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Plant-based (PB) diets are associated with good health and are also recommended for envir-
onmental sustainability. The present review aimed to summarise the definitions of PB diets
globally and to investigate the nutritional role of PB diets in adults. This review found that
there is a wide range of PB definitions ranging from the traditional vegetarian diets (includ-
ing vegan) to semi-vegetarian/flexitarian diets. Furthermore, other diets which were origin-
ally developed due to their associations with positive health outcomes, such as the portfolio,
Mediterranean-style, DASH, healthy US-style, planetary health and Nordic-style diets, have
been encompassed in PB definitions due to their emphasis on certain PB components. This
review has highlighted that those consuming a PB diet are more likely to meet recommended
intakes for carbohydrate, dietary fibre and vitamin E and are less likely to meet recommen-
dations for protein, vitamin B12 and iodine compared to omnivores. Regardless of con-
sumer type, neither PB consumers nor omnivores met recommendations for intakes of
vitamin D, calcium and sodium. While intakes of protein, n-3, iron and zinc were generally
sufficient from the PB diet, it is important to acknowledge the lower bioavailability of these
nutrients from PB foods compared to animal-derived products. As dietary patterns shift
towards a more PB diet, there is a need for further studies to investigate the role of PB
diets for nutritional adequacy and status in populations currently accustomed to consuming
a primarily omnivorous diet.
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The consumption of a plant-based (PB) diet has been asso-
ciated with a reduced risk of type 2 diabetes, CVD and
other cardiometabolic risk factors, some cancers and all-
cause mortality(1–5). The recent report from the Eat-Lancet
Commission recommends a global shift towards PB diets,
emphasising an increased intake of PB foods such as fruits,
vegetables, wholegrains, legumes and nuts and a reduced
intake of animal-derived foods, for both health and environ-
mental sustainability(6).While food-baseddietary guidelines
have traditionally provided guidance to consume fruit and
vegetables and starchy staples (i.e. PB foods) as the bulk of

the diet, ongoing updates to food-based dietary guidelines
globally are placing even more emphasis on PB foods(7,8).
Nonetheless, almost all countries still recommend the con-
sumption of animal-derived foods, along with other food
groups, in recognition of the important contribution of
animal-derived foods towards providing high-biological
value protein, bioavailable n-3 and a range of micronutri-
ents, including riboflavin, niacin, vitamin B6, vitamin B12,
iron and zinc(9–12).

The term ‘plant-based diet’ encompasses a wide
spectrum of dietary patterns which emphasise plant
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products, such as fruits and vegetables, wholegrains,
legumes, nuts and seeds and PB alternatives and limit
or exclude animal-derived products(13,14). However,
there is huge variability in PB definitions between studies
and as the popularity of PB diets grow, PB terminology is
also evolving as PB diets are being described as ‘plant-
centred’, ‘plant-predominant’, ‘plant-rich’, ‘plant-focused’,
‘plant-forward’, etc.(15–18).

In the Western world, media sources, consumer bodies
and vegan and vegetarian societies are reporting a shift
towards an increase in PB consumers(19); however, data
from national food consumption surveys continue to
show that 98–99% of people in all population groups
still consume meat(20–22). While these figures may not
be reflective of other PB diets that include small amounts
of meat and/or dairy, generally the number of PB diet
consumers remains largely unknown and difficult to elu-
cidate due to the large variation in definitions of PB diets.

While it has been acknowledged that not all PB diets
are necessarily healthy, few studies have differentiated
between ‘healthful’ and ‘unhealthful’ PB diets(23,24).
Furthermore, concerns remain regarding the nutritional
adequacy of some restrictive PB diets, such as vegan
diets with respect to some key micronutrients such as
vitamin D and B12, which are only naturally occurring
in animal-derived products(25). Simultaneously, the glo-
bal market for PB alternative foods and beverages is
growing rapidly(26,27); however, the dietary quality of
ultra-processed PB alternative products is under scrutiny,
with some studies showing that PB alternative foods may
contain higher sodium and many do not contain key
micronutrients, such as vitamins D, B12, iron or zinc,
that would traditionally be found in their animal-source
counterparts(28–31).

While there is a general consensus that consuming a
PB diet confers health and environmental benefits,
there remains a significant challenge in understanding
the nutritional role of PB diets due to the variations in
definitions and the paucity of studies reporting nutrient
intake from PB diets. This review aims to summarise
the definitions of PB diets globally and to investigate
the nutritional role of PB diets in adults.

Methods

Inclusion/exclusion criteria

The present paper includes a review of definitions of
PB diets from peer-reviewed literature, position state-
ments and vegan and vegetarian society websites.
Furthermore, this review includes intervention or large
observational studies of adults (≥18 years) that report
nutrient intakes from those consuming a PB diet com-
pared to a general omnivorous/baseline diet(32,33). This
review includes studies that were published in English
and post the year-2000.

Search strategy

To search for PB definitions, an electronic search was
conducted in PubMed and Web of Science. A search of

the grey literature was also conducted which included
UK vegan and vegetarian society websites and position
statements. Subject index terms included ‘plant-based’,
‘plant-based diet’, ‘plant-centric’, ‘plant-centred’ and
‘definition’ and the final search builder was ((plant-based
OR plant-based diet OR plant-centred OR plant-centric)
AND (definition)). For data on nutrient intake from PB
diets and/or compliance with recommendations, an
electronic search was also conducted in PubMed and
Web of Science. Subject index terms included ‘plant-based’,
‘plant-based diet’, ‘vegan’, ‘vegetarian’, ‘pescatarian’, ‘semi-
vegetarian’, ‘flexitarian’, ‘portfolio diet’, ‘Mediterranean’,
‘DASH’, ‘healthy US-style diet’, ‘planetary health diet’,
‘Nordic diet’ and ‘nutrient’, ‘nutrient intake’, ‘diet quality’
and ‘adults’ and the final search builder was ((plant-based
ORplant-baseddietORveganORvegetarianORpescatar-
ian OR semi-vegetarian OR flexitarian OR portfolio diet
OR Mediterranean OR DASH OR healthy US-style diet
OR planetary health diet OR Nordic diet) AND (nutrient
OR nutrient intake OR diet quality) AND (adults)).

