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Abstract

Orofacial clefts are the most prevalent birth defects that affect craniofacial structures and implicate genetic and environmental factors in their
aetiology. Maternal metabolic state and nutrition have been related to these and other structural malformations, and studies of maternal obesity
before pregnancy have shown controversial results about its association with the risk of orofacial clefts in their offspring. Our aim was to
assess the combined effect of several single studies of maternal obesity on the risk of orofacial clefts using meta-analysis. We searched for
these reports in the PubMed database, and selected 8 studies that met our criteria for eligibility. As a result of this analysis, and using maternal
normal weight as a reference, we found that maternal obesity does increase the risk of orofacial clefts in their offspring (OR 1.18, 95% CI
1.11 to 1.26). When these clefts are considered separately, maternal obesity is associated with cleft lip with or without cleft palate (OR 1.13,
95% CI 1.04 to 1.23), and with cleft palate alone (OR 1.22, 95% CI 1.09 to 1.35). Our results support the relation between maternal obesity
and orofacial clefts, and confirm two previous meta-analyses that considered fewer studies. However, the molecular mechanisms underlying
this statistical evidence have not been fully elucidated.

© 2015 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Introduction isolated (non-syndromic) orofacial clefts.' Given their preva-
lence and the complexity of their rehabilitation plus medical
Among birth defects cleft lip with or without cleft palate and costs and the emotional burden to patients and their families,
cleft palate alone grouped together as orofacial clefts are the these malformations are a worldwide public health problem.”
most common birth defects that affect the craniofacial skele- The aetiology of orofacial clefts can be explained by the inter-
ton. The prevalence of cleft lip and palate (1/1000 births) action between functionally-altered genes and environmental
and of cleft palate alone (1/1600 births) varies according factors.? Maternal conditions such as diabetes, alcohol con-
to the ethnic origin, geographical location, and socioeco- sumption, and smoking before and during pregnancy, have
nomic group, among other factors." Around 350 syndromes also been associated with these birth defects.'*
include orofacial clefts among their features, and they According to the World Health Organization (WHO)
comprise about 30% of all clefts. The remaining 70% are about 27% of the world’s adult population is overweight or

obese, with about 300 million obese women.” Maternal over-
weight and obesity before pregnancy have been associated
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eclampsia and gestational diabetes, together with perinatal
death and congenital malformations.® Although the reported
effectis modest (around 27% incremental risk), maternal obe-
sity before pregnancy has been identified as a risk factor for
orofacial clefts in cohort studies,”-® but some case-control
studies have failed to pick up the association.”!"

Our aim was to evaluate the effect of maternal obesity
before pregnancy on the risk of development of orofacial
clefts in the offspring using a meta-analysis that combined
the individual effects of several relevant studies reported in a
scientific database.

Subjects and methods
Extraction of data

We searched the database PubMed up to October 2014 with
no restrictions for date of early studies and including the
“Related articles” option. For this purpose we used the fol-
lowing terms: “orofacial clefts” OR “cleft lip palate” OR
“cleft palate only” OR “oral clefts” AND “maternal obesity”
OR “maternal body mass index”, and included case-control
and cohort studies. This search was made independently by
two of us who identified the authors, year of publication, jour-
nal, sample size, maternal normal weight before pregnancy,
classification criteria for obesity, and results (number of cases
and controls among mothers of normal weight and obese).

Statistical analyses

To estimate the effect of maternal obesity before pregnancy
we calculated the combined odds ratio (OR) with 95% confi-
dence interval (95% CI), using the effect of maternal normal
weight as reference. The presence of heterogeneity among the
selected studies was assessed based on the Cochran Q statis-
tic, which is calculated by summing the squared deviations
for the effect of each study related to the pooled effect.' In
addition, heterogeneity was quantified using the I test, which
indicates the percentage of between-studies variability that is
explained by heterogeneity.'' The combined effect was there-
fore estimated using fixed-effects or random effects methods
according to the respective absence (I < 50) or presence of
heterogeneity (> > 50).'> Publication bias was evaluated by
visual inspection of the Begg’s funnel plot, on which each trail
is presented around a central estimator (Napierian logarithm
of pooled OR in the ordinate) compared with the standard
error (as estimator or study size). If reports are located sym-
metrically (as a funnel) one can conclude the absence of
publication bias (that is, that studies have been published
independently of their sample size and of their positive or
negative effect).12 In addition, visual inspection of a fun-
nel plot was complemented by the computation of Eggers
statistic, which detects asymmetry from this plot based on
a regression model of precision (inverse of standard error)

compared with the effect.'”> All tests were calculated with
the aid of the statistical package Epidat 3.1.

