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Guideline': Optimal serum and red blood cell folate concentrations in women of
reproductive age for prevention of neural tube defects

Executive summary

m Scope and purpose

This guideline provides global, evidence-informed recommendations on blood folate concentrations
in women of reproductive age for the prevention of neural tube defects (NTDs) in populations. It aims
to help Member States and their partners in their efforts to make informed decisions on the appropriate
nutrition actions to achieve the Millennium Development Goals (MDGs), in particular reduction of
child mortality (MDG 4) and improvement of maternal health (MDG 5), through the establishment
of appropriate threshold values for red blood cell folate concentrations at the population level. These
values may be used to determine the need for, and guide monitoring and evaluation of the impact of,
nutrition interventions aimed at improving folate status and preventing congenital anomalies.

This guideline is expected to support Member States in their efforts to achieve the global
targets of the Comprehensive implementation plan on maternal, infant and young child nutrition, as
endorsed by the Sixty-fifth World Health Assembly in 2012, in resolution WHA65.6.?

The guideline isintended for a wide audience, including policy-makers and their expert advisers
involved in the design, implementation and scaling-up of nutrition actions for public health, as it
relates to folic acid-related interventions.

A biomarker, or biological marker, generally refers to a measurable indicator of a biological state
or condition. Biomarkers are often measured to examine normal biological processes, pathogenic
processes, or pharmacological responses to a therapeutic intervention and, in the particular case of
public health, to also track progress towards the achievement of public health goals.

In order to establish the utility of serum and red blood cell folate as biomarkers of the risk of having a
NTD-affected pregnancy, at the population level, this guideline examined four critical questions:

1. In the absence of an intervention, what are the key genetic, biological and sociodemographic
determinants of folate status (serum, plasma or red blood cell folate) in women of reproductive age?

2. What is the threshold concentration of blood folate associated with the lowest probability/risk
(depending on the statistical method) of having a NTD-affected pregnancy?

3. Do blood folate concentrations respond to interventions to improve folate status in women?

4. Does the performance of the laboratory assays used to measure folate concentrations affect
serum and red blood cell folate readings?

This document presents the key recommendations and a summary of the supporting evidence.

' This publication is a World Health Organization (WHO) guideline. A WHO guideline is any document developed by WHO containing
recommendations for clinical practice or public health policy. All publications containing WHO recommendations are approved by
the WHO Guidelines Review Committee.

Resolution WHA65.6. Comprehensive implementation plan on maternal, infant and young child nutrition. In: Sixty-fifth World Health
Assembly, Geneva, 21-26 May 2012. Resolutions and decisions, annexes. Geneva: World Health Organization; 2012:12-13

(http://www.who.int/nutrition/topics/WHA65.6 _resolution_en.pdf?ua=1, accessed 6 February 2015).
"l 5
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® Background

Congenital anomalies, also known as birth defects, can be defined as structural or functional
abnormalities, including metabolic disorders, which occur during embryonic development
and can be identified before birth, at birth or later in life. They can be caused by interacting and
diverse factors, such as single gene defects, chromosomal disorders, multifactorial inheritance,
environmental teratogens or micronutrient deficiencies. In 2012, an estimated 270 358 deaths
globally were attributable to congenital anomalies during the first 28 days of life (3.3 deaths per
1000 live births). NTDs were one of the most serious and most common anomalies. In an effort to
address the emerging importance of congenital anomaly morbidity and mortality, on 21 May 2010,
the Sixty-third World Health Assembly adopted a resolution’ calling all Member States to promote
primary prevention and to enhance the health of children with birth defects, by developing and
strengthening vital registration and surveillance systems; promoting international cooperation;
developing expertise and building capacity; and strengthening research and studies on etiology,
diagnosis and prevention.

Increasing awareness of the significance of public health consequences of insufficient folate
intake has emphasized the need for identification of accurate biomarkers for large-scale assessment
of folate status. The information on the use of different biomarkers to monitor vitamin and
mineral status worldwide is included in the World Health Organization (WHO) Vitamin and Mineral
Nutrition Information System (VMNIS), hosted by the Department of Nutrition for Health and
Development since its establishment in 1991, following a request by the World Health Assembly to
strengthen surveillance of micronutrient deficiencies at the global level.?2 Current folate thresholds
in all age groups are focused on the prevention of megaloblastic anaemia. However, blood folate
concentrations in women of reproductive age need to be higher, to be sufficient to prevent NTD-
affected pregnancies.

Although folate is mainly stored in the liver, folate status can be assessed in urine, serum, plasma
or red blood cells, using a variety of techniques, including microbiological methods and protein-
binding assays with radioactive and non-radioactive detection, such as chemiluminescence and
chromatographic assays. Microbiological methods for measuring folate status were first developed
in the 1950s and still form the basis for currently used assessment methods. However, as the various
assays have not yet been standardized, they do not produce comparable results and there is some
lack of specificity, possibly leading to diagnostic inaccuracy. Serum folate is considered an indicator
of recent folate intake, whereas red blood cell folate concentrations are useful to indicate long-term
folate status.

The establishment of optimal blood folate concentrations associated with preventable NTDs
entails many challenges. Epidemiological information on the direct relationship between blood
folate concentrations and the occurrence of NTDs is scarce, and the association may be affected
by technical, genetic, biological, environmental and contextual factors that need to be considered
when examining and interpreting the existing data.

' Resolution WHA63.17 Birth defects. In: Sixty-third World Health Assembly, Geneva, 17-21 May 2010. Resolutions and decisions,
annexes. Geneva: World Health Organization; 2010: 32-4 (http://apps.who.int/gb/ebwha/pdf files/WHA63-REC1/WHA63 REC1-en.pdf,
accessed 6 February 2015).

2 Resolution WHA45.33 National strategies for prevention and control of micronutrient malnutrition. In: Forty-fifth World Health
Assembly, Geneva, 4-14 May 1992. Resolutions and decisions, annexes. Geneva: World Health Organization; 1992
(http://www.who.int/nutrition/topics/WHA45.33 mnm_en.pdf, accessed 6 February 2015).
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B Guideline development methodology

WHO developed the present evidence-informed recommendations using the procedures outlined
in the WHO handbook for guideline development.’ The steps in this process included: (i) identification
of priority questions and outcomes; (ii) retrieval of the evidence; (iii) assessment and synthesis of the
evidence; (iv) formulation of recommendations, including research priorities; and (v) planning for
dissemination, implementation, impact evaluation and updating of the guideline. When feasible, the
Grading of Recommendations Assessment, Development and Evaluation (GRADE)? methodology
was followed, to prepare evidence profiles related to preselected topics, based on up-to-date

systematic reviews.

The guideline development group consisted of content experts, methodologists and
representatives of potential stakeholders and consumers. A WHO/United States Centers for Disease
Control and Prevention (CDC) technical consultation on optimal blood folate concentrations
in women of reproductive age for prevention of NTDs was convened in Atlanta, United States of
America on 13-15 August 2012, in collaboration with the National Center on Birth Defects and
Developmental Disabilities at CDC, to scope the priority questions regarding the genetic, biological,
behavioural and contextual determinants of folate status among women of reproductive age; and
the strengths and limitations of current methods used to assess indicators of folate status and folate
intake,and NTD prevalence. The proposed methodological approach for retrieving, summarizingand
assessing the quality of the evidence related to folate status and occurrence of NTDs; the available
sources of data on the relationship between folate status (i.e. blood folate concentration and folate
intake) and NTD risk from in vitro and in vivo (animal and human) studies were also discussed. A
formal guideline development group meeting was convened on 23-25 September 2013 in Geneva,
Switzerland, to discuss the evidence and reach group consensus on the recommendations. External
reviewers were identified through a call for public comments, in order to assure proper interpretation
of the recommendations, and 10 external reviewers identified through this mechanism commented
on the final version of the document. Three external expert peer-reviewers also provided technical
feedback on the document.

m Available evidence

The methodological approach agreed by members of the guideline development group entailed
a combination of narrative reviews, data analysis and modelling, as well as systematic reviews
following the procedures of the Cochrane handbook for systematic reviews of interventions.?

' WHO. Handbook for guideline development, 2nd edition. Geneva: World Health Organization; 2014
(http://www.who.int/kms/handbook 2nd ed.pdf?ua=1, accessed 2 March 2015).

