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Abstract
Objective: To investigate the prevalence of folic acid deficiency in Queensland-
wide data of routine laboratory measurements, especially in high-risk sub-
populations.
Design: Secondary health data analysis.
Setting: Analysis of routine folic acid tests conducted by Pathology Queensland
(AUSLAB).
Participants: Female and male persons aged 0–117 years with routine folic acid
testing between 1 January 2004 and 31 December 2015. If repeat tests on the same
person were conducted, only the initial test was analysed (n 291 908).
Results: Overall the prevalence of folic acid deficiency declined from 7·5 % before
(2004–2008) to 1·1 % after mandatory folic acid fortification (2010–2015; P< 0·001)
reflecting a relative reduction of 85 %. Levels of erythrocyte folate increased signifi-
cantly from amedian (interquartile range) of 820 (580–1180) nmol/l in 2008 before
fortification to 1020 (780–1350) nmol/l in 2010 (P< 0·001) after fortification. The
prevalence of folic acid deficiency in the Indigenous population (14 792 samples)
declined by 93 % (17·4 v. 1·3 %; P< 0·001); and by 84 % in non-Indigenous
residents (7·0 v. 1·1 %; P< 0·001). In a logistic regression model the observed
decrease of folic acid deficiency between 2008 and 2010 was found independent
of gender, age and ethnicity (ORcrude = 0·20; 95 % CI 0·18, 0·23; P< 0·001;
ORadjusted = 0·21; 95 % CI 0·18, 0·23; P< 0·001).
Conclusions: While voluntary folic acid fortification, introduced in 1995, failed
especially in high-risk subgroups, the 2009 mandatory folic acid fortification
programme coincided with a substantial decrease of folic acid deficiency in the
entire population.
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Folic acid is an essential micronutrient which is found in
fruits and vegetables, nuts, liver and lentils, and has a
pivotal role in the human body as a major coenzyme in
carbonmetabolism(1). Folic acid deficiency has been shown
to be associatedwith neural tube defects (NTD) in newborns
but has also been reported to influence the development
and progression of other chronic diseases(1). In 1995 a
voluntary folic acid fortification programme was introduced
in Australia(2). Even though a subsequent increase in folic
acid levels as well as a decline in folic acid deficiency(3)

and prevalence of NTD(4,5) were observed, the effects
were small comparedwith theUSA,where amandatory folic
acid fortification programme was implemented in 1996(6).
In particular, high-risk Australian populations (Indigenous
populations, persons with low socio-economic status, per-
sons living in remote areas) showed no benefit from
voluntary folic acid fortification(7–9).

In September 2009, Australia implemented mandatory
folic acid fortification of bread-making flour (2–3 mg/kg
wheat flour)(3,10–12). It was expected that a folic acid intake
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of 120 μg per 100 g bread consumedwould be achieved(13).
Evaluations of this programme to date have been confined
to small populations within close regional boundaries and
have shown a positive impact on folic acid levels and on the
occurrence of folic acid deficiency(14–16). Additionally to
folic acid deficiency, folic acid insufficiency in women of
childbearing age contributes to increased rates of NTD
and has not been evaluated so far in Australia(17,18).

Using population pathology data obtained from a
Queensland medical laboratory, we undertook a state-
wide evaluation of mandatory folic acid fortification,
assessing folic acid deficiency in high-risk sub-populations
such as Indigenous residents, as well as folic acid insuffi-
ciency in women of childbearing age.