Plant-based definitions

Table 1 outlines the PB diet definitions identified in this
review. Traditionally, PB diets referred to vegetarian
diets, which include fruits, vegetables, grains, nuts,
seeds, beans and pulses but exclude animal-derived
foods in different amounts(34). A lacto-vegetarian diet
excludes meat, fish and eggs but includes dairy, an
ovo-vegetarian diet excludes meat, fish and dairy, but
includes eggs and a lacto-ovo vegetarian diet, generally
excludes meat and fish but includes dairy and
eggs(5,13,35–49). Veganism refers to a philosophy or way
of life rooted in animal welfare, which seeks to exclude
the use of animals for food, clothing and other pur-
poses(50). In dietary terms, the vegan diet is the most
extreme form of a vegetarian diet and excludes all
foods and beverages wholly or partly derived from ani-
mals(35,48,50). Iterations of a vegan diet are defined in
the literature, such as a whole-food vegan diet (excludes
processed foods), a whole-food low-fat vegan diet
(excludes processed and high fat plant foods) and a raw
food vegan diet (excludes all cooked food)(35,48,51–61).

Other variations of vegetarian diets include the pesca-
tarian diet, which is similar to a lacto-ovo vegetarian diet
but additionally includes fish(13,35–38,62,63). The flexitarian
or semi-vegetarian diet is described as a primarily vege-
tarian diet but allows some animal food consumption,
however, the amount and type of animal foods varies,
from a specified amount of animal food per month to
exclusion of red meat only but inclusion of poultry, fish
and other animal foods(13,35,37,38,41,47,49,62,64–66).

Other primarily PB diets, associated with good health
and sustainability, are now included within the PB litera-
ture. These diets are also high in fruits, vegetables,
grains, nuts, seeds, beans and pulses and encourage mod-
erate (or no) intake of animal-derived foods but empha-
sise certain PB components. The portfolio diet, originally
developed to incorporate cholesterol-lowering foods into
one diet, is a primarily vegetarian diet, but with specific

Nutritional role of plant‐based diets 63

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665121003839 Published online by Cambridge University Press

https://doi.org/10.1017/S0029665121003839


proportions of four core PB components, i.e. 42 g of nuts,
50 g plant protein, 20 g viscous soluble fibre and 2 g plant
sterols(1,41,67). The Mediterranean-style diet places an
emphasis on olive oil, olives, nuts and moderate red
wine consumption(66,68–71). The dietary approaches to
stop hypertension (DASH) diet emphasises fat-free/low-
fat dairy over full fat, and limits sodium and added
sugar, which is quite similar to the healthy US-style
diet(8,66–68,72). Both the DASH and healthy US-style
diet additionally promote protein sources other than
red and processed meats, such as seafood, lean meats,
poultry, eggs, soy products, nuts and seeds. The planet-
ary health diet places an emphasis on limiting highly pro-
cessed foods and the Nordic-style diet emphasises low-fat
dairy, fish, fruits, berries, rye and local foods(6,66,72–74).

As not all PB diets conform to one diet type, plant-
based dietary indexes (PDI) have recently been developed
to measure adherence to a PB dietary pattern within an
omnivorous population(75). PDI are a type of dietary
quality index which positively weight PB foods and nega-
tively weight animal foods. They offer an alternative to
defining PB diets in terms of complete exclusion of some
or all animal foods. While not all PB foods are necessarily

‘healthy’, some studies have differentiated between what
the authors describe as ‘healthy’ and ‘unhealthy’ PB dietary
patterns by positively weighting healthy PB foods (e.g.
wholegrain cereal products) and negatively weighting low-
quality PB foods (e.g. refined cereal products); however,
what is included and excluded in the healthy PDI and
unhealthy PDI varies between studies(23,24,76).

While PDI can help to make associations between
adherence to a PB diet and health outcomes, they rarely
provide information on nutrient contributions to the diet
from the various components and so little is known
about the impact of PB diets on nutritional quality.
Therefore, this review also aimed to examine the nutri-
tional role of PB diets in adults specifically investigating
the intake of energy, macro- and micronutrients and com-
pliance with current dietary recommendations when con-
suming a PB diet compared to an omnivorous diet.

The nutritional role of plant-based diets

Eleven observational and intervention studies comparing
PB diets (raw vegan, vegan, lacto-vegetarian, lacto- and/

Table 1. Definitions of plant-based diets

Plant-based diet Definition

Vegetarian(34) Includes fruits, vegetables, grains, nuts, seeds, beans, pulses ± dairy and/or eggs.
Excludes meat and fish ± dairy and/or eggs

Lacto-(13,35–37,48,49) Includes fruits, vegetables, grains, nuts, seeds, beans, pulses and dairy. Excludes meat,
fish and eggs

Ovo-(35–38,48) Includes fruits, vegetables, grains, nuts, seeds, beans, pulses and eggs. Excludes meat,
fish and dairy

Lacto-ovo-(5,13,35,37,39–48) Includes fruits, vegetables, grains, nuts, seeds, beans, pulses, and dairy and eggs.
Excludes meat and fish

Vegan(35,48,50) Includes fruits, vegetables, grains, nuts, seeds, beans and pulses. Excludes all animal and
animal-derived products

Whole food vegan(35,54–57) Includes unprocessed fruits, vegetables, grains, nuts, seeds, beans and pulses. Excludes
all animal and animal-derived products and processed foods

Whole food low-fat vegan(51,53,58–61) Includes unprocessed and low-fat fruits, vegetables, grains, beans and pulses. Excludes all
animal and animal-derived products and processed and high-fat plant foods (oils,
avocado, nuts, etc.)

Raw vegan(35,48,52,59) Includes uncooked fruits, vegetables, grains, nuts, seeds, beans and pulses. Excludes all
animal and animal-derived products and cooked foods

Pescatarian (pesctarian, pesco-vegetarian,
fish-eater)(13,35–38,62,63)

Includes fruits, vegetables, grains, nuts, seeds, beans, pulses and fish, dairy and eggs.
Excludes meat

Semi-vegetarian/flexitarian(13,35,37,38,41,47,49,62,64–66) Includes fruits, vegetables, grains, nuts, seeds, beans, pulses and fish, dairy, eggs and
meat (on some but not all days of the week). Excludes restrictions on meat

Portfolio diet(1,41,67) A primarily vegetarian diet with the inclusion of 4 core food components: 42 g nuts (tree
nuts or peanuts); 50 g plant protein from soy products or dietary pulses such as beans,
peas, chickpeas and lentils; 20 g viscous soluble fibre from oats, barley, psyllium,
eggplant, okra, apples, oranges or berries; and 2 g plant sterols initially provided in a plant
sterol-enriched margarine

Mediterranean-style diet(66,68–71) Moderate meat and dairy and emphasis on certain plant-based components, such as olive
oil, olives, nuts and moderate red wine intake

Dietary approaches to stop hypertension (DASH)
diet(66,67,72)

Fat-free/low-fat dairy over full-fat dairy products. Poultry and fish in place of red and
processed meats. Limited sugar-sweetened foods and beverages and sodium

