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Abstract

Risk on a plant-based diet tracks supplementation rather than duration. In a clinical nutrition centre cohort of 151 vegans and 85
non-vegans, those not using cobalamin supplements were at higher risk of low plasma cobalamin, with an odds ratio of 4.41 (95%
CI 1.2 to 16.16), while no significant difference in cobalamin status related to duration of the diet was observed and regularly
supplementing vegans had levels similar to non-vegans. Attention is unevenly distributed across nutrients: among 213 vegan
respondents to a survey, all who supplemented took vitamin B12 and 73 per cent took vitamin D, but only 12 per cent took iodine
and 7 per cent zinc. Analysis of a published one-week vegan meal plan found it supplying 1 per cent of the daily value for iodine, 5
per cent for vitamin D and 82 per cent for vitamin B12.
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Introduction
Plant-based diets are associated with lower risk of several
diet-related chronic diseases and are increasingly adopted for
health, ethical and environmental reasons [1,2]. They also carry
risk of micronutrient deficiency where inadequately planned, and
that risk is described as reliably reducible by supplementation
given sufficient awareness [3].

The nutrients repeatedly identified as of concern are vitamin
B12, vitamin D, omega-3 fatty acids, calcium, iron, iodine, zinc
and protein [4,5]. Systematic review of 141 studies found intakes
and status of vitamin B12, vitamin D, iron, zinc, iodine and
calcium lower in plant-based diets, with vegans having the
lowest intakes of vitamin B12, calcium and iodine and lower
bone mineral density [6].

This review examines what actually determines deficiency
risk, which nutrients receive attention and which do not, and
what monitoring is performed.

Objective
This review sets out to establish four things from the published
literature. First, whether deficiency risk on these diets is a
function of the diet itself or of supplementation practice. Second,
which nutrients are supplemented and which are neglected.
Third, what an unsupplemented plant-based diet supplies when
analysed directly. And fourth, what monitoring takes place and
where professional guidance diverges.
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Literature Review
What determines cobalamin status: A cross-sectional analysis of
medical data from a clinical nutrition centre compared 151 adult
vegans aged 18 to 67, of whom 72 were female, with 85 healthy
non-vegans. Vegans had significantly lower cobalamin,
haemoglobin and ferritin, with higher folate and mean cell
volume. Vegans not using cobalamin supplements were at higher
risk of low plasma cobalamin than regularly supplementing
vegans, with an odds ratio of 4.41 (95% CI 1.2 to 16.16), and of
low holotranscobalamin at 19.18 (95% CI 1.02 to 359.42)
(Figure 2) [7].

Figure 2: Risk without supplementation, and how imprecisely estimated [7]

Duration did not predict it: In the same cohort, no significant
differences in cobalamin status related to duration of the vegan
diet were observed, and regularly supplementing vegans had
cobalamin and holotranscobalamin levels similar to non-vegans
(Figure 3). The authors concluded that cobalamin deficiency risk
depends on supplementation status and not on the duration of an
exclusive vegan diet, and that cobalamin monitoring and
counselling on supplement use should be integrated into routine
clinical care [7].

Figure 3: What predicted cobalamin status in the cohort [7]

Iron behaved differently: Despite lower ferritin and haemoglobin
in the vegan group, there was no indication of higher risk of iron
deficiency among vegans [7]. A lower biomarker value and a
clinically meaningful deficiency are therefore not the same
finding, and the distinction matters for what is acted upon (Table
1).
Table 1: Unsupplemented against regularly supplementing vegans [7]

Comparison Odds ratio Interval

Low plasma cobalamin 4.41 1.2 to 16.16

Low holotranscobalamin 19.18 1.02 to 359.42

By duration of diet No significant
difference —

Which nutrients receive attention: A survey distributed at a
congress on plant-based nutrition returned 475 questionnaires
from healthcare professionals, including 213 strict vegan
participants, of whom 2 per cent took no supplements at all. All
supplementing vegans reported taking vitamin B12. Vitamin D
was taken by 73 per cent, omega-3 fatty acids by 22 per cent,
iron by 13 per cent, iodine by 12 per cent, calcium by 11 per
cent, zinc by 7 per cent, magnesium by 5 per cent and selenium
by 4 per cent (Figure 1) [3].

