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Abstract
Purpose Whether youth who follow plant-based diets in Nordic countries meet their dietary needs for micronutrients 
remains unclear. This study aims to evaluate micronutrient intake and status in Norwegian youth following vegan, lacto-
ovo-vegetarian, pescatarian, flexitarian and omnivore diets.
Methods Cross-sectional design, with healthy 16-to-24-year-olds (n = 165). Participants were asked to complete a question-
naire and four 24-hour dietary recalls. Dried blood spots (DBS) and spot-urine samples were collected for analysis of methyl 
malonic acid (MMA) (n = 65), haemoglobin (Hb) (n = 164) and urinary iodine concentration (UIC) (n = 163).
Results Vegans reported highest habitual supplement usage of multivitamin (58%), B12 (90%) and macroalgae consump-
tion (32%), while flexitarians reported highest habitual usage of omega-3 supplements (56%). For daily supplement usage, 
vegans reported highest use of multivitamins (42%), B12 (79%), iodine (37%) and iron (63%). Increased risk of inadequate 
intake (energy-adjusted) were found for vitamin D (60% within lacto-ovo-vegetarians), selenium (70% within lacto-ovo-
vegetarians, 65% within omnivores), and iodine (63% within vegans). Median MMA levels suggest low risk of insufficient 
B12 status across all groups (MMA 0.04‒0.37µmol/l) and 2% had MMA levels indicating possible B12 deficiency and 8% had 
elevated levels. Median Hb levels indicated low risk of anemia across all groups (≥ 12.0 females, ≥ 13.0 g/dl males), though 
7% had Hb values indicating risk of mild anemia and 4% risk of moderate anemia. The median UIC indicates mild iodine 
deficiency in all groups (UIC < 100 µg/l), except vegans, who were moderately iodine deficient (UIC < 50 µg/l).
Conclusions Our study indicated that the participating youth had low risk of inadequate intake of most micronutrients, partly 
due to high supplement usage. However, for iodine, vitamin D, and selenium higher risk of inadequate intake was found. UIC 
corroborated the low iodine intake among vegans. Thus, we suggest iodine status of youth in Norway should be monitored, 
especially among young fertile women who omits dietary iodine sources, until a mandatory iodine fortification program is 
implemented. Furthermore, we suggest that food education on how to secure sufficient nutrients from food in general should 
be provided to the Norwegian youth population, especially how to secure adequate intake of vitamin D, selenium and iodine.
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Introduction

Current evidence recommends limiting the consumption of 
processed and red meat for a reduced risk of noncommuni-
cable diseases [1–6], and several reviews and studies have 
linked a diet with reduced meat consumption and vegetarian 
diets with a variety of health benefits [7–10]. By securing a 
well-planned plant-based diet containing a variety of fruits, 
vegetables, whole grains, legumes, nuts and seeds, the diet can 
be nutritionally adequate and promote health during all stages 
of the life course, although evidence of long-term effects is 
limited in critical stages of the life course, such as the youth 
period [11–13]. However, in addition to having a well-planned 
diet, supplementation of key nutrients is needed if following a 
vegan diet, if not obtaining these micronutrients through forti-
fied foods. Particularly B12 is of concern for those who fol-
low vegan diets, which is found mainly in foods such as meat, 
poultry, seafood, eggs, and dairy products [14], an essential 
vitamin that needs to be secured through the diet. Further-
more, the key nutrients that are of concern in plant-based diets 
are vitamin B12, vitamin D, calcium, zinc, selenium, iodine, 
vitamin A, riboflavin, and iron [15]. Although the nutrients of 
concern depend on the types of plant-based diets followed and 
the fortification strategy in that country. Thus, when omitting 
animal-source foods from the diet, it is necessary to substitute 
with food sources that are equivalent in most nutrients to avoid 
an increased risk of nutrient deficiencies over time. Ensuring 
adequate intake of the above mentioned key nutrients is also 
of utmost importance in the youth period due to increased 
nutritional requirements due to growth [16, 17].

Previously in Nordic countries, risk of inadequate intake of 
vitamin D, folate, calcium, and selenium have been reported 
in national dietary data among adults [18]. Furthermore, risk 
of inadequate iodine intake has also been documented in the 
general population across European countries [19], especially 
among fertile women, and is also widespread among the gen-
eral population in Norway [20]. Thus, risk of inadequate 
intake of certain micronutrients are also present in the general 
population in Nordic countries. Currently, there is insufficient 
knowledge on micronutrient intake and status of youth who 
follows different plant-based diets in Nordic countries [11]. 
Thus, this study aims to evaluate the micronutrient intake and 
status of 16-to-24-year-olds in Norway following different 
plant-based diets compared to omnivores.

Methods

Study design and recruitment

Between September 2021 and March 2022, 16-to-24-year-
olds were recruited through convenience sampling and 

snowball sampling in the Agder area in southern Norway. 
Participants were recruited to participate in a cross-sectional 
project called VeggiSkills-Norway. The study eligibility cri-
teria were: (1) able to read and understand Norwegian; (2) 
16–24 years of age; (3) no acute or chronic illness; (4) cur-
rently not pregnant/lactating; (5) not having children; (6) 
having followed a vegan, lacto-ovo-vegetarian, pescatarian, 
flexitarian, or omnivore diet for a minimum of 6 months 
prior to participation, and no current plan to alter their 
dietary practice; (7) possibility of physical attendance at the 
University of Agder, Kristiansand, Norway.

