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INTAKES OF FOLIC ACID FROM DIETARY SUPPLEMENTS AND
FORTIFIED PRODUCTS IN STUDENTS
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ABSTRACT

Background. A great variety of dietary supplements and fortified products, containing folic acid, are widely available to
satisfy the market demand for supplementing the diet with this vitamin.

Objective. To assess folic acid intake from dietary supplements and fortified products in students.

Materials and methods. The study was performed between October 2010-April 2011 on 314 university students aged 19-
34 years, excluding pregnant or lactating women. Self-administered questionnaire was used to collect information about
health, lifestyle and use of dietary supplements during previous month (frequency and doses) and frequency and portion of
the fortified products consumed.

Results. Diets were supplemented by folic acid by almost 13% of respondents; the average intake was 148 + 99.7 ug/per-
son/day, (range 10-400 pug). Products fortified with this vitamin were used by 89% students with an average intake of folic
acid 83.7 + 101 pg/person/day, (range 0.3-660 g); about a quarter of these subjects were however unaware that they were
consuming fortified products. Both product types were used together by 11% students. Among these subjects the average
folic acid intake was the highest (233 + 151 pg/person/day, range 12.3—678 ng); with 66% originating from supplements
and 34% from fortified products. There were no instances of folic acid being consumed above the tolerable upper intake
level (UL), of 1000 pg/day.

Conclusions. It is necessary to warn the public that overconsumption of folic acid, (through dietary supplements, enriched
food), may be hazardous to health, since many people combine such multiple products.
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STRESZCZENIE

Wprowadzenie. Szeroki asortyment suplementoéw diety i produktow wzbogaconych w kwas foliowy na rynku powoduje,
ze uzupetnianie diety ta witaming staje si¢ powszechne.

Cel pracy. Oszacowanie spozycia kwasu foliowego w formie suplementow diety i produktow wzbogaconych przez wybrana
grupe studentow.

Material i metody. Badanie przeprowadzono w okresie pazdziernik 2010r. — kwiecien 2011r. Wzigto w nim udziat 314
studentow w wieku 19-38 lat. Respondenci wypetniali kwestionariusz, ktory zawieral pytania dotyczace zdrowia, stylu
zycia, stosowania suplementow diety w ciggu ostatniego miesigca oraz czgstotliwosci spozycia produktow wzbogaconych
wraz z wielko$ciami spozywanych porcji.

Wyniki. W badanej grupie studentéw stosowanie suplementow diety zawierajacych kwas foliowy zadeklarowato prawie
13% os0b, $rednie spozycie wynosito 148 + 99,7 pg/os/d (zakres 10-400 pg). Natomiast produkty wzbogacone ta wita-
ming spozywato 89% badanych, $rednie spozycie byto 83,7 + 101 pg/os/d (zakres 0,3 - 660 pg). Stwierdzono, iz ponad
Y4 respondentow nie byla swiadoma faktu, ze spozywa produkty wzbogacone. Jednoczesnie suplementy diety i produkty
wzbogacone kwasem foliowym stosowato 11% o0sob. Srednie pobranie witaminy w tej grupie byto najwyzsze (233 + 151
ng, zakres 12,3 — 678 pg).

Whioski. U zadnej osoby spozycie facznie z obu zrodel nie przekroczyto gornego tolerowanego poziomu (UL). Istnieje
potrzeba informowania spoteczenstwa o zasadach prawidtowego stosowania dodatkowych zrodet sktadnikow odzywcezych,
aby nie dopusci¢ do nadmiernego ich spozycia.

Stowa kluczowe: spozycie, kwas foliowy, suplementy diety, produkty wzbogacone, studenci
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INTRODUCTION

Dietary intakes of folic acid are often found to be in-
sufficient in many population groups. Supplementation
with 400 pg/person/day or fortified product consump-
tion has therefore been recommended in many countries
like the UK, Ireland and Finland [9]. In Poland, the
average folate intake in young women is low (127-315
ug/person/day) [17], and thus supplementation with this
vitamin is recommended for women in child-bearing age
in order to prevent neural tubes defects in offspring [20].
Indeed, there are about 50 countries in the world that
make folic acid supplementation of cereal products ob-
ligatory, including the USA, Canada and Australia [4].
In Poland, as in the EU, manufacturers are allowed to
voluntarily add this vitamin to their foodstuff products.

