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Abstract

Purpose Vegetarian and vegan diets have gained popu-
larity in Switzerland. The nutritional status of individuals
who have adopted such diets, however, has not been inves-
tigated. The aim of this study was to assess the intake and
status of selected vitamins and minerals among vegetarian
and vegan adults living in Switzerland.

Methods Healthy adults [omnivores (OVs), ngy = 100;
vegetarians (VGs), nyg = 53; vegans (VNs), nyy = 53]
aged 18-50 years were recruited, and their weight and
height were measured. Plasma concentrations of the vita-
mins A, C, E, B1, B2, B6, B12, folic acid, pantothenic acid,
niacin, biotin and B-carotene and of the minerals Fe, Mg
and Zn and urinary iodine concentration were determined.
Dietary intake was assessed using a three-day weighed
food record, and questionnaires were issued in order to
assess the physical activity and lifestyle of the subjects.
Results  Omnivores had the lowest intake of Mg, vitamin
C, vitamin E, niacin and folic acid. Vegans reported low
intakes of Ca and a marginal consumption of the vitamins
D and B12. The highest prevalence for vitamin and mineral
deficiencies in each group was as follows: in the omnivo-
rous group, for folic acid (58 %); in the vegetarian group,
for vitamin B6 and niacin (58 and 34 %, respectively);
and in the vegan group, for Zn (47 %). Despite negligible
dietary vitamin B12 intake in the vegan group, deficiency
of this particular vitamin was low in all groups thanks to
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widespread use of supplements. Prevalence of Fe defi-
ciency was comparable across all diet groups.

Conclusions Despite substantial differences in intake and
deficiency between groups, our results indicate that by con-
suming a well-balanced diet including supplements or for-
tified products, all three types of diet can potentially fulfill
requirements for vitamin and mineral consumption.

Keywords Vegetarian - Vegan - Vitamins - Minerals -
Dietary intake - Micronutrient status

Introduction

Because they abstain from consuming meat and fish, veg-
etarians predominantly consume plant products. The so-
called ovo-lacto vegetarians avoid all meat and fish, but do
consume eggs and dairy products. Vegans follow a stricter
form of vegetarianism and thus avoid all animal products
[1].

In Switzerland, a growing proportion of the population
follows a vegetarian diet. According to the 2012 Swiss
Health Survey [2], 2.7 % of the investigated subjects
(women 3.9, men 1.3 %) never consume meat or sausages,
showing a steady increase from 1.9 % in 1992. At the
same time, the percentage of people consuming meat daily
decreased from 32.7 % in 1992 to 23.9 % in 2012 (based
on personal communication with the Federal Office of Sta-
tistics). In the Nutri-Trend-Study in 2000, 9 % of those sur-
veyed stated that they “almost always” followed a vegetar-
ian diet [3]. The Swiss Association of Vegetarians estimates
that about 3 % of the population are vegetarian—a conclu-
sion based on a number of surveys between 1997 and 2013.
Although no exact data are available, it is estimated that
about 10 % of Swiss vegetarians adhere to a vegan diet and

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00394-015-1079-7&domain=pdf

284

Eur J Nutr (2017) 56:283-293

the majority of the remaining 90 % follows an ovo-lacto
vegetarian eating pattern [4].

Various studies have previously reported differences in
nutrient intake in vegetarians and vegans as compared to
omnivores [5-8]. In general, total energy intake does not
seem to differ significantly between the three groups, but
the contribution of proteins to the total energy intake is
typically lower in the non-meat-eating diet groups. Total fat
intake, expressed as a percentage of total energy, is lowest
in vegans and highest in omnivores. Furthermore, meat-
eaters consume by far the highest amounts of saturated
fatty acids. On the other hand, the intake of polyunsatu-
rated fatty acids is substantially higher in vegans than in the
other two groups, particularly in meat-eaters. Vegans have
also been found to have the highest fiber intakes, while
omnivores have the lowest values. In the EPIC-Oxford
study [9], the vegan group was reported to have the highest
consumption of vitamin B1, folate, vitamin C and vitamin
E and the lowest intakes of retinol, vitamin B12 and vita-
min D. Regarding mineral consumption, vegans showed the
highest intakes of Mg and Fe and the lowest intakes of Ca
and Zn. However, Appleby et al. [9] did not find significant
group differences for the intake of vitamin B2, niacin, vita-
min B6 and potassium.

Several studies have evaluated the health benefits associ-
ated with vegetarian eating patterns as compared to omniv-
orous diets. Convincing and consistent evidence exists
regarding lower rates of coronary heart disease (CHD),
colorectal cancer, obesity and diabetes. Total cancer inci-
dence appears to be slightly lower, and life expectancy
greater in vegetarians as compared to the general popula-
tion [10]. The observed positive health effects may not
only be due to the avoidance of meat and fish; a diet rich in
vegetables, fruits, nuts and whole grain products is known
to contribute to better health, independent of the consump-
tion of meat and fish [11]. Moreover, it is widely acknowl-
edged that vegetarians often have healthier lifestyles due to
adequate physical activity and lower alcohol and tobacco
consumptions [1].

On the other hand, changing from an omnivorous to a
vegetarian or even to a vegan diet may lead to deficiencies
of some vitamins, minerals and trace elements, as nutrients
contained in high amounts in animal products may be dif-
ficult to replace. Of particular importance is vitamin B12,
which occurs in substantial amounts only in foods derived
from animals. The same is true for vitamin D, which can,
however, be synthesized in human skin under light expo-
sure. Other nutrients of concern are Zn, Fe, Se, Ca and the
long-chain n-3-fatty acids [1].

