that supplement users
are more health conscious and have higher dietary intakes of fiber, thiamin, riboflavin, folate,
alpha-carotene, beta-carotene, alpha-tocopherol, ascorbic acid, iron, and zinc compared with
nonsupplement users.^8 Others demonstrated, however, that supplement users were more likely
to report physical conditions, which contradicts their suggested superior health 49
The CLP and CPO are considered to be two distinct etiologic entities according to the pioneering
work of Fogh-Andersen ^ Most children in our population had a CLP (84%), which probably
explains the similar results compared with the total group of OFC In the CPO group, higher
dietary intakes of fiber, cholesterol, iron, and, surprisingly saturated fat were significantly
associated with a decreased CPO risk Cholesterol is essential for normal embryonic
development ^ Offspring from individuals with aberrant cholesterol metabolism, as observed
in the Smith-Lemli-Opitz syndrome, have multiple congenital malformations including cleft
palate.16 Fat is an important source of the fat-soluble vitamins A, D, alpha-tocopherol and Κ
With the exception of vitamin A, none of these vitamins have been associated with CPO Thus,
the role of saturated fat intake in CPO pathogenesis remains unclear Due to the rather limited
number of CPO cases, however, strong conclusions cannot be drawn and more research should
be focused on CPO in the future
The data on body mass index was known from only 83 mothers of a child with an OFC and 81
controls Despite the questionable validity of these data, because no standardized measurements
were carried out, these mothers of a child with an OFC had a higher body mass index (mean
(SD): 25.2 kg/m2 (4 4) compared with controls (mean (SD) 23 7 kg/m" (4 4)) and a lower energy
intake (geometric mean energy intake (P9-P95)· 8391 kJ/day (5697-11500)) compared with
controls (geometric mean energy intake (P5-P95) 8880 kJ/day (6030-12182)) The case mothers
were less educated than controls, which has been associated with a higher degree of energy
underreporting <2 This could have lead to an overestimation of these results. Other factors not
evaluated in the current study, such as physical activity, metabolic and genetic background,
could also be involved We dealt with physical activity, body mass index, and metabolism to
some degree by adjusting the data for energy intake The frequency of dieting was comparable in
mothers of a child with an OFC and controls. A lower intake of dietary fiber reduces the transfer
of nutrients into the gastrointestinal tract, thereby increasing the absorption of nutrients, which
may contribute to an increased body weight.
In conclusion, this study demonstrates differences in the dietary intake of energy intake,
macronutnents, vitamins, minerals and food groups in mothers of children with an OFC compared
with controls. Of particular interest is the protective effect of a higher dietary intake of vegetable
protein, fiber, ascorbic acid, iron and magnesium on OFC risk These data may suggest that an
imbalance between dietary intake ot macronutnents, vitamins, and minerals contributes to the
pathogenesis of complex birth defects such as OFC. Groenen et al supported this finding in a
similar study focused on spina bifida offspring l 8 This hypothesis should therefore be investigated
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in more detail and emphasizes that preconceptional counseling of pregnant women towards a
healthier lifestyle, which includes a diet rich in plant sources and iron may be important in the
prevention of nonsyndromic offspring with an OFC
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Abstract
Objective To investigate myo-inositol, glucose and zinc status in mothers and their infants on
cleft lip with or without cleft palate risk (CLP)
Design Case-control study
Setting Radboud University Nijmegen Medical Center, the Netherlands
Population Eighty-four mothers and their CLP child and 102 mothers and their healthy child
Methods Venous blood samples were obtained to determine serum wyo-inositol and glucose
and red blood cell zinc (RBC) concentrations in mothers and children Geometric means were
calculated and compared between the groups The blood parameters were dichotomized with
cutoff points based on control values, <P10 for wyo-inositol and zinc concentrations and >P90
for glucose concentrations.
Main Outcome Measures: Geometric means (P5-P95) and odds ratios (95% confidence
intervals)
Results: The CLP children (p=0 003) and their mothers (p=0.02) had significantly lower RBC
zinc concentrations than controls. A low maternal serum wyo-inositol concentration (< 13 5
μηιοΐ/ί) and a low RBC zinc concentration (<189 μπιοΐ/ί) increased CLP risk odds ratio (95%CI),
3.0 (1.2-74) and 2 0 (0 8-4.8), respectively Children with low myo-inositol (<21 5 μιηοΐ/ί ) or
low RBC zinc concentrations (<118 μπιοΐ/ί) were more likely to have CLP, odds ratio (95%CI)
3.4 (1.3-8 6) and 3 3 (1 3-8.0)), respectively. Glucose was not a risk factor for CLP in mothers
and children Maternal and child wyo-inositol as well as zinc concentrations were slightly, albeit
significantly correlated, r p c a r s o n =0 33 (p=0 0006) and r
=0.23 (p=0 01), respectively.
Conclusion: This study demonstrates for the first time that zinc and wyo-inositol are important
in the etiology of CLP.
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Introduction
Nonsyndromic cleft lip with or without palate (CLP) are common birth defects that arise between
the 7'h and 14Ih week of pregnancy and thought to be partially caused by interactions between genetic
and environmental factors.' Nutrition is considered to be important in the etiology of these midline
defects, as apreventive effect of multivitamins containing folic acid have been suggested.2 We recently
showed a preventive effect against CLP of increasing food folate intake in the penconceptional
period.1 Evidence is cumulating that deficiencies of /wyo-inositol and zinc are involved in reproductive
failures, in particular in midline defects as neural tube defects.4'7 Nonsyndromic CLP and neural
tube defects both originate from neural crest cells. Therefore, we hypothesized that /wyo-inositol,
glucose and zinc status may be involved in the development of CLP as well.
Myo-inositol is the dominant form of inositol, a hexa-hydroxycyclohexane sugar alcohol isomer.
Humans acquire wyo-inositol from a variety of dietary sources of which vegetables, fruits and
grains are the main contributors. In the body, wyo-inositol is available among other as free
forms, phosforylated forms and may also be endogenously synthesized from glucose by myoinositol- 1-phosphate synthase. Free myo-inositol is involved in cellular osmoregulation. Its
phosphorylated forms, i.e., the phospholipids are important for the anchoring of proteins to the
cellular membrane, modulation of enzyme activity, hormone secretion and intracellular signal
transduction processes. Besides, phospholipids are a source of stearic and arachidonic acids for
eicosanoid synthesis.89 The biological functions of wyo-inositol underline its essential role for
human growth, fertility, fetal development and pregnancy outcome.4
The studies of Grove et al.10" performed in the 1980s first suggest a potential role of myoinositol in the pathogenesis of orofacial clefts. They demonstrate that glucocorticoids inhibit the
proliferation of cells through altering the wyo-inositol metabolism in fibroblastic cells derived
from a human embryonic palate.10·"
Diabetic pregnant women are at increased risk for having offspring with neural tube defects and
orofacial clefts.12 Beside the induction of oxidative stress and its influence on gene expression,
hyperglycemia could possibly induce teratogenic effects through deficient wyo-inositol tissue
concentrations as glucose interferes with /wyo-inositol cellular uptake.I3"l< This is supported by
findings of Greene and Copp showing that dietary supplementation of wvo-inositol reduces the
occurrence of neural tube defects in the offspring of diabetic Curly tail mice.6
An inadequate zinc status has been postulated to be teratogenic in both animal and human
studies.16"18 Zinc is a cofactor for several metallo-enzymes and a constituent of proteins,
hormones and neuropeptides. It is crucial for embryonic development as cellular multiplication,
differentiation and apoptosis as well as for the integrity of cellular membranes.18 Zinc finger
proteins are important in their control of genes involved in embryonic development. Mice
mutant in specific zinc finger proteins exhibit several congenital malformations including
cleft palates.19 In addition, zinc is of interest because of its role in the absorption of natural
folate, e.g. polyglutamates, its involvement in the conversion of 5-methyltetrahydrofolate into
tetrahydrofolate by the zinc dependent methionine synthase enzyme.20 Lower serum zinc
concentrations have been reported in mothers of neural tube affected offspring.16 " The data of
Shaw et al. point to a possible preventive effect of periconceptional multivitamin use containing
zinc on CLP risk.2 Zinc status is often compromised in diabetics and could be another explanation
for the higher prevalence of CLP in these patients.
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From this background we hypothesize that a compromised supply to embryonic tissues of /Myoinositol and zinc and excessive exposure to glucose could play a role in the pathogenesis of
nonsyndromic CLP. Therefore, the aim of this study is to investigate associations between the
blood concentrations of /wyo-inositol, glucose and zinc in mothers and their children with and
without a nonsyndromic CLP

Materials and Methods
We performed a case-control study of Dutch Caucasians in the Netherlands in the period 19982001. The study protocol has been extensively described before 2 We obtained blood samples
from 177 children at around 14 months of age with CLP and their mothers from the registration
of the Dutch Cleft Palate Association in collaboration with the nine largest cleft lip and palate
teams in the Netherlands In each centre a clinical geneticist and/or pediatrician diagnosed the
malformation of the children and recorded the clinical features on a standard registration form 2I
Two hundred and nine unrelated children of similar age, without major congenital abnormalities
and without a familiar relationship with the cases, and their mothers were recruited from the
domain population in collaboration with nurseries and by the case parents We selected all case
and control pairs of which blood values were available, n=84 CLP and n=102 control pairs After
exclusion of pregnant, lactating and non-fasting mothers at the time of blood sampling, mothers
who reported a change in diet compared to the preconceptional period, pairs with incomplete blood
samples and 1 control mother with gestational diabetes, 68 CLP mothers, 82 control mothers,
84 CLP children and 102 control children remained for analysis. The standardized collection
of questionnaire data and blood sampling was performed 24 months after the conception of the
index-pregnancy All mothers filled out a general questionnaire providing information about
the index-pregnancy, current and penconceptional lifestyle factors and demographics Blood
samples were taken for the determination of wvo-inositol, glucose and zinc concentrations in the
children and in their mothers.
The preconceptional intake of dietary folate was evaluated as confounder Nutritional intake
was assessed using the validated food frequency questionnaire (FFQ) developed for the Dutch
cohorts of the European Prospective Investigation into Cancer and Nutrition Study (EPIC)1
The FFQ accounted for at least 90% of the population mean intake of food groups and nutrients
of interest22 21 Average daily folate intake was estimated by multiplying the frequency of
consumption of the food items by the portion size and the nutrient content per gram Total
energy intake was calculated by using the 1996 Dutch food-composition table, folate intake
was calculated using that of 2001.24 " The energy-independent residuals of this analysis were
standardized to the predicted nutrients intake at the average energy intake (8926 KJ/day) in our
population 26
Our considerations to choose 24 months after conception of the index pregnancy as study moment
were that the hormonal and metabolic state of the mother had returned to the nonpregnant
state.3 Moreover, in general nutritional habits are rather constant and are only influenced by
episodes of illnesses, dieting and increased needs due to pregnancy and breastfeeding By
taking these determinants into account, we assume that the /nyoinositol, glucose and zinc status
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preconceptionally to the index pregnancy approaches the status 14 months after the delivery of
the child. The assumption of rather constant nutritional habits in women around pregnancy has
been supported by others. Devine et al interviewed 36 women on dietary habits from pregnancy
through the postpartum period and concluded that in general no changes occurred from the
beginning of pregnancy and one year postpartum.27 Leek et al. demonstrated tat red blood cell
folate concentrations in early pregnancy were well correlated with those one year after delivery.28
Quirk and Bleasdale29 substantiated this hypothesis for myo-inositol as these concentrations were
comparable in pregnant and non-pregnant women. An additional argument was that at the age of
14 months in most cases the diagnosis of the child with nonsyndromic CLP is completed.
The data obtained for confounder adjustment were current of nutritional supplements, the use
of medication, oral contraceptives, cigarettes, alcohol and the presence of illnesses. The current
use of vitamins was defined by the use of any nutritional supplements. Periconceptional use
of folic acid supplements was defined as daily intake from four weeks before through eight
weeks after conception. Current illnesses were considered to be present when women reported
acute or chronic illnesses at the time of blood sampling. Women were considered to be smokers
and to consume alcohol when any smoking or alcohol consumption was reported. Educational
level was categorized into low education (primary/lower vocational/intermediate secondary/
intermediate vocational education) and high education (higher secondary/higher vocational or
university education).
The Medical Ethical Committees of all participating hospitals approved the study protocol and
written consent was obtained from all participants.
Measurement of myo-inositol and glucose
All mothers and children provided a venous blood sample at around 14 months after the delivery
of the index pregnancy to measure the concentrations of serum wvo-inositol and glucose and red
blood cell zinc concentrations in whole blood. The blood samples of the mothers were fastened.
The mothers were asked not to add sugar to the meals of their children prior to bloodsampling.
Myo-inositol and glucose concentrations were determined by tri-sil-TBT-esterification and gas
chromatography.10 A volume of 500 μ ι of serum was pipetted into an Eppendorf tube and 100
nmol of mannoheptulose and 100 nmol of trehalose were added as internal standards. Then 25
μ ι of 8 M perchloric acid was added. After the tube was put on ice for ten minutes, the samples
were centrifuged for five minutes at maximum speed in an Eppendorf centrifuge (model 5414).
The supernatants were transferred into new Eppendorf tubes and 50 μ ι of 4 M K,HP0 4 was
added. After ten minutes on ice the samples were again centrifuged for five minutes at maximum
speed. The supernatants were transferred into glass tubes and frozen until dry overnight (Lyovac
GT II). To the residues 500 μ ι of Tri-sil-TBT was added and the mixtures were heated at 100
0
C for thirty minutes (heating block by Marius Instrumenten). One mL of aquadest and one
mL of hexane were added to the solutions. The mixtures were then shaken for five minutes
(Gyrotory Shaker Model G2) and centrifuged for five minutes at 1,000 χ g. The supernatants
were transferred to clean glass tubes and one mL of 0.1 M HCl was added, again shaken for
five minutes and centrifuged at 1,000 χ g for ten minutes. The supernatants were transferred
to new tubes and 200 mg of Na:,S04 added. Samples were left at room temperature for fifteen
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minutes and centrifuged at l,000xg for ten minutes The supernatants were decanted into new
tubes and one drop of bis(trimethylsilyl)trifluoracetamide was added, mixed and centrifuged
at l,000xg for ten minutes The supernatants were then decanted into clean glass tubes and
evaporated under a stream of nitrogen Finally, the residues were dissolved in 100 μ ι of hexane
and analysed on a gaschromatograph (Hewlett Packard 5890 series II) The detection limit of
myo-inositol was ± 0 5 μιηοΐ/ί The intra-assay coefficient of variation (C V) for wyo-inositol
and glucose was 10 4% and 4 3%, respectively
Measurement of zinc
Red blood cell zinc concentrations were determined by flame atom ic absorption spectrophotometry
(AAS) (Perkin Elmer 4100, Norwalk, Connecticut, USA) To one mL of venous blood nine mL
of a physiological salt solution was added and centrifuged for ten minutes at 400 χ g at 4 °C m
a Hettich Rotanta/RP The supernatant was removed, the cell pellet resuspended into 10 mL of
saline and centrifuged for 10 minutes at 400 χ g at 4 0 C After the supernatant was removed,
the red blood cells were lysed by adding two mL of MilliQ The lysed red blood cell samples
were stored at -20 0 C until assayed The intra and inter-assay CV for zinc were 3 4% and 3 5%
respectively
No biochemical data were available for three mothers, two cases and one control mother Due to
parental refusal to take a venous sample from their child or as a consequence of a limited volume
of the blood sample, from 46 blood samples we missed the myo-inositol concentrations (10 CLP
and 36 controls), of 46 blood samples the glucose concentrations (10 CLP and 36 controls) and
of 45 blood samples the zinc concentrations (15 CLP and 30 controls) were lacking Due to
hemolysis, we excluded the wvo-inositol and glucose concentrations derived from five control
mothers and children and two CLP children trom analyses Thus, the study group comprised
66 CLP and 81 control mothers (23 5% recruited via cases and 76 5% via nurseries and public
health centers) and 76 CLP and 77 control children (32 5% recruited via cases and 67 5% via
nurseries and public health centers)
Statistical analysis
Comparability of case mothers and controls on educational level, current illnesses, the use of
vitamins, oral contraceptives, medication, smoking and alcohol consumption and penconceptional
folic acid supplement use was performed using chi-square tests When the cells had expected
counts less than five, the two-tailed Fisher exact test was used Maternal body mass index was
positively skewed for which we performed a logarithmic transformation and presented the
results as geometric means (P5-P95) Comparability of maternal age at birth of the index child
and body mass index as also age of the child at study moment was tested by a Student's Mest
After logarithmic transformation, the biochemical values of/wvo-inositol, glucose and zinc in
mothers and children were presented as geometric means (P5- P95) and compared between
cases and controls Differences in serum /nyo-inositol, glucose and RBC zinc concentrations
between mothers of CLP children and controls were evaluated using Student's Mest Because of
the multifactorial etiology of CLP, we assume that only subsets of mothers and children are at
risk for CLP Therefore, serum concentrations of /wyo-inositol, glucose and red blood cell zinc in
mothers and infants were dichotomized with cutoff points of the lowest 10% (PIO) based on the
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control values for wvo-inositol and zinc and the highest 10% (P90) for glucose concentrations.
Odds ratios (ORs) with 95% confidence intervals (95% CI) were calculated to estimate the risk
of CLP offspring. Logistic regression models were fitted to the continuous and dichotomized
data respectively, to adjust for potential confounders. Furthermore, as periconceptional vitamin
supplement use and especially folic acid is suggested to affect the occurrence of CLP, we
performed a stratified analysis for maternal periconceptional vitamin use containing folic acid.
Pearson correlation coefficients within mother and child biochemical values were calculated to
estimate the dependency of the log-transformed blood concentrations. Significance was defined
as a p-value equal to or less than 0.05. All analyses were performed using SAS Statistical
Analysis System version 6.12 (SAS institute Ine, Cary, NC).

Results
The characteristics of the mothers and children at the moment of investigation, 24 months after
conception of the index pregnancy, are presented in Table 1.
Table 1. Characteristics of mothers of children with a cleft lip with or without a cleft palate and
controls and their children.