Methods

Study design
The present study is a secondary health data analysis of
routinely collected health data from Pathology
Queensland (AUSLAB). Data on all folic acid measure-
ments between 1 January 2000 and 31 December 2015
were retrieved from the laboratory information systems
and extracted into Excel files for male and female persons
aged 0 to 117 years. Where multiple tests per person
were identified, only data of the initial test were retained.
The data retrieved contained demographic information
(date of birth, gender, postcode, ethnicity), date, time
and location of folic acid measurement, folic acid values
as well as further laboratory findings. Data were transferred
into IBM SPSS Statistics version 25 and extensively checked
for completeness and validity. In a first step, invalid
(n 1768) and repeated tests (n 345 489) were excluded
from analysis. Of the remaining cases, those with missing

or invalid outcome information (i.e. no available folic
acid value), people who were not Queensland residents
according to their postcode and those with missing or
invalid information on gender and age were excluded from
analysis. Regarding completeness, a quality criterion of
90 % was set. This criterion was not satisfied for the years
2000–2003 and thus these data were excluded from
statistical analysis (Fig. 1).

The necessity for routine folic acid measurement is usu-
ally determined by the clinician responsible for diagnosis
and medical treatment of the individual. Our data con-
tained no information regarding test indications or the clini-
cal decisions leading to testing. The study population thus
consists of Queensland residents with a routine folic acid
measurement during the study period.

Folic acid measurement and endpoints
Folic acid values were investigated as erythrocyte folate or
serum folate during the observation period. Sample collec-
tion, transportation and processing were conducted under
routine clinical conditions, with analysis performed by
accredited Queensland pathology services. These proc-
esses were likely to assure high sample quality and validity
of the test results. Due to the long study observation period,
multiple assay changes occurred within laboratories. Folic
acid values were therefore analysed mainly as dichoto-
mous variables to assess folic acid deficiency (deficient v.
non-deficient) based on the cut-off values of assays. For
the time period 2008–2010 (i.e. adjacent to the implementa-
tion of the mandatory fortification programme in 2009),
erythrocyte folate was consistently measured by the Folate
Plasma and Serum Enzyme Immunoassay Beckman
Coulter Chemical Pathology assay with a lower erythrocyte
folate reference limit of 356 nmol/l. Therefore, quantitative
analyses of folic acid values were possible for this time

n 360 867

n 360 504

n 351 328

n 351 202

2004–2015 (n 291 908)

 Exclusion of cases before 2004 and after 2015 (n 59 294)

 Exclusion of cases with invalid/missing values (n 126)*

 Exclusion of cases with non-QLD postcode (n 9 176)

 Exclusion of cases with missing outcome (no folate 
measurement; n 363)

Fig. 1 Selection of data for the current analysis. People with missing outcome information or missing information on any main influ-
encing factors were excluded. Due to incompleteness of some data, measurements before 2004 were excluded. The final data set
included 291 908 individual measurements. *Serum folate (n 4), invalid age (n 1), missing age (n 1), missing gender (n 120)
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period. A recent review raised concerns regarding the com-
parability of studies on folic acid deficiency when different
assays and cut-off values are being compared(18). In order to
compare different studies, the authors introduced specific
factors for assays, cut-off and also a ‘prevalence factor’.
They found assays to give ‘likely correct’ estimates if the
prevalence factor was between 0·85 and 1·15. The preva-
lence factor for erythrocyte folate measured by the
Beckman Coulter assay was 0·89, so prevalence measures
could be regarded as ‘likely correct’ based on these
considerations.

TheWHO recommends a cut-off value of 906 nmol/l for
the detection of folic acid insufficiency in women of child-
bearing age(17). This cut-off value was applied for this pur-
pose in the subgroup of women of childbearing age in the
current analysis to assess folic acid insufficiency.

Statistical analysis
Due to several changes in the test method, folate measure-
ments over the whole observation period from 2004 to
2015 were analysed as binary information (deficient
v. non-deficient and insufficient v. non-insufficient, respec-
tively). The status of ‘folate deficiency’was determined sep-
arately for each individual based on the test method used
and the respective cut-off value for this specific test.
Quantitative analysis of folic acid values was conducted
for the years 2008–2010 as there were no test changes dur-
ing this period. Please note that the term ‘prevalence’ of
folate deficiency is used throughout the present paper
for describing the proportion of people with low folic acid
levels out of those routinely tested for folic acid during the
study period. The stated prevalence thus should not be
used as an estimate of overall population prevalence since
those tested may be a selected group.