Therefore, the aim of this study was to investigate micro-
nutrient status and intake in healthy subjects following an
omnivorous, a vegetarian or a vegan diet and to investigate
associations between health status and intake.
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Subjects and methods
Subjects

For this study, 206 healthy adult female and male subjects
between the age of 18 and 50 years, who have been fol-
lowing either a vegan (VN), vegetarian (VG) or omnivo-
rous (OV) diet for at least 1 year prior to the study, were
recruited. We recruited 53 ovo-lacto vegetarians, 53 vegans
and 100 omnivores. OV and VG subjects taking antibiot-
ics or vitamin/mineral supplements, as well as pregnant and
lactating women, were excluded from the study. Vitamin/
mineral supplementation is very common among VNs. As
it was impossible to recruit the required number of vegan
subjects otherwise, the criteria regarding supplementation
were relaxed for this group. VN subjects who were regu-
larly consuming supplements were included in this group,
but supplementation had to be interrupted for at least
14 days prior to the start of the study. The usual supple-
mentation was documented. Any subject who was suffering
from a chronic disease or had surgery less than 3 months
prior to the study was excluded. Signed written informed
consent was obtained from each subject. The study has
been approved by the Ethical Committees of ETH Zurich
and of the Canton of Vaud.

Subjects were recruited in the area of Lausanne by the
Swiss Vitamin Institute (Epalinges, Switzerland) as well as
in the area of Zurich by ETH Zurich (Zurich, Switzerland)
using advertisements in schools, restaurants and shops.

Study design

The subjects had only one meeting with the investigators
which took place on the first day of the study. After an
overnight fast, the subjects came to the ISV in Epalinges
or to ETH in Zurich where their body weight and height
were measured and a spot urine sample (for the determina-
tion of iodine status) was collected. Subsequently, a venous
blood sample of approximately 25 ml was drawn into three
heparinized tubes for the determination of micronutrient
status including the concentration of the vitamins A, C, E,
B1, B2, B6, B12, folic acid, pantothenic acid (B5), niacin
(B3), biotin (B7) and B-carotene as well as several minerals
and trace elements, namely Fe, Zn, Se and Mg. In the fol-
lowing week, each subject collected three additional spot
urine samples. The samples were sent to ETH Zurich and
stored at —20 °C until determination of the iodine status
was performed.

Assessment of vitamin and mineral status

Plasma concentrations of the vitamins A, C, E, B1, B2, B6,
B12, folic acid, pantothenic acid (B5), niacin (B3), biotin
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(B7) and B-carotene were measured at the ISV in Epalin-
ges. For the determination of vitamin A and E concentra-
tions, HPLC with a UV detector was used [13]. Vitamin C
was measured by HPLC with an electrochemical detector
[12]. Isocratic liquid chromatography was applied to assess
B-carotene concentration [13]. The vitamins B1, B2, B6,
B12, pantothenic acid, niacin, biotin and folic acid were
measured using microbiologic methods on microplates
with different bacterial strains [14].

Urinary iodine concentration was measured in duplicate
at the ETH using a modification of the Sandell-Kolthoff
reaction [15]. Each of the four samples collected per person
was measured individually, and the mean was used for sub-
sequent data analysis. Four samples were collected per per-
son to account for within-subject variations between days.
Fe status was assessed using the parameters hemoglobin
(Hb), plasma ferritin (PF) and C-reactive protein (CRP).
Immediately after blood collection, Hb concentration was
analyzed using an electronic counter (HemoCue, Angel-
holm, Sweden). The measurements were taken at either the
ISV or ETH. PF and CRP were analyzed at ETH using an
automated chemiluminescent immunoassay system (Immu-
lite 2000, Siemens Healthcare Diagnostics Inc., Tarrytown,
New York, USA). If CRP values were >5 mg/l, the samples
were excluded from further Fe status analysis. Determina-
tion of Mg and Zn concentration in plasma was carried out
at ETH Zurich by flame atomic absorption spectrometry
(FAAS). Se analysis was performed at the Federal Office
of Public Health, Bern (Bundesamt fiir Gesundheit, BAG)
using coupled plasma mass spectrometry (ICP-MS).

Assessment of dietary intake

To assess dietary intake, a three-day weighed food record
was done. This dietary protocol was completed over three
non-consecutive days during the week after the day of
blood collection by the participants at home. The sampling
period included 2 week days and one weekend day. Partici-
pants were provided with kitchen scales for weighing their
consumed food in order to reduce measurement errors. The
completed food records were returned to ETH where die-
tary intake was calculated using the software EBISpro for
Windows. Food records were excluded if under- or over-
reporting was apparent. The Goldberg cutoffs for over- and
underreporting were applied [16].

Assessment of lifestyle factors

In addition to the evaluation of food intake and micronutri-
ent status, subjects were asked to fill in two questionnaires
at home assessing lifestyle factors such as their physical
activity and their consumption of alcohol and tobacco.
Physical activity was evaluated using the International

Physical Activity Questionnaire (IPAQ). Alcohol and
tobacco consumption were evaluated by means of a ques-
tionnaire similar to the one used in the Swiss Health Survey
[17].

