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Scope: Epidemiological studies on the association between pregnancy outcomes and use of
periconceptional folic acid are often based on maternal reported intake. Use of folic acid during
pregnancy is associated with a higher socioeconomic status known to have an impact on
diet quality. We have studied plasma B vitamin status according to reported use of folic acid
supplements during the periconceptional period in Norwegian women.

Methods and results: Plasma levels of folate, cobalamin, pyridoxal 5'-phosphate (vitamin B6),
riboflavin, and the metabolic markers total homocysteine, methylmalonic acid and 3-hydro-
xykynurenine were measured in pregnancy week 18 and related to reported intake of folic acid
from 4 weeks prior to conception throughout week 18 in 2911 women from the Norwegian
Mother and Child Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health.
Being a folic acid user during the periconceptional period was associated with a better socioeco-
nomic status, and a higher intake of several micronutrients, including vitamins, trace-metals,
and omega 3 fatty acids. Folic acid users had a significantly better plasma B vitamin status.
Conclusion: Epidemiological data based on maternal reported intake of folic acid supplements
during pregnancy, should take into account the numerous nutritional implications, in addition
to higher blood folate levels, of being a folic acid user.
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Randomized, controlled, intervention trials with 0.8 and 4.0
mg folic acid alone or in combination with other vitamins
have demonstrated a significant reduction in both occur-
rence [1] and recurrence [2] rate of neural tube defects (NTDs).
The only intervention trial with 0.4 mg folic acid alone was a
large study in China, where the NTD rate was reduced by 41—
79% in different regions [3]. These results are consistent with
those obtained from epidemiological studies demonstrating
an association between periconceptional intake of multivita-
mins containing folic acid and a reduced rate of NTDs [4, 5].
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Based on the randomized, controlled trials, women plan-
ning or capable of pregnancy have been recommended to
take a daily dose of 0.4-0.8 mg of folic acid during the peri-
conceptional period, defined as 1 month before conception
throughout the first 8-12 weeks of pregnancy [6]. This recom-
mendation, with small modifications, has been implemented
in many countries, but despite this there has not been a con-
comitant reduction in the prevalence of NTDs in countries
that have not implemented folic acid fortification [7]. As the
neural tube closes early, 28 days after conception, folic acid
supplementation has to be established during the early peri-
conceptional period [8]. Use of folic acid supplementation
among fertile women is generally low and many pregnancies
are not planned [9,10]. Only 10% of Norwegian women used
folic acid supplement as recommended, and even among
women who planned their pregnancy or conceived by in vitro
fertilization, the use of folic acid during the preconceptional
period was only 16-32% [11].

Observational data drawn from cohort, case-control stud-
ies, and meta-analyses are mainly based on questionnaires
collecting data on maternal use of folic acid supplements in
pregnancy. A female folic acid user is likely to be a non-
smoker, older, married, and have higher education, higher
income, and lower parity [11], indicators of a better socioe-
conomic status. As socioeconomic position is considered to
have a substantial impact on diet quality [14], the implica-
tion of being a folic user on nutritional status, apart from
improved folate levels, should be taken into account, when
evaluating possible effects of folic acid user status on preg-
nancy outcome.

Since 1998 Norwegian official guidelines have recom-
mended a daily intake of 0.4 mg of folic acid from one
month prior to conception throughout the first 8-12 preg-
nancy weeks [9] We studied plasma B vitamin status in 2911
pregnant women from the Norwegian Mother and Child Co-
hort Study (MoBa) according to their reported use of folic acid
and other micronutrient supplements during the pericon-
ceptional period until pregnancy week 18. Maternal plasma
levels of folate and other B vitamins and metabolic markers
of B vitamin status [12, 13], obtained in pregnancy week 18,
were measured and related to reported intake of micronu-
trient supplements. The purpose of our investigation was to
describe differences in relevant characteristics and B-vitamin
status, between women who take and women who do not take
folic acid supplements.