Mothers
Age at blood sampling in years, mean (SD)
Low educational level', %
BMI (kg/m2), geom. mean (P5-P95)
Current:
Vitamin use2, %
Containing zinc, %
Oral contraceptive use, %
Medication use, %
Illnesses, %
Smoking, %
Alcohol, %
Periconceptional folic acid supplement use,3 %
Children
Age at time blood sampling in months, mean (SD)
Boys, %
Current
Vitamin use 2 , %
Medication use, %
Illnesses, %

CLP group

Control group

n=66
32.2 (4.2)
54.6
24.7 (20.2-34.3)

n=8I
32.9(3.5)
32.1**
23.4(19.1-30.0)*

13.6
7.6
54.6
27.3
36.4
25.8
57.6
29.7

17.3
1.2
46.9
22.2
38.3
19.8
74.1*
46.2*

n=76
14.9(1 .9)
68.4

n=77
13.5(2.9)*
45.5**

50.0
26.3
42.1

55.8
18.2
42.9

CLP = cleft lip with or without a cleft palate, BMI = body mass index, SD = standard deviation, geom. mean = geometric
mean, * p<0.05; ** p<0.01, 'low: primary/ lower vocational/ intermediate secondary/ intermediate vocational education,
2
use of any nutritional supplements, 'daily use between the fourth week before through eight weeks after conception.
Exact use unknown in two mothers of a child with an OFC and three controls.
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Educational level and body mass index were significantly lower and significantly higher
respectively in case mothers compared to controls. Alcohol consumption was more frequent
in control mothers (P<0.05). CLP mothers used significantly less folic acid supplements
periconceptionally compared to controls. CLP children were more frequently males and older
than controls (p<0.05). Approximately 50% of the children in each group used vitamins A and
D; only one CLP child used multivitamins.
The geometric mean concentrations of wvo-inositol and glucose were not significantly different
in case mothers compared to control mothers (Table 2).
Table 2 Concentrations of myo-inositol, glucose and zinc in case and control mothers and their
children with a cleft lip with or without a cleft palate and in control mothers and children.
P-value
CLP group
η
Control group
η
Geom. mean (P5-P95)
Geom. mean (P5-P95)
Mothers
MO-inositol (μπιοΐ/ί)
Glucose (mmol/L)
Zinc (μιτιοΙ/ί)

66
66
66

16.0(11.4-23.6)
4.1 (3.7-4.4)
207(174-247)

76
76
81

16.4(11.9-23.3)
4.1 (3.7-4.7)
218(169-262)

0.50
0.79
0.02

72
72
69

25.7(18.2-37.8)
3.8(3.1-4.7)
132(97-173)

61
61
72

27.1 (20.4-35.0)
3.7(3.1-4.4)
145(114-206)

0.20
0.77
0.003

Children
Âfyo-inositoi (μιηοΐ/ί)
Glucose (mmol/L)
Zinc (μπιοΐ/ί)

CLP = cleft lip with or without a cleft palate, Geom. mean = geometric mean

This is in contrast to the significantly lower geometrical mean zinc concentrations in case
mothers compared to controls (p=0.02). The serum /Myoinositol and glucose concentrations
in CLP children were comparable to the control values. Red blood cell zinc concentrations
however were significantly lower in CLP children compared to controls (p=0.003). Mothers
had significantly lower /wvo-inositol, higher glucose and higher zinc concentrations compared
to their child (p=0.0001).
Due to the multifactorial etiology of CLP, we hypothesized that a subset of CLP mothers and
children have a compromised wyo-inositol, glucose and zinc status. Therefore, we defined subsets
of mothers with a high risk for CLP offspring by the lowest 10% cutoff based on the controls for
/wyo-inositol and zinc and by the highest 90% values for glucose. Table 3 revealed that a maternal
serum myo-inositol concentration < 13.5 μπιοΙ/Τ and a red blood cell zinc concentration < 189
pmol/L are associated with an increased risk for having an CLP child, OR (95% CI): of 3.0 (1.27.4) and 3.4 (1.3-8.6) respectively. The separate associations of/wyo-inositol and zinc with CLP
did not change after adjusting for each other and for glucose, suggesting an independent effect
of the two blood parameters. Adjustment for maternal education and body mass index altered the
results only marginally (OR (95% CI) low wyo-inositol OR 2.7 (95% CI 1.1-7.0), high glucose
OR 0.3 (95% CI 0.06-1.2) and low zinc OR 1.7 (95% CI 0.6-4.4)). Separate adjustment for
maternal age, current use of vitamins or oral contraceptives, medication, alcohol consumption
and smoking at the moment of investigation did not significantly alter the associations, nor did
adjustment for periconceptional folic acid supplement use. (data not shown).
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Table 3 Risk for cleft lip with or without cleft palate associated with low myo-inositol, high
glucose or low zinc concentrations in mothers and children
1

(Cutoff value)

OR

95% CI

66

76

17
3
13

8
7
9

3.0
0.5
2.0

1.2-7.4
0.1-1.9
0.8-4.9

72
(:£21.5 nmol/L)
(>4.2 mmol/L)
(<118nmol/L)

22
11
20

61
7
6
8

3.4
1.7
3.3

1.3-8.6
0.6-4.8
1.3-8.0

Children
Mvo-inositol, serum
Glucose, serum
Zinc, red blood cells

η controls

(S13.5 umoi/L)
(>4.5 mmol/L)
(<189μιηοΙ/1.)

Mothers
Mjo-inositol, serum
Glucose, serum
Zinc, red blood cells

η cases

OR = odds ratio, CI = confidence interval.' cutoff' value based on control values: lowest PIO for mvo-inositol and zinc,
highest P90 for glucose, mothers: zinc cases=66, controls=81 children; zinc cases=69, controls=72.

Adjustment for energy-adjusted dietary folate intake slightly lowered the risk estimate for low
wyo-inositol and CLP risk OR 2.4 (95% CI 0.9-6.1). No mothers had low wvo-inositol, high
glucose and low zinc concentrations simultaneously and the presence of combinations of low
wyo-inositol/high glucose (one CLP mother), low zinc/high glucose (one CLP mother), low
wvo-inositol/low zinc (two CLP mothers and one control mother) did not differ between CLP
mothers and controls.
Children with a serum wvo-inositol and red blood cell zinc concentration below 21.5 μιηοΐ^ and
118 μπιοί^ respectively were more likely to have CLP, low wyo-inositol 3.4 (95% CI 1.3-8.6)
and low zinc OR 3.3 (95% CI 1.3-8.0). A glucose concentration above 4.2 mmol/L in children
was not a risk factor for CLP, OR 1.7 (95% CI 0.6-4.8). Adjustment for the age of the child at the
time of study did not alter the conclusions.
No children had low wvo-inositol, high glucose and low zinc concentrations simultaneously, one
control child had high glucose concentrations and low zinc concentrations, three CLP children
and one control had high glucose concentrations and low wro-inositol concentrations and only
the simultaneous presence of both low wyo-inositol/low zinc (seven CLP children) differed
significantly between CLP children and controls (Fisher exact, two-tailed p=0.006).
The chosen cutoff point for glucose might be too low considering our data. Therefore, we
repeated the analyses with a cutoff point based on the highest 98 % of the controls values. A
glucose concentration above 5.1 mmol/L in mothers did not reveal an increased risk for CLP,
OR 1.2 (95% CI 0.07-18.8)). Children with a high glucose (>4.9 mmol/L) concentration were
more likely to have a CLP although the risk estimate was not significant, OR 2.6 (95% CI
0.3-25.8). Adjustment for current vitamin use by the child did not alter the risk estimates (low
wyo-inositol; OR 3.5 (95% CI1.4-8.9). high glucose OR 1.8 (95% CI 0.6-5.1) and low zinc OR
3.4 (95% CI 1.4-8.5).
The etiology of nonsyndromic CLP is multifactorial. Therefore, we evaluated whether a low
wyo-inositol or a low zinc status in both mother and child increased CLP risk even further
increased. There was no significant interaction between low maternal and child wn-o-inositol
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concentrations on CLP risk. The same conclusions could be drawn for a low maternal and child
zinc status.
As periconceptional folid acid supplement use was significantly more frequent in controls,
we performed a stratified analyses for periconceptional folic acid supplement use. The risk
estimates for low /wyo-inositol and zinc concentrations and high glucose concentrations and
CLP were not significantly different according to folic acid supplement use periconceptionally.
Nevertheless, a maternal glucose concentration above 4.5 mmol/L revealed an odds ratio of
OR 1.8 (95% CI 0.2-20.3) in non-supplement users compared to OR 0.3 (95% CI 0.03-2.3) in
supplement users (Table 4).
Table 4. Risk for cleft lip with or without cleft palate associated with low myoinositol, high
glucose or low zinc concentrations in mothers by periconceptional supplement use.
CLP/Controls
n/n

Supplement users
(n=55)
OR (95% CI)

CLP/Controls
n/n

Non-supplement users
(n=88)
OR (95% CI)

Mvo-inositoi, serum
(<13.5 μηιοΐ/ί)

3/2

3.0(0.5-19.8)

14/6

2.5(0.8-7.3)

Glucose, serum
(>4.5 mmol/L)

1/6

0.3 (0.03-2.3)

2 1

1.8(0.2-20.3)

Zinc, Red blood cell
(<189μΓηοΙ/ί)

44

2.1 (0.5-9.7)

8/5

1.6(0.5-5.3)

CLP=clcft lip with or without cleft palate. OR^Üdds ratio. CI=confidence interval

Correlation analyses of the maternal and child values revealed significant correlations
between maternal and child wvo-inositol (rPearson=0.33, p=0.0006) and maternal and child zinc
concentrations (r,,
=0.23, p=0.01).
v

Pearson

r

/

Discussion
This study reveals for the first time that mothers of a CLP child and their CLP children had
significantly lower red blood cell zinc concentrations compared to controls. These results could
not be explained by higher intake of zinc containing vitamin supplements by the control group.
A compromised zinc status possibly due to altered metabolism or increased clearance in mothers
and their CLP child is suggested. This is in line with reports on neural tube defects, but has not
yet been demonstrated before for CLP.
To our knowledge our study is the first report of a trend towards lower wyo-inositol concentrations
in CLP mothers and their children compared to controls, which increased the risk for CLP
offspring and is confirming research in vitro.10" An increased glucose concentration was not
associated with CLP risk in this study, not supporting previous findings that maternal glucose
levels are involved in the pathogenesis of CLP.12 This is consistent with the lack of evidence for
an inhibitory effect of glucose on cellular wvo-inositol uptake and no interaction was observed
between maternal serum wvo-inositol and glucose concentrations. Such an effect might however
occur intracellularly and would be undetectable in our serum sample. It should be mentioned
76

Myo-inosilol, glucose and zinc slatus

though that none of the participants were diabetics or had hyperglycemic values for glucose,
which questions the power of this study to provide information regarding the role of glucose in
the formation of orofacial clefts.
Mothers had significantly lower /wyo-inositol, higher glucose and zinc concentrations compared
to their children (p=0.0001). Quirke and Bleasdale29 found higher serum wyr;-inositol
concentrations in newborns compared to maternal serum values, which would originate from an
increased endogenous synthesis from glucose. Zinc is not endogenously synthesized by the body
and humans acquire zinc only through their diet. The consumption of zinc (mg/kJ) and glucose
(mono- and disaccharides or carbohydrates, g/kJ) was comparable in children and mothers
according to the Dutch food consumption survey of 1997-1998.1I The higher wyo-inositol,
lower glucose and zinc status could thus be a reflection of increased requirements of the child
compared to adults.
Of interest is the correlation between wyo-inositol and zinc concentrations, both in mothers
and children, possibly indicating a common (genetic) trait. Although the results of this study
on mothers are rather consistent with those in children, the latter are less precise due to a rather
large amount of missing values for the children, either due to parental refusal or to the limited
sample size.
The lower blood concentrations of wyo-inositol and zinc could be a reflection of a poorer dietary
intake of wyo-inositol and zinc sources such as vegetables, fruits and meats. In our study
population, case mothers had a lower educational level compared to the controls and it is has
been reported that individuals with a lower level of education are more likely to consume less
healthy diets compared to their counterparts.12 Nevertheless, adjustment for maternal education
did not significantly alter the risk estimates. Other lifestyle or genetic factors might however also
be involved as pointed out by the increased risk for CLP when both mothers and child had low
red blood cell or wyo-inositol concentrations.
We collected our data 24 months after the conception of the index pregnancy with the assumption
that the nutritional status at that moment is the best reflection of the periconceptional period of
the index pregnancy. Previous research confirmed this hypotheses and was substantiated by the
fact that adjustment for maternal and child illnesses at the time of investigation did not alter our
results.2728 Furthermore, in our study, zinc status was determined in red blood cell, known to
reflect the zinc status over a longer period and to be less sensitive to external influence.
Due to the lack of clinical references for the blood concentration of wvo-inositol and zinc, we
dichotomized the values for wyo-inositol and zinc with cutoff points of the lowest 10% (PIO)
based on the control values. This cutoff point was chosen as it demonstrated to be the optimal
cutoff point compared to analyses at higher cutoff points. The choice of a lower cut-off point was
rejected due to the small number of cases and controls having such low blood concentrations and
due to the explorative feature of our study.
We conclude, that maternal zinc and wyo-inositol may be associated with the risk for having a
child with CLP, although the exact mechanisms remain unclear. Larger studies need to test our
hypothesis of wyo-inositol and zinc in the pathogenesis of CLP before our results are clinically
applicable.
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Abstract
Background Nonsyndromic cleft lip with or without cleft palate (CLP) or cleft palate only
(CPO) have a multifactorial etiology The identification of amendable risk factors in both parents
may reduce the occurrence of these malformations in the future
Methods Standardized demographic and periconceptional exposure data were collected for 319
parents of a child with CLP, 68 with CPO and 223 parents of a child without malformations
Univariate and multivariate logistic regression analyses were used to estimate relative risks by
odds ratios (ORs) and 95% confidence intervals (95% CI)
Results Multivariate analyses revealed that low parental education approximately 1 5-to 4 4-fold
increased CLP and CPO risk, respectively Periconceptional maternal folic acid supplementation
40%) reduced, OR 0 6, 95% CI 0 4-0 9, and medication use 1 5-fold increased CLP risk, OR 1 5,
95%) CI 1 1-2 3 A CLP family history was the most important risk factor for CLP offspring, OR
19 0, 95% CI 2 5-145 8 The univariate results suggest that maternal illnesses, first trimester
common cold and paternal smoking are risk factors, whereas pregnancy planning approximately
50% reduced this risk Comparable results were obtained for CPO
Conclusion Preconceptional counseling on parental health and lifestyle factors may contribute
to a reduction of orofacial clefts in the future
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Introduction
Nonsyndromic orofacial clefts are congenital malformations with birth prevalence rates varying
between 1-2 per 1,000 live births. These birth defects are generally classified into cleft lip,
alveolus with or without cleft palate (CLP) and cleft palate only (CPO). The medical and
psychosocial consequences of having an orofacial cleft are rather severe and most children
require multidisciplinary medical care up to adulthood. Therefore, there is a strong imperative
towards the understanding of the causes in order to develop strategies to prevent these birth
defects in the future.
The etiology of orofacial clefts is complex and both genetic and environmental factors, such
as health and lifestyles of both parents are involved.' These parental factors together with the
genetic backgrounds differ considerably among populations and countries and may as such
explain some of the ethnic and geographic variations in the epidemiology of orofacial clefts.
In contrast to environmental exposures, genetic causes of orofacial clefts cannot be treated or
amended. Therefore, the identification of both harmful and beneficial environmental factors
may lead to intervention strategies to prevent offspring with orofacial clefts.
Most epidemiological studies in humans have focused on associations between orofacial clefts
and maternal environmental factors with inconclusive results. Recognized teratogens causing
clefts are the maternal use of anticonvulsants' ^ and retinoids' ', but also common environmental
exposures such as smoking' 24 , alcohol consumption14, maternal fever, illnesses,' :s '' and poor
nutrition.7 9 Preventive effects have been demonstrated for periconceptional food folate intake1"
and folic acid supplement use." A harmful lifestyle of the father may also exert a teratogenic
effect, e.g. via indirect tobacco exposure of the mother, e.g., passive smoking, or via direct
exposure of the semen thereby inducing genotoxic effects.': The impact of paternal exposures on
reproductive outcome, however, has only scarcely been investigated."'". Also studies focusing
on the periconceptional period of both parents-to-be are limited.14 "'
In order to reduce the birth prevalence rate of children with orofacial clefts in the future, our
approach is to identify risk factors preconceptionally, followed by the preconceptional avoidance
and treatment of these factors via preventive measures. The aim of this study, therefore, is to
identify periconceptional health and lifestyle factors in both mothers and fathers-to-be that
increase and reduce the risk of nonsyndromic CLP and CPO in offspring in the Dutch population.
The generated information can be used in the future preconceptional counseling of parents-tobe with and without an increased risk of having children with an orofacial cleft.