2 GRADE Working group (http://www.gradeworkinggroup.org/, accessed accessed 5 February 2015).
3 Higgins PT, Green S, editors. Cochrane handbook for systematic reviews of interventions. Version 5.1.0 [updated March 2011]

(http://www.cochrane.org/handbook, accessed accessed 6 February 2015).
"I ,
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Genetic, biological and sociodemographic determinants of folate status
(serum, plasma or red blood cell folate) in women of reproductive age

Multiple factors influence folate status, including diet, a woman's physiological status (age,
pregnancy/lactation) and contextual factors such as comorbidities and low socioeconomic status.
Folate requirements are increased during pregnancy and lactation, in pathological conditions
such as cancer, inflammatory conditions, and conditions where folate absorption is impaired
(e.g. coeliac disease). Severe folate deficiency may cause megaloblastic anaemia. Some drugs
(e.g. anticonvulsants, methotrexate and sulfasalazine) may also increase folate requirements. In the
general population, the gene polymorphism methylenetetrahydrofolate reductase (MTHFR) 677C>T
is considered the strongest determinant of folate status in women of reproductive age.

Blood folate concentrations and risk of neural tube defects

In September 2013, an updated search was completed for an existing Cochrane systematic review
examining the effects of periconceptional folic acid supplementation on prevention of congenital
anomalies. No new randomized clinical trials were found to contribute information to the relationship
already reported between folic acid supplementation during early pregnancy and reduced risk of
NTDs. Data to determine the link between blood folate concentrations and NTDs were only available
from one case-control study that included 84 NTD cases and 266 controls with blood folate
concentrations considered indicative of an early stage of pregnancy. Daly et al." reported a threshold
concentration for red blood cell folate of 906 nmol/L, above which the risk of NTDs was reduced to
<8 NTD cases per 10 000 live births in that group. More recently, a Bayesian model? was developed
to statistically estimate the association between red blood cell folate concentrations at the time
of neural tube closure (embryologic day 28) and the risk of NTDs, using existing data sources from
China, with varying background prevalence of NTDs and MTHFR genotype. The dose-response
relationship between red blood cell folate concentrations and NTD risk in this Chinese population
was consistent with that described in the Irish population in the previous study.’

The overall quality of the evidence for the association between red blood cell folate and NTD
risk is low as per the GRADE methodology.

Response of serum/plasma and red blood cell folate concentrations to
nutrition interventions

Several systematic reviews of randomized clinical trials among women of reproductive age were
summarized in an overview of reviews that aimed to determine the response of red blood cell
folate and serum folate concentration to dietary folate intake, folate supplementation and folic
acid fortification of staple foods, condiments and seasonings. The electronic search included
relevant electronic databases and, in addition to the population group and the above-mentioned
interventions, the inclusion criteria considered a search date not older than 3 years (i.e. 2010
onwards) and being of a high quality, as assessed by the methodology of A Measurement Tool to

' Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM. Folate levels and neural tube defects. Implications for prevention. JAMA.
1995;274(21):1698-702.

2 Crider KS, Devine O, Hao L, Dowling NF, Li S, Molloy AM et al. Population red blood cell folate concentrations for prevention of neural
tube defects: Bayesian model. BMJ. 2014;349. doi:10.1136/bmj.g4554.

.



Assess Systematic Reviews (AMSTAR).! When necessary, the reviews were developed or updated
accordingly. It was found that serum folate in non-pregnant women of reproductive age responded
to all the interventions in the short term, while red blood cell folate, which is indicative of longer-
term status, responded mainly to supplementation and fortification.

Performance of laboratory assays for assessment of folate concentrations

Folate has traditionally been measured using a microbiological assay. However, since the late
1970s, commercial protein-binding assays on automated clinical analysers have often been used,
but they generally underestimate folate concentrations, particularly in populations where there
is a high prevalence of the MTHFR C677T genotype. If folate vitamers are of interest, for example
for the measurement of free folic acid in serum, or of various methyl- and non-methyl-folate forms
in erythrocytes, depending on the MTHFR C677T genotype, chromatography-based separation
techniques need to be employed. These are now often coupled to mass spectrometry (high-pressure
liquid chromatography [HPLC]-MS/MS), as this detection method has high sensitivity, specificity and
selectivity compared to other detection methods such as fluorometric or electrochemical detection.

B Recommendations

This guideline complements previously published WHO recommendations on the assessment of
folate status in populations.

1. At the population level, red blood cell folate concentrations should be above 400 ng/mL
(906 nmol/L) in women of reproductive age, to achieve the greatest reduction of NTDs (strong?
recommendation, low quality evidence).

2. The above red blood cell folate threshold can be used as an indicator of folate insufficiency in
women of reproductive age (strong recommendation, low quality evidence). Because low folate
concentrations cannot explain all cases of NTDs, this threshold cannot predict the individual risk
of having a NTD-affected pregnancy and thus it is only useful at the population level.

3. No serum folate threshold is recommended for prevention of NTDs in women of reproductive
age at the population level (strong recommendation, low quality evidence). Countries interested
in using this indicator may consider first establishing the relationship between both serum
and red blood cell folate and use the threshold value for red blood cell folate to establish the
corresponding threshold in serum.

4. Microbiological assay is recommended as the most reliable choice to obtain comparable results
for red blood cell folate across countries (strong recommendation, moderate quality evidence).

' Shea BJ, Hamel C, Wells GA, Bouter LM, Kristjansson E, Grimshaw J et al. AMSTAR is a reliable and valid measurement tool to assess
the methodological quality of systematic reviews. J Clin Epidemiol. 2009;62(10):1013-20. doi:10.1016/j.jclinepi.2008.10.009.

2 A strong recommendation is one for which the guideline development group is confident that the desirable effects of adherence
outweigh the undesirable effects. Implications of a strong recommendation for patients are that most people in their situation would
desire the recommended course of action and only a small proportion would not. Implications for clinicians are that most patients
should receive the recommended course of action, and adherence to this recommendation is a reasonable measure of good-quality
care. With regard to policy-makers, a strong recommendation means that it can be adapted as a policy in most situations, and for
funding agencies it means the intervention probably represents an appropriate allocation of resources (i.e. large net benefits relative to

alternative allocation of resources).




® Remarks

Reducing folate insufficiency at the population level may take time. However, reductions in
NTDs may be seen, as the average red blood cell folate concentrations improve. An important
consideration is that the overall reduction in NTDs will depend on the baseline folate status,
time available for increasing folate status (through folate nutrition interventions) and NTD risk
of each population.

Values indicative of folate deficiency, based on the concentrations at which megaloblastic
anaemia is more likely to appear, are <3 ng/mL (<6.8 nmol/L) in serum and <100 ng/mL
(<226.5 nmol/L) in red blood cells.

Although both serum and red blood cell folate concentrations are useful for monitoring
interventions aimed at improving folate status, red blood cell folate is preferred, given that
there is less biological variation.

High folic acid intake has not reliably been shown to be associated with negative health
effects.

Evidence supports the use of the microbiological assay for measuring folate concentrations
because of the lack of effect of the MTHFR gene polymorphism on the assay performance.
Appropriate quality control systems for the assessment of red blood cell folate using the
microbiological assay need to be in place for use in national nutritional surveillance.

Use of different folate calibrators or different microorganisms may lead to different results
among microbiological assays and laboratories and may necessitate an adjustment of the
threshold value for optimal red blood cell folate.

A threshold for public health concern on the prevalence of folate insufficiency (i.e. red blood
cell folate below 400 ng/mL [906 nmol/L] in women of reproductive age) is difficult to establish
at this time. Member States and their partners are advised to discuss the merits of folate
nutrition interventions through fortification of staple foods or targeted supplementation.

Owing to de novo folate synthesis in malaria parasites, red blood cell folate concentrations
may be artificially high. It is suggested that measurement of folate status is not conducted
immediately after febrile malaria episodes, where the parasitic load may peak.

m Implications for future research

Discussions with members of the WHO guideline development group and external review group
highlighted the limited evidence available in some areas, meriting further research on biomarkers
of folate status, in particular in the following areas:

interactions between red blood cell folate concentrations and tuberculosis, HIV and anti-
malaria antifolate drugs;

surveillance systems for the prevalence of NTDs and assessment of the distribution of red
blood cell folate status in women of reproductive age;

microbiological assays for the assessment of red blood cell folate that are more field-friendly,
using automated devices, at a cost that is affordable for most laboratories;

WHO | Guideline: Optimal serum and red blood cell folate concentrations in women of reproductive age for
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* less invasive methods for the assessment of folate status;

* the distribution of red blood cell folate concentrations in women of reproductive age, and
their association with NTDs, in different settings;

* population thresholds for serum folate for the prevention of NTDs;
* the effect of vitamin B,, on NTD risk and recurrence;
* the effect of living at higher altitudes on red blood cell folate concentrations;

* the lowest concentrations of red blood cell folate at which any potential negative health
outcomes appear, if any;

* the lowest total folate intake level (dietary and/or synthetic form of this vitamin) required to
reach the target optimal red blood cell or serum folate concentration at the population level
that is considered to be protective against NTDs;

* optimal blood folate thresholds for reduced risk of NTD-affected pregnancy among women
with overweight and obesity.