The distribution of continuous variables was assessed
and due to skewed distributions in all continuous variables,
medians and interquartile ranges (IQR) are reported. Non-
parametric test methods were applied for statistical testing.
The risk for the occurrence of folic acid deficiency for
Indigenous compared with non-Indigenous people was
calculated as the risk ratio of proportions in the respective
groups. The 95 % CI for risk ratios were calculated based on
the method proposed by Miettinen and Nurminen(19).

Additional multivariate logistic regression analyses were
conducted for the crucial time period of 2008–2011 adjacent
to the introduction in 2009 to assess whether the observed
substantial decline in folic acid deficiency after the manda-
tory fortification was confounded by demographic varia-
bles. To this end, the crude OR (including 95 % CI) for
folic acid deficiency between 2010 and 2011 v. 2008 (as
the baseline) and the adjusted OR (adjusted for ethnicity,
Indigenous status, gender and age) were calculated.

All analyses were conducted with the statistical software
package IBM SPSS Statistics version 25. For all statistical
tests, the α level was set to 0·05.

Ethical considerations
The study was approved by the Townsville Hospital
and Health Service Human Research Ethics Committee
(number HREC/16/QTHS/15) and also received approval
under the Queensland Public Health Act for waiver of con-
sent in the use of identifiable or potentially re-identifiable
confidential health information (number RD006385).

Results

Study population
In total 291 908 initial measurements of folic acid between
1 January 2004 until 31 December 2015 were analysed (see
exclusion criteria above). Of these, 53·9 % (n 157 286) were
from women and the median age at measurement was
60 (IQR 40–77) years. The majority of measurements
(84·7 %, n 247 301) were from non-Indigenous people,
4·0 % (n 11 622) were from Aboriginal people, 0·8 %
(n 2299) were from Torres Strait Islander people and
0·3 % (n 871) were from people who identified as both
Aboriginal andTorres Strait Islander. No time trend in demo-
graphics was observed (see online supplementary
material, Supplemental Table S1). Ethnicity was missing
in 2·7 % of all cases (n 7852) and ‘not stated’ in 7·5 %
(n 21 963); missing values occurred mainly before 2007.

Prevalence of folic acid deficiency
The overall prevalence of folic acid deficiency in the stud-
ied population of routine folic acid measurements was
3·0 % (n 8833); it was 7·5 % (n 5714) over the time period
before mandatory folic acid fortification (2004–2008)
v. 1·1 % (n 1985) after the introduction of fortification
(2010–2015). Overall, this indicates a relative reduction
of 85 % (P< 0·001).

For Indigenous people, the relative reduction of folic
acid deficiency was 93 % with a prevalence of 17·4 %
before and 1·3 % after 2009 (P< 0·001). In the non-
Indigenous population, a relative reduction of folic acid
deficiency of 84 % was observed with a prevalence of
7·0 % (n 4437) before and 1·1 % (n 1721) after introduction
of mandatory folic acid fortification (P< 0·001). The rela-
tive reduction of folic acid deficiency was 88 % for women,
7·3 % (n 2964) before and 0·9 % (n 945) after mandatory
folic acid fortification (P< 0·001), and 84 % for men,
7·8 % (n 2750) before and 1·2 % (n 1040) after 2009
(P< 0·001). In the subgroup of women of childbearing
age, the prevalence of folic acid deficiency for
Indigenous women was 15·9 % (n 380) before and 1·2 %
(n 65) after 2009, resulting in a risk reduction of 93 %
(P< 0·001). For non-Indigenous women of childbearing
age, the reduction was 85 % with a prevalence of folic acid
deficiency of 6·7 % (n 2230) before and 1·0 % after
2009 (P< 0·001).
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The prevalence of folic acid deficiency over the years
for the total population and for subgroups by gender,
Indigenous status and for the special subgroup of women
of childbearing age are detailed in Table 1. For women of
childbearing age, the prevalence of folic acid insuffi-
ciency during the implementation of the mandatory for-
tification programme was also assessed. Along with a
decrease in the prevalence of folic acid deficiency, folic
acid insufficiency decreased likewise with a prevalence
of 57·7 % in 2008 (8849/15 329), 56·6 % in 2009 (8975/
15 851) and 38·8 % in 2010 (6331/16 304). Folic acid insuf-
ficiency occurred more often in Indigenous women (90·1 %
(263/292) in 2008, 88·0 % (292/332) in 2009 and 65·1 % (237/
364) in 2010) than in non-Indigenous women of child-
bearing age (66·6 % (1517/2277) in 2008, 66·1 % (1416/
2142) in 2009 and 43·6 % (983/2253) in 2010).

