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Abstract: Food supplements, if not properly used, may lead to potentially harmful nutrient intake. The
purpose of this survey was to examine vitamin intake from food supplements. Taking into account the
intake from food, as obtained from the National Nutrition Survey, it was determined whether the to-
lerable upper intake levels (ULs) were exceeded via supplements alone, or in combination with food.
Data from 1070 supplement users (18—93 years) was available. The dietary and supplemental vitamin
intakes of three groups were analyzed: average intake (50" percentile food + 50" percentile supplements),
middle-high intake (50" + 95™) and high intake (95" + 95"). Vitamin C (53 %), vitamin E (45 %) and
B vitamins (37-45 %) were consumed most frequently. Few subjects (n=7) reached or exceeded the ULs
through supplements alone. The UL for vitamin A and folate was reached by a few men in the middle-
high group, and by a few men and women in the high intake group. Otherwise, even in the high intake
group, the recommended vitamin D intake of 20 pg/day (in case of insufficient endogenous synthesis)
could not be achieved. The use of food supplements was not associated with excessive vitamin intake
in this survey, except in a small number of cases. Vitamin A intake above the UL was the result of high
dietary intake which also included the intake of B-carotene, rather than the result of overconsumption
of food supplements. Diets mainly included folate from natural sources, which has no associated risk.
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Introduction

damage to health. A deficient vitamin status is com-
monly a consequence of low dietary intake and/or

Vitamins are essential to human nutrition and play
important roles in maintaining health and preventing
disease. As they do for many other substances, critical
conditions occur at both ends of vitamins intake range
[1]. Inadequate intake of vitamins is a risk factor for
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consumption of micronutrient-poor food [2]. On the
other hand, the intake of excessively high amounts of
vitamins may also cause adverse effects [3]. In general,
the average diet has very little risk of excessive and
toxicologically relevant intake levels. A frequently
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asked question is whether excessive intake of vita-
mins could be reached when daily food and supple-
ments are combined as sources of nutrients. Previous
studies have shown that the use of food supplements
was appropriate to compensate for inadequate di-
etary intakes of several vitamins [4, 5] and to prevent
clinical symptoms of deficiencies [6]. The effects of
supplemental vitamin D in fractures and fall preven-
tion [7] and folate supplementation in the prevention
of neural tube defects [8, 9] are well documented. On
the other hand, there is evidence that a permanent
vitamin intake far above the UL can have negative
or toxic effects [10]. There is a high risk in exceeding
the UL for vitamins such as vitamin A, vitamin D
and folate, where dosages ranging between recom-
mended intake and UL are very narrow. In Germany
little quantitative data on intake from supplements is
available [11-13].

The aim of this study was therefore to assess the
mean vitamin intake via supplements and to determine
whether supplemental and dietary intakes might ac-
cumulate to excessive levels. Special focus was placed
on the characteristics and consumer habits of those
supplement users who exceeded the UL for single
vitamins through supplement intake alone, or in com-
bination with food intake.

Subjects and Methods
Data collection

A survey was carried out as a representative survey by
the Association for Consumer, Marketing and Sales
Research (GfK, Niirnberg, Germany). Personal inter-
views (face-to-face) as well as the equivalent online
interviews took place in two waves: summer 2012 and
winter 2013. In the face-to-face interviews, the inter-
viewees were representatively selected on the basis
of official statistics based on state, city size, gender,
age, household size, and occupation of the head of
the household. The online respondents were selected
through a representative consumer panel of GfK and
were selected based on their supplement use.
Personal and general demographic questions were
asked, as well as specific questions relating to the use
of food supplements. Product-specific information
(product name, pack size, manufacturer, European
Article Number (EAN) or Pharmazentralnummer
(PZN)), and consuming behavior for each product
mentioned were retrieved and analyzed. Individual
nutrient compositions were obtained by investigating

product-specific information. Details related to the
study performance and methods can be seen here [14].