After inclusion, participants completed an electronic ques-
tionnaire comprising 183 items (Supplemental Table 5) that 
evaluated the sociodemographic characteristics of the partici-
pants, health and lifestyle habits, sleeping habits and sedentary 
behavior and food literacy competencies. A dietary screener 
assessing consumption frequency of 33 selected food groups 
(“MyFoodMonth 1.1”) [21] was included in the questionnaire 
as well as questions concerning food habits in the previous 
six months (meal frequencies, supplements, dietary practice).

After filling out the electronic questionnaire onsite, 
participants were asked to complete the first out of four 
non-consecutive 24-hour dietary recalls (interview-admin-
istered). Subsequently, participants provided a non-fasted 
dried blood sample and a urinary sample for analysis of 
nutritional status biomarkers, and body composition mea-
surements were also performed. After the study visit, par-
ticipants completed the remaining three self-administered 
non-consecutive 24-hour dietary recalls. Participants were 
asked to report their intake of all foods, beverages, and sup-
plements consumed the previous day in a Norwegian ver-
sion of the web-based image-assistant dietary assessment 
tool, Measure Your Food on One Day (Myfood24) [22].

Sample size calculation

A priori, the sample size was determined based on a previ-
ously conducted study in young Swedish vegans and omni-
vores that detected group differences with 30 participants in 
each diet group [23]. Our final sample size was determined 
by the recruitment feasibility since the study took place dur-
ing the COVID-19 pandemic.

Classification into dietary groups

Participants were classified into vegan, lacto-ovo-vegetar-
ian, pescatarian, flexitarian and omnivore diet groups based 
on animal-sourced food groups included in their diet the 
previous six months, as previously described [24]. Out of 
the 165 participants, 19 were classified as vegans, with no 
inclusion of animal-source foods [1, 25], 20 participants 
were classified as lacto-ovo-vegetarians, including dairy / 
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eggs to varying degree [1, 25] and 30 participants were clas-
sified as pescatarians, as they additionally reported eating 
seafood (regardless of the reported intake of dairy / eggs) 
[1]. Twenty-five participants were classified as flexitarians 
as they self-reported having a flexitarian diet in the elec-
tronic questionnaire and also reported consuming less than 
two servings per week of meat or poultry (any type) in the 
dietary screener [26]. Lastly, a total of 71 participants were 
classified as omnivores if they reported two or more serv-
ings of meat per week in the dietary screener.

24-hour dietary recalls

Participants were instructed to complete four 24-hour dietary 
recalls on random non-consecutive days, over a period of 
eight weeks using Myfood24 [22, 27]. Participants were asked 
to report their intake of all foods, beverages, and supplements 
consumed in the previous 24-hours based on the multiple pass 
method. The first 24-hour dietary recall was completed at the 
study site and carried out as an interview. To ensure 24-hour 
dietary recalls on weekends and weekdays, participants 
received an email with a link to complete recalls on differ-
ent days. A maximum of two reminders were used to com-
plete the dietary recalls, with one-week intervals. Participants 
who completed a minimum of one 24-hour dietary recall were 
included in the present study. In total, all the 165 participants 
completed day 1, 79% day 2, 60% day 3, and 44% day 4 of the 
24-hour dietary recalls.

Myfood24 uses the Norwegian Food Composition Data-
base [28] to calculate the energy and nutrient intake. If par-
ticipants had consumed foods or beverages not listed in the 
database, they were instructed to choose an alternative but 
similar item (e.g., if consumed a plant-based substitute for 
yoghurt not present in the database, they were encouraged 
to choose another similar plant-based substitute available). It 
was also possible to report food items and amount consumed 
in an open text field at the end. All items reported in the 
open text option were processed manually. For recipes/foods 
not listed in the database (e.g., vegan mayonnaise), manual 
calculation was performed. In Norway, only plant-based 
substitutes to dairy products are allowed to be fortified, at 
present. If the participants reported consumption of plant-
based substitutes to dairy products in the open text field, the 
researcher manually entered a plant-based substitute to dairy 
products available in the database with similar nutrient con-
tent. Furthermore, for foods reported with no similar food 
product available in the database, the product label was used 
to obtain a similar energy and macronutrient profile of the 
product. For example, if a participant reported consuming a 
vegan product mainly consisting of vegetable oil, water and 
sugar, the raw ingredients were entered to obtain the similar 
energy and macronutrient profile of the portion consumed.

Supplement use

Dietary supplements by 24-hour use was assessed using 
Myfood24 by collecting information on brand/type and 
amount/dose consumed the previous day in an open text 
question. Amount/dose of supplements reported in the 
24-hour recalls are used when describing the total intake 
(including foods and supplements) in Tables 1, 2, 3, 5 and 
4. The use of supplements reported in the 24-hour recalls is 
also reported as n (%) in Table 1.

Dietary supplements by habitual use the previous six 
months were assessed in the dietary screener (“MyFood-
Month 1.1”) [21], using a dichotomous variable, yes/no for 
the use of selected supplements including multivitamin, 
vitamin B12, iodine, omega-3 fatty acids, vitamin D, iron, 
folate, nutritional yeast and macroalgae. A string alternative 
‘other supplements’ was also available. Habitual supple-
ment use is presented in Table 1 as n (%).