The prevalence of folic acid deficiency was higher in
Indigenous people compared with non-Indigenous peo-
ple from 2004 until 2010. After 2010 the proportion of folic
acid deficiency was comparable between Indigenous and
non-Indigenous people (Figs 2 and 3).

Quantitative analysis of erythrocyte folate
values
An analysis of the quantitative folic acid tests was con-
ducted for the years 2008–2010, a time period when test
assays and target parameters remained constant. During
this time period folate measurements from 88 012 people
were analysed, with 98·9 % (n 87 081) based on erythro-
cyte folate. Overall, the median erythrocyte folate value
was 900 (IQR 650–1260) nmol/l. The median erythro-
cyte folate value increased significantly from 2008
(820 (IQR 580–1180) nmol/l) over 2009 (840 (IQR 610–
1200) nmol/l) to 2010 (1020 (IQR 780–1350) nmol/l;
P < 0·001; Table 2). This increase was also evident in
subgroups by gender, Indigenous status and women
of childbearing age (Table 2).

Logistic regression analysis
Logistic regression analysis was done to assess whether
the observed substantial decline in folic acid deficiency
(directly before v. directly after the mandatory fortifica-
tion) was confounded by demographic variables. The
analysis was based on a total of 88 350 cases and revealed
crude OR for folic acid deficiency of 0·21 (95 % CI 0·18,
0·23; P < 0·001) for 2010 v. 2008, and 0·37 (95 % CI
0·34, 0·41; P < 0·001) for 2011 v. 2008. The respective
adjusted OR (adjusted for ethnicity, gender and age)
for folic acid deficiency were 0·20 (95 % CI 0·18, 0·23;
P< 0·001) for 2008 v. 2010, and 0·38 (95 % CI 0·35,
0·42; P < 0·001) for 2011 v. 2008. Since the adjusted OR
were virtually identical to the crude OR in this subset
of data, it is unlikely that changing demographic factors
significantly impact the results demonstrated for the
entire study period. T
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Discussion

The present study is the first to shed light not only on the
status quo of folic acid deficiency before mandatory forti-
fication, but more importantly also on the impact of the
mandatory folic acid fortification programme in Australia
in a large-scale, state-wide population. Moreover, it is also
the first study to evaluate this programme in a large,
unselected Indigenous population and in other specific
high-risk groups.

Despite the introduction of voluntary folic acid fortifica-
tion in 1995, the present study revealed a very high preva-
lence of folic acid deficiency before implementation of the
mandatory folic acid fortification programme in 2009.
However, after 2009, a substantial and statistically signifi-
cant decline of folic acid deficiency was observed for the
overall population, for Indigenous and non-Indigenous
people, and also for women of childbearing age. The
observed decline was unlikely to be confounded by chang-
ing demographic characteristics in the study population
over the observation period.

The observed relative reductions of folic acid deficiency
in the range of 80–90 % provide positive evidence that
mandatory folic acid fortification in Queensland has been
successful, even for people in high-risk populations.