Analysis

The average daily intake for each individual nutrient
was calculated using the nutrient composition as unit/
day multiplied by the respective consumption habits
(frequency of intake: daily (factor *1),3—4 times/week
(factor #3.5/7), 3—4 times/month (factor *3.5/30.4) or
very irregular (factor *12/365); seasonal supply: all
year (factor *1), only in summer (factor *6/12), only in
winter (factor *6/12), only on special occasions, such
as sickness (factor *3/12)). A sample calculation for
a preparation containing the daily dosage of 100 mg
vitamin C, which has been used several times a week
(3—4 times/week) and only in winter is: 100 mg * 3.5/7
* 6/12=25 mg vitamin C average daily intake. Dura-
tion of intake was queried as: <3 months, >3 to <6
months, >6 to <12 months, >1 to <5 years, >5 to <10
years, and >10 years.

In our analysis, we considered food supplements,
food for special medical purposes in the form of cap-
sules or tablets and dietetic food as supplements.
Drugs containing micronutrients were excluded from
this analysis.

To compare vitamin intakes with German recom-
mendations, we used the reference values for nutri-
tional intake [15]. The data for the nutrient intake
from food was taken from the 2008 published National
Nutrition Survey IT (NVS II) [11]. In order to be able
to compare our survey with the latter, the 50" and 95™
percentiles of nutrient intake from food were used.
Nutrient intake data was not available for vitamin
K, pantothenic acid and biotin. The total intake of
vitamins was calculated for three groups based on
dietary intake and the consumption of food supple-
ments: average intake (by adding intakes from the
50" percentile from food and the 50™ percentile from
supplements), middle-high intake (50" percentile
food+ 95" percentile supplements) or high intake
(95™ percentile food + 95" percentile supplements).
The last can be seen as a “worst case scenario”.

In order to assess the general risk of excessive vita-
min intake from food supplements, the proportion of
subjects exceeding UL was calculated for each vita-
min. The UL as defined by the EFSA was used in case
of vitamin A, D, E, niacin, and folate [16], for vitamin
Cthe UL from the Food Nutrition Board (FNB) of the
Institute of Medicine (IOM) was considered [17, 18].

Additionally, the difference between the UL and
the mean vitamin intake from food at the 95" percen-
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Table I: Characteristics of the supplement users (n = 1070).

J. Willers et al.: Vitamin Intake from Food Supplements — Is there a Risk?

Characteristics Men Women

n % Mean + SD n % Mean + SD
Number of subjects 437 40.8 633 59.2
Age [years]'
18-24 6 1.4 20.7+1.8 20 32 21.8+1.4
25-34 26 59 29.0+3.2 73 11.5 30.0+29
35-50 96 22.0 44.8+42 196 31.0 438 £4.5
51-64 154 352 57.7+4.0 200 31.6 574+39
>65 155 355 72.1+4.8 144 227 724 +5.5
All 57.8+14.0 523 +15.1%
Supplement users taking specific vitamins
Vitamin A [pg/d] 84 19.2 361.8+262.4 94 14.8 339.4+£261.0
Vitamin D [pg/d] 140 32.0 53x114 203 321 3.9+4.0
Vitamin E [mg/d] 211 48.3 16.8+22.5 274 433 13.4+19.1
Vitamin K [pg/d] 72 16.5 35.6+33.4 90 14.2 37.0+£30.2
Vitamin C [mg/d] 224 513 116.6+207.8 339 53.6 81.6+114.52
Vitamin B, [mg/d] 186 42.6 22+45 248 39.2 23+7.7
Vitamin B, [mg/d] 171 39.1 2.8+8.0 225 355 4.0+21.3
Pantothenic acid [mg/d] 159 36.4 8.0+10.1 220 34.8 72+15.8
Niacin [mg/d] 162 37.1 16.1+14.2 213 33.6 14.5+16.4
Vitamin B, [mg/d] 197 45.1 3.0£7.5 278 43.9 23+3.0
Folate [pg/d] 199 45.5 236.5+211.1 274 433 216.9+189.4
Vitamin B,, [pg/d] 190 43.5 20.0+102.6 289 45.7 122+71.2
Biotin [pg/d] 146 334 84.2+115.2 217 343 742+84.1
B-Carotene [mg/d] 63 14.4 33+35 76 12.0 21212
Reasons for supplement use?
For the general well-being 70.5 72.0
Because of an acute illness 36.4 38.9
Because of getting older 51.7 51.3
To improve physical and mental health 67.0 64.9
To do something good for the health 76.4 80.4
Because of an unbalanced diet 432 38.0
Physician’s recommendation 343 33.0
To improve quality of life 65.7 67.6*
To remain healthy in the long term 72.0 74.7*