WHO | Guideline: Optimal serum and red blood cell folate concentrations in women of reproductive age for 7
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Scope and purpose

This guideline provides global, evidence-informed recommendations on blood folate concentrations
in women of reproductive age for the prevention of neural tube defects (NTDs) in populations.
It aims to help Members States and their partners in their efforts to make informed decisions on
the appropriate nutrition actions to take to achieve the Millennium Development Goals (MDGs),
in particular reduction of child mortality (MDG 4) and improvement of maternal health (MDG 5),
through the establishment of appropriate thresholds for red blood cell folate concentrations at the
population level. These values may be used to determine the need for, and guide monitoring and
evaluation of the impact of, nutrition interventions aimed at improving folate status and preventing
congenital anomalies.

This guideline is expected to support Member States in their efforts to achieve the global
targets of the Comprehensive implementation plan on maternal, infant and young child nutrition, as
endorsed by the Sixty-fifth World Health Assembly in 2012, in resolution WHA65.6 (1).

The guideline is intended for a wide audience, including policy-makers and their expert advisers
involved in the design, implementation and scaling-up of nutrition actions for public health, as it
relates to folic acid-related interventions.

A biomarker, or biological marker, generally refers to a measurable indicator of a biological state
or condition. Biomarkers are often measured to examine normal biological processes, pathogenic
processes, or pharmacological responses to a therapeutic intervention (2) and, in the particular case
of public health, to also track progress towards the achievement of public health goals.

In order to establish the utility of serum and red blood cell folate as biomarkers of the risk
of having a NTD-affected pregnancy, at the population level, this guideline examined four critical
questions:

1. In the absence of an intervention, what are the key genetic, biological and sociodemographic
determinants of folate status (serum, plasma or red blood cell folate) in women of reproductive age?

2. What is the threshold concentration of blood folate associated with the lowest probability/risk
(depending on the statistical method) of having a NTD-affected pregnancy?

3. Do blood folate concentrations respond to interventions to improve folate status in women?

4. Does the performance of the laboratory assays used to measure folate concentrations affect
serum and red blood cell folate readings?

This document presents the key recommendations and a summary of the supporting evidence.
Further details of the evidence base are provided in Annex 1 and other documents listed in the
references.
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Background

Congenital anomalies, also known as birth defects, can be defined as structural or functional
abnormalities, including metabolic disorders, which occur during embryonic development
and can be identified before birth, at birth or later in life. They can be caused by interacting and
diverse factors, such as single gene defects, chromosomal disorders, multifactorial inheritance,
environmental teratogens or micronutrient deficiencies. In 2012, an estimated 270 358 deaths
globally were attributable to congenital anomalies during the first 28 days of life (3.3 deaths per 1000 live
births) (3). NTDs were one of the most serious and most common anomalies. NTDs occur very early in
pregnancy (neural tube closure is completed by embryonic day 28) and arise when the neural tube
fails to close properly. The most common NTDs are anencephaly, encephalocele and spina bifida.
Risk factors for fetal NTDs are maternal folate insufficiency, arising from low blood concentrations
of vitamin B, (folate); maternal vitamin B,, deficiency; a positive family history; smoking; indoor air
pollution from coal; diabetes and obesity (4-6). A recent systematic review retrieved, summarized
and assessed the NTD burden from 18 countries in six World Health Organization (WHO) regions (7).
The search was conducted on 6 February 2013 and was limited to the period after the year 2000 to
estimate recent NTD trends. The burden per 1000 live births, calculated using the median, was 1.67
for total NTD burden, 1.13 for spina bifida, 0.25 for anencephaly and 0.15 for encephalocele. The
review further estimated that, in low- and middle-income countries, about 190 000 neonates each
year were born with a NTD.

In an effort to address the emerging importance of congenital anomaly morbidity and mortality,
on 21 May 2010, the Sixty-third World Health Assembly adopted a resolution calling all Member
States to promote primary prevention and to enhance the health of children with birth defects, by
developing and strengthening vital registration and surveillance systems; promoting international
cooperation; developing expertise and building capacity; and strengthening research and studies
on etiology, diagnosis and prevention (8).

Folate is the general term for a water-soluble B vitamin naturally found in foods such as leafy green
vegetables, legumes, egg yolks, liver and some citrus fruits (9). This vitamin is essential for normal cell
growth and replication. The bioavailability of naturally occurring folate is less than that of folic acid, a
synthetic compound that is used in supplements and in fortified foods (70). The term folate, as used in
this document, encompasses folic acid and natural food folate, unless otherwise specified.

Deficiencies of folate and vitamin B,, have been acknowledged as the most common causes of
megaloblastic anaemia (77). In addition, poor folate status is associated with other negative health
outcomes; for example, inadequate maternal folate status has been linked to abruptio placentae,
pre-eclampsia, spontaneous abortion, congenital heart defects, stillbirth, preterm delivery, low
birth weight (72) and serious congenital anomalies of the brain and spine, such as NTDs (73).

Although folate is mainly stored in the liver, folate status can be assessed by measurement
of folate in urine, serum, plasma or red blood cells (74). Microbiological methods for measuring
folate status were first developed in the 1950s and still form the basis for currently used assessment
methods. However, as the various assays have not yet been standardized, they do not produce
comparable results and some lack specificity, possibly leading to diagnostic inaccuracy. Serum
folate is considered an indicator of recent folate intake (75), although a single measurement is not
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recommended to differentiate between a transitory decrease in dietary folate intake and chronic
deficiency states. However, repeated low values of serum folate within an individual over the course
of a month are indicative of low folate status or folate depletion (76). Conversely, red blood cell
folate concentrations respond slowly to changes in folate intake, because the erythrocytes, which
have a 120-day lifespan, only accumulate folate during erythropoiesis (15). Thus, red blood cell folate
concentrations are useful to indicate long-term folate status.

The establishment of optimal blood folate concentrations associated with preventable NTDs
entails many challenges. Information, from both intervention trials and observational studies, on
the direct relationship between folic acid intake and blood folate concentrations and the occurrence
of NTDs, is scarce. These associations of intake, blood folate concentration and NTD occurrence
may also be affected by technical, genetic, biological, safety and contextual factors that need to be
considered when examining and interpreting the existing data.

Studies have shown that increased consumption of folic acid by women during the
periconceptional period can significantly reduce the occurrence of NTDs, which has led to current
recommendations for women to consume 400 ug (0.4 mg) of folic acid daily, to reduce their risk of
having a NTD-affected pregnancy (77, 18). Higher amounts of folic acid can also help reduce the risk
of NTD recurrence in subsequent pregnancies (79). These findings have instigated worldwide efforts
to promote periconceptional folic acid intake through multiple strategies.

Interventions to improve folate status include daily or intermittent supplementation; point-
of-use fortification with micronutrient powders; fortification of staple cereal grains (e.g. wheat
and maize flour, rice); and dietary education to improve folate intake from natural food sources,
such as beef liver, leafy green vegetables, legumes, egg yolks and some fruit (e.g. citrus fruit,
papaya, strawberries). However, there is limited evidence of the success of dietary improvements
for improving folate status (20). Mandatory fortification of staple foods with folic acid passively
improves folate status in consumers because there is no necessary change in consumption practices;
however, unlike supplementation, which focuses only on at-risk populations, fortification also affects
individuals for whom there is no risk of a NTD-affected birth (e.g. men, the elderly, children).

m Determinants of folate status

The determinants of folate status can be complex and multifactorial, including genetic, biological
and socioeconomic components. Studies have found that inheritance of a specific genetic variant,
the 677C>Tallele (rs#1801133) in the gene encoding the methyltetrahydrofolate reductase (MTHFR)
enzyme, is associated with lower folate status in carriers of the TT genotype compared to the CC
genotype (21). MTHFR catalyses the irreversible conversion of 5,10 methylenetetrahydrofolate
to 5-MTHF in the methionine cycle (22). Inheritance of the recessive T allele results in reduced
enzyme activity and increased homocysteine concentrations; this is especially true under low-folate
conditions (23). The prevalence of the 677TT genotype varies across regions and ethnic groups (24),
being most common in Mexican (32%), Chinese (26%) and southern Italian populations (20%) and
least common in those of African descent (0.3-0.8%) (271, 24). The frequency of the 677TT genotype
in Caucasians ranges from 8% to 14% in North America, to 6% to 14% in northern Europe and 15% to
20% in southern Europe (24). In a study in northern China (23), a prevalence of 35.1% was observed,
but elsewhere in Asia the prevalence ranges from 12% to 18% (24).
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Biological predictors of folate status include coexisting vitamin B; and B;, status, homocysteine
concentrations, and inflammation or infection. The B vitamins, folate, B; and B;,, share multiple
pathways and interact with one another (22). All three have roles in influencing homocysteine
concentrations; therefore, homocysteine is a non-specific metabolic indicator of folate status.
Inflammation and infection of the gastrointestinal tract reduce folate absorption; this reduction is
considerable in malabsorption conditions such as Crohn or coeliac disease. Body mass index may
also be an influencing factor but an analysis of overweight and obese adults from NHANES (National
Health and Nutrition Examination Survey from the United States of America [USA]) data showed an
unclear relationship (25).

