
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 21, 2017

Intake of macro- and micronutrients in Danish vegans

Kristensen, Nadja B; Madsen, Mia L; H Hansen, Tue; Allin, Kristine H; Hoppe, Camilla ; Fagt, Sisse;
Lausten, Mia Smedmann; Gøbel, Rikke J; Vestergaard, Henrik; Hansen, Torben; Pedersen, Oluf
Published in:
Nutrition

Link to article, DOI:
10.1186/s12937-015-0103-3

Publication date:
2015

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Kristensen, N. B., Madsen, M. L., H Hansen, T., Allin, K. H., Hoppe, C., Fagt, S., ... Pedersen, O. (2015). Intake
of macro- and micronutrients in Danish vegans. Nutrition, 14(1), [115]. DOI: 10.1186/s12937-015-0103-3

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/43253089?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1186/s12937-015-0103-3
http://orbit.dtu.dk/en/publications/intake-of-macro-and-micronutrients-in-danish-vegans(5f00f061-44ba-43d1-afc4-1b76d9365ca4).html


RESEARCH Open Access

Intake of macro- and micronutrients in
Danish vegans
Nadja B. Kristensen1†, Mia L. Madsen1*†, Tue H. Hansen1, Kristine H. Allin1, Camilla Hoppe2, Sisse Fagt2,
Mia S. Lausten2, Rikke J. Gøbel1, Henrik Vestergaard1, Torben Hansen1 and Oluf Pedersen1

Abstract

Background: Since information about macro- and micronutrient intake among vegans is limited we aimed to
determine and evaluate their dietary and supplementary intake.

Methods: Seventy 18–61 years old Danish vegans completed a four-day weighed food record from which their
daily intake of macro- and micronutrients was assessed and subsequently compared to an age-range-matched
group of 1 257 omnivorous individuals from the general Danish population. Moreover, the vegan dietary and
supplementary intake was compared to the 2012 Nordic Nutrition Recommendations (NNR).

Results: Dietary intake differed significantly between vegans and the general Danish population in all measured
macro- and micronutrients (p < 0.05), except for energy intake among women and intake of carbohydrates among
men. For vegans the intake of macro- and micronutrients (including supplements) did not reach the NNR for
protein, vitamin D, iodine and selenium. Among vegan women vitamin A intake also failed to reach the
recommendations. With reference to the NNR, the dietary content of added sugar, sodium and fatty acids,
including the ratio of PUFA to SFA, was more favorable among vegans.

Conclusions: At the macronutrient level, the diet of Danish vegans is in better accordance with the NNR than the
diet of the general Danish population. At the micronutrient level, considering both diet and supplements, the
vegan diet falls short in certain nutrients, suggesting a need for greater attention toward ensuring recommended
daily intake of specific vitamins and minerals.

Keywords: Danish, Diet, Habitual diet, Macronutrient, Micronutrient, Self-reported, Supplement, Nutrition
recommendation

Introduction
Health, ethical and spiritual concerns have apparently
motivated abstention from meat since ancient Greece
[1]. In Denmark it is estimated that approximately 1 %
of the population is either vegetarian or vegan [2]. The
definition of a strict vegan diet is a diet that excludes all
products of animal origin including meat, poultry, fish
and seafood, dairy products, eggs and honey [3]. Previ-
ous studies have suggested that a vegan diet provides
relatively large amounts of cereals, legumes, nuts, fruits

and vegetables and is usually high in carbohydrates, n-6
fatty acids, dietary fibers, beta-carotene, folic acid, vita-
min C, vitamin E, iron and magnesium. In contrast, the
vegan diet is suggested to be relatively low in protein,
saturated fat, long-chain n-3 fatty acids, retinol, vitamin
B12, vitamin D, calcium and zinc [3, 4]. Furthermore,
vegans are more likely to use single-nutrient supple-
ments compared to non-vegetarians [5]. Epidemiological
studies have shown that vegans have lower BMI and
lower total plasma cholesterol compared to omnivores
[4]. Vegans have also been reported to have reduced risk
of cardiovascular diseases, type 2 diabetes and certain
forms of cancer [6, 7]. Whether these observations solely
relate to dietary habits or are partly explained by a
healthier lifestyle in general, including less smoking and
higher level of physical activity, is unsettled.
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Information about intake of macro- and micronutrients
in vegans is scarce [4, 5, 8–11] and only two studies have
previously reported the use of supplements among vegans
[5, 11]. Furthermore, most previous studies are limited by
methodological shortcomings with respect to ascertain-
ment of nutrient content. In previous studies, participants
were categorized as vegans by different approaches, either
by self-report and/or based on the dietary records. One
could speculate that the longer you adhere to a vegan diet
the more focused you are on achieving an optimal level of
macro- and micronutrient intake; however, only three
studies comparing vegan to omnivorous diets stated the
duration of adherence to the former [5, 9, 10]. Further-
more, studies rely on databases with various coverage with
regard to food items and nutrients [4, 5, 8–11]. One paper
did not specify the database used [10] and another data-
base covered 130 food items only [4], potentially com-
promising the validity of the results. Thus, the dietary
information has so far primarily been based on food fre-
quency questionnaires (FFQ) [4, 8], non-weighed food re-
cords [9] and 24-h recalls [5, 10]. Use of FFQ minimizes
the error of day-to-day variability but it has a lower level
of detail and may be influenced by recall bias. The 24-h
recall method has a greater specificity than the food fre-
quency method, yet relies on memory and is prone to op-
timistic bias [12]. Food records have a high specificity and
minimize the reliance on memory [12]. However, only
one British study including 38 vegans using a three-
day weighed food record has been reported [11].
In the present study, we aimed to (i) determine the

dietary and supplementary intake of macro- and micro-
nutrients in a sample of Danish vegans based on a four-
day weighed food-record and a food database including
1 049 food items (ii) compare dietary intake to the in-
take among age-range-matched individuals from the
general Danish population [2] and (iii) compare dietary
and supplementary intake of macro- and micronutrients
in the sample of Danish vegans to the 2012 Nordic Nu-
trition Recommendations (NNR) [13].

