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Spina bifida and birth outcome before and after 
fortification of flour with iron and folic acid in Oman 
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ABSTRACT This paper presents the trend of spina bifida and other neural tube defects in Oman after the 
nationwide implementation of folate supplementation of pregnant women in 1990 and the fortification of wheat 
flour with iron and folate in 1996. The annual incidence of spina bifida fluctuated from 2.34 to 4.03 per 1000 
deliveries between 1991 and 1996, but fell sharply to 2.11 per 1000 deliveries in 1997, after which the downward 
trend continued, reaching 0.29 per 1000 deliveries by 2006. The rate of other neural tube defects remained 
almost constant. The reduction in spina bifida rates in Oman could be linked to the start of flour fortification but 
not the supplementation programme.
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السنسنة المشقوقة وحصيلة الولادة قبل وبعد إغناء الدقيق بالحديد وبحمض الفوليك في سلطنة عُمان
دينا العصفور، مدحت السيد، علي جعفر محمد

الخلاصـة: تقدم هذه المقالة اتجاه حدوث السنسنة المشقوقة والعيوب الأخرى التي تصيب الأنبوب العصبي في عُمان بعد تنفيذ إمداد الحوامل بجرعة 
تكميلية من الفولات في عام 1990، وإغناء دقيق القمح بالحديد وبالفولات عام 1996. وقد كان المعدل السنوي للسنسنة المشقوقة يتذبذب بين 2.34 
– 4.03 لكل ألف ولادة بين عامي 1991 و1996؛ ولكنه هبط هبوطاً حاداً ليصل إلى 2.11 لكل ألف ولادة عام 1997، وتواصل الهبوط بعد ذلك ليصل 
إلى 0.29 لكل ألف ولادة عام 2006. فيما بقيت معدلات عيوب الأنبوب العصبي الأخرى ثابتة. ويمكن الربط بين الانخفاض في معدلات السنسنة 

المشقوقة في سلطنة عُمان مع بدء إغناء الدقيق، وليس مع برنامج الإمداد بجرعات تكميلية من الفولات.

Spina bifida et accouchement avant et après l’instauration de la farine enrichie en fer et en acide folique à 
Oman

RÉSUMÉ Cet article présente la tendance du spina bifida et d’autres malformations du tube neural à Oman, 
après la mise en place au niveau national de la supplémentation en acide folique chez les femmes enceintes 
en 1990, et l’enrichissement de la farine de blé en fer et en acide folique en 1996. Entre 1991 et 1996, le taux 
annuel de cas de spina bifida oscillait entre 2,34 et 4,03 pour 1 000 accouchements. En 1997, il a soudain chuté 
à 2,11 pour 1 000 accouchements et la tendance à la baisse s’est poursuivie pour atteindre 0,29 pour 1 000 en 
2006. Le taux d’incidence d’autres malformations du tube neural est resté pratiquement constant. La réduction 
du nombre de cas de spina bifida à Oman pourrait être liée à l’instauration de l’enrichissement de la farine, mais 
pas au programme de supplémentation.
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Introduction

Some of  the most serious neurological 
anomalies  that  develop  in  the  first  2 
months  of  gestation  are  neural  tube 
defects (NTD),  including spina bifida, 
which  is a defective closure of  the ver-
tebral column which typically manifests 
after birth as a visible lesion in the back 
[1]. The folate status of women of child-
bearing age and pregnant women has 
been shown to be an  important  factor 
contributing to the occurrence of spina 
bifida  and  some other NTD. Dietary 
diversification,  folate  supplements and 
food fortification with folic acid are the 
3 most common strategies  to  improve 
the folate status of women of childbear-
ing age. Clinical  trials  show that  folate 
supplementation during pregnancy can 
contribute  to prevention of NTD [2]. 
Fortification of cereals with  folate was 
associated with a reduction of up to 75% 
in NTD in the United States of America 
(USA) and Canada [3,4].

In Oman, a national  supplementa-
tion programme was  started  in 1990 
to provide  all  pregnant women with 
a daily dose of 200 mg  iron and 5 mg 
folic acid [5]. While  the supplementa-
tion  programme  continues,  in  1996 
the Ministry of Commerce, based on 
the  request of  the Ministry of Health, 
mandated  the  fortification  of  white 
flour with 30 ppm  iron  as  elemental 
(electrolytic)  iron and 5 mg/kg  folic 
acid [6]. By 2004 the household cover-
age of  fortified flour  and products  in 
Oman was 81% [7]. 

