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Abstract
Objective: To evaluate the sociodemographic and lifestyle factors associated
with insufficient and excessive use of folic acid supplements (FAS) among
pregnant women.
Design: A pregnancy cohort to which multinomial logistic regression models were
applied to identify factors associated with duration and dose of FAS use.
Setting: The Growing Up in New Zealand child study, which enrolled pregnant
women whose children were born in 2009–2010.
Subjects: Pregnant women (n 6822) enrolled into a nationally generalizable
cohort.
Results: Ninety-two per cent of pregnant women were not taking FAS according to
the national recommendation (4 weeks before until 12 weeks after conception),
with 69% taking insufficient FAS and 57% extending FAS use past 13 weeks’
gestation. The factors associated with extended use differed from those associated
with insufficient use. Consistent with published literature, the relative risks of
insufficient use were increased for younger women, those with less education, of
non-European ethnicities, unemployed, who smoked cigarettes, whose pregnancy
was unplanned or who had older children, or were living in more deprived
households. In contrast, the relative risks of extended use were increased for
women of higher socio-economic status or for whom this was their first pregnancy
and decreased for women of Pacific v. European ethnicity.
Conclusions: In New Zealand, current use of FAS during pregnancy potentially
exposes pregnant women and their unborn children to too little or too much folic
acid. Further policy development is necessary to reduce current socio-economic
inequities in the use of FAS.
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Many countries have implemented folic acid supple-
mentation (FAS) pre-pregnancy and during the first tri-
mester of pregnancy, due to the unequivocal evidence for
its protection against neural tube defects (NTD)(1,2).
However, adherence with this policy is often poor, with
use of folic acid supplements (FAS) being reported for
<50% of pregnant women in several countries, including
Australia, Canada, the UK, the USA, Pakistan, Indonesia
and China(3–6). Factors that have been associated with
inadequate use of FAS among women include younger
age, belonging to particular ethnic groups, single

relationship status, multiparity, unplanned pregnancy,
a less healthy lifestyle and poorer socio-economic
conditions(3,7,8).

In addition to the prevention of NTD, maternal FAS in
the pre-pregnancy and/or early pregnancy period is
associated with a reduced risk of other disorders, includ-
ing congenital heart defects(9), small-for-gestational-age
birth(10), language delay(11), behavioural problems(12) and
autistic spectrum disorder(13–16). However, emerging evi-
dence suggests a U-shaped relationship of maternal folate
status during pregnancy with birth and childhood health
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outcomes. Studies have reported associations of increased
exposure to folic acid (in duration and/or dose)
with an increased risk of several adverse health out-
comes(17,18), including large-for-gestational-age birth(19),
insulin resistance(20–22), increased adiposity(21), lower
psychomotor scores(23) and asthma(24).

It is now recognized that there is the need to identify
groups within populations at increased risk of both insuffi-
cient and excessive periconceptional FAS use(17). The
opportunity to determine the prevalence of both insufficient
and excessive use of FAS and the factors associated with
each in New Zealand (NZ) was created by the establishment
of a large cohort study into which enrolment occurred during
the last trimester of pregnancy. We have previously used the
data collected in this cohort study to show that only 39% of
women reported starting FAS before pregnancy(8). To date
though, there has been no investigation describing the
adherence to the NZ Ministry of Health (MoH) recommen-
dations for FAS during pregnancy that considers both insuf-
ficient and excessive use.

Our aim was to describe the use of FAS during preg-
nancy and to identify the sociodemographic and lifestyle
factors associated with insufficient and excessive use of
FAS in a nationally generalizable birth cohort study(25).

Methods

The Growing Up in New Zealand study
Growing Up in New Zealand (GUiNZ) is a multi-ethnic
nationally representative longitudinal birth cohort study,
consisting of 6853 children born to 6822 women enrolled
while pregnant(25,26). As described previously, pregnant
women were eligible if they had an estimated delivery
date between 25 April 2009 and 25 March 2010 and were
living in a geographical region defined by the three
contiguous District Health Boards of Auckland, Counties-
Manukau and Waikato(26). For the present study, we
utilized data from the first collection wave (antenatal
period; completed in 2010). Data were collected at a
face-to-face home computer-assisted personal interview
conducted with each pregnant woman, most often in the
last trimester of her pregnancy. Linkage was established to
perinatal health records, providing information about the
latter stages of pregnancy, the birth and the immediate
neonatal period.