Subjects and methods
Study subjects
The data presented was collected as part of an observa-
tional study investigating the effect of a strict vegan diet
on the gut microbiota (unpublished). Seventy-five healthy
volunteers adhering to a vegan diet for a minimum of
1 year were recruited by advertising in local newspapers
and through online resources, including social media.
Subjects were aged 18-61 years and weight-stable (±1 kg,
assessed by interview) for a minimum of 2 months prior
to study entry. Pregnant and lactating women were ineli-
gible for inclusion in the study.
The vegan sample was compared with an age-range-

matched group of individuals (n = 1 627) from the Danish

National Survey of Dietary Habits and Physical Activity
(DANSDA) 2005–2008. DANSDA is a nation-wide and
representative cross-sectional survey among 4 to 75-year-
old children and adults [2]. Vegetarians and vegans were
excluded from the DANSDA survey prior to age-matching.
Both the vegan and the DANSDA study was approved

by the Danish Data Protection Agency and conducted in
accordance with the Helsinki Declaration (vegan: j.no
2013-54-0501, DANSDA: j.no. 2008-54-0430). The vegan
study was approved by the Ethical Committee for the
Capital Region of Denmark (j.no. H-3-2012-145), while
DANSDA did not require ethical approval according to
Danish legislation.

Anthropometrics
Vegan participants were weighed on an electronic scale
(TANITA WB-110MA, Tanita Corporation of America,
Arlington Heights, Illinois, USA) without shoes, dressed
in light clothing or underwear after having emptied their
bladder. The height of the participants was measured to
the nearest 0.5 cm without shoes, using a wall-mounted
stadiometer (ADE MZ10023, ADE, Hamburg, Germany).
Anthropometric measures of the DANSDA population
were self-reported as previously described [2].

Dietary intake and supplements
Vegan dietary intake was estimated based on a four-day
weighed food diary, including two working days and two
weekend days within one week. Dietary recording was
obtained as vegan participants were included in the study
from start-December 2013 to mid-July 2014. Foods were
quantified to the nearest 0.1 g using a calibrated precision
scale (ProScale XC-2000, HBI Europe, Erkelenz, Germany).
Instruction in filling in the diary was given by qualified
medical staff. The nutrient intake was calculated using the
Dankost Pro software (version 1.5.49.21), which is based
on the food database at the Danish Food Composition
Databank containing 1 049 food items (www.foodcomp.
dk) and the NNR [13]. Vegan recipes not included in the
database were constructed by qualified personnel holding
a Master’s degree in Human Nutrition and based on foods
with complete validity in the database. Average daily intake
(ADI) of macro- and micronutrients was calculated as:

ADI ¼ ð average on working days � 4ð Þ
þ average on weekend days � 3ð ÞÞ = 7

In DANSDA, dietary intake was recorded every day
for seven consecutive days in food records with pre-
coded response categories, which included open-answer
options. Details about the method and calculation of in-
take of food and nutrients have been described elsewhere
[2]. Both methods of determining nutrient content were
based on the same food database (www.foodcomp.dk) [2]
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and in both cases values are presented as median (inter-
quartile range (IQR)) due to skewness. BMR was calcu-
lated from equations published in the NNR [13]. The diet
records were validated by calculating the ratio of mean en-
ergy intake (EI) and basal metabolic rate (BMR) and the
accepted value was set to ≥1.06 [15]. Data from subjects
with EI:BMR ratios below 1.06 were excluded from the
analyses (DANSDA: n = 343). Of the 75 vegans included
in the original study two were excluded from the analyses
due to an incomplete diet record, and three were excluded
from the analyses due to an EI:BMR below 1.06. Of the 1
627 subject in the DANSDA study 27 were excluded due
to missing anthropometric data (BMI) and 343 were ex-
cluded from the analyses due to an EI:BMR below 1.06.
Three vegan subjects recorded dietary intake for three
days only. However, exclusion of these individuals revealed
no difference in overall results (data not shown) and
consequently they were not excluded from the final
analyses. Accordingly, diet data from 70 vegans and 1
257 DANSDA study individuals from DANSDA was
included in the final analyses.
The vegan subjects were asked to bring their dietary

supplements on the day of examination at which point
every nutrient was noted with exact daily dose.

Statistical analyses
Statistical analyses were performed using the statistical soft-
ware ‘R’ version 0.98.501 (The R Foundation for Statistical
Computing 2013, http://www.r-project.org/) and a signifi-
cance level of P < 0.05 was used. Analyses were performed
separately for men (n = 33) and women (n = 37). Linear re-
gression adjusted for either 1) age and energy intake or 2)
age and BMI was used to examine differences in dietary in-
take between vegans and omnivores. Model assumptions
were assessed graphically. In case of non-normality of re-
siduals, natural logarithmic transformation was applied. In
three cases (intake of trans fatty acids, intake of retinol and
intake of vitamin D) model assumptions were not met
through transformation, in which cases Welch’s t-test were
applied. Additional analyses were performed using an age
and gender specific, individually matched control group.

Results
Characteristics of the vegan and DANSDA subjects are
presented in Table 1. Gender distribution was equal in the
two studies, whereas subjects in the DANSDA study were
older, had higher BMI, their educational attainment was
lower and they were more likely to be current smokers.

