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Abstract
Objective: To simulate effects of different scenarios of folic acid fortification of
food on dietary folate equivalents (DFE) intake in an ethnically diverse sample of
pregnant women.
Design: A forty-four-item FFQ was used to evaluate dietary intake of the
population. DFE intakes were estimated for different scenarios of food fortification
with folic acid: (i) voluntary fortification; (ii) increased voluntary fortification; (iii)
simulated bread mandatory fortification; and (iv) simulated grains-and-rice
mandatory fortification.
Setting: Ethnically and socio-economically diverse cohort of pregnant women in
New Zealand.
Participants: Pregnant women (n 5664) whose children were born in 2009–2010.
Results: Participants identified their ethnicity as European (56·0%), Asian (14·2%),
Māori (13·2%), Pacific (12·8%) or Others (3·8%). Bread, breakfast cereals and
yeast spread were main food sources of DFE in the two voluntary fortification
scenarios. However, for Asian women, green leafy vegetables, bread and breakfast
cereals were main contributors of DFE in these scenarios. In descending order,
proportions of different ethnic groups in the lowest tertile of DFE intake for the
four fortification scenarios were: Asian (39–60%), Others (41–44%), European
(31–37%), Pacific (23–26%) and Māori (23–27%). In comparisons within each
ethnic group across scenarios of food fortification with folic acid, differences were
observed only with DFE intake higher in the simulated grains-and-rice mandatory
fortification v. other scenarios.
Conclusions: If grain and rice fortification with folic acid was mandatory in New
Zealand, DFE intakes would be more evenly distributed among pregnant women
of different ethnicities, potentially reducing ethnic group differences in risk of
lower folate intakes.
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Neural tube defects (NTD) are the second most common
birth defect(1,2). The average global birth prevalence of
NTD is 2·4 per 1000 live births(1,3,4), with this prevalence
varying from 0·2 to 10 per 1000 live births by geographical
location(1). NTD constitute an important public health pro-
blem in terms of mortality, morbidity, human suffering and
societal costs(2). The aetiology of NTD is multifactorial and
includes a combination of genetic predisposition and
environmental factors(1). The known environmental risk
factors for NTD include maternal obesity(5), diabetes(6),

hyperthermia during early pregnancy(7), exposure to the
fungal product fumonisin(8), anticonvulsant drug use (val-
proic acid)(9), and vitamin B12 and folate deficiency(1,3,4).

The demonstration of the association of maternal folate
status with NTD constituted an important epidemiological
achievement(3,4). In 1991, a placebo-controlled trial under-
taken by the Medical Research Council (UK) confirmed the
protective effect of pre-pregnancy folic acid supplementa-
tion against NTD for those women at high risk due to a
previous affected pregnancy(9). As a result, many countries
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have implemented maternal folic acid supplementation in
the pre-pregnancy period and first trimester of pregnancy.
However, despite this intervention the prevalence of NTD
did not decrease in the succeeding decade(10,11).

The subsequent implementation of mandatory for-
tification of cereals with folic acid in some countries, such
as the USA, Canada and Chile, resulted in a decreased
incidence of NTD(12–14). However, in many European and
Asian countries and in New Zealand (NZ), mandatory
fortification of food with folic acid was not imple-
mented(12,13,15). Food Standards Australia New Zealand
recommended the mandatory fortification of bread with
folic acid from 2009; however, in 2012 NZ put this
recommendation on hold and revoked the mandatory
programme due to concerns about safety, cost-
effectiveness and impact on consumer choice(16,17).
Instead, NZ continued with the voluntary fortification of
breads at a level of 200 µg folic acid/100 g bread. The
industry committed to fortify at least 25% and up to 50%
of bread production. According to the first audit report to
the Ministry for Primary Industries in 2012 and 2013, about
14% of packaged sliced breads were fortified with folic
acid, with plans for 25–35% by the end of 2014(17).
Recently (June 2018), the NZ Office of the Prime Minister’s
Chief Science Advisor and the Royal Society Te Apārangi
published a report which provided compelling evidence
that the benefits of mandatory fortification of packaged
bread with folic acid outweigh any potential adverse
effects. This report recommends the mandatory fortifica-
tion of breads(18).

Fortification of widely distributed and consumed foods
with folic acid has the potential to improve the nutritional
status of a large proportion of the population, including
women of childbearing age(19). This cost-effective public
health intervention requires neither changes in dietary
behaviours nor individual decisions for compliance(19,20).
However, to choose the most effective food vehicle to
fortify with folic acid, the dietary patterns of the target
population need to be known(20,21). Currently, there is a
lack of published data about the most suitable foods for
fortification with folic acid in a population of pregnant
women from diverse ethnicities, in countries where man-
datory fortification is still recent or under consideration.

