Accepted Manuscript %
]_i;qv.mﬂ\'e

Title: Bio-monitoring the Elimination of Folic " NIT._“‘..‘L:&.\.}.,‘,":,.

Acid-Preventable Spina Bifida and Anencephaly

Authors: Godfrey P. Oakley Jr., Karen N. Bell, Robert L. Brent i

PII: S0890-6238(08)00139-1

DOI: doi:10.1016/j.reprotox.2008.06.001

Reference: RTX 6128

To appear in: Reproductive Toxicology

Received date: 3-6-2008

Accepted date: 3-6-2008

Please cite this article as: Oakley Jr., GP, Bell KN, Brent RL, Bio-monitoring the
Elimination of Folic Acid-Preventable Spina Bifida and Anencephaly, Reproductive
Toxicology (2007), doi:10.1016/j.reprotox.2008.06.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


dx.doi.org/doi:10.1016/j.reprotox.2008.06.001
dx.doi.org/10.1016/j.reprotox.2008.06.001

* Manuscript

Oakley Bell Submitted May 30, 2008

Bio-monitoring the Elimination of Folic Acid-Preventable Spina Bifida and
Anencephaly

Godfrey P. Oakley, Jr., MD, MSPM (Corresponding author)

Karen N. Bell, MPH

Robert L. Brent, M.D., Ph.D., D.Sc.

Author information:

Godfrey P. Oakley, Jr. MD, MSPM, Research Professor of Epidemiology, Department of

Epidemiology, Rollins School of Public Health of Emory University, Atlanta GA,
gpoakley@mindspring.com

Karen N. Bell, MPH, Senior Faculty Associate, Department of Epidemiology, Rollins
School of Public Health of Emory University, Atlanta GA, kbell@sph.emory.edu

Robert L. Brent, M.D., Ph.D., D.Sc., Distinguished Professor of Pediatrics; Radiology;
Pathology, Anatomy, and Cell Biology, Louis and Bess Stein Professor of Pediatrics,
Emeritus Professor of the Department of Pediatrics, Jefferson Medical College and
Head of the Laboratory of Clinical and Environmental Teratology, Research Department
Alfred 1. duPont Hospital for Children, Wilmington, DE, yedney@NEMOURS.ORG

Word count: without references or abstract: 1025

Correspondence: Professor Godfrey Oakley, Department of Epidemiology, Rollins
School of Public Health of Emory University, 1518 Clifton Road NW, Atlanta, GA

30322, USA. Phone: 404 727-2656 and 678 613 6918 (mobile) Fax: 404 325 6918;

email: gpoakley@mindspring.com

Disclosure: Godfrey Oakley is a co inventor on a CDC-Johnson and Johnson patent that
would cover adding folic acid to contraceptive pills. He has consulted for Johnson and
Johnson on this issue.

Page 1 of 6


mailto:gpoakley@mindspring.com
mailto:kbell@sph.emory.edu

Oakley Bell Submitted May 30, 2008

Since 1991, we have had unequivocal evidence that folate deficiency is the primary cause
of spina bifida and anencephaly (SBA) in most of the world.(1, 2) Thus, if all women of
reproductive age consume enough folic acid, we can eliminate Folic Acid-Preventable
Spina Bifida and Anencephaly (FAP SBA) by primary prevention. It is seldom that we
have such an opportunity to prevent severe and common birth defects. Unfortunately, we

are far from accomplishing the elimination of these birth defects.(3)

A key feature of the successful polio eradication campaign has been timely monitoring of
the progress or lack of it and the ability to determine when polio is eradicated in a
country.(4) The efforts to eliminate folic acid-preventable spina bifida and anencephaly
also need a reliable, timely indicator to determine when required folic acid fortification
programs have been successfully implemented and when a state or a country has

prevented all or almost all FAP SBA.