Vegan diet compared to the diet in the general Danish
population
Macronutrients
Table 2 shows EI and macronutrient intake by sex and
population group. A 10.5 % (difference = 1 028 kJ/d, 95 %

CI: 132, 1 924; P = 0.03) higher EI was present in vegan
men compared to men in the general population whereas
for women there was no difference in EI (P = 0.2). With
regard to intake of dietary lipids vegans had a lower intake
of SFA, MUFA, trans fatty acids and cholesterol and a
higher intake of PUFA as well as a higher PUFA:SFA ratio
compared to the general population. For both men and
women intake of added sugar and protein was lower, while
intake of total dietary fibre was higher in vegans compared
with the general population. Intake of carbohydrates was
lower among vegan women compared to women from
DANSDA but no difference was observed among men
(Table 2).

Micronutrients
Table 3 shows the vitamin and mineral intake by sex
and population group. Intake of all examined vitamins
and minerals differed between vegans and the general
population.
The vegan dietary intake of vitamin A, vitamin D,

riboflavin, niacin and vitamin B12 were lower compared
with the general population (P < 0.001). Vegans had a
higher intake of beta carotene, vitamin E, thiamine, B6,
folic acid and vitamin C compared with the general
population (P < 0.001). The dietary intake of calcium,
phosphorus, zinc, iodine and selenium were lower in
vegans compared with the general population (P < 0.001)
while intake of magnesium, potassium and iron was

Table 1 General characteristics of vegans and the general
population from the Danish National Survey of Dietary Habits
and Physical Activity (DANSDA)

Vegan DANSDA P-value

n 75 (53) 1627 (56) 0.7227*

Age (years) 28 42 <0.0001**

(25–34) (33–52)

BMI (kg · m−2) 21.0 24.4 <0.0001**

(19.8–22.2) (22.2–27.0)

Smoking

Current smokers 11 26 0.0017*

Never smokers 57 48 0.1558*

Previous smokers 32 26 0.2250*

Education

Primary school or less 4 8 0.2021*

Secondary school 32 7 <0.0001*

Vocational 7 35 <0.0001*

Higher education (<3y) 8 8 1*

Higher education (≥3y) 49 42 0.2314*

Data is number of subjects (percent women). Age and BMI are presented as
median (inter quartile range). Smoking status and educational background are
presented as percentage in each group
*Fischer’s exact test for difference in proportions
**Wilcoxon rank sum test
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higher in vegans compared with the general population
(P < 0.001) (Table 3).
Three vegans had extremely high intake of iodine (971,

1 709 and 1 982 μg/d) due to consumption of seaweed.

Vegans in reference to the Nordic Nutrition
Recommendations (NNR)
Vegans reached the recommended daily intake of energy
and fats but did not reach the recommended daily intake
of protein (Table 2). Table 4 shows the intake of micro-
nutrients from both diet and supplements in vegans.
The intake of micronutrients solely from supplements is
presented in Additional file 1: Table S3. Forty-six vegan
individuals (65.7 %) reported supplementing their diet.
As a group, the vegans reached the recommended daily

intake of every vitamin and mineral except intake of
vitamin D, iodine and selenium for both sexes and vita-
min A in women (Table 4). However, at the individual
level, only intake of thiamine, folic acid, magnesium and
iron were reached by every vegan man and none of the
recommendations for micronutrient intake were reached
by every vegan woman (Table 4).
Data on the multiple linear regressions including BMI

is not shown since the results were similar in every vari-
able except intake of phosphorus in men.
The additional analyses using an individually matched

(age and gender) control group revealed similar results
as found in the range-matching analyses (age) - except
for EI, MUFA, beta carotene, thiamine and potassium in
women, for which the levels of significance were

Table 2 Sex-stratified macronutrient intake in the vegan and the Danish National Survey of Dietary Habits and Physical Activity
(DANSDA) study samples with the 2012 Nordic Nutrition Recommendations (NNR)

Men Women

Vegan DANSDA P* NNR Vegan DANSDA P* NNR

(n = 33) (n = 566) (n = 37) (n = 691)

Energy, total (kJ/day) 11710 10640 0.025** <11000 8645 7977 0.44** <8800

(10360–
13950)

(9021–
13950)

(7591–
9618)

(7052–9228)

Fat, total (g/day) 86.7 103.6 <2 × 10−16 ~74.3-118.9 65.1 74.0 1.69 × 10−5 ~59.5-95.1

(63–105) (86–128) (49–79) (61.7–89.5)

SFA (g/day) 17 43 <2 × 10−16 <30 13 31 <2 × 10−16 <24

(11–22) (35–55) (10–17) (25–38)

MUFA (g/day) 26 37 8.87 × 10−14 ~30-60 22 26 9.9 × 10−12 ~24-48

(20–39) (30–46) (17–29) (21–32)

PUFA (g/day) 26 15 <2 × 10−16** ~15-30 19 11 <2 × 10−16 ~12-24

(18–35) (12–18) (15–25) (9–13)

PUFA:SFA 1.7 0.34 <2 × 10−16 1.6 0.36 <2 × 10−16

(1.3–2.2) (0.3–0.4) (1–2) (0.3–0.4)

Trans Fatty Acids (g/day) 0 1.7 <2 × 10
−16***

0 1.2 <2 × 10−16

(1.3–1.9) (1.0–1.6)

Cholesterol (mg/day) 0.2 340.1 <2 × 10−16** <300 0.4 252.4 <2 × 10−16** <300

(0.0–0.7) (285.6–361.9) (0.0–0.8) (506.6–
306.5)

Carbohydrates, available (g/
day)

331.9 287.7 0.63 ~291.2-
388.2

221.7 229.7 0.027 ~232.9-
310.6

(274–365) (242–336) (191–274) (199–267)

Added sugar (g/day) 18 53 <2 × 10−16 <65 22 42 <2 × 10−16** <52

(9–29) (34–83) (8–31) (28–61)

