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Abstract. There is increasing evidence that dietary folic acid deficiency in utero may
increase the risk of developing the ‘cleft lip with or without cleft palate’ (CL � P)
variant of orofacial cleft. Coeliac disease is a common cause of folic acid
malabsorption, and in the majority of cases remains undiagnosed. This pilot study
assessed the seroprevalence of undiagnosed coeliac disease in a cohort of mothers of
infants with CL � P in the Hyderabad area of India. The seroprevalence of coeliac
disease of 1.15% (95% confidence interval 0.37–2.66%) was little different from the
expected figure based on published population studies, making a clinically
significant association unlikely.
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Non-syndromic orofacial cleft (OFC) is
one of the most common congenital mal-
formations, found in up to 0.2% of live
births in Europe1–3 and India.4 It is char-
acterized by incomplete separation of the
nasal and oral cavities without any asso-
ciated anomalies, and is composed of two
distinct but related entities: cleft lip with
or without cleft palate (CL � P) and cleft
palate isolated (CPI). The aetiology of
non-syndromic OFC is complex and
incompletely understood, but there appear
to be genetic and environmental factors,
with distinct differences between CL � P
and CPI. The genetic influence is propor-
tionately greater for CPI than for CL � P.5

Predisposing environmental factors
include folic acid deficiency – this is
known to cause OFC in rodents,6 and there
is evidence for a similar consequence in
humans – both as a consequence of dietary
insufficiency and maternal use of dihydro-
folate reductase inhibitors.2,7–9 Further-
more, a recent large case–control study
in Norway showed that folic acid supple-
mentation during early pregnancy reduced
the risk of CL � P by 39%, whilst there
was no effect on the risk of CPI.3

Coeliac disease (CD) is a chronic
inflammatory disorder of the small bowel,
with characteristic mucosal histology.10

Whilst the pathogenesis is not fully under-
stood, there is overwhelming evidence
that CD results from mucosal exposure
in genetically predisposed individuals to
dietary gluten, a family of related proteins
found in the cereals wheat, barley, and rye.
The immune system is strongly implicated
in mediation of the inflammatory response
in CD,10 and one manifestation of this is
that most patients with untreated CD
acquire circulating autoantibodies, in par-
ticular endomysial antibody (EMA) – the
dominant component of which is directed
against the enzyme, tissue transglutami-
nase 2.10 EMA has a relatively high sen-
sitivity and specificity for untreated CD,
and has therefore been used widely to
determine the seroprevalence of CD in
population studies.10,11

CD has been increasingly recognized in
Asian populations over recent years.
Recent seroprevalence studies would sug-
gest that CD is as common in Indian
populations as it is elsewhere in the world,
with figures in the range 0.5–1.3%.12–15

The majority of individuals with CD are
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undiagnosed (and therefore untreated)
even in Western countries, leading to
the concept of the ‘coeliac iceberg’.16

Undiagnosed CD commonly results in
silent malabsorption of vitamins and nutri-
ents, in particular folic acid.10 The ques-
tion arises, therefore, as to whether
undiagnosed maternal CD with conse-
quent folic acid deficiency might predis-
pose to development of the CL � P variant
of OFC.

Materials and methods

The overall study plan involved two
stages: firstly a pilot study to assess the
seroprevalence of CD in a cohort of
mothers of infants with CL � P, and sec-
ondly, if the results of the pilot study
suggested that an increased prevalence
was likely, a large case–control study to
define the risk more precisely. The current
report concerns stage one, the pilot study,
for which formal ethics committee
approval was obtained.

The mothers of infants with non-syndro-
mic CL � P seen at a high volume cleft
centre in Hyderabad, South India between
November 2009 and November 2011 were
identified. Subjects were excluded if they (1)
were aged under 18 or over 30 years, (2) had
a previous child with OFC, or (3) had an
established diagnosis of CD. Following
informed consent, a small blood sample
was taken and serum stored for batch testing.

Bluewell enzyme-linked immunosor-
bent assay (ELISA) kits (D-tek, Mons,
Belgium) were used for the quantification
of IgA antibodies to gliadin-activated
transglutaminase in human serum. An
antibody concentration greater than
25 U/ml was considered positive, as
recommended by the manufacturer.
Mothers testing positive were informed
of the result and encouraged to take appro-
priate medical advice. Exact confidence
intervals (CI) for CD seroprevalence were
calculated from the binomial distribution
using Bland’s Biconf software.17

Results

The mothers of 436 infants with CL � P
seen during the study period met the inclu-
sion criteria and agreed to serological
testing. The maternal age range was 18–
30 years (median 23 years). The malfor-
mation pattern was cleft lip and palate in
379 of the infants and isolated cleft lip in
the remaining 57. Of the 436 mothers, five
(1.15%) proved to be transglutaminase
antibody-positive (95% CI 0.37–2.66%).
Discussion

The increasing evidence implicating diet-
ary folate deficiency in the pathogenesis of
CL � P2,3,6–9 raises a realistic possibility
that folate malabsorption might have a
similar influence. CD is the most common
cause of folate malabsorption in many
populations of the world – and as malab-
sorption is generally partial rather than
complete, the consequences of this are
likely to be most striking in parts of the
world where dietary nutrient intake is
already limited. The pilot study reported
here was designed to explore the possibi-
lity of an association between CL � P and
undiagnosed maternal CD in the Hyder-
abad area of India. This lies on the Deccan
plateau, where gluten-containing cereals
form a major part of the staple diet.

It is important to establish whether a
link between OFC and maternal CD exists,
because CD can be screened for by widely
available serological testing.10,11 Once
diagnosed, treatment by exclusion of diet-
ary gluten might then be expected to
reduce the subsequent risk of intra-uterine
complications. The possibility of an asso-
ciation between OFC and maternal CD has
previously been raised in a small study,
but the finding of one subject with positive
coeliac serology amongst 37 mothers of
infants with CL � P neither confirms nor
refutes this.18

Studies of the seroprevalence of CD in
many populations around the world
including India have almost invariably
yielded figures in the range 0.5–1.5%.10–

15 A seroprevalence in our study group
substantially greater than this would imply
that CD might indeed be a significant
factor underlying the development of
CL � P, and would justify a more detailed
study with an appropriate control group.

In the event, the seroprevalence of CD
in the study participants of 1.15% (95% CI
0.37–2.66%) was little different from the
expected figure based on published popu-
lation studies. This does not entirely
exclude the possibility of an association,
but it does make it unlikely that there is a
clinically significant link. Furthermore, it
implies that an extremely – and probably
unrealistically – large case–control study
would be required to have sufficient
power to detect a statistically significant
association.

Given evidence relating dietary folic
acid deficiency to the risk of CL � P,
one can only speculate as to the reason(s)
for the negative result of our study. There
are several potential reconciling explana-
tions to consider. Firstly, it might be that
the sensitivity of serology for CD in the
study group is unexpectedly poor, as it is
in some subgroups of patients with CD
such as smokers and the elderly.19 Sec-
ondly, the assumption made about the
population prevalence of CD in the Hyder-
abad area might be invalid. Thirdly, the
result might be the equivalent of a type II
statistical error.17 Finally, it might perhaps
be that in maternal malabsorptive states,
dietary folic acid is in some poorly defined
way preferentially channelled to the foe-
tus. With regard to this possibility, our
findings are in accord with studies show-
ing no excess of CD in the mothers of
children with neural tube defects, for
which there is also evidence of a link with
dietary folic acid deficiency.20,21
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