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Abstract
Aim Vegetarian diets are increasingly popular, particularly among young women. However, exclusion of animal products from
the diet increases the risk of micronutrient deficiencies, which is particularly unfortunate during pregnancy and childhood. A
person needs a substantial amount of nutritional knowledge to achieve a nutritionally complete vegetarian diet. We have tested
nutritional knowledge among well-educated young vegetarians and omnivores.
Subjects and methods In October 2018, medical students at the University of Bergen, Norway (N = 880), were invited to take an
anonymous survey to test their nutritional knowledge concerning micronutrients in vegetarian diets.
Results The responses from the students (n = 394, 45%) were categorized according to diet: former or current vegetarians (24%)
versus always omnivores (76%). Forty-five percent of the vegetarians and 28% of the omnivores did not consider it necessary to
take supplements while following a vegetarian diet. Sixty-one percent of vegetarians and 38% of omnivores considered it
possible to have a well-balanced vegan diet. Plant foods were wrongly considered to be a dietary source of vitamin B12 by
33% and of iodine by 20% of the students.
Conclusion Nutritional knowledge concerning vegetarian diets was not optimal among Norwegian medical students, even if they
had ever followed a vegetarian diet. As vegetarian diets are popular among the younger generation and pose a risk of micronu-
trient deficiencies, this is a public health concern. Nutrition education should be improved in the population. A more extensive
integration of nutritional training in the medical curriculum must be implemented so doctors can give adequate nutritional
guidance.
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Background

For decades, a mixed, balanced diet including both plant and
animal foods has been the dominant nutritional regime in the
Nordic countries (Helsedirektoratet 2011). As vegetarian diets
have become increasingly popular in recent years, this regime
has been challenged (Alles et al. 2017). There are no official
estimates of the prevalence of vegetarianism, but surveys and
polls conducted by vegetarian societies have estimated the

prevalence to vary between 1% and 10% for Western coun-
tries (Alles et al. 2017; TheVeganSociety 2019).

Vegetarians predominantly consume plant food; lacto-ovo
vegetarians avoid all meat and fish, but do consume dairy prod-
ucts and eggs, while vegans avoid all animal products (Melina
et al. 2016). The American Academy of Nutrition and Dietetics
consider well-planned vegetarian diets, including vegan diets, to
be appropriate during all stages of life, including pregnancy,
lactation, infancy, childhood and adolescence (Melina et al.
2016). However, total elimination of animal products from the
diet increases the risk of vitamin B12, vitamin D, vitamin A,
zinc, selenium, calcium, iodine and iron deficiency (Davey
et al. 2003; Elorinne et al. 2016; Schupbach et al. 2017). These
micronutrients are all essential for normal metabolic function,
and deficiency is particularly unfortunate during pregnancy, lac-
tation and childhood (Cusick and Georgieff 2016; Keen et al.
2003).Micronutrient deficienciesmay have both short- and long-
term outcomes for the offspring, and a balanced, diverse and
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nutritious diet is recommended to meet nutritional needs during
these life periods (Gernand et al. 2016). As vegetarian diets are
particularly popular among young women (Alles et al. 2017), the
increasing popularity of vegetarian diets may be a public health
concern. To obtain an adequate intake of all essential
micronutrients, a vegetarian diet must be well planned, and for-
tified foods and micronutrient supplements are needed (Melina
et al. 2016), somethingwhich requires nutritional knowledge and
adequate nutritional counseling.

Aims

We have conducted a survey among Norwegian medical stu-
dents to investigate nutritional knowledge concerning vegetarian
diets amongwell-educated young people.Wewanted to examine
if there was a difference in nutritional knowledge between stu-
dents who ever followed a vegetarian diet compared to students
who always followed an omnivore diet. Additionally, as future
medical doctors, these students are expected to provide adequate
nutritional guidance to their patients.