Dietary fibres (g/day) 56 23 <2 × 10−16** 30 40 20 <2 × 10−16** 30

(44–75) (19–28) (33–46) (17–25)

Protein, total (g/day) 75.5 94.2 <2 × 10−16** ~64.7-129.4 59.1 69.7 2.4 × 10
−14**

~51.8-103.5

(66–96) (82–109) (51–67) (61–80)

Data is presented as median daily intake (interquartile range)
SFA: Saturated fatty acids. MUFA: Mono-unsaturated fatty acids. PUFA: Poly-unsaturated fatty acids
*Multiple linear regressions adjusted for age and energy intake (except for total energy intake which was adjusted for age and BMI) were applied to test for difference
in means between the vegan and DANSDA study samples. In case of non-normality log-transformation (**) or an unadjusted Welch’s t-test was applied (***)
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Table 3 Sex-stratified dietary micronutrient intake in the vegan and the Danish National Survey of Dietary Habits and Physical
Activity (DANSDA) study samples with the 2012 Nordic Nutrition Recommendations (NNR)

Men Women

Vegan DANSDA P* NNR Vegan DANSDA P* NNR

(n = 33) (n = 566) (n = 37) (n = 691)

Vitamin A (RE/day) 592 1240 <2 × 10−16** 900 542 929 2.3 × 10−11** 700

(406–1006) (880–1808) (358–932) (660–1296)

Retinol (μg/day) 0.03 940 <2 × 10−16*** 8.3 507 <2 × 10−16***

(0.00–29.7) (606–1463) (0.0–33) (359–742)

β-carotene (μg/day) 5307 2775 6.65 × 10−9** 6827 3832 0.00033**

(3319–9154) (1574–4514) (3833–11130) (2049–6869)

Vitamin D (μg/day) 0 2.9 <2 × 10−16*** 10 0 2.2 <2 × 10−16*** 10

(2.2–4.3) (1.6–3.4)

Vitamin E (αTE/day) 19.6 7.9 <2 × 10−16** 10 15.3 7.1 <2 × 10−16 8

(13–37) (7–10) (13–18) (6–9)

Thiamine (mg/day) 2.1 1.5 7.58 × 10−16 1.3 1.5 1.1 9 × 10−15 1.1

(1.8–2.7) (1.2–1.8) (1.2–1.8) (1.0–1.3)

Riboflavin (mg/day) 1.2 1.9 <2 × 10−16** 1.5 1.0 1.5 <2 × 10−16** 1.2

(1.0–1.8) (1.5–2.3) (0.9–1.2) (1.2–1.8)

Niacin (NE/day) 21.3 37.4 <2 × 10−16 18 17.5 26.8 <2 × 10−16 14

(19.4–29.3) (32.1–43.2) (15.0–21.2) (23.6–31.2)

Vitamin B6 (mg/day) 2.5 1.7 <2 × 10−16 1.5 1.9 1.4 3.2 × 10−13 1.2

(1.8–2.8) (1.5–2.0) (1.3–2.1) (1.1–1.6)

Folic Acid (μg/day) 628 339 <2 × 10−16** 300 578 308 <2 × 10−16 300

(465–787) (288–411) (526–725) (249–379)

Vitamin B12 (μg/day) 0 6.1 <2 × 10−16 2 0 4.2 <2 × 10−16 2

(4.8–7.7) (3.3–5.3)

Vitamin C (mg/day) 221 100 <2 × 10−16** 75 221 110 <2 × 10−16** 75

(144–330) (76–138) (170–254) (79–151)

Calcium (mg/day) 885 1154 <2 × 10−16** 800 724 1054 <2 × 10−16** 800

(786–1104) (923–1481) (591–927) (862–1303)

Phosphorus (mg/day) 1555 1686 5.24 × 10−6 600 1249 1297 2.9 × 10−6 600

(1325–1903 (1443–1985) (990–1400) (1136–1514)

Magnesium (mg/day) 645 412 <2 × 10−16 350 484 332 <2 × 10−16 280

(509–802) (354–475) (415–556) (285–383)

Sodium (mg/day) 2068 4226 <2 × 10−16 <2400 1589 3020 <2 × 10−16 <2400

(1283–2656) (3553–4994) (1146–1899) (2531–3566)

Potassium (mg/day) 4274 3871 1.96 × 10−8 3500 3602 3183 0.0058 3100

(3648−5623) (3297–4575) (2852–4179) (2763–3718)

Iron (mg/day) 18.5 12.0 <2 × 10−16** 9 13.5 9.3 <2 × 10−16** 15

(16.0–24.3) (10.3–14.3) (11.0–17.1) (8.0–10.7)

Zinc (mg/day) 10.5 13.0 1.82 × 10−10 9 8.6 9.6 1.12 × 10−8 7

(8.1–15.3) (11.3–15.1) (6.6–10.2) (8.4–11.2)

Iodine (μg/day) 64 213 <2 × 10−16** 150 65 178 <2 × 10−16 150

(43–91) (180–269) (54–86) (146–215)
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changed (Additional file 2: Table S1 and Additional file
3: Table S2). The analyses using range-matching
(adjusted for age) were prioritized due to the larger
sample size (n = 1 327 vs. n = 140) and thereby more
narrow 95 % confidence intervals (CI) in the tests.