Physical activity level

The physical activity level (PAL) of the participants was 
classified based on the reported frequency of moderate to 
vigorous-intensity activities in the previous six months 
using age specific PAL values [29, 30]. See Supplemental 
Table 5 for the items used to assess self-reported PAL. A 
low PAL value of 1.55 was assigned to participants who 
selected either of the options ‘never’ or ‘less than once a 
month’ or ‘once a week’ for the previous six-month period. 
Furthermore, a moderate PAL value of 1.7 was assigned if 
the option ‘two – three times a week’ was selected. A high 
and very high PAL value of 1.85-2.0 was assigned if options 
4–5 times a week or ‘almost every day’ were selected.

Anthropometric measurements

Height measurement was carried out for all participants, bare-
foot, and standing to the nearest 0.1 cm using a portable sta-
diometer according to a measurement protocol (Sect. 7.2.2 in 
the protocol, page.72) [31]. Body weight was measured bare-
foot and in light clothing, in a non-fasted state, using a Tanita 
MC780 bioelectric impedance analyzer (Tokyo, Japan) and 
using the Tanita user manual. Body mass index (BMI) was 
calculated using height and weight (body weight (kg) /m2).

Blood sampling and analysis of methyl malonic acid 
(MMA) and haemoglobin (hb)

Whole blood was collected in non-fasted state by dried 
blood sampling (DBS), a biosampling method where capil-
lary blood was obtained by a fingerprick using a disposable 
lancet. Complete DBS cards were allowed to dry overnight 
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Evaluation of biomarkers

To indicate risk of insufficient B12 status, the functional 
marker MMA (µmol/l) was assessed. The reference interval 
for adequate MMA levels at 0.04‒0.37 µmol/l was used, for 
elevated MMA levels the cut-off at > 0.27 µmol/l was used 
and for risk of B12 deficiency the cut-off at > 0.37 µmol/l 
was used [32, 33].

To assess risk of anemia, WHO diagnostic criteria using 
Hb concentration was used [34]. Low risk of anemia was 
defined as Hb levels ≥ 12.0 g/dl for the women and ≥ 13.0 g/
dl for men. Risk of mild anemia as Hb levels in the range 
11.0–11.9 g/dl for women and 11.0–12.9 g/dl for men. Risk 
of moderate anemia as Hb levels in the range 8.0–10.9 g/dl 
and risk of severe anemia as Hb levels lower than 8.0 g/dl 
for both women and men.

To evaluate iodine status, WHO epidemiological criteria 
was used [35]. The iodine status was evaluated based on 
the median UIC, and the median UIC < 20 µg/l was con-
sidered as risk of severe iodine deficiency, median UIC at 
20–49 µg/l as risk of moderate iodine deficiency, median 
UIC at 50–99 µg/l as risk of mild iodine deficiency, median 
UIC at 100–199 µg/l as adequate iodine status, median 
UIC at 200–299 µg/l as above the iodine requirements and 
median UIC ≥ 300 µg/l as risk of excessive iodine intake.

Statistical analysis

For data analysis the software used was IBM SPSS statistics 
version 29 (IBM Corp., Armonk, NY, United States) and 
Excel® (Microsoft 365). The calculation of the micronutri-
ent intake of each supplement was performed manually in 
Excel®.

The data distribution was evaluated using tests for nor-
mality, and in addition visual inspection of the histogram 
and Q-Q plots were checked. Residual plots were also exam-
ined. To test for differences between groups, the ANOVA 
test (parametric), the Mann-Whitney U test (nonparametric, 
two groups), and the Kruskal-Wallis one-way ANOVA test 
(nonparametric, more than two groups) with correction for 
multiple comparisons were used. For categorical variables, 
cross-tabulation using the Pearson Chi-square or Fisher 
exact test was used to test for differences between groups. 
The adjusted p-value < 0.05 (two-sided) was used for the 
significance level for all tests.

Energy adjustment of micronutrient intake

Energy adjustment was carried out according to the principle 
of nutrient density [36] and individual energy requirements:

(maximum 12 h) in a room without light exposure, before 
being stored in a sealed aluminium bag with a desiccant 
pack at -20 degrees Celsius (°C) until analysis. Methyl-
malonic acid (MMA) was analyzed from the whole blood 
(VITAS™ Analytical Services, Norway). A sufficient vol-
ume of blood for analysis of MMA was available for 65 
participants. MMA was extracted from 8 mm DBS punches 
using an isotope dilution GC-MS assay. Four punches were 
eluted in an aqueous alkaline solution containing stable 
isotope-labelled MMA prior to derivatization using propyl 
chloroformate. The liquid extraction of derivatized MMA 
was performed before injection into the GC-MS system. 
The GC-MS system utilized was an Agilent 6890 GC (Agi-
lent Technologies, Palo Alto, CA, USA) equipped with an 
Agilent 5973 N mass-selective detector operated in EI-SIM 
mode. Separation was performed on a Zebron ZB-AAA GC 
column supplied by Phenomenex Inc (Torrance, CA, USA) 
and quantification was performed against a 5-point standard 
curve prepared from standards with known concentrations.

Haemoglobin (Hb) was measured from the same finger 
prick as the whole blood for DBS, using Hemocue® HB801 
Analyzer and Microcuvettes (Sweden). In total 164 partici-
pants provided blood for analysis of Hb.