The objectives of the present study were to: (i) describe
the dietary intake of the known main food sources of
folate in an ethnically and socio-economically diverse
cohort of pregnant women from NZ; and (ii) simulate the
potential impact of different scenarios of folic acid for-
tification on the pregnant women’s dietary folate intake.

Methods

Population and study design
We completed this project within the Growing Up in New
Zealand (GUiNZ; www.growingup.co.nz) cohort study.

GUiNZ is a nationally representative birth cohort study
that was created by the enrolment of a large ethnically
diverse sample of pregnant women living in NZ(22). In
total, 6822 pregnant women were recruited into the
cohort. The 6853 children that formed the birth cohort will
be followed until adulthood. Eligibility of women for
enrolment was defined by having an estimated delivery
date between 25 April 2009 and 25 March 2010 and
residence in a geographic region defined by the three
contiguous District Health Boards of Auckland, Counties-
Manukau and Waikato. This region was chosen because of
its ethnic, socio-economic and rural/urban diversity. For
the present study we used data from the antenatal enrol-
ment interview. This collection wave consisted of a face-
to-face home interview conducted with the pregnant
women, most often in the last trimester of pregnancy.

Ethical approval was granted by Ministry of Health
Northern Y Regional Ethics Committee. Written informed
consent was obtained from all participating women.

Assessment and estimation of dietary intake
The dietary intake was assessed using a semi-quantitative
forty-four-item FFQ which referred to the previous four
weeks. To reduce recall bias, only data from the women
who completed the interview prior to the birth of their
child were included (n 5664/6822, 83%). As described
previously, this FFQ was developed to evaluate the
adherence of the study participants to the NZ Ministry of
Health guidelines for healthy pregnant women, which
encompass recommendations for the intake of four core
food groups: fruits and vegetables; breads and cereals;
milk and milk products; and lean meat, meat alternatives
and eggs(23,24). For each of the forty-four food items, the
mothers were asked: ‘Which of the following items have
you eaten over the last four weeks?’ (yes or no) and ‘How
many servings of this item have you eaten over the past
four weeks?’ (with frequency options gradually increasing
from 1 serving per month to 6 or more per day). The
format of the GUiNZ FFQ questions were based in the
2008/09 NZ Adult National Nutrition Survey(25). Show
cards with pictures of standard serving sizes were used to
help mothers to describe the portion size consumed(24,26).
The NZ Ministry of Health guidelines for healthy pregnant
women include recommendations for consumption of an
adequate amount of folate. The 1997 National Nutritional
Survey identified that the main food sources of folate for
women aged 25–44 years in New Zealand are vegetables
(18%), breads (13%), breakfast cereals (11%) and fruit
(9%)(27). A smaller regional survey completed in 2008–
2009 reported similar findings where the five largest food
contributors of total dietary folate equivalents (DFE) intake
were bread (33% of total DFE), cereal (11%), vegetables
(10%), fruit (7%) and yeast spread (5%)(16). These food
items were included in the FFQ used in the GUiNZ study.
When pregnant women were recruited into the GUiNZ
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study, NZ did not have mandatory folic acid fortification of
the food supply. Therefore, the FFQ used in the GUiNZ
study includes the main food sources of folate for pregnant
women in NZ and has captured the main dietary folate
sources in the NZ food supply.

The present study focused on the dietary intake of foods
that are naturally high in folate, or that are fortified or sui-
table for fortification with folic acid. These include citrus
fruit, green leafy vegetables, fruit juices and drinks, yeast
spread, bread, breakfast cereals, and noodles, rice and
pasta(19,22). The serving sizes were derived from the NZ
Food and Nutrition Guidelines for Healthy Pregnant and
Breastfeeding Women (Table 1)(23). Daily intakes (grams)
of each food item cited above were calculated by multi-
plying the portion size by the frequency of intake (number
of servings consumed per person per day) reported in the
FFQ. Bread intake was calculated by summing the items:
white bread, high-fibre white bread, brown/wholemeal/
wholegrain bread and other bread. It was not possible to
evaluate the items noodles, rice and pasta separately, as
they constituted a single food item in the FFQ.