! The distribution of the age groups between men and women is statistically different (P <0.001, chi-square test)
2 Significant difference between men and women (P <0.001, Mann-Whitney U test)

3 Data in percentages, multiple responses possible

* Significant difference between men and women (P <0.05, chi-square test)

tile (A=UL - 95" percentile intake food) was calcu-
lated. This calculation model has already been used
and adopted by [19-22].

Data acquisition was performed using input masks
in Excel and SPSS software (Version 21.0, SPSS Inc.,
Chicago IL, USA) for statistical analyses. Descrip-

tive results were determined as case number, mean
and standard deviation, 5" percentile, median (50"
percentile), 95" percentiles, and maximum. To test
for statistically significant differences between two
groups, the chi-square test was used. There are non-
parametric distributions of the intakes for all vitamins.
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Table II: Vitamin intake from food supplements only, among all supplement users (n = 1070).

Current national Supplement Mean intake 5" Median 95" Maximum

reference value users taking from supp- percentile percentile

specific lements+SD
vitamins

m w n (%)
Vitamin A [pg/d] 1000 800 178 (16.6) 350.0+£261.2 2.75 387.5  800.0 1035.0
Vitamin D [pg/d] 20 343 (32.1) 45+79 0.04 3.8 10.0 130.0
Vitamin E [mg/d] 142 12 485 (45.3) 14.9+20.7  0.17 10.0 46.0 173.8
Vitamin K [pg/d] 703 60° 162 (15.1) 36.4+£315 033 30.0 85.0 150.0
Vitamin C [mg/d] 100 563 (52.6) 95.6+159.1 091 60.0  288.0 2551.0
Vitamin B, [mg/d] 1.24 1.0 434 (40.6) 23+6.5 0.01 1.1 7.5 101.4
Vitamin B, [mg/d] 1.45 1.2 396 (37.0) 35+169  0.01 1.4 10.8 300.0
Pantothenic acid [mg/d] 6 379 (35.4) 75+13.7  0.05 6.0 24.0 200.1
Niacin [mg/d] 166 13 375 (35.0) 152+155  0.15 15.0 48.0 128.0
Vitamin B, [mg/d] 1.57 1.2 475 (44.4) 2.6+5.3 0.02 1.4 8.0 100.0
Folate [ug/d] 300 473 (44.2) 225.1+1989 1.65 200.0  600.0 1000.0
Vitamin B, [pg/d] 3.0 479 (44.8) 15.3+£85.1  0.02 2.0 10.0 1000.0
Biotin [pg/d] 30-60 363 (33.9) 782+97.8  0.83 50.0  200.0 1000.0
B-Carotene [mg/d] 2-4 139 (13.0) 2.7+29 0.01 2.0 7.5 18.0

! In the absence of endogenous synthesis

215-25 years: 15 mg/d; 25-51 years: 14 mg/d; 51-65 years: 13 mg/d; >65 years: 12 mg/d
315-51 years: 70 pg/d (m) 60 pg/d (w); 51—> 65 years: 80 pg/d (m) 65 pg/d (w)