Discussion
Macronutrients
At the macronutrient level the vegan diet can be consid-
ered healthy since the distribution of macronutrients
corresponds well to that proposed by the NNR. Specific-
ally, a high PUFA:SFA ratio, as that observed in vegans,
is suggested to be favorable in regard to the risk of cor-
onary heart disease [16]. Furthermore, a low intake of
added sugar, as reported in vegans, is considered benefi-
cial for human health [17] and similarly a high dietary
fibre intake may provide specific benefits in relation to
gastrointestinal and metabolic functions [18, 19]. Intake
of added sugar has previously only been examined in
one American study comprising 15 vegans and 6 omni-
vores, in which, no difference was reported [10]. The
low intake of added sugar in the present study might be
due to a lower intake of processed food and sugar-
sweetened beverages. This is only speculative since we
do not have data at food item level; it is, however, sup-
ported by a recent study, in which vegans reported con-
suming fewer servings of sweets per day than omnivores
[20]. An evaluation of the diet in the general Danish
population has been done previously [2].

Micronutrients
The vegan population had, however, an insufficient in-
take of several vitamins, which could have a negative
health effect. In contrast to our findings, previous stud-
ies, reporting intake of total vitamin A (retinol equiva-
lents; RE) found higher intake of vitamin A in vegans
compared to omnivores [5, 9, 10]. However, it is difficult
to compare results across studies since the amount of
retinol and beta-carotene, from which the vitamin A in-
take is calculated, is not presented. These opposing re-
sults could be due to different methods of calculating
vitamin A RE from beta-carotene and other carotenoids.
The vegan intake of retinol was very low in the present
study compared to previous studies reporting this [4, 11].
In the present study the 2001 Institute of Medicine Inter-
conversion of Vitamin A and Carotenoid Units was

applied [21]. Retinol is primarily found in animal products
[13], why the finding in the present study seems plausible.
Approximately half of the vegans did not reach the recom-
mendations for vitamin A including both intake from diet
and supplements. Symptoms of vitamin A deficiency are
night blindness, dry and scaly skin, increased number of
infections in the respiratory tract, the gut and the urinary
tract and severe vitamin A deficiency has furthermore
been associated with cancer at these sites [13].
The vegans participating in the present study had a

low intake of riboflavin and vitamin B12, which corre-
sponds to previous findings [4, 5, 9–11]. The major food
sources of riboflavin in Nordic diets are milk and meat
products [13], which explain the low intake of this vita-
min among vegans. Recommended intake of riboflavin
and vitamin B12, including intake from supplements, is
not reached by 29 and 31 vegans (of 70), respectively.
Little attention has been paid to the effects of riboflavin
deficiency on human health. An in vitro study using
duodenal biopsies demonstrated that riboflavin depletion
in adult humans impairs proliferation of intestinal cells
and thereby may have implications for gastrointestinal
function and nutrient absorption [22]. Without supple-
mentation the low dietary intake of vitamin B12 among
vegans could enhance risk of pernicious anemia and
polyneuropathy [13].
In 41 (of 70) vegans the total intake of vitamin D did

not meet the recommendations. The consequence of in-
sufficient intake of vitamin D is lower absorption of
calcium and phosphorus, which may impact bone me-
tabolism. Furthermore, it has been suggested that high
vitamin D plasma concentration or vitamin D supple-
mentation is associated with decreased risk of colorectal
cancer, cardiovascular disease and type 2 diabetes [23].
The intake of vitamin D and vitamin B12 among vegans

was very low in the present study and it is lower than what
has been observed in previous studies [4, 5, 9–11]. This
could be due to low availability of fortified foods, which
are common in some countries but was prohibited in
Denmark by law until 2003 and has still not been intro-
duced on a wider scale.
In the present study, intake of dietary sodium among

vegans was low compared with the general population.
Three studies have previously examined the sodium con-
tent of a vegan diet, two of which also showed lower so-
dium intake among vegans [8, 9], whereas the third

Table 3 Sex-stratified dietary micronutrient intake in the vegan and the Danish National Survey of Dietary Habits and Physical
Activity (DANSDA) study samples with the 2012 Nordic Nutrition Recommendations (NNR) (Continued)

Selenium (μg/day) 33 52 <2 × 10−16** 60 25 39 <2 × 10−16** 50

(25–40) (44–60) (19–30) (33–46)

Data is presented as median daily intake (interquartile range)
*Multiple linear regressions adjusted for age and energy intake were applied to test for difference in means between the vegan and DANSDA study samples. In
case of non-normality log-transformation (**) or an unadjusted Welch’s t-test was applied (***)
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study found no difference between a vegan and an omni-
vore diet [10]. The low intake of sodium in the vegan
population in this study might be due to a lower intake
of processed foods, which usually contain high amounts
of salt [24]. Most of the vegans (55 of 70) did not meet
the recommendation for iodine intake when including
intake from supplements. Only one study has previously

investigated iodine intake in vegans reporting an iodine
intake from diet and supplements among vegans of only
50–70 % of the dietary reference value [11]. In Denmark,
fortified table salt is a major source of iodine and it is
therefore also subject to potential under- reporting.
Other sources of iodine include fish and sea plants [13].
In general, sodium and iodine intakes are difficult to

Table 4 Summarized intake of vitamins and minerals from diet and supplements in the vegan study sample with the 2012 Nordic
Nutrition Recommendations (NNR)

Men Women

n Total intake NNR n Total intake NNR

Vitamin A (RE/day) 17 985 900 17 670 700

(52) (512–1547) (46) (381–1276)

Vitamin D (μg/day) 14 7.1 10 15 5.0 10

(49) (0–25) (43) (0–20)

Vitamin E (αTE/day) 32 27.6 10 36 17.3 8

(97) (17.2–42.2) (97) (13.8–27.7)

Thiamine (mg/day) 33 2.9 1.3 35 1.8 1.1

(97) (2.1–21.4) (95) (1.4–3.4)

Riboflavin (mg/day) 21 2.08 1.5 20 1.25 1.2

(63) (1.3–18.4) (49) (0.91–3.26)

