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Folic acid supplement use is the most significant
predictor of folate concentrations in Canadian
women of childbearing age

Cynthia K. Colapinto, Deborah L. O’Connor, Lise Dubois, and Mark S. Tremblay

Abstract: One-fifth of Canadian women of childbearing age (WCBA) have red blood cell (RBC) folate concentrations below
those considered optimal for neural tube defect risk reduction (>906 nmol-L™!). Determinants of optimal concentrations have
not been examined in a nationally representative sample of Canadian WCBA since food fortification with folic acid was imple-
mented. This study explored correlates of optimal RBC folate concentrations and characteristics of folic acid supplement users
in a sample of Canadian WCBA. RBC folate concentrations from the 2007-2009 Canadian Health Measures Survey were as-
sessed in women aged 15 to 45 years (n = 1162). Sociodemographic, behavioural, and clinical determinants of RBC fo-

late >906 nmol-L~! were examined using univariate and separate multiple logistic regression models that controlled for age and
household income. # tests were used to study differences between folic acid supplement users and nonusers. WCBA not taking
folic acid supplements were less likely to achieve a RBC folate concentration >906 nmol-L~! compared with folic acid supple-
ment users (odds ratio, 0.47; 95% confidence interval, 0.24, 0.92). Twenty-five percent of WCBA reported folic acid supple-
ment use, and there was a higher percentage of folic acid supplement users in the highest income group. Folic acid supplement
users were also more frequent consumers of supplemental vitamin B> and of fruit and vegetables (>3 times per day). Folic acid
supplement use was the most significant predictor of WCBA achieving optimal RBC folate concentrations. These results indi-
cate a need for targeted strategies to improve compliance with folic acid supplement recommendations among WCBA.

Key words: red blood cell (RBC) folate, folic acid, supplementation, Canadian Health Measures Survey (CHMS).

Résumé : Un cinquieéme des Canadiennes en age de procréer (WCBA) présente une concentration érythrocytaire (RBC) de
folate sous le seuil considéré optimal pour diminuer le risque d’anomalie du tube neural (>906 nmol-L™"). Il n’y a pas eu
d’études sur les déterminants de la concentration optimale dans un échantillon représentatif des WBCA sur le plan national
depuis la mise en ceuvre de I’enrichissement des produits alimentaires en acide folique. Cette étude analyse les corrélats de
la concentration optimale d’acide folique dans les RBC et les caractéristiques des consommatrices de supplément d’acide fo-
lique dans un échantillon canadien de WBCA. On évalue la concentration érythrocytaire de folate dans un échantillon de
I’Enquéte canadienne sur les mesures de la santé 2007-2009 (CHMS) comprenant des femmes agées de 15 a 45 ans (n =
1162). On cherche les déterminants sociodémographiques, comportementaux et cliniques d’une concentration érythrocytaire
de folate >906 nmol-L~! au moyen de modeles de régression univariée et de régression logistique multiple prenant en
compte 1’4ge et le revenu du ménage. On utilise des tests t pour analyser les différences entre les consommatrices de supplé-
ment en acide folique et celles qui n’en consomment pas. Les WCBA qui ne prennent pas de supplément en acide folique
ont vraisemblablement une probabilité moindre de présenter une concentration érythrocytaire de folate >906 nmol-L~! que
les consommatrices de supplément (OR 0,47, I C : 0,24-0,92). Vingt-cinq pour cent des WBCA disent consommer des sup-
pléments d’acide folique et chez ces consommatrices, on enregistre un plus haut pourcentage de femmes dans des ménages
a plus haut revenu. Les consommatrices de supplément d’acide folique prennent aussi plus souvent des suppléments de vita-
mine Bi, de méme que des fruits et des 1égumes soit plus de 3 fois par jour. La prise de supplément d’acide folique est le
prédicteur le plus significatif chez les WCBA pour ’atteinte de la concentration optimale de folate dans les érythrocytes.
Ces observations soulignent la nécessité de stratégies de concertation pour améliorer la conformité a 1’égard des recomman-
dations en matiere de supplémentation en acide folique chez les WCBA.
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[Traduit par la Rédaction]

