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Background
A balanced diet is important for maintaining optimal 
health, growth and development, and medical doctors 
are expected to provide correct and updated nutritional 
advice to their patients. For decades a mixed, balanced 
diet including both plant and animal foods was the domi-
nant nutritional regime, but this is now being challenged 
[1, 2]. New dietary patterns are quickly evolving [3], so it 
may be more demanding than before for doctors to give 
correct nutritional counselling.

Nutrition receives a substantial amount of media cov-
erage, and food promotions are found to have a direct 
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Abstract
Background  Dietary patterns and beliefs are influenced by socioeconomic status, cultural influences, as well as 
medical advice, social media and marketing. Medical doctors are expected to provide correct, updated and non-
biased nutritional advice to their patients, but their own dietary behaviors and attitudes may influence nutritional 
counselling.

Methods  We have investigated dietary habits and food attitudes among medical students by using an anonymous 
survey distributed to all students at the Medical Faculty, University of Bergen, Norway. The survey included a 36-item 
questionnaire covering information about demographics, former and current diet, use of nutritional supplements, 
tobacco and alcohol, in addition to food attitudes and nutritional knowledge. Descriptive statistics were calculated for 
each survey item.

Results  Of the 880 students, 394 responded to the survey. Although 90% of the students were omnivores, the 
majority had a negative attitude towards meat, and considered fish to be healthier than meat. Significantly more 
women than men reported use of a special diet and excluded meat from their diet, even if they were omnivores. The 
most frequently used supplement was cod liver oil or omega 3 fatty acids.

Conclusion  The medical students’ diet and food attitudes not only reflect current health recommendations, but also 
popular beliefs and marketing in Norway. Curriculum planners should make the students capable of recognizing the 
influence of social media, marketing and medicine-food industry interactions, to ensure relevant nutrition knowledge 
for future doctors.
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effect on nutrition knowledge, preferences, purchase 
behaviour, consumption patterns and diet-related health 
[4]. Nutraceuticals, defined as food or food substances, 
which provide medical or health benefits [5], have a 
global market and are being promoted through various 
channels, including research and clinical trials [6]. Food 
industry-sponsored nutrition research is prone to pro-
duce results that confirm health positive effects of the 
product [7] and medical doctors need to be aware of the 
concept of addressing conflicts of interest in nutritional 
advices. According to a recent review, healthcare profes-
sionals should routinely screen their patients for current 
eating habits and educate them about diet and health 
risks [8].

As healthy diet-related habits and food attitudes have 
been related to physicians’ likelihood to counsel their 
patients about nutrition and weight [9, 10], we wanted 
to study dietary habits and food attitudes among future 
doctors and conducted a survey among Norwegian 
medical students. Also, food attitudes in a highly health-
educated population, such as medical students, may pro-
vide a benchmark for health habits and food attitudes in 
young adults [11]. Current Norwegian dietary guidelines 
recommend a varied diet with an increased amount of 
vegetables, fruit and fish and a reduced amount of red 
meat [12]. Do medical students follow these recommen-
dations and are their diet and food attitudes influenced 
by popular beliefs and media marketing?

Methods
Study population and design
In the fall semester of 2018, medical students (n = 880) 
at the University of Bergen were invited to take a survey 
on nutritional knowledge. The survey included a 36-item 
questionnaire covering information about demographics, 
former and current diet, use of nutritional supplements, 
tobacco and alcohol, in addition to food attitudes and 
nutritional knowledge. One article covering nutritional 
knowledge among the medical students based on this 
survey has been published[13]. The survey was created 
using the online survey tool SurveyMonkey (SurveyMon-
key.com, LLC, Palo Alto, California, USA) and advertised 
at the website of the Medical Faculty, University of Ber-
gen. All data was collected anonymously, and all methods 
were performed in accordance with the relevant guide-
lines and regulations. The study was 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, as well as use of alcohol, tobacco 
and nutritional supplements[13]. They were asked if they 

adhered to one of the following diets: omnivore, includ-
ing Fodmap, gluten-free, low-carb, stone age, vegetar-
ian, (i.e. lacto-vegetarian: plant food in addition to dairy 
products and lacto-ovo-vegetarian: also including egg), 
or vegan (plant food only). A Fodmap diet has a reduced 
amount of fermentable oligosaccharides, disaccharides, 
monosaccharides and polyols, carbohydrates which are 
difficult to digest.

The students were asked about their dinner choices and 
if they avoided specific foods, and if so, the reason for 
this. Food attitudes concerning meat, fish and vegetarian 
diets were tested by agreement to different statements.

Clarity of the questions, accuracy of the knowledge 
measured, and interpretability were assessed by an 
expert of nutrition. The survey was applied only once to 
each student, so we did not have the possibility to assess 
whether the results were replicable.

Statistical analysis
Descriptive statistics were calculated for each survey 
item. Continuous data are presented as mean and stan-
dard deviation (SD) compared Student’s t-test. Categori-
cal data are presented as numbers (%) and compared by 
Chi-square test.

Two-sided p-values < 0.05 were considered statistically 
significant. The SPSS statistical program (version 25) was 
used for the statistical analyses.