Healthy US-style diet(8,66,68) Based on recommendations from the USDA Dietary Guidelines for Americans. Moderate
dairy, mostly low-fat or fat-free. Protein sources from seafood, lean meats, poultry, eggs,
soy products, nuts and seeds. Limited saturated fats, sodium and added sugars

Planetary health diet(6,66) Moderate seafood, poultry and dairy (if included at all). Limit red meat, processed meat,
added sugar, refined grains, starchy vegetables and highly processed foods

Nordic-style diet(72–74) Rich in fruits and berries, vegetables, rye, low-fat dairy products and fish. Emphasis on
local foods
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or ovo vegetarian, pescatarian, semi-vegetarian and
Mediterranean) with omnivorous diets (meat-eater or
baseline diets) met the eligibility criteria for this review
and are described in Table 2. Hereafter, all variations
of PB diets within these studies will be referred to collect-
ively as PB diets and all comparative/baseline diets will
be described as omnivorous. Tables 3–5 present the
energy, macronutrients, dietary fibre and micronutrient
intake data from these studies. All values are reported
as mean intakes with the exception of one study, which
reported medians, as outlined in the respective tables.
Where energy in MJ and percentage energy (%E) of
nutrients were not provided, this was calculated using
standardised conversion factors for easier comparison
between studies(77). Micronutrient intakes are reported

from the food component of the diet only (i.e. intakes
from nutritional supplements are not included). Where
retinol was presented as international units (IU), this
was converted using standardised conversions for easier
comparison between studies(78).

Energy and macronutrients

Data from both observational and intervention studies
showed that the intake of energy from PB diets (regard-
less of type) (5–12MJ) was lower or similar than that of
omnivorous diets (6–13MJ)(42–47,49,52,60,69,79). While this
may be expected due to the lower energy density of many
staple plant foods, such as fruits, vegetables, legumes and
wholegrains, compared to animal-derived products, it

Table 2. Characteristics of studies comparing nutrient intakes from plant-based diets with omnivorous diets

Reference Study type Country Study year(s)
Age
(years)

No. of participants per diet
group

Dietary
assessment
method Diets compared

Bowman(43) Observational USA 2013–2016 20+ Non-vegetarian (9389),
vegetarian (675)

24 hour recall Non-vegetarian diet
(non-lacto-ovo) v. vegetarian
(lacto-ovo) diet*

Allès(44) Observational France 2009–2015 18–65+ Meat-eaters (90 664),
vegans (789), vegetarians
(2370)

3 × 24 hour recall Meat-eater diet (non-vegetarian)
v. vegan and vegetarian
(lacto-ovo) diets{

Sobiecki(45) Observational UK 2010 30–90 Meat-eaters (18 244),
vegans (803), vegetarians
(6673), fish-eaters (4531)

Semi-quantitative
FFQ

Meat-eater diet (omnivorous) v.
vegan, vegetarian (lacto- and/
or ovo) and fish-eater
(pescatarian) diets*

Kristensen(79) Observational Denmark 2013–2014
DANSDA:
2005-2008

18–61 Non-vegetarians (1257),
vegans (70)

4 d food diary Non-vegetarian diet (DANSDA
data excluding vegetarian and
vegan diets) v. vegan diet{

Bradbury(46) Observational UK 1993–2001 20–90 Meat-eaters (424), vegans
(422), vegetarians (423),
fish-eaters (425)

FFQ Meat-eater diet (omnivorous) v.
vegan, vegetarian (lacto- and/
or ovo) and fish-eater
(pescatarian) diets*

Clarys(47) Observational Belgium 2012 20+ Omnivores (155), vegan
(104), vegetarians (573),
semi-vegetarians (498),
pesco-vegetarians (145)

FFQ Omnivorous diet v. vegan,
vegetarian (lacto-ovo),
semi-vegetarian and
pesco-vegetarian (pescatarian)
diets*

Newby(49) Observational Sweden 1987–1990 40+ Omnivores (54 257), vegans
(83), lacto-vegetarians
(159), semi-vegetarians
(960)

FFQ Omnivorous diet v. vegan,
vegetarian (lacto) and
semi-vegetarian (description is
pescatarian) diets{

Davey(42) Observational UK 1993–2001 20–97 Meat-eaters (33 883),
vegans (2596), vegetarians
(18 840), fish-eaters (10
110)

FFQ Meat-eater diet v. vegan,
vegetarian (lacto-ovo) and
fish-eater (pescatarian) diets*

Mishra(60) Intervention USA Not stated 18+ Baseline (119), low-fat
vegan (119)

2 × 24 hour recall Baseline diet v. low-fat vegan
diet (same participants)

Najjar(52) Intervention USA 2017 32–69 Baseline (30), raw vegan (30) 2 × 24 hour recall Baseline diet v. raw vegan diet v.
(same participants)

Rogerson(69) Intervention UK Not stated 18–35 Baseline (12), Mediterranean
diet (12), baseline (12),
vegan diet (12)

3 d food diary Baseline (omnivorous) diet v.
Mediterranean diet (same
participants) and baseline
(omnivorous) diet v. vegan diet
with B12 supplement (same
participants)

DANSDA, The Danish National Survey of Dietary Habits and Physical Activity.
* Classified into consumer groups by the researcher based on participant self-reported intakes.
{ Self-reported consumers.
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Table 3. Mean daily energy and macronutrient intakes from plant-based diets compared to omnivorous diets

Study Energy (MJ)* Protein (%E)* Fat (%E)* Saturated fat (%E)* MUFA (%E)* PUFA (%E)* n-3 (g) n-6 (g) CHO (%E)* Total sugars (%E) Dietary fibre (g)

Bowman(43)

Non-vegetarian 9⋅0 15⋅8 35⋅6 11⋅7 12⋅4 8⋅5 – – 43⋅5 – 17⋅0
Lacto-ovo vegetarian 7⋅6↓ 12⋅0 34⋅3 10⋅9 12⋅1 8⋅0 – – 49⋅5 – 20⋅0

Allès(44)

Meat-eater 7⋅9 17⋅6 39⋅0 15⋅6 14⋅0 4⋅5 1⋅3 9⋅2 43⋅3 20⋅4 19⋅5
Vegan 7⋅9 12⋅8↓ 35⋅0 9⋅6 14⋅8 7⋅1 1⋅7 15⋅0↑ 51⋅2 23⋅6 34⋅1↑
Lacto-ovo vegetarian 7⋅6 14⋅2↓ 38⋅0 14⋅2 14⋅9 5⋅4 1⋅5 11⋅2↑ 47⋅3 22⋅5 25⋅9↑

Sobiecki(45)