Subjects and methods

Study population and design

The medical degree program in Norway is available at four
universities and has a duration of 6 years. Entering the
Norwegian medical program requires high grade points, and
the acceptance rate is equally low at the four universities. In
2017, there were a total of 3875 registered medical students in
Norway, and 880 (23%) of them studied at the University of
Bergen (UiB). All medical students at UiB were invited to
take part in an online survey on nutritional knowledge in the
fall semester of 2018. The survey included a 36-item ques-
tionnaire covering information about demographics, former
and current diet, use of micronutrient supplements, tobacco
and alcohol, in addition to food attitudes and nutritional
knowledge. The survey was created using the online survey
tool SurveyMonkey (SurveyMonkey.com, LLC, Palo Alto,
CA, USA) and was advertised on the website of the Medical
Faculty, University of Bergen. All data were collected
anonymously and in accordance with the Declaration of
Helsinki and approved by the Norwegian Centre for
Research Data (NSD), reference 108,552.

Assessment of dietary practice, food attitudes and
nutritional knowledge

The students were asked about ethnicity, age, weight, height,
physical exercise and use of alcohol, tobacco and micronutri-
ent supplements. The students reported their former and

current diet: omnivore, vegetarian [plant food, in addition to
dairy products (lacto-vegetarian) and/or egg (lacto-ovo-vege-
tarian)] and vegan (plant food only). Nutritional knowledge
concerning risk of micronutrient deficiency with a vegan diet
and dietary sources of iodine and vitamin B12 were tested by
agreement with different statements. The students were cate-
gorized into two groups based on their former and current diet:
always omnivores (omnivore) versus ever following a
vegetarian/vegan diet (vegetarian).

Statistical analysis

Descriptive statistics were calculated for each survey item.
Categorical data are presented as numbers (%) and compared
by chi-square test. Continuous data are presented as mean and
standard deviation (SD) or median and interquartile range
(IQR), compared by Mann-Whitney U test. Two-sided p-
values < 0.05 were considered statistically significant. The
SPSS statistical program (version 25) was used for the statis-
tical analyses.

Results

Demographics

A total of 394 of the 880 (45%) students responded to the
survey. Almost one fourth of the students (n = 95/394, 24%)
reported former or current use of a vegetarian or vegan diet,
with a significant female dominance (28% of the women and
10% of the men, p < 0.001). Baseline demographic character-
istics according to former and current diet (omnivores versus
vegetarians) are shown in Table 1. The majority of the stu-
dents (n = 354/394, 90%) reported having a current omnivore
diet, while 40/394 students (10%) had a vegetarian diet, of
which 32 students (8%) were vegetarians and 8 students
(2%) vegans.

The students were mainly young people (range 18–
47 years) and evenly distributed among the 6 years of medical
school. The majority (79%) were women, and 94% had
European origin. None of the current vegetarian/vegan stu-
dents had children, while 21 omnivore students had one or
several children.

There were no differences between vegetarian and omni-
vore students concerning BMI, regular exercise, use of tobac-
co or use of alcohol (Table 1). Dieting during the last year was
reported by 18% of the vegetarians and by 15% of the omni-
vores (p = 0.56).

Regular use of micronutrient supplements (≥ 3 days per
week) was reported by 52% of the students. Intake of
multivitamins/minerals and iron was more common among
vegetarians than omnivores. Sixty-nine percent of the current
vegetarians and 75% of the current vegans used a
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multivitamin/mineral supplement. The most popular type of
supplement was, however, cod liver oil and omega 3 fatty
acids, being used by 39% of the students, with no difference
between vegetarians and omnivores (Table 1).

Attitudes toward vegetarian diets

More vegetarian students (44%) than omnivore students
(13%) considered a vegetarian diet to be healthier than an
omnivore diet (p < 0.001) and a vegan diet to be healthier than
a vegetarian diet (vegetarian 16% versus omnivore 2%,
p < 0.001).