Materials and Methods
Between 1998 and 2003 a case-control triad study (mother, father, child) was conducted at the
Department of Epidemiology and Biostatistics of the Radboud University Nijmegen Medical
Centre, Nijmegen, and the Department of Obstetrics and Gynecology of the Erasmus MC
University Medical Center, Rotterdam, Netherlands. Details of the study have been described
before by Van Rooij et al.
In summary, children with a nonsyndromic orofacial cleft and
both of their parents were approached via cleft lip and palate teams and the organization of
parents of patients with clefts (VSOP/BOSK) in the Netherlands. A total of 420 children with a
85

Chapter 6

nonsyndromic orofacial cleft (343 CLP and 77 CPO) and their parents participated and served
as cases (compliance 76%). In each center, the diagnosis of CLP or CPO was performed by a
clinician according to a standard registration form.17 The control group (n=232) consisted of
parents and their child without a major congenital malformation. The major part of the control
group were population-based controls (61%) consisting of nonmalformed infants selected from
all births in the geographic region and time period form which the cases were derived, via public
health centers and nurseries and parents of cases. Case parents recruited 39% of the controls.
We excluded for the analysis non-Dutch and non-Caucasian triads (24 CLP, 9 CPO and 9
controls) resulting in the participation of 387 orofacial cleft (319 CLP and 68 CPO) and 223
control families. Data on 3 CLP and 1 control father was missing. The Central Committee for
Research in Humans (The Hague) and the Medical Ethical Committees of all participating
hospitals approved the study protocol and written informed consent was obtained from all
participating families.
We collected the data at a fixed moment of around 24 months after the conception of the
index pregnancy. All parents completed a general questionnaire at home on demographics and
periconceptional and first trimester health and lifestyle exposures. All questionnaires were
checked in a standard way for completeness and consistency. The type and dosages of folic
acid and medication used during the periconceptional period were investigated during the
interview and, in case of any doubt, the information was verified with the general practitioner.
The maternal periconceptional period was defined as three months before until three months
after conception and this period for the father was defined as three months before until two
weeks after conception. The maternal questionnaire also comprised first trimester events such
as the occurrence and the timing during pregnancy of severe nausea and/or vomiting, weight
loss and common colds (including flue, ear-, nose- and throat illnesses). Maternal nausea was
characterized by duration, period, and seriousness. Severe nausea and/or vomiting were defined
as starting after the first week of pregnancy resulting in a changed or decreased food intake.
Weight loss was defined as the loss of any weight in the first trimester of pregnancy starting from
the first day of pregnancy.
For statistical analyses all determinants were dichotomized with the exception of the age
variables. Differences in age between case and control triads were tested by Wilcoxon rank- sum
test. The CLP and CPO risks were estimated by odds ratios (OR) with 95% confidence intervals
(95% CI). To assess the dose-response effect of age, smoking, alcohol or coffee consumption
and orofacial clefts in the offspring, we calculated OR for the different strata. To avoid cells with
small numbers of observations, sometimes subcategories were grouped. As the frequencies of
cigarette and cigar/pipe smoking could not be combined and most parents smoked cigarettes, we
performed a dose- response analysis on this type of tobacco only.
When data on the timing of exposure were available, additional analyses were performed for
which exposure was defined according to the critical period of the development of the cleft. For
CLP this is between the S"1 and the 12lh week after conception and between the 7lh and the 12'h
week after conception for CPO.
To assess whether a risk factor for orofacial clefts in the offspring is altered by a family history
for clefts suggesting a strong genetic compound, we performed a stratified analyses for family
history for clefts.
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To investigate the variables that mostly contributed to orofacial cleft risk, stepwise logistic
regression with probability entry p=0 05 and probability removal p=0 10 was performed A
ROC-curve was drawn to predict CLP or CPO risk for the most contributing variables
For the statistical analyses SAS Statistical Analysis System version 8 2 (SAS institute Ine, Cary,
NC) was used

Results
Table 1 (next page) demonstrates the demographic factors of the mothers and fathers associated
with CLP and CPO risk Low educated parents and those with a family history for CLP showed
significantly increased risks for CLP in offspring, whereas pregnancy planning was associated
with a 50% risk reduction Boys more frequently suffered from CLP and girls from CPO
The periconceptional exposures of the mothers and fathers are outlined in Table 2 and 3,
respectively The use of folic acid supplements appeared a significant protective lifestyle factor
in mothers and reduced CLP risk by approximately 40% The vast majority ot the mothers
(100% CLP and 97% CPO) used a minimum of 400pg folic acid per day This was in line
with our expectations as in the Netherlands most women use supplements containing folic acid
only Two CPO mothers used 5 mg folic acid daily without a clear indication Maternal health
factors associated with 1 5 and 2-fold increased CLP risk were periconceptional medication
use, illnesses, and the experience of a common cold in the first trimester of pregnancy Paternal
smoking, tended to increase CLP risk 1 5-fold Further categorization of the medications
according to their mechanistic actions yielded too small numbers to draw firm conclusions
Paternal allergies and lung diseases in the periconceptional period seem to reduce CLP risk with
50-60% Adjustment for smoking did not alter these associations Comparable conclusions for
parental risk factors were obtained for CPO
In an additional analysis restricted to the critical periods of 5-12 weeks for CLP and 7-12 weeks
postconception for CPO most risk estimates remained the same or were reduced in strength The
association between common cold and CLP however, increased to OR 2 3, 95% CI 1 2 - 4 2
It is conceivable that individuals with a family history for clefts are also more prone to be
exposed to certain lifestyle factors Due to the small numbers of triads with this feature however,
a stratified analysis of the exposure data for a family history of either CLP or CPO was not
feasible
Because CLP was more frequent among boys and CPO among girls, we performed a stratified
analysis for gender of the child per cleft type A low paternal education and maternal medication
use were important risk factors for CLP as well as for CPO independent of the gender of the
child The occurrence of maternal common cold in the first trimester of pregnancy or during the
critical period of CLP development significantly increased the risk for CLP in girls, OR 3 3,95%
CI 1 6-7 1 and OR 4 2, 95% CI 1 5-12 0, respectively, whereas no effect was observed in boys,
OR 1 1,95% CI 0 6-1 9 and OR 1 4, 95% CI 0 7-3 0, respectively No conclusions could be drawn
for the CPO group due to the small numbers
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CLP
n=319

CPO
n=68

Mothers
30.9(25.4-39.1)

30.4(25.8-36.5)

< 25 years, π (%)

11(3.4)

3 (4.4)

25-30 years, η (%)

116(36.4)

26(38.3)

> 30-35 years, η (%)

135(42.3)

29(42.3)

>35years, n(%)

57(17.9)

10(14.7)

Low education-, η (%)

182(57.2)

36(52.9)

Primiparae, η (%)

135(42.5)

38(55.9)

Planned pregnancy, η (%)

272(85.3)

61 (89.7)

Artificial fertilization, η (%)

25(7.8)

3 (4.4)

57(19.1)

9(14.1)

75 (23.6)

16(24.2)

33.4(27.1-41.3)

33.2(27.7-39.6)

Age in years', median (P5-P95)

3

Spontaneous miscarriages , η (%)
4

UseofOC ,n(%)
Fathers
Age in years', median (P5-P95)
< 25 years, η (%)

9(2.8)

0

25-30 years, η (%)

49(15.5)

9(13.2)

> 30-35 years, η (%)

153(48.4)

39(57.3)

> 35 years, η (%)

108(34.2)

20(29.4)

196(62.2)

54(79.4)

2

Low education , η (%)
Children
Age at study entry in months', median
(P5-P95)

15.8(10.8-24.0)

15.6(12.0-22.8)

Boys, η (%)

212(66.5)

26 (38.2)

CLP family history6 η (%)

27(8.5)

-

CLP = cleft lip with or without cleft palate, CPO = cleft palate only. OR = odds ratio, CI = confidence interval, OC =
vocational/ intermediate secondary/ intermediate vocational education. Missings; 1 CLP mother, 4 CLP fathers and
controls, 4missings: 1 CLP mothers, 2 CPO and 1 control, ' missings: 6 CLP and 4 CPO, 6defined as the presence of

To determine the contribution of the most important factors, multiple stepwise logistic regression
analyses was performed, including parental age and education, pregnancy planning, CLP family
history, gender, parental smoking, alcohol consumption, medication, common cold between
the 7'h and 12th week after conception and periconceptional folic acid use. The most important
determinants for CLP offspring were CLP family history, OR 19.0, 95% CI 2.5-145.8, being a
boy, OR 2.1,95% CI 1.4-3.1, folic acid use, OR 0.6; 95% CI 0.4-0.9, maternal medication use, OR
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without cleft palate and cleft palate only.
Controls
n=223

CLP risk
OR (95% CI)

CPO risk
OR (95% CI)

31.5(26.0-37.3)

0.99(0.95-1.03)

0.93(0.86-1.00)

6 (2.6)

1.1(0.4-3.1)

1.3(0.3-5.7)

69 (30.9)

1.0 (Reference)

1.0 (Reference)

115(51.6)

0.7(0.5-1.1)

0.7(0.4-1.2)

33(14.8)

1.1 (0.6-1.7)

0.8(0.3-1.9)

103(46.2)

1.6(1.1-2.2)

1.3(0.8-2.3)

116(52.0)

0.7(0.5-1.0)

1.2(0.7-2.0)

205(91.9)

0.5 (0.3-0.9)

0.8(0.3-1.9)

15(6.7)

1.2(0.6-2.3)

-

50 (22.6)

0.8(0.5-1.2)

0.6(0.3-1.2)

52 (23.4)

1.0(0.7-1.5)

1.1 (0.6-2.0)

34.0(28.5-43.2)

0.97(0.94-1.01)

0.94(0.88-1.01)

2(0.9)

-

-

34(15.3)

1.0 (Reference)

1.0 (Reference)

94(42.3)

1.1 (0.7-1.9)

1.6(0.7-3.6)

93(41.9)

0.8(0.5-1.4)

0.8 (0.4-2.0)

105(47.3)

1.9(1.3-2.6)

4.3 (2.3-8.2)

-

-

114(51.1)

1.9(1.3-2.7)

0.6(0.3-1.0)

1 (0.5)

20.7(2.8-153.3)

-

14.4(8.4-22.8)

ral contraceptives, ' age at delivery of the index-child. Missings: 3 CLP and 1 control father, Ίονν: primary/ lower
ontrol father, 'spontaneous miscarriages before 16 weeks of pregnancy. Missings:20 CLP mothers, 4 CPO and 2
wo or more, first, second or third degree family members of the index child.

1.5; 95% CI 1.1-2.3, and low paternal education, OR 1.5,95% CI 1.0-2.2. The determinants in this
model contributed to 68% of the CLP. The model for CPO consisted of the determinants parental
age, alcohol consumption, smoking, education, gender, planning of pregnancy and common cold
in the first trimester of pregnancy and revealed an area under the curve of 103%. Low paternal
education, OR 4.4, 95% CI 2.3-8.4, was the most important factor for CPO.
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Table 2: Periconceptional characteristics of the mothers and the risk for offspring with a cleft lip with or
Periconceptional exposures' η (%)

CLP
n=319

CPO
n=68

Lifestyle factors
Smoking (cigarettes, cigars or pipe)
Cigarettes2
None or less than 1/day
1-10/day
>10/day

84(26.3)

14(20.6)

236 (74.0)
69 (22.6)
13 (4.0)

54 (79.4)
12(17.7)
2 (2.9)

Alcohol3
None or < 1/day
1 or more/day

128(40.1)
289 (92.9)
22(7.1)

32(47.1)
63 (95.5)
3 (4.6)

Coffee"
Decaffeinated
Caffeinated
Both

234(73.4)
27(8.5)
198(62.1)
4(1.3)

48 (70.6)
9(31.0)
38 (65.5)
1 (0.5)

123(37.7)
162(50.8)
34(10.7)

32(47.1)
31 (45.6)
5 (7.4)

Alternative diet5

16(5.0)

4(5.9)

Supplement use
Vitamins6
Folic acid supplements7

225 (70.5)
90(31.4)

53 (77.9)
22 (40.7)

Health factors
Medication use8
Analgesics
Ovulation inducing drugs
Topical corticosteroids
Sy mpathicom imetics'
Anti-infectious drugs'"
Iron supplements

116(36.4)
19(6.0)
15(4.7)
10(3.1)
12(3.8)
19(6.6)
13(4.1)

25 (38.2)
5 (7.4)
3 (4.4)
3 (4.4)
3 (4.4)
6(8.8)
3 (4.4)

Illnesses"
Lungs'2
Urinary tract
Allergy

155(48.6)
20(6.3)
7(2.2)
45(14.1)

29 (42.7)
4 (5.9)
1(1.5)
10(14.7)

First trimester
Common cold"
Severe nausea and/or vomiting
1
Weight loss "
5
X-Ray'

70 (22.2)
43(13.5)
37(11.6)
8 (2.5)

52(23.5)
11(16.2)
12(17.9)
4(5.9)

None or less than 1/day
I-5/day
>5/day

CLP = cleft lip with or without cleft palate, CPO = cleft palate only, OR = odds ratio, CI = confidence interval, 'defined as exposure
'exact amount missing for 8 CLP, 2 CPO and 5 controls,4 caffeine content unknown in 5 CLP and 1 control; exact amount unknown
'the use of any vitamins, 'daily use of supplements containing folic acid from four weeks before until eight weeks after conception
'defined as drugs with a sympathicomimetic action, mainly consisting of the decongestant Otrivin® (12 CLP, 3 CPO and 3 controls
':defined as asthma, bronchitis or pneumonia. The largest subgroups of illnesses were asthmatic diseases(l 1 CLP and 6 controls)
Missings: 4 CLP , and 1 control, '"missings: 1 CPO mother, ''missings: 1 CLP mother.
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without cleft palate and cleft palate only.
Controls
n=223

CLP risk
OR (95% CI)

CPO risk
OR (95% CI)

51 (22.9)

1.2(0.8-1.8)

0.9(0.5-1.7)

172(77.1)
41 (18.4)
10(4.5)

1.0 (Reference)
1.2(0.8-1.9)
1.0(0.4-2.4)

1.0 (Reference)
0.9(0.5-1.9)

108(48.4)
201 (92.2)
17(7.8)

0.7(0.5-1.0)
1.0 (Reference)
0.9(0.5-1.7)

1.0(0.6-1.6)
1.0 (Reference)

166(74.4)
22(9.9)
142(63.7)
I (0.5)

1.0(0.6-1.4)
1.0 (Reference)
0.8(0.4-1.6)
0.9(0.6-1.4)

0.8(0.5-1.5)
1.0 (Reference)
1.2(0.5-2.9)

92(41.2)
111 (49.8)
20 (9.0)

1.0 (Reference)
1.1 (0.8-1.6)
1.3(0.7-2.4)

1.0 (Reference)
0.8(0.5-1.4)
0.8 (0.3-2.2)

18(8.0)

0.6(0.3-1.2)

164(73.5)
95 (44.2)

0.9(0.6-1.3)
0.6 (0.4-0.8)

1.3(0.7-2.4)
0.9(0.5-1.6)

58(26.1)
17(5.8)
12(5.4)
5 (2.2)
3(1.4)
8 (3.6)
9 (4.0)

1.6(1.1-2.4)
1.0(0.5-2.1)
0.9(0.4-1.9)
1.4(0.5-4.2)
2.9(0.8-10.3)
1.7(0.7-4.0)
1.0(0.4-2.4)

1.8(1.0-3.1)

77(34.5)
9 (4.0)
7(3.1)
25(11.2)

1.8(1.3-2.6)
1.6(0.7-3.6)
0.7(0.2-2.0)
1.3(0.8-2.2)

1.4(0.8-2.5)

32(14.4)
38(17.0)
34(15.3)
5 (2.2)

1.7(1.1-2.7)
0.8(0.5-1.2)
0.7(0.4-1.2)
1.1 (0.4-3.5)

1.8(0.9-3.6)
0.9 (0.5-2.0)
1.2(0.6-2.5)

1.4(0.6-3.0)

between 3 months before through 3 months after conception of the index child,: exact amount missing for 1 CLP mother,
in 1 control, ^defined as any alternative diet (vegetarian, vegan, macrobiotic, calory restricted or other alternative diet),
of the index child, 'defined as the use of any medication other than oral contraceptives, including iron supplements,
"'defined as antibiotics, antimycotics, antiviral drugs, anthelminthics, "Defined as any illnesses, common cold included,
and common cold (8 CLP and 1 control), '-'includingflue,ear- nose- and throat illnesses.

91

Chapter 6_

Table 3: Periconceptional exposures of the fathers and the risk for offspring with cleft lip with or without
Periconceptional exposures', η (%)

CLP
n=316

CPO
n=68

129(40.8)

27(39.7)

None or less than 1/day

200(63.3)

43 (63.2)

1-10/day

44(13.9)

8(11.8)

> 10/day

72 (22.8)

17(25.6)

261 (82.6)

62(91.2)

172(53.9)

37(54.4)

Lifestyle factors
Smoking (cigarettes. :igars or pipe)
Cigarettes

Alcohol
None or <1/day
1-3/day

120(37.6)

27(39.7)

27(8.5)

4(5.9)

303 (95.9)

63 (92.7)

Decaffeinated

17(56.7)

6(8.8)

Caffeinated

276(95.5)

56 (82,4)

Both

3(1.0)

0

None or less than 1 cup/day

29(9.2)

8(11.8)

>3 /day

Coffee2

1-5 cups/day

152(48.1)

26(38.2)

6-10 cups/day

114(36.1)

29 (42.7)

> 10 cups/day

19 (6.0)

5 (7.4)

34(10.7)

3 (4.4)

79 (24,8)

9(13.2)

11(3.5)

0

Lung diseases

7 (2.2)

2(2.9)

Allergy

22 (7.0)

2(2.9)

Vitamins3

Health factors
4

Medication use or illnesses
Analgesics

CLP = cleft lip with or without palate, CPO = cleft palate only, OR = odds ratio, CI = confidence interval, ' defined as exposure
'defined as the use of any vitamins, •'defined as the use of any medication, including iron supplements or the occurrence of any
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cleft palate and cleft palate only.
Controls
n=222

CLP risk
OR (95% CI)

CPO risk
OR (95% CI)

71 (32.0)

1.5 (1.0-2.1)

1.4 (0.8-2.5)

157(70.7)

1.0 (Reference)

1.0 (Reference)

28(12.6)

1.2 (0.7-2.1)

1.0(0.4-2.5)

37(16.7)

1.5 (1.0-2.4)

1.7 (0.9-3.3)

189(85.2)

0.8 (0.5-1.3)

1.8 (0.7-4.5)

125(56.1)

1.0 (Reference)

1.0 (Reference)

77 (34.5)

1.1 (0.8-1.67)

1.2 (0.7-2.1)

21(9.4)

0.9 (0.5-1.7)

0.6 (0.2-2.0)

312(95.5)

1.1 (0.5-2.6)

.