Introduction

The role of folic acid intake in the prevention of neural
tube defects (NTDs) is well established (Refsum 2001).
While folate occurs naturally in food, folic acid is the most
common synthetic form of folate found in fortified foods and
supplements. In Canada, women of childbearing age
(WCBA) are encouraged to eat folate-rich foods and to take
a multivitamin supplement containing folic acid (0.4 mg-day!)
to further reduce the risk of folate-dependent NTDs (Health
Canada 2010a). Higher-dose supplements (4—5 mg-day~!) are
recommended for women at increased risk of a NTD birth
(Health Canada 2010b). Given that up to 50% of pregnancies
are unplanned and that many WCBA report irregular or no
consumption of folic acid prior to pregnancy, in 1998, Cana-
dian policymakers approved the fortification of white wheat
and other select grains with folic acid, in addition to supple-
mentation recommendations (Berry et al. 2010).

NTD births in Canada have been reduced by 46% since the
implementation of fortification with folic acid, demonstrating
the success of this intervention (De Wals et al. 2008). In ad-
dition, folate deficiency (red blood cell (RBC) fo-
late <305 nmol-L-1) is virtually nonexistent in the general
Canadian population (Colapinto et al. 2011). Despite this ab-
sence of deficiency, approximately 22% of Canadian WCBA
are still not achieving a folate concentration considered opti-
mal for NTD risk reduction (>906 nmol-L-!) (Daly et al.
1995; Colapinto et al. 2011). Because this segment of the
population is the target of fortification and supplementation
policies, clarifying the factors associated with achieving opti-
mal folate status is essential to refining interventions.

Although certain factors (e.g., adolescence, low socioeco-
nomic status, low consumption of folate-rich foods, poor
compliance with folic acid supplements, smoking, and mater-
nal obesity) are known to be related to NTDs, the association
of these factors with folate concentrations >906 nmol-L-! has
not been investigated on a nationally representative Canadian
sample since the implementation of food fortification with
folic acid (Tam et al. 2009). This study addresses this knowl-
edge gap by exploring correlates of RBC folate concentra-
tions considered optimal for NTD risk reduction and of folic
acid supplement use in Canadian WCBA, using the Canadian
Health Measures Survey (CHMS).

Materials and methods

Data from the 2007-2009 CHMS, conducted by Statistics
Canada in partnership with Health Canada and the Public
Health Agency of Canada, were used for these analyses. The
survey methodology is described briefly here and in detail
elsewhere (Bryan et al. 2007).

CHMS sampling

The CHMS used a complex, multistage, cluster-sampling
protocol to achieve a nationally representative cross-sectional
sample. The final sample comprised 5604 Canadians aged 6—

79 years, balanced by sex, in each of the following age
groups: 6-11, 12-19, 20-39, 40-59, and 60-79 years. This
is representative of approximately 96.3% of the Canadian
population.

Survey methods

Data collection occurred between March 2007 and Febru-
ary 2009. An interviewer administered a detailed in-home
health questionnaire, which included data on sociodemo-
graphic characteristics. One day to 6 weeks later, blood sam-
ples were taken by a phlebotomist in a mobile examination
centre to measure a variety of analytes, including RBC folate
(Bryan et al. 2007). Implied consent occurred in the house-
hold, and a comprehensive consent process was employed in
the clinic. Ethics approval for the CHMS was obtained from
the Health Canada Research Ethics Board and, for this secon-
dary data analysis, from the Children’s Hospital of Eastern
Ontario and University of Ottawa Research Ethics Boards.

Blood sampling

Blood was drawn from 5373 CHMS participants, with
1162 WCBA (15-45 years old, including 29 reporting preg-
nancy) providing a sample for RBC folate measurement,
weighted to represent approximately 6676460 Canadians.
Participants in this subgroup who refused to participate in
the blood draw or who did not have a usable sample were
excluded (n = 45).

