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Abstract
Folic acid (FA) supplementation is recommended in the periconceptional period, for the prevention of neural tube defects. Limited data are
available on the folate status of New Zealand (NZ) pregnant women and its association with FA supplementation intake. Objectives were to
examine the relationship between plasma folate (PF) and reported FA supplement use at 15 weeks’ gestation and to explore socio-demographic
and lifestyle factors associated with PF. We used data and blood samples from NZ participants of the Screening for Pregnancy Endpoints cohort
study. Healthy nulliparous women with singleton pregnancy (n 1921) were interviewed and blood samples collected. PF was analysed via
microbiological assay. Of the participants, 73 % reported taking an FA supplement at 15 weeks’ gestation – of these, 79 % were taking FA
as part of/alongside a multivitamin supplement. Of FA supplement users, 56 % reported consuming a daily dose of ≥800 μg; 39 % reported
taking less than 400 μg/d. Mean PF was significantly higher in women reporting FA supplementation (54·6 (SE 1·5) nmol/l) v. no FA supple-
mentation (35·1 (SE 1·6) nmol/l) (P<0·0001). Reported daily FA supplement dose and PF were significantly positively correlated (r 0·41;
P<0·05). Younger maternal age, Pacific and Maori ethnicity and obesity were negatively associated with PF levels; vegetarianism was positively
associated with PF. Reported FA supplement dose was significantly associated with PF after adjustment for socio-demographic, lifestyle con-
founders and multivitamin intake. The relationship observed between FA supplementation and PF demonstrates that self-reported intake is a
reliable proxy for FA supplement use in this study population.

Key words: Folic acid: Folate: Supplementation: Pregnancy: Plasma folate: Biomarkers

Folate is an essential nutrient in pregnancy due to its role as a
methyl group donor in one-carbon metabolism and its involve-
ment in DNA synthesis, replication andmethylation(1–5). It is also
important for the re-methylation of homocysteine, converting
it to methionine, helping to control plasma homocysteine
levels(1,4,6). Folate requirements are increased during preg-
nancy(7) and an adequate supply is essential for the healthy
development of the placenta and fetus(3,5,8).

Inadequate intake of folate in pregnancy is associated with
poor folate status and elevated levels of homocysteine(9).
Epidemiological evidence has shown that maternal folic acid
(FA) supplementation during pregnancy helps to protect against
poor folate status and elevated homocysteine levels, which are

associated with adverse outcomes such as pre-eclampsia(2,5,10),
spontaneous preterm birth(11–14) and small-for-gestational age
babies(5,15–20). These adverse outcomes are an important cause
of maternal and fetal morbidity and mortality worldwide(11,21–23).

The WHO recommends maternal FA supplementation (400
μg/d) in the pre-conception period and for the first 12 weeks
of pregnancy for the prevention of neural tube defects (NTD),
and that this should continue for the duration of pregnancy to
ensure best pregnancy outcomes(24). In comparison, the New
Zealand (NZ) Ministry of Health(25) recommends that women
planning pregnancy should take 800 μg FA daily for at least 4
weeks prior to conception and continue taking FA for the first
12 weeks of gestation(25). FA supplementation (800 μg/d) is
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currently subsidised in NZ for the first trimester of pregnancy and
supplements are available over the counter from pharmacies

It is important for researchers and public health programme
evaluators tomeasurematernal FA supplement intake in order to
assess compliance with supplementation guidelines and to
assess the success of public health interventions aimed at
increasing FA supplementation uptake amongst women plan-
ning a pregnancy. Folate biomarkers such as plasma folate
(PF) (a short-term indicator) and erythrocyte folate (a longer
term indicator) provide an objective measure of maternal folate
intake(7,15,26–27) yet are not routinely measured in epidemiologi-
cal studies due to cost and subject burden(28). Epidemiological
studies commonly rely on maternal self-report as a measure of
FA supplement intake, which may be unreliable and prone to
participant error and recall bias(27,29).