415-25 years: 1.3 mg/d; 25-51 years: 1.2 mg/d; 5165 years: 1.1 mg/d; > 65 years: 1.0 mg/d
> 15-25 years: 1.5 mg/d; 2551 years: 1.4 mg/d; 5165 years: 1.3 mg/d; >65 years: 1.2 mg/d
615-25 years: 17 mg/d; 25-51 years: 16 mg/d; 5165 years: 15 mg/d; > 65 years: 13 mg/d
715-19 years: 1.6 mg/d; 19-65 years: 1.5 mg/d; >65 years: 1.4 mg/d

* Percentage of those supplement users taking the specific vitamin

The Mann-Whitney U test was therefore used as a
statistical method for comparison of intake between
specific groups. Statistical significance was generally
accepted at P <0.05.

This research was in compliance with the Declaration
of Helsinki. All participants were informed about the
proposed research while ensuring anonymity of their
data. The GfK emphasizes compliance with ethical prac-
tice and professional standards as well as data protec-
tion regulations. The questionnaire was performed on
the basis of market research industry guidelines, both
national (ADM) and international (Esomar, CASRO).

Results
Characteristics of the sample

A total of n=4963 face-to-face interviews were car-
ried out, of which n=804 (16.2 %) supplement us-

ers were identified. Additional online surveys took
place in order to achieve the desired sample size of
n=1250subjects. As a result, data from another n=623
supplement users were available. Overall, n=1427
supplement users surveyed named n=2352 products,
of whichn=738 (31.4 %) were excluded in the further
analysis as they were not defined as food supplements
or similar dietetic foods, or they could not be ade-
quately characterized. With the exclusion of products
not specified as food supplements, the anonymous
dataset of n=1070 supplement users (59 % women,
41 % men) aged 18-93 years (55+14.9 years) was
complete and finally analyzed.

Use of food supplements

The characteristics of this collective are presented in
Table 1. 71.8 % of the products mentioned contain one
or more vitamins (14.5 % exclusively vitamins, 57.3 %
vitamins and/or minerals and/or other substances).
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Table I1I: Vitamin intake from food supplements plus food.

J. Willers et al.: Vitamin Intake from Food Supplements — Is there a Risk?

UL Intake from Intake from food' Intake from food + supplements
supplements
50" 95 50" 95 50" +50" 50" +95™  95% 495t
Men (n = 437)
Vitamin A [pg/d] 3000** 400 800 1800 4400 2200 2600 5200
Vitamin D [pg/d] 50° 5.0 10.0 2.90 9.60 7.9 12.9 19.6
Vitamin E [mg/d] 3007 12.0 58.8 13.7 325 25.7 72.5 91.3
Vitamin K [pg/d] - 30.0 100 - - - - -
Vitamin C [mg/d] 2000* 75 430 130 332 205 560 762
Vitamin B, [mg/d] - 1.1 9.1 1.6 35 2.7 10.7 12.6
Vitamin B, [mg/d] - 1.4 7.5 1.9 43 33 9.4 11.8
Pantothenic acid [mg/d] - 6.0 25.0 - - - - -
Niacin [mg/d] 900*°/10*¢ 15.0 48.0 36.3 69.7 513 84.3 118
Vitamin B, [mg/d] 25 1.8 8.8 23 4.8 41 11.1 13.6
Folate [pg/d] 100077 200 750 283 672 483 1033 1422
Vitamin B,, [pg/d] - 2.50 14.9 5.80 12.4 8.3 20.7 273
Biotin [pg/d] - 50.0 200 - - - - -
B-Carotene [mg/d] - 2.4 12.1 4.3 11.7 6.7 16.4 23.8
Women (n = 633)
Vitamin A [pg/d] 3000** 317 800 1500 3700 1817 2300 4500
Vitamin D [pg/d] 50° 3.75 10.1 2.20 7.00 5.95 12.3 171
Vitamin E [mg/d] 3007 9.00 36.1 12.0 251 21.0 48.1 61.2
Vitamin K [pg/d] - 30.0 82.3 - - - - -
Vitamin C [mg/d] 2000* 60.0 238 134 317 194 372 555
Vitamin B, [mg/d] - 1.0 7.5 1.2 2.5 22 8.7 10.0
Vitamin B, [mg/d] - 12 15.0 1.5 33 2.7 16.5 18.3
Pantothenic acid [mg/d] - 4.5 18.0 - - - - -
Niacin [mg/d] 900*°/10*¢ 10.0 48.0 26.7 472 36.7 74.7 95.2
Vitamin B, [mg/d] 25 14 6.0 1.8 3.7 32 7.8 9.7
Folate [pg/d] 100077 200 600 252 550 452 852 1150
Vitamin B,, [pg/d] - 1.6 10.0 4.0 8.2 5.6 14.0 18.2
Biotin [pg/d] - 50.0 200 - - - - -
B-Carotene [mg/d] - 1.2 6.7 4.4 12.6 5.6 11.1 19.3