RBC folate concentration

RBC folate allows for an estimate of tissue folate stores
(McNulty et al. 2011). Venipuncture samples were collected
in EDTA-treated vacutainers, then immediately processed on
site. After hematocrit measurement, aliquots of whole blood
were frozen, stored at —20 °C, and shipped weekly to the
Health Canada nutrition laboratory on dry ice (Bryan et al.
2007). Samples were thawed, diluted (1-in-26) with 0.5% as-
corbic acid solution, allowed to incubate for 180 min at room
temperature, and then analyzed for RBC folate, using the Im-
mulite 2000 immunoassay (Siemens Canada Ltd., Missis-
sauga, Ont., Canada) (Siemans Canada 2009). RBC folate
concentration was calculated from the measured whole-blood
folate concentration, adjusted for RBC volume, without cor-
rection for plasma folate concentration. Accuracy and repro-
ducibility of these procedures was assessed using the
manufacturers’ serum controls (Con6: Tri-level multi-
constituent control) and whole-blood controls (BioRad Ly-
phochek Tri-level; BioRad Laboratories, Hercules, Calif.,
USA). Serum controls had an interassay coefficient of var-
iation of <5%, and all analyzed controls (serum, whole
blood) were within 10% of target values.

The folate concentration considered optimal for NTD risk
reduction among WCBA was set at >906 nmol-L-!, which
was derived from a large Irish case—control study of antenatal
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women from 1986 to 1990 that demonstrated a continuous,
inverse dose-response relationship between RBC folate con-
centration (up to 1292 nmol-L-!) and NTD risk (Daly et al.
1995). The cut-off of 906 nmol-L-! represents the lower
boundary of the uppermost RBC folate concentration group
in this study population, as well as the category with the low-
est risk of a NTD birth. This cut-off has been widely adopted
by experts in the field (Daly et al. 1995; Institute of Medicine
1998).

Correlates of optimal RBC folate concentration for NTD
risk reduction

Sociodemographic factors

A variable for WCBA (aged 15 to 45 years) was derived.
Socioeconomic status was examined by per-person house-
hold-income equivalents (which grouped respondents into
quartiles after adjustment for family size and composition)
and the highest level of household education (less than post-
secondary graduation and postsecondary graduation) (Statis-
tics Canada 2008). Participants were categorized
dichotomously as born or not born in Canada.

Behavioural factors

Supplement intake

Drug identification and natural health product numbers
were collected from containers shared by participants during
the household visit. This information was verified during the
clinic visit; changes in drug and supplement usage were also
collected at this time (Statistics Canada 2011a). Supplemen-
tal folic acid use — whether consumed alone or as a multi-
vitamin — in the 30 days prior to the clinic visit was
determined by matching drug identification and natural
health product numbers to product information extracted
from the Health Canada Drug Product and Licensed Natural
Health Product databases (Statistics Canada 2011a; Health
Canada 2011a, 2011b). This approach was also used to quan-
tify vitamin B, supplement use — again, whether consumed
alone or as a multivitamin.

Intake of folate-rich foods

A brief, nonquantitative food frequency questionnaire was
used to examine the usual frequency of consumption from
the grains and fruit and vegetables categories to assess diet-
ary habits for food sources of folate (Statistics Canada
2011a). Combined, these food groups have been shown to
represent 62% to 78% of dietary folate intake in the Canadian
diet (Sherwood et al. 2006; Shuaibi et al. 2008; Statistics
Canada 2011a). The derived variable for fruit and vegetables
included usual intake of fruit, tomatoes, lettuce, dark greens,
and other vegetables — not including juices or potatoes.
Usual intake of cereal, white bread, brown bread, and pasta
were combined to formulate the derived variable for grains.

Smoking
Self-reported smoking status and history were used to cat-
egorize participants as current, former, or never smokers.