20(1.4)

0.7 (0.2-1.9)

189(95.5)

1.1 (0.5-2.6)

-

0

18(8.1)

1.0 (Reference)

1.0 (Reference)

97 (43.7)

1.0 (0.5-1.9)

0.6(0.2-1.5)

90 (40.5)

0.8 (0.4-1.5)

0.7 (0.3-1.8)

17(7.7)

0.7 (0.3-1.7)

0.7 (0.2-2.4)

15(6.8)

1.7 (0.9-3.2)

-

51 (22.9)

1.1 (0.7-1.7)

0.5(0.2-1.1)

8 (3.6)

1.0(0.4-2.4)

-

12(5.4)

0.4 (0.2-1.0)

-

28(12.6)

0.5 (0.3-0.9)

0.2 (0.1-0.9)

between 3 months before through 2 weeks after conception of the index child, :exact amount of unknown in 2 CLP fathers,
illness in the periconceptional period, common cold/influenza not included.
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Discussion
This study provides a comprehensive picture of parental periconceptional and first trimester
lifestyle and health factors determining CLP and CPO risk in the Dutch population Our data
substantiate the current knowledge on the importance of both genetic factors, e g., family history
for clefts,6 and environmental risk factors, ι e., low social-economic status reflected by low
18
parental education, maternal medication use, experience of common diseases of the respiratory
tract 2 , and possibly paternal smoking" in the etiology of nonsyndromic orofacial clefts. Our
data also add to the emerging evidence that the maternal daily use of folic acid supplement from
4 weeks before through 8 weeks after conception as well as pregnancy planning significantly
reduce CLP risk, which is in line with findings of others10 " but not all l 9 The main contributors
to CLP risk were gender, a CLP family history, low paternal education and maternal medication
use, whereas only low paternal education significantly contributed to CPO risk
Maternal illnesses and medication use in general in the periconceptional period increased
orofacial cleft risk independent of cleft type and gender Apart from common cold, the
subgroups of medication use and illnesses were too small to draw firm conclusions. A wide
range of teratogenic actions however, is conceivable, such as genotoxicity of the medicines and
micro-organisms, alterations in maternal and fetal oxygen and nutritional supply, and the release
of inflammatory factors, histamines or other mediators. In this context, it would be interesting
in future studies to investigate the role of the gene 1RF6, encoding for immune-modulatory
properties, and described to be essential tor normal palatogenesis2Ü The suggested protective
effect of paternal allergies and lung diseases on CLP risk need further investigation in populations
with high frequencies of these diseases and exposures to the medicines
A low paternal education is considered as a proxy for low socio-economic status and lifestyle,
e.g. pregnancy planning and smoking, and seemed to be an important risk factor for children
with an orofacial cleft, independent of the gender of the child or cleft type This may indicate
a common underlying mechanism Our data are in line with that of others" but not all : i
Differences in the distribution of socio-economic status in the various countries as well as the
use of different definitions may explain the discrepancies in results. We speculate that a low
socio-economic status as a risk factor for orofacial clefts should be regarded in particular as a
marker of parental health and lifestyle. Individuals with a low education compared to those with
a high education tend to smoke more22, use a less healthy diet22 and are less familiar with proper
folic acid supplement use in the periconceptional period 23 These lifestyle factors either alone or
in combination with occupational activities and genetic background play a role in the etiology of
orofacial clefts. The trend data of the EUROCAT-registration reflecting the associations between
congenital malformations and increasing socio-economic status over time, however, are not in
line with our findings ^ This may be due to differences in the methodology of data collection by
registries or in a case-control research setting Nevertheless, our data emphasize the need for
continued efforts to unravel the role of environmental factors in the etiology of nonsyndromic
orofacial clefts
It is generally accepted that CLP and CPO are two different enologie entities Overall our
univariate data demonstrated comparable risk factors for both types of clefts. Although the
effect was in the same direction, folic acid supplement use did not significantly reduce CPO risk
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We stress that these results can be explained by the rather small numbers and therefore should
be cautiously interpreted. Comparisons to the literature are hampered by the small numbers of
human studies on CPO with inconclusive results.^ Based on our observations, we speculate that
other pathways and genes, not related or less sensitive to folate, are involved in the etiology of
CPO. We hope that these results will encourage further research on orofacial clefts focused on
the different cleft types.
In line with studies of others, we found that CLP was more prevalent among boys, whereas
CPO prevailed among females.26 The underlying mechanism is still unknown. Differences
in maternal hormonal status27, season at conception28 or increased paternal age29 have been
suggested. These speculations could not be confirmed by our data as paternal and child age
at the study moment, the use of oral contraceptives prior to conception or the frequency of
artificial reproduction were comparable between the case and control group. Other explanations
may be gender-related differences in timing of embryonic development, the influence of genes
or hormones beyond gonadal differentiation, or gender specific mortality due to differences in
ovum quality or placentation.29 " The latter might well apply to the association found in our
study between maternal common cold in the first trimester of pregnancy and CLP in females
rather than in males. This mostly viral condition may preferentially affect the more vulnerable
male fetus, resulting in a miscarriage rather than a congenital malformation.
The issue of confounding due to recall bias always has to be discussed in case-control studies.
Some variables, especially that of common cold in the first trimester of pregnancy and general
medication use, are prone to over- and underestimation thereby affecting the risk estimates.
With the exception of maternal alcohol consumption, however, the lifestyle data were in line
with those reported in the Dutch population.'2 The use of prescribed medication was higher
in case mothers and is thereby in line with the higher frequency of illnesses reported by these
mothers." Although recall bias can never be excluded, evidence is emerging that its role is
considered to be rather small and merely non-differential in case control studies focused on
congenital malformations.14 "
The strengths of our study in comparison to all other studies in this field is the short period
between exposure and data collection as well as the standardization of the study moment at
which the questionnaires were filled out and verified. Moreover, the precise diagnosis of the type
of cleft according to the Dutch Cleft Palate Association (NVSCA) registration and the rather
large sample size of cases and controls distinguishes our study from others.
In conclusion, this study demonstrated some parental health and lifestyle factors for offspring
with orofacial clefts in the Caucasian Dutch population. This information needs to be
implemented in preconception counseling in order to reduce the occurrence of orofacial clefts
in future generations.

95

Chapter 6

References
1.
2.

Murray JC. Gene-environment causes of cleft lip and/or palate. Clin Genet 2002; 61: 248-56.
Reefhuis J, de Jong-van den Berg LTW, Cornel MC. The use of birth defect registries for etiological
research: a review. Community Genet 2002; 5: 13-32.

3.

Lammer EJ, Chen DT, Hoar RM, Agnish ND, Benke PJ, Braun JT, Curry CJ, Fernhoff PM, Gnx AW
Jr, Lott IT, et al. Retinole acid embryopathy. Ν Engl J Med 1985; 313:837-841.
Lorente C, Cordier S, Goujard J, Aymé, Bianchi F, Calzolari E, de Walle HEK, Knill-Jones R, the
Occupational Exposure and Congenital Malformation Working Group. Tobacco and alcohol use
during pregnancy and risk of oral clefts. Occupational Exposure and Congenital Malformation
Working Group. Am J Public Health 2000;90:415-419.
Zhang J, Cai WW. Association of common cold in the first trimester of pregnancy with birth defects.
Pediatrics 1993;92:559-263.
Natsume N, Kawai T, Ogi N, Yoshida W. Maternal risk factors in cleft lip and palate: case control
study. Br J Oral Maxillofac Surg 2000; 38:23-25.
Krapels IPC, van Rooij 1ALM, Ocké MC, van Cleef BAGL, Kuijpers-Jagtman AM, SteegersTheunissen RPM. Maternal dietary Β vitamin intake, other than folate, and the association with
orofacial cleft in the offspring, Eur J Nutr 2004; 43: 7-14.
Krapels IPC, van Rooij IALM, Ocké MC, West C, van der Horst CMAM, Steegers-Theunissen RPM.
Maternal nutritional status and the risk for orofacial cleft offspring in humans. J Nutr 2004; 134·
3106-3013.

4.

5.
6.
7.

8.

9.
10.

11.

12.
13.
14.
15.
16.

96

Strauss OA. Predisposing causes a of cleft palate and harelip. Transactions of the Sixth 6th International
Dental Congress. London, United Kingdom: 1914 470-471.
Van Rooij IALM, Vermeij-Keers C, Kluijtmans LAJ, Ocké, Zielhuis GA, Goorhuis-Brouwer SM, Van
der Biezen JJ, Kuijpers-Jagtman AM, Steegers-Theunissen. Does the interaction between maternal
folate and the methylenetetrahydrofolatereductase polymorphisms affect the risk of cleft lip with or
without cleft palate? Am J Epidemiol 2003;157:583-591.
Van Rooij IALM, Ocké MC, Straatman Η, Zielhuis GA, JMWM Merkus, Steegers-Theunissen RPM.
Penconceptional folate intake by supplement and food reduces the risk of nonsyndromic cleft lip with
or without cleft palate. Prev Med 2004; 39: 689-694.
DeMarini DM. Genotoxicity of tobacco smoke and tobacco smoke condensate: a review. Mutat Res
2004; 567: 447-474.
Zhang J, Savitz DA, Schwing! PJ, Cai WW. A case-control study of paternal smoking and birth
defects. Int J Epidemiol 1992;21:273-278.
Shaw GM, Wasserman CR, Lammer EJ. Orofacial clefts, parental cigarette smoking, and transforming
growth factor-alpha gene variants. Am J Med Genet 1996; 528: 551-561.
Schnitzer PG, Olshan AF, Enckson JD. Paternal occupation and risk of birth defects in offspring
occupation. Epidemiology 1995; 6: 577-583.
Van Rooij IALM Wegerif MJM, Roelofs HMJ, Peters WHM, Kuijpers-Jagtman AM, Zielhuis
GA, Merkus JMWM, Steegers-Theunissen RPM. Smoking, polymorphisms in biotransformation
enzymes, and nonsyndromic oral clefting: a gene-environment interaction. Epidemiology 2001; 12:
502-507.

Penconceptional Health and Lifestyle Factors

17. Luijsterburg AMJ, Vermcij-Keers C. NVSCA-Registration cleft lip/alveolus and cleft palate. Annual
Report 1997. Department of Plastic Surgery, Erasmus MC University Medical Center, Rotterdam,
The Netherlands. ISBN 90-76580-022.
18. Clark JD, Mossey PA, Sharp L, Little J. Socioeconomic status and orofacial clefts in Scotland, 1989
to 1998. Cleft Palate Cramolac J 2003;40:481-485.
19. Botto LD, Olney RS, Erickson JD. Vitamin supplements and the risk for congenital anomalies other
than neural tube defects. Am J Med Genet Part C (Semm Med Genet) 2004; 125C: 12-21.
20. Zucchero TM, Cooper ME, Mäher BS, Daack-Hirsch S, Nepomuceno B, Ribeiro L, Caprau D,
Christensen K, Suzuki Y, Machida J, Natsume N, Yoshiura K, Vieira AR, Orioli IM, Caslilla EE,
Moreno L, Arcos-Burgos M, Lidral AC, Field LL, Liu YE, Ray A, Goldstein TH, Schult? RE, Shi M,
Johnson MK, Kondo S, Schutte BC, Marazita ML, Murray JC. Interferon regulatory factor 6 (IRF6)
gene variants and the risk of isolated cleft lip or palate. Ν Engl J Med 2004;351:769-780.
21. Carmichael SL, Nelson V, Shaw GM, Wasserman CR, Croen LA. Socio-economic status and risk of
conotruncal heart defects and orofacial clefts. Paediatr Perinat Epidemiol 2003;17:264-271.
22. Wardle J, Steptoe A. Socioeconomic differences in attitudes and beliefs about healthy lifestyles J
Epidemiol Community Health 2003;57:440-443.
23. De Walle HE, Cornel MC, de Jong-van den Berg LTW. Three years after the dutch folic acid campaign:
growing socioeconomic differences. Prev Med 2002;35:65-69.
24. Eurocat Homepage. Time trend of cleft palate. Time trend of cleft lip with or without cleft palate
Available at http://www.rug.nl/umcg/faculteit/disciplinegroepen/medischegenctica/eurocal/pdf/
CleftPalate.pdfhttp and at http://www.rug.nl/umcg/faculleit/disciplinegroepen/medischegcnetica/
eurocat/pdf/CleftLipWithOrWithoutCleftPalate.pdf
25. Itikala PR, Watkms ML, Mulinare J, Moore CA, Liu Y. Maternal multivitamin use and orofacial
clefts in offspring. Teratology 2001; 63: 79-86.
26. Shaw GM, Croen LA, Curry CJ. Isolated oral cleft malformations: associations with maternal and
infant characteristics in a California population. Teratology 1991; 43: 225-228.
27. James WH. Are orofacial clefts a consequence of maternal hormonal imbalance? Evidence from the
sex ratios in sibs of probands. Teratology 2000; 62: 342-345.
28. Cagnacci A, Renzi A, Arangino S, Alessandrini C, Volpe A. The male disadvantage and seasonal
rhythm of sex ratio at the time of conception. Hum Reprod 2003; 18: 885-877.
29. Rittler M, Lopez-Camelo J, Caslilla EE. Sex ratio and associated risk factors for 50 congenital
anomaly types: clues for causal hetengeneity. Birth Defects Research (Part A) 2004; 70: 13-19
30. James WH. The human sex ratio. Part 1: a review of the literature. Hum Biol. 1987; 59: 721-752.
31. Jongbloet PH. The ovopathy concept for explaining the secondary sex ratio. Hum Reprod 2004; 191036-1038.
32. Statistics Netherlands. General Social Survey (POLS), 2003 [Dutch].
33. Feldman Y, Koren G, Mattice K, Shear Η, Pellegrini Ε, MacLeod SM Determinants of recall and
recall bias in studying drugs and chemical exposure in pregnancy. Teratology 1989; 40: 37-45.
34. Swan SH, Shaw GM, Schulman J. Reporting and selection bias in case-control studies of congenital
malformations. Epidemiology 1992; 3: 356-363.
35. Infante-Rivard C, Jacques L. Empirical study of parental recall bias. Am J Epidemiol 2000;152:480-486.

97

Chapter 7

Paternal smoking and polymorphisms in epoxide
hydrolase and glutathione S-transferase PI affect
nonsyndromic cleft lip with or without cleft palate in
the offspring

Ingrid PC Krapels
Judith Eichhorn
Wilbert H M Peters
Hennie MJ Roelofs
Frank Ras
Regine PM Steegers-Theunissen
and the Eurocran Gene-Environment Interaction group

99

Chapter 7

Abstract
Objectives: To investigate associations between polymorphisms in microsomal epoxide hydrolase
(EPHX, exon 3, exon 4), glutathione S-transferase PI (GSTPl, exon 5) and periconceptional
parental smoking and nonsyndromic cleft lip with or without cleft palate (CLP) risk.
Study design: Dutch Caucasian non-consanguineous triads with complete valid genetic data
per polymorphism were included (EPHX exon 3: 118 CLP and 70 control triads, EPHX exon
4: 149 CLP and 95 control triads, GSTPl exon 5: 69 CLP and 95 control triads). Transmission
disequilibrium testing (TDT) and logistic regression analyses were performed.
Results: Polymorphic EPHX exon 3 and exon 4 alleles associated with CLP (TDT; p<0.05).
Paternal EPHX exon 4 polymorphisms and paternal smoking increased CLP risk, OR: 2.5
(95% CI=1.1, 5.9). Homozygosity for GSTPl exon 5 polymorphisms in mothers or children
approximately 3-fold increased CLP risk.
Conclusion: The EPHX exon 3, exon 4 and GSTPl exon 5 polymorphisms, and EPHX exon 4
polymorphism and paternal smoking contribute to CLP risk.
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Introduction
In addition to genetic predispositions, environmental factors, such as parental smoking, are
thought to be involved in the pathogenesis of nonsyndromic orofacial clefts (OFC) ' 2 The
toxicity of smoking during embryogenesis varies in time, dose and frequency of exposure, and
is dependent on maternal metabolism and transfer of the toxins from the extraembryonic tissues
to the embryo Therefore, also the detoxification capacity of the maternal and (extra)embryonic
tissues may play a role. Moreover, it has been demonstrated that paternal smoking has genotoxic
effects.3
In the human body, the defense against toxic compounds present in tobacco smoke is provided
by phase I and phase II biotransformation enzymes. Microsomal epoxide hydrolase (EPHX),
located on chromosome 1, is a phase I biotransformation enzyme that hydrolyses a large number
of epoxides generated by cytochrome P450 enzymes into less reactive and more water-soluble
trans-dihydrodiol dérivâtes."15 Paradoxically, also more reactive intermediates are formed
depending on the parent structure Epoxide hydrolase has a broad substrate specificity and is
expressed in all tissues 4 ^
Following phase I reactions, phase II enzymes such as glutathione S-transferases (GST) further
detoxify the activated toxic compounds by the addition of reduced glutathione to its electrophilic
groups. These enzymes however, may also generate more reactive compounds dependent on
the original substrate ^ The GST enzymes are divided into at least four main classes Alpha,
Mu (GSTMI), Pi (GSTP]) and Thêta (GSTT1) each consisting of one or more isoenzymes with
partially overlapping substrate specificity6 Sofar GSTP1, located on chromosome 11, is the only
isoform that is expressed in the placenta7 and in the developing embryo as early as 8 weeks of
gestation/ 8
Genetic variations in EPHX anà GSTP1 may affect the teratogenicity of parental smoking The
EPHX exon 3 polymorphism, in which tyrosine is replaced by histidine, and EPHX exon 4
polymorphism, a substitution of histidine by arginine, result in a decrease or increase of the
enzyme activity, respectively9 For GSTP/, the polymorphism in exon 5 is due to the replacement
of isoleucine by valine leading to a decreased enzyme activity6
We hypothesize that polymorphisms in EPHX and GSTP1 increase the susceptibility to toxins
present in tobacco smoke, thereby detrimentally affecting the embryonic development of the lip,
alveolus and/or palate
Therefore, the aims of this study were 1) to investigate EPHXexon 3, exon 4 and GSTP1 exon 5
polymorphisms in a case and control triad study (mother, father, child), and 2) to evaluate their
genetic interactions with parental smoking in the penconceptional period and OFC risk

