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Abstract
Background: Several studies have examined the effects of folic acid fortification on the occurrence of orofa-

cial clefts. This study was carried out to evaluate the impact of flour fortification with folic acid on oral clefts in
Northern Iran.

Methods: In this hospital based study from March 2006 to September 2009, we   screened the total number of
live births at all hospitals in Golestan province in North of Iran, as well as the number of pregnancies affected
by non syndromic oral clefts, per 100000 births during the periods before (March 2006 –June 2007), during (Ju-
ly2007-March 2008) and after (May 2008- September 2009) folic acid fortification of flour was implemented.
Non syndromic Oral clefts were defined in accordance with the International Classification of Diseases, 10th
revision (ICD-10).

Results: The prevalence of oral clefting reduced from 64.2 per 100000 births before fortification to 32.2 per
100000 after flour fortification with folic acid. The preventive fraction rate of oral clefting after fortification
period in comparison with before period was 49.8% (OR=0.502 95% CI 0.26-0.97, p=0.036).
Conclusion: This study showed that flour fortification with folic acid is associated with a significant reduction

in the rate of oral clefting in Golestan province in Northern Iran.
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Introduction
Cleft lip with or without cleft palate is

one of the most common congenital anoma-
lies of multi factorial etiology (1-3).

The oral clefting rate varies from one of
every 500 to 2,000 births in different parts
of the world (4). The prevalence of oral
clefting was reported 0.97 per 1000(1 in
1025) birth in a hospital based study in
north of Iran during 1998-2003 period (5).

Several factors including gender, race/ eth-
nicity, geographic location, nationality, soci-
oeconomic status, nutritional and periconcep-
tional consumption of folic acid affect on
prevalence rate of oral clefts (4-20).

Researches have shown that periconcep-
tional folic acid consumption can reduce
the occurrence of cleft lip with or without
cleft palate and cleft palate alone (7-12, 21-
24).

In spite of   usefulness of periconcep-
tional folic acid consumption to reduce oral
clefts, many childbearing age women do
not consume periconceptional folic acid.
The Studies reported that less than 45% of
pregnant women have consumed folic acid
before conception (25, 26).

Several studies have examined the effects
of folic acid fortification on the occurrence
of orofacial clefts (27-33).
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Considering the evidence on the role of
folic acid to reduce the occurrence of Neu-
ral Tube Defects (NTDs) and also available
experiences on fortification with folic acid
and Based on the World Health Organiza-
tion recommendations, through a national
law, named Mandatory wheat flour fortifi-
cation with   folic acid (1.5 ppm: 150 Micro
gram per 100 g flour.) was implemented in
Golestan province in North of Iran since
March 2006. Regarding to lack of studies
on the efficacy of folic acid fortification on
oral clefts in Iran, this study was done to
evaluate the impact of flour fortification
with folic acid on oral clefts in North of
Iran.

Methods
This Population surveillance hospital-

based study was performed in sixteen hos-
pitals in Golestan province in Northern
Iran. Regarding to wheat flour fortification
in bread industries and beakers according to
national law, all people consume of forti-
fied flour in Golestan province. Therefore
100% of population in this province has
used fortified wheat flour since 2007.

Ethical approval for the study was ob-
tained from the ethics committee of Goles-
tan University of Medical Sciences.

All live births (104232) were included in
the study who was admitted in hospitals
from March 2006 to September 2009. Go-
lestan Province located in Northern Iran.
This Province has a population of about 1.8
million and covers an area of about 20,460
square kilometers with an annual rate of
more than 31000 annual deliveries. In each
hospital, two members of the staff (regis-
tered nurse) have been recruited and trained
to revise all births, to register and to de-
scribe non syndromic oral clefts. Types of
Oral clefts registered were cleft lip, cleft
palate, and cleft lip with cleft palate accord-
ing to the International Classification of
Diseases (ICD10).  Oral clefts were ap-
proved by a pediatrician. Syndromic oral
clefts were excluded from the study. The
total number of births at all hospitals in Go-
lestan province, as well as the number of

pregnancies affected by oral clefting during
the periods before (March 2006 –June
2007), during (July2007-March 2008) and
after (May 2008- September 2009) folic
acid fortification of flour were screened.
Rate of oral clefts was defined as the num-
ber of oral clefts cases, divided by the total
number of births.

Statistical Analysis
The prevalence rate per 100000 was esti-

mated to evaluate the effect of flour fortifi-
cation in three time intervals (before, intro-
duction after fortification). For comparing
prevalence rate between each of two times,
we used preventive fraction (1-OR), Odds
Ratio (OR) and confidence interval (CI) for
OR. Furthermore, collected data were ana-
lyzed by SPSS version 15.0 and rates were
compared with the chi-square test. P-value
of 0.05 or less was considered statistically
significant.

Results
Between 2006 and 2009, fifty one  non

syndromic oral clefting cases were record-
ed, of which 30 (58.8%) were males and 21
(41.2%) were females .Cleft lip with palate
was the most common type of anomaly
(37.3%), followed by cleft lip (33.3%) and
cleft palate (29.4%).

In the period before flour fortification
with folic acid, prevalence rate of oral
clefts was 64.2 per 100000 live births,
whereas in introduction period of fortifica-
tion the prevalence was 59.8, and in the pe-
riod after fortification it was 32.2 per
100000 live births.