Contextual characteristics, such as limited access to natural dietary folate sources, infection
and drug interactions, can also impact folate status. Individuals with available resources and access
to fresh produce or fortified food products are more likely to have adequate folate concentrations
relative to those with limited dietary diversity. Infection may decrease appetite and folate absorption,
and, in the case of malaria, increase folate utilization (26). A wide range of drugs fall under the
class of antifolates, including, but not limited to, anti-epileptic drugs, anticancer therapies, some
antibacterial drugs and some antimalarial drugs. High doses of antifolate antimalarial drugs have
been shown to worsen folate status (26, 27). However, it is unclear whether this is the case at current
recommended treatment doses for malaria.

m Thresholds for folate status in populations

Thresholds for folate deficiency in all age groups, using serum or red blood cell folate, were first
proposed in 1968 (28). Values were based on concentrations at which megaloblastic anaemia is
more likely to appear. These thresholds were endorsed by subsequent WHO consultations in 1972
(29) and 1975 (30), although it was acknowledged that the correlation between folate concentration
and megaloblastic anaemia was not always strong. Consultation participants considered that data
were urgently needed on the clinical significance of low concentrations of folate and vitamin B, in
non-pregnant subjects without evidence of other haematological changes, as studies at that time
failed to detect any obvious impairment of health.

AWHO expert consultation examined severalissues related tofolate and vitamin B,, deficiencies,
with a goal to review and decide upon the appropriate indicators for assessing micronutrient status (37).
The concentrations suggested for defining serum and red blood folate deficiency in all age groups
were based on a point at which homocysteine concentrations became elevated among male and
female individuals surveyed in the USA, as part of NHANES. However, it was acknowledged that
these values represented the minimum of adequacy for metabolic functions and that they were not
appropriate for the prevention of NTDs. Therefore, it is necessary to examine the current evidence
among women of reproductive age, in order to establish the effective and safe concentrations of
serum and red blood cell folate that would be associated with the lowest risk of having a NTD-
affected pregnancy.

® Measurement of folate status

Methods for measuring folate status were first developed in the 1950s and still form the basis for
current assessment methods (32). Folate status can be assessed by either serum/plasma folate or red
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blood cell folate concentrations, using microbiological, radioisotope competitive binding, enzyme-
linked, or chemiluminescent assays. Since serum/plasma folate is considered an indicator of recent
folate intake (75), it is not possible to differentiate between transitory drops in folate intake and
chronic deficiency states. As discussed earlier, red blood cell folate concentrations are more likely
to reflect long-term folate status (75); however, measurement of red blood cell folate has proven
to be more challenging than measurement of serum folate, in part because red blood cells first
need to be haemolysed to release polyglutamate folates, which then need to be deconjugated to
monoglutamates (33).

The microbiological assay using Lactobacillus casei has been recommended since 1968 for folate
measurement, as it is sensitive to multiple forms of folate species while excluding those without
vitamin activity (34, 35). Constant monitoring and regular use of reference preparations are necessary
to check and maintain accuracy in the results, particularly at lower concentrations (34). A recent
study compared different microbiological assays and showed that different results were obtained,
depending on the folate calibrator or microorganism used (33). However, the microbiological assay
lacks specificity to differentiate between different forms of folate. An assay utilizing radioisotope
protein binding, previously used by NHANES between 1991 and 2006, was found to have accuracy
problems, measuring ~30% lower concentrations of red blood cell folate and serum folate relative
to the microbiological assay and isotope-liquid chromatography-tandem mass spectrometry
(LC-MS/MS) (36, 37). This is considered to be due to under-recovery of 5-MTHF, the predominant
folate species in serum and red blood cells. In comparison to both the microbiological assay and
the radioisotope protein-binding assay, LC-MS/MS is better able to differentiate between individual
folate species. A 2010 expert round table on the use of folate assays in NHANES endorsed LC-MS/MS
for serum folate but noted that use of the assay for red blood cell folate was premature at that time (35).

Summary of evidence

The methodological approach agreed by members of the guideline development group entailed
a combination of narrative reviews, data analysis and modelling, as well as systematic reviews
following the procedures of the Cochrane handbook for systematic reviews of interventions (38). A
summary of the evidence and the findings follows, and full details may be found in the references
cited.

m Genetic, biological and sociodemographic determinants of folate status
(serum, plasma or red blood cell folate) in women of reproductive age

The evidence to address this question was gathered from several narrative and systematic reviews:

* two narrative reviews that identified and broadly assessed the determinants of folate status and
narrowed down the factors that were more likely to affect the establishment of folate thresholds
(39, 40); these therefore needed an in-depth systematic assessment;

* asystematic review and meta-analysis of trials and observational studies assessing the association
between the MTHFR 677C>T polymorphism and blood folate concentrations (41);
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* an analysis of the global distribution of genotypic frequencies of eight polymorphisms in genes of
the folate/homocysteine metabolic pathway in various populations (42);

* two narrative reviews on the interactions between folate and folate-dependent drugs used in
malaria prevention (26, 27).

Multiple factors influence folate status, including the MTHFR 677C>T gene polymorphism,
physiological status (age, pregnancy/lactation), and contextual factors such as comorbidity and
low socioeconomic status. A narrative review (39) summarized the history of folate as a public
health issue, and its biology, as well as specific considerations for the use and interpretation of
folate biomarkers across a range of clinical and population-based uses. Folate status, measured
through serum folate or red blood cell folate, is altered in disease. In the clinical setting, the
primary aim is to diagnose folate deficiency, and serum folate is a useful marker of folate status in
this setting, although it may be variable, with concentrations influenced by recent consumption
of a high-folate meal, daily or intermittent folic acid supplements, and medications. Repeated
measures over time can make serum folate testing more informative. Red blood cell folate is
reflective of long-term status, so may reflect status prior to disease. Increased folate requirements
may be present when there are increased physiological requirements (e.g. pregnancy, lactation),
pathological conditions (e.g. malignancy, inflammatory conditions, certain anaemias), or
drug use (e.g. anticonvulsants, methotrexate, sulfasalazine). Decreased folate availability may
occur when there is impaired folate absorption (e.g. alcohol consumption, coeliac disease) or
reduced dietary intake (e.g. low intake of folic acid-fortified foods, dark green leafy vegetables,
legumes, selected fruit such as orange juice) (43). In conclusion, the main determinants of
folate status are intake, use of antifolate medications and genetic background, including the
gene polymorphism MTHFR677C>T.

Genetic variation has a role in folate metabolism but the impact of a particular variant on the
risk of diseases is difficult to establish, owing to the presence of many confounders in the relevant
studies (41). Both genetic and non-genetic variation in the population have to be considered when
evaluating polymorphisms. This may be particularly relevant when studying a folate-related variant
involved in health outcomes that are also associated with other nutrients, in addition to folate. The
systematic review included 40 controlled trials and observational studies that reported serum,
plasma, or red blood cell folate concentrations and MTHFR C677-> T (rs1801133) genotype in healthy
women (41).

The meta-analysis (47) allowed estimation of percentage differences in blood folate
concentrations between MTHFR C677T genotypes. Six studies that utilized the microbiological assay
to measure serum/plasma and red blood cell concentrations showed a clear pattern of CC<CT<TT.
A greater difference was found for CC>TT (serum/plasma 13%; red blood cell 8%), CT>TT (serum
plasma 7%; red blood cell 8%) and CT>TT (serum/plasma 6%; red blood cell 9%). A reverse pattern
was revealed by the results of the meta-analysis of the studies that utilized protein-binding assays
for measuring red blood cell folate concentrations.

Another review (42) analysed the genotypic frequencies of eight polymorphisms in genes of
the folate/homocysteine metabolic pathway, in 1350 Mestizo and American-Indian subjects from
different regions in Mexico and 836 individuals from European, African and Asian populations of
the 1000 Genomes Project. In Mexican Mestizo individuals, the prevalence of the MTHFR C677T risk
genotype (TT) was 25%, while in American-Indian populations the prevalence was 57%. Altogether,
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risk genotypes showed regional differences in Mexico, illustrating differential geographical
distribution of the risk variants in the folate/homocysteine metabolic pathway relative to ethnic
background. These data suggest that needs for folic acid and vitamin B supplementation may be
increased in some regions of the world.