Materials and Methods
Study population
We performed a case-control triad study at the Radboud University Nijmegen Medical Center
and the Erasmus MC University Medical Center in Rotterdam in the Netherlands for which 485
nonsyndromic OFC (395 cleft lip with or without cleft palate (CLP) and 90 isolated clett palate
(CPO)) and 274 control triads were recruited between October 1998 and August 2002
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The participation rate of the cases was 72%. The study design has been described in detail by
Van Rooij et al.1 In summary, case families were recruited in collaboration with the ten largest
cleft lip and palate teams in the Netherlands and the parents and patients organization for clefts
( VSOP/BOSK). In every cleft lip and palate team, the OFC was diagnosed by a clinician according
to a standard registration form developed by the Dutch Cleft Palate Association (NVSCA).l0The
control triads were parents and their healthy child without a major congenital malformation,
enrolled by the case parents, e.g., friends, acquaintances or neighbors and by nurseries and public
health centers in Nijmegen and surroundings. The study moment was chosen at approximately
14 months after the delivery of the index child. Triads consisting of one or two non Dutch
Caucasian parents (26 CLP, 9 CPO and 9 controls), consanguineous parents (7 CLP and 1
control) and incomplete triads (4 CLP and 1 control) were excluded so that 439 case triads (358
CLP and 81 CPO) and 263 control triads remained for analyses. Data on EPHXexon 3 and 4 or
GSTP1 exon 5 of the mothers, fathers and children, was available for 312 cases and 223 controls
triads. Because it was our aim to include complete and inheritable triads per polymorphism
only, 231 OFC (187 CLP and 44 CPO) and 155 control triads (61.3 percent recruited by case
parents and 38.7 percent by nurseries and public health centers) remained for further analyses.
Due to the rather small numbers in the CPO group, we choose to analyze only the CLP triads.
The Central Committee of Medical Research in Humans in The Hague, The Netherlands and the
local Medical Ethical Committees of all participating hospitals approved the study protocol. A
written informed consent was obtained from all participants before participation.
Data collection
A general questionnaire was mailed to all the parents and completed at home. The questionnaire
was checked for completeness and consistency by the researcher in a personal interview during
a hospital visit or through a telephone interview. Smoking was defined as the use of tobacco
(cigarettes, cigars/pipe) in the periconceptional period. The parents could indicate their smoking
habits separately for cigarettes and cigars/pipe as none or less than one per day, 1-10 per day,
10-25 per day, 25-50 per day and 50-100 per day. The mothers were asked if and when they quit
smoking when pregnancy was confirmed. Data on potential confounders such as age, education,
a family history for clefts and periconceptional health and lifestyle factors, such as any use
of alcohol, medication (other than contraceptives, including iron supplements) and vitamins
(containing anti-oxidants) were extracted. Periconceptional conditions that could affect the
detoxification capacity, such as liver and renal diseases were also recorded. The educational
level was categorized into low (primary/lower vocational/intermediate secondary /intermediate
vocational) and high (higher secondary/higher vocational or university) education. A family
history for clefts was defined as two or more, first, second or third degree affected relatives of
the index child. The maternal periconceptional period was defined as the period of 3 months
before until 3 months after conception and that of the father as 3 months before conception until
2 weeks after conception.
For genotyping DNA from mothers, fathers and children was extracted from the stored blood
samples or buccal swabs.
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Laboratory determinations
Genomic DNA was isolated from whole blood using the Puregene® genomic DNA isolation kit
according to the instructions of the manufacturer (BlOzym, Landgraaf, The Netherlands) The
buccal cell DNA was isolated from cheek cells as described previously " After preparation the
genomic DNA was stored at 4UC until use
The EPHXexon 3, exon 4 and GSTP1 exon 5 polymorphisms were detected by polymerase chain
reaction (PCR) '2 l j In short, for EPHXexon 3 a digestion site for EcoRV enzyme was created in
the non-polymorphic (Tyrosinell3) allele during PCR amplification Restriction by this enzyme
resulted in fragments of 140 and 24 bp for the nonpolymorphic allele and an undigested fragment
of 164 bp for the polymorphic (Histidinel 13) allele For EPHXexon 4, a digestion site was created
in the polymorphic (Argininel39) allele using Rsal as restriction enzyme resulting in fragments
of 216 for the non-polymorphic (Histidinel39) allele and 169 and 47 for the polymorphic allele
The digestion ofGSTPl PCR products, using Alw26I restriction enzyme, resulted in fragments
of 105 and 327 bp for the non-polymorphic (IsoleucmelOS) allele and 105, 107 and 220 bp for
the polymorphic (ValinelOS) allele Sigma-Genosys Ltd (Pampisford Cambngdeshire, United
Kingdom) synthesized all primers Chemicals needed for PCR were purchased from Promega
(Madison, WI, USA) The primers used were EPHX exon3 F 5'-GAT CGA TAA GTT CCG
TTT CAC C-3' and EPHXexon 3R 5'-ATC CTT AGT CTT GAA GTG AGG άΤ-Τ for EPHX
exon 3, EPHX exon 4F 5'-ACA TCC ACT TCA TCC ACG T-S' and EPHX exon 4R 5'-ATG
CCCT CTG AGA AGC CAT-S' for EPHXexon 4 and PiF2306 5'- GTA GTT TGC CCA AGG
TCA AG-3' and PiR2721 5' - AGC CAC CTG AGG GGT AAG -3' for GSTP1 r l 1
The PCRs resulted in a homozygote wild-type, heterozygote or homozygote mutant genotypes
Statistical analysis
The positively skewed data for age were log-transformed and compared between the study
groups by application of Student's /-tests All other variables were tested by chi-square tests
Risk for CLP was estimated by odds ratios (OR) with 95 percent confidence intervals (CI)
where wild-type genotypes served as reference Hardy-Weinberg Equilibrium was tested by
chi-square tests and the transmission disequilibrium test (TDT) was performed to test linkage
disequilibrium between the polymorphic allele and CLP Risk estimates for the interaction
between the genotypes and parental smoking were computed by logistic regression analyses, in
which non-exposed homozygote wild-type individuals served as reference
Potential confounders were evaluated by logistic regression analyses Significance was defined
as p<0 05 (two-sided) All statistical analyses were performed using SAS Statistical Analysis
System version 8 2 (SAS institute Ine, Cary, NC)

Results
Fathers of a child with a CLP were lower educated (62 9% cases, 51% controls, p< 0 05) and
used more often medication penconceptionally (cases 19,8%, controls 10 8%, p<0 05) compared
to controls Approximately 70% of the children with a CLP were boys (p<0 01) Only one
control child had a family history for clefts compared to 14 children with a CLP (p<0 01) In
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the penconceptional period, one CLP mother reported a hepatitis A infection and one control
mother a renal problem. Maternal smoking during the critical period of CLP development (512 weeks after conception) increased CLP risk 2 5-fold (95% CI=0.5, 12 8) Paternal smoking
slightly increased CLP risk (OR 1 4 (95% CI=0.9-2.1)) A significant dose-response relationship
could not be determined.
With the exception of EPHX exon 4 in CLP mothers (p<0.05) and their children (p<0 02), the
distribution of all polymorphisms, separately for cases and controls, was in Hardy-Weinberg
Equilibrium The frequencies of EPHX exon 3, exon 4 and GSTP1 exon 5 polymorphic alleles
were 0 26, 0.20 and 0.38 in CLP cases and 0 26, 0 22 and 0 31 in controls, respectively. In
contrast to GSTP1, the TDT revealed that the EPHX exon 3 and exon 4 polymorphic alleles
were transmitted significantly more frequent from heterozygous parents to the CLP child than
the expected 50% (p<0 05) Table 1 displays the associations between polymorphisms in EPHX
exon 3, exon 4 and GSTPl exon 5 and nonsyndromic CLP risk Homozygosity for EPHX exon
3 polymorphisms in mothers significantly decreased the risk of CLP in offspring by 70 percent,
whereas fathers carrying at least one polymorphic EPHX exon 3 allele showed a nearly 2-fold
increased risk. Homozygosity for GSTPl exon 5 polymorphisms in mothers and in children
approximately 3-fold increased CLP risk
No significant interactions could be demonstrated for the polymorphisms in EPHX exon 3 and
GSTPl exon 5 in either parent and/or their child and penconceptional smoking (data not shown)
The EPHX exon 4 polymorphism in smoking fathers however, increased CLP risk, OR; 2 5 (95
percent CI=1 1, 5 9) Further differentiation of maternal smoking between the 5lhand 12"' week
after conception and the various strata of smoking was not feasible due to the small numbers All
the above-mentioned risk estimates were only marginally affected after separate adjustment for
parental age, education, CLP family history or the use of alcohol, medication or vitamins
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Table 1. Epoxide hydrolase exon 3 and exon 4 and glutathione S-transferase P1 exon 5
polymorphisms and cleft lip with or without cleft palate risk.
OR

95 % Cl

OR

9 5 % CI 1

33
25

1.0
0.9

Reference
0.5, 1.7

1.0

Reference

6

12

0.3

0.1,0.7

0.7

(0.4-1.2)

Homozygote wild-type
Heterozygote

54
52

1.0
1.8

Reference
(1.0-3.5)

1.0

Reference

23

Homozygote mutant

12

3

33

(0.9-12.3)

2.0

(1.1-3.7)

Homozygote wild-type
Heterozygote

75
35

41
25

1.0
0.8

Reference
(0.4-1.5)

1.0

Reference

Homozygote mutant

8

4

1.1

(0.3-3.9)

0.8

(0.4-1.5)

EPHX exon 4 l39His>Arg

149

95

Mother

Homozygote wild-type
Heterozygote

06
42

50
37

1.0
0.6

Reference
(0.3-1.0)

1.0

Reference

Homozygote mutant

11

8

0.7

(0.3-1.9)

0.6

(0.4-1.0)

Homozygote wild-type
Heterozygote

90
55

62
30

IO
1.3

Reference
(0.7-2.2)

1.0

Reference

Homozygote mutant

4

3

0.9

(0.2-4.3)

1.2

(0.7-2.1)

Homozygote wild-type
Heterozygote

105
35

58
35

1,0
0.6

Reference
(0.3-1.0)

1.0

Reference

Homozygote mutant

9

2

2,5

(0.5-11.9)

0.7

(0.4-1.1)

10

Reference

16

(0.8-3.1)

1.0

Reference

0.9

(0.5-1.6)

1.0

Reference

1.7

(0.9-3.1)

CLP

Controls

η

η

EPHX exon 3 ll3Tyr>His

118

70

Mother

Homozygote wild-type
Heterozygote

67
45

Homozygote mutant
Father

Child

Father

Child

44

GSTPl ;xon 5 lso>Val

69

95

Mother

Homozygote wild-type
Heterozygote

24
33

44
43

1.0
1.4

Reference
(0.7-2.8)

Homozygote mutant

12

S

2,S

(1.0-7.7)

Homozygote wild-type
Heterozygote

30
29

38
50

1.0
0.7

Reference
(0.4-1.4)

Homozygote mutant

10

7

1.8

(0.6-5.3)

Homozygote wild-type
Heterozygote

25
35

46
43

1.0
1.5

Reference
(0.8-2.9)

Homozygote mutant

9

6

2.8

(0.9-8.6)

Father

Child

EPHX = epoxide hydrolase, GSTPl = glutathione S-transferase PI, CLP= cleft Up with or without cleft palate, OR^odds
ratio, CI = confidence interval, 'odds ratio with 95% CI comparing the homozygote mutant and heterozygote genotypes
to the homozygote wild-type genotypes.
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Discussion
This study demonstrated that the EPHX exon 3 113His allele and the EPHX exon 4 139Arg
allele are associated with nonsyndromic CLP The presence of two polymorphic EPHX exon
3 alleles in mothers reduced CLP risk with 70%, which is in line with the only comparable
study by Hartsfield et al '4 Fathers carrying either one or both polymorphic alleles showed a
2-3-fold increased risk tor CLP in the offspring This discrepancy between the maternal and
paternal results may be due to gender differences, other polymorphisms in this or related genes
or is caused by unintended genotyping errors Therefore, it is worthwhile to confirm these data
in other studies With the exception of EPHX exon 4 in CLP mothers and their children, the
distribution of all polymorphisms were in Hardy-Weinberg Equilibrium for both cases and
controls This may suggest an association between this polymorphism and CLP
Homozygosity for GSTP1 exon 5 polymorphism in mothers or children revealed an approximately
3-fold increased CLP risk Small numbers and potential heterogeneity may explain the absence
of an association between the transferred GSTPl exon 5 polymorphic allele and CLP The only
comparable data on CLP risk are derived from other GST" isoforms It can be concluded from
the study of Hartsfield et al '4that, similar to our GSTPl exon 5 data, homozygous null GSTM1
children exposed to maternal smoking did not show an increased risk for OFC This is in contrast
to our previous study in which we demonstrated that mothers carrying the GSTTV-null variant
and smoked penconceptionally had a 3-fold increased OFC risk '
Our results are suggestive for a cleft-inducing effect of paternal smoking, especially when the
fathers carried the EPHX exon 4 polymorphism We hypothesize that if these aberrations are
not repaired before fertilization, an increased susceptibility for teratogens may occur Therefore,
more extensive research on the teratogenic effect of paternal penconceptional exposures is
warranted
In order to enhance the accuracy of our genetic data, the analyses was restricted to complete
and informative triads only The possibility of including non-biological fathers is thereby
almost excluded It is not likely that misclassification has occurred as genotyping was carefully
performed by one technician and checked by another, whereas the anommized samples of the
case and control groups were analyzed together and decoded afterwards There were no excesses
of heterozygote genotypes The allele frequencies of the controls were comparable to the figures
reported in Caucasians with comparable gender distributions'2'M6 Because the control triads
were recruited from the same domain as the case group, population stratification and selection
bias with respect to the genotypes, in particularly in the Netherlands is very unlikely '7
Recall bias of tobacco exposure can never be excluded in case-control studies We minimized this
issue by standardizing the design and moment of data collection as much as possible Our figures
on maternal smoking were comparable to other Dutch data '8 " Moreover, evidence is emerging
that recall bias is not frequent in case-controls studies and that is merely non-differential2Ü
The EPHX and GST enzymes are extremely complex making it unrealistic to attribute all the
regulatory control of EPHX and GSTPl to the polymorphisms studied in this population It has
been demonstrated that EPHX exon 3 and exon 4 polymorphisms only have a small contribution
to fP/ZA'activity2' in vivo and that posttranslational regulation, polymorphisms in the 5'flanking
sequence and multiple untranslated exons flanked by tissue specific promotors also affect EPHX
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gene expression."' 23 Therefore, the dosage and nature of exposure, other polymorphic alleles,
gene-gene- and environment-gene interactions could also be involved.
Approximately 61% of the controls was recruited in the population domain of the 10 cleft lip
and palate teams in The Netherlands. However, due to the distance to the Radboud University
Nijmegen Medical Center and no permission of some of these centers to recruit control families
by the case families, the remaining 39% was recruited by nurseries and public health centers
in the surroundings of Nijmegen. It is unlikely that the distribution of the genotypes in the two
control groups is different, because consanguinity and controls from inbread populations were
not included. Moreover, the regional differences in the Netherlands are small, making it unlikely
that differential exposure has occurred in the control groups.17
Our data demonstrated a role for polymorphisms in EPHXz\on 3, exon 4 and GSTPl exon 5, and
an interaction between paternal EPHXexon 4 and periconceptional smoking, in the pathogenesis
of nonsyndromic CLP. These data are interesting and relevant and should therefore be confirmed
in larger studies and other populations. As our genetic constitution is not (yet) amendable,
these findings emphasize the importance of preconceptional counseling of the parents to-be on
certain amendable lifestyle factors in order to reduce the birth prevalence of CLP in the future
generation.
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Introduction
The aim of this thesis was to provide more insight into the role of environmental factors, genes
and their interactions in the etiology of nonsyndromic orofacial clefts (OFC) We focused on
preconceptional nutritional factors, periconceptional parental lifestyle and health factors, and
the interactions between polymorphisms in EPHX and GSTP1 and parental smoking
The studies in this thesis revealed that mothers of a child with an OFC had lower intakes of
all macronutnents, vitamins and minerals compared to controls and that increasing dietary
intakes of thiamine, pyndoxine, vegetable protein, fiber, ascorbic acid, magnesium and iron,
nutrients mainly found in vegetables, fruit, grain products and bread, reduced OFC risk On
biochemical level, lower concentrations of wyo-inositol and zinc were found in both mothers and
their children thereby increasing the risk 2-3-fold We also identified possible parental lifestyle
and health factors to be involved in OFC pathogenesis A lower parental education, a family
history for clefts, maternal lung diseases and the related medication, and paternal smoking were
associated with an increased risk for offspring with OFC Pregnancy planning and the daily
use of folic acid supplements from 4 weeks before to 8 weeks after conception was protective
Finally, polymorphisms in EPHX exon 3, exon 4, and GSTP1 exon 5 modified OFC risk The
effect of paternal smoking was most pronounced in fathers carrying polymorphisms in EPHX
exon 4
Before inferences of our findings are made, we discuss some methodological issues and place
our findings in the context of previous publications We will update the etiologic model of our
studies created by Van Rooij, who conducted the first study in 1998 ' We end this chapter with
recommendations for further research and the implications for clinical practice and public
health