Evaluation of voluntary folic acid fortification
The voluntary folic acid fortification programme of flour,
savoury biscuits, bread, breakfast cereals, pasta, rice, yeast
extracts as well as fruit and vegetable juices was imple-
mented in 1995 in Australia(2) and led to a decline in the
prevalence of folic acid deficiency from 8·5 % in the years
1993–1996 to 4·1 % in 2000 in a population of 20 506women
and men aged 14–45 years in the Melbourne city area(3).
Halliday and Riley observed a decline in NTD in newborns
over theyears 1996–1999 in the stateofVictoria(4). These find-
ings were underlined by an investigation in South Australia
regarding the years 1966–2007 showing an increased know-
ledge on the importance of folic acid intake in pregnant
women as well as a decline of NTD from 2·06 per 1000 births
in 1986–1990 to 1·23 per 1000 births in 2002–2007(5).
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Fig. 3 Unadjusted risk ratios, with 95% CI represented by vertical bars, for the association between folic acid deficiency and
Indigenous status, from 1 January 2004 to 31 December 2015 (n 291 908), Queensland, Australia: , risk ratio between the preva-
lence of folic acid deficiency in Indigenous v. non-Indigenous persons; , reference line included to illustrate a risk ratio of 1 (identical
risk in both groups)
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Fig. 2 Prevalence of folic acid deficiency in a sample of routine folic acid measurements (n 291 908) from 1 January 2004 to 31
December 2015, according to Indigenous status ( , non-Indigenous; , Indigenous), Queensland, Australia
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Despite these encouraging effects, other investigations
highlighted the inequities regarding the impact of this pri-
mary health-care measure in high-risk populations.

TheNational Nutrition Survey in 1995 and 2007 revealed
that tailored interventions are needed to reach all sub-
groups of the target population, particularly in groups with
low socio-economic status and women of childbearing
age(16). A cross-sectional study of 424 Aboriginal and
232 Torres Strait Islander women aged 15–34 years in
twenty-three rural and remote communities in far north
Queensland showed a high prevalence of folic acid defi-
ciency in women of childbearing age (Aboriginal 32 %,
Torres Strait Islander 16 %)(20). These findings might be
explained by a low health literacy of Indigenous women
of childbearing age regarding the role of folic acid in preg-
nancy, especially in teenage mothers(7). Accordingly, the
investigation of trends in NTD inWestern Australia showed
no decline for Indigenous women between 1980 and 2000,
with rates of 2·55 NTD per 1000 in live and stillbirths
between 1980 and 1992, and 2·56 NTD per 1000 births
between 1996 and 2000(7). These findings are consistent
with the present investigation for the time period before
mandatory folic acid fortification (2004–2008), where we
observed a high prevalence of folic acid deficiency both
in the overall general population and in the Indigenous
sub-population.

Evaluation of mandatory folic acid fortification
According to a recent review on folic acid, a reference daily
intake of 400 μg/d during the periconception period is rec-
ommended in most countries worldwide and by the WHO.
Correspondingly in Australia folic acid intake of 400 μg/d is
recommended for non-pregnant women and 600 μg/d for
pregnant women(21). According to the Australian Food
Standards, ‘wheat flour that is sold as suitable for making
bread’ should contain 2–3 mg folic acid/kg since
September 2009(12). This recommendation should then
assure a folic acid intake of 120 μg per 100 g bread con-
sumed(13). A comparable mandatory fortification pro-
gramme was introduced in the USA in 1998 with a folic
acid fortification policy of 140 μg/100 g grain product.
This programme resulted in a mean increase of erythrocyte
folate values from 747 to 1120 nmol/l based on National
Health and Nutrition Examination Survey data and a
31 % reduction in NTD(1). Mean erythrocyte folate values
in the USA increased by 57 % from 375 to 590 nmol/l while
the prevalence of low erythrocyte as well as serum folate
values decreased(6,22). Simultaneously NTD declined by
19 % after mandatory folic acid fortification(23). Studies from
the USA not only provided evidence that mandatory forti-
fication programmes could be successful, but also revealed
a higher prevalence of folic acid deficiency in specific eth-
nic groups such as non-Hispanic Black women as com-
pared with non-Hispanic White and Mexican-American
women(24).T
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Mandatory folic acid fortification in Australia resulted in
an estimated folic acid intake of 159 μg/d based on the
analysis of 100 breads with a mean folic acid concentration
of 200 μg/100 g bread in June/July 2010. This estimate
exceeded the intended amount by 80 μg/100 g bread(25).