Among the vegetarians, 45% did not consider it necessary
to take supplements while having a vegetarian diet compared
to 28% of the omnivores (p = 0.004), and 61% of the vegetar-
ians considered it possible to have a well-balanced diet free of
meat, fish, dairy products and eggs, i.e., a vegan diet, com-
pared to 38% of the omnivores (p < 0.001).

Nutritional knowledge about a vegan diet

The students were asked about the risk of specific micro-
nutrient deficiencies associated with a vegan diet
(Table 2). Most students (81%) were aware of the risk
of vitamin B12 deficiency. Risk of deficiency for other
micronutrients was considered by 74% of the students for
omega 3 fatty acids, 70% for iron, 56% for vitamin D,
55% for iodine, 53% for folate, 43% for selenium, 42%
for zinc and 33% for vitamin A. More vegetarians than
omnivores knew about the risk of vitamin B12 deficiency

while having a vegan diet; however, more omnivores than
vegetarians were aware of the risk of deficiency in four of
nine other micronutrients (Table 2).

Nutritional knowledge about dietary sources of
vitamin B12 and iodine

Data regarding knowledge about dietary sources of vitamin
B12 and iodine among vegetarian and omnivore students are
given in Table 3. Sixteen percent of the students (n = 64) did
not answer the questions about dietary sources of vitamin
B12, and 18% (n = 70) did not answer the questions about
dietary sources of iodine.

As much as a third of all the students thought that
beans, lentils and nuts are good sources of vitamin B12
(Table 3). Only 65% of the omnivore students considered
meat to be a good source of vitamin B12 compared to
83% of the vegetarian students (p = 0.003). More omni-
vores considered fruits (13%) and bread (25%) to be good
sources of vitamin B12 compared to the vegetarians
(fruits 6%, p = 0.01; bread 22%, p = 0.05). Apart from
this, no significant differences in knowledge about dietary
sources of vitamin B12 were observed between vegetarian
and omnivore students (p > 0.06).

No differences in knowledge about dietary sources of io-
dine between vegetarian and omnivore students were ob-
served (Table 3). The most frequently reported source of io-
dine was table salt, and approximately 20% of the students
reported meat and plant foods to be good sources of iodine
(Table 3).

Table 1 Baseline characteristics of the Norwegian medical students according to their former and current diet (n = 394)

Parameters Vegetarian N = 95 Omnivore N = 299 P value

Women, number (%) 87 (92%) 226 (76%) 0.001*

Age, years, mean (SD) 23.5 (3.2) 23.6 (3.7) 0.87**

BMI, kg/m2, median (IQR) 22.3 (20.4, 23.5) 22.5 (20.8, 24.2) 0.13**

Regular exercise, n (%) 84 (88%) 275 (92%) 0.29*

Hours per week, median (IQR) 3.5 (2.0, 5.0) 4.0 (2.9, 6.0) 0.26**

Regular use of tobacco, n (%)

Cigarettes 2 (2%) 2 (1%) 0.22*

Snuff 10 (11%) 32 (11%) 0.85*

Regular use of alcohol, n (%) 77 (81%) 247 (83%) 0.73*

Units per week, median (IQR) 2.0 (0.5, 5.0) 2.0 (0.5, 4.0) 0.64**

Regular use of supplements, (≥ 3 days/week), n (%)

Multivitamins/minerals 46 (48%) 63 (21%) < 0.001*

Iron 17 (18%) 33 (11%) 0.08*

Cod liver oil 19 (20%) 73 (24%) 0.38*

Omega 3 fatty acids 27 (28%) 68 (23%) 0.26*

* Comparison by Pearson chi-square test
** Comparison by Mann-Whitney test
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Discussion

The prevalence of current vegetarians among Norwegian
medical students was 8%, and the prevalence of current
vegans was 2%, but 24% of the students reported
ever following a vegetarian diet. Following a vegetarian diet
was more common among female than male students. Among
the vegetarian students, 45% did not consider it necessary to
take supplements while following a vegetarian diet, and 61%
considered it possible to have a well-balanced vegan diet.
Plant foods were wrongly considered to be a good source of
vitamin B12 by 33% of the students and a good source of
iodine by 20% of the students. Nutritional knowledge

regarding vegetarian and vegan diets was not satisfactory
among Norwegian medical students and did not differ accord-
ing to the former and current diet.