Data analysis

Statistical analysis was carried out using the statistical
package IBM SPSS Statistics 20 for Windows. Non-nor-
mally distributed variables were log-transformed prior to
analysis. The weighed food records were analyzed using
the nutrition software EBISpro for Windows (4.0, Dr. Jiir-
gen Erhardt, Universitit Hohenheim, Germany), which
allows calculation of energy as well as the macro- and
micronutrient intakes of each individual. All protocols
were tested for over- and underreporting (REE*2.4 and
REE*1.2, respectively) prior to further analysis. One-way
ANOVA with post hoc Bonferroni correction was used to
assess differences in biochemical as well as dietary intake
parameters and physical activity scores between the three
groups. The Chi-square test was used to calculate whether
the prevalence of micronutrient deficiency, micronutrient
status above the reference range, low micronutrient intake
and smoking were the same across the three diet groups.
To assess continuous associations between dietary intake
and biochemical parameters, Pearson correlation was used.
Spearman’s rtho correlation was used to calculate correla-
tions between nonparametric data (e.g., tobacco and alco-
hol consumption). The level of significance for all analysis
was set at p < 0.05.

Results
Subject characteristics

A total of 206 subjects participated in the study. Table 1
shows the basic characteristics of the study population by
diet group. The groups did not differ in terms of gender dis-
tribution (p = 0.712) or age (p = 1.000). BMI was signifi-
cantly lower in the VN group only when compared to OVs
(p = 0.016).

The questionnaires regarding lifestyle and physical
activity were returned by 196 and 195 subjects, respec-
tively. Ninety-nine percent of all subjects judged their
general health status as good or very good. The majority
of subjects (64 % of OV, 74 % of VG and 61 % of VN)
declared themselves to be health conscious, and this score
correlated negatively with alcohol consumption (r = 0.245,
p = 0.001) and positively with total physical activ-
ity (r = 0.149, p = 0.039). Of the total study population,
24.2 % were current smokers with no difference between
the groups. Alcohol consumption was more frequent in the
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Table 1 Characteristics of all
subjects participating in a cross-

sectional study in Switzerland
by diet group

OV (n,, = 100) VG (nyg = 53) VN (nyy = 53)
Gender distribution (% female) 63 68 60*
Age' (year) 31.6 £9.4* 30.8 £7.6* 29.9 +£7.3*
BMI' (kg/m?) 23.0 £3.1° 22.5 +2.8%° 21.6 £2.5°
Duration of vegetarian/vegan diet? (year) 9.5 (1.0-30.4) 3.0 (1.0-18.0)

Values not sharing a common superscript letter are significantly different from each other (p < 0.05)

OV omnivore, VG vegetarian, VN vegan

! Mean =+ SD (all such values)

2 Median (min-max) (all such values)

OV and VG groups with 36.6 and 34.7 % reporting to con-
sume alcohol 1-2 times per week, respectively. In compari-
son, only 15.4 % of VNs reported the same consumption.
Similarly, alcohol abstinence was most frequent in the VN
group (28.8 % compared to 3.2 % for OV and 6.1 % for
VG). Total physical activity was not significantly differ-
ent between the three groups nor any of the sub-categories
of physical activity (work, transport, domestic and leisure
time activity).

Micronutrient status and prevalence of micronutrient
deficiencies

There were some missing values in the vitamin and min-
eral analysis due to insufficient sample volume or techni-
cal problems during analysis. The following measurements
could not be taken: B-carotene status for one OV subject,
vitamin C for one VG subject, PF, Mg and Zn status for
seven OV subjects and UIC status for seven OV, three VG
and one VN subject. A total of 12 female OV, four male
OV and one male VN subjects had to be excluded from
further analysis of PF data due to elevated CRP values
(CRP > 5 mg/l).

Vitamin and mineral status is reported in Table 2 which
also indicates significant differences between groups. While
OV subjects showed the highest status in PF, Zn, iodine,
vitamin A, vitamin E and niacin, VN participants had the
highest status in Mg, Vitamins C, B1, B6 and folic acid.
Table 3 shows the percentage deficiency for each assessed
parameter by diet group including the normal ranges used.
As a substantial amount of the VN subjects was consum-
ing vitamin B12 supplements, their vitamin B12 status was
calculated separately. Median vitamin B12 status of vegans
consuming B12 supplements was 342 pmol/l (27-5166)
compared to 274 pmol/l (24-2632) in those reporting no
consumption of supplements. In the vegan group consum-
ing no supplements, three subjects had vitamin B12 con-
centrations below the cutoff for sufficiency (150 pmol/l),
whereas only one subject was deficient in the group con-
suming supplements.
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Dietary intake

Out of all 206 three-day weighed food records, 194 (94 %)
were returned to ETH Zurich and analyzed (ng, = 93,
nyg = 49, nyy = 52). Underreporting occurred in a total
of 31 cases (ngy = 16, nyg = 6, nyy = 9) which were
excluded from further intake analysis. Over-reporting was
not found in any case. Table 4 describes macronutrient and
energy intakes reported, and Table 5 shows the intake of
micronutrients (ngy = 77, nyg = 43, nyy = 43). Energy
and fat intake did not differ significantly between the
groups, but protein intake was hig her in the OV group
compared to the two others (p < 0.001). Carbohydrate
intake was significantly higher in the VN group (p < 0.01).
The intake of fiber was highest in the VN and lowest in
the OV group (p < 0001). Ca intake was highest in the
OV group, while the intakes of Mg, Fe and K were high-
est in the VN group. Similarly, vitamin D and vitamin B12
intakes were highest in the OV group, while the intakes of
vitamin E, C, B1, B6, niacin and folic acid were highest in
the VN group.