The largest cohort in Australia to date investigated blood
folate levels in 20 592 blood samples from a diagnostic
pathology laboratory in Sydney(15). A decrease of 85 %
from 3·4 to 0·5 % of low erythrocyte folate values between
April 2009 and April 2010 was reported, while mean eryth-
rocyte folate increased from 881 to 1071 nmol/l during the
same time period(15). These findings are consistent with our
analysis of 291 908 folic acid measurements in Queensland
between 2004 and 2015, where we found the prevalence
of folic acid values below the reference limit was 9·4 %
in 2004 and declined to 0·6 % in 2015. In the years 2009
and 2010 a decline from 3·9 to 1·2 % prevalence of low folic
acid values was observed. Regarding the impact of the
mandatory fortification programme in Indigenous popula-
tions, a benefit of the mandatory fortification programme
was shown in a sample of ninety-five Aboriginal men
and non-pregnant Aboriginal women aged 16–44 years
in urban and regional Western Australia(14). A dietary
assessment was conducted along with erythrocyte folate
measurements between November 2013 and January
2014 for all participants and folic acid values were com-
pared with values observed in a previous study. The
authors were able to show a mean increase in erythrocyte
folate values for males (129 ng/ml) and females (186 ng/ml),
and no values below the reference limit were observed.
This coincided with a decline in NTD of 68% in
Aboriginal infants inWestern Australia based on information
from the Western Australia Register of Developmental
Anomalies(14). The current investigation of Queensland-
wide data confirmed this finding in a larger Indigenous pop-
ulation of 14 792 individuals. The prevalence of folic acid
deficiency declined by 86% from 16·6 % in 2008 to 2·3 %
in 2010. These findings also suggest that the Indigenous
population in Queensland benefited from the mandatory
fortification programme to a greater extent than the non-
Indigenous population, inwhom the prevalence of folic acid
deficiency decreased by 77% from 5·3 to 1·2 % for the same
time period. This pattern is comparable to a prevalence
observed in an Aboriginal sample of 191 individuals in
2008–2009 from two regional and two metropolitan sites
in Perth(26). Ten per cent of Aboriginal women and 26%
of Aboriginal men were folic acid deficient in that investiga-
tion. We also found that the subgroup of Indigenous
women of childbearing age (15–34 years) with the highest
prevalence of folic acid deficiency in 2008 benefited most:
the prevalence of folic acid deficiency declined by 84%
from 19·2 % in 2008 to 3·0 % in 2010. These effects are
comparable to recently reported data from Tanzania; after
the implementation of mandatory folic acid fortification
the prevalence of folic acid deficiency declined from

26·9 % at baseline to 5 % after 12months(27). Additionally,
this reduction of folic acid deficiency was mirrored by
a decline in NTD when the periods before and after the
implementation of a mandatory folic acid fortification pro-
gramme were compared(28). For Queensland the NTD per
10 000 births declined from 14·6 in 2007 to 10·0 in 2011. A
significant reduction was also observed in teenage mothers
and Indigenous residents in the Australian states and territo-
ries of New South Wales, Queensland, Western Australia,
South Australia and Northern Territory. The NTD rate per
10 000 conceptions for Indigenous residents reduced from
19·6 at baseline to 5·1 after mandatory folic acid fortifica-
tion(28). A comparable decline in NTD after implementation
of mandatory folic acid fortification of staple foods has also
been observed in South Africa where overall NTD declined
by 30·5 %, NTD perinatal deaths declined by 65·9% and
NTD infant mortality declined by 38·8 %(29).