Results
Demographics
A total of 394 of the 880 (45%) students responded to 
the survey. Baseline demographic characteristics of the 
included students are shown in Table  1. The students 
were evenly distributed among the six years of the medi-
cal school and the majority were of European origin 
(94%). The students were mainly young people (range 
18–47 years), only 26% were married or cohabitants and 
5% had children.

Most students (82%) had a normal BMI (18.5–25), 3% 
were underweight (BMI < 18.5) and 15% were overweight 
(BMI > 25). All but one of the underweight students were 
female and significantly more male students (29%) were 
overweight compared to females (12%), p < 0.001. The 
students reported regular exercise (91%), with an aver-
age of 4.2  h of exercise per week (Table  1). Regular use 
of tobacco was uncommon (1%), whereas regular use of 
alcohol was common (82%).

Diet
Most of the students (n = 354, 90%) reported having a 
current omnivore diet, while 40 students (10%) had a 
vegetarian or vegan diet (Table 1.) Use of a special omni-
vore diet (Fodmap, gluten-free, low-carb, stone age) or a 
vegetarian/vegan diet was more common among women 
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(19%), than men (5%), p = 0.007. While the majority of the 
students had always had an omnivore diet (n = 299, 76%), 
almost one fourth of the students (n = 95, 24%) reported 
either former or current use of a vegetarian or vegan 
diet, also with a significant female dominance (28% of the 
women and 10% of the men, p < 0.001). Current vegetari-
ans had lower BMI compared to omnivores (mean 22 (SD 
2) versus mean 23 (SD 3), p = 0.04), whereas there was no 
difference in age between the two groups (p = 0.34).

Use of supplements
More than half of the students (52%) reported regular 
intake of a nutritional supplement three or more days per 
week (Table  1). The most popular supplement was cod 
liver oil or omega 3 fatty acids, reportedly being used by 
39% of the students, with no difference according to gen-
der (Table 1) or between vegetarian/vegans (43%) versus 
omnivores (38%), p = 0.60.

A regular intake of multivitamins/ minerals was more 
common among women than men (Table 1) and among 
vegetarians/ vegans (70%) compared to omnivores (23%), 
p < 0.001. Use of iron supplement was also more common 
among women than men (Table 1), and among vegetar-
ian/vegans (23%) versus omnivores (12%), p = 0.05.

Dinner preferences
The majority of omnivore students reported eating din-
ner more than once a week and their food preferences 
are shown in Table 2. The most frequent choices for din-
ner were white meat, fatty fish and processed meat. The 
students reported eating fatty fish almost three times 
more often than lean fish, and 53% of the students never 
ate lean fish for dinner (Table  2). Men reported eating 
red meat for dinner more frequent than women (mean 
1.6 (SD 1.3) days/week for men versus mean 0.9 (SD 
0.9) days/week for women, p < 0.001) and the same was 
seen for processed meat (mean 1.7 (SD 0.9) days/week 
for men versus mean 1.3 (SD 0.8) days/week for women, 
p = 0.001). A vegetarian dinner was more common among 
omnivore women than men (mean 1.5 (SD 1.5) days/
week for women versus mean 0.7 (SD 1.2) days/week 
for men, p < 0.001). No gender differences were seen for 
other dinner choices (Table 2).

Food avoidance
Among the omnivores (n = 354), 70 students (20%) 
reported that they rarely or never ate meat, and this was 
more common among women (23%) than men (8%), 
p = 0.002. 14% of the omnivore students reported that 
they rarely or never ate fish, 8% rarely or never ate eggs 
and 3% rarely or never ate dairy products, with no gender 
differences observed for these foods (p > 0.41).

The most frequent causes given for rarely or never eat-
ing animal food among the omnivores were that the food 
was expensive (79%), unhealthy (70%) or they did not like 
it (61%). More infrequent causes were environmental 
concerns (38%), ethical concerns (27%), allergy (7%) and 
religious reasons (2%).

Table 1  Baseline characteristics of the medical students (n = 394)
Parameters Women

N = 313
Men
N = 81

P value

Age, y, mean (SD) 23.6 (4.3) 23.6 (3.4) 0.39a

BMI, kg/m2, mean (SD) 22.1 (3.1) 23.3 (3.5) < 0.001a

Regular exercise, n (%) 285 (91%) 74 (91%) 0.93c

  Hours per week, mean (SD) 4.0 (3.0) 4.0 (4.0) 0.07a

Regular use of tobacco, n (%)

  Cigarettes 2 (1%) 2 (3%) 0.14b

  Snuff 31 (10%) 11 (14%) 0.56b

Regular use of alcohol, n (%) 256 (82%) 68 (84%) 0.65b

  Units per week, mean (SD) 2.0 (3.5) 2.5 (3.8) 0.10a

Current diet, n (%)

  Omnivore 275 (88%) 79 (98%) 0.01b

  Vegetarian 30 (12%) 2 (3%) 0.01b

  Vegan 8 (3%) 0 (0%) 0.15b

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

  Multivitamins/minerals 99 (31%) 10 (12%) 0.001b

  Iron 48 (15%) 2 (3%) 0.002b

  Fish oil 70 (22%) 22 (27%) 0.36b

  Omega 3 fatty acids 79 (25%) 16 (20%) 0.30b

a Comparison by Student’s t-test
b Comparison by Pearson Chi-Square test

Table 2  Food choices for dinner among medical students with an omnivore diet (n = 354)
How often do you have the following foods for dinner? 4–7 days/week* 1–3 days/week* Never*
Red meat 9 (3%) 230 (65%) 115 (33%)