The association between the MTHFR C677T genotype and NTD has been investigated, with
controversial results. Findings of recent systematic reviews and meta-analyses (44) have suggested that
maternal MTHFR C677T genotype is a risk factor for NTD, and the strength of this association may vary
across geographic regions, probably owing to differences in genetic background and environmental
factors. In the general population, the gene polymorphism MTHFR 677C> T is considered the strongest
determinant of folate status in women of reproductive age.

m Blood folate concentrations and risk of neural tube defects

In September 2013, a search was conducted on electronic databases, for studies assessing folic acid
intake, blood folate concentrations and NTDs. The relationship between folic acid intake during early
pregnancy and reduced NTD risk has been confirmed through randomized controlled trials (45), but, with
the exception of the case-control study discussed below, data to determine the link between folic
acid intake, blood folate concentrations and NTDs were not available. In the early stages of research
on NTDs and folic acid supplementation, 400 ug (0.4 mg) was uniformly used by researchers, despite
limited scientific basis for the dosage. Thus, it is unknown what risk alternate folic acid dosing
regimens pose, and the blood folate concentrations associated with this risk. Given the current
evidence available, ethical considerations do not allow for further human studies, and the lack of
data from randomized controlled trials limits the application of systematic-review approaches to
obtain summary measures of associations.

As an alternative, other studies that have studied folic acid intake-blood folate concentrations
or folic acid intake—-NTD risk were used to extrapolate the full relationship between intake, blood
folate concentrations and outcome. This systematic search only identified one relevant case—control
study, which included 84 NTD cases with blood concentrations of folate (46). This study involved all
women attending their first antenatal clinic in one of the three main maternity hospitals in Dublin,
Ireland, from March 1986 to March 1990. Using hospital records, a systematic sample of three
controls per case was taken from births without NTDs, for gestations of 23 weeks and more, in the
same hospital and during the same period as the cases. From these samples (median gestational
age: 15 weeks), red blood cell and plasma folate concentrations were analysed for 84 cases and 266
controls. This study reported a threshold for red blood cell folate at concentrations of 400 ng/mL
(906 nmol/L; mean 1292 nmol/L), above which the risk of NTDs was lowest (8.0 NTDs per 10 000 live
births). Red blood cell folate concentrations <340 nmol/L were associated with a NTD risk of 66 per
10 000 live births.

The consistency of the dose-response relationship (rapidly increasing NTD risk with decreasing
red blood cell folate concentrations) in the previous findings from Ireland with dose-response
relationships in other populations was confirmed by a Bayesian model recently developed to
statistically estimate the association between red blood cell folate concentrations at the time of
neural tube closure (embryologic day 28) and the risk of NTDs, using existing data sources in China
(47, 48). Two populations contributed data to this work, one from northern China and one from
southern China. The studies included participants in a community intervention project to prevent
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NTDs with 400 pg (0.4 mg)/day of folic acid, and participants in a population-based randomized trial
to evaluate the effect of folic acid supplementation on blood folate concentrations among women
of reproductive age. It was found that, at the lowest estimation of red blood cell folate concentration,
there is an increased risk of NTD (e.g. 25.4 NTDs per 10 000 live births at 500 nmol/L), and at higher
concentrations of red blood cells (~1000 nmol/L) there is a reduced risk of NTDS (e.g. 6 NTDs per 10 000
live births at 1180 nmol/L). It was noted that these estimated risks of NTDs at various estimated red blood
cell folate concentrations were consistent with the prevalence of NTDs in the USA before and after
mandatory folic acid fortification (using red blood cell folate concentrations from the USA and the
Chinese dose-response relationship to estimate NTD risk). From this model, it was concluded that
a population threshold for preventing NTDs could be defined as a population red blood cell folate
concentration of ~1000 nmol/L, which is consistent with the previous findings (47).

The overall quality of the evidence for the association red blood cell folate and NTD risk is low as per
the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) methodology (49).

B Response of serum/plasma and red blood cell folate concentrations to
nutrition interventions

A search was conducted for systematic reviews published within the past 3 years, to assess the
relationship between folate indicators and various folate interventions to improve folate status. Only
systematic reviews that were considered of high quality according to the approach of A Measurement
Tool to Assess Systematic Reviews (AMSTAR) (50) (i.e. score 8 or higher) were considered.

For folate supplementation in non-pregnant women of reproductive age, serum/plasma or
red blood cell folate was assessed in just two reviews (20, 51). One review (20) analysed daily folate
supplementation with either folic acid or 5-MTHF in women of reproductive age, and the second
review (57) analysed intermittent iron and folic acid supplementation in women of reproductive
age. The effect of daily folic acid supplementation was significant for both serum folate (4 trials,
343 women; regression coefficient 0.65, 95% confidence interval [CI] = 0.39 to 0.92) and red
blood cell folate (7 trials, 486 women; regression coefficient 0.33, 95% Cl = 0.23 to 0.44) (51). For
folate supplementation in pregnant women, serum/plasma or red blood cell folate was again
assessed in one review (52). The review involved daily supplementation; one group was given folic
acid and the other one folic acid or 5-MTHF. There was no difference in pre-delivery serum folate
concentration (8 studies, 1250 women; mean difference [MD] = 2.03, 95% Cl = 0.80 to 3.27) or red
blood cell folate concentration (4 studies, 427 women; MD = 1.59, 95% Cl = -0.07 to 3.26) in those
receiving folic acid compared to those receiving placebo (57). A summary of red blood cell folate
concentrations before and after mandatory fortification with folic acid in two countries (Canada
and Chile) was also published. In women of reproductive age, the increase in median red blood cell
folate concentrations ranged from 85 ng/mL to 184 ng/mL (193-417 nmol/L) from pre-fortification
to post-fortification (53). Additionally, data from NHANES (54) showed that the median red blood cell
folate concentration increased between pre-fortification (1988-1994) and post-fortification (1990-
2010) in the USA, from 674 + 9 nmol/L to 1020 + 7 nmol/L.

A systematic literature review included 36 controlled trials and observational studies published
from January 1992 to March 2014 that reported both folate intake from natural food alone (i.e. no
consumption of synthetic folic acid) and blood folate (serum, plasma or red blood cell) concentration
among non-pregnant, non-lactating females aged 12-49 years (43). This review retrieved and
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summarized the data, in order to estimate the association between folate intake from natural food
alone and blood folate concentration. For the seven studies using microbiological assay that were
included in the meta-analysis, it was estimated that a 6% [95% Cl = 4% to 9%)] increase in red blood cell
folate concentration and a 7% (95% Cl = 1% to 12%) increase in serum/plasma folate concentration
can occur for every 10% increase in natural food folate intake. Using modelled results, it was estimated
that a folate intake from natural food of 450 ug dietary folate equivalents (DFE) per day’ or higher could
achieve the lower bound of a red blood cell folate concentration (~1050 nmol/L) associated with the
lowest risk of NTDs (~6 NTDs per 10 000 live births) (43). While it is known that serum and plasma folate
levels are indicative of recent folate intake, whereas red blood cell folate is a measure of erythrocyte
folate stores (14), it is unknown whether these indicators differ in response to interventions. Serum
folate in non-pregnant women of reproductive age responded to all the interventions, while red blood
cell folate responded mainly to supplementation and fortification. Understanding the way in which
serum/plasma folate and red blood cell folate respond to interventions will aid in the use of these
indicators and guide monitoring and evaluation efforts for Member States. A review on the use of multiple
micronutrient powders for home (point-of-use) fortification of foods in pregnant women (55), and a review
on the fortification of rice with vitamins and minerals for addressing micronutrient malnutrition (56),
were identified, but neither assessed folate status.

m Performance of laboratory assays for assessment of folate
concentrations

Folate has traditionally been measured using microbiological assay. However, since the late 1970s,
in clinical settings where high throughput may be desired, commercial protein-binding assays
on automated clinical analysers have often been used, but they generally underestimate folate
concentrations, particularly in populations where there is a high prevalence of the MTHFR C677T
genotype. If folate vitamers are of interest, for example for the measurement of free folic acid in
serum, or of various methyl- and non-methyl-folate forms in erythrocytes, depending on the MTHFR
C677T genotype, chromatography-based separation techniques need to be employed. These are
now often coupled to mass spectrometry (high-pressure liquid chromatography [HPLC]-MS/MS), as
this detection method has high sensitivity, specificity and selectivity compared to other detection
methods such as fluorometric or electrochemical detection (57).