The increasing market availability and variety of di-
etary supplements and fortified products has meant that
supplementation with this vitamin is widespread and not
always resulting from making a conscious decision. At
the beginning of the year 2011, there were more than
300 dietary supplements (containing 11-800 ug of folic
acid in one dose) [16], and 200 products fortified with
folic acid available on the market in Warsaw. The forti-
fied products were mainly breakfast cereals, fruit juices
and non-alcoholic beverages, sweets, different types of
margarine, instant cocoa and tea; the greatest amounts
of folic acid was found in margarines and sweets, rang-
ing from 500 to 800 pg/100 g [18]. They wide offer of
these products allow to overcome folate deficiency, but
it also poses a risk of an excessive and uncontrolled
intake leading, amongst other consequences, to masking
undiagnosed vitamin B, deficiency. Itis especially rel-
evant because folate bioavailability from ‘natural food’
is about half less than from the synthetic form used in
supplements (100%) and in fortified foodstuffs (=85%).
In order to calculate total amount of this vitamin in the
diet, the dietary folate equivalents (DFE) are used. It is
thereby accepted that 1 ug of synthetic folic acid, present
in fortified foodstuffs delivers 1.7 ug DFE while 1ug
of synthetic folic acid taken as dietary supplement on
an empty stomach delivers 2 ug DFE [1, 7].

The presented study aims to assess folic acid con-
sumption in a select group of students when taken in the
form of dietary supplements or/and fortified products.
Furthermore, the risk of intake exceeding the UL for
this vitamin, was also addressed.

MATERIALS AND METHODS

The study was conducted between October 2010 and
April 2011 on selected students of Warsaw University
of Life Sciences (SGGW). Women who were either

pregnant or lactating were excluded, as their dietary
requirements for folic acid are higher. Students who
incorrectly completed the questionnaire, (n=6) were
also excluded.

The survey questionnaire included socio-demo-
graphic conditions linked to health and lifestyle. Infor-
mation for calculating the Body Mass Index (BMI) were
also obtained. Subjects were asked about their intakes
of the dietary supplements and fortified products over
the previous month, giving a definition of fortified
products. A food frequency questionnaire (FFQ) was
used to collect the information about fortified products.
Brand names of foodstuffs consumed by respondents
were identified with the help of photo album of the forti-
fied products available on the market, which have been
previously developed. In order to facilitate establishing
the amounts consumed the portion size photographs
were used [19]. All subjects who reported consumption
of any product from the album in FFQ were classified
as a fortified food users.

The amounts of folic acid in the fortified products
were obtained from information on the labels. Although
the manufacturers are obliged to provide total amount
of the vitamins and minerals in foodstuft (naturally and
added) [5], nevertheless, it is a frequently seen working
practice that only the fortified amounts are provided [8],
so such an assumption was made in the study. Because
most of the supplements users declared taking them
during meals the intake of DFE was calculated with
conversion factor 1.7. The individual intake of folic
acid from dietary supplements and fortified products
was compared to UL value to determine whether there
was any risk of overdosing. Statistical analysis was per-
formed using the ‘Statistica 9.0’ programme software.
The variables’ distribution was tested by the Shapiro-
Wilk statistic and because the data were not normally
distributed, the non-parametric Mann-Whitney U test
was used to determine the significance of differences
between medians. Qualitative differences were analysed
by the Chi® test. The level of significance was set at
p<0.05 for all analyses.