The NZ Food Composition Tables 2009(28) were used to
calculate the mean DFE content of each food item and also
the DFE intake of each participant at the time that the
antenatal interview took place, constituting the ‘voluntary
fortification 2009’ scenario (Table 1). For the year 2016, the
calculation of the mean DFE content of the food items
under investigation used the NZ Food Composition Tables
2016(29), with this defined as the ‘increased voluntary
fortification 2016’ scenario (Table 1). The NZ Food Com-
position Tables are regularly updated and expanded to
include local appropriate food composition values(28,29).
DFE describe the dietary folate content of food and
account for differences in the absorption of naturally
occurring food folate and the more bioavailable synthetic
folic acid (naturally occurring food folates plus (folic acid
multiplied by 1·67))(29).

We then studied a third scenario, ‘simulated bread
mandatory fortification 2016’, as initially proposed by the
Food Standards Australia New Zealand, which states that
bread must contain no less than 80 µg and no more than
180 µg of folic acid (median= 130 µg) per 100 g bread(30).
This simulation used as its reference the DFE content of
the NZ Food Composition Tables 2016(29) and set the
bread content of DFE at 130 µg/100 g bread (Table 1).

Due to increased migration to NZ in recent years(31), NZ
has experienced an increase in its cultural diversity and
consequently variability in the types of foods eaten(32).
Therefore, the fortification of just bread with folic acid
might not be sufficient to achieve adequate levels of folate
in the target population(33). Therefore, we created a fourth
scenario, ‘simulated grains-and-rice mandatory fortifica-
tion 2016’, which simulated the DFE intake with the for-
tification of bread (130 µg folic acid/100 g) as well as of
noodles, rice and pasta (113 µg folic acid/100 g). The
scenario’s nomenclature and the amount of DFE

considered for noodles, rice and pasta in this simulation
were based on those established in the USA(34). The
reference for the DFE content of the other items was the
NZ Food Composition Tables 2016 (Table 1)(29).

The brands and types of breads consumed by the
women were unknown as this level of detail was not
included in the FFQ. Therefore, the DFE content of breads
in 2009 was estimated as the total mean content of DFE of
all breads available in the NZ Food Composition Tables
2009. A similar procedure was adopted to estimate the
content of DFE from breads in 2016, having as the refer-
ence the mean DFE content of all types and brands of
breads from the NZ Food Composition Tables 2016.

Figure 1 summarizes the scenarios of food fortification
with folic acid considered in the present study and Table 1
shows the portion sizes and DFE values considered to
calculate the DFE intake of each study participant.

Assessment of covariates
The sociodemographic covariates assessed were maternal
self-prioritized ethnicity, age, education and BMI, and
neighbourhood deprivation.

Detailed information about maternal self-prioritized
ethnicity was coded into six Level 1 categories following
the Statistics New Zealand coding criteria: (i) European;
(ii) Māori; (iii) Pacific Peoples; (iv) Asian; (v) Middle
Eastern, Latin American and African (MELAA); and (vi)
Other. MELAA and Other were combined for analysis
purposes (and designated Others) due to the small num-
ber of participants in these groups. Age was categorized as
<20, 20–29 and >29 years. Neighbourhood deprivation
was described using the 2006 NZ Index of Deprivation
(NZDep06), grouped as deciles. These deprivation deciles
were then grouped as 1–3 (least deprived), 4–7 and 8–10
(most deprived). NZDep06, derived from 2006 census data
on nine socio-economic characteristics, is a well-validated
measure of socio-economic deprivation in NZ(35).

BMI was calculated and categorized according to WHO
criteria(36), based on women’s self-reported weight (in
kilograms) and height (in centimetres). Self-reported
information on height and weight during pregnancy has
been shown to classify most women appropriately into
BMI categories(37).

Statistical analysis
The prevalence of non-intake of citrus fruit, green leafy
vegetables, yeast spread, bread, breakfast cereal (high-
fibre and others), fruit juices and drinks, and noodles, rice
and pasta was described according to each woman’s
sociodemographic characteristics. The χ2 test identified
statistical differences in the prevalence of non-intake
according to maternal sociodemographic characteristics.

The DFE provided by each food item was divided by
the total DFE (the sum of the studied food items) to obtain
the contribution of each food item to the total DFE intake,
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Table 1 Serving size according to the New Zealand (NZ) Food and Nutrition Guidelines for Healthy Pregnant and Breastfeeding Women, dietary folate equivalents (DFE) content (mean)
according to the NZ Food Composition Tables (2009 and 2016) for foods naturally high in folate, fortified or suitable for fortification with folic acid, percentage of increase for 2016 v. 2009, and DFE
content assumed for the simulated mandatory fortification scenarios. New Zealand, 2008–2010

Scenario Scenario

1 2 3 4

NZ Food and Nutrition Guidelines for Healthy Pregnant
and Breastfeeding Women*

‘Voluntary
fortification
2009’†

‘Increased
voluntary
fortification
2016’‡

Percentage
increase

2016 v. 2009

‘Simulated
bread

mandatory
fortification

2016’

