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Efficacy of supplementation with
folic acid for the prevention of
NTDs



Folic acid
supplementation prevents NTDs

* Multiple clinical trials, cohort studies and
observational trials have conclusively shown that

folic acid supplementation prevents NTDs
(Medical Research Council, 1991; Czeizel, 1992; Berry, 1999; Daly, 1995)

* A 2012 Cochrane review confirmed "folic acid
supplementation prevents the first and second
time occurrence of NTDs”

(De Regil, 2010)

* About 60-85% of NTDs appear to be folic acid

dependent (clinical and observational studies)
(Daly, 1995 & 1997; Wald, 1998 & 2001)



Effectiveness of supplementation
in prevention of NTDs



Supplementation
during pregnancy is too late
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Ref: Byer/Shainberg/Galliano, 1999



Achieved coverage of
folic acid supplementation

A review of rates of folic acid supplement use
pre-and periconceptually globally found that
supplementation use rarely exceeded 50%: use
ranged from 0.5% to 52%. (ray, 2004)

Series of studies from Europe report low

awareness and preconception coverage. (saykan, 2011;
Bitzer, 2013; Brough, 2009; Paulik, 2009; Pinto, 2009)

At least 50% of pregnancies are unintended
gIOba”y (Thurnam, 2011)

Younger women and those from socially
economically disadvantaged backgrounds least

likely to take supplements. (u. of Nottingham, 2007; Brough,
2009)



NTD: neural tube defect

Folic acid supplementation

L

Several countries in
Europe issued
recommendations for
folic acid
(supplementation
and/or diet) in the
1990s

No discernable
Improvements in NTD
rates were recorded by
the end of the decade

Ref: Botto, 2005



Effectiveness of folic acid
supplementation depends on coverage

% of NTDs prevented depending on coverage achieved

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

% primary NTD prevention

<50% coverage studies excluded >50% coverage studies included

NTD: neural tube defect Ref: Blencowe, 2010



Effectiveness of fortification in
prevention of NTDs



Meta analysis of

fortification with folic acid

Study Mean reduction in NTDs of 46%
ID

%
RR (95% CI) Weight

Sayed 2008 S 0.69 (0.49,0.98)  9.94
Lopez 2005 _a 0.51 (0.38,0.68) 11.80
Liu 2004 . 0.22 (0.13,0.36)  6.57
De Wals - 0.66 (0.57,0.78)  16.72
Persad 2002 e 0.45 (0.30,0.67)  8.50
Ray 2002 . 0.52 (0.40, 0.67)  12.55
Calvo 2008 & 0.55 (0.48,0.63) 17.53
Williams 2002 im 0.60 (0.51,0.71) 16.38
Overall @ 0.54 (0.46, 0.63) 100.00
(I-squared = 69.2%, p = 0.002)

NOTE: Weights are from random effects anal;'ysis

K 10

Ref: Blencowe, 2010
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Systematic review o C
fortification with folic acid

M Pre Fortification NTD per 10,000 M Post Fortification NTD per 10,000

NTD reductions of 15.5% to 58%
NTD reductions greatest with highest pre-fortification
NTD prevalence

Ref: Castillio-Lancellotti, 2012 N



FFl review o
fortification with folic acid

m Prefortification NTD per 10,000 m Postfortification NTD per 10,000
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Folic acid in flour ranged from 1.2-2.2 mg/kg I Ref: FFI 2012, updated 2015




USA experience

Mandatory fortification of cereals since 1998 —
140ug folic acid per 100g of grain product labeled
as “enriched”

Multiple studies have shown NTD prevalence
decreased and population blood folate increased
after fortification

Recent estimates: NTD prevalence declined from
10.7 to 7 NTDs per 10,000 live births (1995-1996 pre-

fortification to 2009-2011 post-fortification) (Williams, 2015)
1,122-1,531 less infants born with anencephaly
or spina bifida (williams, 2015)

RBC assessment suggests 22.8% of women are at
risk of NTD (RBC <906nmol/L) (Tinker, 2015)

Ref: Cordero, 2015



Cost-effectiveness of folic acid
fortification for prevention of NTDs

* Highly cost-effective

(cost of treatment & rehabilitation vs cost of fortification)

Chile

South Africa

USA

Ref: Grosse 2005, Llanos 2007, Sayed 2008



Evidence for other benefits of
fortification with folic acid



Fortification with folic aci
reduces folate deficiency & folate-
deficiency anemia in older adults