Little is known about the folate status of NZ pregnant women
and its relation to FA and micronutrient supplement intake dur-
ing pregnancy. The aim of the present study was to examine the
association between reported supplemental FA intake and folate
biomarkers (PF) in a sample of NZ pregnant women. Data from a
cohort of NZ pregnant women at 15 weeks’ gestation enrolled in
the Screening for Pregnancy Endpoints (SCOPE) prospective
study(30) were used for this analysis. Specific objectives were
to (1) describe reported maternal FA supplement use at
15 weeks’ gestation, (2) analyse maternal PF levels at 15 weeks’
gestation in order to confirm reported FA supplement use,
(3) investigate which socio-demographic and lifestyle factors
were associated with PF at 15 weeks’ gestation and (4) examine
any additional effect of reportedmultivitamin intake on PF levels
at 15 weeks’ gestation.

Materials and methods

Screening for Pregnancy Endpoints study

The present study is a retrospective cross-sectional analysis
using data and blood samples from the NZ participants of the
international SCOPE study conducted in healthy nulliparous
women. The primary aim of SCOPE was to produce clinically
useful screening tests to detect first-time mothers at high risk
of pre-eclampsia, spontaneous preterm birth and/or having
small-for-gestational age babies. SCOPE contains detailed data
about FA supplementation, including dosage and gestation, col-
lected concurrently with maternal blood samples at the partici-
pant research visit at 15 weeks’ gestation. This provided the
opportunity to assess maternal FA supplement intake and mea-
sure PF at the same time point (15 weeks’ gestation). SCOPE data
also included a wide range of socio-demographic and lifestyle
factors(31).

Participant recruitment and selection

Participants (healthy nulliparous Auckland women with single-
ton pregnancies) were recruited between 2004 and 2009:
www.scopestudy.net. The SCOPE study was registered with
the Australia New Zealand Clinical Trials Registry (ID
82254)(30). Details of the SCOPE study methodology have previ-
ously been published(31). In short, women were excluded if they

had major risk factors for pre-eclampsia, spontaneous preterm
birth and small-for-gestational age births(31).

Ethics

Ethical approval was obtained from the NZ ethics committee
AKX/02/00/364, and all participants provided written informed
consent.

Blood sample collection

Non-fasting blood samples were collected into EDTA vacu-
tainers at 15 weeks’ gestation by trained research midwives
and centrifuged at 3000 rpm (2400 g) for 10 min at 4°C.
Plasma was aliquoted into lavender-capped barcoded cryotubes
and scanned into the SCOPE database. Samples were then
placed immediately into temperature-monitored freezers at
The University of Auckland at –80°C for storage.

Plasma folate analysis

At the time of folate analysis, samples were shipped on dry
ice to the Human Nutrition Laboratories, University of Otago,
New Zealand. PF was analysed using the microbiological
assay in a 96-well plate and using chloramphenicol-resistant
Lactobacillus rhamnosus (ATCC 7469), according to the methods
of O’Broin & Kelleher(32) and Molloy & Scott(33) (Costar
3596, Corning Inc.). Calibration curves were produced with
eleven concentration points from 0 to 0·1 pmol/well using
5-methyltetrahydrofolate ((6S)-5-methyl-5,6,7,8-tetrahydropter-
olyl-L-glutamic acid, sodium salt; Merck Eprova). Plasma was
diluted 1 in 75 by adding 40 μl of plasma to 2·96 ml of 0·5 %
sodium ascorbate solution. Turbidity was measured by absorb-
ance at 590 nm on a Varioskan LUX multimode microplate
reader (Thermo Scientific), and a cubic spline (Quartic Excel
Macro, Interactive Design Services Pty) was applied to the cali-
bration curve. Quality control (QC) criteria were as follows: a
high, medium and low pooled serum (The National Institute
of Standards and Technology Standard Reference Material
1955) were included on each plate and are expressed as mean:
high 49·2 (SD 3·4) nmol/l; medium 28·5 (SD 1·8) nmol/l and low
14·8 (SD 0·9) nmol/l. If all the QC results were within mean (SD 2)
limits, the assay was accepted; if more than one of the QC results
were outside the mean (SD 2 ) limits or any of the QC results were
outside the mean (SD 3) limits, then the assay was rejected.
Results from assay runs that passed QC were recorded only if
the CV of all four replicates (two at each dilution) were below
15 %. If the CV of the four replicates was above 15 %, the largest
outlier could be deleted and the result recorded as long as the CV
of the three remaining replicates was below 10 %, otherwise the
sample measurement was repeated.