Assessment of folic acid supplement use

Subsidized folic acid supplements dispensed from
community pharmacies
Folic acid tablets are available over the counter from
pharmacies in NZ and are also dispensed, at a lower cost,
to pregnant women with a prescription. All the prescribed
dispensing from community pharmacies is recorded in the
NZ MoH Pharmaceutical Collection database(27). Data
linkage with the Pharmaceutical Collection database

identified FAS dispensed by pharmacists to the women
participating in the GUiNZ cohort study from when their
pregnancy was confirmed (mostly in the first trimester of
pregnancy). The GUiNZ study obtained consent to access
women’s pharmaceutical information only for their preg-
nancy with the cohort child. For this reason, the data on
pharmacy dispensing in the pre-pregnancy period were
not available for use in the present study. FAS dispensed
from pharmacies were described according to the tablets’
folic acid content (folic acid 5mg, folic acid 0·8mg, folic
acid 0·35mg with a ferrous compound).

Using the infant’s gestational age at birth we estimated
the gestational age of each woman when first dispensed
FAS and simulated the total number of weeks of FAS using
the pharmacy dispensing date and number of tablets dis-
pensed (assuming the use of 1 tablet/d). Information on
use, duration of use and dose of FAS was available for
6044/6822 (89%) of the women. After additional exclu-
sions from missing Pharmaceutical Collection data, the
final sample was 5857/6822 (86%) women.

Maternal report of folic acid supplement use
The use of FAS was evaluated in three time periods:
3 months before pregnancy, during the first trimester of
pregnancy and after the first trimester of pregnancy. For
each of those time intervals the following questions were
asked: ‘Have you taken folate or folic acid, even as part of
a multivitamin?’, ‘How many days per week on average?’
and ‘For how many weeks?’.

The current NZ MoH policy on use of FAS for reducing
NTD in NZ is the same as that in place at the time of the
present study. In NZ it is recommended that women at low
risk of an NTD-affected pregnancy and who plan to
become pregnant take 0·8mg of folic acid daily for
4 weeks before until 12 weeks after conception(28). For
women at high risk of an NTD-affected pregnancy the
recommendation is to take a higher dosage (5mg of folic
acid daily) during the same time period. The NZ MoH
considers women at high risk as those: with a previous
NTD-affected pregnancy; or with a close family member
who has had an NTD; or who are on insulin for diabetes,
or who are taking medications known to affect folate
metabolism; or whose partner is affected or has a family
history of NTD(28).

Based on the reported FAS, the study population was
divided in five categories. The category ‘no use’ refers to
the women who did not use FAS either before or during
the pregnancy. The category ‘recommended use’ refers to
women who used FAS 6–7 times/week in at least 4 weeks
pre-pregnancy and for 12 weeks after conception. The
category ‘recommended and extended use’ refers to the
women who used FAS according to recommendation but
then also extended its use after the first trimester. The
category ‘insufficient use’ refers to the women who did not
take FAS as recommended in early pregnancy. The cate-
gory ‘insufficient and extended use’ refers to the women
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who did not take enough FAS in early pregnancy but
extended its use after the first trimester of pregnancy.

Assessment of covariates
Variables describing maternal self-prioritized ethnicity,
age, education, relationship status, employment, parity,
alcohol consumption, smoking patterns, pregnancy plan-
ning, and sources of information about vitamins and
minerals were collected during the antenatal interview.

Maternal self-prioritized ethnicities were self-reported.
Response options provided a list of thirty-three ethnicities,
with the ability for participants to indicate alternative
‘other’ ethnicities in addition to those listed. Ethnicity was
then coded into six Level 1 categories following the
Statistics NZ coding criteria: (i) European, (ii) Māori,
(iii) Pacific Peoples, (iv) Asian, (v) Middle Eastern, Latin
American and African (MELAA) and (vi) other, with
MELAA and other then combined for analysis purposes
because of the smaller sizes of these two groups.

Socio-economic deprivation was described using the
2006 NZ Index of Deprivation (NZDep06), grouped as
deciles. NZDep06, derived from 2006 census data on nine
socio-economic characteristics, is a well-validated mea-
sure of small area socio-economic deprivation in NZ(29).

Maternal self-reported weight (in kilograms) and height
(in centimetres) during pregnancy were collected and BMI
calculated and categorized according to WHO criteria(30).
During pregnancy, self-reported height and weight have
been shown to classify the majority (84%) of women into
appropriate BMI categories(31).

Statistical analyses
Proportions, means, medians and interquartile ranges
were used to describe the population and the FAS use.
Proportions were compared with the χ2 test. Associations
between the categories of FAS use and maternal socio-
demographic and lifestyle characteristics were described
using relative risk ratios (RRR) and 95% CI obtained from
multivariate multinomial logistic regression models. The
women who used FAS during pregnancy as recommended
formed the reference group for these analyses. Participants
with missing values for any of the covariates were exclu-
ded from the final multivariate model.

All analyses were performed using the Stata statistical
software package release 12 (2011). Two-sided sig-
nificance was determined at P< 0·05.