Virtual elimination of folate deficiency & folate-deficiency
anemia in adults > 50 years (USA)

(N=1546)
Folate deficiency 2 (0.1%)
Folate-deficiency anemia 1 (<0.1%)

Flour fortification with folic acid began in 1998

Data collected from 2003-2007
Ref: Odewole 2013



Possible health benefits
of fortification with folic acid

* Prevention of 13% of neonatal deaths

currently attributed to congenital

abnormalities in low-income countries. (iencowe
2010)

* Decreased risk of stroke from treatment of
nypertension with folic acid (Huo, 2015)

* Decreased colorectal cancer risk (cibson, 2011)



Evidence for other benefits of
flour fortification



Flour fortification
improves other outcomes studied

m Increased (n)* | Total Evaluated (n)**

Serum ferritin 9 11
Hemoglobin 11 23
Serum zinc 1

Serum retinol 0 2

* Increased ferritin, hemoglobin, zinc or retinol in sub-group analyses
** Total number of sub-groups analyzed in large-scale implementation
(effectiveness) trials of the impact of flour fortification with different
nutrients

Ref: Pachon 2013, updated 2015



Fiji successfully decreased nutrient
deficiencies after flour fortification

Women of Reproductive Age
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Iron, folic acid & zinc was added to flour Ref: Fiji National Food and Nutrition Centre 2010
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Safety of folic acid fortification



Safety o
folic acid fortification

Cancer

= Studies published between 2007 and Feb 2012: no significant effect
on overall cancer incidence in adults

= No evidence of increased childhood cancer; studies in US and
Canada have recorded declines in some childhood cancer post
fortification

= Meta-analysis of folic acid supplementation on cancer incidence
found no increase or decrease of cancer. (Vollset, 2013)

Vitamin B12 masking and cognitive decline in elderly
= Masking addressed by screening for B12 deficiency.

= Pooled data: no evidence folic acid supplementation has negative
or positive effect on cognition in elderly.

Asthma
= Recent data suggest no association between maternal folic acid
supplementation and childhood asthma

Ref: Ministry for Primary Industries, NZ. August 2012



Fortification provides only
a proportion of recommended daily intake

In the United States, fortification In Australia, fortification accounts
accounts for less than two-thirds of for less than half the
the recommended daily intake of recommended daily intake of folic

folic acid per day. acid per day.
= O

= O

- O
EEEERE EEEEEEN

Ref: Dugbaza (2012); Quanhe (2010). Graphic by FFl



Current global status of folic acid
fortification



81 countries

mandate fortification of wheat flour

Source: Food Fortification Initiatiye.

To request data, e-mail FFI 2015


http://www.ffinetwork.org/global_progress/index.php
mailto:info@ffinetwork.org

Nutrients that must be

added to fortified wheat flour
(Nutrient | Number of countries (N=81) |  Range (mg/kg) |

lIron* 80
Folic acid 76
Thiamin (vitamin B1) 62
Riboflavin (vitamin B2) 60
Niacin (vitamin B3) 59
Zinc 25
Vitamin B12 18
Vitamin B6 17
Vitamin A 10
Vitamin D 5
Calcium 5

16.5-105
1-3.2
1.5-15
1.3-4.8
13-75
15-60
0.0005-0.02
2.5-18.3
0.5-9
0.01-0.02

* Iron compounds added include electrolytic, ferrous fumarate, ferrous sulfate, NaFeEDTA, reduced

mg/kg is the same as mcg/g is the same as parts per million (ppm)

FFI 2015



Estimate of global prevention of NTDs
through flour fortification with folic acid

L x _

x annual births =
no of FAPSBA

20-150pg 25%
No. of FAPSBA
= (o)
SrEvETiEE 151-250pug 50%
2501-350pg 75%
>350ug 100%

Only 15% of FAPSBA currently being prevented

MOD: March of Dimes FAPSBA: folic acid-preventable spina bifida & anencephaly
Ref: Youngblood 2013



with folic acid prevent in the Philippines?