Correlation between dietary intake and biochemical
status analysis

To investigate the associations between dietary intake of
a nutrient and the respective micronutrient status, Pear-
son correlations were used. No significant associations
between dietary intake and status were determined in any
of the three diet groups for retinol, vitamin C, vitamin E,
vitamin B1, vitamin B2 and vitamin B12. Mg intake was
significantly positively correlated with Mg status in the
OVs (r = 0.288, p = 0.011) but not the two other groups
(VG: r = 0.056, p = 0.723; VN: r = 0.118, p = 0.451).
Iron intake was positively correlated with PF in the OV
(r =0.247, p = 0.030) and the VG (r = 0.331, p = 0.030)
groups but not the VN group (r = 0.168, p = 0.281). Zn
intake was also significantly positively correlated with
Zn status in OV subjects (r = 0.301, p = 0.008) but not
in the two other groups (VG: r = 0.040, p = 0.800; VN:
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T.able.2 Mineral and . Nutrient normal range (m/f) oV VG VN
vitamin status of all subjects
participating in a cross-sectional o (mmol/1) 0.86 & 0.08'¢ 0.85 & 0.07 0.93 + 0.07°
study in Switzerland by diet 0.7—1.1 mmol/l
group Hemoglobin (g/1) 145 + 14° 146 + 12° 147 £ 11°
140-180/120-160 g/dl
Plasma ferritin (ng/ml) 58 (3-463)% 32 (7-184)° 40 (9-277)*b
15-300 pg/l
Zn (ug/dl) 85 + 122 78 £ 9° 72 £ 10°
74-130/70-130 pg/dl
Todine (ug/l urine) 83 (22-228)" 75 (1-610) 56 (27-586)"
100-300 pg/l
Selenium (ug/l) 94.0 £ 12.5° 90.3 + 14.2° 90.1 £ 21.9°
70-150 pg/l
Vitamin A (nmol/l) 1869 + 436° 1599 + 389" 1562 + 408®

r = 0.020, p = 0.901). Significant positive correlations

920-2760 nmol/1

B-Carotene (nmol/l)
600—4700 nmol/l

Vitamin E (umol/l)
13.0-36.2 pmol/I

Vitamin C (umol/l)
11.1-49.7/35.4-80.1 pmol/1
Vitamin B1 (nmol/l)

7-50 nmol/l

Vitamin B2 (nmol/l)
50-120 nmol/1

Vitamin B6 (nmol/l)
18-200 nmol/l

Vitamin B12 (pmol/l)
150-790 pmol/1l

Niacin (nmol/l)
130-410 nmol/l

Folic acid (nmol/l)
15-57 nmol/l

Pantothenic acid (nmol/l)
200-500 nmol/1

Biotin (nmol/l)
0.7-1.8 nmol/l

3617 + 1286°
26.0 £ 5.8°

554 +17.2°
30.7 + 12.1°
92.0 + 44.8*

22 (7-113)

340 (147-3207)*
580 (0-1156)°
14.3 (1.9-42.3)*
336 (142-924)

1.4 £0.95%

3839 + 1087°
22.7 £4.5°
68.9 £23.3°
29.4 + 8.9
82.4 + 42.4°

16 (2-70)°

361 (28-1744)*
398 (35-1487)°
16.6 (7.4-39.8)
361 (125-766)*

1.5 +0.77*

4137 + 1456
22.1 £4.3°
71.8 £23.4°
36.4 4+ 11.5°
79.8 + 41.7°

27 (9-365)°
289 (24-5166)°
416 (185-839)°
25.7 (4.2-88.3)"
319 (121-744)*

1.6 +£0.71*

The sample consisted of 100 OV, 53 VG and 53 VN. The following measurements could not be taken:
B-carotene status for 1 OV subject, vitamin C for 1 VG, PF, Mg and Zn for 7 OV subjects and UIC for
7 OV, 3 VG and 1 VN subject. A total of 12 female OVs, 4 male OVs and 1 male VN had to be excluded
from further analysis of PF data due to elevated CRP values (CRP > 5 mg/l)

OV omnivore, VG vegetarian, VN vegan

! Mean =+ SD, all such values
2 Median (min—max), all such values

Means and medians not sharing a common superscript letter are significantly different from each other
(ANOVA with post hoc Bonferroni test p < 0.05)

Discussion

between intake and status in all groups were identified

for vitamin B6 (OV: r = 0.460, p < 0.001; VG: r = 0.304,
p = 0.048; VN: r = 0.427, p = 0.004) and folic acid (OV:
r = 0.298, p = 0.009; VG: r = 0.447, p = 0.003; VN:

r=0.302, p = 0.049).

As VG and especially VN lifestyles are currently emerg-
ing in Western societies, it is important to understand the
impact of those dietary patterns on micronutrient status and
thereby health. Health benefits of VG and VN diets have
been discussed in association with cardiovascular disease
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Table 3 Percentage of subjects below cutoff for deficiency in the
individual micronutrients and anemia, respectively, in a cross-sec-
tional study in Switzerland by diet group

Table 4 Average daily energy, macronutrient, cholesterol, sugar and
dietary fiber intake of all subjects participating in a cross-sectional
study in Switzerland by diet group