White meat 12 (3%) 311 (88%) 31 (9%)

Processed meat 4 (1%) 297 (84%) 53 (15%)

Fatty fish 4 (1%) 308 (87%) 42 (12%)

Lean fish 1 (0%) 164 (46%) 189 (53%)

Vegetarian dinner 35 (10%) 189 (53%) 130 (37%)

I do not eat dinner 2 (1%) 59 (17%) 293 (83%)
*Data are expressed as number of respondents (%).
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Food attitudes
Student’s agreement to different statements about food 
are given in Table 3. The majority considered white meat 
to be healthier than red meat and fish to be healthier 
than meat. More women (67%) than men (49%) reported 
that they try to eat less meat, p = 0.01. No other signifi-
cant differences in food attitudes according to gender 
were found. There was also no difference in the use of cod 
liver oil or omega 3 supplements between students who 
agreed to the statement “Fatty fish is healthier than lean 
fish” (Table 3) and students who did not (53% versus 44%, 
p = 0.61).

Discussion
The majority of the Norwegian medical students were 
omnivores, but exposed a negative attitude towards meat 
and considered fish to be healthier than meat. While fatty 
fish was a popular choice for dinner, more than half of the 
students reported that they never ate lean fish. Signifi-
cantly more women than men reported use of a special 
diet and excluded meat from their diet, even if they were 
omnivores. The most frequently used supplement was 
cod liver oil or omega 3 fatty acids.

Food habits and attitudes towards meat
While meat historically has played a central role as a 
symbol of higher social classes and wealth [14], there is a 
growing interest towards more sustainable eating behav-
iour from meat-centric to plant-based diets [15].

The term “cognitive vegetarians” has been used to 
describe those who hold similar beliefs about meat and 
vegetarian diets as do vegetarians and have lower red 
meat consumption compared to the general popula-
tion, but do not consider themselves to be vegetar-
ian [16]. Despite being omnivores, a negative attitude 
towards meat in general, but particularly red meat, was 
reported by the majority of the medical students, and 
women tended to be more negative than men. This is in 
accordance with published studies [17, 18]. According 
to a consumer report from 2017, 44% of consumers in 

Germany follow a low-meat diet, a significant increase 
from 2014 (26%), and 6% of US consumers claimed to be 
vegan, up from 1% to 2014 [19].

Female students reported more frequent use of a veg-
etarian, vegan or any type of special diet compared to 
their male colleagues, a finding which is in accordance 
with reports from other countries [18, 20, 21]. Omnivore 
women were more likely to exclude or limit the amount 
of meat in their diet than men. A similar avoidance of 
animal foods was reported in female Australian univer-
sity students, and this was associated with a lower intake 
of omega-3 fatty acids, vitamin B12, selenium and zinc 
[22].

Male medical students reported eating red meat and 
processed meat for dinner more often than female stu-
dents. The gender difference in meat consumption is 
well-known and is reported to start after the age of four, 
reaching a maximum between 51 and 65 years [23]. 
Among Norwegian men, meat has been reported to be 
associated with protein, masculinity and comfort [24], 
and these associations may contribute to the fact that 
men are more hesitant than women to reduce their intake 
of meat.

Most students considered white meat to be healthier 
than red meat. A British study has also found chicken and 
turkey to be the least often avoided flesh foods among 
women and men [25], and the growth in meat consump-
tion is largely driven by white meats [26]. A large study 
published in 2012, concluded that red meat consumption 
was associated with an increased risk of total cardiovas-
cular and cancer mortality [27]. The study has been much 
cited and was also a hit in the media. Overall, excess 
meat consumption, particularly red and processed meats, 
has in the latest years been associated with both nutri-
tional [28] and environmental [29, 30] health harms. The 
data concerning red meat and negative health effects are 
however conflicting. Some researchers have not found 
an association between moderate red meat consumption 
and increased mortality from cardiovascular disease [31], 
and it has been shown that diets high in lean red meat 
can lower plasma cholesterol, contribute significantly to 
tissue omega-3 fatty acid and provide a good source of 
iron, zinc and vitamin B12 [32]. So whether red meat is 
unhealthy or not is still an unresolved issue, neverthe-
less, the recommendation from the health authorities has 
been to reduce the consumption of red meat [33], and 
our data show that the Norwegian medical students fol-
low this advice.

