1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Clin Nutr. 2019 May 01; 109(5): 1452-1461. doi:10.1093/ajcn/nqz027.

Defining the plasma folate concentration associated with the red
blood cell folate concentration threshold for optimal neural tube
defects prevention: a population-based, randomized trial of folic
acid supplementation

Meng-Yu Chenl2, Charles E Rose?, Yan Ping Qi?, Jennifer L Williams?, Lorraine F Yeung?,
Robert J Berry?, Ling Hao3, Michael J Cannon?, Krista S Crider?

1Epidemic Intelligence Service, Centers for Disease Control and Prevention, Atlanta, GA

2National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control
and Prevention, Atlanta, GA

3China Office, Centers for Disease Control and Prevention, US Embassy, Beijing, China

Abstract

Background: For women of reproductive age, a population-level red blood cell (RBC) folate
concentration below the threshold 906 nmol/L or 400 ng/mL indicates folate insufficiency and
suboptimal neural tube defect (NTD) prevention. A corresponding population plasma/serum folate
concentration threshold for optimal NTD prevention has not been established.

Objective: The aim of this study was to examine the association between plasma and RBC folate
concentrations and estimated a population plasma folate insufficiency threshold (pf-1T)
corresponding to the RBC folate insufficiency threshold (RBCf-IT) of 906 nmol/L.

Methods: We analyzed data on women of reproductive age (7= 1673) who participated in a
population-based, randomized folic acid supplementation trial in northern China. Of these women,
565 women with anemia and/or vitamin B-12 deficiency were ineligible for folic acid intervention
(nonintervention group); the other 1108 received folic acid supplementation for 6 mo (intervention
group). We developed a Bayesian linear model to estimate the pf-1T corresponding to RBCf-IT by
time from supplementation initiation, folic acid dosage, methyltetrahydrofolate reductase
(MTHFR) genotype, body mass index (BMI), vitamin B-12 status, or anemia status.

Results: Using plasma and RBC folate concentrations of the intervention group, the estimated
median pf-IT was 25.5 nmol/L (95% credible interval: 24.6, 26.4). The median pf-1Ts were similar
between the baseline and postsupplementation samples (25.7 compared with 25.2 nmol/L) but
differed moderately (£3-4 nmol/L) by MTHFR genotype and BMI. Using the full population-
based baseline sample (intervention and nonintervention), the median pf-1T was higher for women
with vitamin B-12 deficiency (34.6 nmol/L) and marginal deficiency (29.8 nmol/L) compared with
the sufficient group (25.6 nmol/L).
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Conclusions: The relation between RBC and plasma folate concentrations was modified by
BMI and genotype and substantially by low plasma vitamin B-12. This suggests that the threshold
of 25.5 nmol/L for optimal NTD prevention may be appropriate in populations with similar
characteristics, but it should not be used in vitamin B-12 insufficient populations. This trial was
registered at NCT00207558.
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Introduction

Low folate status is associated with increased risk of adverse health outcomes, including
megaloblastic anemia and neural tube defect (NTD)-affected pregnancies (1, 2). Folate is
essential for DNA synthesis, cell growth and differentiation, as well as the formation and
maturation of red blood cells (RBCs) (3, 4). Although essential throughout life, folate is
particularly critical during early stages of human development. Low folate status in
pregnancy has also been associated with other adverse health outcomes, including congenital
heart defects, oral clefts, fetal growth restriction, low birth weight, and preterm delivery (1,
2). Evidence from clinical trials and observational studies in multiple settings has shown that
folic acid intake in the periconceptional period reduces the occurrence of NTD-affected
pregnancies (5-7). To prevent folate-sensitive NTDs, women of reproductive age are
encouraged to consume folate-rich foods and 400 g of synthetic folic acid daily (8, 9).
Successful folic acid fortification programs have been documented in several countries,
including Canada, Costa Rica, Chile, South Africa, and the United States, resulting in a 31—
50% reduction in the prevalence of NTD-affected pregnancies, with the percentage reduction
dependent on folic acid dosage, intake, and baseline NTD rates (10-15).

To promote optimal NTD risk reduction at the population level, WHO recently
recommended that the population RBC folate concentrations should be above a threshold of
906 nmol/L (400 ng/mL) in women of reproductive age (16). In contrast, the threshold for
preventing megaloblastic anemia is much lower (i.e., 305 nmol/L) (17). The RBC folate
insufficiency threshold (RBCf-1T) of 906 nmol/L per WHO guidance has been used in
countries such as the United States (18) and Guatemala (19) to evaluate the impact of
fortification programs for the prevention of NTDs. Many countries, however, do not have
RBC folate concentration data available; instead, they have plasma or serum folate
concentration data for their populations because these are more widely utilized due to lower
cost and the easier process of obtaining them. Although RBC and plasma/serum folate are
both associated with folic acid intake (20, 21), they result from different biologic processes
and are not interchangeable. It is generally accepted that plasma/serum folate concentrations
reflect very recent intake, whereas RBC folate concentrations reflect both the long-term
average of intake over the life span of RBCs and folate stores in the liver (22). Although
ideal, currently there are no studies that link plasma/serum folate concentrations before or at
the time of conception with NTD risk (studies in the second trimester or later are
problematic due to hemodilution in pregnancy). Our objectives were to examine the
association between paired plasma and RBC folate concentrations and to estimate a
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population plasma folate insufficiency threshold (pf-1T) corresponding to the RBCf-IT of
906 nmol/L.

We used data from a population-based, double-blind randomized trial of folic acid
supplementation conducted from 2003 to 2005 in northern China. All participants provided
informed consent, and the project was approved by the institutional review boards at both
the US Centers for Disease Control and Prevention and Peking University Health Sciences
Center, Beijing, People’s Republic of China. The study design, participant eligibility, blood
collection procedure, and methods for biochemical measurements and
methyltetrahydrofolate reductase (MTHFR) genotyping have been previously described (23,
24). Briefly, 1673 women of reproductive age underwent baseline assessments of
hematologic and vitamin status (Supplemental Figure 1). Of this group, 565 women with
anemia and/or vitamin B-12 deficiency were ineligible for folic acid intervention. The other
1108 women were asked to take folic acid supplements for 6 mo and were randomly
assigned to dosages of 25 ug 4 times a day, 100 ug 1 time a day, 100 pg 4 times a day, 400
ug 1 time a day, 4000 pg 1 time a day, or 4000 pg 1 time per week. Fasting blood samples of
RBC folate, plasma folate, vitamin B-12, homocysteine, and hemoglobin were collected at
baseline; months 1, 3, and 6 during the supplementation trial; and month 9, which was 3 mo
postsupplementation. Plasma and RBC folate concentrations were measured by the Molloy
method with microbiological assays (chloramphenicol-resistant strain and folic acid
calibrator) (25). For our purpose, we used data at baseline and 6 mo after supplementation
(month 6), the time points when plasma and RBC folate concentrations were at or
approaching a steady state (24). Our primary analysis used the intervention group data at
baseline (7= 1108) and month 6 (#7=977).0ur secondary analysis used data from the
intervention (7= 1108) and nonintervention (/7= 565) groups at baseline. All analyses
combined the subgroups of 25 g 4 times a day and 100 pg 1 time a day into the 100 pg/d
group and the subgroups of 100 ug 4 times a day and 400 ug 1 time a day into the 400 pg/d
group because previous studies of this trial showed that the subgroups with different
schedules but same overall doses have similar dose—response relations (24).