2 Materials and methods
2.1 Study population

This study is based on a subsample of 3000 women in-
cluded in the Norwegian Mother and Child Cohort Study,
a long-term, prospective study conducted by the Norwegian
Institute of Public Health and including more than 100 000
Norwegian pregnant women and their infants during 1999-
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2008 [14, 15]. The women who were included gave birth be-
tween July 2002 and December 2003, and donated a blood
sample in pregnancy week 18, returned a baseline question-
naire and were registered in the Medical birth Registry of Nor-
way. Twin pregnancies were excluded, leaving 2941 singleton
pregnancies available for analyses. A detailed description of
the substudy population and the sampling procedures has
been published [16]. Written informed consent was obtained
from each participant, and the study was approved by the Re-
gional Committee for Medical Research Ethics (permission
number 2009/2593a) and the Norwegian Data Inspectorate.

2.2 Blood sampling and laboratory analyses

Maternal nonfasting blood samples were collected in EDTA
tubes in median pregnancy week 18. The samples were cen-
trifuged within 30 min after collection and stored at 4°C until
shipped overnight to the Biobank of MoBa at the Norwegian
Institute of Public Health in Oslo. On the day of receipt (usu-
ally within 1-2 days), plasma was aliquoted into polypropy-
lene microtiter plates and stored at —80°C until analyses.

Plasma folate was determined by a Lactobacillus casei mi-
crobiological assay [17] and plasma cobalamin (vitamin B12)
by a Lactobacillus leichmannii microbiological assay [18]. Con-
current intake of antibiotics may interfere with microbiologi-
cal assays and falsely reduce plasma levels of the vitamins [19].
In order to control for this, we excluded samples with plasma
folate levels <2.33 nmol/L (n = 30, i.e. the lower 1 percentile),
leaving a total of 2911 samples to be included in the study.

Plasma levels of total homocysteine (tHcy), a marker of
folate and cobalamin status, and methylmalonic acid (MMA),
a marker of cobalamin status, were assayed using a GC-MS
method based on methylchloroformate derivatization [20],
whereas plasma levels of riboflavin (vitamin B2), pyridoxal
5'-phosphate (PLP) (vitamin B6) and 3-hydroxykynurenine
(HK), a marker of vitamin B6 status, were analyzed using a
LC-MS/MS assay [21].

2.3 Covariates

Information on use of micronutrient supplements, includ-
ing cod liver oil and omega 3, was obtained from the baseline
cohort questionnaire, administered around week 18 of preg-
nancy. Use of micronutrient supplements was reported in
4-week intervals, from 4 weeks before conception up to preg-
nancy week 18.

Use of folic acid supplement was coded as a dichotomous
variable, with any intake reported from 4 weeks prior to con-
ception up to pregnancy week 18 (folic acid user) versus no
intake of folic acid (folic acid nonuser). The subjects were
further subcategorized according to use of folic acid supple-
ment alone, use of folic acid together with other supplements,
use of supplements other than folic acid alone and use of no
supplements.
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Data on maternal age at delivery, marital status, and
parity were obtained from the Medical Birth Registry of
Norway. Data on maternal education, body mass index
(BMI, kg/m?) before pregnancy and in pregnancy week 18
and current smoking habits were obtained from the baseline
cohort questionnaire.

2.4 Statistical analyses

Values are presented as medians with the interquartile
range. Differences in medians were examined by the Mann-—
Whitney U test and the Kruskal-Wallis test. Differences in
categorical variables were assessed with the chi-square test.
Multiple-linear regression models were used to assess the
relation of being a folic acid user, maternal daily smoking,
parity, and age with plasma B vitamin status obtained around
pregnancy week 18 (median).

Graphical illustration of the dose-response relationship
between folate and tHcy, cobalamin and MMA, PLP and HK,
were obtained by generalized additive models (GAM).

GAMs were computed using the package mgcv (version
1.4-1) in R (The R Foundation for Statistical Computing,
version 2.8.1) [22], and the SPSS/PASW statistical program
version 18 was used for the remaining statistical analy-
ses. Two-sided p-values < 0.05 were considered statistically
significant.

3 Results

3.1 Characteristics of the study population
according to reported use of folic acid
supplements

Seventy-one percent (2067/2911) of the mothers reported
use of folic acid any time during this period. The remain-
ing women (844/2911) had not taken folic acid, but 262/2911
(99%) reported taking other micronutrient supplements, while
582/2911 (20%) reported no use of micronutrients.