Meat-eater 8⋅7 17⋅2 31⋅3 10⋅4 – 7⋅1 – – 48⋅0 23⋅2 21⋅7{
Vegan 8⋅1↓ 13⋅1↓ 30⋅5↓ 6⋅9↓ – 10⋅3↑ – – 54⋅0↑ 23⋅7 28⋅9{↑
Lacto- and/or ovo vegetarian 8⋅4↓ 14↓ 30⋅0↓ 9⋅5↓ – 7⋅8↑ – – 52⋅8↑ 24⋅5↑ 25⋅6{↑
Pescatarian 8⋅5↓ 15⋅5↓ 30⋅3↓ 9⋅4↓ – 7⋅9↑ – – 50⋅7↑ 24⋅0↑ 24⋅9{↑

Kristensen{(79)

Omnivorous 10⋅6 (m) 8⋅0 (f) 15⋅0 (m) 14⋅9 (f) 36⋅6 (m) 34⋅9 (f) 15⋅0 (m) 14⋅4 (f) 12⋅9 (m) 12⋅0 (f) 5⋅2 (m) 5⋅1 (f) – – 43⋅3 (m) 46⋅1 (f) – 23⋅0 (m) 20⋅0 (f)
Vegan 11⋅7 (m↑) 8⋅7 (f) 10⋅9 (m↓) 11⋅6 (f↓) 27⋅9 (m↓) 28⋅4 (f↓) 5⋅4 (m↓) 5⋅6 (f↓) 8⋅2 (m↓) 9⋅4 (f↓) 8⋅2 (m↑) 8⋅1 (f↑) – – 45⋅3 (m) 41⋅0 (f↓) – 56⋅0 (m↑) 40⋅0 (f↑)

Bradbury(46)

Meat-eater 8⋅1 16⋅0 (m) 17⋅0 (f) 32⋅0 (m) 31⋅0 (f) 12⋅0 (m) 11⋅0 (f) 11⋅0 (m) 11⋅0 (f) 6⋅0 (m) 6⋅0 (f) – – 48⋅0 (m) 49⋅0 (f) – 19⋅0 (m) 20⋅0 (f)
Vegan 7⋅1 13⋅0 (m) 13⋅0 (f) 29⋅0 (m) 29⋅0 (f) 6⋅0 (m) 7⋅0 (f) 10⋅0 (m) 10⋅0 (f) 10⋅0 (m) 10⋅0 (f) – – 54⋅0 (m) 55⋅0 (f) – 27⋅0 (m) 26⋅0 (f)
Lacto- and/or ovo vegetarian 8⋅0 13⋅0 (m) 14⋅0 (f) 31⋅0 (m) 30⋅0 (f) 11⋅0 (m) 10⋅0 (f) 10⋅0 (m) 10⋅0 (f) 7⋅0 (m) 7⋅0 (f) – – 51⋅0 (m) 53⋅0 (f) – 23⋅0 (m) 23⋅0 (f)
Fish-eater 7⋅6 14⋅0 (m) 15⋅0 (f) 31⋅0 (m) 30⋅0 (f) 11⋅0 (m) 10⋅0 (f) 10⋅0 (m) 10⋅0 (f) 7⋅0 (m) 7⋅0 (f) – – 50⋅0 (m) 52⋅0 (f) – 23⋅0 (m) 22⋅0 (f)

Clarys(47)

Omnivorous 12⋅5 15⋅0 36⋅0 16⋅0 13⋅9 6⋅6 – – 44⋅0 21⋅0 27⋅0
Vegan 10⋅0↓ 14⋅0↓ 25⋅0↓ 8⋅0↓ 7⋅2↓ 10⋅6↑ – – 57⋅0↑ 27⋅0↑ 41⋅0↑
Lacto-ovo vegetarian 11⋅4↓ 14⋅0↓ 31⋅0↓ 13⋅0↓ 10⋅2↓ 7⋅9 – – 51⋅0↑ 24⋅0↑ 34⋅0↑
Pescatarian 11⋅5 15⋅0 32⋅0↓ 14⋅0↓ 10⋅5↓ 7⋅9 – – 49⋅0↑ 23⋅0 33⋅0↑
Semi-vegetarian 11⋅9 15⋅0 33⋅0↓ 14⋅0↓ 11⋅4 7⋅9 – – 48⋅0↑ 22⋅0↑ 34⋅0↑

Newby(49)

Omnivorous 5⋅8 16⋅3 30⋅7 13⋅0 11⋅2 4⋅4 – – 50⋅9 – 17⋅0
Vegan 4⋅8↓ 12⋅4↓ 23⋅0↓ 9⋅0↓ 8⋅1↓ 4⋅1 – – 62⋅7↑ – 23⋅0↑
Lacto-vegetarian 5⋅1↓ 13⋅5↓ 25⋅2↓ 11⋅1↓ 8⋅4↓ 3⋅7↓ – – 59⋅8↑ – 22⋅4↑
Pescatarian 5⋅2↓ 14⋅7↓ 26⋅0↓ 11⋅4↓ 8⋅8↓ 3⋅9↓ – – 57⋅3↑ – 20⋅9↑

Davey(42)

Meat-eater 9⋅2 (m) 8⋅0 (f) 16⋅0 (m) 17⋅3 (f) 31⋅9 (m) 31⋅5 (f) 10⋅7 (m) 10⋅4 (f) – 5⋅2 (m) 5⋅2 (f) – – 46⋅9 (m) 48⋅3 (f) – 18⋅7 (m) 18⋅9 (f){
Vegan 8⋅0 (m) 7⋅0 (f) 12⋅9 (m) 13⋅5 (f) 28⋅2 (m) 27⋅8 (f) 5⋅0 (m) 5⋅1 (f) – 7⋅5 (m) 7⋅2 (f) – – 54⋅9 (m) 56⋅1 (f) – 27⋅7 (m) 26⋅4 (f){
Lacto- and/or ovo vegetarian 8⋅8 (m) 7⋅6 (f) 13⋅1 (m) 13⋅8 (f) 31⋅1 (m) 30⋅4 (f) 9⋅4 (m) 9⋅3 (f) – 5⋅7 (m) 5⋅3 (f) – – 51⋅2 (m) 52⋅9 (f) – 22⋅7 (m) 21⋅8 (f){
Pescatarian 8⋅9 (m) 7⋅8 (f) 13⋅9 (m) 14⋅9 (f) 31⋅1 (m) 30⋅7 (f) 9⋅4 (m) 9⋅3 (f) – 5⋅6 (m) 5⋅4 (f) – – 49⋅8 (m) 51⋅2 (f) – 22⋅1 (m) 21⋅8 (f){

Mishra(60)

Baseline 7⋅9 15⋅7 35⋅1 11⋅3 – – – – 50⋅1 – 19⋅3
Low-fat vegan 6⋅8↓ 14⋅6↓ 31↓ 8⋅5↓ – – – – 56⋅6↑ – 22⋅9↑