We aimed to demonstrate the effec-
tiveness of folic acid fortification of flour 
as a public health strategy in preventing 
NTD. We  estimated per  capita  con-
sumption of  folic  acid  and measured 
the  trends  of NTD  rates  before  and 
after fortification, as well as spontaneous 
abortion  rates  in Oman  from 1991  to 
2006. This  is  the first  evidence  from a 
developing country of the effectiveness 
of  folic  acid  fortification  on  the  out-
comes of NTD on a population level. 

Methods

Morbidity data
We used  the Ministry of Health An-
nual  statistical  reports  for  the  years 
1991–2006  to  monitor  the  trends 
in  the  rates of  spina bifida  and other 
NTD, spontaneous abortions and early 
neonatal (< 7 days ) and  late neonatal 
(7 –28 days) mortality.

Inpatient morbidity data in Oman are 
based on discharge diagnoses  recorded 
using  the  International Statistical Clas-
sification of Diseases and Related Health 
Problems (ICD). Hospital data before 
1997 were recorded using the basic tabu-
lation list of ICD-9 and so the codes used 
for  the pre-1997 data  in  this  study were 
the combined codes for spina bifida and 
hydrocephalus (741) and (742.3). After 
1997 hospital data were recorded using 
ICD-10 codes  and  the  codes used  for 
this study were spina bifida (Q05.9) and 
other NTD (Q06.9) [8]. 

The data for inpatient morbidity were 
collected  from  all  government  health 
facilities. These clinic-based data are rep-
resentative of  the national  level  as  the 
Omani population  enjoys high  acces-
sibility  to government-provided health 
services. The  rate of hospital deliveries 
has been consistently above 95% since 
1996 and the majority of deliveries  take 
place  in government  institutions,  as  the 
number of hospital beds in private health 
facilities constitute less than 3% of all hos-
pital beds available in the country during 
the time that the data were recorded [9]. 

The morbidity and mortality statis-
tics presented here were obtained from 
the network of hospitals  linked  to  the 
statistics  database  of  the Ministry  of 
Health of Oman. These were 47 hos-
pitals with 3419 beds  in 1990, which 
increased  to  49  hospitals  with  4542 
beds in 2005. 

Folic acid consumption data
Household  income  and  expenditure 
data  from Oman  [10]  were  used  to 
estimate the average food consumption 

for a household  for a year (May 1999 
to May 2000). We  analysed  the diet 
using Food processor  for Windows, ver-
sion 8.4.0, a specialized dietary analysis 
program [11],  and compared  the  folic 
acid content of the average diet with and 
without flour fortification. 

Results 

Incidence of congenital 
anomalies and neural tube 
defects
The  annual  incidence  of  congenital 
anomalies  and  NTD  for  the  years 
1991–2006, based on  the Omani  an-
nual health statistics reports are shown 
in Figure 1. Table 1 shows the changes 
in these rates since 1990, when the folate 
supplementation  for pregnant women 
was started, and since 1996, when flour 
fortification was begun. There was no 
clear pattern observed in the  incidence 
of spina bifida between 1991 and 1996, 
fluctuating  from 2.34  to 4.03 per 1000 
deliveries, whereas  after  this period  a 
sharp decline was observed, with  the 
rate of spina bifida falling from 3.06 per 
1000 deliveries in 1996 to 2.11 in 1997, 
a 31% reduction. The downward trend 
continued and by 2006  the  incidence 
was 0.29 per 1000 deliveries,  an 88% 
reduction on  the 1996  incidence. The 
annual  incidence  of  other NTD per 
1000 deliveries did not show the same 
downward  trend over  the period  that 
they were recorded (1997–2006).

Figure 2  shows  that  early  and  late 
neonatal mortality  and abortion  rates 
declined by 16%, 39% and 6% respec-
tively in 1997 compared with 1996. The 
decline continued after 1997  to  reach 
43%, 60% and 30%  for early neonatal 
rates,  late neonatal  rates and abortion 
respectively. The  rates  of  low  birth 
weight remained fairly constant at 8 per 
1000 live births.