Results

Folic acid dispensed from pharmacies to cohort
women
For 29·6% (1791/6044) of the women, FAS were reported
to have been used during the pregnancy and were also
dispensed from a pharmacy. Additionally, 3·1% (188/
6044) of the women were dispensed folic acid tablets but
did not report using FAS. Overall, a mean of eighty-nine
tablets containing folic acid were dispensed per woman.
Of the tablets dispensed, 71% contained 0·8mg of folic
acid, 15% contained 5mg of folic acid and 14% contained
0·35mg with a ferrous compound (Table 1).

Figure 1 illustrates the distribution of gestational age of
the women during the time they were dispensed folic acid
tablets. More than 75% of the women who were dis-
pensed folic acid tablets, in its different formulations,

Table 1 Number and proportion of women according to category of folic acid supplement use, pharmacy dispensing and type of supplement
dispensed in New Zealand, 2008–2010

Pharmacy dispensing and
‘None’ ‘Insufficient’

‘Insufficient and
extended’ ‘Recommended’

‘Recommended
and extended’ Total

type of supplement n % n % n % n % n % n %

Not dispensed 781 80·6 674 51·3 1219 62·6 307 69·1 1084 79·0 4065 67·3
Dispensed 188 19·4 639 48·7 727 37·4 137 30·9 288 21·0 1979 32·7
5mg 24 12·1 86 12·8 122 15·4 17 11·9 56 18·6 305 14·5
0·8mg 128 64·7 528 78·7 539 68·1 104 72·7 197 65·2 1496 71·1
0·35mg+ ferrous 46 23·2 57 8·5 130 16·4 22 15·4 49 16·2 304 14·4
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Fig. 1 Box-and whisker plot showing the potential duration*
of use of subsidized folic acid supplements according to the
type of tablet dispensed in New Zealand, 2008–2010. The
bottom and top edge of the boxes represent the 25th and
75th percentile (interquartile range), respectively; and the
ends of the bottom and top whiskers represent the minimum
and maximum values, respectively, of gestational age in
weeks. *Potential duration of use of subsidized tablets was
estimated using infant’s gestational age at birth, gestational
age when the woman was first dispensed folic acid tablets
and the number of tablets dispensed (assuming the use of
1 tablet/d)
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potentially extended its use beyond the first trimester of
pregnancy.

Maternal report of folic acid supplement use
Only a small proportion of women (7·6%) reported
the use of FAS as recommended, with another 23·4%
reporting using FAS according to the recommendation but
with extension into the second trimester of pregnancy.
Thirteen per cent of the women reported no use of
FAS either before or during pregnancy. Almost one-
quarter of the women (22·4%) had insufficient use of
FAS in early pregnancy and 33·3% had insufficient use of
FAS in early pregnancy but extended its use beyond
the first trimester.

The majority of women in the ‘insufficient and exten-
ded’ use group did not use FAS during the pre-pregnancy
period but used 6–7 folic acid tablets/week from the
first trimester of pregnancy. Ninety-two per cent of the
women in the ‘recommended and extended use’ group
continued using 6–7 folic acid tablets/week after the
first trimester of pregnancy, for a median of an
additional 20 weeks (interquartile range= 15–26 weeks;
Table 2).

Maternal sociodemographic and lifestyle
characteristics
Over one-half (55·2%) of the women identified them-
selves as European, 30·6% had completed at least a
diploma/trade certificate, for 61·3% the current pregnancy
was planned and 37·2% lived in the most deprived
households. Higher level of education, more social sup-
port (relationship status), employment, having a planned
pregnancy and living in a less deprived household were
more prevalent when FAS was used according to the

recommendation, as identified by the ‘recommended use’
and ‘recommended and extended use’ categories when
compared with the ‘no use’, ‘insufficient use’ and ‘insuffi-
cient and extended use’ (Table 3).

Determinants of folic acid supplement use
In the univariate analyses, all the variables describing
women’s sociodemographic and lifestyle characteristics
were associated with the categories of FAS use (see online
supplementary material, Supplemental Table 1).

The results of the multivariate analysis with the inde-
pendent associations of maternal characteristics with the
categories of FAS use are presented in Table 4. The vari-
ables nutritional status, relationship status and alcohol
consumption before pregnancy were excluded from the
multivariate analyses because they were not associated
with any category of FAS use. In the multivariate analysis,
the two factors independently associated with all FAS
categories of use, when compared with the ‘recom-
mended’ group, were self-prioritized ethnicity and parity.
Pregnancy planning, education and age were indepen-
dently associated with the ‘none’, ‘insufficient use’ or
‘insufficient and extended use’ groups. Smoking was
independently associated with the ‘none’ or ‘insufficient
use’ group. Work status and household deprivation were
factors independently associated with the ‘none’ group
(Table 4).