! Data from the German National Nutrition Survey II [11]

2EFSA, SCF Tolerable Upper Intake Levels for vitamins and minerals [16]
3 UL for preformed vitamin A (retinol and retinyl esters) pg RE/day

* Food and Nutrition Board, Institute of Medicine [17, 18]
> UL for nicotinamide

8 UL for free nicotinic acid

7 only applies to synthetic folic acid

Values of vitamin intake exceeding the UL are in bold

In men, vitamin C (51.3 % of all supplement users),
vitamin E (48.3 %) and folate (45.5 %) were the most
frequently consumed vitamins as food supplements. In
addition, 40—-45 % of men used B vitamins. The most

frequent vitamin intake as supplements in women
were vitamin C (53.6 %), vitamin B, (45.7 %), vitamin
By (43.9 %), vitamin E and folate (each 43.3 %). Sig-
nificant differences in mean intakes from supplements
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Table IV: Vitamin intake from food supplements plus
food in relation to the reference value of intake.

Intake from food + supplements

50" +50" 50" +95%" 951495

Men (n = 437) % of the reference value
Vitamin A [pg/d] 220 260 520
Vitamin D [pg/d] 39.5 64.5 98.0
Vitamin E [mg/d] 184 518 652
Vitamin K [pg/d] - - -
Vitamin C [mg/d] 205 560 762
Vitamin B1 [mg/d] 225 892 1050
Vitamin B2 [mg/d] 236 671 843
Pantothenic acid [mg/d] - - -
Niacin [mg/d] 321 527 738
Vitamin B6 [mg/d] 273 740 907
Folate [pg/d] 161 344 474
Vitamin B12 [pg/d] 2717 690 910
Biotin [pg/d] - - -
B-Carotene [mg/d] 168-335 410-820 595-1190
Women (n = 633)

Vitamin A [pg/d] 227 288 563
Vitamin D [pg/d] 29.8 61.5 85.5
Vitamin E [mg/d] 175 401 510
Vitamin K [pg/d] - - -
Vitamin C [mg/d] 194 372 555
Vitamin B1 [mg/d] 220 870 1000
Vitamin B2 [mg/d] 225 1375 1525
Pantothenic acid [mg/d] - - -
Niacin [mg/d] 282 575 732
Vitamin B6 [mg/d] 267 650 808
Folate [pg/d] 151 284 383
Vitamin B12 [pg/d] 187 467 607

Biotin [ug/d] - - -

B-Carotene [mg/d] 140-280 278-555 483-965

between male or female users were found for vitamin
C, pantothenic acid, vitamin B,, and B-carotene. Table
I alsoillustrates the reasons for supplement use. In Ta-
ble II the mean, 5, 50, 95" percentiles and maximum
vitamin intakes for all supplement users are shown.