‘Simulated
grains-and-rice
mandatory
fortification

2016’

Food item Description
1 serving

(g)
Mean in 100 g
(DFE, µg)

Mean in 100g
(DFE, µg) (%)

Assumed
DFE

content
in 100 g (µg)

Assumed
DFE

content
in 100 g (µg)

Citrus fruit 1 orange 130 9 19 111 19‡ 19‡
Green leafy

vegetables
1/2 cup cooked vegetables (e.g. broccoli, peas, corn, spinach, pūhā) or

1/2 cup salad
65 71 94 32 94‡ 94‡

Fruit juices and
drinks

1 cup fruit juice 250 6 9 64 9‡ 9‡

Yeast spread 1 teaspoon 7 2000 2950 48 2950‡ 2950‡
Bread 1 medium slice of bread or 1 roll 38 69 86 25 130 130
Breakfast cereal

(high-fibre)
2 breakfast wheat biscuits, 1/2 cup muesli 45 197 344 75 344‡ 344‡

Breakfast cereal
(others)

1 cup cornflakes 30 203 316 56 316‡ 316‡

Noodles, rice and
pasta

1 cup cooked pasta or rice 150 4 7 59 7‡ 113

*Ministry of Health (2006)(23).
†New Zealand Ministry of Health(28).
‡New Zealand Ministry of Health(29).
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using as references the NZ Food Composition Tables of
2009 and 2016(28,29). To facilitate the visualization of food
DFE contributions, the following food items were
grouped: breakfast cereal (high-fibre) and breakfast cereal
(others); and citrus fruit and fruit juices and drinks.

For each of the four scenarios of folic acid fortification,
total DFE intake was divided into tertiles and described
according to the women’s self-prioritized ethnicity. If
ethnicity is not a factor associated with DFE intake, we
expect to have 33% of each self-prioritized ethnicity
(European, Māori, Pacific, Asian and Others) in each tertile
of DFE intake. Binomial probability tests were used to
compare statistical differences in proportions.

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

Results

Participants identified their ethnicity as European (56·0%),
Asian (14·2%), Māori (13·2%), Pacific (12·8%) or Others
(3·8%). Over half of the women (56·4%) were more than
29 years old, and over half (59·5%) had BMI ≤ 24·9 kg/m2.
Approximately one-third (30·4%) had completed at least a
diploma/trade certificate, and approximately one-third
(37·7%) lived in neighbourhoods in the intermediate
category of deprivation (deciles 4–7; Table 2).

Non-intake of foods naturally high in folate,
fortified or suitable for fortification with folic acid
Of the foods naturally high in folate, fortified or suitable
for fortification with folic acid, the most frequently con-
sumed were bread, green leafy vegetables, and noodles,
rice and pasta, followed by fruit juices and drinks, citrus
fruit, breakfast cereal (high-fibre), yeast spread and other
breakfast cereals. Non-intake of these foods varied
according to some of the women’s sociodemographic
characteristics (Table 2). However, the non-intake of

bread did not vary by maternal education or BMI, or by
neighbourhood deprivation; and the non-intake of green
leafy vegetables and citrus fruit did not vary by maternal
BMI or ethnicity, respectively (Table 2).

Foods naturally high in folate, fortified or suitable
for fortification with folic acid compared with NZ
Food Composition Tables of 2009 and 2016
From 2009 to 2016, the amount of DFE increased for citrus
fruit by 111%, green leafy vegetables by 32%, fruit juices and
drinks by 64%, yeast spread by 48%, bread by 25%, break-
fast cereal (high-fibre) by 75%, breakfast cereal (others) by
56%, and noodles, rice and pasta by 59% (Table 1). These
increases in DFE content in foods naturally high in folate may
have occurred due to the increase in the number of imported
products in NZ from 2009 to 2016. The maximum amount of
DFE in bread increased from 293µg/100g in 2009 to 820µg/
100g in 2016. The maximum amount of DFE in breakfast
cereals increased from 333µg/100g in 2009 to 1300µg and
850µg/100g in 2016 for the high-fibre and other breakfast
cereal types, respectively. The maximum amount of DFE in
the available brands of yeast spread increased from 2000µg/
100g in 2009 to 3300µg/100g in 2016 (see online supple-
mentary material, Supplemental Table 1).