The preventive fraction rate of oral cleft-
ing in introduction period in comparison
with before fortification period was 7%
[OR=0.932, 95% CI 0.48-1.82, p=0.83]
(Table 1).

Also, the preventive fraction rate of oral
clefting after fortification period in compar-
ison with introduction period was 46%
[OR=0.54, 95% CI 0.26 -1.12, p=0.09]
(Table 2).
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Indeed, the preventive fraction rate of oral
clefting after fortification period in compar-
ison with before fortification period was
49.8% [OR=0.502, 95% CI 0.26 -0.97,
p=0.036] (Table 3).

Discussion
This study has demonstrated that flour

fortification with folic acid is associated
with a reduction in rates of oral clefting in
the North of Iran. Our study showed signif-
icant reduction in the prevalence rate of
oral clefting after flour fortification with
folic acid in comparison with pre-
fortification period. Therefore, we suggest
that difference of oral clefting rate between
pre and post fortification period related to
flour fortification with folic acid.

Several studies have reported non-
significant reduction in the prevalence rate
of oral clefting after fortified their food
supplies with folic acid.

Hashmi et al study (2005) in Texas, USA
reported non-significant reduction in CL⁄ P
prevalence by 3% (32).  Also, Canfiled et al
(2005) from the National Birth Defects
Prevention Network using data from multi-
ple state registries found a 5% decline in

cleft lip with or without cleft palate post-
fortification (29). Indeed, Simmons et al
(2004) reported non-significant reduction
(14%) in prevalence of oral clefts in Arkan-
sas between the pre (1996-1998) and post-
fortification (1999-2000) periods (28). Cas-
tilla et al study (2003) in an evaluation of
the effects of fortifying wheat flour with
folic acid in Chile reported no significant
changes in prevalence of oral clefts (33).
Furthermore, Ray et al (2003) assessed the
occurrence of orofacial clefts in Ontario,
Canada among women who had undergone
a maternal serum screening following folic
acid fortification of grains and reported a
non-significant increase in the prevalence
of oral clefts  after 2 years of fortification
of cereal grain products  between 1998 and
2000(27).

On the other hand, few studies reported
significant reduction of oral cleft after forti-
fication with folic acid. Canfiled et al
(2005) from the National Birth Defects
Prevention Network using data from multi-
ple state registries found a significant de-
cline (12%) in cleft palate alone(29). Yazdy
study (30) with analysis of the data from
birth certificates suggested that folic acid

Table 1. Comparison of pre-fortification and introduction period of oral clefts per 100,000 live births; North Iran, 2006–
2009
Period Years Live Birth Oral Clefts

(No)
Rate per
100000

OR(Odd Ratio) 95% CI

Before
Fortification

March 2006
–June 2007

34295 22 64.2

Introduction
Period

July 2007-
March 2008

23409 14 59.8 0.932 0.48 – 1.82

Table 2. Comparison of pre-fortification, introduction period and post-fortification of oral clefts per 100,000 live births;
North Iran, 2006–2009
Period Years Live

Birth
Oral

clefts(No)
Rate per
100000

OR(Odd
Ratio)

95% CI

Introduction
Period

July2007-March 2008 23409 14 59.8

After Fortifica-
tion Period

May 2008- September
2009

46528 15 32.2 0.54 0.26-1.12

Table 3. Comparison of pre-fortification and post-fortification of oral clefts per 100,000 live births; North Iran, 2006–
2009
Period Years Live

Birth
Oral

clefts(No)
Rate per
100000

OR(Odd
Ratio)

95% CI

Before Fortification March 2006 –
June 2007

34295 22 64.2

After Fortification May 2008- Sep-
tember 2009

46528 15 32.2 0.502 0.26-0.97
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fortification in the United States is associ-
ated with a significant decline (6%) in the
prevalence of orofacial clefts. She reported
the rate of Orofacial clefts were 85.2 per
100,000 births during the period before fo-
lic acid fortification (1990–1996) and this
prevalence dropped to 80.2 per 100,000
births after folic acid fortification became
mandatory (October 1998–December 2002)
in the United States (PR ¼ 0.94; 95% CI:
0.92–0.96). According to Yazdy report, on-
ly non-Hispanic White mothers had a statis-
tically significant decline in cleft preva-
lence following folic acid fortification (30).

Indeed , Johnson and Little (2008) in a
meta-analysis of fortification studies in the
United States and Canada have shown  a
reduction of approximately 7% and 8% in
the prevalence rate of Cleft lip with or
without cleft palate and cleft palate alone,
respectively (34). The differences in find-
ings of various studies can be related to nu-
tritional habits, duration of study, data
sampling and health service care.

Our results indicated that flour fortifica-
tion in this area has resulted in a significant
reduction in the prevalence rate of non syn-
dromic oral clefting among live births in
North of Iran, because the bread which
provided from flour is the main food in this
area. Another study has indicated that the
current periconceptional administration of
folic acid intake in women with childbear-
ing age is low (35).

Of course, other factors including percon-
ceptional administration of folate and nutri-
tional factors which is handled by health
service in Golestan province may be effec-
tive on reduction of oral clefts. According
to our results, we recommend this program
could be implemented in addition to the
consumption of periconceptional folic acid
supplements in order to reduce birth de-
fects.

Conclusion
This study showed that flour fortification

with folic acid is associated with a signifi-
cant reduction in the rate of oral clefting in
Golestan province in Northern Iran.
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