Characteristics according to folic acid user status, i.e. use
of folic acid alone or in combination with other micronu-
trients, including cod liver oil/omega 3 fatty acids, any time
during the period ranging from 4 weeks prior to conception to
pregnancy week 18, are presented in Table 1. Folic acid users
were more likely to be primipara, married, nonsmokers, have
a higher education and a lower BMI (Table 1).

3.2 Intake of other micronutrient supplements
according to folic acid user status

Among the 2067 folic acid users, 406 (20%) took only folic
acid supplements. The remaining 1661 (80%) reported tak-
ing additional micronutrient supplements during the period
from 4 weeks prior to conception to pregnancy week 18
(Table 2). Intake of any other B vitamins or vitamin C were
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reported by 36.4%, intake of any fat soluble vitamins (A, D,
and E) by 40.8%, intake of any trace metals by 27.8% and
intake of cod liver oil and/or omega 3 fatty acids by 33.7%
of the women. Among the 844 folic acid nonusers, intake of
these micronutrients were less common (0.5-13.2%) and the
most frequent supplements reported used were iron and cod
liver oil (12.9-13.2%) (Table 2).

3.3 Plasma B vitamins according to folic acid user
status

Being a folic acid user was associated with an overall better
plasma B vitamin status (Table 3), with significantly higher
levels of plasma folate, cobalamin, PLP, and riboflavin and
concomitantly lower levels of the metabolic markers plasma
tHcy (marker of folate and cobalamin status) and HK (marker
of vitamin B6 status) than in nonusers. No difference was
observed for plasma MMA levels (marker of cobalamin status)
between folic acid users and nonusers (Table 3).

A minority, 238 (11.5%), of the folic acid users reported
taking folic acid every week during this 22-week period. There
was a decreasing trend in plasma B vitamin status according
to use every week, infrequent use or no use during the period
(Table 4).

3.4 Plasma B vitamin status according to use of folic
acid and other micronutrient supplements

The highest plasma B vitamin levels were seen in women who
reported intake of folic acid together with other micronutri-
ent supplements (Table 5). Even the median plasma folate
level was significantly higher in these women, compared to
women who took folic acid alone (p < 0.001). Women who
took folic acid alone, had a significantly better folate status
compared to no supplement users (p < 0.001), but no differ-
ences were observed for other B vitamins levels (p > 0.10)
(Table 5).

3.5 Maternal factors as determinants of plasma B
vitamin status in pregnancy week 18

In a multiple linear regression model, both folic acid user
status, current daily smoking, parity, and age were signifi-
cant determinants of plasma B vitamin status in pregnancy
week 18 (Table 6). However, between these four maternal
factors, folic acid user status was the most consistent and
strongest determinant, with significant influence on plasma
folate, cobalamin, PLP, riboflavin, tHcy, and HK.

3.6 Plasma B vitamin status

Inverse Spearman correlations were observed between the
vitamins and their respective metabolic markers; folate vs
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Table 1. Maternal characteristics according to folic acid user status, n = 2911
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Folic acid Folic acid p-values
user nonuser?
Number N = 2067 N =844
Age, years, mean (SD) 29.9 (4) 29.5 (5) 0.04°
Current BMI, mean (SD) 25.4 (8.3) 26.7 (11.9) 0.004b)
Current weight increase, kg, mean (SD) 2.7 (4.0) 3.0(3.8) 0.04P
Marital status
Married, n (%) 2016 (98%) 793 (94%) <0.0019
Education
Primary school, n (%) 120 (6%) 131 (16%) <0.0019
Secondary school, n (%) 606 (31%) 326 (41%)
University or college, n (%) 1237 (63%) 340 (43%)
Parity
Primipara, n (%) 938 (45%) 278 (33%) <0.001¢
Number of former children, mean (SD) 1.4 (0.7) 1.6 (0.8) <0.001P)
Smoking
Daily smoking, n (%) 131 (6%) 115 (14%) <0.001¢
Number of cigarettes/day, mean (SD) 7.2 (8.0) 9.75 (10.6) 0.18
Plasma cotinin level in daily smokers, pmol/L, mean (SD) 489 (268-769) 504 (307-737) 0.63%

a) No supplements, n = 582, + other supplements, n = 262.

b) Student’s t-test.
c) Chi-Square test.
d) Kruskal-Wallis test.