Collection of urinary samples and analysis of urinary 
iodine concentration (UIC)

Participants provided a non-fasted spot urine sample col-
lected at random times throughout the day, using a 100 ml 
Vacuette® urine breaker (Greiner Bio-One, Kremsmünster, 
Austria). Thereafter, a subsample of urine was withdrawn 
from the urine breaker into a 9.5 ml Vacuette® urine tube 
(Greiner Bio-One, Kremsmünster, Austria). The urine sam-
ples were stored at -20 degrees Celsius (℃) until analysis 
at the Hormone Laboratory, Oslo University Hospital, Nor-
way. In total, 163 participants provided enough urine vol-
ume to perform UIC analysis.

After thawing of the urine samples, 250 µl of each urine 
sample was diluted into 1 ml of ammonium persulfate for 
oxidation of interference substances. The UIC was deter-
mined using the Sandel-Kolthoff reaction method (colori-
metric) based on the catalytic effect of iodine on the red/
ox reaction between arsenic and cerium, after digestion of 
the samples. Samples were analyzed using microtiter plates 
(Delfia Microtitration Plate from Wallace Oy, Denmark) 
using 405 nm for Victor3 (Perkin Elmer, Finland). Method 
blank samples (H2O) were used, using reference material, 
KIO3, Sigma-Aldrich prepared in the same manner as the 
respective samples. The lower limit of detection was 0.01 
µmol/l, and the lower limit of quantification was 0.2 µmol/l.
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80–100% correct answers were considered high. Categoriza-
tion into the different levels of GNKQ and calculation of the 
GNKQ score has previously been described elsewhere [24].

Results

Characteristics of study participants

The characteristics of the participants are presented in 
Table 1. The mean ± SD age of the participants was 21 ± 2 
years. Omnivores had the lowest percentage of women ver-
sus the highest percentage among lacto-ovo-vegetarians 
(P = 0.005).

In total, 72% of all participants reported habitually con-
suming any type of supplement in the previous six months, 
in which pescatarians reported the lowest percentage (60%) 
and vegans the highest (95%) (P = 0.003). For habitual sup-
plement usage within the dietary groups, vegans reported 
the highest habitual supplement use of multivitamins (58%) 
and of B12 (90%) and lowest usage was reported among 
omnivores (23% multivitamin and 9% B12, respectively) 
(P = 0.030 and P < 0.001). Furthermore, the highest habit-
ual consumption of macroalgae (32%) was reported among 
vegans, compared to zero consumption in the other diet 
groups. Habitual usage of omega-3 supplements also varied 
between the groups, with the highest consumption among 
flexitarians (56%) and lowest among vegans (21%).

For supplement usage reported in the 24-hour dietary 
recalls, 58% of all participants reported consuming any type 
of dietary supplement. Reported 24-hour supplement use of 
multivitamin, iodine, B12 and iron varied between groups, 
in which vegans reported the highest usage of all the respec-
tive supplements (multivitamin 42%, iodine 37%, B12 79%, 
iron 63%) and lowest usage among omnivores (< 15% for 
each supplement).

Reported energy intake

Differences in reported energy intake was found between 
lacto-ovo-vegetarians (6 MJ/day) compared to omnivores 
(7 MJ/day, P = 0.011), and between lacto-ovo-vegetarians 
compared to pescatarians (8 MJ/day, P = 0.008) (Table 1).

Micronutrient intake

The energy-adjusted micronutrient intake solely from foods 
and the total intake from both foods and supplements are 
presented in Tables 2 and 3. For absolute micronutrient 
intake (not energy-adjusted) solely from foods and total 
absolute intake (not energy-adjusted) from both foods and 
supplements are presented in Supplemental Tables 1 and 2.

Average micronutrient

intake measured in

units per MJ

=

total average

micronutrient intake

measured in units per day

reported total energy

intake in MJ per day

× 1000

Subsequently, the micronutrient intake was adjusted for 
energy according to individual estimated basal metabolic 
rate (BMR) and individual estimated PAL value [37]. The 
BMR in MJ per day was estimated using Henry’s [38]. For 
the calculation of the total energy requirement, the esti-
mated BMR was multiplied by individual PAL values for a 
low, moderate, and high activity level (see method section, 
physical activity).

Estimated micronutrient intake
per day according to

individual energy requirement in MJ
=





Estimated micronutrient
intake in mg per MJ×
estimated total energy
requirement in MJ





We compared energy-adjusted intakes for each individual 
with the average requirements (AR) for females and males 
in the age group 16–17 years and 18–24 years with values in 
the Nordic Nutrition Recommendations 2023 (NNR2023) 
[39].

Multivariable adjustments

Quantile regression was performed to adjust the 25th, 
50th and 75th percentiles of the micronutrient intake for 
potential influencing confounding factors [40]. The dietary 
groups were included as fixed factors using dummy vari-
ables. Further, age and gender were identified as potentially 
influencing confounding factors as these variables varied 
significantly between groups. Therefore, age and gender 
were included in the quantile regression model as covari-
ates. Adjusted 95% confidence intervals (95%CI) for the 
medians were obtained from the quantile regression.