Results

The initial result of our search showed 26 reports. The read-
ing of the full text of each of these papers permitted us to
exclude several studies for the reasons detailed in Fig. 1. Eight
reports were then considered for the meta-analysis (Table 1).
All these papers classified mothers according to their body
mass index (BMI) before pregnancy as normal (BMI 18.5-
24.9 kg/m?) or obese (BMI > 30 kg/m?), the only exception
being Cedergren and Killen’ who classified normal as BMI
19.8-26kg/m” and obese as BMI > 29 kg/m?, respectively.
The number of affected and non-affected children delivered
by these mothers is shown in Table 1 as total orofacial clefts,
and as cleft lip and palate, and cleft palate alone, separately.

When we considered the total number of orofacial clefts,
the meta-analysis showed no evidence of heterogeneity
among the 8 studies (Q =9.38; p=0.227; P= 25.4%), so the
combined effect was estimated by means of fixed effects.
Using maternal normal weight as the reference, maternal obe-
sity significantly increased the risk of orofacial clefts in the
offspring (OR=1.18;95% CI 1.11 to 1.26) (Fig. 2). The indi-
vidual OR for each study and its contribution (weight (%))
are shown in Fig. 2. The analyses of publication bias showed
a borderline asymmetry as can be seen in the Begg’s funnel
plot (Fig. 3). However, we found no significance in the result
of the Egger test (p=0.907), which shows that this kind of
bias is not present in our selection.

Many authors have considered cleft lip and palate and cleft
palate alone as two different entities, and so we also assessed
the combined effect of segregating by type of orofacial cleft.
Six of the 8 studies included data about cleft lip and palate and
cleft palate alone separately (Table 1). When we evaluated
the overall effect for 6 studies about maternal obesity and the
risk for cleft lip and palate in the offspring, the results allowed

26 Papers identified on the PubMed
database according to search criteria

Papersexcluded after review of title
and/or abstract:

1 Animal study

6 No original data (meta-analysis/review)
1 Other birth defect

2 Other maternal variables

v

16Appropriatepapersfor detailed review

Papersexcluded frommeta-analysis:

3 Case-control data not available

2 Maternal obesity plus diabetes

2 Normal weight data not available

10FCs cannot be discriminatedfrom
otherbirth defects

v

A |

8Papersincluded in meta-analysis

Fig. 1. Algorithm showing how the studies were selected.
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Studies that met the criteria for meta-analysis and their characteristics.
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First author and date Country Type of study  No. of controls No. of orofacial clefts ~ No. with cleft lip and No. with cleft palate

Normal weight/obese”  total® palate alone

Normal weight/obese”  Normal weight/obese”  Normal weight/obese”

Watkins (2003)!3 USA Case-control ~ 212/36 59/8 37/6 22/2
Cedergren (2005)’ Sweden Cohort 543 232/86573 895/184 554/115 339/68
Honein (2007)° USA Case-control 1584/484 7741229 492/139 282/90
Waller (2007)'0 USA Case-control 2241/572 922/269 592/165 330/104
Oddy (2009) 4 Australia  Case-control 229/30 22/6 Not specified Not specified
Blomberg (2010)* Sweden Cohort 647 103/103 930 1132/232 Not specified Not specified
Stott-Miller (2010)'° USA Case-control ~ 4829/1452 540/191 304/115 191/61
Carmichael (2012)'° USA Case-control 3442/984 1303/438 860/276 404/162

# Total number of cases with orofacial clefts can exceed the sum of cleft lip and palate plus cleft palate alone because some studies considered affected

subjects without classification of the cleft.

* Cases among mothers with normal weight (BMI 18.5-24.9 kg/m?) before pregnancy and obese (BMI > 30 kg/m?) before pregnancy with the exception of
Cedergren (2005) where normal weight and obesity were defined by BMI 19.8-26 kg/m? and BMI > 29 kg/m?, respectively.

Study Odds Ratio (95% Ci) Weight (%)
Watkins et al. (2003) 0.80 (0.35 - 1.81) 0.6
Cedergren and Kaillen (2005) 1.29 (1.10 - 1.51) 15.7
Honein et al. (2007) 0.97 (0.81 - 1.16) 12.3
Waller et al. (2007) 1.14 (0.97 - 1.35) 14.7
Oddy et al. (2009) 2.08 (0.78 - 5.54) 0.4
Blomberg and Kallen {2010) 1.28 (1.11 - 1.47) 19.8
Stot-Miller et al. (2010) 1.18 (0.98 - 1.40) 12.8
Carmichael et al. (2012) 1.18 (1.03 - 1.39) 23.6
Overall (Fixed-effects)* 1.18 (1.11 - 1.26) 100.0
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Fig. 2. Forest plot showing association between maternal obesity and total orofacial clefts. Odds ratio (OR) and 95% confidence intervals (95% CI) are shown
for each study and for their combined effect. Weight (%) indicates the contribution of each study to the overall OR.