Table 2. Reported intake of micronutrient supplements according to folic acid user status

Micronutrient supplement

Folic acid user N = 2067

Folic acid nonuser N = 8442

Number % Number %
Vitamin B1, Thiamin 815 39.4 28 3.3
Vitamin B2, Riboflavin 819 39.6 29 3.4
Vitamin B3, Niacin 440 21.3 13 1.5
Vitamin B5, Panthotenic acid 618 29.9 18 2.1
Vitamin B6, Pyridoxin 824 39.9 30 3.6
Vitamin B7, Biotin 219 10.6 4 0.5
Vitamin B12, Cobalamin 724 35.0 18 2.1
Vitamin A 804 38.9 32 3.8
Vitamin C 867 41.9 59 7.0
Vitamin D 850 a41.1 35 41
Vitamin E 878 42.5 35 41
Calcium 305 14.8 13 1.5
Chromium 601 29.1 12 1.4
Copper 536 25.9 8 0.9
lodine 520 25.2 8 0.9
Iron 924 44.7 111 13.2
Magnesium 473 22.9 12 1.4
Selenium 603 29.2 10 1.2
Zink 633 30.6 15 1.8
Cod liver oil 684 33.1 109 12.9
Omega 3 fatty acids 710 34.3 63 7.5

For comparison of intake of micronutrients between user and nonusers, all p-values < 0.001 by Chi-Square test.
a) No supplements, n = 582, + other supplements, n = 262.

tHey (r = —0.48, p < 0.001), cobalamin versus tHcy (r =
—0.24, p < 0.001), cobalamin versus MMA (r = —0.16, p
< 0.001) and PLP versus HK (r = —0.24, p < 0.001). The
dose-response curves were nonlinear with steepest slopes at

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

low levels of B vitamins (Fig. 1). Plasma folate was positively
correlated to the other B vitamins; cobalamin (r = 0.13, p <
0.001), PLP (r = 0.35, p < 0.001), and riboflavin (r = 0.26,

p < 0.001).
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Table 3. Maternal plasma levels of vitamins and metabolic markers in pregnancy week 18 according to folic acid user status

649

Parameters, median Folic acid Folic acid p-values®)
(interquartile range) user nonuser?

Number N = 2067 N =844

Serum folate, nmol/L 10.6 (7.4-17.7) 5.6 (4.3-7.7) <0.001
Serum cobalamin, pmol/L 309 (249-378) 291 (233-366) <0.001
Plasma PLP, nmol/L 29.3 (21.9-42.0) 24.1 (18.6-30.4) <0.001
Plasma riboflavin, nmol/L 8.4 (5.7-14.1) 6.9 (4.8-10.9) <0.001
Plasma tHcy, pmol/L 4.75 (4.14-5.54) 5.53 (4.77-6.58) <0.001
Plasma MMA, pwmol/L 0.13 (0.10-0.16) 0.13 (0.11-0.16) 0.11
Plasma HK, nmol/L 23.6 (18.0-30.0) 24.3 (18.9-31.8) 0.005

a) No supplements, n = 582, + other supplements, n = 262.

b) Mann-Whitney test.

Table 4. Maternal plasma levels of vitamins and metabolic markers in pregnancy week 18 according to the degree of folic acid

supplement use

Parameters, median Folic acid use Folic acid use Folic acid p-values?)
(interquartile range) every week from sometimes from nonuser?)”