A previous publication found significant differences 
between diet groups in the general nutrition knowledge 
(GNKQ) score [24]. Since this variable also varied signifi-
cantly between groups it was of relevance to try to adjust for 
it. However, due to the presence of groups with fewer than 
30 participants within the plant-based diet groups it was not 
possible to adjust for the GNKQ score variable in a multi-
variable adjustment. Hence, we opted to adjust for age and 
gender. As we could not adjust for GNKQ as a covariate in 
the multivariable-adjustment model, a sensitivity analysis 
was carried out evaluating whether energy-adjusted total 
micronutrient intake (including food and supplements) varied 
according to poor, moderate and high GNKQ level (Table 4). 
Participants with a total sum score with less than 60% correct 
answers were considered poor, participants with 60–79% cor-
rect answers were considered moderate, and participants with 
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individuals below AR using absolute micronutrient intake 
solely from foods and total intake (including foods and 
supplements) (not energy-adjusted) is presented in Supple-
mental Table 3.

Risk of inadequate micronutrient intake (including foods 
and supplements) were found for vitamin D (60% within 
lacto-ovo-vegetarians < AR), selenium (70% within lacto-
ovo-vegetarians and 65% within omnivores < AR), and 
iodine (63% within vegans < AR) after energy-adjustment. 
Between the dietary groups, a significant difference in the 
percentage below AR was found for total intake of vitamin 
B12 (35% within lacto-ovo-vegetarians vs. 4% within flexi-
tarians, P = 0.004) and for total intake of vitamin C (35% 
within omnivores vs. 5% within vegans, P = 0.031) after 
energy-adjustment.

The proportion of individuals with total energy-adjusted 
micronutrient intake (including foods and supplements) 
below AR according to GNKQ level is presented in Sup-
plemental Table 4. Between the different GNKQ levels, 
energy-adjusted total micronutrient intakes (including 
foods and supplements) of vitamin A (P < 0.001), vitamin D 
(P = 0.012), vitamin C (P = 0.021) and zinc (P = 0.006) var-
ied significantly, with highest proportion below AR among 
those with poor GNKQ level compared those with high 
GNKQ level. Risk of inadequate micronutrient intake based 
on GNKQ level was found for vitamin D in those with poor 
GNKQ level (73% < AR), and for selenium, for all GNKQ 
levels (64% within poor level, 57% within moderate level, 
55% within high level).

Multivariable adjustment of micronutrient intake

Multivariable adjustment (age and gender) of the energy-
adjusted micronutrient intake is presented in Tables 2 and 
3. Multivariable adjustment (age and gender) did not sig-
nificantly affect the median intake of the energy-adjusted 
micronutrients solely from foods or total intake (including 
foods and supplements). Furthermore, after performing the 
multivariable adjustment, the 95%CI were found to be over-
lapping for nearly all the medians across the diet groups, 
except for total intake of iron (including foods and supple-
ments), in which vegans still differed from the other diet 
groups.

Energy-adjusted total micronutrient intake (including 
foods and supplements) according to poor, moderate and 
high GNKQ level is presented in Table 4. Total energy-
adjusted intakes (including foods and supplements) of vita-
min A (P = 0.005), folate (P = 0.013), vitamin D (P = 0.006), 
vitamin C (P = 0.021) and iron (0.003) differed between the 
GNKQ levels, in which higher median intakes were found 
among those with high GNKQ level compared to those of 
poor GNKQ level.

Proportion of individuals below average 
requirements (AR)

The proportion of individuals with total energy-adjusted 
micronutrient intake (including foods and supplements) 
below AR is presented in Table 5. The proportions of 

Table 4 Energy-adjusted total intake of micronutrients by poor, moderate, and high general nutrition knowledge (GNKQ) level (n = 165)
Energy-adjusted intakes¶ Poor GNKQ§