Folic acid insufficiency
Although folic acid deficiency as well as NTD declined, our
study found high prevalence of folic acid insufficiency in
women of childbearing age with unknown pregnancy sta-
tus. According to a WHO recommendation, erythrocyte
folate concentrations below 906 nmol/l should be avoided
in non-pregnant women of childbearing age(17). Further
monitoring is suggested to assure adequate folic acid levels
in non-pregnant women of childbearing age and especially
those with an Indigenous background, to avoid folic acid
insufficiency and the associated occurrence of NTD.

Limitations
The current analysis of routinely available data from path-
ology laboratories in Queensland has some limitations that
need to be taken in consideration regarding the interpreta-
tion of results.

Any research based on routinely available health data is
limited by the quality of the available data. In the present
investigation data had to be excluded due to incomplete-
ness and the occurrence of invalid values.

Recently concerns have been raised regarding the com-
parability of prevalences of folic acid deficiency when dif-
ferent assays are being utilised for erythrocyte folate
measurement(18). During the implementation of themanda-
tory folic acid fortification an assay with a high comparabil-
ity to the current gold standard measurement technique
was used and thus prevalences are likely comparable dur-
ing this time period. The current analysis, however, is still
the first large-scale evaluation of the mandatory folic acid
fortification programme in Australia. Further studies should
investigate other states and should, whenever possible,
take assay changes into account when prevalences are
being compared.

Moreover, the present study is the first state-wide
evaluation of folic acid values across Queensland and it
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has to be recognised that our data might not be considered
a representative sample of the whole Queensland
general population. Especially regarding the findings in
Indigenous sub-populations, the Queensland Indigenous
population might differ from other Indigenous commun-
ities regarding social, cultural or environmental determi-
nants of health and thus differences might also apply for
folic acid values and the impact of the mandatory fortifica-
tion programme. Our study comprises a sample of clinical
folic acid measurements and might thus be biased towards
a higher prevalence of folic acid deficiency. It is therefore
not representative of the general community, but rather a
sub-population of people seeking health services, and
therefore again potentially biased toward lower folate
values. However, there is no reason to assume that this
selection bias changed during the period under investiga-
tion, so before-and-after comparison should remain valid.
Furthermore, folic acid levels could be impacted by the
intake of certain drugs, pregnancy status, folic acid supple-
mentation and co-morbidities. Since no information about
current prescriptions and drug intake, pregnancy status,
folic acid supplementation and co-morbidities was avail-
able in the current study, no dedicated analyses regarding
these subgroups were possible. Concerning the high num-
ber of analysed individuals and the exclusion of repeated
measurements, it seems rather unlikely that the overall
measurements are biased by this limitation regarding data
availability. Future dedicated studies should confirm our
results in prospective data collections concerning also
the abovementioned influencing factors.

Another limitation of the present study is that nutritional
behaviour changes over time and may be a factor in the
observed decline in folic acid deficiency and independent
of the folic acid fortification programme. Due to a lack of
food intake data it thus remains unclear whether, and to
what extent, the decline in folic acid deficiency is attribut-
able to the mandatory fortification programme.

While mandatory folate fortification appears to have a
big impact on folate levels and seems successful in reaching
high-risk populations, poor overall nutrition and low health
literacy are major determinants of adverse health outcomes
and further policy interventions need to be considered and
evaluated(8,9,20,28,30,31).

Conclusion

The mandatory fortification of bread flour with folate
appears to have had a significant positive impact on folate
levels across the whole population in Queensland, espe-
cially benefiting high-risk groups which the voluntary pro-
gramme failed to reach. However, these high-risk groups
may remain poorly nourished overall and single nutrient
supplementation could be insufficient.
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