Najjar(52)

Baseline 8⋅6 16⋅5 36⋅4 11⋅6 13⋅2 8⋅4 2⋅1 18⋅5 46⋅3 – 20⋅4
Raw vegan 5⋅7↓ 7⋅5↓ 19⋅0↓ 3⋅8↓ 7⋅0↓ 5⋅4↓ 2⋅1 6⋅0↓ 72⋅6↑ – 51⋅0↑

Rogerson(69)

Baseline (vegan arm) 8⋅7 16⋅4 41⋅5 16⋅3 13⋅3 5⋅8 0⋅8 6⋅5 39⋅3 – 20⋅5
Vegan 7⋅6 12⋅6↓ 36⋅6↓ 7⋅2↓ 14⋅8 8⋅9 1⋅5 13⋅5 47⋅6 – 37⋅7↑
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may also be partly explained by the conscious lifestyle
choice of many who consume PB diets(80–82). With regard
to protein intake, this review found that despite protein
intake being lower or similar from PB diets (8–18% of
total energy intake (%E)) compared to omnivorous
diets (15–18 %E)(42–47,49,52,60,69,79), protein intake from
both PB and omnivorous diets met generally accepted
population guidelines(45,79). In contrast, at an individual
level, a study by Allès et al.(44) found that 27 % of vegans
and 15% of vegetarians had intakes below the acceptable
distribution intake range for total protein compared to
4 % of omnivores and Sobiecki et al.(45) reported that
8–16 % of vegans and 6–10 % of vegetarians had inad-
equate intakes for protein compared to 1–3% of
meat-eaters. Since many PB diets lack the main sources
of high biological value protein that are found in animal-
derived products, protein intake from PB diets should be
carefully considered to ensure that not only an adequate
amount of protein is consumed, but that the variety of
protein sources provides a full complement of essential
amino acids(83).

With regard to total fat intake, PB diets (19–38 %E)
provided a lower or similar amount of fat compared to
omnivorous diets (31–42%E)(42–47,49,52,60,69,79) with studies
generally showing that intake of total fat from both the PB
and omnivorous diets was in line with widely accepted
population recommendations for fat intake(45,79). Given
that some of the key sources of saturated fat (i.e. animal
products) are restricted or eliminated from PB diets, it is
not unexpected that intake of saturated fat from PB diets
(4–14%E) was lower or similar compared to omnivorous
diets (10–16%)(42–47,49,52,60,69,79). A study by Sobiecki
et al.(45) investigating compliance to nutrient recommenda-
tions found that mean saturated fat intake from PB diets
(7–9⋅5%E) met dietary recommendations from the UK
Department of Health (DOH) of <10%E, while intake
from omnivorous diets exceeded recommendations, how-
ever only by 0⋅4%E. However, it is important to acknow-
ledge that intakes of saturated fat in most Western
populations is considerably >10 %E and so the wider
applications of this study should be interpreted with
caution(84).

Studies in this review found that intake of MUFA
was lower or similar from PB diets (7–15 %E) compared
to omnivorous diets (11–14%E)(43,44,46,47,49,52,69,79).
Regarding PUFA intakes, most studies reported a simi-
lar or higher intake of PUFA from PB diets (5–11 %E)
compared to omnivorous diets (5–9%E)(42–47,69,79), how-
ever two studies reported a lower intake of PUFA from
PB diets (4–5 %E) compared to omnivorous diets
(4–8%E)(49,52). Regardless, studies investigating com-
pliance to nutrient recommendations found that PUFA
intake from both PB and omnivorous diets met recom-
mendations from the UK DOH and the Nordic
Nutrition Recommendations (NNR)(45,79). Intake of
n-3 and n-6 was similar or higher from the PB diets
(n-3: 1–2 g, n-6: 7–15 g), compared to omnivorous diets
(n-3: <1–2 g, n-6: 7–9 g)(44,69) with the exception of
Najjar et al.(52) who reported a lower intake of n-6
from a raw vegan diet (6 g), compared to an omnivorous
diet (19 g) which may be explained by the exclusion of
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Table 4. Mean daily vitamin intakes in plant-based diets compared to omnivorous diets

Study
Vitamin A
(μg)

Vitamin D
(μg)

Vitamin E
(mg)

Vitamin C
(mg)

Thiamin
(mg)

Riboflavin
(mg)

Niacin
(mg)

Pantothenate
(mg)

Vitamin B6
(mg)

Biotin
(μg)

Folate
(μg)

Vitamin B12
(μg)

Bowman(43)

Non-vegetarian 629 4⋅8 – – – – – – 2⋅2 – – 5⋅1
Lacto-ovo vegetarian 692 4⋅0↓ – – – – – – 1⋅8↓ – – 3⋅5↓

Allès(44)

Meat-eater 1049 2⋅7 11⋅3 117 1⋅2 1⋅8 19⋅1 5⋅3 1⋅8 327 5⋅3
Vegan 1361↑ 1⋅9↓ 17⋅6↑ 165↑ 1⋅6↑ 1⋅7↓ 18⋅2↓ 5⋅3 2⋅3↑ – 481↑ 2⋅7↓
Lacto-ovo vegetarian 1163 2⋅4↓ 14⋅3↑ 131↑ 1⋅2 1⋅7 16⋅1↓ 5⋅1↓ 1⋅8 – 394↑ 3⋅6↓

Sobiecki(45)

Meat-eater 1394 3⋅8 12⋅1 167 1⋅9 2⋅4 25⋅1 – 2⋅6 413 7⋅9
Vegan 1083↓ 1⋅8↓ 16⋅3↑ 190↑ 2⋅3↑ 1⋅8↓ 21⋅5↓ – 2⋅4↓ – 504↑ 0⋅8↓
Lacto- and/or ovo
vegetarian

1085↓ 2⋅0↓ 13⋅6↑ 174↑ 2⋅0↑ 2⋅3↓ 19⋅1↓ – 2⋅4↓ – 452↑ 3⋅1↓

Pescatarian 1098↓ 3⋅7↓ 13⋅5↑ 174↑ 2⋅0↑ 2⋅3↓ 21⋅4↓ – 2⋅5↓ – 446↑ 6⋅4↓
Kristensen*(79)

Omnivorous 1240 (m)
929 (f)

2⋅9 (m)
2⋅2 (f)

7⋅9 (m)
7⋅1 (f)

100 (m)
110 (f)

1⋅5 (m)
1⋅1 (f)

1⋅9 (m)
1⋅5 (f)

37⋅4 (m)
26⋅8 (f)

– 1⋅7 (m)
1⋅4 (f)

339 (m)
308 (f)