n = 22
Moderate GNKQ§

n = 92
High GNKQ§

n = 51
P

50th 25th, 75th 95%CI 50th 25th, 75th 95%CI 50th 25th, 75th 95%CI
Vit A, RE/d, total‡ 752* 548, 997 553, 958 886 606, 1731 791, 1047 1008‖‖ 766, 1510 853, 1285 0.005
Vit B3, NE/d, total‡ 21 13, 36 13, 34 23 16, 44 19, 29 23 16, 35 19, 30 0.69
Vit B2, mg/d, total‡ 2 1, 3 1, 3 2 2, 4 2, 3 2 2, 3 2, 3 0.62
Vit B12, µg/d, total‡ 6 4, 12 4, 12 7 4, 10 6, 8 7 5, 18 6, 9 0.82
Folate, µg/d, total‡ 327* 278, 415 280, 414 383 268, 554 332, 452 478‖‖ 354, 545 385, 504 0.013
Vit D, µg/d, total‡ 4* 1, 9 1, 9 9 4, 25 7, 12 15‖‖ 4, 29 8, 22 0.006
Vit E, α-TE, total‡ 17 13, 32 13, 31 19 14, 26 17, 21 21 15, 32 18, 28 0.43
Vit C, mg/d, total‡ 89* 64, 143 74, 142 114 66, 229 97, 149 148‖‖ 106,230 112, 190 0.021
Magnesium, mg/d, total‡ 421 377, 531 380, 522 451 374, 599 430, 488 514 433, 590 473, 554 0.07
Calcium, mg/d, total‡ 985 752, 1749 765, 1721 1049 793, 1370 939, 1139 1020 826, 1540 890, 1231 0.87
Iron, mg/d, total‡ 13* 9, 17 9, 16 15 11, 21 14, 16 17‖‖ 13, 29 14, 19 0.003
Zinc, mg/d, total‡ 12 9, 17 10, 17 13 11, 18 12, 14 15 11, 16 12, 15 0.53
Selenium, µg/d, total‡ 55 31, 68 32, 67 55 39, 91 47, 63 57 45, 94 52, 76 0.33
Iodine, µg/d, total‡ 118 76, 213 76, 206 123 83, 377 109, 145 148 77, 264 107, 191 0.44
Abbreviations:50th, 25th, 75th = percentiles, 95%CI = 95% confidence interval of the 50th percentile, GNKQ = General Nutrition Knowledge 
§ Poor GNKQ = total GNKQ sum score < 60% correct, moderate GNKQ = total GNKQ sum score correct answers between 60–79%, high 
GNKQ = sum score 80–100% correct answers (previously described in details elsewhere (24)); ‡Test for the difference using Kruskal Wallis one-
way ANOVA with correction for multiple comparisons, values with different superscript indicate statistically significant differences from post 
hoc test (‖‖,*); Statistically significant values between the dietary groups < 0.05 are given in bold; ¶ Energy-adjusted according to the nutrient 
density approach and individual energy requirement using Henry equation for estimation of basal metabolic rate and with individual physical 
activity level
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D (lacto-ovo-vegetarians), selenium (lacto-ovo-vegetari-
ans and omnivores), and iodine (vegans), indicating risk 
of inadequate intake of some micronutrients among youth 
with plant-based or omnivorous diets. The findings from 
the dietary intake data (including food and supplements), 
showed that intakes of B12 and iron were above AR for all 
groups, indicating low risk of inadequate intakes. This was 
supported by objective blood markers of MMA and Hb, 
which also indicated low risk of B12 deficiency and low risk 
of anemia across all dietary groups. The UIC indicated that 
risk of mild iodine deficiency was prevalent in all dietary 
groups indicated by a median UIC < 100 µg/l, except vegans 
who were found to be at risk of being moderately deficient 
in iodine, indicated by a median UIC < 50 µg/l.

Micronutrient adequacy of plant-based and 
omnivorous diets among youth

In our study, vegans did not meet AR solely through foods 
(energy-adjusted) for vitamin A, vitamin B12, vitamin D, 
selenium, and iodine, indicating an increased risk of inad-
equate intake of these nutrients without supplementation. 
Furthermore, none of the other diet groups had median 
energy-adjusted intakes solely through foods that met AR 
for vitamin D and selenium. Moreover, solely through 
foods, the lacto-ovo-vegetarians and flexitarians did not 
obtain AR for iodine.

From total intake including food and supplements 
(energy-adjusted), both youth with plant-based and omnivo-
rous diets faced nutritional challenges in meeting AR, par-
ticularly selenium, vitamin D and iodine. The proportions 
of participants with total intake including food and supple-
ments (energy-adjusted) below AR for vitamin D was 46%, 
with highest proportion among the lacto-ovo-vegetarians 
(60% < AR). Furthermore, 57% of the individuals had 
intakes below AR for selenium (70% within lacto-ovo-
vegetarians and 65% within omnivores < AR). For iodine, 
42% of the individuals had intakes below AR (63% within 
vegans < AR). Therefore, the risk of inadequate intake of 
these nutrients were present in these subgroups in our study. 
However, it needs to be notated that the AR values for sele-
nium was revised and increased in the NNR2023, which 
might impact the percentage categorized with inadequate 
intake [39]. These findings highlight the importance of pro-
viding sufficient food education to youth on how to meet 
their dietary needs through foods. Also, the importance 
of consuming fortified foods or supplementing for certain 
micronutrients when following plant-based diets to com-
pensate for the lower presence of some micronutrients in the 
diet. Our findings are consistent with previous research [11], 
including previous findings in young Swedish vegans [23]. 
Furthermore, our findings are also partly in coherence with 

Biomarkers of nutritional status

Methylmalonic acid (MMA) as a functional marker of B12 
status

For the total group (n = 65), the median (25th, 75th ) level 
of MMA was 0.19 µmol/l (1.16, 0.23), and all the dietary 
groups had median MMA levels indicating lower risk of B12 
deficiency, with no difference between the groups (Table 6). 
Indication of elevated MMA levels (> 0.27 µmol/l) were 
found in 8% of the participants, with no difference between 
the groups. Increased risk of B12 deficiency (MMA > 0.37 
µmol/l) was found in one participant who adhered to a pes-
catarian diet.

Haemoglobin (hb) as a marker of anemia

The median Hb (n = 164) in the different dietary groups indi-
cates low risk of anemia (Table 6). At the group level, males 
had higher median Hb levels (25th, 75th ) than females, 
15 g/dl (15,16) vs. 14 g/dl (13,15) (P < 0.001), both indi-
cating low risk of anemia. Lacto-ovo-vegetarians had the 
lowest median Hb (25th, 75th ) at 13 g/dl (12, 14) and omni-
vores the highest Hb level at 15 g/dl (13,15) (P = 0.007). 
None of the participants had Hb values that indicated risk of 
severe anemia (< 8 g/dl), 4% had Hb values that indicated 
risk of moderate anemia (< 11 g/dl) and 7% had Hb values 
that indicated risk of possible mild anemia (< 12 g/dl).