Addition of supplemental vitamin
intake to foods

Table III presents the vitamin intake from supple-
ments only, from food only and from food plus supple-

ments for male and female supplement users. A theo-
retical model was carried out to simulate a “worst case
scenario” by adding together the 50" + 50™ (average
intake), 50" + 95" (middle-high intake) and 95" + 95™
(high intake) percentiles of vitamin intake from food
and supplements.

Only a few subjects (n=7) surpassed the UL by
supplemental intake alone. Those were n =1 (0.3 %)
for vitamin D (130 pg/d), n=1 (0.2 %) for vitamin C
(2551 mg/d), n=2 (0.4 %) for vitamin B, (25.2 mg/d
and 100 mg/d), and n=3 (0.6 %) for folate (each
1000 pg/d). This was either due to the intake of one
preparation containing a single vitamin (e. g. vitamin
D, B and folate) or due to the simultaneous intake
of several different preparations each containing the
specific vitamin. For example, one subject took three
internet-sourced preparations each containing vitamin
C (daily doses ranging from 400 mg up to 1551 mg).
Altogether, five of these seven subjects sourced their
high-dosage preparations through the internet.

The UL set for vitamin A (3000 ug RE/d) was ex-
ceeded through food intake alone at the 95" percentile
in men and women. The UL for folate (1000 pg/d)
was surpassed in the middle-high intake group (only
men) and in the high intake group by men and women
(Figure 1). The 95" percentile of supplemental folate
intake (men: 750 pg/d, women: 600 pg/d) was exceeded
by n=10 men and n=21 women, corresponding to
6.6 % of those subjects who took folic acid.

The recommended vitamin D intake of 20 pg per
day (in the absence of endogenous synthesis) was not
reached, even in the high intake group. A maximum
vitamin D intake of 98 % (men) and 85.5 % (women)
of the reference value was reached.

Based on the assumption of a median food and
supplemental intake (50" + 50'), the total vitamin in-
take was on average about 200 % of the specific refer-
ence value, but the total vitamin intakes varied widely,
from 30 % (vitamin D) to 1500 % (vitamin B,) of the
reference value. The total vitamin intake as percent-
ages of the reference values are shown in Table I'V.

Calculation model
(A = UL-95" percentile intake food)

All supplement users taking vitamin A (n=178,
100 %) exceeded the safety maximum amount (A)
of this vitamin as the 95" percentile from food (m:
4400 pg RE/d, w: 3700 ug RE/d) was already higher
than the UL. In each case, one male supplement user
exceeded the safety amount of vitamin D (A=40.4 pg),
vitamin C (A=1668 mg) and vitamin B, (A=20.2 mg).
Two women exceeded the maximum amount of vita-
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Figure 1: Vitamin intake from food
supplements plus food and per-
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% of Tolerable Upper Intake Level
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centages of the Tolerable Upper
Intake Level. From left to right,
men: bars 1 to 3, women: bars 4 to 6
Bars 1 and 4: average intake group (50"
percentile food + 50™ percentile supple-
ments); bars 2 and 5: middle-high intake
group (50" percentile food + 95" per-
centile supplements); bars 3 and 6: high
intake group (95" percentile food + 95"

Vitamin A Vitamin D Vitamin E Vitamin C

min B (A=21.3 mg). Approximately 25.1 % (n=50)
of all men and 12.0 % (n=33) of all women who used
food supplements reached or exceeded the maximum
amount of folate (m: A=328 pg, w: A=450 pg).

Discussion

As part of a survey about the consumption of food
supplements in a German population [14], this pub-
lication focuses on supplemental vitamin intake. The
question was whether the intake of food supplements
combined with food results in exceeding the UL for
vitamins.

Overall, vitamin C, E and B vitamins were the most
frequently consumed vitamins with food supplements.
Sole supplement use resulted in intakes above the UL
in only a few cases. The addition to an already high
vitamin intake from a standard diet created a potential
increase in total vitamin intake.