Figure 1: What is supplemented and what is not, among 213 vegan
respondents [3]

What monitoring took place: In the same survey, nearly 50 per
cent had vitamin B12 tested at least once a year, nearly one
quarter every two years, and another quarter rarely or never
(Figure 5) [3]. Participants following a vegan diet were better
informed about institutional recommendations than those
following vegetarian or omnivorous diets [3].

Figure 5: How often vitamin B12 was tested in the same survey [3]

What an unsupplemented plan supplies: Analysis of a one-week
meal plan composed of published vegan recipes found it did not
meet at least 90 per cent of the daily value for biotin at 56 per
cent, calcium 58, choline 30, iodine 1, niacin 75, selenium 68,
vitamin B12 82, vitamin D 5, vitamin E 7 and zinc 64 (Figure 4)
[8]. Unfortified plant-based diets are described as devoid of
vitamin B12 and as supplying low intakes of iodine, zinc,
selenium and calcium [9].
Table 2: Attention given against shortfall observed, by nutrient [3,8]
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Figure 4: A published one-week vegan meal plan, by nutrient [8]

Children specifically: A systematic review reports that both
vegetarian and vegan children develop signs of vitamin B12
deficiency where the diet is not supplemented, that
supplementation rectifies this, and that on average around 30 per
cent of studied vegetarian and vegan children were not
supplemented with vitamin B12. Both groups had lower ferritin,
though other iron metabolism markers were similar or slightly
lower than in comparison groups, and both had lower
25-hydroxyvitamin D if unsupplemented [10].

Where guidance diverges: One national society does not
recommend vegan diets for children or during pregnancy and
lactation while recommending reliable vitamin B12
supplementation. Another has stated that a plant-based diet is
acceptable at all stages of life, emphasising health-promoting
effects and recommending reliable sources of vitamin B12 such
as fortified foods or supplements, with vitamin B12 intake
determined in vegan-fed infants and children (Figure 6) [3,11]
(Table 2).

Figure 6: Two national bodies, different positions [3,11]

Nutrient Supplemented by Supplied by the
analysed plan

Vitamin B12 All who
supplemented 82% of daily value

Vitamin D 73% 5%

Iodine 12% 1%

Zinc 7% 64%

Calcium 11% 58%

How prevalent B12 deficiency is: Prevalence among vegetarians
has been reviewed directly [12], and status assessed using
holotranscobalamin and methylmalonic acid alongside serum
B12 in vegetarian populations [13]. Serum concentrations have

been compared across omnivores, vegetarians and vegans in a
large male cohort [14], and status, assessment and
supplementation reviewed together [15]. Professional position
statements set out the dietary pattern as acceptable when planned
[4], and intake adequacy has been assessed by systematic review
[5].

The nutrients that receive less attention: Iodine intake across
dietary patterns has been examined by systematic review [16],
and iodine deficiency in vegetarians and vegans reported directly
[17]. Zinc intake and status across the lifecycle have been
reviewed for vegetarian diets [18], and the effect of vegetarian
diets on iron status assessed by systematic review and
meta-analysis [19]. Docosahexaenoic acid status in vegetarians
has been described separately [20]. These are the nutrients for
which dietary shortfall and supplementation attention diverge
most sharply [3,8].

Bone and fracture: Prospective cohort data report fracture risk in
vegetarian and vegan participants [21], and systematic review
with meta-analysis has examined bone mineral density and
fracture risk together [22]. Those findings sit alongside the lower
calcium and vitamin D intakes described above and are the
outcome through which they would be expected to manifest
[6,21,22].

Children and practical guidance: Practical tools for healthcare
providers covering vegan nutrition in mothers and children have
been published [23], as have guidelines for the safe and effective
use of plant-based diets [24]. Metabolic effects in young children
have been studied directly [25], alongside energy and
macronutrient intake and anthropometry in comparison groups
[26], growth and cardiovascular risk in school-age children [27],
and a systematic review of vegetarian diets in children [28]. The
health outcomes literature more broadly reports benefit across
several endpoints [29,30], with the distinction between healthful
and less healthful plant-based patterns bearing on how those
results should be read [31,32,33,34] (Table 3).
Table 3: What is and is not established about nutrient risk on these diets

Question What the evidence supports

Does the diet cause deficiency? The unsupplemented diet does [7]

Does duration matter? No significant association found [7]

Does supplementing correct it? Levels similar to non-vegans [7]

Is attention well targeted? No; iodine least supplemented [3,8]

Is monitoring routine? A quarter tested rarely or never [3]
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Method
Search strategy: PubMed and the archives of the major clinical
nutrition, dietetics and paediatric journals were searched for
studies of nutrient adequacy on plant-based diets. Search terms
combined vegan and plant-based diet with vitamin B12, iodine,
nutrient adequacy, supplementation and monitoring. Reference
lists of the healthcare professional survey [3] and the clinical
nutrition centre analysis [7] were screened by hand for primary
sources.