Sources of information about vitamins and
minerals during pregnancy
The main sources of information about vitamins and
minerals during pregnancy were health-care professionals
(83·3%), family and friends (31·4%) and media (31·3%;
Table 5).

Table 2 Distribution of women by category of folic acid supplement (FAS) use, reported dose of FAS used per week and reported duration of
FAS use (weeks) in the pre-pregnancy period, first trimester and after the first trimester of pregnancy in New Zealand, 2008–2010

None ‘Insufficient’ ‘Insufficient and extended’ ‘Recommended’
‘Recommended and

extended’

Duration* Duration* Duration* Duration*
Period and average dose
of FAS use per week n % n % Median IQR n % Median IQR n % Median IQR n % Median IQR

Pre-pregnancy
0 tablets/week 781 100·0 1101 84·0 – 1621 83·3 – 0 0·0 – 0 0·0 –

1–2 tablets/week 0 0·0 29 2·2 4 3–11 59 3·0 6 4–13 0 0·0 – 0 0·0 –

3–5 tablets/week 0 0·0 70 5·3 10 6–13 149 7·6 12 8–13 0 0·0 – 0 0·0 –

6–7 tablets/week 0 0·0 113 8·6 6 3–12 118 6·1 4 2–12 444 100·0 12 8–13 1372 100 13 12–13
First trimester
0 tablets/week 781 100·0 47 3·6 – 234 12·0 – 0 0·0 – 0 0·0 –

1–2 tablets/week 0 0·0 59 4·5 10 4–12 53 2·7 12 7–13 0 0·0 – 0 0·0 –

3–5 tablets/week 0 0·0 133 10·1 10 4–12 171 8·8 12 7–13 0 0·0 – 0 0·0 –

6-7 tablets/week 0 0·0 1074 81·8 12 7–12 1489 76·5 12 7–13 444 100·0 12 12–13 1372 100 13 12–13
After first trimester
0 tablets/week 781 100·0 1313 100·0 – 0 0·0 – 0 0·0 – 0 0·0 –

1–2 tablets/week 0 0·0 0 0·0 – 139 7·1 13 5–22 0 0·0 – 34 2·5 14 8–21
3–5 tablets/week 0 0·0 0 0·0 – 237 12·2 16 8–26 0 0·0 – 82 6·0 16 12–26
6–7 tablets/week 0 0·0 0 0·0 – 1571 80·7 17 10–26 0 0·0 – 1256 91·5 20 15–26

IQR, interquartile range.
*Duration in weeks.
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Table 3 Sociodemographic and lifestyle characteristics of women according to the category of folic acid supplement use in New Zealand, 2008–2010

‘None’ ‘Insufficient’ ‘Insufficient and extended’ ‘Recommended’ ‘Recommended and extended’ Total

Characteristic n % n % n % n % n % n % P*

Total 781 13·3 1313 22·4 1947 33·2 444 7·6 1372 23·4 5857 100
Age (years) <0·001

≤29 503 64·4 735 56·0 900 46·2 102 23·0 302 22·0 2542 43·4
>29 278 35·6 578 44·0 1047 53·8 342 77·0 1070 78·0 3315 56·6

Level of education <0·001
Higher degree 17 2·2 148 11·3 287 14·8 125 28·2 393 28·6 970 16·6
Bachelor’s degree 56 7·2 240 18·3 497 25·6 129 29·0 433 31·6 1355 23·2
Diploma/trade certificate 261 33·6 474 36·2 613 31·5 110 24·8 330 24·1 1788 30·6
≤Secondary school/NCEA 1–4 443 57·0 447 34·2 547 28·1 80 18·0 216 15·7 1733 29·6

Self-prioritized ethnicity <0·001
European 118 15·1 620 47·3 1070 55·1 348 78·4 1074 78·3 3230 55·2
Māori 234 30·0 238 18·2 234 12·1 20 4·5 64 4·7 790 13·5
Pacific 349 44·7 221 16·9 174 9·0 18 4·1 16 1·2 778 13·3
Asian 66 8·5 176 13·4 391 20·1 43 9·7 162 11·8 838 14·3
Others† 13 1·7 55 4·2 73 3·8 15 3·4 55 4·0 211 3·6

BMI‡ (kg/m2) <0·001
≤24·9 193 35·9 627 54·9 1087 61·9 284 67·0 882 66·3 3073 59·2
25·0–29·9 135 25·1 286 25·1 368 21·0 81 19·1 300 22·6 1170 22·6
≥30·0 210 39·0 228 20·0 300 17·1 59 13·9 148 11·1 945 18·2