In only one previous study [23], has the individual
nutrient intake from supplements been calculated in
an elderly (>60 years) German population. Vitamins
C, E and B, were the vitamins supplemented most
often by men, and vitamin E and D by women. Apart
from this, other studies have reported that the most
commonly used supplements were multivitamins, fol-
lowed by vitamin C and vitamin E preparations [4, 12,
13, 24-26]. Considering that B vitamins are usually
the most common vitamins in multivitamin/mineral
supplements [27], the data found in this study is con-
sistent with these results. As shown in Tables I and
II, the intake prevalence of B-vitamins in men and
women was between 40 and 45 %, and these classic

Vitamin B6

Folate percentile supplements)

multivitamin/mineral preparations still play the most
significant role in consumer behavior [27]. The char-
acterization of the supplements by label or positioning
revealed that in this survey — with view on vitamin and
mineral supplementation — magnesium, calcium and
vitamin C products, as well as multivitamin/mineral
preparations with a comprehensive range of micro-
nutrients, were consumed most often [14]. In fact,
this is partly reflected in the common motivations for
supplement purchase. General health-related motives
such as “doing something good for the health”, “long
term health”, or “general well-being” were mentioned
most frequently. The CRN (Council for Responsible
Nutrition) consumer surveys similarly reported that
multivitamins are the most commonly used food
supplements and that the primary reason given for
supplement use was overall health and wellness [24].
Multivitamin/mineral preparations seemed to be as-
sociated with a general health-promoting character by
the users. It should, however, be noted that no precise
definitions of multivitamin/mineral preparations ex-
ist so far. For instance the number of components in
“multi”-supplements (at least three, five or ten vita-
mins and/or minerals) varies greatly [27-30].

The sole use of food supplements increased the
intake levels above the UL (vitamin D, C, B, and
folate) in seven cases only. Even in the middle-high
(50™+95™) or high intake groups (95" +95™, “worst
case scenario”), the consumption of supplements did
not result in excessive intake — except for vitamin A
and folate. These results are in line with the findings
of Bailey et al. [4] and Murphy et al. [31]. The calcu-
lation model (A= UL — 95" percentile intake food)
also confirmed these results. It was not unexpected
to observe excessive intake for vitamin A, since the
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95" percentile from food intake (men: 4400 pg RE/d,
women: 3700 pg RE/d) already exceeded the UL.
The UL for vitamin A is comparatively low, and
only by a factor of 3 to 3.75 higher than the national
reference value. Excessive intake of fat-soluble vi-
tamin A can be associated with adverse effects such
as skin disorders, nausea, vomiting, bone pain, and
teratogenicity [16], however, the nutritional data
based on the German National Nutrition Survey 11
[11] considered the intake of B-carotene from food
sources for the calculation of the total vitamin A in-
take but the UL of 3000 pg Retinol Equivalent (RE)
per day applies only to intakes of preformed vitamin
A and explicitly excludes the intake of B-carotene
[16], thus, the NVS Il results do not reflect the intake
of preformed Vitamin A itself. Nevertheless, careful
thought should be given to safe levels of supple-
mentary vitamin A in food supplements as well as
fortified foods. There should also be discussion of
whether the use of vitamin A in food supplements
and fortified foods should generally be replaced by
B-carotene to minimize the risks of excessive intake
of preformed vitamin A.