Food habits and attitudes towards fish
The majority (89%) of the students considered fish to be 
healthier than meat (Table  3), which is in accordance 
with current dietary Norwegian recommendations[12]. A 
similar finding was seen in a study from Belgium, where 

Table 3  Food attitudes among medical students (n = 394)
Food statements Number 

(%) of re-
spondents 
who agree

A vegetarian diet is healthier than an omnivore diet 82 (21%)

White meat (e.g. chicken) is healthier than red meat (e.g. 
beef )

326 (83%)

Fish is healthier than meat 252 (89%)

Fatty fish is healthier than lean fish 196 (50%)

I try to eat less meat 249 (63%)

I try to eat more fish 299 (76%)

There is a lot of media focus on eating less meat 315 (80%)

There is a lot of media focus on eating more fish 249 (63%)
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more than 90% of the respondents believed that fish con-
sumption is healthy [18]. While fatty fish was a popular 
choice for dinner, more than half of the students reported 
that they never ate lean fish. This is in accordance with 
a recently published study, showing that Norwegian 
women aged 18 to 40 years most frequently ate farmed 
salmon (72%), followed by lean fish (17%) and other types 
of fatty fish (11%) [34]. The low intake of lean fish dif-
fers from data from other European countries. In a study 
from 2003 including data from 10 European countries, 
lean fish represented 49% and 45% of the total fish intake 
in women and men overall, and the greatest intake of 
very fatty fish was found in Denmark, Sweden, Norway 
and Germany [35].

Use of supplements
More than half of the Norwegian medical students 
reported regular intake of a nutritional supplement, and 
cod liver oil or omega 3 supplements were most popu-
lar. Use of nutritional supplements is reported to be more 
common among medical students than those study-
ing other disciplines [36, 37]. Regular use of multivita-
mins/ minerals supplements was more common among 
women than men, and among vegetarian/ vegans (70%) 
compared to omnivores (23%). Our data resemble both 
American and European reports. The American National 
Health and Nutrition Examination Survey (NHANES) 
study during 1999–2000; women, older age groups, and 
people with a higher education level, lower body mass 
index, higher physical activity level, and more frequent 
consumption of wine had a greater likelihood of report-
ing use of multivitamin-multimineral supplements [38]. 
The European Prospective Investigation into Cancer and 
Nutrition (EPIC)-Heidelberg study showed that individu-
als with a consistent intake of a vitamin and/or mineral 
supplement had the highest intake of dairy products, fish, 
fruits, vegetables and wine, but the lowest intake of total 
meat [39].

Potential conflicts of interest in the concept of healthy 
food
Nutrition is not included as a separate course in the 
medical curriculium at the University of Bergen, but is 
integrated in the preclinical and clinical courses through-
out the six years study. Students from all 6 years were 
evenly represented in our study population, and pub-
lished results have shown that their nutritional knowl-
edge about micronutrients did not differ significantly 
according to years of study [13], which may reflect a lack 
of nutritional education throughout the study. Also fac-
tors like marketing, environmental health and medicine-
food industry interactions are given little attention in the 
Norwegian medical curriculum, and the students dietary 
attitudes may be affected by these factors.

For example, fatty fish and omega 3 supplements have 
been promoted like nutraceuticals since the 1970, when 
Danish researchers after having studied Inuit metabo-
lism, proposed that omega-3 fatty acids found in fish 
were protective against cardiovascular disease [40]. How-
ever, a recent Science study showed that the Inuits were 
protected against CVD by their genes [41] and several 
reviews, including Cochrane reports, find no support for 
current recommendations to use omega-3 fatty acids for 
the prevention of heart disease, stroke or overall mortal-
ity [42, 43]. Despite this, omega 3 supplements continue 
to be promoted and are used by the consumers, which is 
reflected in our data.

The continued preference for fatty fish and omega 3 
supplements among the Norwegian medical students 
may be related to the fact that Norway is the world’s 
largest producer of farmed salmon. In Norway, this is 
reflected in media marketing and clinical trials, of which 
several are funded by the seafood industry. Many, but 
not all of these, report positive effects of fatty fish intake 
[44–47]. On the other hand, a large independent Nor-
wegian population based study, published in 2017, just a 
year before this survey, showed that lean fish consump-
tion was significantly associated with better metabolic 
parameters and decreased waist circumference and blood 
pressure, while fatty fish consumption was significantly 
associated with increased waist circumference for both 
genders [48]. Also the independent Norwegian Mother 
and Child Cohort study, including more than 100 000 
pregnancies, found that maternal lean fish intake during 
pregnancy was positively associated with all newborn 
birth size measures, while fatty fish was not related to 
any growth parameters and intake of supplementary n-3 
was in fact negatively associated with newborn head cir-
cumference [49]. Particularly the latter finding was rather 
dramatic, it did however not get any media attention in 
Norway.

Food is also the main contributor of environmental 
pollutants and dietary exposure even of low levels in food 
is a health concern. Due to serious health effects caused 
by dioxins and dioxin like (dl) PCBs and perfluoroalkyl 
substances (PFAS) [50, 51], the European Food Safety 
Authority (EFSA) have reduced the tolerable weekly 
intake (TWI) of these persistent organic pollutants [52] 
several times. The main contributors to dietary exposure 
of dioxins and dl PCBs and PFAS are fish and in particu-
lar fatty fish [53], which were one of the preferred din-
ner-choices to most of the students. In Norway, 100% of 
children aged 2 to 9 years have a dietary intake of dioxins 
and dl PCBs which is higher than the current TWI and 
adults have an intake of PFAS which is 1.7 times higher 
than the current TWI for PFAS. Despite this, the Nor-
wegian Scientific Committee for Food and Environment 
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recommended in 2022 all age groups to increase their 
intake of fish [54].