Physical activity
A physical activity index of active, moderately active, or
inactive was derived on the basis of average daily energy ex-
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penditure values during self-reported leisure time activities in
the 3 months prior to the household visit (Statistics Canada
2011b).

Clinical factors

Derived variable for clinical risk factor

A derived variable was created to combine self-reported
diabetes mellitus, use of folic acid antagonist medication,
and overweight/obese. Drug identification numbers were
matched to data extracts from the Drug Product Database to
identify folic acid antagonist medication consumption in the
30 days prior to the clinic visit (Stabler 2010; Statistics Can-
ada 2011a). Measured height and weight were used to calcu-
late body mass index (BMI; kg-m2), which was then used to
classify participants as neither overweight nor obese, or over-
weight/obese. The BMI status of adults, excluding pregnant
women, was classified using Health Canada’s guidelines
(BMI of 25 to 29.9 kg-m2 indicates overweight; BMI
of >30 kg-m2 indicates obesity) (Health Canada 2003). Par-
ticipants aged 15 to 17 years were classified as being normal
weight, overweight, or obese, based on definitions proposed
by the International Obesity Task Force (Cole et al. 2000).
BMI was also examined as a separate predictor.

Vitamin B;, concentrations

Serum vitamin B, was assessed using the Immulite 2000
immunoassay, a solid-phase, competitive chemiluminescent
enzyme immunoassay involving an automated alkaline dena-
turation procedure. The cut-off for marginal vitamin B, sta-
tus was determined to be <221 pmol-L! (Siemans Canada
2006; Allen 2009).

Statistical analysis

Descriptive statistics (frequencies, percentiles) were used
to characterize the population. Missing values for predictor
variables were removed for individual analysis. Univariate lo-
gistic regression analysis was used to examine each covariate
as a correlate of folate concentrations >906 nmol-L-!; it was
followed by a separate logistic regression analysis that con-
trolled for age and income. ¢ tests were used to study the dif-
ferences between folic acid supplement users and nonusers
for each correlate. All estimates were based on data weighted
to represent the Canadian population. Variance estimation
(95% confidence intervals) and significance testing were
based on the bootstrap technique to account for the complex
sampling design (Rust and Rao 1996). Analyses were con-
ducted with SAS 9.1.3 (SAS Institute Inc., Cary, N.C., USA)
and SUDAAN v.10.0 (RTI International, Research Triangle
Park, N.C., USA), using DDF = 11 in the SUDAAN proce-
dure statements. Given the 11 degrees of freedom available
for variance estimation, Satterthwaite-adjusted statistics were
used to test the significance (p < 0.05) of each regression
model’s coefficients, rather than testing the significance of
individual parameters (Bushnik et al. 2010).

Results

Prevalence of RBC folate concentrations >906 nmol-L-!
The greatest proportion of RBC folate concentra-

tions >906 nmol-L-! occurred in the highest income quartile
(Table 1). The 2 older age groups (20—45 years of age) had a
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higher prevalence of RBC folate >906 nmol-L-! than the
youngest age group. A total of 24.8% of the study population
reported taking a folic acid supplement in the 30 days prior
to the clinic visit. Folic acid supplement users had a greater
prevalence of RBC folate concentration >906 nmol-L-!
(87.9%) than nonusers (75.2%).

Correlates of RBC folate concentrations >906 nmol-L-!

Participants who did not report folic acid supplement con-
sumption were significantly less likely to have a folate con-
centration >906 nmol-L-! (Table 1), after controlling for age
and income. For example, WCBA who did not report taking
a folic acid supplement were less likely to have folate con-
centrations >906 nmol-L-! than folic acid supplement users
(odds ratio (OR) 0.47; 95% CI 0.24, 0.92; Satterthwaite F sta-
tistic < 0.05). Participants not born in Canada were more
likely than Canadian-born participants to have folate concen-
trations >906 nmol-L-! (OR 1.84; 95% CI 1.03, 3.30). Partic-
ipants who consumed supplements containing vitamin B,
were also more likely than nonconsumers to have a RBC fo-
late concentration >906 nmol-L-! (OR 0.46; 95% CI 0.24,
0.89). Participants with marginal vitamin B, status were sig-
nificantly less likely to have optimal folate concentrations
than those who were vitamin B, replete (OR 0.68; 95% CI
0.46, 0.99).