6⋅1 (m) 4⋅2 (f)

Vegan 592 (m↓)
542 (f↓)

0 (m↓)
0 (f↓)

19⋅6 (m↑)
15⋅3 (f↑)

221 (m↑)
221 (f↑)

2⋅1 (m↑)
1⋅5 (f↑)

1⋅2 (m↓)
1⋅0 (f↓)

21⋅3 (m↓)
17⋅5 (f↓)

– 2⋅5 (m↑)
1⋅9 (f↑)

– 628 (m↑)
578 (f↑)

0 (m↓) 0 (f↓)

Davey(42)

Meat-eater 740 (m){
654 (f){

3⋅4 (m)
3⋅3 (f)

11⋅8 (m)
10⋅7 (f)

119 (m)
138 (f)

1⋅7 (m)
1⋅7 (f)

2⋅3 (m)
2⋅2 (f)

24⋅7 (m)
23⋅2 (f)

– 2⋅3 (m)
2⋅2 (f)

– 329 (m)
321 (f)

7⋅4 (m) 7⋅0 (f)

Vegan 74⋅2 (m){
76⋅6 (f){

0⋅9 (m)
0⋅9 (f)

16⋅1 (m)
14⋅0 (f)

155 (m)
169 (f)

2⋅3 (m)
2⋅1 (f)

2⋅3 (m)
2⋅1 (f)

23⋅9 (m)
21⋅1 (f)

– 2⋅2 (m)
2⋅1 (f)

– 431 (m)
412 (f)

0⋅4 (m) 0⋅5 (f)

Lacto- and/or ovo
vegetarian

306 (m){
277 (f){

1⋅6 (m)
1⋅5 (f)

13⋅7 (m)
11⋅6 (f)

123 (m)
147 (f)

1⋅9 (m)
1⋅8 (f)

2⋅2 (m)
2⋅1 (f)

20⋅8 (m)
18⋅3 (f)

– 2⋅0 (m)
1⋅9 (f)

– 367 (m)
350 (f)

2⋅6 (m) 2⋅5 (f)

Pescatarian 337 (m){
308 (f)

2⋅9 (m)
2⋅8 (f)

13⋅0 (m)
11⋅4 (f)

130 (m)
147 (f)

1⋅8 (m)
1⋅7 (f)

2⋅2 (m)
2⋅1 (f)

21⋅7 (m)
19⋅5 (f)

– 2⋅1 (m)
2⋅0 (f)

– 358 (m)
346 (f)

5⋅0 (m) 4⋅9 (f)

Najjar(52)

Baseline 2480{ 4⋅0 9⋅9 88⋅0 – – – – – – 298 4⋅0
Raw vegan 10 016{↑ 0⋅3 10⋅6 413↑ – – – – – – 741↑ 0⋅3↓

Rogerson(69)

Baseline (vegan arm) 799 2⋅4 9⋅7 107 1⋅5 1⋅7 32⋅0 5⋅5 1⋅7 34⋅0 223 4⋅9
Vegan 1123 2⋅0 11⋅6 109 1⋅6 1⋅1↓ 23⋅0 3⋅5 1⋅4 41⋅0 272 0⋅9↓
Baseline
(Mediterranean arm)

627 3⋅4 10⋅1 99⋅0 1⋅5 1⋅6 40⋅2 5⋅6 1⋅8 34⋅0 278 4⋅6

Mediterranean 1054↑ 4⋅3 10⋅7 116 2⋅2↑ 1⋅7 47⋅9 6⋅3 2⋅3 36⋅0↑ 295 5⋅0

All values are reported as mean intakes, except for where * (median) is present ↑↓ indicates significantly higher or lower in plant-based diet. Arrows within () indicate a significant difference within males or females
only.
{Retinol; {converted to μg from IU using standardised conversions(78).
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Table 5. Mean daily mineral intakes in plant-based diets compared to omnivorous diets

Study
Calcium
(mg)

Iron
(mg)

Magnesium
(mg)

Zinc
(mg)

Copper
(mg)

Iodine
(μg)

Manganese
(mg)

Selenium
(μg)

Phosphorous
(mg)

Potassium
(mg)

Sodium
(mg)

Bowman(43)

Non-vegetarian 956 14⋅3 305 11⋅4 – – – – 1408 2668 3615
Lacto-ovo
vegetarian

975 13⋅9 315 8⋅7↓ – – – – 1177↓ 2343↓ 2426↓

Allès(44)

Meat-eater 924 13⋅4 336 10⋅9 1⋅7 180 4⋅1 70⋅5 1276 2997 2719
Vegan 760↓ 18⋅6↑ 495↑ 10⋅0↓ 2⋅5↑ 248↑ 7⋅7↑ 64⋅1↓ 1250 3676↑ 2590↓
Lacto-ovo
vegetarian

960↑ 15⋅4↑ 408↑ 9⋅9↓ 2⋅0↑ 223↑ 6⋅0↑ 64⋅5↓ 1258 3139↑ 2480↓

Sobiecki(45)

Meat-eater 1083 16⋅3 390 10⋅5 1⋅6 212 – 66⋅3 – 4158 2624
Vegan 848↓ 18⋅3↑ 470↑ 8⋅7↓ 2⋅1↑ 58⋅5↓ – 54⋅9↓ – 4115 2645
Lacto- and/or ovo
vegetarian

1117↑ 16⋅7↑ 419↑ 10⋅3↓ 1⋅7↑ 148↓ 47⋅2↓ – 4013↓ 2631

Pescatarian 1131↑ 16⋅7↑ 421↑ 10⋅2↓ 1⋅7↑ 197↓ – 65⋅5 – 4140 2701
Kristensen*(79)

Omnivorous 1154 (m)
1054 (f)

12⋅0 (m)
9⋅3 (f)

412 (m)
332 (f)

13⋅0 (m)
9⋅6 (f)

– 213 (m)
178 (f)

– 52⋅0 (m)
39⋅0 (f)

1686 (m)
1297 (f)

3871 (m)
3183 (f)

4226 (m)
3020 (f)

Vegan 885 (m↓)
724 (f↓)

18⋅5 (m↑)
13⋅5 (f↑)

645 (m↑)
484 (f↑)

10⋅5 (m↓)
8⋅6 (f↓)

– 64⋅0 (m↓)
65⋅0 (f↓)

– 33⋅0 (m↓)
25⋅0 (f↓)

1555 (m↓)
1249 (f↓)

4274 (m↑)
3602 (f↑)

2068 (m↓)
1589 (f↓)

Clarys(47)

Omnivorous 1199 17⋅0 – – – – – – – – 3296
Vegan 738↓ 23⋅0↑ – – – – – – – – 1316↓
Lacto-ovo
vegetarian