Food habits among medical students

The prevalence of current vegetarians was 8%, and the prev-
alence of current vegans was 2%; female students were more
likely to follow a vegetarian diet than their male colleagues.
These findings are in accordance with reports from other
countries (Alles et al. 2017; Spencer et al. 2007).

In our study population, regular use of multivitamin/
mineral supplements was significantly more common among

Table 3 Nutritional knowledge about dietary sources of vitamin B12 and iodine among Norwegian medical students (n = 394)

The following food is a good source of Number (%) of students who agree

Vitamin B12 Iodine

Vegetarian
N = 95

Omnivore
N = 299

Vegetarian
N = 95

Omnivore
N = 299

Meat 79 (83%)* 194 (65%)* 24 (25%) 77 (26%)

Fatty fish 56 (59%) 150 (50%) 40 (42%) 125 (42%)

Lean fish 54 (57%) 156 (52%)

Dairy products 57 (60%) 145 (49%) 45 (47%) 150 (50%)

Eggs 63 (66%) 180 (60%) 42 (44%) 121 (41%)

Fruit 6 (6%)* 38 (13%)* 4 (4%) 15 (5%)

Vegetables 21 (22%) 84 (28%) 22 (23%) 63 (21%)

Whole wheat bread 21 (22%)* 76 (25%)* 15 (16%) 57 (19%)

Beans, lentils, nuts 31 (33%) 98 (33%) 21 (22%) 64 (21%)

Soy products 16 (17%) 37 (12%) 12 (13%) 45 (15%)

Table salt – – 65 (68%) 182 (61%)

*Comparison by Pearson chi-square test; p ≤ 0.05

Table 2 Nutritional knowledge
concerning risk of micronutrient
deficiencies with a vegan diet
among Norwegian medical
students according to former and
current diet (n = 394)

If you do not eat meat, fish, dairy products or eggs,
you can get a deficiency in the following micronutrients

Number (%) of students who agree

Vegetarian

N = 95

Omnivore

N = 299

Vitamin B12 85 (90%)* 232 (78%)*

Omega 3 fatty acids 68 (72%)* 222 (74%)*

Iron 66 (70%) 208 (70%)

Vitamin D 55 (58%) 167 (56%)

Iodine 51 (54%) 164 (55%)

Folate 46 (48%)* 163 (55%)*

Selenium 36 (38%)* 135 (45%)*

Zinc 37 (39%)* 130 (44%)*

Vitamin A 26 (27%)* 102 (34%)*

*Comparison by Pearson chi-square test; p ≤ 0.05

498 J Public Health (Berl.): From Theory to Practice (2022) 30:495–501



vegetarians than omnivores, but we also observed that a quar-
ter of the current vegan students did not use a multivitamin/
mineral supplement. In comparison, a recent Finnish study
showed that 91% of vegans took vitamin B12 supplements
and 77% took vitamin D supplements (Elorinne et al. 2016).

Perceived nutritional status in vegans and
vegetarians

Vegetarians are reported to have lower prevalence of over-
weight, ischemic heart disease and diabetes, but overall mor-
tality is similar between vegetarians and comparable non-
vegetarians (Appleby and Key 2016). Unexpectedly, only
44% of the Norwegian vegetarian students considered a veg-
etarian diet to be healthier than eating meat and fish.
Vegetarians are also considered to have better health behavior,
i.e., they are more physically active, drink less alcohol and
smoke less (Baines et al. 2007; Pollard et al. 2001). Our data,
based on a rather uniform cohort of medical students, does not
confirm this as we did not observe any differences between
vegetarian and omnivore students concerning BMI, regular
exercise, and use of tobacco or alcohol.