RESULTS AND DISCUSSION

Study subjects were students aged 19-38 years,
(mean 21.6 £1.96), of which an 82% were women.
University courses chosen for study varied and the most
popular ones were food technology, human nutrition
and dietetics (84%). More than half the students (54%)
evaluated their levels of physical activity as moderate
and 10.5% of the respondents suffering from chronic di-
seases such as bronchial asthma, hypothyroidism, food
allergy and diabetes. Medication for chronic diseases
were taken by 15.3% of the subjects, 4 women decla-
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red taking contraceptives and 17% smoked cigarettes.
BMI results demonstrated that body weight of 81.7%
respondents were in normal range, whilst 8.1% were
underweight and 9.7% overweight.

Dietary supplements were used by nearly 30%
students (n=91). Significantly more non-smokers took
supplements than smokers (83 vs 8 subjects), and in
similar fashion, more students of food technology and
human nutrition faculties took supplements than those
studying other fields (76 vs 15 subjects). There were
however no gender differences observed in the using of
folic acid supplements or fortified products.

In all, 13% of students, (n=40), took folic acid
supplements in the previous month at doses of 10-400
ng/day of which the most popular were in the form of
multi-vitamins-minerals (95%). Only two women took
supplements containing just folic acid.

Previous studies in Canada from 2004 however
showed different results. Among 3000 subjects, aged
19-30, it was observed that 18% men and 23% women
took folic acid supplements [14]. The studies on female
students from Warsaw and Bialystok (n=173) showed
that 18% took this vitamin at daily doses of 200-400 pg
[3]. A study on adults aged 21-70 yrs (n=60) and living
in Warsaw, showed that 25% of them had been using
these supplements over the previous year and that 85%
had been consuming this vitamin in fortified products
[10]. A later study in 2005, on female students, (n=445)
demonstrated that 20% took folic acid supplements and
37.8% took products fortified with this vitamin [11].

The current study showed that products fortified
with folic acid had been consumed by 89% students,
even though a quarter of them did not realized the usage
of such a foodstuffs. A somewhat similar finding was
observed in a 2005-2009 study on fortified products,
where 22% parents, (of n=743 children, aged 7-12),
were unaware that their offspring had indeed consumed
such products [12]. In addition, another survey from
2009 on 94 shop customers, aged 15-85 yrs, showed that
only 48% of them correctly understood the concept of
‘fortified products’. The most frequently fortified pro-
ducts were confused with organic products, vegetables,
fruit and dietary supplements. Very often they were
also described such a product as ‘healthy products’ or
‘health foods’ [15]. A study among child-bearing ages

women (n=120) revealed that only one fifth of them
knew and bought products fortified with folic acid such
as juice, breakfast cereals, flour and bread [2]. The pre-
sented study showed that in diet of fortified products
consumers, the most folic acid came from juices and
non-alcoholic beverages and from breakfast cereals i.e.
53.1 + 88.7 pg/person/day and 35.5 + 43.9 ug/person/
day respectively (Table 1).

Table 1. The average intake of folic acid from the groups
of fortified food products

Group of products | Number | Intake of folic acid [pg/person/
of people | day] among those consuming
(n=279) fortified products
n* x+SD |median| range
Wheat flour 45 21.7+£303| 92 |0.7-120
Breakfast cereals 204 355+43.9| 17.0 | 0.8 -400
Yogurt 52 18.6+20.0| 11.2 |3.5-103
Sweets 124 156+21.7| 7.5 |1.3-131
Juices, nectars
and non-alcoholic 182 53.1+£88.7| 204 |2.0-600
beverages
Instant beverages 90 64+94 2.8 10.2-61.9
Margarine 60 329+504| 154 |0.5-300

* number of people do not add up to 279, some people con-
sume products from different food groups

Over 90% of the whole group of respondents con-
sumed additional amounts of folic acid in the form of
dietary supplements and/or fortified products; their
average total intake from these sources was 103 £118
pg/person/day (Table 2). Slightly higher amounts were
however seen in a study on adults living in Warsaw i.e.
113 + 169 pg/person/day for women and 116 + 204 pg/
person/day for men [10]. Returning to the current study,
47% of subjects that either took the dietary supplements
or fortified products had low intakes of folic acid, (be-
low 50 pg/day), which were really of little effect on
their nutritional status. A larger amount (50-200 pg/
day) was consumed by 37% respondents and 16% of
them took over 200 pg/day of whom 8 subjects took
more than 400 pg/day.