Eligibility: Studies were included if they reported biochemical
status, supplement use or nutrient intake in defined plant-based
populations, or analysed the composition of plant-based dietary
patterns. Position statements are cited for their content and
identified as such. Where a sample is selected in a way that
would raise apparent adherence, that is stated.

Data extraction and handling: Population, diet definition, the
biomarker or intake measure used and the reported figure were
extracted as published. How the sample was recruited is stated
alongside every supplementation figure, because the principal
survey drew on healthcare professionals attending a congress on
plant-based nutrition and its figures should be read as a
favourable case rather than as typical practice. This review
reports published findings and does not constitute dietary,
supplementation or monitoring guidance for any individual,
which are matters for the treating clinician and dietitian. No
pooling or re-analysis was performed. Figures 1 to 6 and Tables
1 to 3 reproduce published values only. This is a narrative
synthesis of published literature and was not registered as a
systematic review.

Concluding Remarks
The most useful finding reframes the clinical question.

Cobalamin status depended on whether people supplemented,
not on how long they had followed the diet, and regularly
supplementing vegans had levels similar to non-vegans [7]. The
relevant category is therefore not the diet but the
unsupplemented diet, and long-standing vegans who supplement
are not accumulating a deficit.

That makes vitamin B12 genuinely non-optional in the sense
the title intends, and the evidence for it is unusually clean: the
deficiency occurs without the supplement, resolves with it, and is
not explained by anything else about the diet [7,10]. Both of the
professional bodies whose positions differ on other points agree
on this one [3,11].

The odds ratios should be quoted with their intervals rather
than alone. The estimate for low holotranscobalamin is 19.18
with an interval running from 1.02 to 359.42 [7]. The direction is
clear and the magnitude is essentially unestimated, which is what
an interval of that width means in a cohort of this size.

The distribution of attention across nutrients is the finding
with most practical consequence. Among vegan respondents,
vitamin B12 supplementation was universal and iodine reached
12 per cent, zinc 7 per cent [3]. Set that against the meal plan
analysis, where iodine supplied 1 per cent of the daily value and
zinc 64 per cent [8]. The nutrient with the largest dietary
shortfall received almost the least attention, and it is not the one
the public conversation is about.

Iron illustrates the opposite error. Vegans had significantly
lower ferritin and haemoglobin, and the investigators
nonetheless found no indication of higher iron deficiency risk
[7]. Treating a lower mean biomarker as equivalent to deficiency
would generate investigation and supplementation without
evidence of benefit, and the same caution applies to the lower
bone mineral density reported elsewhere [6,7].

On monitoring, the survey figures deserve their caveat stated
plainly. A quarter of respondents tested vitamin B12 rarely or
never, and these were healthcare professionals who had chosen
to attend a congress on plant-based nutrition [3]. That is close to
a best case, and monitoring in an unselected population is
unlikely to be better. The authors' recommendation to integrate
cobalamin monitoring into routine care follows directly [7].

Three limitations belong with these conclusions. The
principal supplementation figures come from a self-selected
sample of congress attendees and are not representative of
people following these diets generally [3]. The clinical centre
cohort is cross-sectional with 151 vegans, so associations are
measured at a single point and several intervals are very wide
[7]. And the meal plan analysis examines one published
one-week plan from one organisation, which demonstrates what
such a plan can omit but not what people following plant-based
diets typically eat [8].

There is a service implication that follows without further
evidence. If cobalamin status is determined by supplementation
rather than by the diet, then the useful clinical action at the point
a patient reports following a plant-based diet is to establish what
they take rather than to record the dietary label [7,15]. Those are
different questions and only the second is routinely asked.

Iodine deserves separate emphasis because it is the clearest
mismatch in this literature. Intake across dietary patterns has
been reviewed and deficiency in vegetarians and vegans reported
directly [16,17], the analysed meal plan supplied 1 per cent of
the daily value [8], and 12 per cent of a well-informed vegan
sample supplemented it [3]. Whether that shortfall translates into
thyroid consequences in practice is not established by the studies
reviewed here, which is itself the gap worth naming.