Statistical analysis

We used χ2 tests to examine the differences in FA supplement
use (yes/no) and maternal socio-demographic and lifestyle fac-
tors (all categorical). PF results were non-normally distributed
and positively skewed, and log transformed prior to analysis.
Pearson’s correlation coefficient was used to examine the uni-
variable association between PF (nmol/l) and self-reported
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average daily FA supplement dose (μg/d) (continuous varia-
bles). ANOVA was used to investigate the differences in mean
PF levels between FA users and non-users. ANOVA was also
used to investigate the difference between participants who
reported their FA supplementation intake from FA supplements
alone, v. FA from a multivitamin supplement (or from both). To
investigate the differences in mean PF levels by FA dose, daily
dose (total from FA supplements plus any FA contained in multi-
vitamin supplements) was categorised as follows: 0, 1–399, 400–
799, 800, 801–1999 and ≥2000 μg/d, and mean PF in each cat-
egory compared using ANOVA. Univariable linear regression
was used to investigate the association between maternal
socio-demographic, lifestyle and dietary variables, reported daily
FA supplementation dose and PF levels, and the β-coefficient
with 95 %CI presented. Predictor variableswere selecteda priori
and included FA supplementation daily dose (total dose from FA
supplements plus any FA contained in multivitamins), maternal
age category, ethnicity, BMI category (normal weight, over-
weight and obese), smoking status (no/yes), alcohol intake
(no/yes), socio-economic index (SEI) category (SEI scores were
divided into three categories of equivalent score range, with a
higher score representing a higher SEI)(34), education level
(>12 years v. ≤12 years), high green leafy vegetable intake
(no/yes for ≥3 times/d), high fruit intake (no/yes for ≥3
times/d), multivitamin use (no/yes) and vegetarianism (non-
vegetarian, demi-vegetarian (may eat fish) and vegetarian).
Gestation at measurement was also included as a predictor var-
iable because PF can vary with gestational age(35). Multiple linear
regression was used to examine the independent association
between FA supplementation daily dose and PF, adjusting for
sample age (at the time of analysis) as well as for potential socio-
demographic and dietary confounders that were associated with
PF at a significance level of P<0·1 in the univariable analysis.

The significance level was set at 5 %. All statistical analyses
were conducted using STATA version 5 (StataCorp).

Results

Of the 2032 participants included in the SCOPE Auckland cohort,
1960 were eligible for inclusion in the present study, and the PF
samples were available for a total of 1921 (98 %) of these partic-
ipants. Participant characteristics are described in Table 1.
The average maternal age was 30 years (SD 4 years 9 months).
The majority of participants were NZ/other European, with
the remaining participants identifying as Maori, Asian, Indian,
Pacific and other non-European. Two-thirds of participants
had more than 12 years’ schooling and nearly two-thirds had
a BMI < 25 kg/m2.

Folic acid supplementation intake

Of the women in this cohort, 67 % (n 1284) reported taking FA
supplements in the pre-conception period, and 97 % (n 1855)
reported taking FA supplements in the first trimester.
However, only 48 % (n 916) of participants reported taking
FA supplements as recommended by the NZ Ministry of
Health (i.e. 800 μg of FA daily for at least 4 weeks prior to con-
ception and for the first 12 weeks of pregnancy)(25). The majority

of participants (73 %; n 1408) reported taking an FA supplement
at 15 weeks’ gestation. Of these women, 21 % reported consum-
ing FA as a single nutrient tablet, while 79 % reported consuming
FA-containing multivitamin supplements, or from both an FA
supplement and a multivitamin supplement. Nearly all partici-
pants (n 1906; 99 %) in the present study had data on multivita-
min intake, of which 1125 (59 %) reported taking a multivitamin
supplement at 15 weeks. Very few participants (n 27; 1·4 %)
reported taking multivitamins with no FA. The mean of FA dose
reported at 15 weeks’ gestation was 564 (SE 13·3) μg/d. Fig. 1
presents daily FA supplement dose categories (μg/d) reported
by participants at 15 weeks’ gestation. Of the FA supplement
users, 16 % were taking less than 400 μg/d. Of the total partici-
pants, 56 % (and 76 % of FA supplement users) reported taking
at least 800 μg/d (Fig. 1). Table 1 shows FA supplement use at
15 weeks based on socio-demographic and lifestyle factors of
participants. Maternal age, ethnicity, SEI and smoking status
were significantly associated with FA supplement use/non-use
at 15 weeks’ gestation.