The primary outcomes for the original trial were to assess the changes in plasma folate, RBC
folate, and homocysteine due to different intakes of folic acid with secondary analysis of the
impact of MTHFR genotypes, and these have been reported previously (23, 24). The current
analysis takes advantage of the well-characterized population-based sample of paired RBC
folate and plasma folate concentration data to assess the association between paired plasma
and RBC folate concentrations and to estimate a population pf-I1T corresponding to the
RBCf-IT of 906 nmol/L between different groups. The baseline sample was population-
based and included healthy, anemic, and B-12—deficient individuals. Because anemic
individuals were excluded from receiving the folic acid intervention and were referred to
medical care, the 6-mo postintervention sample included only nonanemic or B-12—deficient
individuals. Groups were stratified by age, body mass index (BMI, in kg/m?), and MTHFR
genotype.
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Statistical analysis

Descriptive analysis.—We described the data used for modeling by calculating the
baseline characteristics for age group (<25, 25 to <35, and =35 years), MTHFR 677
genotypes (CC, CT, and TT7), BMI (<25, 25 to <30, and =30), plasma folate, RBC folate,
plasma hemoglobin, and plasma vitamin B-12. We used the natural logarithm of plasma and
RBC folate concentrations in all analyses to normalize the distribution of folate
concentrations, and back-transformed to calculate the geometric mean (GM). We calculated
and compared these characteristics for the baseline data by intervention and nonintervention
groups using chi-square tests or nonparametric Kruskal-Wallis tests. In addition, we used
the intervention group data at baseline and month 6 and estimated the GM and the 2.5th and
97.5th percentiles of plasma and RBC folate concentrations overall, by folic acid dosage
groups, MTHFR 677 genotypes (CC, CT, and 77), and BMI subgroups. We used Pearson’s
correlation coefficient (/) to assess correlations between plasma and RBC folate
concentrations. Similarly, we used baseline data only and calculated the GM and 2.5th and
97.5th percentiles as well as rof plasma and RBC folate concentrations by group
(intervention compared with nonintervention), vitamin B-12 status (deficient <148 pmol/L,
marginal deficiency 148-221 pmol/L, and sufficient >221 nmol/L) (26), and anemia status
(hemoglobin <120 g/L compared with =120 g/L).

Bayesian linear model.—We modeled RBC folate concentration as a function of plasma
folate concentration using a linear model within the Bayesian framework. We chose the
Bayesian framework because of the flexibility, direct inferences through the posterior
distribution for quantities of interest, and usability of all available information. Flexibility
allows us to model RBC folate concentration as a function of plasma folate concentration
and obtain the posterior for the plasma distribution that corresponds to the RBC folate
concentration threshold. We are able to use all available information for RBC folate
concentration, plasma folate concentration, and covariates of interest in model development
and treat missing data as additional parameters to be estimated in the modeling process. We
investigated several models to estimate the plasma folate concentration corresponding to
RBC folate threshold. We set 906 nmol/L as the RBC folate concentration threshold for
optimal NTD prevention based on the WHO recommendation and previous studies (15, 27).

We used data from baseline and month 6 for the intervention group models and baseline data
for the combined nonintervention and intervention models. We estimated intervention group
models overall and by 7) baseline and month 6, 2) supplementation group, 3) genotype, and
4) BMLI. In addition, we estimated an overall pf-1T using a multivariable model that
controlled for age, MTHFR genotype, and BMI. We performed sensitivity analyses to
evaluate the impact of missing information on genotypes and BMI in the multivariable
models, using Bayesian methods to impute missing values.

To estimate the pf-IT for the combined nonintervention and intervention groups, we
developed Bayesian linear models (BLMs) overall and by 1) intervention and
nonintervention group, 2) vitamin B-12 status, and 3) anemia status. We also developed an
adjusted BLM including age, MTHFR genotypes, BMI, vitamin B-12 status, and anemia
status as covariates.
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We used the following standard procedure for all BLMSs. Our estimation procedure consisted
of computing the joint posterior probability distribution of all parameters using a Markov
chain Monte Carlo computational approach. We used a burn-in of 10,000 samples, drew
500,000 samples post burn-in, and thinned by retaining every 50th sample, which resulted in
a sample of 10,000 for our parameter estimates. We used mildly informative priors of MO,
10) for all parameters. In addition, for our multivariable models, we estimated the
parameters by removing missing data and using a full Bayesian approach by treating the
missing data as additional parameters to be estimated jointly with our model parameters of
interest. We assumed all missing data were missing at random. In addition, for all models
that used baseline and 6-mo data, we treated the individual as a random effect to account for
the correlation within a person. For each model, we summarized the 10,000 posterior
samples of the estimated pf-IT that corresponds to the RBCf-1T of 906 nmol/L. In addition,
when appropriate, we calculated and summarized the difference of the pf-IT estimates by
subgroup. We report the medians and 95% credible intervals (Cls) of the posterior
distributions of the estimated pf-1Ts and differences in pf-1Ts. A credible interval is
Bayesian statistics and defines a plausible range of values, within which an unobserved
parameter value falls with a particular probability. We estimated all models using SAS
MCMC (version 9.4; SAS Institute).

Descriptive analysis

Baseline characteristics of women in the intervention and nonintervention groups are
presented in Table 1. Women in the intervention group were more likely to be in the age
group <25y (P=0.03) and had higher plasma folate, RBC folate, hemoglobin, and vitamin
B-12 concentrations than those in the nonintervention group (P< 0.001). MTHFR 677
genotype 77 was more prevalent in the nonintervention group (43.1% compared with
35.1%), whereas CCand CT were more prevalent in the intervention group (P= 0.04).