Urinary iodine concentration (UIC) as a marker of 
iodine status

For the total group (n = 163), the median UIC (25th, 75th ) 
was 75 µg/l (44, 114), indicating that 70% had risk of mild 
iodine deficiency (median UIC < 100 µg/l) and 31% had 
risk of moderate iodine deficiency (median UIC < 50 µg/l) 
Table 6. Vegans had the lowest median UIC at 20 µg/l 
(16, 53), compared to all other diet groups, flexitarians at 
71 µg/l (39, 152) (P < 0.001), omnivores at 77 µg/l (56, 
116) (P < 0.001), lacto-ovo-vegetarians at 82 µg/l (41, 110) 
(P = 0.018) and pescatarians at 83 µg/l (40, 133) (P = 0.001).

Discussion

In this study, micronutrient intake and status were evalu-
ated in healthy 16-to-24-year-olds following vegan, lacto-
ovo-vegetarian, pescatarian, flexitarian, and omnivore 
diets (n = 165). Most participants reported using a dietary 
supplement habitually (72%) the previous six months. The 
micronutrient intakes that persisted below AR when includ-
ing foods and supplements (energy-adjusted) were vitamin 
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did not supplement with vitamin B12 were at higher risk of 
B12 deficiency compared to vegetarians, based on serum B12 
[43]. Due to our sample size, we were not able to perform 
analysis comparing B12 supplement users and non-supple-
ment users within the dietary groups.

Iron intake and marker of status

In the present study, the energy-adjusted iron intake solely 
from foods and total iron intake (including foods and sup-
plements) indicated low risk of inadequate intake. However, 
the findings did not account for the bioavailability of iron 
from plant sources, and a recently published study demon-
strated that the uptake of iron and zinc from some plant-
based meat substitutes could be poorer than anticipated [46]. 
On the other hand, higher intakes of vitamin C and organic 
acids in fruits and vegetables are known to improve iron 
absorption and could mitigate lower iron absorption from 
plant foods, if consumed together [47]. In our study, 7% had 
Hb values indicating mild anemia and 4% moderate ane-
mia, although none of the dietary groups was found to differ 
in risk of anemia, which is consistent with previous studies 
investigating iron status in those following plant-based diets 
and omnivores [11, 41, 48]. On the contrary, a previous lit-
erature review found a higher prevalence of iron deficiency 
among adult vegans compared to vegetarians (from 10 dif-
ferent countries), in which 8 of 13 included studies used Hb 
as a marker of iron status. However, it should be noted that 
the included studies used different iron deficiency cutoff cri-
teria [48].

Iodine intake and marker of status

The findings of median iodine intake including foods and 
supplements (energy-adjusted) below AR among the young 
vegans and lacto-ovo-vegetarians corresponds with the con-
centration of iodine measured in the urine, with UIC < 50 µg/l 
in the vegans and < 100 µg/l in the lacto-ovo-vegetarians. 
Our findings of UIC indicating mild to-moderate iodine 
deficiency are in line with previous findings in adult vegans 
and lacto-ovo-vegetarians in Norway [49, 50]. Furthermore, 
our findings are also in agreement with a newly published 
review reporting that vegans and vegetarians who did not 
consume iodine-containing supplements were at increased 
risk of having inadequate iodine intake [51], therefore also 
at increased risk of iodine deficiency. Furthermore, our find-
ings that the pescatarians, flexitarians and omnivores, had a 
median UIC < 100 µg/l indicated inadequate intakes despite 
consumption of iodine-rich animal source foods, supports 
previous findings of mild iodine deficiency in young women 
in the general population of Norway [52]. Norway is still 
one of the countries that has voluntary salt iodization, which 

a newly published study among German children and ado-
lescents, in which the study found differences in biomarkers 
between the dietary groups who followed vegan, vegetar-
ian and omnivore diets, but the study indicated no specific 
nutritional risk between the diet groups [41].

Since none of the dietary groups in this present study was 
able to obtain AR for vitamin D without supplementation, 
and only 22% of the young participants reported habitual 
consumption of vitamin D supplements, there is a risk of 
insufficient vitamin D status over time. Especially during 
the winter season without exposure to the sun in Norway, 
which necessitates the importance of adequate dietary 
intake of vitamin D. Our findings of inadequate vitamin D 
intake are consistent with national surveys among Norwe-
gian young adults aged 18 to 29 years conducted a decade 
ago [42].

B12 intake and marker of status

In our study, the participating vegans did not obtain an 
adequate B12 intake solely through foods (energy-adjusted) 
which has also been shown in previous research [43]. 
Although in Norway most plant-based dairy substitutes 
are fortified with B12. However, total median B12 intake 
(energy-adjusted) including foods and supplements was 
well above AR in all dietary groups. The MMA level mea-
sured in DBS in our study also corroborated the lower risk 
of inadequate B12 intake, as 2% had possibly B12 deficiency 
with no significant difference between groups. Furthermore, 
8% were found to have elevated MMA levels, but no sig-
nificant differences between groups. Although MMA is the 
most sensitive single marker of B12, it is recommended to 
evaluate several markers of B12 for evaluating status [44]. 
Our finding of B12 intake above AR in the young vegans in 
our study, is explained by high usage of B12 supplements 
(90% habitually and 79% by 24-hour usage), which sup-
ports previous finding of the importance of supplementing 
with B12 in addition to using fortified foods when following 
plant-based diets, especially vegan diets [43, 45]. A concern 
is still expressed for young people following plant-based 
diets, especially young vegans who are not sufficiently 
educated on supplement usage or how to obtain nutrients 
from plant-based foods and fortified foods. Youth who are 
not sufficiently educated can be particularly vulnerable to 
inadequate intake of certain essential micronutrients as B12.