The choice of laboratory tests depends on the type of study being carried out. In field nutritional
epidemiology studies, particularly in low- and middle-income countries, the number and type of
tests will be mainly limited by the specimen volume, the local laboratory infrastructure, and the
availability of skilled personnel and financial resources. In population studies carried out in high-
income countries with high-level laboratory facilities, the selection of laboratory tests depends on
the purpose of the study, specimen volume and financial resources (74, 18).

Regardless of the setting, the precision of the laboratory test largely influences the minimum
detectable difference on repeat measurements, or the ability to distinguish between populations at risk
of deficiency or with sufficient micronutrient status. It is therefore desirable to select laboratory tests
with the highest achievable precision. Most biochemical indices do not have the required sensitivity
and specificity to accurately diagnose deficiency but may be appropriate for use at the population level.
A combination of findings, such as those from assessment of dietary intake with static biochemical

' 1pg DFE = 1 g food folate or 0.6 ug synthetic folate; total DFE = pg food folate + 1.7 X pg synthetic folate.
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indices and functional tests, may be more informative. Most methods used to assess nutritional status
have not yet been standardized, which can lead to considerable differences among laboratories and
methods and may necessitate adjustment of the optimal red blood cell folate threshold value (78). The
need for harmonization between laboratories and methods is discussed elsewhere in this document
(see“A harmonization programme for folate microbiological assays’; p.20).

Recommendations

This guideline complements previously published WHO recommendations on the assessment of
folate status in populations (58-61).

1.

At the population level, red blood cell folate concentrations should be above 400 ng/mL
(906 nmol/L) in women of reproductive age, to achieve the greatest reduction of NTDs (strong'
recommendation, low quality evidence).

The above red blood cell folate threshold can be used as an indicator of folate insufficiency in
women of reproductive age (strong recommendation, low quality evidence). Because low folate
concentrations cannot explain all cases of NTDs, this threshold cannot predict the individual risk
of having a NTD-affected pregnancy and thus it is only useful at the population level.

No serum folate threshold is recommended for prevention of NTDs in women of reproductive
age at the population level (strong recommendation, low quality evidence). Countries interested
in using this indicator may consider first establishing the relationship between both serum
and red blood cell folate and use the threshold value for red blood cell folate to establish the
corresponding threshold in serum.

Microbiological assay is recommended as the most reliable choice to obtain comparable results
for red blood cell folate across countries (strong recommendation, moderate quality evidence).

Remarks

* Reducing folate insufficiency at the population level may take time. However, reductions in
NTDs may be seen, as the average red blood cell folate concentrations improve. An important
consideration is that the overall reduction in NTDs will depend on the baseline folate status,
time available for increasing folate status (through folate nutrition interventions) and NTD risk
of each population.

* Values indicative of folate deficiency, based on the concentrations at which megaloblastic
anaemia is more likely to appear, are <3 ng/mL (<6.8 nmol/L) in serum and <100 ng/mL
(<226.5 nmol/L) in red blood cells.

1
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A strong recommendation is one for which the guideline development group is confident that the desirable effects of adherence
outweigh the undesirable effects. Implications of a strong recommendation for patients are that most people in their situation would
desire the recommended course of action and only a small proportion would not. Implications for clinicians are that most patients
should receive the recommended course of action, and adherence to this recommendation is a reasonable measure of good-quality
care. With regard to policy-makers, a strong recommendation means that it can be adapted as a policy in most situations, and for
funding agencies it means the intervention probably represents an appropriate allocation of resources (i.e. large net benefits relative to
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Although both serum and red blood cell folate concentrations are useful for monitoring
interventions aimed at improving folate status, red blood cell folate is preferred, given that
there is less biological variation.

High folic acid intake has not reliably been shown to be associated with negative health
effects.

Evidence supports the use of the microbiological assay for measuring folate concentrations
because of the lack of effect of the MTHFR gene polymorphism on the assay performance.
Appropriate quality control systems for the assessment of red blood cell folate using the
microbiological assay need to be in place for use in national nutritional surveillance.

Use of different folate calibrators or different microorganisms may lead to different results
among microbiological assays and laboratories and may necessitate an adjustment of the
threshold value for optimal red blood cell folate.

A threshold for public health concern on the prevalence of folate insufficiency (i.e. red blood
cell folate below 400 ng/mL [906 nmol/L] in women of reproductive age) is difficult to establish
at this time. Member States and their partners are advised to discuss the merits of folate
nutrition interventions through fortification of staple foods or targeted supplementation.

Owing to de novo folate synthesis in malaria parasites, red blood cell folate concentrations
may be artificially high. It is suggested that measurement of folate status is not conducted
immediately after febrile malaria episodes, where the parasitic load may peak.

Implications for future research

Discussions with members of the WHO guideline development group and external review group
highlighted the limited evidence available in some areas, meriting further research on biomarkers of
folate status, in particular in the following areas:

_

interactions between red blood cell folate concentrations and tuberculosis, HIV and anti-
malaria antifolate drugs;

surveillance systems for the prevalence of NTDs and assessment of the distribution of red
blood cell folate status in women of reproductive age;

microbiological assays for the assessment of red blood cell folate that are more field-friendly,
using automated devices, at a cost that is affordable for most laboratories;

less invasive methods for the assessment of folate status;

the distribution of red blood cell folate concentrations in women of reproductive age, and
their association with NTDs, in different settings;

population thresholds for serum folate for the prevention of NTDs;
the effect of vitamin B;, on NTD risk and recurrence;
the effect of living at higher altitudes on red blood cell folate concentrations;

the lowest concentrations of red blood cell folate at which any potential negative health
outcomes appear, if any;
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* the lowest total folate intake level (dietary and/or synthetic form of this vitamin) required to
reach the target optimal red blood cell or serum folate concentration at the population level
that is considered to be protective against NTDs;

* optimal blood folate thresholds for reduced risk of NTD-affected pregnancy among women
with overweight and obesity.

Dissemination, adaptation and implementation

m Dissemination

The current guideline will be disseminated through electronic media such as slide presentations and
the World Wide Web, through either the WHO Nutrition (62) and United Nations Standing Committee
on Nutrition (SCN) (63) mailing lists, social media, the WHO nutrition web site (62) and the WHO Vitamin
and Mineral Nutrition Information System (VMNIS) (64). VMNIS was established in 1991 following a
request by the World Health Assembly to strengthen surveillance of micronutrient deficiencies at
the global level. Part of WHO's mandate is to assess the micronutrient status of populations, monitor
and evaluate the impact of strategies for the prevention and control of micronutrient malnutrition,
and track related trends over time. The Evidence and Programme Guidance Unit of the Department
of Nutrition for Health and Development manages VMNIS, through WHO's network of regional and
country offices, and in close collaboration with national health authorities. In addition, the guideline
will be disseminated through a broad network of international partners, including WHO country and
regional offices, ministries of health, WHO collaborating centres, the International Clearinghouse of
Birth Defects Research and Surveillance, Centers for Disease Control and Prevention (CDC) offices,
universities, United Nations agencies and nongovernmental organizations.

Particular attention will be given to improving access to these guidelines for stakeholders that
face more, or specific, barriers in access to information, or that play a crucial role in the use of the
guideline recommendations, for example, policy-makers and decision-makers at subnational level
who disseminate the contents of the guideline, especially information on the benefits of achieving
optimal concentrations of red blood cell folate in women of reproductive age. This is remarkably
important in rural communities or highly isolated communities, where seeking health care is less
frequent, and obtaining health care is more difficult, because of distance or transport barriers
(e.g. women before and during early pregnancy). Accessing hard-to-reach population groups is
extremely important during implementation stages, as it contributes to preventing or tackling
health inequities. Dissemination of the guidelines and information on the benefits of achieving
optimal blood folate concentrations in women of reproductive age for the prevention of NTDs helps
to empower consumers, and thus contributes to creating consumer demand.

m Adaptation and implementation

As this is a global guideline, it should be adapted to the context of each Member State. Establishment
of harmonization programmes to build laboratory capacity and assure quality in the assessment of
red blood cell folate are required as a first step in the adaptation and implementation of this guideline.

N
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The Department of Nutrition for Health and Development maintains VMNIS. Within this system,
a section on indicators has been developed to summarize the most recent guidance on assessment
of the micronutrient status of populations. In addition, a WHO Global Laboratory Directory for the
Assessment of Micronutrient Status has been established, to serve as a directory of laboratories that
are capable of assessing biomarkers of micronutrient status for health and nutrition surveys. As a
result of improved technology, and a growing awareness of the importance of micronutrients in
health and development, an increasing number of biological indicators (or biomarkers) are being
used to assess the vitamin and mineral status of populations, evaluate potential risk factors of health
and disease, generate estimates of the global burden of micronutrient malnutrition, and evaluate
the impact of public health interventions. The purpose of this directory is to help Member States
and their partners identify laboratories measuring biomarkers of vitamin and mineral status at the
population level, so that they may be able to further evaluate the laboratory for possible participation
in their nutrition surveys.