1465↑ 20⋅0↑ – – – – – – – – 2228↓

Pescatarian 1470 20⋅0 – – – – – – – – 2371
Semi-vegetarian 1470 20⋅0 – – – – – – – – 2679

Davey(42)

Meat-eater 1057 (m)
989 (f)

13⋅4 (m)
12⋅6 (f)

366 (m)
341 (f)

9⋅8 (m)
9⋅2 (f)

– – – – – 3965 (m)
3839 (f)

–

Vegan 610 (m)
582 (f)

15⋅3 (m)
14⋅1 (f)

440 (m)
391 (f)

8⋅0 (m)
7⋅2 (f)

– – – – – 4029 (m)
3817 (f)

–

Lacto- and/or ovo
vegetarian

1087 (m)
1012 (f)

13⋅9 (m)
12⋅6 (f)

396 (m)
352 (f)

8⋅4 (m)
7⋅7 (f)

– – – – – 3867 (m)
3656 (f)

–

Pescatarian 1081 (m)
1021 (f)

14⋅0 (m)
12⋅8 (f)

396 (m)
358 (f)

8⋅6 (m)
7⋅9 (f)

– – – – – 3940 (m)
3759 (f)

–

Najjar(52)

Baseline 796 15⋅4 288 12⋅2 – – – – – 2668 3730
Raw vegan 566↓ 15⋅3 488↑ 7⋅8↓ – – – – – 5078↑ 839↓

Rogerson(69)

Baseline (vegan arm) 988 9⋅7 284 9⋅2 1⋅1 169 3⋅6 50⋅2 1368 2796 2092
Vegan 669 13⋅5↑ 375↑ 7⋅0 1⋅9↑ 19⋅1↓ 5⋅8↑ 38⋅1 1020↓ 3063 1161↓
Baseline
(Mediterranean arm)

747 12⋅1 423 8⋅5 1⋅3 145 3⋅2 52⋅6 1337 3151 1569

Mediterranean 836 13⋅6↑ 412 9⋅3 1⋅6 131 3⋅8↑ 65⋅7 1292 3142 2146

All values are reported as mean intakes, except for where * (median) is present ↑↓ indicates significantly higher or lower in plant-based diet. Arrows within () indicate a significant difference within males or females only.
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oils and PB fats from this diet. It should be noted that
while the body can convert α-linolenic acid from PB
foods, such as nuts and seeds to n-3, research suggests
that the process is inefficient and that n-3 from animal
sources (i.e. oily fish) is more bioavailable(12,85,86).

This review found that carbohydrate intake was simi-
lar or higher from PB diets (40–73 %E) compared to
omnivorous diets (39–51 %E)(42–47,49,52,60,69,79) with stud-
ies showing that carbohydrate intake from PB diets met
recommendations while carbohydrate intake in omnivor-
ous diets was below recommendations from the UK
Scientific Advisory Committee on Nutrition and the
NNR(45,79). Furthermore, at an individual level, a study
by Allès et al.(44) showed that 36 % of meat-eaters had
intakes below the acceptable distribution range for car-
bohydrates, compared to 16 % of vegans and 23% of
vegetarians. With regard to dietary sugars, those
consuming PB diets had a similar or higher intake
(22–27%E) of total sugar compared to omnivorous
diets (20–23 %E)(44,45,47). No study reported free sugar
intake and only Kristensen et al.(79) provided an estimate
of added sugar intake, where intake of added sugars in
the PB diet was lower (3–4 %E) than the omnivorous
diet (8 %E) (data not shown). However, the omnivorous
diet in this study may not be representative of a typical
adult diet in the Western world where intakes of added
sugars are typically about 10 %E(87). Intake of dietary
fibre was similar or higher from PB diets (20–56 g) com-
pared to omnivorous diets (17–27 g)(42–47,49,52,60,69,79)

with studies showing that dietary fibre intake from PB
diets (NSP 25–29 g, dietary fibre 40–56 g) met recom-
mendations from the UK Scientific Advisory
Committee on Nutrition and NNR, while intake from
omnivorous diets (NSP 22 g, dietary fibre 20–23 g) did
not(45,79). These findings may be expected due to the
high dietary fibre content of PB foods such as fruits,
vegetables, legumes and wholegrains, compared to
animal-derived products.

Micronutrients

Intake of vitamin A from PB diets (692–10 016 μg) was
generally higher than omnivorous diets (627–2480 μg),
however two studies reported lower intakes from the
PB diet (542–1098 μg) compared to the omnivorous diet
(929–1394 μg)(43–45,52,69,79). One study reported that retinol
intakes from the PB diet were lower than the omnivorous
diet which is not surprising given that animal-derived pro-
ducts are key sources of retinol(42). Regardless, the preva-
lence of inadequate intakes of vitamin A is low with just
1–8% of those consuming PB diets and 1–3% of omni-
vores having inadequate intakes of vitamin A(45).

Vitamin D intake was lower or similar from PB diets
(0–4μg) compared to omnivorous diets (2–5 μg)(42–
45,52,69,79), which is not an unexpected finding, given
that, natural dietary sources of vitamin D are limited
to animal-derived products (with the exception of mush-
rooms grown under UV light). Kristensen et al.(79) found
that vitamin D intakes from the PB diet and the omniv-
orous diet were below national recommendations (NNR)
which is not surprising given that low intakes of vitamin

D are reported in populations globally(88,89). Even in non-
vegetarians, supplementation is often recommended to
ensure adequate intakes particularly in winter months(90,91).
Furthermore, foods fortified with vitamin D, e.g.
ready-to-eat breakfast cereals or PB alternative foods, may
make a useful contribution to vitamin D(19,89,92).

Intake of vitamin E was similar or higher from PB
diets (11–20 mg) compared to omnivorous diets (7–12
mg)(42,44,45,52,69,79), partially explained by the presence
of vitamin E in vegetable oils, nuts and green vegetables.
Studies showed that intake of vitamin E from both PB diets
and omnivorous diets did not meet recommendations from
the US Institute of Medicine and the NNR; however, one
study found that vitamin E intake from the PB diet met
population recommendations (NNR)(45,79).

Intake of vitamin C was similar or higher from PB
diets (109–413mg) compared to omnivorous diets
(88–167mg)(42,44,45,52,69,79), but vitamin C intake from
both PB and omnivorous diets met population recom-
mendations nonetheless (UK DOH and NNR)(45,79).