Relationship status <0·001
No relationship 180 23·2 138 10·5 188 9·7 11 2·5 18 1·3 535 9·2
Cohabiting 269 34·6 464 35·5 573 29·5 83 18·7 238 17·4 1627 27·8
Married or civil union 328 42·2 707 54·0 1183 60·9 350 78·8 1114 81·3 3682 63·0

Work <0·001
Employed 218 27·9 635 48·4 1104 56·7 296 66·7 960 70·0 3213 54·9
Unemployed 136 17·4 142 10·8 155 8·0 15 3·4 55 4·0 503 8·6
Student 64 8·2 102 7·8 153 7·9 34 7·7 88 6·4 441 7·5
Not in workforce 363 46·5 434 33·1 535 27·5 99 22·3 269 19·6 1700 29·0

Parity <0·001
First born 197 25·2 520 39·6 885 45·5 191 43·0 681 49·6 2474 42·2
Subsequent 584 74·8 793 60·4 1062 54·6 253 57·0 691 50·4 3383 57·8

Pregnancy planned <0·001
Yes 221 28·3 663 50·5 1008 51·8 415 93·5 1283 93·5 3590 61·3
No 560 71·7 650 49·5 939 48·2 29 6·5 89 6·5 2267 38·7

Alcohol before pregnancy (per week) <0·001
Did not drink 310 39·8 389 29·7 553 28·4 96 21·7 288 21·0 1636 28·0
≤3 drinks 234 30·0 528 40·3 820 42·1 221 49·9 707 51·5 2510 42·9
>3 drinks 235 30·2 394 30·0 574 29·5 126 28·4 377 27·5 1706 29·1

Pre/during pregnancy smoking pattern <0·001
Non-smoker 453 58·1 947 72·5 1578 81·3 416 93·7 1286 94·0 4680 80·1
Continued/stopped smoking 327 41·9 360 27·5 364 18·7 28 6·3 82 6·0 1161 19·9

Household deprivation§ <0·001
1 to 3 42 5·4 279 21·2 503 25·9 158 35·6 516 37·6 1498 25·6
4 to 7 154 19·7 442 33·7 792 44·0 185 41·7 604 44·0 2177 37·2
8 to 10 585 74·9 592 45·1 252 18·4 101 22·7 252 18·4 2180 37·2

NCEA, National Certificate of Educational Achievement.
*The χ2 test was used to determine if any significant differences existed among the groups according to maternal characteristics (P< 0·05 indicates there is difference).
†Others include Middle Eastern, Latin American, African and others.
‡BMI: underweight and eutrophic, ≤24·9 kg/m2; overweight, 25·0–29·9 kg/m2; and obese, ≥30·0 kg/m2.
§Area-level socio-economic deprivation was measured using the NZ Index of Deprivation: decile 1, 2 and 3= least deprived households; decile 8, 9 and 10=most deprived households.
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Discussion

Ninety-two per cent of pregnant women from this
nationally generalizable birth cohort study in NZ were not
taking FAS as recommended. Thirteen per cent of preg-
nant women did not use FAS at any time, with non-use

associated with age, education, ethnicity, employment,
parity, pregnancy planning, smoking and household
deprivation. One-quarter of the women had insufficient
use of FAS during pregnancy and this insufficient use was
associated with age, education, ethnicity, parity, preg-
nancy planning and smoking. One-third of the women

Table 4 Adjusted relative risk ratios (RRR) and 95% CI for the association of maternal sociodemographic and lifestyle characteristics with
category of folic acid supplement use in New Zealand, 2008–2010

‘None’ ‘Insufficient’ ‘Insufficient and extended’ ‘Recommended and extended’

Characteristic* RRR 95% CI RRR 95% CI RRR 95% CI RRR 95% CI

Age (years)
≤29 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
>29 0·38 0·28, 0·52 0·39 0·29, 0·51 0·54 0·42, 0·70 1·09 0·83, 1·43

Level of education
Higher degree 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
Bachelor’s degree 2·11 1·12, 3·94 1·17 0·84, 1·63 1·31 0·97, 1·76 1·08 0·82, 1·44
Diploma/trade certificate 3·66 2·02, 6·63 1·54 1·10, 2·16 1·39 1·02, 1·91 1·03 0·76, 1·40
≤Secondary school/NCEA 1–4 4·92 2·68, 9·06 1·44 0·99, 2·08 1·40 0·99, 1·98 0·96 0·68, 1·36

Self-prioritized ethnicity
European 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
Māori 7·09 4·13, 12·16 2·54 1·53, 4·2 1·76 1·07, 2·89 1·13 0·66, 1·91
Pacific 14·36 8·17, 25·24 3·12 1·82, 5·32 1·79 1·05, 3·05 0·33 0·16, 0·67
Asian 4·56 2·85, 7·28 2·15 1·47, 3·13 2·67 1·87, 3·80 1·23 0·85, 1·78
Others† 2·04 0·90, 4·59 1·88 1·02, 3·45 1·50 0·83, 2·69 1·21 0·67, 2·18