Pre- and post-fortification serum/plasma and/or red blood cell folates have been
measured in a variety of research designs—from nationally representative surveys to
convenience samples.(5-8) These data show that before folic acid fortification the mean
serum/plasma folate concentration is about 4 ng/ml and rises almost immediately to 8 or
more ng/ml after the successful implementation of required folic acid fortification
programs. Red cell folate levels also rise after a period of several months.(9) Thus the
simple measurement of plasma or red cell folate can provide the evidence needed to

know if the fortification was successfully implemented.
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The implementation of a folic acid fortification program may not provide enough folic
acid to eliminate FAP SBA. If we knew the serum/plasma or RBC folate level that
would assure the prevention of all FAP SBA, serum/plasma or RBC surveys could
determine whether or FAP SBA had been eliminated. There has yet to be a generally
agreed upon serum/plasma or RBC folate level that assures the elimination of FAP
SBA.(10) In the absence of such a consensus, Bar-Oz and his colleagues in a paper in
this issue assume that elimination or near elimination would occur when all women have
a RBC folate of at least 900 nmol/L. Given the available evidence, their assumption is a
reasonable one, albeit one that might go up or down with new data. They show that,
before fortification, almost no women in Ontario had RBC folate levels above 900
nmol/L. After fortification, 40% remained below this cut point and were assumed to be
at unnecessary risk. These and other data show that folic acid fortification of flour in
Canada has been highly effective in raising RBC folate concentrations and there has been
a sustantial prevention of FAP SBA.(7, 11, 12) It is likely that, were the concentration
of folic acid in flour doubled in Canada, most women would have RBC folate

concentrations above 900 nmol/L and most, if not all, FAP SBA would be prevented.

As important as their paper is in assessing current prevention in Ontario, it is more
important that they have applied a biomarker approach to monitor the progress toward the
elimination of FAP SBA. Their approach should be considered the current best way to
determine the proportion of women at unnecessary risk for FAP SBA. It is likely that
their method can be improved. We need to build consensus and perform studies that will

validate the most appropriate epidemiological and laboratory methods to assess the
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progress towards the elimination of FAP SBA in every country. A serum/plasma and/or
RBC folate survey would likely be a more timely and less expensive approach to evaluate
prevention than would surveys of pregnancies affected with SBA. Since blood folates
rise after fortification, within a year of the implementation of fortification programs, one
can estimate the proportion of women still at risk of having pregnancies with FAP SBA.
It would take several years for enough babies to be born with spina bifida and
anencephaly, for the data to be collected and analyzed, and for policy recommendations
to be made about needed changes in the fortification program. A folate bio-monitoring
program would be less expensive and could provide key data for policy within a year of

fortification.

Currently no group is funded to design and implement a folate bio-monitoring program.
For polio eradication, the CDC has had substantial and sustained funding to provide
leadership and technical assistance to the polio eradication effort. Appropriations by
Congress, currently about $200 million a year, have been essential to the success of this
program. Given the success that CDC has had in prevention, it would seem reasonable
for Congress also to provide CDC with sufficient, sustained resources to provide
leadership and technical assistance to accelerate the elimination of FAP SBA around the
world. Alternatively, foundations, other governments or industry could provide the

support for such a center.

This global technical assistance center and network should provide any country the

epidemiological and laboratory support to monitor the progress towards the elimination
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of FAP SBA. There will be many activities and projects for this center. Initially the

center should:

1. Help countries conduct surveys of serum/plasma or RBC folate to determine
whether or not mandatory folic acid fortification programs have been successfully

implemented

2. Establish a task force to prepare and distribute a manual on how to monitor

progress towards the elimination of FAP SBA.

3. Advocate for and use new research that will improve our ability to determine

progress toward elimination in an accurately and timely manner.

Work to achieve mandatory folic acid fortification should not wait for the establishment
of this center or its products. The mandatory folic acid fortification programs in North
America and in Chile have been highly successful in preventing birth defects, even
though no country is known to have eliminated them. There remains an urgent need for
countries that have yet to require fortification to implement such programs now. Failure
to do so means that thousands of children will be born each year with preventable spina
bifida and anencephaly and that millions of people will have unnecessary folate
deficiency anemia. Readers of this journal are in a unique position to advocate for the
urgent elimination of FAP SBA. We hope that as many as possible will work to provide

the political will to prevent these birth defects.
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