Niacin (NE/day) 29 21.8 18 31 17.8 14

(77) (20.1–30.1) (78) (15.0–23.5)

Vitamin B6 (mg/day) 31 3.5 1.5 34 2.1 1.2

(94) (2.6–4.7) (92) (1.5–3.1)

Folic Acid (μg/day) 33 758 300 36 601 300

(100) (614–926) (92) (478–754)

Vitamin B12 (μg/day) 19 10.0 2 20 25.0 2

(60) (0.0–86) (54) (0.0–125)

Vitamin C (mg/day) 32 258 75 36 250 75

(97) (182–456) (97) (191–307)

Calcium (mg/day) 25 962 800 19 808 800

(71) (794–1163) (51) (610–1007)

Magnesium (mg/day) 33 654 350 36 494 280

(100) (578–861) (97) (429–564)

Potassium (mg/day) 26 4274 3500 24 3602 3100

(74) (3648–5623) (65) (2852–4181)

Iron (mg/day) 33 23 9 22 16 15

(100) (18–30) (59) (13–20)

Zinc (mg/day) 29 16.8 9 30 9.7 7

(86) (10–22) (81) (7–14)

Iodine (μg/day) 9 107 150 6 78.9 150

(31) (60–186) (16) (57–111)

Selenium (μg/day) 14 48.0 60 10 28.3 50

(49) (30–89) (30) (23–53)

Data is median (inter quartile range) daily intake and number (%) of vegans reaching the recommended daily allowance according to the 2012 Nordic Nutrition
Recommendation when including micronutrient intake from diet and supplements combined

Kristensen et al. Nutrition Journal  (2015) 14:115 Page 7 of 10



quantify and the results should be interpreted with cau-
tion [25]. Less than half of the vegans (24 of 70) reached
the recommended intake of selenium. No studies have
previously examined selenium intake in vegans. An in-
sufficient intake of iodine and selenium might potentially
have negative health impact such as development of goi-
ter. Adequate iodine intake is important throughout life,
but especially in childhood and during pregnancy and
breastfeeding [26]. Low serum selenium levels (≤1 μmol/l)
have been associated with increased risk of myocardial in-
farction in men [27]; however, the lower critical threshold
for intake of this mineral is unknown.
Even though the intake of iron and calcium in male

vegans met the Nordic recommendations, the absorption
of these minerals might not be correspondingly high.
Iron and calcium are known to have low bioavailability
in the context of plant-based foods. This is due to the
chemical form in which the minerals are present, the na-
ture of the food matrix and the presence of bioavailability-
lowering compounds in plant-based foods (e.g. phytate,
dietary fiber and oxalic acid) [28, 29]. Considering the low
intake of these minerals among vegan women, a reduced
bioavailability may further increase the risk of outright de-
ficiency and related disorders. However, it is well estab-
lished that the bioavailability of iron increases with the
presence of ascorbic acid (vitamin C) and other organic
acids [30]. Intake of vitamin C was very high among
vegans, thus potentially compensating for the low bioavail-
ability of iron in plant–based foods [29]. It has previously
been proposed that the recommended intake of iron
for vegans should be 1.8 times higher than that of
omnivores because of the lower bioavailability [31]; in
the present study the iron intake among vegan men
met this recommendation.
Vitamins and minerals interact and are dependent on

sufficient availability of one another in order to function
and contribute to ensure human health. Examples are
vitamin A and zinc, every B-vitamin as well as vitamin D
and calcium. This emphasizes the importance of ad-
equate intake of every individual mineral since, for in-
stance, an inadequate intake of vitamin A affects the
function of zinc even though this mineral is consumed
in sufficient amounts [13] as is the case for the vegans in
this study.
To examine whether the low mineral intake among

vegans in this study has a negative health effect, pertin-
ent biochemistry of study participants should be evalu-
ated. Furthermore, a healthy diet is not only a diet
balanced for macro- and micronutrients. Other compo-
nents such as amount of processed food, heated food,
food preservatives and additives as well as the sources of
the nutrients (e.g. protein from meat versus plants)
could be important in evaluating a diet. However, in the
present study, these data were not available.

The present study covers the macro- and micronu-
trient composition of vegans in general. At present very
little is known about the health effect of a vegan diet
under specific circumstances such as pregnancy, lacta-
tion, childhood and advanced age; circumstances which
the present study does not address.
The main strength of the present study is the method

applied to assess dietary intake. A weighed four-day food
record is considered the gold standard for specifying
dietary intake [12]. However, a potential error may be in-
troduced by the diet record, as it may be a burden to
weigh and register all food items, thus a person may eat
more simple foods than usual. Another important
strength is the availability of detailed data on dietary
supplements, the most comprehensive to date in a Euro-
pean sample, allowing us to get a more complete picture
of the micronutrient intake.
An almost unavoidable limitation with diet recording

is under-reporting [32]. In the vegan population the EI:
BMR ratio was acceptable in 96.0 % of cases, indicating
that under-reporting EI might not be an issue in the ex-
amined vegan population. Nevertheless, it is a potential
limitation that a vegan diet is non-conventional and
some of the recorded meals or food items were unavail-
able in the database. However, this shortcoming was
evaded in the present study by constructing recipes
using only completely validated food items.
Whereas the number of vegans included in some other

studies exceeds the number in our study by far, most
have used less accurate methods [4, 5, 8–11] and the
present study is the largest to date using the gold stand-
ard method to assess dietary intake. However, while suf-
ficiently powered to detect differences between vegans
and the general population it is important to exhibit
caution when drawing conclusions based on a small
sample, which may not be representative of the Danish
vegan population in general. Another potential source of
bias arises from the fact that the included vegans repre-
sent a self-selected group of participants. Particularly,
healthy lifestyle bias may be an issue. Vegans may be
more concerned about healthy lifestyle, consumption of
healthy foods and optimal amounts of macro- and
micronutrients. Furthermore, the vegan subjects had
higher educational attainment compared to the general
Danish population, a factor that has been associated with
healthier lifestyle in general [33]. This might partially ex-
plain the better compliance to the recommendations at
macronutrient level compared to the general Danish
population.