Sixty percent of vegetarians and 40% of omnivores consid-
ered it possible to have a well-balanced vegan diet, and almost
half of the vegetarians did not consider it necessary to take
supplements while followng a vegetarian diet. Recent reports
do not support this view. A Danish study showed that vegans
who used supplements did not reach the Nordic Nutritional
Recommendations for vitamin D, iodine and selenium, and
vegan women also failed to reach the recommendation for
vitamin A intake (Kristensen et al. 2015). In the Finnish study,
vegans had lower levels of vitamin D, vitamin B12, vitamin E,
β-carotene, iodine, selenium and ferritin compared to omni-
vores, even if they used supplements (Elorinne et al. 2016).
The highest prevalences of vitamin and mineral deficiencies in
a study of Swiss vegetarians and vegans were 58% for vitamin
B6 and 34% for niacin in the vegetarian group and 47% for
zinc in the vegan group (Schupbach et al. 2017). Altogether
these studies confirm the need for adequate micronutrient sup-
plementation while having a vegetarian or vegan diet.
Considering the fact that vegetarian diets are increasingly pop-
ular among young women, advocating for sufficient micronu-
trient supplementation is especially important, as maternal mi-
cronutrient deficiencies may affect fetal development (Cusick
and Georgieff 2016; Pawlak 2017).

Nutritional knowledge about a vegan diet

A vegan diet is associated with an increased risk of vitamin
B12, vitamin A, vitamin D, iodine, zinc, selenium, iron and
omega 3 fatty acid deficiency (Davey et al. 2003; Elorinne
et al. 2016; Saunders et al. 2013; Schupbach et al. 2017).
Most students (81%) agreed on the risk of vitamin B12

deficiency, and 74% considered it to be a risk of omega 3 fatty
acid deficiency. While there is uniform agreement on the risk
of vitamin B12 deficiency with the elimination of animal-
based foods (Elorinne et al. 2016), the risk of omega 3 fatty
acid deficiency is questionable, as the body can synthetize
long chain fatty acids from linoleic acid (omega-6) and
alpha-linolenic acid (omega-3), which are abundant in seeds
and nuts (Harris 2014). However, our study found that cod
liver oil and omega 3 fatty acids, and not vitamin B12, were
the most popular type of supplements, used by both vegetar-
ians and omnivores.

Significantly more vegetarian than omnivore students
knew that a vegan diet was associated with a risk of vitamin
B12 deficiency, while more omnivore than vegetarian stu-
dents thought there might be a risk of deficiency for several
other micronutrients. This implies that people who ever used a
vegetarian diet might be aware of the risk of vitamin B12
deficiency, but are less knowledgeable about other possible
micronutrient deficiencies.

Nutritional knowledge about dietary sources of
vitamin B12 and iodine

Meat, fish, dairy products and eggs are considered to be good
dietary sources of vitamin B12 (Allen 2008). The vegetarians
had slightly better knowledge about dietary sources of vitamin
B12 compared to the omnivores, but as much as one third of
the student population considered plant foods to be a good
source of vitamin B12. Unless contaminated by soil or vitamin
B12 producing bacteria, fruits, vegetables, beans, lentils, nuts,
bread, fermented soy products or seaweed will not contain
vitamin B12 (Allen 2008).

Fish and dairy products are considered good sources of
iodine (Nystrom et al. 2016). Lean fish contains more iodine
than fatty fish, and many students were not aware of this
difference. While eggs contain some iodine, whole wheat
bread, meat, fruits, vegetables, beans, lentils and nuts contain
insignificant amounts of iodine (Medin et al. 2020). In many
countries, iodine is added to table salt, but in Norway “iodized
salt” is rarely used and fortified products are uncommon. The
majority of students wrongly reported table salt to be a good
source of iodine and as much as 18% of the students did not
answer any questions about sources of iodine. Pregnant and
lactating women of the Nordic countries have been found to
have mild iodine deficiency (Medin et al. 2020), and the lack
of knowledge about dietary sources of iodine among
Norwegian medical students is concerning.