Differences between folic acid supplement users and
nonusers

Twenty-five percent of Canadian WCBA reported consum-
ing a folic acid supplement. A higher prevalence of folic acid
supplement users than nonusers were in the highest income
quartile (28.8% (95% CI 22.5, 36.1) and 15.0% (95% CI
12.7, 17.7), respectively) (Table 2). Conversely, nonusers
were more prevalent than users in the lowest income quartile
(30.9% (95% CI 23.9, 38.8) and 18.9 (95% CI 10.3, 32.1),
respectively). Folic acid supplement users were more preva-
lent in association with vitamin B, supplement use. A higher
percentage of folic acid supplement use was evident among
participants who consumed fruit and vegetables 3 or more
times per day, and lower in participants who consumed fruit
and vegetables less than once per day.

The cumulative percent distributions for supplement users
and nonusers are shown in Fig. 1. The median RBC folate
concentration for folic acid supplement users was signifi-
cantly higher than that for nonusers, although both groups
had a median RBC folate >906 nmol-L-! (1470 nmol-L!
and 1141 nmol-L-!, respectively) (Fig. 1).

Discussion

This study provides new information on the correlates of
RBC folate concentrations considered optimal for NTD re-
duction in Canadian WCBA since fortification of the food
supply with folic acid began. The most significant correlate
of optimal RBC folate concentration for this subgroup was
folic acid supplement intake, which in turn was significantly
related to income, with a greater percentage of folic acid sup-
plement users in the highest income group.

Studies of subgroups of WCBA have demonstrated compa-
rable results, showing folic acid supplement intake as a
strong, modifiable factor associated with RBC folate concen-
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trations >906 nmol-L-1. For example, 40 healthy women,
aged 18-45 years, from Toronto, who did not use supple-
ments , were randomly assigned to consume supplements of
5.0 mg or 1.1 mg for 30 weeks. This resulted in an increase
in mean RBC folate concentrations, from 1121 =+
410 nmol-L-! and 1035 + 273 nmolL-! to 2339 =+
782 nmol-L-! and 1625 + 339 nmol-L-l, respectively
(Nguyen et al. 2009). In the United States, postfortification
data showed that in a prospective sample of primarily white
women, aged 22 to 25 years, supplement use was a strong
predictor of RBC folate concentration, and folic acid supple-
ment users had a higher mean RBC folate (983 + 65 nmol-L1)
than nonusers (Brown et al. 1997). Another sample of non-
supplementing WCBA from the National Health and Nutri-
tion Examination Survey (NHANES) was examined before
and after the fortification of the food supply with folic acid,
revealing that 90% of the sample participants were not
achieving levels associated with NTD risk reduction (Dietrich
et al. 2005). Further, a study of a sample of healthy pregnant
women from Northern Ireland revealed that the proportion of
women with RBC folate concentrations <906 nmol-L-! in-
creased if they started taking folic acid later in the prenatal
period, from 27% at preconception, to 38% at 0—6 gestational
weeks, to 53% at >6 gestational weeks (McNulty et al.
2011).