Socio-demographic, dietary and supplementation data
collection

Participants were interviewed face-to-face and examined by a
trained research midwife at 15 weeks’ gestation. Details about
participant age, SEI (based on the New Socio-economic Index
1996, with a higher score representing a higher socio-economic
status)(34), family history and specific information on FA and
multivitamin supplement use (pre-conception (defined as the
4 weeks before conception), in the first trimester and at 15
weeks’ gestation) were collected via an interviewer-adminis-
tered dietary and lifestyle questionnaire. Height andweight were
measured at this visit and used to calculate BMI. BMI was then
categorised as normal weight (<25 kg/m2; underweight partici-
pants were included in this category for analysis purposes), over-
weight (≥25 to <30 kg/m2) and obese (≥30 kg/m2). Information
on FA use (yes/no), multivitamin supplement use (yes/no) and
type and brand used at 15 weeks was collected by the research
midwife and entered at the time of the interview into an Internet-
accessed, password-protected centralised database with a com-
plete audit trail (MedSciNet AB). To calculate the total daily dose
of FA (μg) taken by participants, researchers tabulated the
amount of FA from FA supplements and FA-containing multivi-
tamins. If participants reported taking less supplements daily,
researchers added together total FA dose taken per week and
divided it by 7 to calculate the daily dose. Participants were
asked to bring their FA and vitamin supplements while visiting
SCOPE to verify the reported supplementation information.

Plasma folate levels

Mean PF in the study population was 48·5 (SE 1·6) nmol/l.
Table 2 shows the mean PF by FA supplement usage

(yes/no) at 15 weeks’ gestation. Mean PF was significantly
higher in women reporting FA supplementation (54·6
(SE 1·5) nmol/l) compared with women reporting no FA sup-
plementation (35·1 (SE 1·6) nmol/l; P<0·001). There was no
significant difference in mean PF between participants who
took FA alone, compared with participants who took an
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FA-containing multivitamin or an FA supplement plus a multi-
vitamin (P = 0·918) (Table 3).

PF was significantly positively correlated with reported FA
dose: r 0·41 (P<0·05). A sensitivity analysis was conducted to
examine the influence of the high-dose FA (≥2000 μg/d) supple-
ment users; removal of these participants did not significantly
affect the correlation. Mean PF levels by daily FA dose categories
are shown in Table 4. PF increased significantly across the over-
all dose categories (P<0·001); however, no differences in mean
PF were observed between dose categories 400–799, 800 and
801–1999 μg/d.

Univariable regression showed that the reported FA daily
dose category (total dose from both FA supplements and from
FA contained in multivitamin supplements) was significantly

associated with PF (Table 4). Multiple linear regression showed
that after adjusting for measured confounders, the significant
association between FA supplementation dose and PF remained
and was relatively unchanged (Table 4). Univariable regression
showed that PF at 15 weeks’ gestation was significantly associ-
ated with maternal age, gestation at measurement, ethnicity,
BMI category, cigarette smoking, SEI, high intake of green leafy
vegetables, multivitamin use and vegetarian status at 15 weeks’
gestation (Table 4). Of the confounders in the multivariable
regression model, only maternal age, ethnicity, vegetarian status
and BMI category remained significant. Mean PF increased with
advancing maternal age category. Mean PF was highest amongst
Asian participants, followed by NZ/other European participants;
Pacific participants had the lowest mean PF level (60 % lower

Table 1. Association between maternal folic acid supplement use and socio-demographic/lifestyle factors at 15 weeks’ gestation
(Numbers and percentages)

Characteristics

Total

Folic acid supplement use

No Yes

n % n % n % P*

All participants 1921 100 513 26·7 1408 73·3 –
Maternal age (years) <0·001
<25 199 10 88 44 111 56
25 to <30 554 2·9 139 25 415 75
30 to <35 836 43·5 203 24 633 76
≥35 332 17·3 83 25 249 75

Ethnicity <0·001
NZ/other European 1625 84·6 417 26 1208 74
Asian 96 5·0 18 19 78 81
Other non-European 31 1·6 12 39 19 61
Maori 60 3·1 25 32 35 68
Indian 76 4·0 23 30 53 70
Pacific 40 1·7 18 45 15 55