Evaluation of nutritional status is difficult

Deficiency of several essential micronutrients has been found
in well-educated Australian female students, including those
studying nutrition (Fayet-Moore et al. 2014); therefore,
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nutritional assessment, even of your own diet, is obviously
difficult. The Norwegian Directorate of Health recommends
inhabitants who have a vegetarian diet “to keep an eye on
vitamin B2, B6, B12, D, iron, selenium, zinc and iodine" to
ensure they get enough of these micronutr ients
(Helsedirektoratet 2015). As our study shows, Norwegian
medical students do not have enough nutritional knowledge
to do so, not even those who ever had a vegetarian diet.

Published reports also differ on risk assessment for various
micronutrients in vegetarian diets (Gibson et al. 2014), and there
is no clear agreement on the recommended intake of several
micronutrients and on what constitutes an adequate status
(Green et al. 2017). Finally, for many micronutrients, such as
biotin (Tokuriki et al. 2013), there is no correct methodology to
evaluate biochemical status. With the growing interest in vege-
tarian diets, the role of health professionals will be even more
important in the future to secure sufficient nutritional status
among those who exclude animal foods from the diet.

Nutrition education in the medical curriculum

Vegetarians in the general population need nutritional education
and guidance to be able to secure an adequate micronutrient
status. In a survey conducted by the American Dietetic
Association, 61% of the respondents considered their family
doctor to be a “very credible” source of nutritional information
(American Dietetic Association 2008), but in a cohort of resident
physicians this view was not shared, as the majority (86%) con-
sidered themselves inadequately trained to provide nutritional
counseling (Vetter et al. 2008). In our study, students from all
6 years were evenly represented, and their knowledge did not
differ significantly, reflecting a lack of nutritional education
throughout the medical curriculum in Norway.

Our findings are similar to those found in a recent review on
nutrition knowledge, skills and confidence to counsel patients
among medical students. This analysis showed that nutrition is
insufficiently incorporated into the medical education, regardless
of country, setting or year of medical education, and the students
are not supported to provide high-quality, effective nutrition care
(Crowley et al. 2019). Nutrition education needs to be improved
in the medical curriculum to help doctors provide adequate nu-
tritional care for their patients.

Study limitations

The survey had a low response rate (45%), which reduces the
generalizability. As much as 16–18% of the students did not
answer any questions about dietary sources of vitamin B12
and iodine. The low response rate may reflect a lack of interest
or knowledge in the subject. If only interested or knowledge-
able students responded to the survey, nutritional knowledge
among Norwegian medical students may be even worse than
we have observed.

The questionnaire has not been validated and included
multiple-choice questions, which may induce overestimation
of knowledge. Response bias, i.e., the tendency to respond
inaccurately or falsely, was also suspected for some questions.
For example, in the question where we asked about the risk of
micronutrient deficiency when following a vegan diet, 53% of
the students answered yes to folate being a micronutrient at
risk. As a vegan diet is not associated with a deficiency of
folate, a vitamin abundant in plants (Allen 2008), these results
may indicate that the students did not know the answer to the
question and just randomly picked an answer. Our population
may not be representative of all medical students in Norway,
but the medical curriculum is approximately identical at the
four universities in Norway.

Conclusion

Our study demonstrates a lack of nutritional knowledge about
vegetarian diets amongwell-educated Norwegianmedical stu-
dents, even among those who ever had a vegetarian diet.
Vegetarian diets are increasing in popularity, particularly
among young females, and as vegetarians are subject to vari-
ous micronutrient deficiencies, this is a matter of public health
concern. Nutritional knowledge needs to be improved in the
general population. To make doctors capable of providing
adequate nutritional guidance to their patients, a more exten-
sive integration of nutritional training in the medical curricu-
lum should be implemented.
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