Work
Employed 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
Unemployed 2·01 1·09, 3·71 1·44 0·80, 2·57 1·23 0·69, 2·19 1·25 0·69, 2·28
Student 1·41 0·85, 2·35 0·92 0·60, 1·43 0·93 0·61, 1·41 0·83 0·54, 1·26
Not in workforce 1·74 1·25, 2·42 1·14 0·86, 1·51 0·98 0·74, 1·28 0·92 0·70, 1·21

Parity
First born 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
Subsequent 2·80 2·07, 3·78 1·48 1·16, 1·90 1·12 0·89, 1·41 0·78 0·62, 0·98

Pregnancy planned
Yes 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
No 13·12 8·54, 20·14 8·12 5·43, 12·13 9·86 6·64, 14·63 1·05 0·67, 1·63

Pre/during pregnancy smoking pattern
Non-smoker 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
Continued/stopped smoking 2·86 1·82, 4·49 2·35 1·53, 3·62 1·77 1·16, 2·71 1·01 0·64, 1·59

Household deprivation‡
1 to 3 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.
4 to 7 1·68 1·09, 2·60 0·97 0·74, 1·28 1·03 0·80, 1·33 0·99 0·77, 1·26
8 to 10 2·98 1·90, 4·68 1·19 0·87, 1·65 0·99 0·73, 1·34 0·80 0·59, 1·09

NCEA, National Certificate of Educational Achievement; Ref., reference category.
*Multivariate multinomial logistic regression models included all variables presented in the table. The group of women who reached the recommendation for folic
acid use was the reference in this analysis (two-sided significance was determined at P< 0·05).
†Others include Middle Eastern, Latin American, African, and others.
‡Area-level socio-economic deprivation was measured using the NZ Index of Deprivation: decile 1, 2 and 3= least deprived households; decile 8, 9 and
10=most deprived households.

Table 5 Number and proportion of women, according to category of use of folic acid supplements, using different sources of information
about vitamins and minerals during pregnancy in New Zealand, 2008–2010

Source of information about
‘None’ ‘Insufficient’ ‘Insufficient and extended’ ‘Recommended’ ‘Recommended and extended’ Total

vitamins and minerals n % n % n % n % n % n %

Health-care professionals 358 92·3 1149 88·1 1589 82·1 372 84·4 1059 77·5 4527 83·3
Midwife 278 71·7 763 58·5 1114 57·5 222 50·3 615 45·0 2992 55·0
General practitioner (family doctor) 139 35·8 668 51·2 879 45·4 237 53·7 569 41·7 2492 45·8
Others† 11 2·8 150 11·5 286 14·8 88 20·0 404 29·6 939 17·3

Family and friends 60 15·5 316 24·2 679 35·1 129 29·3 524 38·4 1708 31·4
Friends 25 6·4 185 14·2 431 22·3 85 19·3 353 25·8 1079 19·9
Family 49 12·6 206 15·8 427 22·1 74 16·8 301 22·0 1057 19·4

Media 40 10·3 276 21·2 658 34·0 143 32·4 584 42·8 1701 31·3
Books, magazines, newspaper 20 5·2 151 11·6 316 16·3 86 19·5 315 23·1 888 16·3
Television 12 3·1 102 7·8 277 14·3 37 8·4 219 16·0 647 11·9
Others‡ 17 4·4 108 8·3 262 13·5 61 13·8 250 18·3 698 12·8

†Other health-care professionals include obstetrician, alternative health practitioner and dietitian/nutritionist.
‡Other media sources include Internet, pharmacy/retailer and radio.
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had insufficient use of FAS in early pregnancy and then
extended its use beyond the first trimester. This pattern of
FAS use was associated with age, education, ethnicity,
parity and pregnancy planning. The remaining quarter of
women initially achieved the recommendation but then
extended FAS use beyond the first trimester of pregnancy,
and this pattern was associated with ethnicity and parity.
Health-care professionals were the main sources of
information about vitamins and minerals, followed by
family and friends. For only 35% of the pregnant women
was FAS use during pregnancy both self-reported and
confirmed by receipt of subsidized folic acid tablets dis-
pensed from a pharmacy.