Folate is a critical nutrient in Germany [11] and
has the potential to be a public health problem [32,
33]. Based on the data available [11], 86 % of women
and 79 % of men did not achieve the validated rec-
ommended intake level of folate (400 pg per day) at
that time. It must be noted, however, that the Ger-
man recommendation was reduced from 400 to 300
ug folate equivalent per day in 2013 [15]. In the case
of folate particularly, the use of food supplements
can decrease the prevalence of inadequate vitamin
status and associated adverse effects [8, 9, 34, 35]. In
this survey, supplement use above the 95" percentile
increased the likelihood of folate intakes above the
UL of 1 mg/d when added to the diet, but this was
relevant only for 31 subjects (6.6 %), and it should
however be borne in mind that the upper safe level
only applies to synthetic folic acid which is com-
monly used for supplementation and food fortifica-
tion [16, 36]. High intake levels of synthetic folic acid
at 5 mg/d and above — mainly used for therapeutic
purposes — can cause, for example, masking of hae-
matological symptoms, epileptogenic and neurotoxic
symptoms, adverse effects on zinc absorption and
status, as well as carcinogenicity [16]. The EFSA,
as well as the Food and Nutrition Board (FNB) of
the Institute of Medicine (IOM), did not establish
an UL for folate from food because high intakes of
folate from natural sources have not been reported
to cause adverse effects so far [16, 36]. In this survey,
three subjects did have folate intakes at the UL from

supplement use only which largely resulted from the
use of high-potency food supplements. These were,
however, marginal cases. Bearing in mind that the
NVS II included fortified foods in the calculation
of the folate equivalent by a factor of 1.7 [11], there
is a possibility that further single subjects reached
or surpassed the UL for synthetic folate with the
intake of food supplements in addition to fortified
food, however, due to the fact that we had no de-
tailed information about the percentage of fortified
foods in general nutrition, a final estimation of the
risk of surpassing the UL for synthetic folate due to
a cumulative intake from fortified foods and food
supplements was not possible. Data is lacking on the
specific contributions made by fortified foods [37].
This should be taken into consideration in further
studies. Enriched foods provide a substantial share
of the supply of some nutrients [38].

The intake of vitamin D has to be emphasized at
this point. Even in the “worst case scenario” (high
intake group), only one food supplement user was
able to reach the reference value of 20 pg per day
which applies in the absence of endogenous synthe-
sis. This highlights the fact that adequate vitamin D
intake from food only is unlikely. Although supple-
mental vitamin D intake decreased the prevalence
of inadequate intake in this survey, there is still a
nutritional gap. Similarly to our study, Cashman
et al. [39] found that in both winter and summer
supplement users had higher mean serum 25(OH)
D concentrations and lower prevalence rates of sub-
optimal status than did non-users.

It must be stressed that ULs do not exist for all
nutrients. ULs have been set either by the EFSA
[16] or the IOM [17, 18] only for a limited number
of vitamins (vitamin A, D, E, C, B, nicotinic acid,
nicotinamide, and folate). No valid risk characteriza-
tion can be made for other vitamins because of the
lack of evidence of adverse effects.

There was huge variation in the total intake lev-
els of many vitamins, as illustrated in Table I'V. In
the high intake group (95" +95"), as a “worst case
scenario”, the total vitamin intake level was partly
more than 10-fold greater than the specific reference
values. It must, however, be critically noted that
the nutritional data from the NVS II is secondary
data and has not been specifically collected from
the supplement users, so that our calculation model
certainly has weaknesses.
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Conclusions

In this survey, it appeared that vitamin intake from
food supplements generally bears no risk of overdose.
It could not be established that the parallel use of
several food supplements leads to dangerously high
intake of vitamins. When looking at the total vitamin
intake from food and food supplements, vitamin A
intake appeared critical, but this was predominantly
caused by an already high intake from food sources.
The exact intake of preformed vitamin A is not known,
however, so that the risk of excessive intake of pre-
formed vitamin A cannot currently be evaluated. Ac-
cording to a statement made by the EFSA and IOM,
the intake of folate from natural sources bears no risk.
The number of cases with supplemental folate intake
at the UL in this study was almost negligible.
Ideally, food supplements should be able to fill nu-
tritional gaps and at the same time reduce the risk of
excessive intake. Setting maximum levels for vitamins
and minerals in food supplements at European level
could help to further minimize the risk of excessive
intake - although few cases exceeding the UL were
found in this study. More information about total nu-
trient intake from all sources (food, fortified foods and
food supplements) is needed for precise estimations.
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