Education level (years) 0·791
>12 1249 65 336 27 913 73
≤12 672 35 177 26 495 74

SEI† 0·029
18–41 422 22 134 32 288 68
42–65 1344 70 339 25 1005 75
66–90 155 8 40 26 115 74

BMI category (kg/m2) 0·241
<25 1175 61·2 307 26 868 74
25 – <30 537 28·0 140 26 397 74
≥30 209 10·9 66 32 143 68

Smoking status 0·008
No 1849 96·3 484 26 1365 74
Yes 72 3·7 29 40 43 60

Alcohol use 0·764
No 1821 94·8 485 27 1336 73
Yes 100 5·2 28 28 72 72

High fruit intake 0·912
No 876 45·6 235 27 641 73
Yes 1045 54·4 278 27 767 73

High green leafy vegetable intake 0·059
No 1685 87·7 462 27 1223 73
Yes 236 12·3 51 22 185 78

Vegetarianism 0·333
Non-vegetarian 1815 96·4 491 27 1324 73
Demi-vegetarian‡ 67 3·6 13 19 54 81
Vegetarian 39 2 9 23 30 77

SEI, socio-economic index
* P value for trend: χ2 test.
† SEI score was divided into three categories of equal range for this comparison. A higher score represents a higher SEI.
‡ Demi-vegetarians may eat fish.
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than NZ/other European participants). Obese participants had a
significantly lowermean PF than normalweight participants, and
vegetarians had a significantly highermean PF than non-vegetar-
ians (Table 4).

Discussion

Summary of findings

In the present study of 1921 pregnant NZ women, almost three
quarters of participants were taking an FA supplement in the
early second trimester, with more than three quarters of these
taking a daily dose of≥800 μg (the amount recommended in NZ
up to the end of the first trimester)(25). Despite the high rate of
FA supplement use in both the first trimester and the early sec-
ond trimester, only half of the participants in our study were
meeting the Ministry of Health FA supplementation recommen-
dation of 800 μg/d pre-conception and during the first trimes-
ter(25). Three-quarters of FA supplement users at 15 weeks’
gestation took FA as part of or alongside a multivitamin supple-
ment. FA supplementation was significantly associated with PF
levels at 15 weeks’ gestation, with those reporting FA supple-
ment use having a significantly higher (56 %) mean PF concen-
tration compared with those reporting no use. Maternal report
of FA supplement intake was confirmed by PF. FA daily dose,
maternal age, gestation at measurement, ethnicity, BMI and
vegetarian status were significantly associated with PF.

Interpretation

Findings from the present study confirm that maternal report of
FA supplementation was a reliable proxy measure of FA supple-
ment use in this sample. The present study contributes to the lim-
ited data on the patterns of FA supplement use and its associated
PF concentrations among NZ pregnant women. To the authors’
knowledge, this is the first study to describe maternal FA supple-
mentation intake and PF concentrations in the early second tri-
mester in a large cohort of NZ pregnant women.

The high proportion (73 %) of women who reported taking
FA supplementation in the early second trimester was somewhat
surprising. In NZ, guidelines recommend that women take FA
supplements (800 μg/d) in the pre-conception period and up

to 12 weeks’ gestation(25), yet a substantial number of women
in the present study were taking FA supplements beyond this
time point. Although the percentage of participants in the
present study who reported taking FA supplements in the sec-
ond trimester (73 %) is somewhat higher than that reported in
another recently studied cohort of NZ pregnant women
(56·7 %)(36), the findings of both show that a significant number
of NZ pregnant women report taking FA supplementation
beyond the first trimester. The NZ Ministry of Health acknowl-
edges that supplementing with 400 μg daily is sufficient to
reduce the risk of NTD. However, the only FA tablets that are
currently available as registered medicines (i.e., subsidised)
and, therefore, available over the counter from pharmacies in
NZ contain either 800 or 5000 μg FA. As such, women are rec-
ommended to take the FA tablets that are registered as medi-
cines, to reduce the occurrence or re-occurrence of NTD.
Nonetheless, results indicated that more than three quarters
(79 %) of supplement users were taking FA in the form of or
alongside multivitamins. A possible explanation for the
extended use of FA supplementation observed in our study is
that the majority of women were taking FA as part of a multivi-
tamin, which they purchased themselves, and continued to use
beyond the first trimester. In comparison, the smaller proportion
of participants who took an FA-only supplement tablet (which is
subsidised in NZ from pre-conception until the end of the first
trimester) would probably have discontinued its use after this
recommended period.