Improving adherence of pregnant women with national
recommendations for FAS is a challenge faced by many
countries. In most European countries, a minority of
women take FAS during the entire period recommended
(4 weeks before conception until 8 weeks after), ranging
from 3% in Italy to 51% in the Netherlands (where 85% of
pregnancies are believed to be planned)(32,33). In Australia,
from 28 to 46% of women use FAS periconceptionally(7).
Approximately 39% of NZ women in the GUiNZ cohort
started using FAS before pregnancy(8), but only 8% used it
as recommended both pre- and post-conception. Lack of
pregnancy planning is likely to be one of the main reasons
for the proportion of women who used FAS as directed
being as low as it was in our cohort. We have previously
shown that the odds of starting FAS prior to the pregnancy
were approximately ten times lower for women whose
pregnancy was not planned compared with women
whose pregnancy was planned(8). Another potential rea-
son for the high prevalence of non-use of FAS within the
GUiNZ cohort could be the lack of adequate and complete
information about the importance of taking FAS during
pregnancy. While almost all women in the cohort had
engaged with a lead maternity carer for their antenatal care
(98%), for 8 to 14% of them engagement with a lead
maternity carer was delayed past 10 weeks of gestation(34).

The determinants of inadequate FAS use during preg-
nancy have been reported in other studies(3–7,35). Those
women who are younger, from lower incomes and edu-
cational levels, with less social support, or of a minority
ethnic group are less likely to take FAS(7,36). These asso-
ciations were also evident in our study and highlight that
the current policy provides the poorest protection against
NTD for women who have the least resources available to
care for a child with an NTD(37).

In contemporary society where information is available
from many sources and where folic acid is easily accessed
(via supplements and fortified food), excessive intake
becomes a potentially important issue(18). Despite the
limited number of published data on the prevalence of
FAS use which exceeds recommendations, recent studies
have suggested that excessive maternal folic acid can
influence fetal programming, with this being of relevance
to the subsequent development of diabetes(20–22),

asthma(24), and neurological and psychiatric dis-
eases(13,23,38). In an Indian cohort of 533 pregnant women
and their children, higher maternal folate concentrations
(plasma level assessed at 30 weeks’ gestation) were
associated with higher homeostatic model assessment of
insulin resistance in the children at 9·5 and 13·5 years of
age(21). The Generation 1 cohort study of Australian
families (n 557), where mothers reported retrospectively
about consumption of FAS, showed that FAS in late
pregnancy (30–34 weeks) was associated with an
increased odds of asthma when the cohort children were
3·5 years of age(24). In the same study, 16% of women
used FAS in pre-pregnancy, early and late pregnancy and
12% used in early and late pregnancy, compared with
23% (‘recommended and extended use’) and 33%
(‘insufficient and extended use’), respectively, in the
GUiNZ study(24). A population-based cohort study in a
Chinese province found that among those who took FAS
in the first trimester, 18% extended supplement use for the
second and/or third trimester of pregnancy(19).

The prevalence of extended use of FAS in NZ is high
and it will be important to determine if such use is asso-
ciated with any adverse health outcomes, for example
increased adiposity, insulin resistance and asthma. Two
distinct groups of extended use were apparent. In com-
mon, a larger proportion of both groups reported acces-
sing information about vitamin and mineral use during
pregnancy from family, friends and television than did
women in other categories of FAS use. The women in the
‘recommended and extended use’ group were comparable
to those in the ‘recommended use group’. They were
older, had better sociodemographic indicators and, for a
larger proportion of them, the pregnancy was planned.
Other studies have reported similar demographic char-
acteristics among those with extended use of folic acid(19).
In comparison with the ‘recommended use’ group, for a
larger proportion of those in the ‘recommended and
extended use’ group this was their first pregnancy. During
the first pregnancy fears for the well-being of the fetus are
increased, enhancing the perception of risk to their baby
that could potentially make extended use of folic acid
more likely to occur(39,40).

In NZ, there is no pre-approval process by the NZ
Medicines and Medical Devices Safety Authority for diet-
ary supplements to be sold and the sponsor is responsible
to ensure the product is safe and complies with the Dietary
Supplements Regulations 1985(41). Between 2008 and
2010, there were thirty-three different dietary supplements
available in NZ that contained folic acid, seventeen of
which were sold in pharmacies only(42). More than 60% of
pregnant women who reported using FAS in the GUiNZ
study had not been dispensed subsidized tablets, which
implies they were buying these supplements from phar-
macies or other retail stores. Yet, within the subsidized
dispensation system, there should be a mechanism to
control FAS use and to prevent the potential for extended
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use of this supplement (Fig. 1). We hypothesize that the
potential for extended use arises because of the lack of
precise calculation of the number of tablets dispensed and
that prescriptions remain valid for 3 months after the date
they are written. Thus, health-care professionals’ pre-
scribing appears to contribute to at least some of this
extended FAS use(43).