Additionally, a global mapping of reported population folate concentrations (as measured in
serum, plasma or red blood cells) in women of reproductive age was conducted.

B Monitoring and evaluation of guideline implementation

A plan for monitoring and evaluation with appropriate indicators is encouraged at all stages. The impact
of this guideline can be evaluated within countries (i.e. monitoring and evaluation of use at national or
regional scale) and across countries (i.e. the adoption and adaptation of the guideline globally). The WHO
Department of Nutrition for Health and Development, Evidence and Programme Guidance Unit, jointly
with the CDC National Center on Birth Defects and Developmental Disabilities, and the International
Clearinghouse of Birth Defects Research and Surveillance, and with input from international partners,
will support countries for the adoption of these recommendations. VMNIS supports Member States and
their partners in monitoring the vitamin and mineral nutrition status of populations, with the ultimate
goal of improving their health and development, through adequate vitamin and mineral nutrition. This
information system will be used to monitor guideline implementation.

The Micronutrients Database within VMNIS (65) is an integrated database that includes
information on the micronutrient status of populations. It has the flexibility to include additional
indicators of micronutrient status as they are developed, and compiles data from national and first
administrative level surveys on the population status of micronutrients.

® A harmonization programme for folate microbiological assays

Most biochemical methods that assess the nutritional status of individuals or communities, are
not standardized. This can lead to considerable differences among laboratories and methods (57).
The microbiological assay is proposed to be a practical choice to obtain comparable results across
countries; however, it is not yet harmonized. The method is based on assessment of bacterial growth
by measuring the turbidity of samples after a suitable incubation period. Samples are added to an
assay medium containing Lactobacillus rhamnosus and all of the nutrients necessary for the growth
except for folate. The total folate level can be assessed by measuring the turbidity of the inoculated
medium at 590 nm (66). A recent study that compared different microbiological assays showed that
different results were obtained depending on the folate calibrator or microorganism used (33).

.



The US CDC plans to standardize a limited number of prospective regional laboratories using
a prototype of a“start-up assay kit” containing microorganisms, folate calibrator and quality control
material. A semi-annual certification of folate measurements can be implemented, in order to keep
a record of the performance and the comparability of results from different laboratories.

m Ethical considerations

This guideline proposes a threshold for red blood cell folate concentrations in women of reproductive
age associated with lowest risk of NTDs. It is important that ethical aspects are considered in the
adaptation and implementation of this guideline in different settings. Special attention should be
given to the four principles of bioethics (respect for autonomy, non-maleficence, beneficence and
justice), as they are also applicable to public health interventions.

This threshold is expected to help Member States and their partners in understanding the
distribution and magnitude of folate insufficiency in women of reproductive age, to help guide
public health policies. The application of this threshold for women of reproductive age may trigger
the implementation of interventions at the population level for the prevention of NTDs. In the
case of interventions implemented universally, there may be women and men who receive such
interventions where increased folate requirements may not be clearly warranted.

The greater risk of NTDs is among disadvantaged population groups, e.g. low-income groups, less
educated groups, or population groups that are discriminated against, who are usually more vulnerable
to malnutrition. Public health programmes should take into account these aspects prior to implementing
an intervention, and also during implementation itself (67). Member States and their partners may assess
where folate interventions may or may not be of benefit, after careful consideration of their context.
The involvement of all stakeholders is essential. Potential ethical conflicts derived from the use of this
threshold will benefit from balancing any decision using the four principles aforementioned. Individuals
should always retain autonomy over any decisions relating to their own health and health interventions.
Moreover, health workers must observe the principles of non-maleficence (not intentionally causing
harm or injury), beneficence (the duty to benefit and avoid harm) and justice (providing services and
interventions in equity). Ethical considerations are linked, conceptually and operationally, to equity and
social determinants of health. Therefore, interventions will be more likely to observe ethical principles
when they incorporate equity and social determinants approaches to their design and implementation.
Public health interventions ideally seek the greatest attainable level of health and welfare for all their
citizens, particularly those who suffer from social and economic hardship (68).

Guideline development process

This guideline was developed in accordance with the WHO evidence-informed guideline
development procedures, as outlined in the WHO handbook for guideline development (69).

m Advisory groups

A WHO steering committee (see Annex 3), led by the Department of Nutrition for Health and
Development, was established in 2012, with representatives from all WHO departments with an
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interest in this area of congenital anomalies and biomarkers. The steering committee guided the
development of this guideline and provided overall supervision of the guideline development
process. Two additional groups were formed: an advisory guideline group and an external review
group.

The guideline development group was established for this guideline alone. Participants
of the guideline group meetings are listed in Annex 3. Its role was to advise WHO on the choice
of important outcomes for decision-making and in the interpretation of the evidence. The WHO
guideline development group includes experts from various WHO expert advisory panels (70) and
those identified through open calls for specialists, taking into consideration a balanced gender
mix, multiple disciplinary areas of expertise, and representation from all WHO regions. Efforts were
made to include content experts, methodologists, representatives of potential stakeholders (such as
managers and other health professionals involved in nutrition surveillance) and technical staff from
WHO and ministries of health from Member States. Representatives of commercial organizations
may not be members of a WHO guideline group.

The WHO Nutrition (62) and SCN (63) mailing lists, which together include over 5500 subscribers,
and the WHO nutrition web site (62) were used to identify external reviewers through a call for public
comments, in order to assure proper interpretation of the recommendations. Additionally, three
content experts peer-reviewed the draft guideline and provided technical input (see Annex 4).

m Scope of the guideline and evidence appraisal

Aninitial set of questions (and the components of the questions) to be addressed in the guideline was the
critical starting point for formulating the recommendation. The questions were drafted by technical staff
at the Evidence and Programme Guidance Unit, Department of Nutrition for Health and Development,
based on the policy and programme guidance needs of Member States and their partners.

A WHO/CDC technical consultation on optimal blood folate concentrations in women of
reproductive age for prevention of NTDs was convened in Atlanta, USA on 13-15 August 2012, in
collaboration with the National Center on Birth Defects and Developmental Disabilities at CDC, to
review the genetic, biological, behavioural and contextual determinants of folate status among
women of reproductive age; the strengths and limitations of current methods used to assess
indicators of blood folate status and folate intake and NTD prevalence; and all available sources of
dataontherelationship between folate status (i.e. blood folate and folate intake) and NTD risk, fromin
vitro and in vivo (animal and human) studies. The proposed methodological approach for retrieving,
summarizing and assessing the quality of the evidence related to folate status and occurrence of
NTDs, as well as the priority questions and the methodological approach to estimate optimal blood
folate concentrations in women of reproductive age for prevention of NTDs, were discussed with
relevant stakeholders. A formal guideline development group meeting was convened on 23-25
September 2013 in Geneva, Switzerland.

Both the systematic reviews and the GRADE evidence profile (49) for the critical outcome were used
for drafting this guideline. The draft recommendations were discussed by the WHO steering committee
and at a consultation with the WHO guideline development group, held on 23-25 September 2013 in
Geneva, Switzerland. The procedures for decision-making were established at the beginning of the
meeting, including a minimal set of rules for agreement and decision-making. The members of the
guideline development group undertook deliberations on the recommendation wording and reached
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consensus with no major disagreements on the strength of the recommendation, taking into account:
(i) the quality of the available evidence; (i) values and preferences related to the intervention in different
settings; (iii) the desirable and undesirable effects of the intervention; and (iv) the cost of options available
to health-care workers in different settings (see Annex 2). Consensus was defined as agreement by simple
majority of the guideline group members, with no dissent.

The aspects of costs, feasibility and values were taken into account and the decision was
made during the guideline development group meeting. Similarly, a section on considerations for
implementation were widely discussed and described in the document.

WHO staff present at the meeting, as well as other external technical experts involved in the
collection and grading of the evidence, were not allowed to participate in the decision-making
process. The majority of the group agreed that this is a strong/conditional recommendation.

Three content experts peer-reviewed the draft guideline (see Annex 4). A call for public
comments was issued by WHO on 16 January 2015 and 17 external reviewers registered, providing a
declaration of interests statement and their curriculum vitae (CVs). Ten external reviewers identified
through this call reviewed the draft version of the guideline (see Annex 5). WHO staff then finalized
the guideline and submitted it for clearance by WHO before publication.