Finally, the health benefits should not be lost in a review
about deficiency. Umbrella and systematic reviews report
favourable outcomes across several endpoints [29,30,32], and
the distinction between healthful and less healthful plant-based
patterns matters more for those outcomes than the presence or
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absence of animal products alone [31]. The argument here is that
specific supplements are not optional, not that the dietary pattern
is unsound [4,24].

Acknowledgements
The authors thank the investigators who separated

supplement use from duration of diet in their analysis, since that
distinction determines whether the clinical concern attaches to
the diet or to a correctable omission within it.

Funding
No dedicated funding from public, commercial or charitable

sources supported the preparation of this review.

Conflict of Interest
The authors declare no competing interests.

Ethics Statement
This article reviews previously published studies only. No

new patient data were collected and no participants were
recruited, so ethical approval was not required.

References
1. Rural qualitative investigators. "A qualitative study of rural

plant-based eaters knowledge and practices for nutritional
adequacy". Nutrients 16(2024):3504.

2. Metabolic syndrome review authors. "Vegan diet health benefits
in metabolic syndrome". Nutrients 13(2021):817.

3. VegMed survey investigators. "Knowledge, attitudes and
application of critical nutrient supplementation in vegan diets
among healthcare professionals: survey results from a medical
congress on plant-based nutrition". Nutrients 14(2022):4033.

4. Melina V, Craig W, Levin S. "Position of the Academy of
Nutrition and Dietetics: vegetarian diets". J Acad Nutr Diet
116(2016):1970-1980.

5. Bakaloudi DR, Halloran A, Rippin HL, Oikonomidou AC,
Dardavesis TI, Williams J, et al. "Intake and adequacy of the
vegan diet: a systematic review of the evidence". Clin Nutr
40(2021):3503-3521.

6. Neufingerl N, Eilander A. "Nutrient intake and status in adults
consuming plant-based diets compared to meat-eaters: a
systematic review". Nutrients 14(2021):29.

7. Czech clinical centre investigators. "Vitamin B12 deficiency is
prevalent among Czech vegans who do not use vitamin B12
supplements". Nutrients 11(2019):3019.

8. Meal plan analysis authors. "An analysis of the nutritional
adequacy of mass-marketed vegan recipes". Cureus
15(2023):e36601.

9. Total nutrient index investigators. "Analyzing dietary exposure to
critical nutrients on a plant-based diet using the food- and total
nutrient index". Front Nutr 12(2025):1510704.

10. Paediatric systematic review authors. "Plant-based diets in
children: secular trends, health outcomes, and a roadmap for

urgent practice recommendations and research, a systematic
review". Nutrients 16(2024):723.

11. Richter M, Boeing H, Grunewald-Funk D, Heseker H, Kroke A,
Leschik-Bonnet E, et al. "Vegan diet: position of the German
Nutrition Society". Ernahrungs Umschau 63(2016):92-102.

12. Pawlak R, Parrott SJ, Raj S, Cullum-Dugan D, Lucus D. "How
prevalent is vitamin B12 deficiency among vegetarians?". Nutr
Rev 71(2013):110-117.

13. Herrmann W, Schorr H, Obeid R, Geisel J. "Vitamin B-12
status, particularly holotranscobalamin II and methylmalonic
acid concentrations, and hyperhomocysteinemia in vegetarians".
Am J Clin Nutr 78(2003):131-136.

14. Gilsing AMJ, Crowe FL, Lloyd-Wright Z, Sanders TAB,
Appleby PN, Allen NE, et al. "Serum concentrations of vitamin
B12 and folate in British male omnivores, vegetarians and
vegans". Eur J Clin Nutr 64(2010):933-939.

15. Rizzo G, Lagana AS, Rapisarda AMC, La Ferrera GMG,
Buscema M, Rossetti P, et al. "Vitamin B12 among vegetarians:
status, assessment and supplementation". Nutrients 8(2016):767.

16. Eveleigh ER, Coneyworth LJ, Avery A, Welham SJM. "Vegans,
vegetarians, and omnivores: how does dietary choice influence
iodine intake? A systematic review". Nutrients 12(2020):1606.

17. Krajcovicova-Kudlackova M, Buckova K, Klimes I, Sebokova
E. "Iodine deficiency in vegetarians and vegans". Ann Nutr
Metab 47(2003):183-185.