The GM of plasma and RBC folate concentrations did not differ substantially by dosage
groups at baseline but differed at month 6 (Supplemental Table 1). The correlation
coefficient (/) for plasma and RBC folate concentrations increased in the intervention group
from 0.46 at baseline to 0.67 at month 6 (Figure 1A, Supplemental Table 1). The increase in
rafter supplementation was observed in all dosage groups except the 4000 ug/wk group
(Figure 1C, D, E and F, Supplemental Table 1), whereas the rin the 100 ug/d group
remained the lowest compared to other dosage groups.

Among the intervention group, women with MTHFR 677 genotype 77 had lower plasma
and RBC folate concentrations at baseline and month 6 compared with the CCand CT
groups (Supplemental Table 1). The increase in rbetween plasma and RBC folate
concentrations after supplementation was observed in all genotype groups (Figure 2A, B,
and C, Supplemental Table 1). At baseline or month 6, the rdid not differ substantially
between genotype groups. For BMI subgroups, at baseline and month 6, the obese women
(BMI =30) had higher RBC folate and lower plasma folate concentrations than
nonoverweight/nonobese women (BMI <25) (Figure 2D, E, and F, Supplemental Table 1).
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The rwas lower in the obese women than in the nonoverweight/nonobese women and
remained low at month 6 (Figure 2D, E, and F, Supplemental Table 1).

We found the rbetween plasma and RBC folate concentrations to be lower in the
nonintervention group (0.41) compared to the intervention group (0.46) (Figure 1A, B,
Supplemental Table 2) and also lower in the anemic group (0.35) compared with the
nonanemic group (0.48).

Plasma threshold analysis

When using data from the intervention group, the estimated median pf-IT was 25.5 nmol/L
(95% ClI: 24.6, 26.4) (Table 2, Figure 3). Results of the subgroup analyses for the
intervention group are summarized in Table 2 and Supplemental Figure 2. The estimated
median pf-IT at month 6 (25.2 nmol/L) was similar to baseline (25.7 nmol/L). The estimated
median pf-IT for the 100 pg/d group (38.4 nmol/L) was higher than that of the other three
dosage groups, whereas those in the other three dosage groups were closer to one another
(400 pg/d: 24.4 nmol/L; 4000 pg/d, 22.0 nmol/L; and 4000 pg/wk, 25.6 nmol/L). The higher
estimated median pf-IT in the 100 pg/d group was observed both at baseline and at month 6
(Supplemental Table 3). For the 4000 pg/d group, a lower estimated median pf-1T was
observed at month 6 (13.2 nmol/L) (Supplemental Table 3); however, when removing a few
influential observations, the 6-mo estimated median pf-1T (19.5 nmol/L) was not
substantially different from the baseline estimated median pf-1T(22.8nmol/L).

The estimated median pf-IT was higher for the 77 group (26.3 nmol/L) than the CCand CT
groups (CC: 23.2 nmol/L; CT: 25.1 nmol/L) (Table 2, Supplemental Figure 2). The
estimated median pf-1Ts were not different by genotype groups at month 6 alone
(Supplemental Table 3). Among BMI subgroups, the estimated median pf-1T was lowest for
the obese group (21.9 nmol/L), followed by the overweight group (23.3 nmol/L) and the
nonoverweight/nonobese group (26.7 nmol/L) (Table 2, Supplemental Figure 2). When
using only baseline or 6-mo data, the estimated median pf-IT for the obese group was ~5-6
nmol/L lower than that for the non-overweight/non-obese group (Supplemental Table 3).
Differently, the estimated median pf-IT for the overweight group was higher at baseline but
lower at month 6 compared to that for the nonoverweight/nonobese group. When comparing
the unadjusted and adjusted models, we did not observe meaningful differences in all the
threshold values (Supplemental Table 4).

Using data from all women at baseline, the estimated median pf-1T was 27.2 nmol/L (95%
Cl: 24.6, 30.9) (Table 3). The estimated median pf-IT for the intervention group was lower
than that for the nonintervention group (25.7 nmol/L compared with 32.5 nmol/L), with a
difference of 6.7 nmol/L (95% CI: -0.6, 18.2) (Table 3, Supplemental Figure 3). The
estimated median pf-1T was higher for vitamin B-12—deficient and marginal deficiency
women (34.6 and 29.8 nmol/L; respectively) compared with vitamin B-12—sufficient women
(25.6 nmol/L) (Table 3). The difference between vitamin B-12—deficient and — sufficient
groups was 8.9 nmol/L (95% CI: 0.4, 22.9) (Table 3, Supplemental Figure 3). The estimated
median pf-IT was also higher for the anemic group (28.5nmol/L) than for the nonanemic
group (26.4 nmol/L), but the difference was small (2.1 nmol/L; 95% CI: —6.3, 23.9) (Table
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3). When comparing the unadjusted and adjusted models, we did not observe meaningful
differences in the threshold values (Supplemental Table 5).
Discussion

We observed a moderate positive correlation of plasma and RBC folate concentrations in
nonpregnant women of reproductive age by using data from a population-based, randomized
trial of folic acid supplementation in northern China. In this population, 21% were vitamin
B-12 deficient and 15% were anemic. We also generated population pf-1Ts corresponding to
RBCT-1T for optimal NTD prevention. Among nonanemic, non-vitamin B-12—deficient
women, the estimated median pf-1T corresponding to RBCf-IT of 906 nmol/L was 25.5
nmol/L. The estimated median pf-1T did not change after supplementation. However, the
estimated median pf-I1Ts in vitamin B-12—deficient or marginal deficiency women were
higher than with that in vitamin B-12—sufficient women. Our results suggest that the
threshold of 25.5 nmol/L may be inappropriate for populations with high prevalence of
vitamin B-12 deficiency or marginal deficiency.