Overall, 39 % of the total participants in the present
study were not meeting the WHO Antenatal Care Guidelines’
recommendation of 400 μg supplemental FA daily throughout
pregnancy(24). Moreover, given the lack of mandatory FA
fortification of the food supply in NZ, pregnant women probably

Table 2. Plasma folate by folic acid supplement use at 15weeks’ gestation
(Numbers and percentages; mean values with their standard errors)

Folic acid
supplement use

Participants
Plasma folate

(nmol/l)

n % Mean SE P

All participants 1921 100 48·5 1·6 –
No 513 26·7 35·1 1·6 Ref
Yes 1408 73·3 54·6 1·5 <0·001

Ref, reference category.

Table 3. Plasma folate by type of folic acid supplement at 15 weeks’
gestation
(Numbers and percentages; mean values with their standard errors)

Type of folic acid supplement
used (n 1394)* n %

Plasma folate
(nmol/l)

Mean SE P

Folic acid supplement alone 293 21 55·2 1·7 Ref
Folic acid taken as part of or
alongside a multivitamin

1101 79 54·6 1·5 0·918

Ref, reference category.
* Seventeen values missing for multivitamin status and removal of n 27: multivitamin
with no folic acid.

Fig. 1. Reported maternal folic acid supplement dose (μg/d) at 15 weeks’
gestation.
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do not meet the Recommended Dietary Intake of 600 μg/d(37).
Mean dietary intake of folate among NZ pregnant women
(212 μg/d) published nearly 20 years ago indicated that intake
was well below the recommended levels(38). Studies from other
countries with a similar policy of supplementation and voluntary

FA fortification have shown that FA intake from voluntarily for-
tified foods has been found to contribute at least 100 μg/d(39).
Therefore, further contemporary longitudinal research is needed
to determine the total dietary folate and FA intake by NZ preg-
nant women and women of childbearing age. This should

Table 4. Association between plasma folate and socio-demographic, lifestyle and supplementation variables at 15 weeks’ gestation
(Numbers and percentages; mean values with their standard errors; β-coefficients and 95% confidence intervals)

Variable n %

Plasma folate (nmol/l) Univariable regression Multivariable regression model*

Mean SE β 95% CI P† β 95% CI
P†
R2

Folic acid dose (μg/d) <0·001 <0·001
R2= 0·29

0 513 26·7 35·1 1·0 –0·48 –0·52, –0·44 –0·41 –0·46, –0·35
1–399 228 11·9 42·8 1·0 –0·28 –0·34, –0·22 –0·27 –0·33, –0·21
400–799 105 5·5 56·8 1·8 0·002 –0·08, 0·09 –0·004 –0·09, 0·08
800 936 48·7 56·7 1·0 Ref Ref Ref Ref
801–1999 120 6·3 56·3 1·0 0·01 0·08, 0·07 –0·02 –0·10, 0·05
≥2000 19 1·0 113·2 1·2 0·69 0·50, 0·88 0·71 0·52, –0·89

Maternal age (years) <0·001
<25 199 10 36·2 1·1 –0·38 –0·46, –0·30 –0·27 –0·34, –0·19
25 to <30 554 2·9 47·9 1·0 –0·10 –0·16, –0·03 –0·10 –0·15, –0·03
30 to <35 836 43·5 50·4 1·0 –0·05 –0·11, 0·01 –0·05 –0·10, –0·0002
≥35 332 17·3 53·0 1·2 Ref

Ethnicity <0·001
NZ/other European 1625 84·6 49·1 1·0 Ref
Asian 96 5 55·1 1·0 0·12 0·03, 0·22 0·09 0·001, 0·17
Other non-European 31 1·6 42·5 1·1 –0·14 –0·33, 0·02 –0·14 –0·28, 0·01
Māori 60 3·1 43·5 1·1 –0·12 –0·24, –0·001 0·01 –0·09, 0·12
Indian 76 4 46·3 1·1 –0·06 –0·17, 0·05 0·06 –0·16, 0·04
Pacific 33 1·7 29·3 1·1 –0·51 –0·68, –0·36 –0·23 –0·37, –0·08