Subsidized folic acid tablets with dosages of 0·8mg and
5mg are the only registered folic acid preparations avail-
able over the counter from pharmacies in NZ(28). The NZ
policy recommends a dosage of folic acid for women at
low risk of an NTD-affected pregnancy that is twice as
high as that recommended by the WHO and adopted by
several countries(2). To avoid or minimize its excessive
use, the available dose of folic acid in supplements and
multivitamins in NZ could be reduced to 0·4mg/d for
women at low risk of an NTD-affected pregnancy(44).

Among the GUiNZ participants who were dispensed
subsidized FAS from pharmacies, 15% (n 305) took tablets
containing 5mg of folic acid. The frequency of this higher-
dose prescription seems higher than the prevalence of
women with increased risk of NTD (family history of NTD,
use of medications known to affect folate metabolism and/
or insulin treatment for diabetes)(28). For example, the self-
reported prevalence of diabetes (before and/or during the
current pregnancy) was 4·6% among those who were
dispensed FAS in the GUiNZ study (data not shown).
A Spanish multicentre mother and child cohort study
(n 2226) suggested that high dose of FAS (5mg/d) during
pregnancy, used by almost 3·5% of mothers, was asso-
ciated with lower psychomotor development of infants at
1 year of age(23). These findings suggest the need for better
education of health-care providers regarding folic acid
prescribing practices.

Our study findings provide an important foundation
upon which policy makers could develop strategies to
ensure that neither insufficient nor excessive use of FAS
increases the risk of poor outcomes for the mother and/or
her child. Some strategies have been described to be
effective interventions for improving FAS use mainly
among disadvantaged women(7). As a potential short-term
intervention, the importance of FAS could be addressed
during routine family doctor visits, for example during
routine cervical screening with women who are less likely
to use FAS. NZ is in the highest five of OECD (Organisa-
tion for Economic Co-operation and Development)
countries in terms of cervical screening rates (76·7% of
total coverage), although with lower coverage rates
among Māori (65·5%) and Asian (64·8%) populations(7,45).
During antenatal care appointments health professionals
should discuss with women, more likely to use FAS
beyond the recommendation, the possible risks associated
with this behaviour. As a longer-term intervention, several
studies have reported that more effective and safer pre-
vention of NTD can be achieved with fortification of food
with folic acid(46,47). Since 1996, NZ has allowed the

voluntary fortification of bread with folic acid, but the
majority of breads remain unfortified with folic acid(48). In
2009, legislation for the mandatory fortification of wheat flour
or bread with folic acid was introduced in Australia and with
the intention that it would also be introduced in NZ, where
the government instead decided to encourage increased
voluntary fortification by the baking industry. That this leg-
islation in Australia was effective in reducing the incidence of
NTD-affected pregnancies and safe was confirmed in a 2016
report by the Australian Government(49,50). NZ does need to
reconsider the decision not to mandate for folic acid for-
tification. The folate status of women of childbearing age in
NZ was assessed in a population-based health survey con-
ducted in 2014–2015(51). Sixteen per cent of the women aged
15–49 years who were included in the survey had ery-
throcyte folate levels accepted internationally to confer
minimal risk of an NTD-affected pregnancy(51). These data
add additional support to the implementation of the for-
tification programme.

Our study has a number of potential limitations. The data
on FAS use could be biased since this was reported retro-
spectively by women, most often in the last trimester of
pregnancy. Such data collection methods tend to result in an
overestimation of FAS use due to the social desirability of
particular responses to such questions(52). As part of the
baseline and monitoring assessment, only updated national
nutrition surveys, ideally with assessment of erythrocyte
folate levels(53), will allow for estimation of the prevalence of
inadequate and excess folic acid intake across life-cycle
groups(54–59). We have conducted a cross-sectional analysis
within the GUiNZ cohort and longitudinal analyses, with
cohort sizes larger than ours, are needed in this field. A major
strength of the present study is the size of the cohort, its
diversity and generalizability to the current population of NZ
births(25,26). We add important findings to this field of
research, given that we were able to characterize in detail the
use of FAS throughout pregnancy in a nationally general-
izable sample. In addition, the use of data linkage to Phar-
maceutical Collection database permitted more accurate
evaluation of the use of FAS(27).

Conclusions

A very large proportion of NZ pregnant women were not
taking FAS according to the MoH recommendation, with
most of them extending its use beyond the recommended
duration. In NZ, the public health messaging and educa-
tion on FAS during pregnancy needs to be addressed since
the current strategy appears to be inadequate, creates
inequity and has a potential for harm to be caused by its
inappropriate implementation. The case for revising the
public policy for the prevention of NTD by folic acid
fortification of foods needs to be raised again in NZ. This
appears to be the only policy option that would ensure
greater coverage to those at risk of insufficient intake.
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