—4to +17 week —4 to +17
Number N =238 N =1829 N =844
Serum folate, nmol/L 15.7 (9.4-23.1) 10.2 (7.3-16.6) 5.7 (4.3-7.7) <0.001
Serum cobalamin, pmol/L 319 (260-395) 307 (248-375) 291 (233-366) <0.001
Plasma PLP, nmol/L 36.9 (25.5-53.4) 28.3 (21.6-40.6) 24.1 (18.6-30.4) <0.001
Plasma riboflavin, nmol/L 10.2 (6.9-16.6) 8.2 (5.6-13.7) 6.9 (4.8-10.9) <0.001
Plasma tHcy, wmol/L 4.42 (3.99-5.08) 4.79 (4.21-5.56) 5.51 (4.76-6.52) <0.001
Plasma MMA, pmol/L 0.12 (0.10-0.16) 0.13 (0.10-0.16) 0.13 (0.11-0.16) 0.20
Plasma HK, nmol/L 22.3(17.0-28.1) 23.7 (18.1-30.3) 24.2 (18.9-31.8) 0.001

a) No supplements, n = 584 + other supplements, n = 263.

b) Kruskal-Wallis test.

Table 5. Maternal plasma levels of vitamins and metabolic markers in pregnancy week 18 according to maternal use of folic acid and other

micronutrients

Parameters, median Folic acid Folic acid Other supplement No p-values?
(interquartile range) only and other only supplements

user supplements user user user
Number N = 406 N = 1661 N = 262 N = 582
Serum folate, nmol/L 8.8 (6.6-13.5) 11.2 (7.7-18.7) 5.6 (4.3-7.3) 5.8 (4.2-7.7) <0.001
Serum cobalamin, pmol/L 289 (240-358) 313 (251-382) 294 (234-368) 287 (233-364) <0.001
Plasma PLP, nmol/L 24.7 (19.4-31.0) 31.3(22.8-44.8) 25.6 (19.4-34.3) 23.6 (18.3-29.5) <0.001
Plasma riboflavin, nmol/L 6.9 (5.1-10.5) 8.8 (5.9-14.8) 7.3 (5.0-11.3) 6.8 (4.8-10.8) <0.001
Plasma tHcy, pnmol/L 4.87 (4.31-5.64) 4.70 (4.11-5.49) 5.561 (4.77-6.50) 5.53 (4.75-6.57) <0.001
Plasma MMA, pmol/L 0.13 (0.10-0.16) 0.13 (0.10-0.16) 0.13 (0.11-0.17) 0.13 (0.10-0.16) 0.15
Plasma HK, nmol/L 23.9 (18.7-30.5) 23.5(17.8-29.9) 23.7 (18.7-31.2) 24.6 (19.0-32.0) 0.02

a) Kruskal-Wallis test.

4 Discussion

Folic acid user status during the periconceptional period
to pregnancy week 18 was associated with an overall bet-
ter plasma B vitamin status. Folic acid users were more
likely than nonusers to report intake of other vitamins, trace-
minerals, and cod liver oil/omega 3 fatty acids during the

same period.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

4.1 Limitations

Compared to the total Norwegian pregnant population,
women who participated in the MoBa study are older and
more frequent vitamin users, nonsmoking, and primiparous,
making this a more homogenous population and not com-
pletely representative of the general pregnant population in

Norway [23].
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Table 6. Determinants of maternal plasma B vitamin status in pregnancy week 18 by multiple linear regression (n = 2871)

Mol. Nutr. Food Res. 2013, 57, 645-652

Independent  Serum Serum Plasma Plasma Plasma Plasma Plasma
variables folate, cobalamin, PLP, riboflavin, tHcey, MMA, HK
nmol/L pmol/L nmol/L nmol/L pmol/L wmol/L nmol/L
B p B p B p B p B p B p B p
Use of folic 6.0 <0.001 14 0.003 7.2 <0.001 1.9 0.001 -0.81 <0.001 -0.003 0.16 -1.5 0.001
acid?
Current daily —-1.0 <0.001 -10 0.008 -3.2 <0.001 -0.7 0.12 0.30 0.001 -0.003 0.07 -1.3 <0.001
smoking,
0-1
Parity? -1.1  <0.001 -4 0.1 -1.6 0004 -1.0 0.001 -0.03 0.62 —0.002 0.14 0.2 0.53
Age® 2.3 <0.001 13 0.004 2.7  0.005 0.3 0.58 0.07 0.53 0.005 0.02 0.3 0.46

a) Use of folic acid supplement any time from 4 weeks before pregnancy up to pregnancy week 17.

b) Parity, categorized; 0, 1, 2, 3+.
c) Age, categorized; <25 y, 25-29 y, 30-34 y, >34 y.