Normal range (m/f) ov VG VN oV VG VN

Mg 0.7-1.1 mmol/l 2.2¢ 3.8¢ 0.0 N 77 43 43
Hb' 140-180/120-160 g/dl 2.0 00 0.0 Energy (kcal) 2319 £ 500! 2263 £ 559* 2469 + 596*
Plasma ferritin ~ 15-300 pg/1 14.3*  11.3* 13.5% Protein (g) 85 £ 24* 64 £+ 21° 65 £+ 21°
Zn 74-130/70-130 pg/dl 10.8°  18.9% 47.2° Protein (%) 15 £ 3% 1242° 1142°
Todine 100-300 pg/1 64.5*  66.0* 78.8* COH (g) 259 + 84* 267 + 70* 324 + 102°
Vitamin A 920-2760 nmol/l 1.0% 0.0* 3.8* COH (%) 45 + 8% 48 + 8% 54 4 12°
B-Carotene' 600—4700 nmol/l 1.0 00 0.0 Fat (g) 94 + 26% 93 + 27¢ 96 + 46°
Vitamin E 13.0-36.2 pmol/l 0.0 0.0* 3.8 Fat (%) 36 £ 6.8° 36+7* 33 £ 12%
Vitamin C 11.1-49.7/35.4-80.1 pmol/1  12.0* 3.8¢ 3.8 SFA (g) 37 £ 128 34 £ 117 20 + 12°
Vitamin B1! 7-50 nmol/l 0.0 00 0.0 MUFA (g) 35+ 117 35+ 117 41 £ 24%
Vitamin B2 50-120 nmol/l 14.0° 22.6* 26.4* PUFA (g) 12 £ 5% 15+£7% 25 +13°
Vitamin B6 18-200 nmol/l 29.0%¢ 58.5% 24.5° Cholesterol (mg) 301 (97-699)>* 200 (23-713)° 12 (0-81)°
Vitamin B12 150-790 pmol/l 1.0 570 71.5° Sugar (g) 126 £ 58* 131 £+ 48* 180 £ 115°
Niacin 130-410 nmol/Il 11.0*  34.0* 26.4* Fiber (g) 20 +10* 31+ 12° 52 + 18°
Folic acid 15-57 nmol/l 58.0° 302° 13.2° _ _ , _

L . b b Means and medians not sharing a common superscript letter are sig-
Pantothenic acid - 200-500 nmol/l 6.0 132° 75 nificantly different from each other (one-way ANOVA with post hoc
Biotin 0.7-1.8 nmol/l 16.0* 15.1* 7.5% Bonferroni correction p < 0.05)

The sample consisted of 100 OV, 53 VG and 53 VN. The following
measurements could not be taken: B-carotene status for 1 OV subject,
vitamin C for 1 VG, PF, Mg and Zn for 7 OV subjects and UIC for 7
OV, 3 VG and 1 VN subject. A total of 12 female OVs, 4 male OVs
and 1 male VN had to be excluded from further analysis of PF data
due to elevated CRP values (CRP > 5 mg/l)

OV omnivore, VG vegetarian, VN vegan
! Statistics cannot be computed because parameter is constant

Values not sharing a common superscript letter are significantly dif-
ferent from each other (Chi-square test with Bonferroni correction for
multiple comparisons p < 0.05)

and certain cancers, but their impact on the supply of cer-
tain micronutrients is of concern. To our knowledge, this is
the first study investigating the status and intake of a broad
range of micronutrients, including both vitamins and min-
erals, in OVs, VGs and VNs in Switzerland.

Nutrients with highest status in omnivores

We found PF to be significantly higher in our OV study
population, despite the highest iron intakes in the VNs. The
phenomenon of high iron intake in VNs has been reported
previously by Davey et al. [5] and Janelle and Barr [18]. A
lower status despite high intakes can mainly be explained
by the lower iron bioavailability from plant foods com-
pared to animal foods. Generally, non-heme iron is much
less well absorbed compared to heme iron found in meat.
In addition, most plant foods contain certain iron absorp-
tion inhibitors such as polyphenols or phytic acid which
reduce the bioavailability of iron even further [19]. The
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OV omnivore, VG vegetarian, VN vegan COH carbohydrates, SFA
saturated fatty acids, MUFA monounsaturated fatty acids, PUFA poly-
unsaturated fatty acids

I Mean + SD, all such values

2 Median (min-max), all such values

fact that we found PF to be positively correlated with iron
intakes in the OV and the VG groups but not the VN group
can be explained by the fact that the consumption of iron
absorption inhibitors was highest in the VN group.

In contrast to previous studies indicating higher zinc
intake in OVs compared to VGs or VNs [5, 18, 20], we
found similar zinc intake in all three groups. Neverthe-
less, zinc status was significantly lower in VGs and VNs as
compared to OVs, which is in line with a previous study
by Krajcovicova-Kudldckova et al. [21]. Similarly to iron,
there was a significant positive association between zinc
intake and zinc status in the OV group, but not in the VG
or VN groups. Zinc bioavailability also depends on the
presence of absorption inhibitors and enhancers [22]. Con-
sequently, zinc-rich plant foods such as legumes, whole
grains, nuts and seeds—which are consumed in higher
amounts by VGs and VNs—also contain high amounts of
phytic acid, a zinc absorption inhibitor [23].