* Pooled OR based on fixed-effects models (12 = 25.4%, p=0.227).

us to infer an absence of heterogeneity (Q = 6.44; p=0.266;
P =22.4%). Consequently, when we considered fixed-effects
models, we found that maternal obesity before pregnancy
increased the likelihood of the offspring developing cleft lip
and palate (OR=1.13; 95% CI 1.04 to 1.23) (Fig. 4). Egger
statistics showed no evidence of publication bias (p=0.82),
which is complemented by the symmetrical distribution in
the Begg’s funnel plot (Supplemental Fig. 1).

Meanwhile, the analysis of maternal obesity as arisk factor
for cleft palate alone gives significant results, showing an
OR=1.22 (95% IC 1.09 to 1.35) (Fig. 5) for fixed effects
because there is a lack of evidence for heterogeneity among
studies (Q =5.44; p=0.365; P =8%). As well as for the total
number of orofacial clefts and cases of cleft lip and palate, the
meta-analysis for cleft palate alone indicates that publication
bias is not present because the distribution of the reports in
the Begg’s funnel plot is symmetrical (Supplemental Figure
2), together with the result of the Egger test (p=0.119).

Discussion

The results about the risks associated with maternal obe-
sity before pregnancy and orofacial clefts are controversial.
Although some reports have shown the association,”* others
have not.”!” The aim of this study was to analyse the results of
a set of reports about the association by doing a meta-analysis
in alarge sample size to evaluate the combined effect of single
studies.

We considered normal maternal weight before pregnancy
as the reference, and have pooled the effects of 8 studies
to verify this. Pooled data showed that obese mothers have
a moderate increase in the risk for all clefts (18%, Fig. 2).
The historical division between cleft lip and palate and cleft
palate alone’ led us to analyse each type of cleft separately.
Six of the 8 studies separated the data for each category, and
cleft lip and palate, and cleft palate alone, were also related
to maternal obesity with a mild increase in risk (13% and
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Fig. 3. Begg’s funnel plot showing publication bias for meta-analysis of the
association between maternal obesity and total orofacial clefts. Each point
indicates a single study considered for this association. Log OR= natural
logarithm of odds ratio.

22%, respectively) (Figs. 4 and 5). Only three studies (Ced-
ergren and Kiillen,” Honein et al.,’ and Stott-Miller et al. IS)
separated their data into isolated (non-syndromic) and syn-
dromic clefts. The paucity of studies was the reason why we
decided not to include this variable in the analysis and so
the total sample can be considered as a mixed population.
One can infer therefore that maternal obesity is a risk factor
for both syndromic and non-syndromic clefts. However, it
has been reported that isolated cases comprise about 70% of
total orofacial clefts,' so our combined sample seems to have
more non-syndromic cases than it should. Further analyses
are necessary to elucidate this.

Study Odds Ratio (95% Cl) Weight (%)
Watkins et al. (2003) 0.96 (0.38 - 2.43) 0.8
Cedergren and Killen (2005) 1.30 (1.10 - 1.59) 18.1
Honein et al. (2007) 0.92 (0.75 - 1.15) 16.0
Waller et al. (2007) 1.10 (0.90 - 1.33) 19.1
Stot-Miller et al. (2010) 1.26 (1.01 - 1.57) 14.8
Carmichael et al. (2012) 1.13 (0.96 - 1.31) 31.2
Overall (Fixed-effects)* 1.13 (1.04 - 1.23) 100.0
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To the best of our knowledge, there have been two previous
meta-analyses in this field, and they also describe maternal
obesity as a risk factor for orofacial clefts.** Stothard et al.”
considered 3 of the 8 studies that we also evaluated: Watkins
et al.,'> Cedergren and Killen,” and Waller et al.'” They
found OR of 1.20 for cleft lip and palate and 1.23 for cleft
palate alone.” Molina-Solana et al.* included just 2 of the
reports that we did (Cedergren and Kiillen,” and Stott-Miller
et al.ls), and described an overall OR of 1.26. We included
more reports, with a consequent increase in the total size of
the sample. For example, the study of Molina-Solana et al.*
considers 1810 cases and 636 086 controls, while we included
7204 cases and 1 396 933 controls. Despite this greater total
sample size, the risk of maternal obesity in orofacial clefts
has not changed substantially compared with the previous
meta-analysis. We can infer therefore that this variable has
only a mild effect on facial clefts at birth.