A recent study of the CHMS data showed that one-fifth of
Canadian WCBA are not achieving optimal concentrations of
RBC folate, although this subgroup is not folate deficient
(RBC folate <305 nmol-L-!) (Colapinto et al. 2011); median
folate concentrations were greater than the cut-off of
906 nmol-L-! for both supplement users and nonusers. Folic
acid supplement use in our study population was comparable
to another nationally representative study of Canadians (the
2004 Canadian Community Health Survey), which demon-
strated consumption in 15%, 23%, and 29% of women aged
14-18, 19-30, and 31-50 years, respectively (Shakur et al.
2010). The 2006 Maternity Experiences Survey, which exam-
ined women giving birth in Canada, found that 58% of these
women reported taking folic acid at some point during the
3 months before conception (Chalmers et al. 2008). Further,
in the United States, similar population-level data (2003-
2006 NHANES) demonstrated that 25% of WCBA consumed
a folic acid supplement (Tinker et al. 2010). The correlation
between lower income and decreased prevalence of folic acid
supplement use was also reflected in a systematic review of
international research (1989 to 2006) on folic acid supple-
ment intake, as well as in a study of the 2004 Canadian
Community Health Survey data (Stockley and Lund 2008;
Vatanparast et al. 2010). Considering the possible income
disparity related to folate concentration and supplement in-
take established in our study, and the similar inequality that
has been identified for NTD risk, low-income WCBA may
be an important target population for folic acid supplement
interventions. Interestingly, participants who are not Cana-
dian born were more likely to have folate concentrations
>906 nmol-L-!, but no significant relationship was found be-
tween birth place and folic acid supplement intake. Factors
such as specific dietary habits, country of origin, and length
of time since immigration to Canada — the study of which
are beyond the scope of this analysis — may provide insight
into this finding.

Published by NRC Research Press



Colapinto et al. 289

Table 2. Folic acid supplement use in Canadian women of childbearing age.

All women, % Supplement users, %
Variables (95% CI) (95% CI)
RBC folate concentration
Suboptimal (<906 nmol-L™") 21.7 (134, 33.1) <24.6 (5.51, 24.6)*
Optimal (>906 nmol-L™") 78.3 (66.9, 86.6) 87.9 (75.4, 94.5)
Sociodemographic factors*
Income quartile
Ql 27.9 (21.2, 35.8) 18.9 (10.3, 32.1)*
Q2 21.5 (17.3, 26.4) 18.5 (12.4, 26.7)
Q3 23.2 (18.9, 28.2) 25.0 (17.6, 34.2)
Q4 18.4 (154, 21.9) 28.8 (22.5, 36.1)
Missing 8.93 (6.48, 12.2) <20.3 (3.57, 20.3)*
Behavioural factors*
Vitamin B> supplement (last 30 d)
Yes (at least 1) 74.3 (71.4, 77.0) 97.7 (95.8, 97.9)
No 25.7 (23.0, 28.6) 2.98 (2.14, 4.15)
Daily fruit and vegetable intake
Less than once per day 5.71 (3.42, 9.37)* <6.22 (1.40, 6.22)*
1 to 2 times per day 40.7 (34.8, 46.8) 32.8 (21.5, 46.4)"
3 or more times per day 53.6 (45.7, 61.4) 64.3 (50.9, 75.7)
Clinical factor*
Vitamin Bj, concentration
Marginal (<221 pmol-L ™) 29.7 (26.4, 22.3) 16.4 (10.2, 25.4)"
Replete (>221 pmol-L") 70.3 (66.7, 73.6) 83.6 (74.6, 89.8)

Note: These analyses are for participants with a value for RBC folate (n = 1162, missing n = 45). Bold
type indicates significance at Satterthwaite F statistic (p < 0.05).

*Only determinants that demonstrated significance in the ¢ test are shown in the table.
Interpret with caution (high sampling variability; coefficient of variation >16.6% and <33.3%).

“Estimate not provided because of extreme sampling variability or small sample size; if the coefficient of
variation of the estimate is greater than 33%, the estimate is indicated as being less than the upper limit of
the 95% confidence interval.