As dietary iodine in Switzerland is largely supplied
by iodized salt, assessment of iodine intake using dietary
assessment is near to impossible. However, urinary iodine
provides a reliable measure of individual iodine intake if
collected repeatedly. However, ideally a higher number of
samples per subject than used in the current study would
have been desirable [24]. We found a significantly lower
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Tz}ble 5 Aver'flge daihly EAR (m/f) OV VG VN
micronutrient intake in all
subjects participating in a cross- g (mg)! 800 1022 & 330° 1116 & 434° 817 £ 285
;‘;Cgioe ‘t‘aglrf)fsz;g g:tvi‘:jj:;znd Mg (mg)' 330/255 350 + 96 448 + 162° 702 + 255¢
average requirements (EAR) for P (mg)! 580 1331 £ 356 1359 £ 517° 1427 + 462°
dietary intake of those nutrients ~ Fe (mg)? 6/8.1 11.8 (7.2-43.3)* 14.7 (1.7-443)° 229 (12.8-43.0)°
[55] Zn (mg)! 9.4/6.8 112 +£3.7° 102 + 4.5° 115 +4.1°
K (mg)' 2000 3063 + 946 3440 + 1022° 5375 £ 2178
Na (mg)! 550 2848 + 978¢ 2936 + 1284 2994 + 1481°
Cl (mg)! 830 4625 £ 1553° 4633 £ 1575° 4801 £ 2057
Retinol equ. (ug)>> 625/500 775 (182-2986)° 967 (453 -1998)* 739 (167-6280)"
Vitamin D (pg)? 10 1.5 (0.2-10.0)* 1.2 (0.1-4.0)° 0.1 (0-0.9)°
Vitamin E equ. (mg)'* 12 13.2 + 4.8 17.6 + 8.8° 25.5+£92°
Vitamin C (mg)? 75/60 94 (24-356)° 158 (39-706)° 239 (70-1873)°
Vitamin B1 (mg)? 1/0.9 1.4 (0.5-4.2)* 1.3 (0.5-19.4)* 2.1 (0.9-5.7)°
Vitamin B2 (mg)? 1.1/0.9 1.7 (0.9-4.5)* 1.5 (0.9-4.4)* 2.0 (0.8-3.7)*
Vitamin B6 (mg)? 1.3/1.1 2.0 (0.7-8.3) 1.9 (0.8-6.0) 2.9 (1.7-8.0)°
Vitamin B12 (ug)? 2 4.1 (0.9-14.7)* 1.6 (0.3-14.4) 0.2 (0-6.4)°
Niacin (mg)? 12/11 18.9 (6.1-64.1)* 12.5 (4-39.1)° 17.6 (6-36.2)*

Folic acid (ug)? 320
Pantothenic acid (mg)2 6

281 (127.2-897.0)*
5.5 (2.1-11.4)

368 (170-2194)°
5.5 (2.9-14.5)*°

662 (294-2107)°
6.4 (2.9-21.3)°

Means and medians not sharing a common superscript letter are significantly different from each other
(one-way ANOVA with post hoc Bonferroni correction p < 0.05)

! Mean + SD, all such values

2 Median (min-max), all such values

3 Retinol equivalent, (1 retinol equivalent = 1 ug retinol = 12 ug p-carotene)

4

urinary iodine concentration in VNs as compared to the two
other groups. This result confirms findings of Krajcovicova-
Kudlackova et al. [25] and Remer et al. [26], both of whom
reported a significantly lower urinary iodine concentration
in VGs and particularly in VNs as compared to OVs. With
a median of 56 ug/l, the urinary iodine concentration of our
VN population was far below the current WHO cutoff for
iodine sufficiency of 100 pg/l. This may be due to the fact
that VNs do not consume milk and dairy products, which
are, besides iodized salt, one of the most important dietary
iodine sources in Switzerland [27].

Because the most common dietary sources for calcium
are milk and dairy products, VNs were expected to have
low-calcium intakes. This has also been demonstrated
in several previous studies [5, 18, 20, 28]. In agreement
with those findings, we found that the VN subjects in
our study consumed significantly lower amounts of cal-
cium compared to the other groups. Fifty-four percent of
the VN subjects consumed less Ca than recommended by
the EAR (800 mg/dl), as compared to 28 % of OVs and
17 % of VGs. Serum calcium is tightly regulated, and only
in extreme circumstances concentrations below or above
the normal range can be detected [29]; consequently, it is
not a good indicator of calcium nutritional status. For this

a-Tocopherol equivalent (1 mg a-tocopherol = 1.25 mg a-tocopherol equivalents)

reason, we had to rely solely on intake assessment for this
mineral. Low-calcium intake is considered a risk factor for
the development of osteoporosis [30], and it is thus impor-
tant that VNs are informed regarding alternative calcium
sources and/or supplements.

Serum retinol is determined by both retinol and
B-carotene intake. While preformed retinol is found pre-
dominantly in animal foods such as liver, butter, cream,
cheese, fish and eggs, all B-carotene is of plant origin. High
amounts are found in carrots, herbs, green leafy vegetables,
apricots, mangos, pepper, etc. [31]. The total intake of reti-
nol equivalents (RE) is usually calculated as 1 RE = 1 ug
retinol = 12 pg PB-carotene [32]. We could not demon-
strate differences in the intake of RE between the three
diet groups which is supported by some [28], but not all,
previous studies [18, 33]. Nevertheless, serum retinol sta-
tus was significantly higher in the OV group as compared
to the VN group. As the conversion factor of f-carotene to
RE is very low and has further been suggested to depend
on the cell’s vitamin A needs [34], it is highly likely that
the lower serum retinol status found in VNs is due to the
fact that they consume no foods of animal origin and there-
fore also consume no preformed vitamin A. Our findings
seem to indicate that a general conversion factor of 12:1 for
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B-carotene to RE is too high. Nevertheless, plasma retinol
concentrations in our subjects were mainly in the normal
range with <10 % showing deficiencies, even in the VN
subjects. Thus, B-carotene intake seems to be sufficient in
this setting.