Association between plasma and RBC folate concentrations

We found a moderate linear relation between plasma and RBC folate concentrations at
baseline (r=0.46 in the intervention group and r= 0.41 in the nonintervention group). The
correlations were not substantially different by MTHFR genotype or vitamin B-12 status,
but they were lower in obese and anemic groups. We also found the correlation increased
after folic acid intervention (r=0.67), implying that the individual variation of blood folate
concentrations in the population decreased after folic acid intervention (e.g., food
fortification). Note that the correlations are lower before intervention compared to after the
folic acid intervention due to higher variance in the same subjects at baseline and not due to
a difference in the slope orconclusionsconclusions intercept of the association such that there
is more scatter around the same line (Figure 1).Another way to demonstrate that the slope of
the association is similar between the pre- and post-intervention data is by comparing the
median plasma folate concentration that correlates with the 906 nmol/L RBC folate
concentration, which is almost identical [baseline, 25.7 nmol/L (95% CI: 23.0, 29.7); 6-mo
folic acid, 25.2 nmol/L (95% CI: 23.9, 26.5); Table 2], just with wider credible intervals at
baseline that reflect the higher variance in the baseline data. It is not surprising to have less
variance in crude 72 correlation at low concentrations when a small absolute change
produces a larger percentage change and that variance decreases when the population is
homogenized by 6 mo of folic acid supplementation and much higher concentrations, where
the same absolute difference is a much smaller percentage change. Previous Irish studies
with blood folate samples collected among pregnant women who attended the antenatal
clinic showed the correlation coefficient of RBC and plasma folate to be 0.61-0.71 (28),
which is consistent with the postsupplementation data. However, it is difficult to compare
the reported correlation coefficients with our estimates due to difference in pregnancy status
and lack of information on folic acid supplementation, baseline folate concentrations, and
genetic or biologic characteristics.
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Population plasma folate concentration insufficiency threshold

In our study, for nonanemic, non-vitamin B-12—deficient women, the estimated median pf-
IT corresponding to RBCf-IT of 906 nmol/L for optimal NTD prevention (< 8 NTD per
10,000 births) was 25.5 nmol/L. A previous nested case—control study of women in the
second trimester found that the subpopulation with plasma folate concentration >15.9
nmol/L was associated with a lower risk of NTDs (< 9 per 10,000 births) (29). Due to
hemodilution of pregnancy, which leads to lower plasma/serum folate concentration in
normal pregnancy (30), it may be inappropriate to compare this plasma concentration with
the one derived from nonpregnant women in our study. The difference in plasma folate
concentration thresholds might also be influenced by the limited number of participants in
the previous study and by biological factors such as race/ethnicity or environmental factors
such as different food sources between the two different populations.

Effect of folic acid supplementation.—This analysis finds that folate metabolism and
possibly transportation into the cell change the plasma folate equivalent of the 906 nmol/L
threshold (B-12, MTHFR, and BMI), whereas 6 mo of folic acid supplement in and of itself
does not change the pf-IT (such that those whose RBC folate concentration is 906 nmol/L
have similar plasma folate concentrations at baseline as those who have consumed folic acid
supplements and have RBC folate concentrations of 906 nmol/L). When stratifying by folic
acid dosage groups, the pf-I1T for the 100 pg/d group was higher than those of the other three
dose groups. However, the additional analysis on the 100 ug/d group revealed that the pf-1Ts
did not differ by baseline and 6 mo of supplementation, suggesting that factors other than
supplementation affect the relation between plasma and RBC folate concentrations in this
subgroup. Given that the women in the original trial were randomly allocated to each dose
group and there was no difference in baseline characteristics between dose groups (24), it
might be an unmeasured confounder that results in the difference in plasma threshold
estimates for the 100 pg/d group. Because our model was intended to reflect true population
variance of plasma and RBC folate concentrations, we retained the 100 pg/d group data in
the final overall model.

Effect of MTHFR genotype.—The MTHFR genotype variation (667 C> T transition) is a
determinant of folate status in women of reproductive age (31). Studies have shown that the
genetic variant 77 was associated with lower plasma/serum and RBC folate concentrations
(23) and increased risk of NTDs (32). Previous modeling showed that M7THFR genotype
variation does not modify the relation of RBC folate concentration threshold and NTD risk
in the population (33), although additional folate intake would be needed for a population
with the MTHFR T alleles to achieve a specific RBC folate concentration. Genotype 77,
which links to lower concentrations of RBC and plasma folate concentrations, had a higher
pf-IT than CCand CTgroups (trend 77> CT> CC). When further stratifying data of
genotype subgroups by different time points, the trend of the pf-ITs among genotype
subgroups was found at baseline but not after 6 mo of folic acid supplementation. Our
findings suggest that the differences between RBC folate and plasma folate concentrations
due to genotype are moderated after folic acid supplementation.
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Effect of BMI.—Our study revealed an inverse trend between BMI and pf-1T: higher BMI
is associated with a lower plasma threshold. This association is consistent with results from
previous studies among US women showing that higher BMI was associated with lower
serum folate but higher RBC folate concentrations (34, 35). A possible explanation for this
observation could be that the altered distribution of folate as body size increases leads to a
change in the body pool of freely available plasma/serum folate and folate in the cell (36,
37). Obesity is also thought to affect folate metabolism (e.g., higher cellular uptake of the
developing erythrocytes) (38), but the effect has not yet been determined. In addition, a US
study (35) found that the use of folic acid supplements modified the inverse association
between serum folate concentration and BMI: lower serum folate concentrations were
associated with higher BMI among supplement nonusers but not among users. However, in
our study, the inverse association between BMI and pf-IT remained after 6 mo of
supplementation. Further studies are needed to delineate the associations between BMI, folic
acid intake, and the two different folate status indicators (plasma and RBC folate).

Effect of vitamin B-12.—We found that lower vitamin B-12 status is associated with
much higher pf-IT. Vitamin B-12 is directly involved in folate metabolism and required for
folate retention in developing RBC, thus leading to functional folate deficiency and impaired
erythropoiesis (1). Vitamin B-12 serves as a coenzyme in methionine synthase reaction [i.e.,
the conversion of 5-methyl-tetrahydrofolate (5-methyl-THF) to THF]. Vitamin B12
deficiency can lead to reduced methionine synthase reaction, causing 5-methyl-THF to
accumulate in the “methyl trap” (39). The effect of vitamin B-12 status on the relation
between RBC folate and plasma folate highlights the differences between the two folate
biomarkers and suggests caution in using a pf-1T in the context of lower vitamin B-12
intakes. Vitamin B-12 deficiency should be corrected because there are clinical
consequences beyond those associated with folate deficiency (e.g., neurological damage). In
populations with a high prevalence of vitamin B-12 deficiency and insufficiency, correction
of both vitamin B-12 deficiency and low folate status could be considered and RBC folate,
plasma/serum folate, and vitamin B-12 monitored.

Strengths and limitations

This study has several strengths. This was a large population-based study with multiple
biomarkers available for each subject. There was high compliance with folic acid
supplementation, allowing us to show the correlations and pf-1T estimates between different
subgroups receiving different dosages. Furthermore, MTHFR genotype information was
available, allowing us to examine if genotype affects plasma folate concentration thresholds.