Main contributors of dietary folate equivalents
intake according to self-prioritized ethnicity and
scenarios of food fortification with folic acid
In the ‘voluntary fortification 2009’ scenario, bread (26%),
breakfast cereals (26%) and yeast spread (21%) were the
three largest food sources of DFE for the entire sample.
Green leafy vegetables were the main contributor of DFE
for Asian women (30%) and the third contributor for
Others (20%). In the ‘increased voluntary fortification
2016’ scenario, breakfast cereals (30%) became the main
contributor of DFE dietary intake, followed by bread
(22%) and yeast spread (21%) for the entire sample. As
expected, bread became the main contributor of DFE

GUiNZ
n 6822

Completed interview after
birth of their child

n 1158

FFQ
(food items: citrus fruit, green leafy vegetables, yeast spread, bread,
breakfast cereals, fruit juices and drinks and noodles, rice and pasta)

n 5664

Scenario 1

‘Voluntary fortification
2009’

‘Increased voluntary
fortification

2016’

‘Simulated bread
mandatory fortification

2016’

‘Simulated grains-and-rice
mandatory fortification

2016’

Scenario 2 Scenario 3 Scenario 4

Fig. 1 Study flowchart. New Zealand, 2008–2010 (GUiNZ, Growing Up in New Zealand cohort study)
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intake in the ‘simulated bread mandatory fortification
2016’ scenario for the whole sample and ethnic groups,
except for Europeans (for whom breakfast cereals repre-
sented the main source of DFE). In the ‘simulated grains-
and-rice mandatory fortification 2016’ scenario, bread
remained the main contributor of DFE intake for the entire
sample. However, the main contributor of DFE intake for
Asian women were noodles, rice and pasta, as was
breakfast cereal for European women (Fig. 2).

Dietary folate equivalents intake according to level
of intake, self-prioritized ethnicity and scenarios of
food fortification with folic acid
Figure 3 shows the proportion of women, according to
their self-prioritized ethnicity and tertile of DFE intake,
for the four scenarios of food fortification with folic acid.
The proportions in the lowest tertile of DFE intake in the
first three fortification scenarios were Asians (58–60 %),

Others (43–44 %), Europeans (31–32 %), Pacific (23–
26 %) and Māori (23–24%). In the ‘simulated grains-and-
rice mandatory fortification 2016’ scenario, the propor-
tions in the lowest DFE intake tertile were Asians (39 %),
Others (41 %), Europeans (37%), Pacific (23%) and
Māori (27 %). In the first three scenarios, the proportion
varied in comparisons between all ethnic groups except
for Pacific v. Māori (P= 0·54, 0·17 and 0·93, respec-
tively). In the fourth scenario, the proportions of Asian
and Others did not differ from one another (P= 0·28),
but both were higher than for the other three ethnic
groups.

In comparisons within each ethnic group across the
scenarios, no differences were present for the first three
scenarios. In contrast, with the ‘simulated grains-and-rice
mandatory fortification 2016’ scenario, the proportion of
those with Asian ethnicity decreased in the lowest
(P< 0·001) and increased in the middle (P<0·001) and

Table 2 Prevalence of non-intake of foods naturally high in folate, fortified or suitable for fortification with folic acid consumed by pregnant
women in New Zealand according to sociodemographic characteristics. New Zealand, 2008–2010

Naturally high in folate, fortified or suitable for fortification with folic acid

Total
Citrus
fruit

Green leafy
vegetables

Fruit juices
and drinks

Yeast
spread Bread

Breakfast
cereal

(high-fibre)

Breakfast
cereal
(others)

Noodles,
rice and
pasta

Characteristic n % (%) (%) (%) (%) (%) (%) (%) (%)

Total 5664 100 14·1 4·9 12·5 39·3 1·1 28·1 56·5 7·5
Self-prioritized ethnicity
European 3168 56·0 14·3 5·1 9·7 24·3 0·5 19·9 62·1 6·4
Māori 747 13·2 16·5 5·2 15·7 32·4 <1·4║ 27·7 42·0 10·2
Pacific 726 12·8 13·8 6·2 14·6 55·0 <1·4║ 36·5 39·0 13·2
Asian 802 14·2 12·0 2·7 18·4 84·5 3·1 52·1 64·4 4·1
Others† 213 3·8 12·7 <4·7║ 14·6 62·0 <4·7║ 32·6 61·5 6·6
P value* 0·138 0·010 ≤0·001 ≤0·001 ≤0·001 ≤0·001 ≤0·001 ≤0·001

Age (years)
<20 273 4·8 25·4 11·7 12·5 45·1 <3·7║ 42·5 39·6 16·5
20–29 2195 38·8 14·6 6·6 11·0 43·5 1·4 34·8 51·7 9·3
>29 3196 56·4 12·8 3·1 13·6 35·9 0·8 22·4 61·4 5·5
P value* ≤0·001 ≤0·001 0·018 ≤0·001 0·041 ≤0·001 ≤0·001 ≤0·001