Fig. 1. Cumulative percentile distributions of red blood cell folate concentrations by folic-acid supplement use from the 2007-2009 Canadian
Health Measures Survey. Folate concentrations considered optimal for maximal neural tube defect risk reduction (906 nmol-L!) is indicated
by the vertical line. The median folate concentration for each group is indicated by the dashed horizontal line. *, Significant difference in
medians.
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Conflicting findings regarding the health impact of con-  of the undisputed benefit of NTD risk reduction and the im-
suming folic acid may lead women to become disenchanted  portant link between optimal folate concentration and lower
with periconceptional folic acid supplement use, regardless  risk of congenital heart disease and oral clefts. Fuelling this
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controversy is a recent study suggesting that supplement use
does not offer an additional benefit for NTD risk reduction
when taken with grains that are fortified with folic acid (Ah-
rens et al. 2011). Further, an association between folic acid
supplement use and adverse health outcomes — including an
increased risk of asthma, obesity, insulin resistance, and
breast cancer in offspring — has been hypothesized, and
there is speculation that there is a link between the high in-
take of folic acid and an increased risk of cancer in those
with pre-existing neoplasms, and the potential for vitamin
B, masking (Mason et al. 2007; Cole et al. 2007; Yajnik et
al. 2008; Allen 2009; Hirsch et al. 2009; Ly et al. 2011). It is
notable that in our study, the participants with marginal vita-
min By, status were less likely to have optimal RBC folate
concentrations. This may be due to a lower intake of supple-
ments containing vitamin B,, which in our sample often ap-
peared to be taken in combination with folic-acid-containing
supplements, a behaviour that is supported by Canadian
guidelines (Health Canada 20100). This study reinforces the
importance of taking folic acid supplements to achieve opti-
mal concentrations.

This research used a nationally representative study, which
included a large sample size, directly measured biomarkers,
and access to drug identification numbers and natural health
product numbers. The cross-sectional nature of the CHMS
does not allow for causal inferences, and the number of inde-
pendent variables included in the regression model was lim-
ited by the 11 degrees of freedom. Future cycles of the
CHMS would benefit from the inclusion of more detailed nu-
trition information to complement RBC folate concentration
data, so that the impact of folate-related policies can be
more thoroughly examined over time. WCBA incapable of
becoming pregnant, for reasons of physiology or medication
use, were not examined separately in this study.

It has been established that interlaboratory differences in
values for RBC folate exist, although RBC folate is defined
by the Institute of Medicine as the primary biochemical index
to formulate the dietary reference intakes (Institute of Medi-
cine 1998; Pfeiffer et al. 2010). As a result, study-to-study
comparisons need to be performed with caution. It is ac-
knowledged that the cut-off used in our study is assay de-
pendent; however, it is standard practice to use the same cut-
off values, regardless of RBC folate methods. For example,
the US Centres for Disease Control and Prevention reported
that at least 1 competitive binding assay resulted in RBC fo-
late concentrations approximately 30% lower than either
microbiological or liquid chromatography—tandem mass spec-
trometry (Fazili et al. 2008). Notably, the RBC folate cut-off
of 906 nmol-L-! used in this study was initially established
by Daly et al. (1995), using a microbiological assay, except
in our study, no correction was made for serum folate con-
centration. We employed strict quality-control procedures to
ensure both the accuracy and precision of the RBC folate
measurements to minimize this limitation.

The RBC folate cut-off of 906 nmol-L-! represents the
upper limit of the continuous, inverse dose-response relation-
ship between RBC folate concentration and folate-dependent
NTDs theorized by Daly et al. (1995), and should not be
considered an absolute determinant of folate-dependent NTD
risk. Future research investigating the incidence of folate-
dependent NTDs, optimal RBC folate concentration, and

Appl. Physiol. Nutr. Metab. Vol. 37, 2012

folic acid supplement use is needed to provide insight into
this relationship.

In conclusion, folic acid supplement use was the most sig-
nificant predictor of WCBA achieving optimal RBC folate
concentrations for maximal NTD risk reduction. The impor-
tance of folic acid supplementation for WCBA must be dis-
tinguished from the needs of the general population. Future
research is needed to investigate the dose and duration of
intake that is most favourable for achieving optimal concen-
trations in different populations. These data indicate a need
for targeted strategies to improve compliance with folic acid
supplement recommendations to assist WCBA in achieving
desired folate concentrations.
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