Maternal obesity has been associated not only with orof-
acial clefts, but also with other major structural birth defects,
such as those of the neural tube and heart.° However, the
obesity-teratogenic mechanism has not been fully eluci-
dated. A possible explanation can be the close relation
between obesity and gestational diabetes with the consequent
hyperglycaemia during pregnancy.'” In rats, maternal hyper-
glycaemia leads to the delivery of offspring with agnathia,
micrognathia, and cleft lip and palate. These malformations
are related to defects in the fetal expression of developmen-
tal genes such as bone morphogenetic protein 4 and the
sonic hedgehog gene and those that encode enzymes for the
management of reactive oxygen species, which shows that
glucose has a teratogenic effect at several levels.'®

However, there have been some controversial results.
Some reports have found that diabetic mothers have an
increased risk of having a child with cleft lip and palate
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Fig. 4. Forest plot showing association between maternal obesity and cleft lip and palate. Odds ratio (OR) and 95% confidence intervals (95% CI) are shown
for each study and for their combined effect. Weight (%) indicates the contribution of each study to the overall OR.* Pooled OR based on fixed-effects models

(I =22.4%, p=0.266).
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Study Odds Ratio (95% Cl) Weight (%)

Watkins et al. (2003) 0.54 (0.13 - 2.38) 0.5

Cedergren and Kallen (2005) 1.26 (0.97 - 1.63) 17.3
Honein et al. (2007) 1.04 (0.81 - 1.35) 17.6
Waller et al. (2007) 1.24 (0.98 - 1.57) 20.5
Stot-Miller et al. (2010) 1.10 (0.79 - 1.43) 13.5
Carmichael et al. (2012) 1.40 (1.15 - 1.71) 30.6
Overall (Fixed-effects)* 1.22 (1.09 - 1.35) 100.0
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Fig. 5. Forest plot showing association between maternal obesity and cleft palate alone. Odds ratio (OR) and 95% confidence intervals (95% CI) are shown
for each study and for their combined effect. Weight (%) indicates the contribution of each study to the overall OR.* Pooled OR based on fixed-effects models

(> =8%, p=0.365).

compared with non-diabetic mothers.'**" However, some
authors have found no differences in metabolic variables such
as glucose concentrations and glucose tolerance between
mothers of babies with cleft lip and palate and control
mothers.”! In addition to glucose concentrations in obesity,
the condition has been associated with a deficiency in certain
nutrients. Obese women have deficiencies mainly in folate
and iron.”” Diabetic mothers who take folic acid (in sup-
plements or vitamins) during the month before conception
or within the first 3 months of pregnancy (periconcep-
tional period) had a 6-fold reduction in the risk of orofacial
clefts compared with diabetic mothers who did not take
supplements.”’ This can be linked to evidence from murine
models that has shown that palatal development is regulated
by epigenetic changes in embryonic DNA such as methyla-
tion, which modulates gene expression.”’ It has been widely
documented that folic acid and folates are fundamental for
the homeostasis of methyl-group donors (or one-carbon
metabolisrn).24 In neural tube defects, another prevalent birth
defect that implicates embryological structures closely, epi-
genetic changes have been seen in animals but at levels at
which histone acetylation occurs,> a mechanism that could
be explored in orofacial clefts.

Despite the fact that we have combined reports from
case-control studies, cohort studies, and studies that used dif-
ferent criteria to define obesity (BMI > 30 kg/m? and BMI >
29 kg/mz) in the current meta-analysis, we found no evidence
of heterogeneity for our 3 analyses (total orofacial clefts, cleft
lip and palate, and cleft palate alone). In addition, we found
no publication bias in these 3 analyses according to the tests
that we used. These factors, plus the fact that, compared with
previous meta-analyses, we increased the number of single
reports, strengthen our results. However, despite this incre-
ment, the number of pooled studies is still modest. This could

have an impact on the power to detect heterogeneity using
statistics such as Q or I2,!' and this could possibly be the
main limitation of the study.

In summary, we made a meta-analysis of eight single
studies the results of which support the association between
maternal obesity before pregnancy and the risk of orofacial
clefts in the offspring when analysed as a group of facial
clefts or separated into the subgroups cleft lip and palate, and
cleft palate alone. Further analyses are necessary to elucidate
the molecular mechanism or mechanisms that explain these
statistical findings.
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