Methodological issues
Ascertainment of the cases
Case triads consisting of mother, father and child were recruited by the ten largest cleft lip
and palate team and through the parent's and patients organization for clefts (VSOP/BOSK)
in the Netherlands In each center, the diagnosis of a nonsyndromic OFC was performed by a
clinician and verified with the standard form of the Dutch Cleft Palate Association (NVSCA)
filled our for every patient " This unique registration enabled us to discern between CLP and
CPO and to exclude syndromic cases from our studies In general, the diagnosis of a syndromic
OFC is completed by one year of age The timing of our study, approximately 14 months after
delivery, further contributed to the adequate inclusion of nonsyndromic cases in our studies
Identification of new syndromes or additional diagnostic techniques might have led to some
misclassification This would however only have happened in a tew cases As expected, there
was a male predominance among the cases and a higher proportion of close-related family
members with clefts as well ^ h i s supports the homogeneity of the case group
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Ascertainment of the controls
The control group consisted of parents and their healthy child without a major congenital
malformation, being unrelated to the matching case The majority of the controls were enrolled
by the case parents, e g, friends, acquaintances or neighbors However, due to the distance
to the hospital and not having received permission of some of the ethical committees of the
participating centers to recruit control families by the case families, we recruited the remaining
of the controls through nurseries and public health centers in the surroundings of Nijmegen As a
result, case parents on average appeared to be lower educated than the controls This may suggest
that the control group was not representative for the population from where the cases arose
(selection bias) From literature is known that congenital malformations in general more often
occur in low social classes, reflecting exposures related to socio-economic status or possibly a
genetic susceptibility4 7 We demonstrated however that this difference in educational level could
not explain our findings, as adjustment for education in all analyses only marginally altered the
results Moreover, chapter 6 revealed that educational level was an independent risk factor for
nonsyndromic OFC and that the frequency of separate common exposures in the controls such
as smoking and coffee consumption were comparable to figures in the Dutch population of
reproductive age
Measurement error
Approximately 14 months after the delivery of the index child, a validated food frequency
questionnaire measured the maternal dietary intake at that time Simultaneously, a venous blood
sample provided data on the maternal and child concentrations of wvo-inositol, glucose and
zinc We used this study moment as a proxy for the preconceptional period At that moment, the
maternal physiology has returned to the non-pregnant state In addition, the data are collected
in the same season as the preconceptional period The assumption that nutritional habits in
general are rather constant, with the exception of periods of dieting and periods with increased
needs such as in pregnancy and lactation, has been supported by others 810 By asking tor current
dietary intake, data collection was less susceptible to recall bias The validity of the data obtained
with the food frequency questionnaire was considered acceptable and comparable to others " p
Our results demonstrated that the overall nutrient intake in both cases and controls was conform
the Dutch Recommended Daily Allowance (RDA), with the exception of a relative lack of fiber
and iron and an excess of saturated fat These data are in line with previous Food Consumption
Surveys held in the Netherlands and underline the accuracy of the dietary assessment1314
The biochemical values of wyo-inositol were slightly lower compared to those reported in other
studies with the same laboratory method '^ " A possible explanation might be the deprotemization
of our samples However, as these were randomly distributed over the analysed batches, no
differential measurement error could have occurred The validity of our data was further
optimized by analyzing fasting non-hemolytic samples only The concentrations of zinc could
be determined in red blood cells, which is less susceptible to exogenous influences and reflects
the long-term zinc status
At a fixed study moment after delivery we collected data on penconceptional lifestyle and health
exposures through a retrospective questionnaire, thereby introducing the possibility of recall
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bias A prospective study design or data collection soon after delivery would have been better
in this respect, but was not feasible due to either the low prevalence of OFC or differences
in biochemical values postpartum respectively Although it is conceivable that mothers of
an affected child search more actively for an explanation or may have assumptions about the
cause, evidence is accumulating that recall bias is rare in case control studies on exposures and
reproductive outcome and that misclassification of exposure is mostly non-differentiall7 This
would rather result in an underestimation than an distortion of the true effect Moreover, figures
on common exposures such as smoking, coffee consumption reflected those of the general Dutch
population ""''
The frequency ofEPHXexon 3, exon 4, and GSTP1 exon 5 genotypes in controls, was comparable
to the frequencies reported in other Caucasian studies with comparable gender distributions , " : '
We enhanced the accuracy of our data by restricting the analyses to complete and inheritable
triads only The possibility of including non-biological fathers is thereby almost excluded It is
not likely that misclassification has occurred as genotyping was carefully performed by one
technician and checked by another, whereas the anommized samples of the case and control
groups were analyzed together and decoded afterwards There were no excesses of heterozygote
genotypes, which further strengthens the validity of the data
Confounding
Confounding may bias the results of case control studies if known and unknown risk factors
for OFC are associated with the determinant of primary interest Especially educational level
differed substantially between the case parents and the controls Educational level is an important
determinant of lifestyle, nutrition and health factors, which in turn have been associated with
OFC risk This raises the discussion whether educational level is truly a confounder in the
association between nutrition and lifestyle factors and whether adjustment of our results for
educational level would not lead to over-adjustment Nevertheless, adjustment for all other
potential confounders including educational level through logistic regression analyses only
marginally altered our results
Power
The data collection of this study was initially started by Van Rooij et al in 1998 ' The power
calculation revealed that 150 case and control triads (mother, father, child) were needed for the
genetic analyses and 60 case and control mother-child pairs for the analyses on nutritional status
This was based on an 8% difference of the MTHFR 677TT genotype in studies on neural tube
defects and on an almost 20% difference in frequency of mothers with hyperhomocysteinemia
m a study on OFC Ί4 Twenty-five percent was subsequently added to account for the geneenvironment interaction, through which 200 case and control triads were needed to be recruited
Therefore, the power of our studies was sufficient to detect relevant differences in nutritional
status and penconceptional parental lifestyle and health factors The power to detect geneenvironment interactions however appeared to be rather low Although we recruited a sufficient
number of participants, genotyping, especially that oiGSTPl, proved to be rather difficult This
was mainly due to the quality of the DNA, in particular when only buccal swabs were available
in the children Moreover, we used inheritable data only to enhance the accuracy of our data
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Inferences of our findings
Maternal nutritional status and lifestyle exposures
Our studies on maternal nutritional status and the risk for offspring affected with an OFC are
unique by giving a broad overview of the intakes of macronutrients, vitamins and minerals in
both cases and controls. Especially increasing dietary intake of nutrients predominantly found
in vegetables, fruit, grain products and bread, and sources rich in iron, decreased OFC risk.
At low biochemical concentrations zinc and wvo-inositol increased OFC risk 2-3-fold, which
could partially be explained by a lower dietary intake in these mothers. This effect could not
be demonstrated in all analyses described in this thesis, reflecting that consistency in sample
sizes are critical for the study of these factors. It is also conceivable that other factors in their
metabolism are involved.
We hypothesize that a dietary pattern rich in vegetables, fruits, grain products and bread, rather
than single nutrients or food groups, contributes to the prevention of OFC in offspring. In this
context, just recently, Vujkovic et al. revealed that mothers of a child with an orofacial cleft
had a different food intake profile compared to controls, especially low in raw vegetables, fish
wholebread and eggs.-s Another nice example of this theory is that the relatively low prevalence
of OFC in Mediterranean and African countries, where the diet is rich in the above mentioned
food groups. The effect of diet is not thought to occur through the addition of single nutrients;
each food combines many nutrients that allow a synergistic action when present in a certain
balance. Moreover, in this context, Gerber et al., demonstrated that results based on a single
food can give misleading and misinterpreted associations.26 It is highly conceivable that multiple
nutrients are needed for multiple metabolic processes which can be met by a varied healthy
diet. What exact (mixture of) components of their dietary pattern ultimately is responsible for
prevention of OFC forming however remains to be discovered.
Moreover, a healthy dietary pattern is a proxy for lifestyle and socio-economic status (SES). It
has been demonstrated that OFC occur in higher frequencies among individuals with a lower
SES27 which could partly be attributable to the lower intakes of vegetables, fruit and vegetables,
and the higher intakes of generally less expensive foods such as fried foods, pasta and potatoes
which have been described for these subgroups.28 Moreover, Serdula et al. showed that the
frequency of intake of fresh fruits and vegetables increases as the level of physical activity
increased and that the consumption of fruit and vegetables was lower in those who reported
that they were sedentary, heavy smokers or heavy drinkers.2" This, in turn, could explain the
reported associations between maternal obesity and an increased risk for offspring with these
birth defects.30
The protective role of folic acid supplementation on the occurrence of neural tube defects in
offspring is generally accepted. Although consent has not been reached by all31, this thesis adds
to the emerging evidence that the birth prevalence of other congenital malformations, including
OFC, might be reduced by this nutrient.3216
The exact mechanisms through which a healthy nutrition and folic acid supplementation reduce
OFC risk are still not fully understood. Most constituents of vegetables and fruits are known
for their anti-oxidative, antibacterial and antiviral properties, their role in the modulation of
detoxification enzymes, DNA-repair and their immune stimulatory effect.37 Through these
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mechanisms, nutrition could reduce eventual damage to DNA and related cellular processes or
indirectly counteract other risk factors for OFC in the offspring such as common colds/illnesses
and medication use in general. It is interesting to note that several nutrients demonstrated to be
protective for OFC, i.e. folate, pyridoxine, cobalamin and possibly also zinc and magnesium are
involved in homocysteine metabolism. (Figure 1)
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Figure 1: Vitamin and mineral dependent homocysteine metabolism

Folate is a major carbon donor in the remethylation of homocysteine into methionine and
S-adenosylmethionine; pyridoxine is essential for the transsulfuration of homocysteine into
cysteine by cystathione ß-synthase; cobalamin is a cofactor for the enzyme methionine synthase,
which catalyses the remethylation of homocysteine to methionine; zinc is of interest through its
role in the absorption of folate and is involved in the conversion of 5-methylene tetrahydrofolate
into tetrahydrofolate as part of among others the zinc-dependent enzyme methionine synthase"
and magnesium is essential for the proper functioning of a multitude of enzymes and most likely
also those involved in homocysteine metabolism. In this context, the above mentioned nutrients
thus prevent the build-up of homocysteine, which has been associated with OFC.24 Finally,
a great number of these nutrients, including niacin, have been described to have epigenetic
properties.19 This mechanism enables them to alter the expression of OFC-related gene and
thereby influence palatogenesis.
Paternal exposures
The results of our studies revealed that not only a healthy maternal periconceptional lifestyle,
but also that of the father, is essential for the prevention of OFC in the offspring. To date, the role
of paternal exposures on reproduction has only scarcely been studied with conflicting results.4041
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We demonstrated an interaction between paternal smoking, polymorphisms in the EPHX exon
4 gene and CLP risk, thereby further substantiating the role of smoking in the pathogenesis
of nonsyndromic OFC. The exact mechanism however remains largely unknown. Paternal
smoking may increase exposure to tobacco smoke of the mother and induce genotoxic mutations
in sperm. These alterations, if not repaired before the sperm enters the ovum, may possibly lead
to OFC in the offspring.
Smoking is part of lifestyle and socio-economic status and fathers of a child with an OFC were
lower educated compared to the controls. Nevertheless, the analyses in this thesis revealed that
a low paternal education outweighed the possible cleft-inducing effects of paternal smoking,
implying that other SES-related factors, which could not be assessed in our study such as
occupational activity and diet, may be involved. It is to be expected that the paternal dietary
intake of vegetables and fruit is comparable to that of the mother and thus equally low in the
before mentioned nutrients.28 It would be conceivable that a healthy preconceptional nutrition
of the father could counteract the detrimental effect of some teratogenic risk factors such as
smoking, especially as it was just recently demonstrated that DNA damage levels in serum and
intracellularly were greater in man compared to women with a comparable smoking exposure.42
Others reported that an adequate intake of folate and ascorbic acid, may modify the impact of
smoking or DNA-damage in sperm.41·'l',
Genetic factors
The results of this thesis confirmed the undisputed role of genetic factors in the etiology of
nonsyndromic OFC. Children with a family history for CLP had a high risk to be affected with
this congenital malformation. However, to date, no major causative gene(s) have been found in
their etiology. Although genetic factors are most likely of great importance in families with more
individuals affected with clefts, it is also conceivable that these families display a lifestyle or
phenotype that may be associated with OFC. In this context, evidence is rising that both dietaryand smoking behaviors vary according to genetic constitution.^^This hypothesis could not be
confirmed by our analyses; no differences in lifestyle factors could be demonstrated between
cases and controls with any family history for clefts. Although it should be stated that this
subgroup consisted of small numbers and that possibly not all teratogens have been investigated
in our studies, these data point towards the major importance of a genetic components in these
families.
Our data suggested a role for polymorphisms in the detoxification enzymes EPHX and GSTP1
and CLP in the offspring, thereby implicating that not only exposure to teratogens but also the
individual's susceptibility is involved in the pathogenesis of clefting. Contradictory results were
however obtained for EPHX in mothers and father; both polymorphic alleles being protective in
mothers compared to possibly cleft-inducing in fathers. Therefore, great uncertainty remains on
the exact mechanism of action. Larger studies have to be performed to confirm our results and
further elucidate their function in palatogenesis.
Cleft palate only
Cleft lip with or without cleft palate and CPO are considered two diagnostic entities with different
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etiologies."17 In our studies, the CPO group was rather small through which not all analyses could
be performed, and no strong conclusions could be drawn. Nevertheless, mostly comparable
results concerning dietary intake and periconceptional parental characteristics and lifestyle
factors were obtained for both CLP and CPO risk. The exceptions were the unexpected protective
effect of an increasing dietary intake of fat and saturated fat and the lack of a protective effect
of periconceptional folic acid supplementation. This raises the suggestion that other non-folate-,
yet fat-related genes are involved in CPO pathogenesis. This hypothesis is in line with previous
reports that fat modifies gene expression, including those involved in palatogenesis such as
transforming growth factor-alpha.48 These data will need reconfirmation in larger studies before
inferences of the results can be made. Until further notice, we have no reason to believe, from the
studies described in this thesis, that there is a difference in risk pattern for CLP and CPO.
Etiologic model
Previously, Van Rooij presented in her thesis an etiologic model summarizing the current
knowledge generated by this project with respect to the etiology of OFC.' We used this same
model as a context for the main findings of our studies, thereby updating the initial version
(Figure 2). The added values based on the studies of this thesis are marked in bold italic.

ENVIRONMENTAL FACTORS
Nutritional intake of foiate thiamine pyridoxine

fiber vegetable protein ascorbic acid magnesium iron foiic acid suppiements

medication, smoke iung (diseases)

ENVIRONMENTAL FACTORS
Smoking

MOTHER

MTHFR=methylenetetrahydrofoiate reductase GSTT1=glutathione S-transferase theta 1-1 GSTP1=glutathione S-transferase Pi 1-1 EPHX=epoxide hydroiase

Figure 2: Updated etiologic model of orofacial clefts specified after the studies of Van Roolj et al. (plain) and the
studies In this thesis (bold Italic)
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Future research
Although nutrition has been proposed to be risk factor for OFC since the 1900s49, to date, its
role has not been extensively studied. The results of our studies stress the importance of further
research in this field. The current knowledge should be extended to other constituents of the diet
such as e.g. selenium which has yielded promising results in studies on neural tube defects50 and
the anti-oxidative role of vitamin D.M The underlying mechanistic actions, e.g. a lower dietary
intake or alterations in their metabolism, should be further elucidated. This thesis revealed that
a low dietary intake may explain the low pyridoxine status previously demonstrated in mothers
of a child with an OFC52, in contrast to cobalamin, whose dietary intake exceeded the RDA 2fold. This suggests that other factors, possibly involved in cobalamin absorption, e.g. intrinsic
factor, or in its metabolism, e.g. transcobalamin proteins, are involved. Therefore, according
to our results, studies on the biochemical parameters of thiamine, ascorbic acid, magnesium
and iron and other (genetic) factors involved in the metabolism of pyridoxine, zinc and /Myo
inositol metabolism, might give clues about their role in palatogenesis. In this context, mutations
in the zinc transporter SLC39A4 were recently described in the rare autosomal recessive
disorder acrodermatitis enteropathica characterized by a severe nutritional zinc deficiency.52
Groenen et al. could not confirm this association with spina bifida risk in offspring, yet revealed
that polymorphisms in the myo-inositol transporter SLC5A11 contributed to myo-inositol
concentrations in mothers." Moreover, a novel zinc-regulated human zinc transporter, hZTLl,
localized to the enterocyte apical membrane, has been implicated in the absorption of dietary
zinc across the apical enterocyte membrane.54 These genes might thus be interesting to study
for OFC as well.
Literature demonstrated that both deficiencies and excesses of specific nutrients may influence
OFC developmental gene expression. So far, most knowledge is available for folic acid and
retinoic acid only. As nutrition is an amendable risk factor, extensive studies, both in animals
and in humans, will be needed to determine the impact of other nutrients on gene expression and
elucidate their mechanistic actions. Due to the tissue-specificity of the expression of most genes,
these studies will needed to be performed on studies on palatal cells both of the primary and the
secondary palate. This will eventually increase the understanding of the complexity of nutrition,
unravel the underlying mechanisms and possibly contribute to the development of individual
diets in order to prevent the occurrence of OFC in the future.
The results of this thesis demonstrated that for some nutrients, OFC risk reductions were merely
observed with intakes above the RDAs or in a non-deficient biochemical status. This opens
the discussion whether these values need to be re-evaluated, especially for women who want
to become pregnant. Czeizel et al. demonstrated that the therapeutic use of pyridoxine during
pregnancy, being far higher than the RDA, reduced the risk of cardiovascular malformations in
newborns without adverse effects/5 Although individual metabolic factors are probably involved,
it is conceivable that higher needs of essential nutrients may be present early in pregnancy.
Of interest is the report of Fenech et al. in 2001, who introduced the intriguing concept of an
56
RDA for genomic stability ; an RDA based on the prevention of damage to both nuclear and
56
mitochondrial DNA. A lack of specific nutrients, such as folate, cobalamin and niacin , but
57
8
42
also that of zinc and magnesium'' , exposure to certain toxins, such as smoking , or possibly
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also genetic alterations in detoxification enzymes, increase the level of oxidative stress and
DNA damage This may ultimately lead to the occurrence of disease or possibly birth defects
in offspring Also polymorphisms in DNA repair genes have been reported to affect the risk for
OFC in offspring "9 Similarly it is known that some dietary supplementations such as folate and
riboflavin my help overcome metabolic blocks, such as polymorphisms in MTHFR ,66l) It is thus
conceivable that higher amount of specific nutrients, above the RDA are needed to required to
prevent the occurrence of OFC in the future However, until the exact role of specific nutrients
is fully elucidated, including its possible toxic effects when given in higher concentrations, the
current dietary advice for the general population and, based on this thesis, for women desiring to
be pregnant in particular, is the consumption of a healthy diet rich in vegetables, fruits and bread
as advocated by the Dutch Nutrition Center
Rather new were our analyses on the role of paternal lifestyle factors in the etiology of
nonsyndromic OFC The studies in this thesis revealed that factors related to a lower educational
level, such as smoking, could be risk factors for fathering offspring with this birth defect The
exact nature of these factors still remains unclear Therefore, we hope that the results in this thesis
will encourage further research of the paternal factors, other than genetic, in the pathogenesis
of OFC
Maternal diseases, especially common illnesses such as asthma, bronchitis or common cold
and the related medication (anti-infectious drugs and corticosteroids) appeared to be associated
with an increased risk for CLP in offspring The current knowledge on the teratogenic effects
of medications is mainly based on animal studies, which limits the extrapolation to humans
Further clarification is needed whether the drugs, the disease itself, a combination of these
factors, an increased susceptibility or other factors are involved Studies in populations with
high occurrences of these illnesses and thus a high exposure to these medications may give
more insight on their role in palatogenesis The recruitment of participants for such studies may
be facilitated by contacting general practitioners and lung specialists or the specific patients
organizations
Despite the increasing knowledge in the pathogenesis of nonsyndromic OFC, data from the
EUROCAT registration do not show a substantial decline of the prevalence of these birth defects
in the Netherlands over the past years " This warrants continued search for environmental and
genetic factors in the etiology of OFC Case-control triad studies will be useful as this study
design will enable not only to record the penconceptional exposures of both parents, but also to
determine linkage disequilibrium between a specific genetic marker and nonsyndromic OFC,
and to investigate environment-environment, gene-gene and gene-environment interactions
By also differentiating between the different types of clefts, especially CPO, will improve our
understanding of the role of environmental factors in the etiology of all subgroups of clefts It
would be extremely interesting to study the role of environmental factors in high risk families
for OFC, such as those with a family history for clefts These families will also be extremely
valuable for the identification of new candidate genes To realize future goals for research,
international collaboration will be essential to increase the sample sizes of both CLP and
CPO and to share knowledge, both on OFC and related birth defects, in order to develop new
hypothesis for primary prevention
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Implications for clinical practice and public health
This thesis demonstrated that the dietary intake of women of reproductive age is insufficient
especially in nutrients that are predominantly found in vegetables, fruits, grain products and
bread Although nutritional advice is part of preconception care, Heyes et al. demonstrated
that health care providers considered advice about diet, exercise and screening for nutritional
status of lesser importance compared to issues such as smoking, folic acid supplementation,
medication use and chronic illnesses62 We hope that these results will encourage the authorities,
in concert with health care providers, industries and teachers, to pursue their effort to improve the
nutritional status of the Dutch population, with a special emphasis on (lower educated) women
of reproductive age Moreover, dietary counseling should be should be given greater emphasis in
preconception counseling, especially as currently less than 25% of the general population meet
the recommended requirements61 and the benefit of this implementation has been substantiated
before M
In 1993, the Dutch authorities recommended the daily intake of 400 μg of folate, either through
dietary intake of supplement for all women who want to become pregnant in order to reduce the
risk for offspring with a neural tube defect As this amount of folate is hard to reach through
dietary intake alone, the use of a folic acid supplement was preferred In line with Van Rooij
et al and others this thesis revealed that this protective effects was also applicable for OFC 12 36
Its correct use however was observed in only 30-40% of women of reproductive age, which is
in line with others ^ Therefore, a continued and renewed effort will be needed to increase the
awareness of folic acid among all women of reproductive age before conception In this context, it
may be argued whether a multivitamin containing folic acid rather than a supplement containing
folic acid only should be advocated as is currently more common practice in countries other
than the Netherlands The number of women using these multivitamins in our studies was too
low to recommend their use Moreover, it should be stressed that multivitamin use can never
replace a healthy nutrition, requires compliance and may possibly induce excessive intakes,
especially m susceptible individuals, e g in iron storage diseases Therefore and especially as the
current knowledge on the role of nutrition in the etiology of nonsyndromic OFC is still largely
unraveled, we consider it too early to advice all women who want to become pregnant to use
specific nutritional supplements other than folic acid or to propose food fortification with specific
nutrients We do think however that it may be beneficial for women at risk for low concentrations
of/wvo-inositol or zinc such as diabetics, women with acrodermatitis enteropathica, vegetarians
or users of medication such as corticosteroids that may interfere with their metabolism If
necessary, these women should be treated in order to optimize their nutritional status before
conception.
The findings of a role for EPHXexon 3, exon 4, GSTPl exon 5 polymorphism in the pathogenesis
of OFC are mainly of scientific interest. The interaction between polymorphisms in EPHX
exon 4 with paternal smoking does not justify its preconceptional genetic screening as these
aberrations are not amendable (yet). The role of paternal smoking, alone or in concert with
these polymorphisms on OFC risk, justifies the continued discouragement of smoking in the
general population. Smoking is detrimental to both man and women, e g. cardiovascular and
cancer-related health problems, independent on their genetic constitution The Dutch authorities
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currently warns the population on the detrimental effect of smoking by the media and the
mandatory addition of smoking related health-inscriptions on the packages of cigarettes. The
extension of these phrases with the knowledge that paternal smoking increased the risk for
offspring with birth defects such as OFC, could be a further stimulant to quit smoking for a
number of men.
The concept of preconception counseling, the identification of parental risk factors for a
subsequent pregnancy, is rising in the Netherlands. 6 6 In this context, just recently a website
(www.zwangerwijzer.nl)