Blood samples and questionnaire data were recorded in
median pregnancy week 18. An accurate recall of the use
of various micronutrients from 4 weeks before through
18 weeks of pregnancy may be difficult; however, we ob-
served a significant correlation between reported intake of
folic acid and plasma folate levels, indicating an accurate data
collection.

The folate level in EDTA plasma samples tends to degrade
somewhat in room temperature for the first 2 days [24, 25].
As the blood samples were collected in various places in Nor-
way and were in transit for usually 1-2 days, this might have
reduced the median plasma folate level. Yet, the expected in-
verse association between folate and tHcy was maintained,
and we observed a positive association between reported in-
take of folic acid and plasma folate levels (Table 5) that sug-
gests integrity of the data set.

4.2 Characteristics of a folic acid user

Being a folic acid user in this cohort of Norwegian mothers
was associated with several indicators of a better socioeco-
nomic status (Table 1), which is also observed in other popu-
lations [26-28] and in a larger cohort of the MoBa study [11].

Socioeconomic status is an important modifier of diet,
health and pregnancy outcome and has been associated with
a number of congenital anomalies, stillbirth, preterm birth,
birthweight, and infant death [29-31].

4.3 B vitamin status of a folic acid user

Folic acid users were more likely to take additional mi-
cronutrient supplements (Table 2) and only a minority (20%)
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Figure 1. Dose-response relationship between folate and tHcy, cobalamin and MMA, PLP, and HK by generalized additive models (GAM).
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followed the Norwegian recommendation and took folic acid
alone (Table 5). As most multivitamin supplements on the
Norwegian market contain folic acid (0.2 mg), vitamin B12
(1-2 pg), vitamin B6 (1.5-2 mg), and vitamin B2 (1.6-2 mg),
this pattern was reflected in maternal plasma B vitamin lev-
els. As a group, folic acid users had higher levels of plasma
folate, cobalamin, PLP, and riboflavin and conversely lower
levels of their metabolic markers tHcy (folate and cobalamin)
and HK (PLP), indicating a better functional B vitamin status
(Table 3).

The blood folate concentration sufficient for prevention of
NTDs is not known, but incidence of NTDs has been shown
to be inversely associated with folate status [32]. An increased
intake of food folate and of folic acid in particular, is known to
increase blood folate levels [33, 34]. Similar relations accord-
ing to intake of food and supplements are observed for other
B vitamins [35]. Accordingly, we observed significantly higher
plasma B vitamin levels in women who reported taking folic
acid every week from 4 weeks prior to conception through
pregnancy week 18, compared to those who used folic acid
for shorter intervals and nonusers (Table 4).

Inamultiple linear regression model, the strongest predic-
tor of plasma B vitamin status in pregnancy week 18 was folic
acid user status, followed by current daily smoking, parity and
age (Table 6). This observation agrees with the reported effect
of smoking [36], parity and maternal age [37] on B vitamin
status.

4.4 Biochemical considerations

Pregnancy induced physiological changes like hemodilution,
altered renal function, hormonal status and binding-protein
concentrations, which are known to affect plasma B vita-
min levels and the relation to their specific metabolic mark-
ers[38,39]. We observed an inverse correlation between folate
and tHcy as expected, and weak, but still significant, correla-
tions between cobalamin and tHcy/MMA, and between PLP
and HK (Fig. 1). MMA is considered a sensitive marker of
functional cobalamin status, but the reliability during preg-
nancy is questioned [38,40]. We found a moderate, inverse
relation between cobalamin and MMA also in early preg-
nancy (Fig. 1). Data on the relation between PLP and HK in
pregnant women has not been previously published, but we
observed a similar relation in preghant women (Fig. 1) as has
been previously observed in cardiovascular patients [41].

In conclusion, being a folic acid user during the peri-
conceptional period is associated not only with a better so-
cioeconomic status, but also with a higher intake of several
micronutrients and a significantly better plasma B vitamin
status. The interpretation of epidemiological data based on
maternal reported intake of folic acid supplements during
pregnancy, should take into account the numerous nutri-
tional implications, additional to higher blood folate levels, of
being a folic acid user.
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