* Assume NTD rate of 4,560 per year (19/10,000 —
March of Dimes)

* Average per capita flour consumption about
58g/day (FAO, 2009)

* Assume fortification at WHO recommended
levels — 5ug/g (ppm)
* Assume 100% fortification coverage

* Folic acid provided: about 288ug/day

* Prevention of about 75% of folic acid preventable
NTDs i.e. 2,500 NTDs

Calculation methodology: Youngblood, 2012



Lessons learnt in achieving
optimal impact of fortification
with folic acid



Mandatory legislation is necessary

Does not require social mobilisation or
consumer behaviour change

More likely to achieve high, equitable
coverage =2 public health benefit

Equalisers costs for industry
Facilitates safe and effective standard
Easier to monitor and enforce



Proportion of

industrially milled flour fortified

National legislation Industrial milled
for wheat flour # of countries flour that is
fortification fortified (%)
Mandatory 81 83
Voluntary 15 10

Notes:

Ref: Wheat flour availability - FAO 2010. Excludes countries for which FAO wheat
flour availability data is not available and Punjab province in Pakistan

Proportion of industrially milled flour fortified — FFI database

Voluntary: country that fortifies wheat flour but does not have mandatory

legislation. Excludes “territories” eg. Puerto Rico

FFI 2015



AN
)
-/

Enforcement is necessar

Household use of iodised salt in the EAP Region
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Ref: National surveys such as DHS, MICS, Living Standards, National Nutrition or IDD. Surveys assessing
adequately of iodine with a quantitative methodology, such as titration, shown with an asterix *



WHO recommends wheat
and maize flour fortification
as a preventative, food-
based approach to improve
micronutrient status of
populations

* Recommended amounts of
iron, folic acid, zinc, vitamin
A and vitamin B for
different levels of
consumption

Ref: WHO 2009

WHO recommendations

Y, World Health
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Assessing NTD risk

* Serum folate deficiency is an indicator of macrocytic anemia;

WHO Guidelines

not NTDs

Red blood cell folate of reproductive age
women should be above 400ng/mL at a
population level.

This threshold is an indicator of folate
insufficiency and population risk of NTDs

It cannot be used for individual risk assessment

No serum folate threshold is recommended for
prevention of NTDs in reproductive age women

Red blood cell folate should be assessed by
microbiological assay for comparison of results
across countries

GUIDELINE:

OPTIMAL SERUM AND

RED BLOOD CELL FOLATE
CONCENTRATIONS IN WOMEN
OF REPRODUCTIVE AGE

FOR PREVENTION OF
NEURAL TUBE DEFECTS

\y"’@ World Health
XY Organization

———



Folate deficiency vs
insufficiency/risk of NTDs

Serum/Plasma folate Red Blood Cell folate

Indicator

(ng/ml) (ng/mL)
Def|C|e.nt (macrocytic <3 <100
anaemia)
Deficient (homocysteine) <4 <151
Folate insuficiency/risk of N/A <400

NTD)

NB. Cut-off values for macrocytic anaemia and folate deficiency based on
homocysteine levels are applicable for all age groups.

Cut-off value for folate insufficiency/risk of NTD is only applicable for reproductive age
women on a population level

NTD: neural tube defects

Ref: WHO VMNIS, 2015.
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Conclusions

Extensive global evidence on effectiveness and safety
of prevention of NTDs through fortification with folic
acid

Fortification more effective than supplementation
because of the need to reach women pre-conception

Out of 81 countries with mandatory wheat flour
fortification, the Philippines is one of only five without
folic acid fortification

Modeled data suggests mandatory wheat flour
fortification could prevent 75% of folic-acid
preventable NTDs, at current levels of consumption

Mandatory legislation, regulatory monitoring
(enforcement) and impact evaluation are necessary



For More Information

www.FFlnetwork.org

www.Facebook.com/FFInetwork

https://twitter.com/FFINetwork

Join the Food Fortification Initiative group on Linked In

E-mail: karen.codling@ffinetwork.org


http://www.ffinetwork.org/
http://www.facebook.com/FFInetwork
https://twitter.com/FFINetwork
http://www.linkedin.com/groups/Flour-Fortification-Initiative-3718613?gid=3718613&trk=hb_side_g

Additional slides



Equivalent of 400 pg of folic acio

To get the equivalent of 400 micrograms of folic acid a
day, eat:

e 4 slices of beef liver or
o 44% medium ripe tomatoes or &
e 14% cups of raw broccoli or
e 17% cups of orange juice or

e 5% cups of black beans or

e 200 medium red apples or

e 19% cups of raw green beans

VS

Ref: US CDC (2010)