Consumption of folic acid
Our estimates showed that without 

food  fortification the average  folic acid 
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intake of  the Omani  population was 
only 123 μg, 33% of  the per capita  re-
quirements,  based on average  energy 

requirement  levels  of  2100  kcal  and 
folate density goals of 150–200 µg per 
1000 kcal  [12,13]. With  fortification, 

the estimated average per capita  folate 
level  in  the diet would  increase  to 489 
µg (122% of  the  target)  for an energy 

Table 1 Annual rates of spina bifida and other neural tube defects (NTD) in Oman 1991–2006 and percentage changes in the 
rates after the initiation of folate supplementation for pregnant women (1990) and the initiation of flour fortification (1996)

Year Spina bifida NTD

Rate per 1000 
births

% change 
from 1990 

% change 
from 1996 

Rate per 
1000 births

% change 
from 1996 

1991 2.34 0 – – –

1992 2.35 0 – – –

1993 4.15 +0.77 – – –

1994 3.07 +0.31 – – –

1995 4.03 +0.72 – – –

1996 3.06 +0.31 – – –

1997 2.11 –0.10 1 1.70 1

1998 0.78 –0.66 –0.63 2.21 +0.30

1999 1.50 –0.36 –0.29 2.39 +0.41

2000 0.78 –0.66 –0.63 2.21 +0.30

2001 0.83 –0.64 –0.61 2.28 +0.34

2002 0.71 –0.69 –0.66 2.00 +0.18 

2003 0.80 –0.66 –0.62 2.41 +0.42

2004 0.97 –0.59 –0.54 2.96 +0.74

2005 0.78 –0.66 –0.63 2.52 +0.48

2006 0.29 –0.88 –0.86 1.89 +0.11

Adapted from the annual health statistics of the Ministry of Health, Oman.

Figure 1 Incidence of spina bifida (   ) and other neural tube defects (   ) per 1000 births in Oman, 1991–2006 
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consumption  of  2100  kcal.  Figure  3 
shows that the contribution of flour and 
bread  to  the national per capita  folate 
consumption  would  rise  from  35% 

without flour  fortification  to 84% with 
fortification, compared with  that  from 
rice,  fruits  and  vegetables  and  other 
sources.

Discussion

The  rate  of  spina  bifida  in Oman  in 
1996,  the  year  when  flour  fortifica-
tion  started, was 3.06  cases per 1000 
births, which  is comparable  to  the  rate 
in  the neighbouring  Islamic Republic 
of  Iran where  a  rate of 2.87 per 1000 
was reported in the period 1998–2003 
[14].  Starting  in 1996,  all white flour 
used  in Oman was  fortified with  iron 
and folic acid; no other fortificants were 
mandated. The household coverage of 
fortified flour and products in 2004 was 
found to be 81% [7]. Our data show a 
sharp decline in the rates of spina bifida 
in 1997 to 2.11 per 1000 deliveries and 
in 1998 to 0.78 per 1000 deliveries. The 
earlier  start  to  the decline  in  the  spina 
bifida rate from 1995 may be explained 
by the voluntary initiation of flour forti-
fication  in June 1995 before  legislation 
was passed (personal communication, 
Oman Flour Mills). 

Figure 2 Rates of infant mortality age 0–7 days ( ), infant mortality age 7–28 days ( ), low birth weight ( ) and spontaneous 
abortion (+) in Oman health institutions, 1991–2006

Figure 3 Estimates of percentage contribution of food groups to folate 
consumption with and without flour fortification based on the average per capita 
consumption of food items in Oman, 1999 (adapted from the household and 
income expenditure survey data, Ministry of National Economy, Oman [11]) 
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The decline in spina bifida rates cor-
responded  to  the  start of  the national 
flour  fortification  programme  rather 
than  the start of  folic acid supplemen-
tation  for  pregnant women  in  1990. 
Through  this  national  supplementa-
tion programme all  pregnant women 
received  iron and  folic  acid  tablets  at 
the first  visit  to  the health  centre. An 
assessment of  the programme  in 1993 
revealed that 97% of all pregnant wom-
en  attending  health  centres  received 
the  supplements  and  the  compliance 
rate among  them was estimated  to be 
77% [15]. Our data are consistent with 
published data  from Nova Scotia  that 
showed no  impact on open NTD  in-
cidents  after  folate  supplementation, 
whereas a 54% reduction was reported 
following food fortification [16].

The  decline  in  the  rates  of  spina 
bifida, but not the other NTD, that we 
found in Oman after 1997 suggests that 
in  order  to  have  an  impact  on  spina 
bifida  rates  an  adequate  folate  supply 
should be ensured before  initiation of 
pregnancy. Periconception folate intake 
has an important impact on the preven-
tion of NTD and this has been shown in 
clinical  trials  since 1992 [17]. The rec-
ommended levels of fortification should 
be  tailored  to  the  target population,  to 
take  into consideration  the population 
intake of the recommended vehicle, the 
availability of folate from other sources 
and other public health programmes, 
especially now that the issue of safe lev-
els of  folate supplies  is emerging  in  the 
literature [18–21].