Also advisory panel members may be influenced by the 
food industry [55], and medical doctors need adequate 
nutritional knowledge to evaluate if national dietary rec-
ommendations are optimal. Environmental medicine 
needs to be integrated into the medical curriculum, and 
studies have shown that this increases medical students’ 
preparedness to discuss environmental health issues [56].

The food industry has been funding nutrition research 
and has donated millions of dollars to universities and 
other academic programs over the years [7]. Such fund-
ing can create conflicts of interest in research, teaching 
and clinical practice. Addressing conflicts of interest 
around nutritional advices is pivotal to ensure that these 
are free from commercial and other vested interests of 
unhealthy commodities [57]. Studies have demonstrated 
that it is possible to improve knowledge and scepti-
cism among medical students towards influence from 
the pharmaceutical industry [58]. It is just as important 
to educate medical students about marketing and med-
icine-industry interactions related to the food industry, 
in order to enhance nutritional understanding and make 
physicians capable of giving adequate nutritional coun-
selling to their patients [59].

Study limitations
The survey had a low response rate (45%), which reduces 
the generalizability. A strength of the survey is that stu-
dents from all six years were evenly represented. The 
questionnaire has not been validated and included mul-
tiple choice questions which may induce response bias, 
i.e. the tendency to respond inaccurately or falsely. Based 
on these limitations, further research on physicians’ atti-
tudes towards different diets and their impact on patient 
care outcomes is obviously needed.

Conclusion
Our results suggest that dietary habits and food attitudes 
among Norwegian medical students not only reflect cur-
rent health recommendations, but also popular beliefs, 
media coverage and marketing. Adequate nutritional 
education is important to ensure that future doctors 
can give non-biased scientific nutritional counselling 
to their patients. Curriculum planners should address 
environmental medicine, common attitudes and beliefs 
about nutrition in order to make medical doctors capa-
ble of recognizing and discussing the complex influence 
of social media, marketing and medicine-food industry 
interactions.

Acknowledgements
We want to thank all the medical students who participated in the survey and 
particularly thank Professor Bjørn Bolann, University of Bergen, Norway, for 
valuable advice and help.

Author contributions
Ingebjørg Sanne: study conception and design, data collection, analysis and 
interpretation of results, draft manuscript preparation, reviewed the results 
and approved the final version of the manuscript.
Anne-Lise Bjørke-Monsen: study conception and design, analysis and 
interpretation of results, draft manuscript preparation, reviewed the results 
and approved the final version of the manuscript.

Funding
Open access funding provided by University of Bergen. This research did not 
receive any specific grant from funding agencies in the public, commercial, or 
not-for-profit sectors.

Data Availability
Both authors have full access to the data reported in the manuscript, and this 
material will be made available on reasonable request.

Declarations

Ethics approval and consent to participate
The Regional Committee for Medical Research Ethics West was consulted 
before the study started. As this was an anonymous Internet-based survey 
the Regional Committee for Medical Research Ethics decided that the study 
should be approved by the Norwegian Centre for Research Data (NSD). The 
Norwegian Centre for Research Data is a Norwegian government-owned 
company responsible for managing data for the research community of 
Norway (https://www.nsd.no/en/). The study was approved by the Norwegian 
Centre for Research Data (NSD), reference 108552. All data was collected 
anonymously and in accordance with the Declaration of Helsinki. As this was 
an anonymous Internet-based survey, in order to ensure anonymity, subjects 
cannot have their names on their surveys or on informed consent documents. 
After instruction from the Norwegian Centre for Research Data and the 
Medical Faculty, University of Bergen, detailed information about the survey 
was advertised on the website of the Medical Faculty, University of Bergen and 
detailed written information was sent by mail through the University system 
to all students at the Medical Faculty, University of Bergen. Implied consent 
was used as the students, both at the website of the Medical Faculty and in 
the written information, were informed that their consent was implied by 
submitting the completed survey.

Consent for publication
Not applicable.

Competing interests
The authors declared no potential conflicts of interest with respect to the 
research, authorship and/or publication of this article.

Received: 28 September 2022 / Accepted: 24 March 2023

References
1.	 Dharmapuri S, Hettich K, Goday PS. Contemporary Dietary Practices: FOD-

MAPs and Beyond. Adolesc Med State Art Rev. 2016;27(1):109–24.
2.	 Kastorini CM, Markaki I, Tsiampalis T, Critselis E, Petralias A, Linos A, et al. 

Dietary patterns and food insecurity of students participating in a food 
aid programme: the Mediterranean perspective. Eur J Public Health. 
2021;31(1):143–50.

3.	 Morgan PJ. Back to the future: the changing frontiers of nutrition research 
and its relationship to policy. The Proceedings of the Nutrition Society. 
2012;71(1):190-7.

4.	 Cairns G, Angus K, Hastings G, Caraher M. Systematic reviews of the evidence 
on the nature, extent and effects of food marketing to children. A retrospec-
tive summary. Appetite. 2013;62:209–15.

5.	 Brower V. Nutraceuticals: poised for a healthy slice of the healthcare market? 
Nat Biotechnol. 1998;16(8):728–31.

6.	 Chauhan B, Kumar G, Kalam N, Ansari SH. Current concepts and prospects of 
herbal nutraceutical: a review. J Adv Pharm Technol Res. 2013;4(1):4–8.

https://www.nsd.no/en/


Page 7 of 8Sanne et al. BMC Medical Education          (2023) 23:220 

7.	 Nestle M. Food Industry Funding of Nutrition Research: the relevance of his-
tory for current Debates. JAMA Intern Med. 2016;176(11):1685–6.