Mandatory fortification of flour with folic has
proved to be one of the most successful public
health interventions in reducing the prevalence of
e NTD-affected pregnancies

IMPROVE HEALTH OUTCOMES: EXPERIENCE
AND EVIDENCE FROM THE FIELD

Diid R. Marsh and Dirk G. Schroede, guest editors
Gretchen G, Bevgzren, honoryry poest sditor

Expanding the number of developed and
developing countries with folic acid flour

fortification has tremendous potential to
A et safely eliminate most folic acid-

Fortification of flour with folic acid Preventable NTDs
Folic Acid Working Group: Robert J. Berry, Lynn Bailey, Joe Mulinare, and Carol Bower

Conclusions: NTDs remain an important cause of
perinatal mortality and infantile paralysis worldwide.
Mandatory fortification of flour with folic acid has
proved to be one of the most successful public health
interventions in reducing the prevalence of NTD-affected
pregnancies. Most developing countries have few, if any,
common sources of folic acid, unlike many developed
countries, which have folic acid available from ready-to-
eat cereals and supplements. Expanding the number of
developed and developing countries with folic acid flour
fortification has tremendous potential to safely eliminate

most folic acid-preventable NTD:s. Ref: Folic Acid Working Group, 2010



What is a Neural Tube Defect (NTD)? -

Birth defect aff~zicz
the brain and :# Q A

- , v o . E
cord N, -

{0' 4 f
Neural tube fa 4
close
Spina Bifida Anencephaly Encephalocele

Neural tissue may be
exposed and
susceptible to
damage

Can lead to
permanent disability

Ref: BlencWe d(ela%h: acid to reduce neonatal morality from neural tube disorders. International Journal
of Epidemiology 2010; 39 (Suppl 1), i110-21. lllustrations: US Centres for Disease Contol



NTD rate per 10,000 births
in the Western Pacific

47

Ref: March of Dimes Global Report on Birth Defects, March of Dimes Birth Defects Foundation, New York
2006. NTD rate calculated from estimated number of affected births, based on 2001 annual births data



2010 World Health Assembly
Resolution on Birth Defects

* Promote primary prevention and
improve the health of children
with congenital anomalies

Most common congenital
anomalies: heart defects, neural
tube defects, Down syndrome

Primary prevention: vaccination,
adequate provision of iodine or
folic acid through fortification of
staple foods or provision of
supplements, antenatal care

Other
causes
16%

24%

Causes of Neonatal Death.
Adapted from WHO 2000-2013 Child Causes of



Country

Australia
Fiji
Indonesia
Philippines
Malaysia

Mongolia

Nepal

New Zealand

Folic acid fortification

status in the region

Legislation
status

Mandatory
Mandatory
Mandatory
Mandatory

Planning

Planning

Mandatory

Voluntary

Food

Bread flour
Wheat flour
Wheat flour
Wheat flour
Wheat flour

Wheat flour

Wheat flour
from roller
mills

Bread flour

Nutrients

Folic acid

Folic acid, iron, zinc

Folic acid, iron, zinc, B1, B2
Iron, vitamin A

Folic acid, iron

Folic acid, iron, vitamin D +
others?

Folic acid, iron vitamin A

Folic acid
FFI 2015



Current achievements
of folic acid fortification

~15% of FAPSBA is being prevented through folic acid fortification programs (wheat & maize)

E No Prevention
B Modest Prevention

- High Prevention

o

—_—

Figure 1. The status of global prevention of folic acid-preventable spina bifida and anencephaly (model 1I), 2012.

FAPSBA, folic acid-preventable spina bifida and anencephaly Youngblood 2013



Folic Acid Intake

Recommendations for NTD prevention

Country/Ag
ency

WHO

ON)

New
Zealand

Who

Women
trying to
conceive

Women
capable of
becoming
pregnant

Women
planning
pregnancy

What How much

Folic acid
supplement

400ug/day

Fortified
foods or
supplements

400ug/day

Registered 800ug/day
folic acid

supplements

& folate rich

and fortified

foods

Duration

2 months
prior to 12
weeks post

Begin
planning
pregnancy

4 weeks
prior and
f12 weeks
after

Previous
NTD-
pregnancy

5,000ug

4,000ug

5,000ug