has been developed, in which parental risk factors for a subsequent

pregnancy are assessed. Women should be attended to this website through the media, health
care providers and papers and magazines developed for this target group. In the Netherlands, the
use of internet is rather high; being used by 66.2% of the Dutch population in 2005. 6 7 An even a
larger proportion of individuals has access to internet through free accessibility in a multitude
of public facilities. The risk factors identified by the aforementioned online questionnaire can
be used for preconception counseling by a physician. This will improve the efficiency of the
counseling through which more attention can be paid to the possible risk factors. The results of
this thesis are directly applicable in this joint initiative of the Erasmus MC University Medical
Center Rotterdam and the Dutch Genetic Resource Center (VSOP).
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Introduction
Nonsyndromic orofacial clefts (OFC) are frequently encountered birth defects in man, affecting
approximately 1-2 per 1,000 newborns worldwide. The medical and psychosocial implications
of OFC for the individual and his/her family are severe. The majority of patients with an OFC
require multidisciplinary treatment up until adulthood. Therefore, there is a strong imperative
towards the understanding of the causes in order to develop measures for the primary prevention
of OFC in the future.
As for most congenital malformations the exact pathogenesis of nonsyndromic OFC is not
fully unraveled due to the complexity of the biological processes involved and the genetic and
phenotypic heterogeneity. Increasing evidence indicates that nonsyndromic OFC should be
considered as a complex trait, in which genetic and environmental determinants interact and
express the aberrant phenotype. As the genetic components cannot be modified yet, the main aim
of this thesis was to provide more insight in the role of amendable factors as nutrition, smoking
and other lifestyle factors in the etiology of nonsyndromic OFC. This has been described in the
chapters 3 to 7 of this thesis.
In part I and II of the thesis the results of a case-control triad study are described. This was an
unique study in the Netherlands, in which the ten largest cleft lip and palate team and the parents
and patients organization for clefts (VSOP/BOSK) contributed to the recruitment of children
with a nonsyndromic OFC and both of their parents. The controls comprised families of a
healthy child without OFC or other major congenital malformations. They were recruited via the
case parents, nurseries and public health centers. All participants were Dutch Caucasians. Part
I focuses on the role of nutrition in the etiology of nonsyndromic OFC. The maternal nutritional
status was investigated both at the level of dietary intake as well as at a biochemical level via the
determination of the concentrations of wyo-inositol, glucose and zinc. In part II we describe the
associations between parental characteristics, health and lifestyle factors in the periconceptional
period, polymorphisms in genes involved in biotransformation pathways and the risk of having
offspring affected with a nonsyndromic OFC.

Parti
In chapter 3 and chapter 4 we investigated the role of maternal dietary intake before conception
on the risk for offspring affected with an OFC. As a proxy for the preconceptional nutritional
intake, we collected maternal dietary intake data, covering a period of 4 weeks before the study
moment, being approximately 24 months after conception of the index child, through a validated
food frequency questionnaire. With the exception of a relative lack of fiber and iron and an
excess of saturated fat, comparisons to the Recommended Daily Allowances and the National
Food Consumption Survey demonstrated that the overall nutrient intake was adequate in both
case mothers and controls. The 182 mothers of a nonsyndromic child with an OFC showed lower
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intakes of all macronutnents, vitamins and minerals compared to the 173 controls Of great
interest is our finding that increased dietary intakes of thiamine, pyndoxine, vegetable protein,
fiber, ascorbic acid, magnesium and iron decreased OFC risk These nutrients are mainly found
in vegetables, fruits, grain products and bread This effect was most prominent in women who
daily took folic acid supplements 4 weeks before until 8 weeks after conception Although,
there is no clear explanation for this unexpected interaction, this finding may suggest that these
women are more health conscious and emphasizes that both adequate nutrition as well as the
use of folic acid supplements in the penconceptional period is important in the prevention of
nonsyndromic OFC in the offspring
At the moment of investigation, 24 months after conception ot the index child, we also obtained
a venous blood samples from mothers and children for the determination of the concentrations
of /wyo-inositol and glucose in serum and zinc in red blood cells The results of 76 children
with a nonsyndromic cleft lip with or without cleft palate (CLP), their mothers (n=66), 77
control children and their mothers (n=81) are described in chapter 5 Children with a CLP
and their mothers had lower concentrations of zinc compared to the controls Maternal myoinositol concentrations below or equal to 13 5 μηιοΐ/ί and zinc concentrations below or equal
to 189 μιηοΐ/ί, 2-3-fold increased CLP risk and children with low /wyo-inositol (<21 5 μιτιοΐ/ί)
and low zinc concentrations (< 118 μιτιοΐ/ί) were 3-times more likely to have a CLP Glucose
concentrations were not associated with CLP risk Of special interest was the correlation
between maternal and child wyo-inositol and zinc concentrations in cases, possibly implicating
a common (genetic) factor

Partii
In chapter 6, we studied multiple parental characteristics, lifestyle and health factors in the
penconceptional period as potential risk factors for OFC in the offspring Twenty-four months
after conception of the index child, both parents of a child with an OFC and control parents filled
out a questionnaire on demographic factors and penconceptional and first trimester exposures
Data of 319 parents of a child with a nonsyndromic CLP, 68 parents of a child with a cleft palate
only (CPO) and 223 control parents were analyzed A low parental education, a family history
for CLP, maternal medication use or illnesses, first trimester common cold and paternal smoking
were associated with increased CLP risk Pregnancy planning and folic acid supplement use
from 4 weeks before to 8 weeks after conception reduced CLP risk Mostly comparable results
were obtained for the CPO group These data confirm the multifactorial etiology of OFC and
delineate amendable risk factors and possibilities for OFC prevention
The interaction between parental smoking and polymorphisms in biotransformation enzymes
was investigated in chapter 7 Both the EPHX and the GSTP1 enzyme are involved in the
biotransformation of compounds present in cigarette smoke Polymorphisms in thegenes encoding
for these enzymes may result in an altered enzymatic activity and thus in an altered detoxification
of toxic compounds The EPHXexon 3 113Tyr>His polymorphism, in which tyrosine is replaced
by histidine, and EPHX exon 4 139His>Arg polymorphism, in which histidine is replaced by
arginine, decrease and increase EPHX enzyme activity, respectively For GSTP1, the mutation
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in exon 5 105 Iso>Val, in which isoleucine is replaced by valine, results in a decreased enzyme
activity The TDT-test data revealed that polymorphisms in EPXH exon 3 and exon 4 were
associated with CLP Homozygosity for EPHX exon 3 polymorphisms in mothers significantly
decreased CLP risk by 70 percent Fathers carrying at least one polymorphic EPHX exon 3 allele
showed a nearly 2-fold increased risk Mothers and children with at least one polymorphic
EPHX exon 4 allele tended to have a 30% to 40% reduced CLP risk Homozygosity for GSTPJ
exon 5 polymorphisms in mothers and in children was associated with an approximately 3fold increased risk With the exception of paternal smoking and polymorphisms in EPHX
exon 4 that 2 5-fold increased CLP risk, no significant gene-environment interactions could be
demonstrated
In the general discussion (chapter 8), we discuss these findings in the context of methodological
issues such as the ascertainment of the cases and the controls, measurement errors, confounding
and statistical power We also place our findings in the light of the existing literature, in order to
contribute to a better picture of the etiology of OFC In addition, we make suggestions for future
research Our research on associations between nutrition and birth defects is rather new and the
findings emphasize the importance of further investigation in this field The continued search
for new environmental and genetic factors, both of the mother and the father, will be essential
to unravel the complex etiology of OFC in order to contribute to their prevention in the future
These goals can be met by large scale case control triad studies, in which special attention
should be paid to subtypes of clefts as well
This thesis emphasizes that both maternal and paternal exposures in the penconceptional
period may affect palatogenesis in their offspring A maternal diet low in vegetables, fruits,
grain products and bread, low parental education, positive family history for CLP, maternal
medication use or illnesses, refraining from penconceptional folic acid supplement use, first
trimester common cold and paternal smoking may contribute to OFC risk Most of these factors
are modifiable and should be targets for preventive actions Health authorities, health care
workers, nutritional companies and health educators should be aware of their position to optimize
the nutritional status of women in reproductive age Because it is very difficult to achieve intakes
of folate according to the recommended daily allowances, penconceptional nutrition should be
completed with a supplement containing folic
The identification of other environmental and family factors, including those related to the
father, should be included in preconceptional counseling for the prevention of offspring with
OFC To facilitate the latter, a Dutch website was opened for both parents-to-be as well as for
professionals working in this field (www zwangerwijzernl)
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Introductie
Nonsyndromale orofaciale schisis (OFS) is een frequent voorkomende aangeboren afwijking bij
de mens Wereldwijd zijn 1-2 per 1000 pasgeborenen aangedaan De medische en psychosociale
consequenties van OFS voor het individu of zijn/haar familie kunnen zeer ernstig zijn
De meerderheid van de patiënten met een OFS behoeft multidisciplinaire behandeling tot
de volwassen leeftijd Dit noodzaakt tot een beter begrip van de etiologie van OFS waarna
maatregelen ontwikkeld kunnen worden voor de primaire preventie van OFS in de toekomst
Evenals voor de meeste aangeboren afwijkingen is de exacte Pathogenese van nonsyndromale
OFS nog niet ontrafeld door de complexiteit van de betrokken biologische processen en
de genetische- en fenotypische heterogeniteit Er zijn echter steeds meer aanwijzingen dat
nonsyndromale OFS beschouwd kan worden als een multifactonele aandoening waarin
genetische- en omgevingsfactoren op elkaar inwerken om het afwijkende fenotype te
bewerkstelligen Aangezien het (nog) niet mogelijk is genetische componenten te modificeren,
is het doel van dit proefschrift meer inzicht te verkrijgen in de rol van voeding, roken en andere
omgevingsfactoren in de etiologie van nonsyndromale OFS Deze resultaten worden beschreven
in de hoofdstukken 3 tot 7 van dit proefschrift
Deel I en Deel II van dit proefschrift beschrijft de resultaten van een uniek patiënt-controle
onderzoek uitgevoerd in Nederland, waarbij de 10 grootste schisisteams en de patiëntenvereniging
BOSK/VSOP hebben bijgedragen aan de verzameling van kinderen met een nonsyndromale
OFS De controles, bestaande uit families met een gezond kind zonder aangeboren afwijkingen,
werden verzameld door de families met een kind met OFS, door kinderdagverblijven en
consultatiebureaus Alle deelnemers hadden de Nederlandse nationaliteit en waren van het
Caucasische ras
Deel I van dit proefschrift richt zich op de rol van de matemale preconceptionele voeding in de
etiologie van nonsyndromale OFS De maternale voedingsstatus werd nagegaan zowel op het
niveau van de voedingsinname als op biochemisch niveau door de bepaling van de concentraties
wyo-inositol, glucose en zink in het bloed Deel II van dit proefschrift beschrijft het verband
tussen demografische karakteristieken en leefstijlfactoren van de ouders in de penconceptionele
periode, polymorfismen in genen die betrokken zijn bij biotransformatie processen, en
nonsyndromale OFS bij het kind

Deell
In hoofdstuk 3 en hoofdstuk 4 werd het verband onderzocht tussen de maternale voedingsinname
voor de conceptie en de kans op een kind met een nonsyndromale OFS Om een goede
weerspiegeling van de preconceptionele periode te kunnen geven, werd de voedingsinname 4
weken voor de studie, die plaats vond 24 maanden na de conceptie van het index kind, door
middel van een gevalideerde voedingsvragenlijst, geïnventariseerd Met uitzondering van een
relatief tekort aan voedingsvezel en ijzer en een overmaat aan verzadigd vet, bleek de gemiddelde
inname van alle macronutnenten, vitaminen en mineralen adequaat te zijn, zowel voor de moeders
van een kind met OFS als de controles De 182 moeders met een kind met OFS hadden lagere
innamen van alle macronutnenten, vitaminen en mineralen in vergelijking tot de 173 controle
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moeders Opvallend was dat een toenemende inname van thiamine, pyndoxine, plantaardig
eiwit, voedingsvezel, vitamine C, magnesium en ijzer de kans op een kind met OFS verkleinde
Deze nutriënten zijn voornamelijk afkomstig van groenten, fruit, graanproducten en brood Dit
gunstige effect kon echter alleen worden aangetoond in moeders die in de penconceptionele
periode (4 weken voor tot 8 weken na de conceptie) dagelijks extra foliumzuur hadden geslikt
Hoewel er geen eenduidige verklaring is voor deze interactie, zouden deze vrouwen meer
bewust kunnen zijn van hun gezondheid Bovendien versterkt het de veronderstelling dat zowel
een goede voeding als het gebruik van foliumzuur supplementen tijdens de penconceptionele
periode van belang zijn om de kans op een kind met nonsydromale OFS te verkleinen
Ten tijde van het invullen van de vragenlijst, 24 maanden na de conceptie van het index kind,
werd bovendien veneus bloed afgenomen bij de moeders en hun kinderen voor de bepaling van
myo-inositol en glucose in serum en van zink in rode bloedcellen De resultaten van 76 kinderen
met een nonsyndromale gespleten lip, alveolus met of zonder gespleten gehemelte (CLP), hun
moeders (n=66), 77 controle kinderen en hun moeders (n=81) worden beschreven in hoofdstuk
5 Kinderen met een CLP en hun moeders hadden lagere concentraties zink in vergelijking
tot de controles Maternale wyo-inositol concentraties gelijk of onder de 13 5 μηιοΐ/ί of zink
concentraties gelijk of onder de 189 μιηοΐ/ί verhoogden de kans op CLP bij het kind 2-3 maal,
terwijl kinderen met lage myo-inositol (< 21 5 μιτιοΐ/ί) en lage zink concentraties (< 118 μιτιοί/
L) 3 keer zo vaak behoorden tot de groep kinderen met een CLP Speciale aandacht verdient de
correlatie tussen de concentraties wyo-inositol en zink in kinderen met een CLP en hun moeders,
hetgeen mogelijk zou kunnen duiden op een gemeenschappelijke (genetische) factor