Congenital anomalies are  the  lead-
ing cause of  infant deaths  in  the USA 
[22] and were the second leading cause 
in  infants aged 0–28 days  in Oman  in 
the year 2005 [9]. Therefore we  inves-
tigated  the  rates of neonatal mortality 
and abortion during  the  same period, 
to ensure that the decline in the rates of 
spina bifida was not a result of selective 
abortion or neonatal mortality of affect-
ed  fetuses and neonates. The abortion 
rate fell by 30% during the same period, 
whereas  the  rates of  low birth weight 

remained  fairly constant at 8 per 1000 
live births.  Infant mortality,  however, 
showed an observable decline that was 
not parallel to the level of decline in the 
incidence of spina bifida.

The  benefits  of  folate  have  been 
clearly  demonstrated  in many  other 
countries. The changes in dietary intake 
and in red blood cell and serum concen-
trations of folate in response to remov-
ing fortified folic acid were investigated 
in  the USA.  It was  found  that after 12 
weeks of elimination of  fortified  foods 
red blood cell  folate had  fallen by 111 
nmol/L [23], indicating that increasing 
folate  consumption  increases  serum 
folate  status. Although  the mechanism 
of  folic acid  in  the prevention of NTD 
is  not  well  established,  evidence  for 
an association was shown  in  the USA, 
Canada and Chile. After  fortification, 
the rate of NTD declined by 31% in the 
USA during  the period  January 1998 
to December 1999 [3].  In Canada  the 
prevalence of open NTD fell from 1.13 
per 1000 pregnancies before fortification 
to 0.58 per 1000 [4]. In Chile consump-
tion of  bread  fortified with  folic  acid 
improved  folate  status among women 
of reproductive age and was associated 
with a  reduction  in homocysteine  lev-
els  in the elderly [24,25]. In Oman the 
reduction  in spina bifida rates  in 1997, 
the first year after fortification, was 63% 
and a downward trend continued over 
consecutive years, giving a total average 
decline  in  the  incidence of spina bifida 
over the period of 61% compared with 
the 1997 rate. 

Supplementation  strategies  have 
cost  and  logistic  implications and  re-
quire a well planned marketing strategy 
if  they  are  to be  targeted on  the pre-
pregnancy period [26]. However, since 
a considerable proportion of pregnan-
cies may be unplanned this is difficult to 
achieve  in practice; moreover ensuring 
continuous  compliance  throughout 
pregnancy is a challenge to health work-
ers and pregnant women. Food  fortifi-
cation provides a blanket  intervention 
that ensures adequate consumption of 

folate on a daily basis for women before 
and  during  pregnancy,  and  its  cost–
effectiveness had been demonstrated 
[27]. The fortification level set in Oman 
provided  the  recommended amount 
of  folic acid  for  the average population 
at an  increase of 366 µg per capita per 
day. This may explain why the outcome 
was effective, unlike  the experience  in 
the USA where  the  fortification was 
designed to add only 100 µg to the diet, 
and  showed an  increase  in  the  intake 
of 125–132 µg/day  for pregnant  and 
lactating women resulting  in one-third 
of them not meeting their requirements 
[28,29]. 

Folate  is  a nutrient  that  is  associ-
ated not only with prevention of NTD 
but  also with  lowering homocysteine 
levels and improving birth outcomes in 
general. It is associated with a marginal 
but  statistically  significant  increase  in 
the first-year  survival  rate of  spina bi-
fida  infants  [30].  Folic  acid  has  also 
been  associated with  a  reduction  in 
homocysteine  levels  in  the serum and 
in  improved  endothelial  function  in 
adults, which could potentially  reduce 

the risk of cardiovascular disease, while 
in  another  analysis  folic  acid  supple-
mentation was  found to be associated 
with an 18% reduction in  initial stroke 
[31–33]. 

Primary health  care  services have 
witnessed  remarkable  improvements 
in Oman  in  the  last 20 years,  and  the 
improvement in the general nutritional 
status of  the population  is well docu-
mented [21]; however this alone is not 
likely  to have  a major  impact on  the 
incidence of NTD. The benefits of folic 
acid  fortification  have  been  demon-
strated  in  countries  that  enjoy  a high 
coverage of health services and low rates 
of malnutrition,  such as  the USA and 
Canada. Moreover,  the  fact  that  the 
impact was only  seen on  spina bifida 
rates indicates that  it  is unlikely to be a 
result of improved health services. 

Food fortification  is a cost-effective 
and successful  strategy  for  the preven-
tion  of  NTD  and  improvement  of 
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