One study limitation is that we used folic acid concentration measured after 6 mo of
supplementation in the analysis. This assumes that blood folate, particularly RBC folate, has
reached a steady state. Studies have shown that it takes ~6-12 mo for RBC to reach a steady
state, whereas it takes less time for plasma/serum to do so (40-44). The timing to reach a
steady state also depends on the dosage of folic acid supplementation (43-45). RBC folate
concentrations in women who take high doses (e.g., >1 mg/d) may plateau earlier than those
in lower dose groups. Our previous study, which used the same China data, showed that the
plasma concentration plateaued at 3 mo but RBC concentration had not plateaued by 6 mo
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(24). Because in the trial folic acid supplementation was withdrawn after 6 mo, we could not
determine whether the RBC folate concentration increased after this period or whether it
reached a plateau between 3 and 6 mo. However, an assumption of steady state may not be
so important because we found no substantial difference in the pf-1Ts between baseline and
after 6 mo of supplementation.

This study is also limited in that this correlation is limited to the microbiological assay and
is not generalizable to other assays. In addition, the folate measurements in this study were
taken under fasting conditions, which limited our ability to assess the effect of fasting. Last,
this study only included women of reproductive age in northern China, with a background of
high (35.1%) prevalence of 77 genotype (23). More studies using data from other
populations in different settings will help determine if our findings of the association
between plasma and RBC folate concentrations and the pf-1Ts can be applied to other
populations.

RBC and plasma folate concentrations, although highly correlated, are not identical
biomarkers of folate status, and their relation is affected by BMI, MTHFR genotype, and
especially vitamin B-12 status. Previous studies in various populations have consistently
shown that as RBC folate concentration increases, NTD risk decreases; for example, a 4-fold
increase in RBC concentration, from 300 nmol/L to 1200 nmol/L, was associated with up to
a 10-fold decreased risk of NTDs (33). WHO has established that the RBC folate
insufficiency threshold for optimal NTD prevention is 906 nmol/L, and this threshold
(adjusted for folate assay method) helped Guatemala evaluate its fortification program.
Fortification was found to be relatively effective at increasing blood folates in urban areas
(~19% of the population under the RBCf-1T) but was not effective in reaching rural and
indigenous populations (~ 81% under the RBCf-I1T in Norte region) (19). The pf-IT could be
used by programs to determine what percentage of their population is likely to be folate
insufficient for optimal NTD prevention. High rates of plasma folate insufficiency would
indicate a need to implement an appropriate folic acid fortification or supplementation
program. Although RBC folate concentration distributions are still needed to predict NTD
prevalence, use of a population plasma folate insufficiency threshold could help programs
with existing plasma folate data plan and initiate fortification programs.

Conclusions

We estimated that the population-based median pf-IT corresponding to RBCf-1T of 906
nmol/L is ~25.5 nmol/L. We observed no substantial change in estimated median pf-IT after
folic acid supplementation, and only moderate changes by MTHFR genotype and BMI. The
estimated median pf-IT among vitamin B-12—deficient women was much higher than that of
vitamin B-12-sufficient women, suggesting the threshold may be inappropriate for
populations with vitamin B-12 insufficiency or other characteristics different from those of
our study population.

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

Page 11

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Christine Pfeiffer for the interpretation of folate cutoffs. We also thank the staff members and
participating women of the original trial.

The authors’ responsibilities were as follows—M-YC: analyzed and

interpretedthedataanddraftedthemanuscript; CER:designedandperformed the statistical analysis and drafted the
statistical methods; YPQ, JLW, LFY, RJB, LH, and MJC: interpreted the data and critically revised the manuscript;
KSC: conceived and designed the study, interpreted the data, critically revised the manuscript, and had primary
responsibility for final content; and all authors: read and approved the final manuscript. None of the authors
reported a conflict of interest related to this study.

The authors reported no funding received for this study.

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

Abbreviations used:

BLM Bayesian linear model
Cl Bayesian credible interval
GM geometric mean
MTHFR methyltetrahydrofolate reductase
NTD neural tube defect
Pf-IT plasma folate insufficiency threshold
RBC red blood cell
RBCf-IT red blood cell folate insufficiency threshold
THF tetrahydrofolate
References

1. Bailey LB, Stover PJ, McNulty H, Fenech MF, Gregory JF 3rd, Mills JL, Pfeiffer CM, Fazili Z,
Zhang M, Ueland PM, et al. Biomarkers of nutrition for development—folate review. J Nutr
2015;145:16365-80s. [PubMed: 26451605]

2. Molloy AM, Kirke PN, Brody LC, Scott JM, Mills JL. Effects of folate and vitamin B12
deficiencies during pregnancy on fetal, infant, and child development. Food Nutr Bull
2008;29:5101-11. [PubMed: 18709885]

3. Bailey LB, Gregory JF. Folate metabolism and requirements. J Nutr1999;129:779-82.

4. Institute of Medicine. Dietary reference intakes for thiamin, riboflavin, niacin, vitamin B6, folate,
vitamin B12, pantothenic acid, biotin, and choline. Washington (DC): National Academies Press;
1998.

5. Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H, Mulinare J, Zhao P, Wong LY, Gindler J, et
al. Prevention of neural-tube defects with folic acid in China. N Engl J Med 1999;341:1485-90.
[PubMed: 10559448]

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

Page 12

. Czeizel AE, Dudas I. Prevention of the first occurrence of neural-tube defects by periconceptional

vitamin supplementation. N Engl J Med 1992;327:1832-5. [PubMed: 1307234]

. MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical

Research Council Vitamin Study. Lancet 1991;338:131-7. [PubMed: 1677062]

. Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW, Epling JW Jr, Garcia FA, Kemper

AR, Krist AH, Kurth AE, Landefeld CS, et al. Folic acid supplementation for the prevention of
neural tube defects: US Preventive Services Task Force recommendation statement. JAMA
2017;317:183-9. [PubMed: 28097362]

9. World Health Organization. WHO recommendations on antenatal care for a positive pregnancy

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

experience. Geneva: World Health Organization; 2016.
10.