BMI (kg/m2) <0·001
<25 1175 61·17 49·5 1·0 Ref
25 to <30 537 27·95 48·9 1·0 –0·01 –0·06, 0·04 –0·003 –0·04, 0·04
≥30 209 10·88 42·1 1·0 –0·16 –0·23, –0·09 0·10 –0·16, –0·04

Smoking status 0·002
No 1849 96·3 48·9 1·0 Ref
Yes 72 3·7 41·1 1·1 –0·17 –0·28, –0·06 –0·050 –0·14, 0·05

Alcohol use 0·713
No 1821 94·8 48·5 1·0 Ref
Yes 100 5·2 49·4 1·1 0·02 –0·08, 0·11 – –

SEI‡ <0·001
18–41 422 22 45·2 1·0 –0·14 –0·23, –0·05 0·02 –0·05, 0·10
42–65 1344 70 49·3 1·0 –0·05 –0·13, 0·03 –0·01 –0·08, 0·06
66–90 155 8 51·8 1·0 Ref

Education level (years) 0·143
>12 1249 65 48·9 1·0 Ref
≤12 672 35 47·5 1·0 –0·03 –0·08, 0·01 – –

High green leafy vegetable
intake

0·005

No 1685 87·7 48·0 1·0 Ref
Yes 236 12·3 52·6 1·0 0·09 0·03, 0·16 0·05 –0·005, 0·11

High fruit intake 0·051
No 876 45·6 47·4 1·0 Ref
Yes 1045 54·4 49·5 1·0 0·04 –0·0002, 0·08 0·02 –0·02, 0·06

Multivitamin (n 1906) <0·001
No 777 40·8 41·5 1·7 Ref
Yes 1129 59·2 54·1 1·5 0·27 0·23, 0·31 0·03 –0·03, 0·07

Vegetarianism 0·007
Non-vegetarian 1815 96·4 48·2 1·0 Ref
Demi-vegetarian§ 67 3·6 51·4 1·1 0·10 –0·02, 0·21 0·05 –0·05, 0·15
Vegetarian 39 2 59·4 1·1 0·21 0·06, 0·36 0·17 0·04, 0·31

n, number of participants; Ref, reference category; SEI, socio-economic index.
* Independent variable: plasma folate. Dependent variable: folic acid supplement dose category. Model also adjusted for gestational age at measurement.
† Prob > F (for the multivariable regression model the P value (Prob >F) for the overall model is shown).
‡ SEI score was divided into three categories of equal range for this comparison. A higher score represents a higher SEI.
§ Demi-vegetarians may eat fish.
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include FA intake from both supplements and voluntary fortified
food, in order to gain a better understanding of whether supple-
mentation should be recommended beyond the first trimester of
pregnancy.

PF levels were higher in FA supplement users v. non-users,
consistent with the previous findings from other studies examin-
ing folate biomarkers in pregnant women(40–48). Similarly, a
nationally representative study of NZ adults found that FA-
containing supplement users had a 48 % higher mean serum
folate concentration compared with non-users(49). The correla-
tion between reported FA supplementation dose and PF seen
in the present study is also similar to that found in a Dutch study
conducted in the early second trimester of pregnancy (r 0·49;
P= 0·001)(50).

In the present study at the time of reporting of supplement
intake and blood sampling, a significant association between
FA dose category and PF was observed. However, given the
cross-sectional and observational study design, the absolute
dose effect is unknown. These results support the findings of
other similar studies(50–52), and randomised controlled trails(53–55).
Further research into the kinetics of FA on PF concentrations in
pregnancy and its associated outcomes is needed.

Similar to other studies, maternal age, gestational age and
ethnicity were associated with PF concentrations in preg-
nancy(40,45,56). In contrast, reported multivitamin use was not sig-
nificantly associated with PF in the multivariable analysis,
suggesting no additional benefits conferred from other micronu-
trients present in the supplement on short-term folate status. Of
particular importance, the findings that mean PF differed signifi-
cantly between ethnic groups (with a significantly lower PF level
observed in Pacific participants) warrants further exploration. A
higher BMI category was also significantly negatively associated
with PF in the present study, in contrast with the findings by Liu et
al.(45) and Ma et al.(57). This difference is probably due to the use
of only two categories of BMI in their analyses (normal BMI v.
overweight), whereas the present study also included a third
(BMI >30 kg/m2 (obese)) category. Similar to the present study,
Cheng et al.(40) also included a third (obese) category and found
a significantly lower mean PF level in the obese group compared
with the normal BMI group. Previous studies examining folate
levels in women of childbearing age have found lower PF but
higher erythrocyte folate levels in the obese women, suggesting
that obesity might influence folate metabolism and that ideally
both should be measured pre-conception so that personalised
advice can be provided(58).