8.	 Kucharczuk AJ, Oliver TL, Dowdell EB. Social media’s influence on adoles-
cents’ food choices: a mixed studies systematic literature review. Appetite. 
2022;168:105765.

9.	 Frank E, Wright EH, Serdula MK, Elon LK, Baldwin G. Personal and profes-
sional nutrition-related practices of US female physicians. Am J Clin Nutr. 
2002;75(2):326–32.

10.	 Spencer EH, Frank E, Elon LK, Hertzberg VS, Serdula MK, Galuska DA. Predic-
tors of nutrition counseling behaviors and attitudes in US medical students. 
Am J Clin Nutr. 2006;84(3):655–62.

11.	 Spencer EH, Elon LK, Frank E. Personal and professional correlates of US medi-
cal students’ vegetarianism. J Am Diet Assoc. 2007;107(1):72–8.

12.	 Norwegian Directorate of Health; The Norwegian Dietary Guidelines. 2012. 
Accessed 13 Mar 2023. [Available from: https://www.helsedirektoratet.no/
brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektora-
tets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-
68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8
afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf.

13.	 Sanne I, Bjørke-Monsen A-L. Lack of nutritional knowledge among 
norwegian medical students concerning vegetarian diets. J Public Health. 
2022;30(2):495–501.

14.	 Leroy F, Praet I. Meat traditions. The co-evolution of humans and meat. Appe-
tite. 2015;90:200–11.

15.	 Ferrara P, Corsello G, Quattrocchi E, Dell’Aquila L, Ehrich J, Giardino I, et al. Car-
ing for infants and children following alternative dietary patterns. J Pediatr. 
2017;187:339–40. e1.

16.	 Lea E, Worsley A. What proportion of South australian adult non-vegetarians 
hold similar beliefs to vegetarians? Nutr dietetics. 2004;61(1):11–21.

17.	 Lea EJ, Crawford D, Worsley A. Public views of the benefits and barriers to the 
consumption of a plant-based diet. Eur J Clin Nutr. 2006;60(7):828–37.

18.	 Mullee A, Vermeire L, Vanaelst B, Mullie P, Deriemaeker P, Leenaert T, et al. 
Vegetarianism and meat consumption: a comparison of attitudes and beliefs 
between vegetarian, semi-vegetarian, and omnivorous subjects in Belgium. 
Appetite. 2017;114:299–305.

19.	 Top Trends in Prepared Foods in 2017. : Exploring trends in meat, fish and 
seafood; pasta, noodles and rice; prepared meals: savory deli food; soup; and 
meat substitutes; June 2017. Report ID: 4959853. [Accessed 22 Aug 2019]. 
Available from: https://www.reportbuyer.com/product/4959853/top-trends-
in-prepared-foods-2017-exploring-trends-in-meat-fish-and-seafood-pasta-
noodles-and-rice-prepared-meals-savory-deli-food-soup-and-meat-substi-
tutes.html.

20.	 Sprake EF, Russell JM, Cecil JE, Cooper RJ, Grabowski P, Pourshahidi LK, et al. 
Dietary patterns of university students in the UK: a cross-sectional study. Nutr 
J. 2018;17(1):90.

21.	 Leung B, Lauche R, Leach M, Zhang Y, Cramer H, Sibbritt D. Special diets in 
modern America: analysis of the 2012 National Health interview Survey data. 
Nutr Health. 2018;24(1):11–8.

22.	 Fayet F, Flood V, Petocz P, Samman S. Avoidance of meat and poultry 
decreases intakes of omega-3 fatty acids, vitamin B12, selenium and zinc in 
young women. J Hum Nutr Diet. 2014;27(Suppl 2):135–42.

23.	 Ritzel C, Mann S. The Old Man and the Meat: On Gender Differences in Meat 
Consumption across Stages of Human Life.Foods. 2021;10(11).

24.	 Kildal CL, Syse KL. Meat and masculinity in the norwegian Armed Forces. 
Appetite. 2017;112:69–77.

25.	 Santos ML, Booth DA. Influences on meat avoidance among british students. 
Appetite. 1996;27(3):197–205.

26.	 Henchion M, McCarthy M, Resconi VC, Troy D. Meat consumption: trends and 
quality matters. Meat Sci. 2014;98(3):561–8.

27.	 Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Stampfer MJ, et al. Red 
meat consumption and mortality: results from 2 prospective cohort studies. 
Arch Intern Med. 2012;172(7):555–63.

28.	 Wolk A. Potential health hazards of eating red meat. J Intern Med. 
2017;281(2):106–22.

29.	 Willett W, Rockstrom J, Loken B, Springmann M, Lang T, Vermeulen S, et al. 
Food in the Anthropocene: the EAT-Lancet Commission on healthy diets 
from sustainable food systems. Lancet. 2019;393(10170):447–92.