Centers for Disease Control and Prevention. CDC Grand Rounds: additional opportunities to
prevent neural tube defects with folic acid fortification MMWR Morb Mortal Wkly Rep 2010;59:
980-4. [PubMed: 20703205]

De Wals P, Tairou F, Van Allen MI, Uh SH, Lowry RB, Sibbald B, Evans JA, Van den Hof MC,
Zimmer P, Crowley M, et al. Reduction in neural-tube defects after folic acid fortification in
Canada. N Engl J Med 2007;357:135-42. [PubMed: 17625125]

Cortes F, Mellado C, Pardo RA, Villarroel LA, Hertrampf E. Wheat flour fortification with folic
acid: changes in neural tube defects rates in Chile. Am J Med Genet A 2012;158a:1885-90.
[PubMed: 22711368]

Chen LT, Rivera MA. The Costa Rican experience: reduction of neural tube defects following food
fortification programs. Nutr Rev 2004;62:540-3. [PubMed: 15298447]

Sayed AR, Bourne D, Pattinson R, Nixon J, Henderson B. Decline in the prevalence of neural tube
defects following folic acid fortification and its cost-benefit in South Africa. Birth Defects Res A
Clin Mol Teratol 2008;82:211-6. [PubMed: 18338391]

Williams J, Mai CT, Mulinare J, Isenburg J, Flood TJ, Ethen M, Frohnert B, Kirby RS. Updated
estimates of neural tube defects prevented by mandatory folic acid fortification—United States,
1995-2011. MMWR Morb Mortal Wkly Rep 2015;64:1-5. [PubMed: 25590678]

World Health Organization. Guideline: optimal serum and red blood cell folate concentrations in
women of reproductive age for prevention of neural tube defects. Geneva: World Health
Organization; 2015.

Pfeiffer CM, Sternberg MR, Hamner HC, Crider KS, Lacher DA, Rogers LM, Bailey RL, Yetley
EA. Applying inappropriate cutoffs leads to misinterpretation of folate status in the US population.
Am J Clin Nutr 2016;104:1607-15. [PubMed: 27680995]

Tinker SC, Hamner HC, Qi YP, Crider KS. U.S. women of childbearing age who are at possible
increased risk of a neural tube defect-affected pregnancy due to suboptimal red blood cell folate
concentrations: National Health and Nutrition Examination Survey 2007 to 2012. Birth Defects
Res A Clin Mol Teratol 2015;103:517-26. [PubMed: 25884850]

Rosenthal J, Reeve ME, Ramirez N, Crider KS, Sniezek J, Vellozzi C, Devine O, Lopez-Pazos E.
Red blood cell folate insufficiency among nonpregnant women of childbearing age in Guatemala
2009 to 2010: prevalence and predicted neural tube defects risk. Birth Defects Res A Clin Mol
Teratol 2016;106:587-95. [PubMed: 27010602]

Yang Q, Cogswell ME, Hamner HC, Carriquiry A, Bailey LB, Pfeiffer CM, Berry RJ. Folic acid
source, usual intake, and folate and vitamin B-12 status in US adults: National Health and
Nutrition Examination Survey (NHANES) 2003-2006. Am J Clin Nutr 2010;91:64-72. [PubMed:
19828716]

Hopkins SM, Gibney MJ, Nugent AP, McNulty H, Molloy AM, Scott JM, Flynn A, Strain JJ, Ward
M, Walton J, et al. Impact of voluntary fortification and supplement use on dietary intakes and
biomarker status of folate and vitamin B-12 in Irish adults. Am J Clin Nutr 2015;101:1163-72.
[PubMed: 25877491]

Wu A, Chanarin I, Slavin G, Levi AJ. Folate deficiency in the alcoholic—its relationship to clinical
and haematological abnormalities, liver disease and folate stores. Br J Haematol 1975;29:469-78.
[PubMed: 1191558]

Crider KS, Zhu JH, Hao L, Yang QH, Yang TP, Gindler J, Maneval DR, Quinlivan EP, Li Z, Bailey
LB, et al. MTHFR 677C—T genotype is associated with folate and homocysteine concentrations

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 13

in a large, population-based, double-blind trial of folic acid supplementation. Am J Clin Nutr
2011;93:1365-72. [PubMed: 21508090]

Hao L, Yang QH, Li Z, Bailey LB, Zhu JH, Hu DJ, Zhang BL, Erickson JD, Zhang L, Gindler J, et
al. Folate status and homocysteine response to folic acid doses and withdrawal among young
Chinese women in a large-scale randomized double-blind trial. Am J Clin Nutr 2008;88:448-57.
[PubMed: 18689382]

Molloy AM, Scott JM. Microbiological assay for serum, plasma, and red cell folate using
cryopreserved, microtiter plate method. Methods Enzymol 1997;281:43-53. [PubMed: 9250965]

Allen LH. How common is vitamin B-12 deficiency? Am J Clin Nutr2009;89:693S-6S.

Cordero AM, Crider KS, Rogers LM, Cannon MJ, Berry RJ. Optimal serum and red blood cell
folate concentrations in women of reproductive age for prevention of neural tube defects: World
Health Organization guidelines. MMWR Morb Mortal Wkly Rep 2015;64: 421-3. [PubMed:
25905896]

Kirke PN, Molloy AM, Daly LE, Burke H, Weir DG, Scott JM. Maternal plasma folate and vitamin
B12 are independent risk factors for neural tube defects. Q J Med 1993;86:703-8. [PubMed:
8265769]

Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM. Folate levels and neural tube defects:
implications for prevention. JAMA 1995;274:1698-702. [PubMed: 7474275]

Hall MH, Pirani BBK, Campbell D. The cause of the fall in serum folate in normal pregnancy.
BJOG 1976;83:132-6.

Tsang BL, Devine OJ, Cordero AM, Marchetta CM, Mulinare J, Mersereau P, Guo J, Qi YP, Berry
RJ, Rosenthal J, et al. Assessing the association between the methylenetetrahydrofolate reductase
(MTHFR) 677C>T polymorphism and blood folate concentrations: a systematic review and meta-
analysis of trials and observational studies. Am J Clin Nutr 2015;101:1286-94. [PubMed:
25788000]

Zhang T, Lou J, Zhong R, Wu J, Zou L, Sun'Y, Lu X, Liu L, Miao X, Xiong G. Genetic variants in
the folate pathway and the risk of neural tube defects: a meta-analysis of the published literature.
PLo0S One 2013;8:e59570. [PubMed: 23593147]

Crider KS, Devine O, Hao L, Dowling NF, Li S, Molloy AM, Li Z, Zhu J, Berry RJ. Population red
blood cell folate concentrations for prevention of neural tube defects: Bayesian model. BMJ
2014;349:94554. [PubMed: 25073783]

Mojtabai R Body mass index and serum folate in childbearing age women. Eur J Epidemiol
2004;19:1029-36. [PubMed: 15648596]

Tinker SC, Hamner HC, Berry RJ, Bailey LB, Pfeiffer CM. Does obesity modify the association of
supplemental folic acid with folate status among nonpregnant women of childbearing age in the
United States? Birth Defects Res A Clin Mol Teratol 2012;94: 749-55. [PubMed: 22641603]

da Silva VR, Hausman DB, Kauwell GPA, Sokolow A, Tackett RL, Rathbun SL, Bailey LB.
Obesity affects short-term folate pharmacokinetics in women of childbearing age. Int J Obes
2013;37:1608.