18. Foster M, Samman S. "Vegetarian diets across the lifecycle:
impact on zinc intake and status". Adv Food Nutr Res
74(2015):93-131.

19. Haider LM, Schwingshackl L, Hoffmann G, Ekmekcioglu C.
"The effect of vegetarian diets on iron status in adults: a
systematic review and meta-analysis". Crit Rev Food Sci Nutr
58(2018):1359-1374.

20. Sanders TAB. "DHA status of vegetarians". Prostaglandins
Leukot Essent Fatty Acids 81(2009):137-141.

21. Tong TYN, Appleby PN, Armstrong MEG, Fensom GK,
Knuppel A, Papier K, et al. "Vegetarian and vegan diets and
risks of total and site-specific fractures: results from the
prospective EPIC-Oxford study". BMC Med 18(2020):353.

22. Iguacel I, Miguel-Berges ML, Gomez-Bruton A, Moreno LA,
Julian C. "Veganism, vegetarianism, bone mineral density, and
fracture risk: a systematic review and meta-analysis". Nutr Rev
77(2019):1-18.

23. Baroni L, Goggi S, Battaglino R, Berveglieri M, Fasan I,
Filippin D, et al. "Vegan nutrition for mothers and children:
practical tools for healthcare providers". Nutrients 11(2018):5.

24. Craig WJ, Mangels AR, Fresan U, Marsh K, Miles FL, Saunders
AV, et al. "The safe and effective use of plant-based diets with
guidelines for health professionals". Nutrients 13(2021):4144.

25. Hovinen T, Korkalo L, Freese R, Skaffari E, Isohanni P, Niemi
M, et al. "Vegan diet in young children remodels metabolism
and challenges the statuses of essential nutrients". EMBO Mol
Med 13(2021):e13492.

26. Weder S, Hoffmann M, Becker K, Alexy U, Keller M. "Energy,
macronutrient intake, and anthropometrics of vegetarian, vegan,
and omnivorous children in Germany". Nutrients 11(2019):832.



DOI: 10.5281/zenodo.22302394 Bellandi M et al., (2025) 6: 001-006

6

27. Desmond MA, Sobiecki JG, Jaworski M, Pludowski P,
Antoniewicz J, Shirley MK, et al. "Growth, body composition,
and cardiovascular and nutritional risk of 5- to 10-y-old children
consuming vegetarian, vegan, or omnivore diets". Am J Clin
Nutr 113(2021):1565-1577.

28. Schurmann S, Kersting M, Alexy U. "Vegetarian diets in
children: a systematic review". Eur J Nutr 56(2017):1797-1817.

29. Key TJ, Papier K, Tong TYN. "Plant-based diets and long-term
health: findings from the EPIC-Oxford study". Proc Nutr Soc
81(2022):190-198.

30. Dinu M, Abbate R, Gensini GF, Casini A, Sofi F. "Vegetarian,
vegan diets and multiple health outcomes: a systematic review
with meta-analysis of observational studies". Crit Rev Food Sci
Nutr 57(2017):3640-3649.

31. Satija A, Bhupathiraju SN, Spiegelman D, Chiuve SE, Manson
JE, Willett W, et al. "Healthful and unhealthful plant-based diets
and the risk of coronary heart disease in US adults". J Am Coll
Cardiol 70(2017):411-422.

32. Selinger E, Neuenschwander M, Koller A, Gojda J, Kuhn T,
Schwingshackl L, et al. "Evidence of a vegan diet for health
benefits and risks: an umbrella review of meta-analyses of
observational and clinical studies". Crit Rev Food Sci Nutr
63(2023):9926-9936.

33. Bakaloudi DR, Chrysoula L, Leonida I, Kotzakioulafi E,
Theodoridis X, Chourdakis M. "Impact of the level of adherence
to the Mediterranean diet on blood pressure: a systematic review
and meta-analysis of observational studies". Nutrients
13(2021):1721.

34. Derbyshire EJ. "Flexitarian diets and health: a review of the
evidence-based literature". Front Nutr 3(2017):55.

Citation: Bellandi M, Kuypers L, Wrona A. "Plant-Based Diets in
Clinical Practice: Nutrient Adequacy, Monitoring and the
Supplements That Are Not Optional." J Clin Nutr Heal (2025):6;
001-006