Level of education
Higher degree 950 16·8 10·5 2·3 11·8 37·3 1·2 18·1 65·7 3·8
Bachelor’s degree 1308 23·1 10·7 2·7 9·5 37·3 1·0 23·0 62·5 5·1
Diploma/trade certificate/

NCEA 5–6
1717 30·4 14·9 4·8 12·6 37·6 1·2 30·4 52·3 7·1

≤Secondary school/
NCEA 1–4

1678 29·7 18·1 8·1 15·3 43·7 1·0 35·5 51·3 11·9

P value* ≤0·001 ≤0·001 ≤0·001 ≤0·001 0·954 ≤0·001 ≤0·001 ≤0·001
BMI‡
≤24·9 kg/m2 3000 59·5 11·4 4·2 11·4 40·2 1·1 25·1 60·1 6·0
25·0–29·9 kg/m2 1136 22·5 14·8 5·0 12·1 32·8 0·9 27·8 58·9 6·9
≥30·0 kg/m2 907 18·0 18·6 4·3 14·7 38·6 <1·1║ 31·0 48·7 9·1
P value* ≤0·001 0·486 0·028 ≤0·001 0·412 0·001 ≤0·001 0·005

Neighbourhood deprivation§
1–3 (least deprived) 1459 25·8 12·6 3·6 10·3* 30·7 0·8 22·4 63·4 4·8
4–7 2133 37·7 13·3 4·5 11·8 37·6 0·9 25·7 59·5 6·9
8–10 (most deprived) 2070 36·5 16·1 6·1 15·0 47·2 1·4 34·7 48·8 10·0
P value* 0·006 0·002 ≤0·001 ≤0·001 0·192 ≤0·001 ≤0·001 ≤0·001

NCEA, National Certificate of Educational Achievement.
*P values were calculated by χ2 test, P<0·05 identified statistically significant differences.
†Others includes maternal self-prioritized ethnicities of Middle Eastern, Latin American and African (MELAA) and Other.
‡Based on BMI: underweight and eutrophic, BMI≤ 24·9 kg/m2; overweight, BMI= 25·0–29·9 kg/m2; obese, BMI≥ 30·0 kg/m2.
§Area-level socio-economic deprivation was measured using the 2006 New Zealand Index of Deprivation (NZDep06), grouped as deciles.
║To protect the anonymity of the study participants, cells with low numbers are indicated as below the percentage equivalent to ten individuals.
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highest (P< 0·001) tertiles of DFE intake; for European the
proportion increased in the lowest (P< 0·001) and
decreased in the middle (P= 0·03) and highest (P<0·001)
tertiles of DFE intake; and for Māori the proportion
decreased in the highest tertile of DFE intake (P= 0·01).

Discussion

Among the foods naturally high in folate or fortified with
or suitable for fortification with folic acid, bread, green
leafy vegetables, noodles, rice and pasta, and fruit juices
and drinks were the items consumed by more than 80% of
the pregnant women, independent of their socio-
demographic characteristics. On average, the amount of
folic acid in the fortified food products increased from
2009 to 2016: by 56–75% for breakfast cereals, 48% for
yeast spreads and 25% for breads. In the scenario of
‘increased voluntary fortification 2016’, breakfast cereal
was the main contributor of DFE intake, followed by bread
and yeast spread. In descending order, the proportions of
different ethnic groups in the lowest tertile of DFE intake
for the four fortification scenarios were Asians (39–60%),
Others (41–44%), Europeans (31–37%), Pacific (23–26%)
and Māori (23–27%). However, in comparisons within
each ethnic group across the scenarios of food fortification
with folic acid, differences were observed only with the
‘simulated grains-and-rice mandatory fortification 2016’
scenario.

The discussion about mandatory fortification of staple
foods with folic acid in NZ has raised arguments in
favour(16,33,38–44) and against(41,45–47) its implementation.