30.	 Carvalho AM, Selem SS, Miranda AM, Marchioni DM. Excessive red and pro-
cessed meat intake: relations with health and environment in Brazil. Br J Nutr. 
2016;115(11):2011–6.

31.	 Nagao M, Iso H, Yamagishi K, Date C, Tamakoshi A. Meat consumption in 
relation to mortality from cardiovascular disease among japanese men and 
women. Eur J Clin Nutr. 2012;66(6):687–93.

32.	 Mann N. Dietary lean red meat and human evolution. Eur J Nutr. 
2000;39(2):71–9.

33.	 Battaglia Richi E, Baumer B, Conrad B, Darioli R, Schmid A, Keller U. Health 
Risks Associated with Meat Consumption: a review of Epidemiological Stud-
ies. Int J Vitam Nutr Res. 2015;85(1–2):70–8.

34.	 Flotre CH, Varsi K, Helm T, Bolann B, Bjorke-Monsen AL. Predictors of mercury, 
lead, cadmium and antimony status in norwegian never-pregnant women of 
fertile age. PLoS ONE. 2017;12(12):e0189169.

35.	 Welch AA, Lund E, Amiano P, Dorronsoro M, Brustad M, Kumle M, et al. Vari-
ability of fish consumption within the 10 european countries participating 
in the European Investigation into Cancer and Nutrition (EPIC) study. Public 
Health Nutr. 2002;5(6B):1273–85.

36.	 Liu H, Yang Y, Xu D, Xia H, Pan D, Wang S et al. Investigation and Comparison 
of Nutritional Supplement Use, Knowledge, and Attitudes in Medical and 
Non-Medical Students in China.Nutrients. 2018;10(11).

37.	 Zezelj SP, Tomljanovic A, Jovanovic GK, Kresic G, Peloza OC, Dragas-Zubalj N 
et al. Prevalence, Knowledge and Attitudes Concerning Dietary Supple-
ments among a Student Population in Croatia.Int J Environ Res Public Health. 
2018;15(6).

38.	 Rock CL. Multivitamin-multimineral supplements: who uses them? Am J Clin 
Nutr. 2007;85(1):277S–9S.

39.	 Li K, Kaaks R, Linseisen J, Rohrmann S. Consistency of vitamin and/or mineral 
supplement use and demographic, lifestyle and health-status predictors: 
findings from the european prospective investigation into Cancer and Nutri-
tion (EPIC)-Heidelberg cohort. Br J Nutr. 2010;104(7):1058–64.

40.	 Dyerberg J, Bang HO. Lipid metabolism, atherogenesis, and haemo-
stasis in Eskimos: the role of the prostaglandin-3 family. Haemostasis. 
1979;8(3–5):227–33.

41.	 Fumagalli M, Moltke I, Grarup N, Racimo F, Bjerregaard P, Jorgensen ME, et al. 
Greenlandic Inuit show genetic signatures of diet and climate adaptation. 
Science. 2015;349(6254):1343–7.

42.	 Abdelhamid AS, Brown TJ, Brainard JS, Biswas P, Thorpe GC, Moore HJ, et al. 
Omega-3 fatty acids for the primary and secondary prevention of cardiovas-
cular disease. Cochrane Database Syst Rev. 2018;11:Cd003177.

43.	 Kwak SM, Myung SK, Lee YJ, Seo HG. Efficacy of omega-3 fatty acid supple-
ments (eicosapentaenoic acid and docosahexaenoic acid) in the secondary 
prevention of cardiovascular disease: a meta-analysis of randomized, double-
blind, placebo-controlled trials. Arch Intern Med. 2012;172(9):686–94.

44.	 Graff IE, Oyen J, Kjellevold M, Froyland L, Gjesdal CG, Almas B, et al. Reduced 
bone resorption by intake of dietary vitamin D and K from tailor-made Atlan-
tic salmon: a randomized intervention trial. Oncotarget. 2016;7(43):69200–15.

45.	 Hansen AL, Olson G, Dahl L, Thornton D, Grung B, Graff IE, et al. Reduced anxi-
ety in forensic inpatients after a long-term intervention with Atlantic salmon. 
Nutrients. 2014;6(12):5405–18.

46.	 Oyen J, Kvestad I, Midtbo LK, Graff IE, Hysing M, Stormark KM, et al. Fatty fish 
intake and cognitive function: FINS-KIDS, a randomized controlled trial in 
preschool children. BMC Med. 2018;16(1):41.

47.	 Hysing M, Kvestad I, Kjellevold M, Kolden Midtbo L, Graff IE, Lie O et al. Fatty 
Fish Intake and the Effect on Mental Health and Sleep in Preschool Children 
in FINS-KIDS, a Randomized Controlled Trial.Nutrients. 2018;10(10).

48.	 Torris C, Molin M, Smastuen MC. Lean Fish Consumption Is Associated with 
Beneficial Changes in the Metabolic Syndrome Components: A 13-Year 
Follow-Up Study from the Norwegian Tromso Study.Nutrients. 2017;9(3).

49.	 Brantsaeter AL, Birgisdottir BE, Meltzer HM, Kvalem HE, Alexander J, Magnus 
P, et al. Maternal seafood consumption and infant birth weight, length and 
head circumference in the norwegian mother and child cohort study. Br J 
Nutr. 2012;107(3):436–44.