While theWHO provides a reference range for optimal eryth-
rocyte folate levels (for the prevention of NTD), no optimal PF
reference range exists for pregnancy. Therefore, we are unable
to comment on the overall sufficiency of folate status in our sam-
ple. Future studies examining the folate status of NZ pregnant
women and women of childbearing age should investigate
erythrocyte folate to provide information on longer term folate
status and how levels compare with the WHO recommendation
for optimal erythrocyte folate (≥906 nmol/l) for women of
childbearing age(59). Likewise, the influence of FA-containing
multivitamins v. FA supplements alone on erythrocyte folate sta-
tus, homocysteine concentrations and pregnancy outcomes in

NZwomen should be investigated to understandwhethermicro-
nutrients other than FA provide additional benefits.

Strengths and limitations

SCOPE study provided an opportunity to investigate the associ-
ation between a range of socio-demographic and lifestyle
variables, FA supplementation and PF concentrations in a large
sample size of over 1900 pregnant women. Socio-demographic,
lifestyle variables and blood samples were collected at 15weeks’
gestation by trained research midwives, according to the
standard operating procedures. FA supplementation was
verified directly, including brand names and doses. In addition,
multivitamin use was also documented, allowing the capture of
all supplemental FA uptake as well as providing an opportunity
to investigate the effect of multivitamins on the association
between FA supplementation and PF levels.

The present study has a number of limitations. These data are
not reflective of the general pregnant population of NZ. Our
analysis was conducted on an opportunistic population of par-
ticipants from one geographical region (Auckland, NZ). The
cohort was predominantly of NZ/other European ethnicity,
which comprises less than 60 % of the NZ population. This limits
the generalisability of the findings to other NZ areas and cultural
groups. The study collected a range of supplement information
but did not measure dietary folate intake. However, the
consumption of green leafy vegetable and high fruit intake
was included in the analysis of the effect of FA supplementation
on PF. The assessment of maternal folate status in the
present study was based on a single measurement of PF(58).
Erythrocyte folate, a longer term indicator of folate status(24,58),
was not analysed, and warrants investigation in future studies.
However, the aim of the present study was to examine the
reported intake of FA supplementation concurrently with blood
sample analysis, and PF is the most applicable measure of the
recent FA intake(60). In the present study, blood was obtained
in a non-fasting state to increase study participation. However,
the non-fasting blood collection could have falsely elevated
PF concentrations. Nonetheless, given the relatively small differ-
ence between the non-fasting and fasting PF state, non-fasting PF
is an acceptable measure for population-based estimates(61).
One further limitation of our study is the categorisation of normal
weight, overweight and obesity based on maternal BMI mea-
sured at 15 weeks of gestation, because an objective measure
of pre-pregnancy BMI was not available. The Institute of
Medicine Guidelines(62) recommend a weight gain between
0·5 and 2 kg in the first trimester, and as such, this change in
weight may have affected the accuracy of classification.

Conclusion

The present study of NZ women in early second trimester of
pregnancy found a significant association between reported
FA supplementation intake and maternal PF levels. This positive
relationship demonstrates that self-reported FA supplemental
intake in this sample population is indeed a reliable proxy indi-
cator of FA supplement use.
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The significant difference observed in mean PF across ethnic
groups (in particular the lower PF levels seen in Pacific partici-
pants) and across BMI categories (lower PF seen in obese
women) suggests that further research should focus on assessing
the differences in long-term folate status between these groups,
to inform targeted interventions. Studies examining how these
levels might be associated with pregnancy outcomes will pro-
vide valuable insight for targeted public health campaigns
around FA supplementation in pregnancy and will help ensure
best pregnancy outcomes. Such research will also help inform
whether FA supplementation should be recommended in NZ
beyond the first trimester, to be in line with the WHO
Antenatal Care Guidelines(24).
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