Our findings of adequate B12 intake are in coherence 
with previous studies, among young Germans who adhered 
to different plant-based diets and among Norwegian adults 
who adhered to vegan, vegetarian, and pescatarian diets [41, 
45]. However, a previous review (including 40 studies with 
infants, children, adolescents, pregnant women, adults and 
elderly from several countries) has shown that vegans who 

1 3



European Journal of Nutrition

and according to individual energy requirements using the 
Henry equation to estimate the BMR and by using individ-
ual PAL values.

Intake estimates from 24-hour dietary recalls contain ran-
dom within person error, particularly due to the day-to-day 
variation in the dietary intake. Thus, we need to acknowl-
edge that there is a risk that participants might be wrongly 
categorized as having inadequate or adequate intakes when 
comparing individuals to AR. However, in this study, up to 
four non-consecutive 24-hour dietary recalls were evaluated, 
which can partially mitigate the concern about day-to-day 
variation. In addition, the 24-hour recalls were employed 
on both weekdays and weekends. We also assessed supple-
ment use in both 24-hour dietary recalls and as habitual 
supplement use in the previous six months, strengthening 
the intake data on supplement use.

Strengths and limitations

Our study has strengths and limitations. To our knowledge, 
this is the first study to evaluate micronutrient intake and 
status of youth who follows different plant-based diets 
compared to omnivores in Norway. Therefore, providing 
up-to-date data in this population group are warranted. A 
major strength was the use of blood and urine biomarkers as 
objective markers, in addition to self-reported dietary data. 
However, it needs to be noted that MMA was measured 
using DBS and the Hb in capillary blood, which might be 
less precise compared to when measured in venous blood. 
Though, when avoiding venipuncture, we also reduce the 
participation burden. A previous validation study have 
shown that MMA measured using DBS can be used as a 
robust measurement with high precision and accuracy [58]. 
Another strength was the use of a previously validated tool 
for dietary assessment (Myfood24) that uses image-assisted 
portion sizes for a more accurate estimate of portion sizes 
[59]. However, a limitation of the Myfood24 database was 
the limited availability of vegan/vegetarian food products, 
which could potentially be one of the explanations for the 
low reported energy intake. However, an open text field was 
available, which allowed reporting of food items that were 
not present in the database.

A limitation of the study is the small sample size in the 
different diet groups; as a result, it was not possible to per-
form statistical analysis split by sex, age group, or supple-
ment users within the different diet groups. In addition, 
we were not able to perform statistical analysis evaluating 
intrapersonal variability, due to the fit of the data. How-
ever, when using repeated 24-hour recalls these data can be 
used to evaluate the proportion at risk of inadequate intake, 
although there is a risk of wrongly categorizing participants 
with higher proportion of inadequate or adequate intake 

has been implemented in many countries to combat iodine 
deficiency globally [53]. Thus, the main sources of dietary 
iodine in Norway are lean fish, cow’s milk, dairy yoghurt, 
and eggs. Therefore, people who omit these food groups 
may be at particular risk of inadequate iodine intake. In the 
past decade, several population groups (women of fertile 
age, pregnant, breastfeeding women, infants who are exclu-
sively breastfed, adult vegans, and immigrants) in Norway 
have been repeatedly found to have intakes below recom-
mendations, showing that inadequate iodine intake is wide-
spread [49, 52, 54]. For young women of reproductive age 
who exclude all animal dietary sources of iodine, it is par-
ticularly important that they obtain iodine from supplements 
or foods fortified with iodine [55]. If a pregnancy starts with 
low iodine stores, it can have consequences for the thyroid 
function in mothers, as well as neurodevelopment in their 
children [56].

Multivariable adjustment

Multivariable adjustment of the energy-adjusted micronu-
trient intakes using gender and age as covariates was per-
formed in our study, in which minor changes were observed. 
Thus gender and age did not seem to significantly influ-
ence the reported micronutrient intake in our study sample. 
Although the findings from the multivariable adjustment 
needs to be interpreted with caution as all the 95%CI were 
overlapping between the groups, except for total intake 
of iron. Increased uncertainties in the results are probably 
caused by fewer than 30 participants in the plant-based diet 
groups. Furthermore, we did observe that the participants 
with higher level of GNKQ had significantly higher intakes 
of vitamin A, folate, vitamin D, vitamin C and iron com-
pared to those with poor GNKQ level. This finding also 
emphasizes the importance of securing food education to 
youth for them to have a well-planned diet that meets their 
dietary needs. Furthermore, this finding indicates that future 
studies assessing dietary intake among youth following 
plant-based diets compared to omnivores should account for 
other factors that may impact micronutrient adequacy, aside 
from their dietary pattern.

Energy intake and misreporting

In our study, all dietary groups reported an energy intake 
below the lower energy requirements for females and males 
aged 18–24 years [39]. Thus, in this study, considerable 
underreporting is presumed, resulting in an underestima-
tion of the micronutrient intake. Under-reporting is a well-
known issue with self-reporting in dietary assessments [57]. 
In response to this, energy adjustments were performed for 
all micronutrients based on the nutrient density principle 
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