Stern SJ, Matok I, Kapur B, Koren G. A comparison of folic acid pharmacokinetics in obese and
nonobese women of childbearing age. Ther Drug Monit 2011;33:336-40. [PubMed: 21572389]
Zhou S-S, Li D, Chen N-N, Zhou Y. Vitamin paradox in obesity: deficiency or excess? World J
Diabetes 2015;6: 1158-67. [PubMed: 26322161]

Shane B, Stokstad EL.VitaminB12—folate interrelationships. Annu Rev Nutr 1985;5:115-41.
[PubMed: 3927946]

Heseker H, Schmitt G. Effect of long-term supplementation of folate on folate status in plasma and
erythrocytes. J Nutr Sci Vitaminol 1987;33:163-8. [PubMed: 3668697]

Pietrzik K, Lamers Y, Brdmswig S, Prinz-Langenohl R. Calculation of red blood cell folate steady
state conditions and elimination kinetics after daily supplementation with various folate forms and
doses in women of childbearing age. Am J Clin Nutr 2007;86: 1414-9. [PubMed: 17991654]
Lamers Y, Prinz-Langenohl R, Bramswig S, Pietrzik K. Red blood cell folate concentrations
increase more after supplementation with [6S]-5methyltetrahydrofolate than with folic acid in
women of childbearing age. Am J Clin Nutr 2006;84:156-61. [PubMed: 16825690]

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Chenetal.

Page 14

43. Bramswig S, Prinz-Langenohl R, Lamers Y, Tobolski O, Wintergerst E, Berthold HK, Pietrzik K.
Supplementation with a multivitamin containing 800 microg of folic acid shortens the time to
reach the preventive red blood cell folate concentration in healthy women. Int J Vitam Nutr Res
2009;79:61-70. [PubMed: 20108207]

44. Nguyen P, Tam C, O’Connor DL, Kapur B, Koren G. Steady state folate concentrations achieved
with 5 compared with 1.1 mg folic acid supplementation among women of childbearing age. Am J
Clin Nutr 2009;89:844-52. [PubMed: 19158211]

45. Houghton LA, Gray AR, Rose MC, Miller JC, Hurthouse NA, Gregory JF. Long-term effect of
low-dose folic acid intake: potential effect of mandatory fortification on the prevention of neural
tube defects. Am J Clin Nutr 2011;94:136-41. [PubMed: 21593499]

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chen et al.

(A)

P

In(RBC) (nmol/L)
ikl LE UKL X

Intervention

f.: 4

Month (r)

¢ 0(0.46)
® 6(0.67)

(D)

©

&

In(RBC) (nmol/L)
BoRGsnae

01234567389
In(plasma) (nmol/L)

400 pg/day
©
Month (r)
* 0(0.49)
® 6(0.70)

0123456789
In(plasma) (nmol/L)

FIGURE 1.

(B)

In(RBC) (nmol/L)
B B ST

Non-intervention

Month (r)
® 0(0.41)

(©)

In(RBC) (nmol/L)
oo e eda e e

Page 15
100 ng/day
. 8
Month (r)
* 0(0.39)
® 6(0.44)

012345672839
In(plasma) (nmol/L)

(E) 4000 ug/day

©

In(RBC) (nmol/L)
il i ol

Bt

Month (r)

¢ 0(0.52)
* 6(0.60)

01234567389
In(plasma) (nmol/L)

(F) 4000 pg/week

In(RBC) (nmol/L)
AL L EXXRLE,

g
)
= ]
2]
1e
@

Month (r)

* 0(0.51)
® 6(0.50)

01234567839
In(plasma) (nmol/L)

01234567839
In(plasma) (nmol/L)

Correlation plots between plasma and RBC concentrations at baseline (month 0) and after 6
mo of supplementation. Plots show the natural log-transformed plasma and RBC folate
concentrations for (A) the intervention group (baseline 7= 1108, 6 mo 7= 977), (B) the
non-intervention group (77 =565), and different folic acid dosage groups (C: baseline n=
368, 6 mo n7=330; D: baseline 7= 371, 6 mo n=332; E: baseline n= 183, 6 mo n=162; F:
baseline 7= 186, 6 mo /7= 153). The values of correlation coefficients (/) are shown in each

panel. RBC, red blood cell

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Chen et al.

(A)

In(RBC) (nmol/L)
govesapien

cc

Month (r)

® 0(0.45)
® 6(0.60)

(B)

In(RBC) (nmol/L)
il s A ke il i B

CT

L

Month (r)

¢ 0(0.43)
® 6(0.67)

()

In(RBC) (nmol/L)
S IR i B el

Page 16
¥ &
K °
@
L
¥,
Month (r)
* 0(0.49)
® 6(0.66)

(D)

In(RBC) (nmol/L)
SohoammNNo

0123456789
In(plasma) (nmol/L)

<25 kg/m2

Month (r)

s 0(0.48)
* 6(0.68)

0123456789
In(plasma) (nmol/L)

FIGURE 2.

(E)

In(RBC) (nmol/L)
il il P e~

01234567839
In(plasma) (nmol/L)

25-<30 kg/m?

Month (r)

* 0(0.44)
* 6(0.68)

(F)

01234567389
In(plasma) (nmol/L)

> 30 kg/m?®
@ '.0
ﬁ.\
Month (r)
® 0(0.41)
® 6(0.59)

0123456789
In(plasma) (nmol/L)

0123456789
In(plasma) (nmol/L)

Correlation plots between plasma and RBC concentrations at baseline (month 0) and after 6
mo of supplementation. Plots show the natural log-transformed plasma and RBC folate
concentrations for MTHFR 677 genotype groups (A: baseline 7= 163, 6 mo 7= 159; B:
baseline 7= 448, 6 mo = 434; C: baseline n=330, 6 mo 7= 361) and BMI groups (D:
baseline 7=670, 6 mo n7=584; E: baseline 7=287, 6 mo n = 260; F: baseline 7= 69, 6 mo
n=60). Data included only women who received the folic acid intervention. The estimated
correlation coefficients (/) are shown in each panel. RBC, red blood cell.