® Management of competing interests'’

According to the rules in the WHO Basic documents (71), all experts participating in WHO meetings
must declare any interest relevant to the meeting, prior to their participation. The declarations of
interest statements for all guideline development group members were reviewed by the responsible
technical officer and the relevant departments, before finalization of the group composition and
invitation to attend a guideline development group meeting. All guideline development group
members, and participants of the guideline development meetings, submitted a declaration of
interests form, along with their CV, before each meeting. Participants of the guideline development
group meetings participated in their individual capacity and not as institutional representatives. In
addition, they verbally declared potential conflicts of interest at the beginning of each meeting. The
procedures for management of conflicts of interests strictly followed the Guidelines for declaration of
interests (WHQO experts) (72).

Dr Lynn Bailey works at the University of Georgia as Department Head and professor of the Foods
and Nutrition Department in the College of Family and Consumer Sciences. Her interests related
to how changes in folate status impact maternal and child health and interact with other nutrients
to maintain optimal health, as well as to the potential impact of obesity on the metabolism of
folate and other micronutrients. Dr Bailey verbally declared being an author of many manuscripts
and books in the area of folate nutrition and a member of the BOND (Biomarkers of Nutrition for
Development) Folate Group. It was considered that she would participate fully and her interests
would be documented.

' A conflict of interest analysis must be performed whenever WHO relies on the independent advice of an expert in order to take a
decision or to provide recommendations to Member States or other stakeholders. The term “conflict of interest” means any interest
declared by an expert that may affect or be reasonably perceived to affect the expert’s objectivity and independence in providing
advice to WHO. WHO's conflict of interest rules are designed to avoid potentially compromising situations that could undermine or
otherwise affect the work of the expert, the committee or activity in which the expert is involved, or WHO as a whole. Consequently,
the scope of the inquiry is any interest that could reasonably be perceived to affect the functions that the expert is performing.
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Dr Anne Molloy works in the Vitamin Research Group at Trinity College, Dublin at the University of
Dublin, Ireland. Her area of research involves the metabolic functions of folate and vitamin B,,, with
a special focus on the evaluation of common polymorphisms in folate-related genes as risk factors
for NTDs, and a subsequent search for phenotypic effects of gene variants that are found to be
associated with NTDs. She declared being a co-author of the main reference used in the assessment
of red blood cell concentrations and recused herself from the group consensus decision-making
process for the selection of this as the main source of data.

Dr Christine Pfeiffer is the Chief of the Nutritional Biomarkers Branch in the Division of Laboratory
Sciences at CDC'’s National Center for Environmental Health (NCEH). She joined CDC in 1996, where her
research focuses on the development of state-of-the-art analytical methods for the measurement of
nutritional biomarkers, the application of these methods to NHANES and other epidemiologic studies,
and consultations on laboratory-related activities for CDC's IMMPaCt (International Micronutrient
Malnutrition Prevention and Control) Programme. Dr Pfeiffer is a leading expert on folate and B-vitamin
methodologies, and on the assessment and interpretation of nutritional status through biomarkers.
She has authored over 100 peer-reviewed manuscripts, led the production of two major agency reports
on nutritional biomarkers in NHANES, served on national and international committees, and been an
invited speaker at major international conferences. It was considered that she would participate fully
and her interests would be documented.

The other guideline development group members were all experts in the area of folic acid and
congenital anomalies. They verbally declared their intellectual interests in the subject matter. It was
considered that these interests did not preclude them from full participation in the decision-making
process relevant to this guideline.

Dr Irma Silva-Zolezzi is currently employed by Nestec Ltd, Nestle Research Center, Lausanne,
Switzerland.The Nestlé Research Center (NRC) is a research institution for food, nutrition and life sciences.
The Nestlé R&D Network, including the Nestlé Research Center, works closely with Nestlé Business
Units to drive product and process innovation and renovation. There are strategic business units for
each product category, which are linked with individual Nestlé markets as well as R&D. NRC performs
a variety of research activities, from fundamental studies to more applied activities. The main research
pillars include nutrition and health; food science and technology; quality and safety; and sensory and
consumer sciences. The Maternal Nutrition Platform aims to develop science-based product solutions
and education programmes, supporting breastfeeding, and addressing malnutrition. Previously, while
working as an investigator of the National Institute of Genomic Medicine (INMEGEN), Dr Silva-Zolezzi
received a grant of US$ 10 000 from Nestlé. Dr Silva-Zolezzi presented on the global distribution of
the MTHFR 677C->T polymorphism, which would not inform directly the guideline but would help as
background information to contextualize the guideline. Dr Silva-Zolezzi was notified that, as an external
expert, she would not participate in the rest of the meeting nor in the decision-making.

Plans for updating the guideline

Review of this guideline is planned for 2024. The Department of Nutrition for Health and
Development at the WHO headquarters in Geneva, Switzerland, along with its internal partners,
will be responsible for coordinating the guideline update, following the formal procedures of the
WHO handbook for guideline development (69). WHO welcomes suggestions regarding additional
questions for evaluation in the guideline when it is due for review.
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Annex 1. GRADE “Summary of findings” table

Red blood cell folate concentration in women of reproductive age

Methodologists: De-Regil LM, Pefia-Rosas JP

Patient or population: Women of reproductive age

Settings: All settings (low-, middle--high-income countries)
Exposure: Red blood cell folate concentration

Comparison: Women with births with neural tube defects vs controls

Threshold associated with maximum reduction of neural = Quality of the evidence

Outcomes tube defects (GRADE*) Comments
Threshold Number of participants (studies)

Red blood cell folate 906 (400) 350 women: 84 cases and 266 controls OPHOO The NTD rate associated to this threshold was 0.8
in nmol/L (ng/mL) (1 study) Low! (95% C1 0.4 to 1.5) per 1000 births in the study hospital.
for lowest risk of
neural tube defects
Plasma folate in 15.9(7) 328 women: 81 cases and 247 controls [SIoISIS) The NTD rate associated to this threshold was 0.8
nmol/L (ng/mL) for (1 study) Low! (95% Cl 0.4 to 1.5) per 1000 births in the study hospital.
lowest risk of neural
tube defects

Cl, confidence interval.

*GRADE Working Group grades of evidence:

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We have moderate confidence in the effect estimate. The true effect is likely to be close to the estimate of the effect, but thereis a
possibility that it is substantially different.

Low quality: Our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of the effect.

' Only one case-control study with good methodological quality and no serious limitations in the study design and the execution. No serious indirectness. Serious imprecision likely,
owing to the small number of cases. The quality of evidence was upgraded because of the clear dose-response gradient (inverse) between red blood cell folate concentrations
and risk of neural tube defect. Consistency is supported by indirect evidence with mathematical modelling (47).



Annex 2. Summary of guideline
development group members’
considerations for determining the
strength of the recommendations

Quality of
evidence:

The only high-quality case-control study identified was
conducted in pregnant women rather than non-pregnant women
of reproductive age. There were few events and wide confidence
intervals.

Although there is limited direct evidence, indirect data from a rigorous
mathematical modelling exercise showed consistent results.

Data come from few populations around the world (China, Ireland,
United States of America).

Values and
preferences:

Blood withdrawal may not be acceptable in some settings.

There is likely to be a highly protective effect for reducing neural
tube defects (NTDs) in women who are able achieve higher folate
concentrations.

Many countries may not have the capacity to monitor the
occurrence of NTDs or measure red blood cell folate at the
population level and this capacity would need to be improved.

Trade-off between

benefits and harms:

It is important to have thresholds that reflect the risk of folate-
preventable NTDs and avoid confusion with concentrations
associated with megaloblastic anaemia.

The overall benefit to the population of achieving this threshold
would depend on the baseline incidence of NTDs, and the overall size
of effect will depend on success in reaching the target population.

Increasing folate concentrations may provide other benefits to the
population other than reducing NTDs, such as reducing folate-
related anaemia.

No solid evidence of harm. One study in Pune, India showed higher
maternal folate concentrations predicted greater adiposity (fat mass
and body fat per cent) and higher insulin resistance, and lower vitamin
B., concentrations predicted higher insulin resistance in their offspring.
Children born to mothers with low vitamin B;, concentrations but high
folate concentrations were the most insulin resistant.




Costs and * There are costs associated with scaling up the use of the red blood
feasibility: cell folate measurements in national surveys, and the extent of
resources required to standardize the methodologies in different
laboratories for microbiological assays with adequate techniques,
trained human resources and equipment is unclear.

* There are also costs associated with setting up neural tube defect
surveillance systems.

* Improving the laboratory capacity and surveillance systems is
feasible but it requires coordination of efforts by stakeholders and
financial resources, which may be constrained in some low- and
middle-income countries.
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