Despite higher intakes of vitamin E (composed of a-,
B-, y- and 8-tocopherol) in VGs and VNs, vitamin E sta-
tus was found to be highest in our OV group. Vitamin E
acts as an antioxidant for polyunsaturated fatty acids [35].
As those fatty acids were consumed at higher amounts
by our VN subjects, this may explain the higher use and
thus lower status of vitamin E in this group. Furthermore,
in order to judge vitamin E status correctly, one should
also determine cholesterol levels. This was not done in
our current study, and we can therefore not determine the
a-tocopherol:cholesterol ratio. As a-tocopherol is mainly
transported in low-density lipoproteins, which are thus pro-
tected from oxidation, the a-tocopherol:cholesterol ratio is
an important indicator for oxidative damage [36]. Choles-
terol intakes and plasma cholesterol are generally higher
in OVs as compared to VGs and VNs, and thus, despite
higher absolute plasma vitamin E concentrations in our
OV subjects, we expect their a-tocopherol:cholesterol ratio
to be lower as compared to the two other groups. This has
been demonstrated in a previous study by Krajcovicova-
Kudlackova et al. [21, 35].

Similar to Davey et al. [5], we found the lowest niacin
intakes in our VG participants and a significantly higher
niacin consumption in OVs and VNs. In other studies [18,
28, 33], significantly lower niacin intakes in VNs as com-
pared to OVs were reported. Despite the high intakes in
VNS, their niacin status was still significantly lower com-
pared to the OVs and was similar to the VGs. Consequently,
30 % of all VGs and VNs were found to be niacin deficient.
However, in the human body niacin can be converted into
not only the metabolically active form of nicotinamide
adenine dinucleotide (NAD) but also the amino acid tryp-
tophan, and the classical deficiency symptoms of pellagra
only occur in a deficiency of both niacin and tryptophan.
Thus, there is no direct need for concern in our study popu-
lation [34].

As plant foods generally do not contain any vitamin
B12, VGs—and particularly VNs—were expected to show
lower intakes and plasma concentrations of this nutrient.
In accordance with many other studies [5, 18, 20, 28, 33,
37, 38], we found very low dietary vitamin B12 intakes in
VNs, higher but still low intakes in VGs and an appropri-
ate vitamin B12 supply from diet only in OVs. Because no
supplements were consumed by the subjects throughout the
duration of the study, habitual use of supplements was not
assessed in the dietary record. However, we have asked all
subjects at the beginning of the study whether they con-
sume supplements on a regular basis and if yes, what kind
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of supplements. Of our vegan subjects, 43 % reported that
they normally consume supplements containing vitamin
B12, but we did not assess exact frequencies of consump-
tion. This was reflected by the median plasma vitamin B12
concentrations determined in our subjects, which was simi-
lar and in all groups. Similarly, the prevalence of vitamin
B12 deficiency was low in all groups; nevertheless, with
four out of 53 subjects it was highest in the vegan group.
However, even when analyzing only the group which
abstained from taking regular vitamin B12 supplements,
their status was still relatively high (median of 274 pmol/l
vs. 342 pmol/l in the group taking supplements) and only
three subjects were B12 deficient. This can be explained by
the fact that the human body only requires relatively low
amounts of vitamin B12; body stores are therefore depleted
slowly [39]. Throughout the 1-3 years during which our
subjects followed their diets, they may not have completely
depleted their vitamin B12 stores despite not having taken
supplements. Furthermore, we did only as for supplements
taken on a regular basis and some subjects may only take
supplements irregularly. In addition, not all fortified prod-
ucts may have been captured by the dietary record. Fur-
thermore, several plant foods such as algae, edible mush-
rooms and fermented products have been reported to
contain significant amounts of vitamin B12, even though
their biological activity and consequential effect on B12
status is inconclusive [40]. It may well be that some pro-
cessed foods specifically made for vegans contain such
ingredients which again were not captured by our dietary
software. In contrast to our work, several previous stud-
ies reported lower vitamin B12 status in both VG and VN
subjects [20, 28, 37-39], including a recent comprehensive
review [41]. Despite the low prevalence of clinical vitamin
B12 deficiency in our study, it has to be considered that the
so-called subclinical vitamin B12 deficiency is not well
defined and its impact unclear [42, 43]. On the other hand,
it was reported that a serum vitamin B12 concentration
of < 148 pmol/l has a sensitivity to diagnose 97 % of true,
clinical deficiency [43].

We have not been able to assess vitamin D status in this
study but have only examined intake. However, as vitamin
D—or rather its active metabolite 1,25-dihydroxyvitamin
D3—can be synthesized in the skin if exposed to sunlight
[44], vitamin D intake is not expected to clearly determine
status. As dietary sources of vitamin D are generally animal
foods, the finding of lower vitamin D intake in our VG and
VN groups is not unexpected and is also in line with previous
data [5, 28]. Overall, vitamin D intake was low in all three
diet groups which may indicate a potential risk for low vita-
min D status especially in winter time. During this season,
vitamin D synthesis in the skin is not possible in Switzerland
due to the irradiation angle of the sun [45]. The low vitamin
D intake together with the low-calcium intake observed in
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the VN group may potentially put them at risk for the devel-
opment of osteoporosis. This clearly is a factor which should
be closely observed especially in the VN group.

Nutrients with highest status in vegans

Similar to other studies [5, 18], we have found highest
magnesium intakes in the VN group. Furthermore, in our
study population, the highest magnesium status was seen
in the same group, a finding not confirmed by all previ-
ous studies [21, 46]. Nevertheless, we have only found a
significant positive correlation between magnesium intake
and status for the OV subjects. Two main factors can help
explain this finding: (1) magnesium is absorbed at higher
proportions from low-magnesium diets [47, 48] (in our
case the OV diets); (2) dietary factors such as phytic acid
and oxalate can inhibit magnesium absorption [49]. These
may explain the differences in correlations found between
groups as well as the relatively small differences in status
compared to intake.