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Chen et al.

Density

FIGURE 3.

0.91

0.81

0.71

Page 17

median (95% Cl)
25.5 (24.6, 26.4)

=

23 24 25 26 27 28
Estimated plasma folate concentration (nmol/L)

Estimated plasma folate concentration corresponding to the RBC folate concentration of 906
nmol/L using data from the intervention group (includes baseline and 6 mo). The dashed line
represents the median, and the values of the estimated median and 95% credible interval are
shown. ClI, Bayesian credible interval; RBC, red blood cell.

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



Page 18

Chenetal.

*(J0TRIQIRD PIJR D110} pUE UIRAS JUB)SISI-|0dIuaydwelolyd yim Aesse a160jo1qo.aoIw) poyiaw Aoj|OIAl 8yl Aq painses|n

g

*dnoJb uonuaAIsuI-UOU 3y} Ul UBWOM 3UO Ul Buissiw a1am elep uigojfowsH ‘dnoif uonusAIaIuI-uoU
3Y} Ul UsWwom Gg pue dnolB uoiUsAISIUL 8Y) Ul UBWOM Zg Ul Buissiw alam erep || "dnoif uonuaAIziuI-uou ay} Ul uswom ZTg pue dnoiB uonusAIsIul 8y} Ul uswwiom /9T ul Buissiw alam eep adAlous

4

'sdnoJf uonUAAIBIUI-UOU PUE UOIIUBAIRIUI
U9aM1aq SURIPALW Ul 32UBI3MIP By} 18] 0] Pasn aJam S1Sa} SHj[BAM—{eSNI d11aweseduon 'sdnolh UoUSAIBIUI-UOU pue UOIUSAIBIUI U3amiaq suoliiodoid ay) 1sa) 0 pasn alam S1ISIelS Em:cw._som

‘(1/10wd gy T>) Aduaidysp ZT-g utwena Jo (71/6 0ZT> uiqojfoway) elwsue 0} 8np UOIUBAISIUL P19k 91104 10} 3]q1b1j8u|

4

‘[199 pOO|q pas ‘DgY ‘aselonpal a1e|ojoipAyenlAyIBW &MLV (sanuadiad YIg L6 ‘YiG'Z) Ssuelpaw 10 (95) ¢/ aJe sanjeA

T

100°0> 672y ‘9'7S) LET (L2s 'vST) 052 7/10wd ‘ZT-g UlWenA ewseld
6 ‘uiqojBbowa
100'0> (15T 28) 221 (ST ‘T2T) bET p /0 WIGOIB0WH
owu ‘axe|o
100°0> (v¥eT 'eSe) €€5 (T22T '222) 119 s 1104 08y
OWU ‘a1e|0J ewSe.
100°0> (8cz'zy) 88 (Tv2'Lv) 56 g 810k Id
(%5°2) o (%29) 69 0€=
(%%'92) 0¥T (%0°82) 182 0€>-52
(%60°99) 0S¢ (%¢£°99) 029 Gz >
m .
100 . _ Wb N
(%T°€P) 60T (%T°g€) 0gE 11
(%6°ey) TTT (%9°LY) 871 10
(%0°€T) €€ (%€°2T) €91 20
adAjouab
00 _ _ 50k LLOYHAHLN
(%8'8T) 90T (%9°2T) G6T Gez
(%L°SL) 82y (%eeL) 218 GE> 0162
(%s°9) 1€ (%T1°6) TOT 52>
€00 — — A ‘dno.b aby
Pnend (595 =u) (80TT = U) UonUBALIU| aIs1R1R YD

4

UOIIUBA BIUI-UON

N@S =u)eulyd

uJayuiou ‘snyels uonuaAlaul Ag paiiirens uoneluswajddns pioe 91j0j JO [l paziliopuel & ul afe aAnonpoadal J0 UsWOM Y] JO SoIISIIs1oRIRYD Buljaseyg

T31avl

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2020 May 01.



Chen et al. Page 19

TABLE 2
Estimated plasma folate concentrations corresponding to the red blood cell folate concentration of 906 nmol/L

using data from the intervention group, stratified by subgroupsl

Median plasma folate

concentration in Median difference

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

nmol/L (95% Cl) (95% CI)
Overall 25.5(24.6, 26.4) —
Time
Baseline 25.7 (23.0, 29.7) Reference
Month 6 25.2 (23.9, 26.5) -05 (-4.7, 2.6)

Folic acid dosage

100 o/ 38.4(33.3,45.8) 13.9 (8.7, 21.5)

400 g/d 24.4(23.1,25.9) Reference

4000 zg/d 22.0(20.5, 23.6) —2.4 (—4.4,—0.4)

4000 ug/wk 25.6 (23.0, 28.8) 1.0 (~1.8,4.5)
MTHFR 677 genotype

cc 23.2(21.2,25.5) Reference

cT 25.1(23.8, 26.6) 1.9 (-0.7, 4.4)

7T 26.3(24.6, 28.2) 3.1(0.2,5.9)
BMI, kg/m?

<25 26.7 (25.5, 28.1) Reference

25 t0 <30 23.3(21.9, 25.0) -33(-5.3,-1.4)

>30 21.9 (19.0, 26.1) -4.5 (8.0, -0.5)

1 . . . . L
Includes data from the intervention group at baseline and 6 mo (/7= 2085). Cl, Bayesian credible interval; MTHFR, methylenetetrahydrofolate

reductase.
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TABLE 3
Estimated plasma folate concentrations corresponding to the red blood cell folate concentration of 906 nmol/L

using data from all women at baseline, stratified by subgroupsl

Median plasma folate

concentration in Median difference
nmol/L (95% CI) (95% CI)
Overall 27.2 (24.6, 30.9) —
Subgroup
Intervention 25.7 (23.0, 29.7) Reference
Non-intervention 32.5(26.4, 43.6) 6.7 (-0.6, 18.2)
Vitamin B-12, pmol/L
<148 34.6 (27.6, 48.2) 8.9 (0.4, 22.9)
148-221 29.8 (24.1, 40.8) 4.2 (-3.4,15.5)
>221 25.6 (22.3,30.7) Reference
Hemoglobin, g/L
120 28.5(20.9, 50.1) 2.1(-6.3, 23.9)
>120 26.4 (23.8, 29.8) Reference

Includes data from the intervention and the non-intervention groups at baseline (7= 1673). Cl, Bayesian credible interval.
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