There are concerns regarding the potential toxic effects of
excessive folic acid intake among children and adoles-
cents, as well as among the elderly, due to the irreversible
neurological damage caused by masked vitamin B12

deficiency which can occur with high intakes of folic
acid(46). Furthermore, there is concern about the possibi-
lity of potential adverse effects of unmetabolized folic acid
intake, either from fortified foods or from supplements, or
both(48). A lifelong exposure to increased amounts of
synthetic folate is also hypothesized to increase the risk of
cancer(41,46). Alternative strategies, for example improving
adherence among pregnant women to the national
recommendations for folic acid supplementation, remains
a challenge in NZ and worldwide. In NZ the risk of NTD
shows socio-economic and ethnic gradients. Māori women
are at higher risk than those of non-Māori non-Pacific
ethnicity (relative risk= 2·65; 95% CI 1·64, 4·29)(33,42,49–51).
NTD are significantly more common in world regions with
voluntary v. mandatory folic acid fortification(13). In addi-
tion to the reduction in NTD rates, the mandatory
approach and the consequent higher dietary folate intakes
have been shown to be associated with reduced risks of
other diseases, including anaemia, CVD, hypertension,
neuropsychiatric disorders, cancers and other congenital
defects such as heart anomalies and clefts, although the
causality of these relationships remains unproven(41,52–54).
So far, studies conducted in countries where mandatory
fortification was implemented have not shown any
potential negative effects of this policy(55). A meta-
analyses of data on 50 000 individuals (mean age 64 (SD
10) years) found that folic acid supplementation was not
associated with the incidence of cancer of the large
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Fig. 2 Percentage food contributions to dietary folate equivalents (DFE) intake from foods naturally high in folate, fortified or suitable
for fortification with folic acid ( , bread; , breakfast cereals*; , yeast spread; , green leafy vegetables; , citrus fruit, fruit juices
and drinks; , noodles, rice and pasta), according to women’s ethnicity† and scenarios of food fortification with folic acid (a,
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and-rice mandatory fortification 2016’) in New Zealand, 2008–2010. *The food items breakfast cereal (high-fibre) and breakfast
cereal (others) were grouped to facilitate the visualization of food contributions; the food items citrus fruit and fruit juices and drinks
were grouped as well. †Others includes maternal self-prioritized ethnicities of Middle Eastern, Latin American and African (MELAA)
and Other

744 JA Teixeira et al.

https://doi.org/10.1017/S1368980018003026 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980018003026


65
(a)

(b)

(c)

60

55

50

45

40
P

re
va

le
nc

e 
(%

)
P

re
va

le
nc

e 
(%

)
P

re
va

le
nc

e 
(%

)

35

30

25

20

15

10

65

60

55

50

45

40

35

30

25

20

15

10

65

60

55

50

45

40

35

30

25

20

15

10

‘Voluntary fortification
2009’

‘Increased voluntary
fortification 2016’

Scenario

Scenario

Scenario

‘Simulated bread
mandatory

fortification 2016’

‘Simulated grains-and-
rice mandatory

fortification 2016’

‘Voluntary fortification
2009’

‘Increased voluntary
fortification 2016’

‘Simulated bread
mandatory

fortification 2016’

‘Simulated grains-and-
rice mandatory

fortification 2016’

‘Voluntary fortification
2009’

‘Increased voluntary
fortification 2016’

‘Simulated bread
mandatory

fortification 2016’

‘Simulated grains-and-
rice mandatory

fortification 2016’

Fig. 3 Prevalence of different ethnic groups ( , European; , Māori; , Pacific; , Asian; , Others*) in tertiles of
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intestine, prostate, lung, breast or any other specific site
during the first 5 years of folic acid supplementation,
indicating that the smaller dose provided by fortification
programmes potentially would not affect the risk of cancer
development as well(55). Recently in NZ, in response to a
request by the Ministry of Health, the Prime Minister’s
Chief Science Advisor and the Royal Society Te Aparangi
completed a review which concluded that the benefits of
mandatory fortification of packaged bread with folic acid
outweigh any potential adverse effects. Analyses from
2012 suggest that moving from a hypothetical voluntary
programme in which 50% of all packaged breads in NZ
are fortified to a mandatory programme in which 100% of
packaged breads are fortified would prevent approxi-
mately 5–15 extra NTD pregnancies annually(18).

The economic benefit from the prevention of NTD has
been shown to exceed the cost of mandatory folic acid
fortification in the USA (benefit–cost ratio= 4·3:1), Chile
(11·8:1) and South Africa (30:1)(2). In that review, the only
study where mandatory fortification was not cost-effective
was a simulation study using NZ data(46). This may be the
result of the lack of robust data about the costs involved in
mandatory fortification for NZ, with wide variation in the
costs estimated by the Food Standards Australia New
Zealand-commissioned consultant and by the flour
industry(30,47).