Conclusion
Overall in this sample of vegans, at the macronutrient
level, the diet appears well-balanced with a healthy dis-
tribution of fatty acids and a low content of added sugar
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and high in dietary fiber. However, at the micronutrient
level the vegan diet including supplements is inadequate
compared to authorized recommendations. This sug-
gests a need for greater attention toward ensuring rec-
ommended daily intake of specific vitamins and minerals
to avoid micronutrient deficiency and risk of associated
disorders. This is a study on a relatively small sample of
vegans and more studies are needed to make general
conclusions regarding dietary and supplementary intake
of macro- and micronutrients in vegans.

Additional files

Additional file 1: Table S3. Overview of supplement intake among the
vegans. (DOCX 18 kb)

Additional file 2: Table S1. Sex-stratified macronutrient intake in the
vegan and the Danish National Survey of Dietary Habits and Physical
Activity (DANSDA) study samples (using an age and gender specific,
individually matched control group) with the 2012 Nordic Nutrition
Recommendations (NNR). (DOCX 26 kb)

Additional file 3: Table S2. Sex-stratified micronutrient intake in the
vegan and the Danish National Survey of Dietary Habits and Physical
Activity (DANSDA) study samples (using an age and gender specific,
individually matched control group) with the 2012 Nordic Nutrition
Recommendations (NNR). (DOCX 27 kb)

Abbreviations
ADI: Average daily intake; BMI: Body mass index; BMR: Basal metabolic rate;
d: Day; DANSDA: Danish National Survey of Dietary Habits and Physical
Activity; EI: Energy intake; FFQ: Food frequency questionnaire;
IQR: Interquartile range; MUFA: Monounsaturated fatty acids; NNR: Nordic
Nutrition Recommendations; PUFA: Polyunsaturated fatty acids;
SFA: Saturated fatty acids.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NBK and MLM performed the statistical analyses and draft the manuscript.
THH, RJG and OP designed the study and helped to draft the manuscript.
THH collected the data of the vegan study. SF and CH collected the data of
the general Danish population. All authors read and approved the final
manuscript.

Acknowledgements
The authors would like to thank A. Forman, T. Lorentzen and M. Nielsen for
technical assistance and G. Lademann, T. Toldsted, P. Sandbeck and K.
Kaadtmann for managerial assistance. Furthermore, we would like to thank J.
Gæde for entering dietary data.

Financial support
The study was supported by research grants from The Novo Nordisk
Foundation Center for Basic Metabolic Research (www.metabol.ku.dk), an
independent research center at the University of Copenhagen partially
funded by an unrestricted donation from the Novo Nordisk Foundation and
by The Danish Council for Independent Research. The Danish National
Survey of Dietary Habits and Physical Activity (DANSDA) was financed by the
Ministry of Food, Agriculture and Fisheries. The funding organizations had no
role in the design, analysis or writing of this article.

Author details
1The Novo Nordisk Foundation Center for Basic Metabolic Research, Section
of Metabolic Genetics, Faculty of Health and Medical Sciences, University of
Copenhagen, Universitetsparken 1, 2nd floor, DK-2100 Copenhagen Ø,
Denmark. 2Division of Risk Assessment and Nutriton, National Food Institute,
Technical University of Denmark, Kongens Lyngby, Denmark.

Received: 9 July 2015 Accepted: 12 October 2015

References
1. Spencer C. The Heretic’s Feast: A History of Vegetarianism. London: Fourth

Estate; 1996.
2. Pedersen AN, Fagt S, Groth MV, Christensen T, Biltoft-Jensen AP,

Matthiessen J, et al. Danskernes kostvaner 2003-2008: hovedresultater.
Denmark: DTU Fødevareinstituttet; 2010.

3. Key TJ, Appleby PN, Rosell MS. Health effects of vegetarian and vegan diets.
Proc Nutr Soc. 2006;65:35–41.

4. Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key TJ. EPIC–Oxford:
lifestyle characteristics and nutrient intakes in a cohort of 33 883 meat-
eaters and 31 546 non meat-eaters in the UK. Public Health Nutr.
2003;6(03):259–68.

5. Haddad EH, Berk LS, Kettering JD, Hubbard RW, Peters WR. Dietary intake
and biochemical, hematologic, and immune status of vegans compared
with nonvegetarians. Am J Clin Nutr. 1999;70(3 Suppl):586S–93S.

6. Wong JM. Gut microbiota and cardiometabolic outcomes: influence of
dietary patterns and their associated components. Am J Clin Nutr.
2014;100 Suppl 1:369S–77S.

7. Tantamango-Bartley Y, Jaceldo-Siegl K, Fan J, Fraser G. Vegetarian diets and
the incidence of cancer in a low-risk population. Cancer Epidemiol
Biomarkers Prev. 2013;22(2):286–94.

8. Clarys P, Deliens T, Huybrechts I, Deriemaeker P, Vanaelst B, De Keyzer W, et
al. Comparison of nutritional quality of the vegan, vegetarian, semi-
vegetarian, pesco-vegetarian and omnivorous diet. Nutrients.
2014;6(3):1318–32.

9. Janelle KC, Barr SI. Nutrient intakes and eating behavior see of vegetarian
and nonvegetarian women. J Am Diet Assoc. 1995;95(2):180–9.