50.	 Mocarelli P, Gerthoux PM, Patterson DG Jr, Milani S, Limonta G, Bertona M, 
et al. Dioxin exposure, from infancy through puberty, produces endocrine 
disruption and affects human semen quality. Environ Health Perspect. 
2008;116(1):70–7.

51.	 Rappazzo KM, Coffman E, Hines EP. Exposure to Perfluorinated Alkyl 
Substances and Health Outcomes in Children: A Systematic Review of the 
Epidemiologic Literature.Int J Environ Res Public Health. 2017;14(7).

52.	 EFSA Panel on Contaminants in the Food Chain (EFSA CONTAM, Schrenk 
D, Bignami M, Bodin L, Chipman JK, del Mazo J et al. Risk to human health 
related to the presence of perfluoroalkyl substances in food. EFSA J. Accessed 
23 Feb 2023. [Available from: https://onlinelibrary.wiley.com/doi/abs/https://
doi.org/10.2903/j.efsa.2020.6223.

https://www.helsedirektoratet.no/brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf
https://www.helsedirektoratet.no/brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf
https://www.helsedirektoratet.no/brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf
https://www.helsedirektoratet.no/brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf
https://www.helsedirektoratet.no/brosjyrer/helsedirektoratets-kostrad-brosjyre-og-plakat/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf/_/attachment/inline/80f68126-68af-4cec-b2aa-d04069d02471:dcb8efdbe6b6129470ec4969f6639be21a8afd82/Helsedirektoratets%20kostr%C3%A5d%20-%20engelsk.pdf
https://www.reportbuyer.com/product/4959853/top-trends-in-prepared-foods-2017-exploring-trends-in-meat-fish-and-seafood-pasta-noodles-and-rice-prepared-meals-savory-deli-food-soup-and-meat-substitutes.html
https://www.reportbuyer.com/product/4959853/top-trends-in-prepared-foods-2017-exploring-trends-in-meat-fish-and-seafood-pasta-noodles-and-rice-prepared-meals-savory-deli-food-soup-and-meat-substitutes.html
https://www.reportbuyer.com/product/4959853/top-trends-in-prepared-foods-2017-exploring-trends-in-meat-fish-and-seafood-pasta-noodles-and-rice-prepared-meals-savory-deli-food-soup-and-meat-substitutes.html
https://www.reportbuyer.com/product/4959853/top-trends-in-prepared-foods-2017-exploring-trends-in-meat-fish-and-seafood-pasta-noodles-and-rice-prepared-meals-savory-deli-food-soup-and-meat-substitutes.html
https://onlinelibrary.wiley.com/doi/abs/
http://dx.doi.org/10.2903/j.efsa.2020.6223
http://dx.doi.org/10.2903/j.efsa.2020.6223


Page 8 of 8Sanne et al. BMC Medical Education          (2023) 23:220 

53.	 Kvalem HE, Knutsen HK, Thomsen C, Haugen M, Stigum H, Brantsæter AL, et 
al. Role of dietary patterns for dioxin and PCB exposure. Mol Nutr Food Res. 
2009;53(11):1438–51.

54.	 Andersen LF, Berstad P, Bukhvalova B, Carlsen M, Dahl L, Goksøyr A et al. Ben-
efit and risk assessment of fish in the Norwegian diet. Scientific Opinion of 
the Scientific Steering Committee of the Norwegian Scientific Committee for 
Food and Environment. VKM Report 2022:17.Norwegian Scientific Committee 
for Food and Environment (VKM), Oslo, Norway.

55.	 Nestle M. Food lobbies, the food pyramid, and U.S. nutrition policy. Int J 
Health Serv. 1993;23(3):483–96.

56.	 Kligler B, Pinto Zipp G, Rocchetti C, Secic M, Ihde ES. The impact of integrat-
ing environmental health into medical school curricula: a survey-based study. 
BMC Med Educ. 2021;21(1):40.

57.	 Ralston R, Hil SE, da Silva Gomes F, Collin J. Towards preventing and manag-
ing conflict of interest in Nutrition Policy? An analysis of submissions 

to a Consultation on a draft WHO Tool. Int J Health Policy Manag. 
2021;10(5):255–65.

58.	 Kao AC, Braddock C 3rd, Clay M, Elliott D, Epstein SK, Filstead W, et al. Effect of 
educational interventions and medical school policies on medical students’ 
attitudes toward pharmaceutical marketing practices: a multi-institutional 
study. Acad Med. 2011;86(11):1454–62.

59.	 Wayne DB, Green M, Neilson EG. Teaching Medical students about conflicts of 
interest. JAMA. 2017;317(17):1733–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Dietary behaviors and attitudes among Norwegian medical students
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population and design
	﻿Assessment of dietary practice, food attitudes and nutritional knowledge
	﻿Statistical analysis

	﻿Results
	﻿Demographics
	﻿Diet
	﻿Use of supplements
	﻿Dinner preferences
	﻿Food avoidance
	﻿Food attitudes

	﻿Discussion
	﻿Food habits and attitudes towards meat
	﻿Food habits and attitudes towards fish
	﻿Potential conflicts of interest in the concept of healthy food
	﻿Study limitations

	﻿Conclusion
	﻿References