Only 35 subjects (11%) used both supplements and
fortified products together, which constitutes a risk of
overdosing and thereby resulting in health problems.
According to experts from the Scientific Committee

Table 2. The average intake of folic acid from dietary supplements and/or fortified food products

Studied groups Number of peolzle The folic acid intakf: [ug/person/day] RDA* %
n % x+ SD median range

Whole studied group 314 100 93.1+116 47.6 0-678 41.0
Persons using dietary supplements and /or 284 90.4 103118 53.7 0.3-678 43.7
products fortified with folic acid, including:

- dietary supplements 40 12.7 148 £ 99.7 136.7 10— 400 62.9
- fortified products 279 88.9 83.7+ 101 47.8 0.3 -660 35.6
- both, supplements and fortified products 35 11.1 233 + 151 211.0 12.3-678 98.9

* RDA for adults 400 pg/person/day [1], % RDA calculated on the basis of intake of folic acid converted into DFE
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on Food of the European Commission (SCF), the toler-
able upper intake level for folic acid taken only from
supplements or fortified products are 1000 pg/person/
day [13]. The average intakes found from consuming
these products together were 233+151 ug/person/day
without accounting for natural dietary sources; this
value representing 99% of the Recommended Dietary
Allowance (RDA) (Table 2). The contribution of the
supplements in the folic acid intake was 66% and the
fortified food was 34%.

There were no individuals found in this group to ex-
ceed the UL for this vitamin; the highest found was 678
pug/person/day in a male student who took 13% of this
amount as a supplement and 87% as fortified products
(2-4 portion/day), that included breakfast cereals, juices
and non-alcoholic beverages and sweets. These results
were similar to a 2006 study, where likewise, there
were no subjects found to exceed the UL and the high-
est intake was 800 pg/day [10]. Another similar study
conducted among female students, however showed
that one person exceeded the daily limit of 1000 pg/day
[11] through consuming both of the product types. Re-
sults gathered from various EU countries did not show
any exceedance of the aforementioned limit. The 95th
percentile of supplemental intakes of folic acid among
adults, were well below UL ie. it was 360 pg/person/
day. This level increased to 400pg when including Irish
data on consumption of fortified products [6]. Neverthe-
less, studies conducted in the USA (NHANES) during
2003-2006, where flour fortification with folic acid is
mandatory from 1998, demonstrated that there exists a
risk of over-consuming this vitamin whenever dietary
supplements are taken in conjunction with fortified
products. It was found that 2.7% out of the 8258 study
subjects had in fact exceeded the UL. Of the group using
dietary supplements at doses of >400 pg/person/day,
47.8% of subjects exceeded the UL, however in those
consuming <400 pg/person/day only 1% exceeded the
UL. It was concluded that at current fortification levels,
US adults who do not consume supplements or who
consume <400 pg/person/day folic acid from supple-
ments are unlikely to exceed the UL [21].

Widespread use of supplements and/or fortified
products provides the ability to quickly meet the requ-
irements when diet is deficient in this vitamin. There is
however a risk of overdosing which results in negative
health effects. For this reason, taking dietary supplements
and fortified products should always be considered in nu-
tritional assessment of individuals and population groups.

CONCLUSIONS

1. Among university students 13% took folic acid in
the form of dietary supplements whilst 89% did so

10.

from fortified product sources; one quarter of the
latter doing so unwittingly:.

Folic acid was jointly consumed from dietary sup-
plements and fortified product in 11% of cases, of
which 66% was obtained from dietary supplements.
The UL was never exceeded.

. There is a need for informing the general public

on the principles for the safe taking of additional
sources of nutrients in order to prevent overdosing.
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