10. Wu GD, Compher C, Chen EZ, Smith SA, Shah RD, Bittinger K, et al.
Comparative metabolomics in vegans and omnivores reveal constraints on
diet-dependent gut microbiota metabolite production. Gut. 2014.
doi:10.1136/gutjnl-2014-308209.

11. Draper A, Lewis J, Malhotra N, Wheeler LE. The energy and nutrient intakes
of different types of vegetarian: a case for supplements? Br J Nutr.
1993;69(01):3–19.

12. Willett W. Nutritional Epidemiology. Oxford: Oxford University Press, US;
2013.

13. Nordic Council of Ministers. Nordic Nutrition Recommendations 2012:
Integrating nutrition and physical activity. 5th ed. Copenhagen: Norden.
2014.

14. Nordic Council of Ministers. Nordic Nutrition Recommendations 2004:
Integrating nutrition and physical activity. 4th ed. Copenhagen: Norden.
2004.

15. Goldberg GR, Black AE, Jebb SA, Cole TJ, Murgatroyd PR, Coward WA, et al.
Critical evaluation of energy intake data using fundamental principles of
energy physiology: 1. Derivation of cut-off limits to identify under-recording.
Eur J Clin Nutr. 1991;45(12):569–81.

16. Virtanen JK, Mursu J, Tuomainen TP, Voutilainen S. Dietary fatty acids and
risk of coronary heart disease in men: the Kuopio Ischemic Heart Disease
Risk Factor Study. Arterioscler Thromb Vasc Biol. 2014;34(12):2679–87.

17. Lustig RH, Schmidt LA, Brindis CD. Public health: the toxic truth about sugar.
Nature. 2012;482(7383):27–9.

18. Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, Norat T, et al. Dietary
fibre in food and protection against colorectal cancer in the European
Prospective Investigation into Cancer and Nutrition (EPIC): an observational
study. Lancet. 2003;361(9368):1496–501.

19. Gemen R, de Vries JF, Slavin JL. Relationship between molecular structure of
cereal dietary fiber and health effects: focus on glucose/insulin response
and gut health. Nutr Rev. 2011;69(1):22–33.

20. Beezhold B, Radnitz C, Rinne A, DiMatteo J. Vegans report less stress and
anxiety than omnivores. Nutr Neurosci. 2015;18(7):289–96.

21. Institute of Medicine (US) Panel on Micronutrients. Dietary reference intakes
for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron,
manganese, molybdenum, nickel, silicon, vanadium, and zinc. 1st ed.
Washington (DC): National Academies Press (US); 2001.

22. Nakano E, Mushtaq S, Heath PR, Lee E, Bury JP, Riley SA, et al. Riboflavin
depletion impairs cell proliferation in adult human duodenum: identification
of potential effectors. Dig Dis Sci. 2011;56(4):1007–19.

Kristensen et al. Nutrition Journal  (2015) 14:115 Page 9 of 10

dx.doi.org/10.1186/s12937-015-0103-3
dx.doi.org/10.1186/s12937-015-0103-3
dx.doi.org/10.1186/s12937-015-0103-3
http://www.metabol.ku.dk
http://dx.doi.org/10.1136/gutjnl-2014-308209


23. Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JP. Vitamin D and multiple
health outcomes: umbrella review of systematic reviews and meta-analyses
of observational studies and randomised trials. BMJ. 2014;348:g2035.

24. World Health Organization. Creating an enabling environment for
population-based salt reduction strategies: report of a joint technical
meeting held by WHO and the Food Standards Agency, United Kingdom.
Geneva: World Health Organization; 2010.

25. Bentley B. A review of methods to measure dietary sodium intake. J Cardiovasc
Nurs. 2006;21(1):63–7.

26. Zimmermann MB. Iodine Deficiency Disorders and Their Correction Using
Iodized Salt and/or Iodine Supplements. In: Iodine Chemistry and
Applications. Hoboken, NJ: Wiley; 2014. p. 421–31. Zürich, Switzerland.

27. Suadicani P, Hein H, Gyntelberg F. Serum selenium concentration and risk
of ischaemic heart disease in a prospective cohort study of 3000 males.
Arteriosclerosis. 1992;96(1):33–42.

28. Gibson RS, Perlas L, Hotz C. Improving the bioavailability of nutrients in
plant foods at the household level. Proc Nutr Soc. 2006;65(2):160–8.

29. Hallberg L, Hulthen L. Prediction of dietary iron absorption: an algorithm for
calculating absorption and bioavailability of dietary iron. Am J Clin Nutr.
2000;71(5):1147–60.

30. Teucher B, Olivares M, Cori H. Enhancers of iron absorption: ascorbic acid
and other organic acids. Int J Vitam Nutr Res. 2004;74(6):403–19.

31. Trumbo P, Yates AA, Schlicker S, Poos M. Dietary reference intakes: vitamin
A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium, and zinc. J Am Diet Assoc.
2001;101(3):294–301.

32. Biltoft-Jensen A, Matthiessen J, Rasmussen LB, Fagt S, Groth MV, Hels O.
Validation of the Danish 7-day pre-coded food diary among adults: energy
intake v. energy expenditure and recording length. Br J Nutr.
2009;102(12):1838–46.

33. Wardle J, Steptoe A. Socioeconomic differences in attitudes and beliefs
about healthy lifestyles. J Epidemiol Community Health. 2003;57(6):440–3.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kristensen et al. Nutrition Journal  (2015) 14:115 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Subjects and methods
	Study subjects
	Anthropometrics
	Dietary intake and supplements
	Statistical analyses

	Results
	Vegan diet compared to the diet in the general Danish population
	Macronutrients
	Micronutrients

	Vegans in reference to the Nordic Nutrition Recommendations (NNR)

	Discussion
	Macronutrients
	Micronutrients

	Conclusion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Financial support
	Author details
	References