According to the NZ Food Composition Tables 2016, the
content of folic acid in breakfast cereals varied from 0 to
585 µg folic acid per serving (45 g of breakfast cereal), 4·5
times higher than the permitted(29). In 2009, an evaluation
made by the NZ Food Safety Authority showed that the
amount of folic acid added to breakfast cereals was
between 88 and 374 µg folic acid per serving, indicating
both wide variability and excessive content in some
breakfast cereals(56). Similar observations were made for
yeast spread (8560 µg/100 g), with folate concentration
more than four times higher than the permitted and what
the label claimed (2000 µg/100 g)(56). The NZ legislation
for voluntary folic acid fortification that was in place until
June 2018 could potentially exceed the upper limit of
intake for individuals in the higher end of intake of for-
tified breakfast cereals or yeast spreads (without con-
sidering other sources of folate) representing,
approximately, 1% of different NZ population groups(56).

A retrospective survey of 723 postpartum women from
hospitals and birth centres across NZ showed that man-
datory fortification of bread with folic acid would benefit
the sectors of the population less likely to use folic acid
supplements. However, it also identified that this type of
fortification would not benefit subgroups equally, indi-
cating that, with bread fortification, Māori women were
more likely to achieve an adequate intake of folate than
women of Pacific, Asian and other ethnicities(39). Studies
have suggested that, in NZ, the proposed bread mandatory
fortification is probably an outdated policy interven-
tion(16,33,39,57). When comparing data from 1997 and 2008/

09, NZ adults were less likely in 2008/09 to report con-
suming vegetables, bread, breakfast cereal, pies, biscuits,
cakes and puddings and more likely to report consuming
rice dishes(58). Among females, there was an increased
reporting of intakes of snacks, snack bars and pasta from
1997 to 2008/09(58). The change in the dietary intake over
time among NZ adults was probably influenced by the
increase in the population diversity from the 2000s and,
consequently, in the variety of foods that were
available(59).

The mandatory fortification of flour is a simpler inter-
vention: there is an extensive knowledge of adding B
vitamins to cereals (including wheat and maize flours) and
rice grains, and there are only a small number of flour
millers supplying the NZ market(20,60,61). Furthermore, this
approach would provide more options for consumers(60).
Rice can be more difficult to fortify because usually the
supply is produced at a small scale, but the NZ case needs
to be further studied(20). If vitamin B12 deficiency is a
concern in NZ, this nutrient could also be added to for-
tified flours(20).

The monitoring and evaluation of a health policy are
crucial to identify if it is implemented as planned and if it
does more good than harm(59,62,63). The fortification of
staple foods with folic acid in NZ should include updated,
adequate and continued monitoring of NTD(64), and also
monitoring of the potential negative outcomes that could
be associated with excessive folic acid intake, such as
toxicity symptoms (mainly in children and adoles-
cents)(46,60), vitamin B12 deficiency (mostly among the
elderly)(46,60) and cancer risk(65). As part of the baseline
and monitoring assessment, only updated national nutri-
tion surveys, ideally with assessment of red-blood-cell
folate levels(60), will allow for estimation on the prevalence
of inadequate and excess folic acid intakes across life-
cycle groups(16,59,62–64,66). Also, regulating and evaluating
the amount of folic acid added to the permitted foods is
needed with some urgency in NZ.

To our knowledge, the present study is the first in NZ to
simulate the impact of different scenarios of food for-
tification with folic acid on the dietary intake of women
from different ethnic groups in a generalizable birth cohort
study(22,67). Therefore, we add important findings to the
discussion around the development of a mandatory food
fortification programme with folic acid. One potential
limitation of the study is the use of a non-validated FFQ to
evaluate maternal dietary folate intake during pregnancy.
However, as previously described, the FFQ used included
the main dietary sources of folate for pregnant women in
NZ(16,23,28). It is also important to consider the potential
sources of error in the estimated DFE intake due to the
assumptions on portion sizes and DFE content of foods
consumed. The FFQ food list lacked detailed information
about food brands. However, we did use a country-
specific food composition database with more than 2500
foods, where the majority of nutrient data is obtained by
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analysis of composite samples (76%)(68). Moreover, the
individual quantitative data on DFE dietary intake have not
been presented and all the analyses reported herein were
based on classification of individuals according to their
ranking of DFE intake.

Conclusion

The present study demonstrated that the current voluntary
fortification of food with folic acid in NZ is not providing
equal access to folate intake among its ethnically diverse
population of women of childbearing age. The recent
recommendation of mandatory fortification of breads in
NZ may not be enough to reduce inequalities in DFE
intakes. If the mandatory fortification with folic acid is
extended for grains and rice in NZ, intakes of folate would
be more evenly distributed among women of different
ethnicities. Furthermore, there is an urgent need to reg-
ulate and evaluate the amount of folic acid added to the
permitted foods.
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