In line with many other studies [5, 18, 20, 28, 33], we
found the lowest vitamin C consumption in OVs, interme-
diate consumption in VGs and the highest intake in VNs
with significant differences between all groups. Accord-
ingly, the lowest mean vitamin C status as well as the high-
est prevalence of vitamin C deficiency (12 %) occurred in
the OV group. Similarly, in earlier studies, Kraj¢oviova-
Kudlackova et al. [21, 35] also measured plasma vitamin C
concentration in VG and non-VG subjects and reported sig-
nificantly higher values for VGs [21]. Despite this, in our
data, calculated vitamin C intakes did not correlate with
status. However, because storage, processing and prepara-
tion can destroy more than 50 % of the vitamin C content
of a fresh product [34], and because vitamin C content
depends also on variety and ripeness (especially in fruits),
it is very difficult to precisely assess vitamin C intake with
dietary assessment methods This may explain the lack of
correlations found in this study.

In the present study, vitamin B1 intake and status were
significantly higher in VNs compared to the other diet
groups. Similar results were reported in previous studies
[5, 18, 33, 38], but not all agree [28]. Sprouts, seeds and
nuts, which are the best sources for vitamin B1, most likely
account for the high vitamin B1 consumption in VNs,
whereas OVs can benefit from high vitamin B1 concentra-
tions in pork [31]. Despite intake and status showing simi-
lar results in our subjects for vitamin B1, no correlations
could be shown between the two. This may be due to the
fact that the dietary records were completed in the week
after blood sampling and that vitamin B1 has a relatively
short half-life [34]. Thus, the intake reflected in the meas-
ured plasma concentration may not have been the same as
the one assessed in the food records.

Vitamin B6 is contained in many different foods. Good
sources are wheat germs, sprouts, soy beans, whole oats,
pulses, liver, chicken, pork, fish and beef [31]. Sufficient
vitamin B6 intake could thus be obtained in all examined
diets. Even though the mean vitamin B6 consumption was
adequate in all groups, VNs showed significantly higher
vitamin B6 intakes in comparison with OVs and VGs. This
finding is in agreement with two studies by Haddad et al.
and Majchrzak et al. who also report highest vitamin B6
intakes in the VN group [33, 38]; however, other studies
do not agree [5, 18, 28, 37]. We found vitamin B6 status
to be significantly lower in VGs compared to the two other
groups, with a vitamin B6 deficiency of almost 60 % in
this group. This finding is in contrast to some [38, 39], but
not all, previous studies [37]. It can likely be explained by
the fact that VGs do not consume meat—one of the major
sources of vitamin B6 in OVs—but also consume germs,
sprouts and soy beans—other good vitamin B6 sources—in
lower extents than VNs.

Yeast, germs, pulses, bran, sprouts, liver, green vegeta-
bles and nuts are good sources of folic acid [31]. It is thus
not surprising that we found highest intakes of folic acid in
VN, intermediate intakes in VGs and the lowest intakes in
OVs; this is in agreement with the results of several other
studies [5, 18, 28, 33, 38]. Accordingly, folic acid status
was also found to be significantly higher in the VN group
compared to the two others—a finding in line with most
earlier studies [20, 37, 38], but not all [50]. Based on the
low intake and status of folic acid, 58 % of the OVs in our
study were diagnosed with folic acid deficiency compared
with only 13 % of our VN population.

Nutrients with no differences among groups

We found no significant differences between groups in
selenium, vitamin B2, pantothenic acid and biotin status.
As all those micronutrients can be found in a variety of
food groups not specific to any of the three diet groups, this
finding was not unexpected.

Lifestyle

The common assumption that VGs and particularly VNs
follow a healthier lifestyle could not be confirmed in the
present study. With a mean of 24 % of all subjects, the
smoking rate in our study was relatively high compared to
that in previous studies (3—18 %) [5, 6, 51-53]. However,
this high smoking rate is not uncommon for Switzerland:
in a study from 2010, 27 % of 14- to 65-year-olds and 39 %
of 20- to 24-year-olds reported to smoke cigarettes [54].
Alcohol abstinence on the other hand was found to be more
prevalent in our VN group (28.8 % compared to 6.1 % in
VG and 3.2 % in OV). This shows a similar tendency as
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previous reports showing that up to 73 % of VNs never
consume alcohol [51-53]. However, this is the only factor
where VNs seemed to be more health conscious compared
to the subjects in the other diet groups. Physical activity
in any domain was not found to be significantly different
among groups. However, it can of course be argued that
volunteers of the OV group who participate in nutrition and
lifestyle studies are usually more health conscious than the
average population [5, 7]. The so-called healthy volunteer
effect may explain why no significant differences between
OV, VG and VN participants could be detected in the pre-
sent study. Besides, we need to consider that our study
sample, especially the OV group, was clearly not a repre-
sentative sample of the total population, and therefore, the
general applicability of these results is limited. A further
limitation in the VN group may be that we cannot rule out
the possibility that there was a certain difference between
those who consume dietary supplements and those who
don’t. Even though we did not find significant differences
between the two groups in their general characteristics,
some subtle differences (e.g., regarding health conscious-
ness) which we could not detect may exist.

In conclusion, it can be said that all diet groups show low
intakes and deficiencies for some micronutrients. There-
fore, based on our results (and focusing only on micronutri-
ents), it is impossible to define which of the three types of
diet would be most beneficial to human health. Irrespective
of the type of diet a person chooses, it is important for them
to be well aware of its potential limitations and to take the
corresponding precautions (for example by taking vitamin
B12 supplements). Fortified products may also be a good
alternative to supplements in all diet groups as they may
help cover the needs for the different nutrients.
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