Deel II
In hoofdstuk 6 werden verschillende karakteristieken, leefstijl- en gezondheidsfactoren van
de ouders in de penconceptionele periode bestudeerd als mogelijke risicofactoren voor een
kind met OFS Alle deelnemende ouders vulden 24 maanden na de bevruchting van het index
kind een vragenlijst in over demografische factoren en exposities in de penconceptionele
periode en in het eerste trimester van de zwangerschap De gegevens van 319 ouders van een
kind met nonsyndromale CLP, 68 ouders met een kind met een nonsyndromale geïsoleerde
gehemeltespleet (CPO) en 223 controle ouders werden geanalyseerd Een lage opleiding van
de ouders, het voorkomen van CLP in de familiegeschiedenis, maternaal medicijngebruik of
ziekten, verkoudheden in het eerste trimester van de zwangerschap en het roken van de vader
verhoogden de kans op CLP bij het kind Het plannen van een zwangerschap alsook het dagelijks
gebruik van foliumzuur vanaf 4 weken voor tot en met 8 weken na de bevruchting verlaagden de
kans op CLP bij het kind Vergelijkbare resultaten werden verkregen voor CPO Deze resultaten
bevestigen de multifactonele etiologie van OFS en wijzen op aanpasbare risicofactoren voor
OFS en mogelijkheden voor preventie
De interactie tussen roken van de ouders en de aanwezigheid van polymorfismen in
biotransformatie enzymen werd uiteengezet in hoofdstuk 7 EPHX en de GSTP1 enzymen
zijn betrokken in de biotransfomatie van componenten in sigarettenrook Polymorfismen in
de betreffende genen kunnen leiden tot een veranderde enzymatische activiteit en dus een
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veranderde ontgifting van schadelijke stoffen Het EPHX exon 3 113Tyr>His polymorfisme,
waarin tyrosine is vervangen door histidine, en het EPHX exon 4 139His>Arg polymorphime
waarin histidine is vervangen door arginine, leiden respectievelijk tot een verlaging en verhoging
van de enzymatische activiteit De 105Iso>Val mutatie in GSTPl, waarbij in exon 5 isoleucine
is vervangen voor valine, resulteert in een verlaagde enzymactiviteit Zowel polymorfismen in
EPHX exon 3 en exon 4 bleken geassocieerd te zijn met nonsyndromale CLP (TDT-test p<0 05)
Homozygote moeders voor het polymorfisme in EPHX exon 3 hadden een gereduceerde kans
van 70% op een kind met een CLP Dit in tegenstelling tot een 2-voudig verhoogd risico voor
vaders die dragers zijn van tenminste een polymorf EPHX exon 3 allei De aanwezigheid van ten
minste een polymorf EPHX exon 4 allei in moeders en kinderen leek de kans op CLP te verlagen
met 30-40% Homozygote moeders en kinderen voor het GSTPl polymorfisme bleken een 3voudig verhoogde kans te hebben op CLP Met uitzondering van een interactie tussen het roken
van de vader en polymorfismen in EPHX exon 4, hetgeen de kans op CLP 2 5-voudig verhoogde,
konden geen significante gen-omgevingsinteracties worden aangetoond
In de algemene discussie (hoofdstuk 8), bediscussiëren wij methodologische kwesties zoals
de wervingsselectie van patiënten en controles, meetfouten, vertekening van de resultaten en
de kracht van de studies We plaatsen onze bevindingen tegen de achtergrond van bestaande
literatuur om bij te dragen aan een beter begrip van de enologie van OFS Bovendien doen
wij een aantal suggesties voor toekomstig onderzoek Studies naar de relatie tussen voeding
en aangeboren afwijkingen zijn tamelijk nieuw De resultaten van onze studies rechtvaardigen
verder onderzoek op dit vakgebied De voortdurende zoektocht naar nieuwe genetische- en
omgevingsfactoren van beide ouders, zal van essentieel belang zijn om de complexe enologie
van OFS te ontrafelen en bij te dragen aan de preventie van OFS in toekomstige generaties Deze
doelstellingen kunnen worden verwezenlijkt door grote patiënt-controle triad studies waarin
bovendien aandacht dient te worden besteed aan alle schisistypen
Dit proefschrift benadrukt dat zowel maternale als paternale exposities in de penconceptionele
periode de palatogenese van hun kinderen kan beïnvloeden Een lage maternale consumptie
van groenten, fruit, graanproducten en brood, een lage opleiding van de ouders, CLP in de
familiegeschiedenis, maternaal medicijngebruik of ziekten, het optreden van verkoudheden
in het eerste trimester van de zwangerschap en het roken van de vader kunnen bijdragen aan
het ontstaan van OFS bij het kind Het merendeel van deze factoren kan door het aanpassen
van de leefstijl worden verminderd en zijn derhalve belangrijke doeleinden voor preventieve
maatregelen Overheden, zorgverleners, voedingsindustrieën en leraren dienen zich bewust
te zijn van hun taak om bij te dragen aan een optimale voedingsstatus van vrouwen van
vruchtbare leeftijd Door de lage biologische beschikbaarheid van foliumzuur via de voeding,
dient de penconceptionele voeding te worden aangevuld met een foliumzuur supplement Het
vaststellen van andere omgevings- en familiaire factoren, inclusief die van de vader, dient te
worden geïmplementeerd in preconceptionele advisering voor de preventie van kinderen met
een OFS Recentelijk is een Nederlandse digitale vragenlijst beschikbaar gekomen, zowel voor
toekomstige ouders als beroepsbeoefenaars, die voor dit doel kan worden gebruikt (www
zwangerwijzer nl)
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Dankwoord
Dit proefschrift is tot stand gekomen in samenwerking met de afdeling Epidemiologie en
Biostatistiek, de afdeling Orthodontie en Orale biologie en de afdeling Gynaecologie en Obstetric
van het Radboud Universitair Medisch Centrum Op deze plaats wil ik graag de talloze mensen
bedanken die hebben bijgedragen tot het tot het gereed komen van dit proefschrift
Mijn grootste dank gaat uit naar Dr RPM Steegers-Theumssen, mijn directe begeleidster,
co-promotor en initiatiefneemster van dit project Beste Regine, jouw enorme enthousiasme,
doortastendheid, altijd hernieuwde en creatieve benadering van wetenschappelijk onderzoek en
de vertaling hiervan naar de kliniek hebben mij zeer gemotiveerd Het teit dat ik jou op (zo'n
beetje) elk moment van de dag kon bereiken voor vragen, heb ik altijd zeer op prijs gesteld Dank
voor je vertouwen in mij en voor alles wat ik van je heb mogen leren1
Promotor professor G A Zielhuis, beste Gerhard, jouw deur stond altijd open als ik weer eens
worstelde met een (voor mij altijd moeilijke) statistische analyse Ik kreeg dan ook altijd een zeer
helder en gedegen antwoord Daarnaast heb ik altijd bewondering gehad voorjouw onuitputtelijke
brede (mensen)kennis en jouw manier te komen tot een oplossing van menig probleem Door
jouw motiverende woorden en mails kon ik er weer tegenaan
Promotor professor A M Kuijpers-Jagtman, beste Anne Marie, dank voor het vertrouwen dat
u in mij heeft gesteld, en met name voor het verkrijgen van financiële ondersteuning van mijn
proefschrift Uw bereikbaarheid, waar dan ook ter wereld, heeft mij altijd doen verbazen
Ik wil alle coördinatoren, alle andere leden van de aan het onderzoek deelnemende schisisteams en
de BOSK, bedanken voor hun intense betrokkenheid bij dit onderzoek en hun medewerking aan
het werven van de kindjes met een schisis en hun ouders Met name wil ik noemen Prol dr Ρ H M
Spauwen, Mieke van de Looy, Jacqueline Verhoeven (Radboud Universitair Medisch Centrum,
Nijmegen), Prof dr S M Goorhuis-Brouwer en mevrouw de Roo (Academisch Ziekenhuis
Groningen), Dr J J van der Biezen en Aeltsje van de Meer (Medisch Centrum Leeuwarden),
Prof dr Β Prahl-Andersen, (VU Medisch Centrum, Amsterdam en Erasmus MC, Rotterdam),
Margreet van de Heuvel, Karla Smeenk, mevrouw de Bruin (VU Medisch Centrum, Amsterdam),
en Adrie van Nieuwenhuyzen (Erasmus MC, Rotterdam), Dr F Ras (LUMC, Leiden), Dr Α Β
Mink van der Molen en Talitha van Maanen (UMC, Utrecht), Drs W Brussel en mevrouw van der
Leer (Rijnstate Ziekenhuis, Amhem), Dr Daggers en Kitty Bergsma (St Elisabeth Ziekenhuis,
Tilburg), Dr Houpt (Isaia Klinieken, Zwolle) en Dhr Β van Beek (BOSK)
Moreover, I would like to thank Dr Bill Shaw and Dr Peter Mossey, Dr Anne Molloy and Pam
Houston for the pleasant cooperation within the Eurocran project
Tevens ben ik grote dank verschuldigd aan de medewerkers van de consultatiebureaus en
kinderdagverblijven in Nijmegen en omgeving voor hun enthousiasme om controlegezinnen te
werven Bovenal wil ik alle deelnemende ouders en kinderen bedanken voor hun deelname aan
dit onderzoek Zonder hun tomeloze inzet, was dit onderzoek niet mogelijk geweest
De medeauteurs Prof dr C M A M van der Horst, Prof dr ir M Muller, Prof dr C E West,
Prof dr L Τ W de Jong-van den Berg, Dr A de Klein en Judith Eichhorn wil ik bedanken voor
het kritisch doorlezen en hun waardevolle bijdragen aan de verschillende manuscripten
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Dr M C Ocke, beste Marga, bedankt voor het gebruik van de voedingsvragenlijsen en voor
jouw expertise op dat gebied Dr C Vermeij-Keers, uw zeer waardevolle en altijd oplettende en
kritische blik bij het tot stand komen van het tweede hoofdstuk van dit proefschrift heb ik altijd
zeer gewaardeerd Fijn dat ik altijd, zelfs bij u thuis, mocht aankloppen voor vragen van velerlei
aard Ik heb veel van u geleerd
Dit onderzoek had niet kunnen plaatsvinden zonder de deskundigheid en medewerking van een
groot aantal laboratoria Hiervoor wil in het bijzonder bedanken, Dr Wilbert Peters van het lab
Gastroenterologie, Prof dr Ron A Wevers, van het lab Kindergeneeskunde, Dr Donen Swinkels
van het Centraal Klinisch Chemisch Lab en de analisten Hennie Roelofs, Rene te Morsche,
Fokje Janssen en Judith Willemen wil ik bedanken voor het nauwgezette labwerk Ook Siem
Klaver als aanspreekpunt, alsook alle andere medewerkers van het Centraal Klinisch Chemisch
Laboratorium, wil ik bedanken voor hun gezelligheid en altijd helpende hand tijdens mijn "pipeten afdraai-werkzaamheden" op jullie afdeling
De afdeling kindergeneeskunde en in het bijzonder Dr C van Oostrom, Marjo van der
Doelen, alle verpleegkundigen en de mensen van de administratie willen ik danken voor hun
gastvrijheid en de mogelijkheid om gebruik maken van de polikliniek voor het werven van de
deelnemende families Ook alle medewerkers van de polikliniek KNO en in het bijzonder Dr
H Marres, de verpleegkundigen van de dagunit ben ik zeer erkentelijk voor hun betrokken
medewerking aan het project Tissue-engineering Dr Hans von den Hoff, als aanspreekpunt
van dit project, bedankt voor de fijne samenwerking Ik kon jou altijd op de meest vreemde
tijdstippen bereiken om weer een "tissue-sample" afte geven'
Prof dr E Α Ρ Steegers, beste Ene, bedankt voor de door jouw geboden mogelijkheid bij te
dragen aan het boek en de digitale versie van Preconceptionele zorg in Nederland en daarbij extra
tijd en financiering om mijn proefschrift afte ronden Zowel voor mijn huidige, meer klinische
werkzaamheden, als op wetenschappelijk gebied, heb ik veel van je geleerd De samenwerking
met de VSOP voor het tot stand komen van de digitale versie van "Zwangerwijzer" heb ik als zeer
prettig ervaren Beste Elsbeth van Vliet, Bart Boon en Marja de Kinderen, dank jullie wel voor
jullie belangstelling in de vorderingen van mijn proefschrift en de fijne samenwerking
Ik wil niet op de laatste plaats alle collega's van de afdeling Epidemiologie en Biostatistiek
bedanken voor hun gezelligheid en betrokkenheid Ik heb mede door jullie een fantastische tijd
gehad op de afdeling Pascal Groenen, JIJ bent de langstzittende kamergenoot geweest We zaten
een beetje in hetzelfde schuitje en hebben daardoor veel liefen leed gedeeld' Bedankt voor al je
didactische momenten" Jij en Leonie zijn in mijn (onze) ogen echte vrienden geworden Iris van
Rooij, JIJ hebt mij vanaf het begin wegwijs gemaakt in het doorjou gestarte project Bedankt voor
de gezelligheid, je immer heldere uitleg en de mogelijkheid om je altijd te belagen met brandende
vragen, zelfs toen jij al gepromoveerd was en met meer bij ons op de afdeling werkte' Manke
Jacobs, bedankt voor alle gezellige uurtjes, je altijd aanwezige luisterend oor en dat ik heb mogen
kennismaken met jouw geweldige mannen' Mijn "buurvrouw" Remi Bretveld heeft mij ettelijke
keren de principes van allerlei statistische analyses uitgelegd Bedankt voor al je geduld' Jouw
138

Dankwoord

lach is absoluut legendarisch te noemen, iets wat ik zeker ben gaan missen Samen met Judith
Roelofzen hebben we heel wat afgelachen, met name bij het maken van al die (promotie)liedjes
Ik hoop dat we, ook na de promotie-trajecten, elkaar nog zullen blijven zien Mila Hoppe, Simone
Kloppenburg en Astrid van Alst wil ik bedanken voor het altijd klaar staan voor mijn, met altijd
uitkomende, vragen en vaak tijdrovende klusjes Huub Straatman en Theo de Boo, bedankt voor
jullie hulp bij de voor mij altijd ingewikkelde statistiek
Wim Lemmens, bedankt dat jouw deur altijd open stond (carnaval uitgezonderd) voor het oplossen
van mijn SAS-problemen en voor de momenten dat ik het even met meer zag zitten Door jou en
jouw geweldige snoepjes kon ik er weer tegenaan De keuze om jouw als paranimf te vragen had
ik daarom al heel vroeg in het onderzoek gemaakt Ook jouw vrouw, Liesbeth Lemmens, verdient
een plaatsje in dit rijtje voor het invoeren van de talloze vragenlijsten
Brigitte van Cleef en Fokaline Vroom bedankt voor jullie inzet en gezelligheid tijdens jullie
stages Ook Monica Verlinde, bedankt voor het verzamelen van deelnemers aan het Eurocranproject Heel veel succes met jullie verdere bezigheden'
Sinds 1 januari 2005 ben ik werkzaam op de afdeling klinische genetica van het Erasmus MC te
Rotterdam Graag wil ik al mijn nieuwe collega's bedanken voor hun hartelijke ontvangst waardoor
ik me al snel thuis voelde Ook Nicolette Ursem, Anneke Verkleij-Hagoort, Mant Boot, Marianne
Coolman en Piet Struijk, allen onderzoekers op de afdeling Verloskunde en Vrouwenziekten van
het Erasmus MC, bedankt voor jullie oprechte steun en interesse in mijn onderzoek'
Ook de steun van vele vrienden, familie en kennissen, die altijd zorgden voor een welkome
afwisseling naast de drukke werkzaamheden, wil ik niet onopgemerkt voorbij laten gaan
Jac, Toos, Ellen en Michiel, lieve "schoonfamilie", bedankt voor jullie steun en interesse de
afgelopen jaren Jullie zijn mijn 'derde'thuis
Natasja, als buufs op de Vredestraat wisten we elkaar altijd wel te vinden voor een kop thee of iets
sterkers Ik vind het erg leuk dat we ook nu weer op een steenworp afstand van elkaar wonen en
dat we onze vriendschap, samen met Jerry, kunnen uitbouwen
Masha, Werner en Ester, jullie vriendschap betekent veel voor mij De verschillende themaavonden, Harry Potter films, sauna-dates en alle overige momenten hebben mij de afgelopen
jaren de nodige afleiding van mijn onderzoek bezorgd
Maunts, onze vriendschap gaat al heel wat jaartjes mee en wij hebben samen al heel wat flessen
wijn tot in de late uurtjes soldaat gemaakt Bedankt voor je altijd luisterende oor
Daan, van al mijn vriendinnen ben JIJ degene die ik het langste ken Vanaf het moment dat ik
weer voet op Nederlandse bodem zette, zijn we onafscheidelijk We hebben samen al heel wat
voor onze kiezen gehad en zijn er met z'n 2-en altijd steviger uitgekomen Bedankt voor alles'
Ik hoop dat we dit nog jaren vol houden, samen met Tiemen en Laurens
Elma en Manke, met veel plezier denk ik terug aan onze eet-dates, ik hoop dat we deze
(brownie)traditie tot in lengte der dagen kunnen volhouden Of ik nou opgewekt was of dat er
mets meer uit kwam en ik alleen maar onderuit gezakt op de bank kon zitten, voor jullie maakte
dat allemaal niets uit Bedankt'
Lieve Sabina mede door jou ben ik aan dit project begonnen Bedankt voor al je steun en
vriendschap door de jaren heen Jouw luisterend oor en peptalks zijn de beste die er zijn'
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Wij waren samen tijdens schitterende hoogtepunten en iets mindere dieptepunten En om met
jouw eigen woorden te spreken ook ik vind het heel logisch datje mijn paranimf bent! Nu we
een stuk dichter bij elkaar wonen en het wellicht iets rustiger gaan krijgen, hoop ik dat we nog
veel tijd met elkaar, Maarten, Bas en .. . door kunnen brengen.
Robert, als broer en zus hebben wij al van alles meegemaakt. Hierdoor hebben wij vaak aan een
woord genoeg om elkaar te begrijpen. Bedankt datje mijn broer(tje) bent en altijd voor me klaar
staat.
Dear Janet and Brittany, thank you very much for your interest in my work all these years, for
the always wonderful vacations at your home and for the addition of many great words to my
English'
Lieve pap en mam, jullie zijn mijn grote voorbeeld en zullen dat altijd blijven. Jullie
onvoorwaardelijke steun en liefde heeft mij altijd gemotiveerd om verder te blijven kijken, mijn
horizon te verbreden en mijn grenzen (soms letterlijk) te verleggen Zonder jullie was ik nooit
zover gekomen. Jullie hebben altijd alles mogelijk gemaakt zodat ik mijn doelen kon bereiken.
Lieve Bart, de laatste maanden heb ik heel veel van je gevraagd en JIJ hebt mij alles gegeven. Of
het nou het overtypen van adressen was of de (vaak enerverende) lay-out van het boekje op de
zondagmiddag, niets was voor jou te gek Zonder jou was dit proefschrift nooit afgekomen1 Als
ik het niet meer zag zitten, was JIJ er altijd om me weer op te peppen Jij bent mijn grote rustpunt
en drijvende kracht Ik hou van je'
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Stellingen behorende bij het proefschrift
"The etiology of orofacial clefts. An emphasis on lifestyle and nutrition other than folate"

1. Aanstaande moeders kunnen de kans op een nonsydromale schisis bij het kind reduceren door
enkele maanden voor de conceptie over te stappen op een gevaneerde voeding, njk aan groenten,
fruit en granen, (dit proefschrift)
2

Lage concentraties mjO-inositol in het serum en zink in de rode bloed cellen van de moeder en/of
het kind verhogen de kans op een schisis (dit proefschrift)

3. Het gebruik van dagelijks 400 mg extra foliumzuur door de aanstaande moeder in de periode van
tenminste 4 weken voor tot 8 weken na de conceptie verkleint niet alleen het risico op een spina
bifida, maar ook dat van een nonsyndromale schisis bij het kind (dit proefschrift)
4

Het advies te stoppen met roken voor de conceptie is ook van toepassing op de aanstaande vader.

5. Preconceptioneel advies door een professional aan aanstaande ouders is net zo belangrijk als
prenatale screening voor alle zwangere vrouwen.
6. Indien alle burgers de leefstyladviezen zouden volgen die bestemd zijn voor zwangere vrouwen,
zou dit leiden tot een aanzienlijke daling van de mortaliteit en de morbiditeit in de bevolking.
7. De uitbreiding van de hedendaagse DNA-diagnostische mogelijkheden naar verschillende
syndromen, zoals bijvoorbeeld het Noonan-syndroom, leidt tot een verbreding van het
fenotypische spectrum van dit soort aandoeningen.
8. De relatie tussen linkshandigheid en borstkanker zal uiteindelijk verklaard worden vanuit
'confounding'
9. Consensus over één stijl van opmaak voor artikelen in medisch wetenschappelijke tijdschriften
leidt tot tijdsbesparing voor de onderzoeker, waardoor meer tijd beschikbaar komt voor de echte
wetenschap
10 A coeur vaillant, nen d'impossible (Jacques Cœur, 1395-1456).

Ingrid P.C. Krapels, Rotterdam

10 november 2005
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