Intakes of thiamin, folate and biotin were similar or
higher from PB diets compared to omnivorous diets(42–
45,52,69,79). Studies investigating compliance with recom-
mendations found that intakes of thiamin and folate in
both PB and omnivorous diets were in line with recom-
mendations from the UK DOH for general population
intake (however, for folate this is dependent on the diet-
ary reference value used as recommendations vary
between countries)(45,79). Vitamin B6 intake was lower
or similar from PB diets (1⋅4–2⋅3mg) in most studies,
compared to omnivorous diets (1⋅7–2⋅6mg)(42–45,69,79),
which is expected as meat and fish are good sources of
vitamin B6. However, vitamin B6 intake from the
vegan diet according to Allès et al.(44) and Kristensen
et al.(79) was similar or higher (1⋅8–2⋅5mg) compared
to omnivorous diets (1⋅4–1⋅8mg). Regardless, intake of
vitamin B6 from both PB and omnivorous diets met
population recommendations from the UK DOH and
the NNR(45,79). Intakes of other B vitamins, such as
riboflavin, niacin and pantothenate, were lower or simi-
lar from PB diets compared to omnivorous diets(42–
45,52,69,79). Studies investigating compliance with recom-
mendations found that intakes of riboflavin and niacin
from both PB and omnivorous diets met national popu-
lation recommendations (UK DOH and NNR)(45,79).
Vitamin B12 intake was lower or similar from PB diets
(0–6 μg) compared to omnivorous diets (4–8 μg)(42–
45,52,69,79), which is expected as vitamin B12 is naturally
found in animal-derived products, including meat, fish
eggs and dairy and not usually a constituent of PB
foods(93). Vitamin B12 intake from diets which included
some animal-derived foods, including lacto- and/or ovo
vegetarian and pescatarian diets, as well as omnivorous
diets met population recommendations; however, intake
of vitamin B12 from the vegan diet did not meet popula-
tion recommendations (UK DOH and NNR)(45,79). As
vegan foods do not naturally contain vitamin B12, the
consumption of dietary supplements and/or fortified
foods is required to maintain an adequate supply of vita-
min B12 in the diet of vegans or those who significantly
limit their intake of animal-derived foods(94).
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Generally, calcium intake from PB diets varied
depending on the level of exclusion of dairy products(42–
45,47,52,69,79). For example, intake of calcium from vegan
dietswas loweror similar (566–885mg) compared toomniv-
orous diets (747–1199mg)(42,44,45,47,52,69,79), while intake of
calcium from other PB diets which include dairy (i.e. vege-
tarian, pescatarian, semi-vegetarian and Mediterranean)
was similar or higher (960–1470mg) compared to omnivor-
ous diets(42–45,47,69). Kristensen et al.(79) showed that intake
of calcium from both the PB and omnivorous diet generally
met population recommendations (NNR). However,
Sobiecki et al.(45) found that the prevalence of inadequate
intake of calcium was notable in meat eaters (26–39%) but
higher in vegans (52–64%).

Intake of iron from PB diets was similar or higher
(13–23mg) compared to omnivorous diets (9–17mg)(42–
45,47,52,69,79), which may be unexpected; however, a recent
review has suggested that higher iron intakes from PB
diets may be due to consumption of green leafy vegeta-
bles, beans, nuts and seeds which are highly consumed
in PB diets(25). While studies considered in this review
found that iron intake from both PB and omnivorous
diets met recommendations from the UK DOH and
the NNR, it is important to acknowledge the bioavail-
ability of haem iron compared to non-haem iron. The
US Institute of Medicine recommends an iron intake
1⋅8 times higher for vegetarians than that of omnivores
due to the lower bioavailability of non-haem iron arising
from PB foods compared with the haem iron from
animal-derived sources(45,95). While lower ferritin levels
have been reported in those consuming PB diets com-
pared to omnivorous diets, a recent systematic review
found that there is no difference in the prevalence of
iron deficiency between those following a PB diet and
those following an omnivorous diet(25).

Zinc intake was lower or similar from PB diets (7–11mg)
compared to omnivorous diets (9–13mg)(42–45,52,69,79).
Kristensen et al.(79) showed that both PB and omnivorous
diets met population recommendations (NNR). While
Sobiecki et al.(45) found that 4–27% of vegetarians and
vegans had inadequate intake of zinc compared to 2–8%
of meat-eaters; however when adjusted for bioavailability,
30–55%of vegetarians and 56–74% vegans had inadequate
intake of zinc. Those consumingPBdietsmayhave up to 50
%higher requirements of zinc due to lower bioavailability of
zinc-rich plant foods, which contain phytate, a zinc inhibi-
tor, compared to animal-derived sources(11,25,95).

Intake of iodine was generally lower or similar from
PB diets (19–197 μg) compared to omnivorous diets
(145–213 μg), which is as expected given key sources of
iodine include fish, seafood, eggs and milk(45,69,79). One
exception was a study by Allès et al.(44), who reported higher
iodine intakes in PB diets. A high consumption of PB drinks
was observed among vegans (419 g/d), which (if fortified
with iodine) may explain this higher iodine intake(44).
However, studies comparing intakes to recommendations
from the US Institute of Medicine and NNR found that
intakes from omnivorous diets generally met recommenda-
tions for iodine while intakes from PB diets did not, with
approximately 30% of vegetarians and 93–94% of vegans
estimated to have inadequate intakes of iodine(45,79).

Intake of selenium was lower or similar from PB diets
(25–66 μg) compared to omnivorous diets (39–71
μg)(44,45,69,79). While animal-derived foods are a good
source of selenium, the content of selenium in plant
foods depends on the content of the soil in which it is
grown and therefore varies significantly but is generally
lower(95). However, studies which compared intakes to
recommendations from the US Institute of Medicine
and NNR found that intakes from both the PB and
omnivorous diets did meet recommendations(45,79).

Those consuming PB diets had similar or higher
intakes of magnesium compared to omnivorous diets
and studies showed that magnesium intake from both
diets met population recommendations (UK DOH and
NNR)(42–45,52,69,79). Few studies provided data on intakes
of copper, manganese and phosphorous; however, where
available, intakes of copper and manganese were similar
or higher and intake of phosphorous was lower or similar
from PB diets compared to omnivorous diets(43–
45,52,69,79).

Potassium intake was generally similar or higher from
PB diets (3063–5078 mg) compared to omnivorous diets
(2668–3965mg)(42–45,52,69,79), with the exception of two
studieswhich showeda lower intakeofpotassium invegetar-
ian diets compared to omnivorous diets(43,45). Nonetheless,
studies found that potassium intake in both the PB and
omnivorous diets met population recommendations
(World Health Organisation and NNR)(45,79).

Sodium intake was lower or similar from PB diets
(839–2701 mg) compared to omnivorous diets (1569–
4226 mg); however, intake of sodium in both the PB
and omnivorous diets exceeded population recommenda-
tions (UK DOH and NNR)(45,79). This is not unexpected
as it is widely reported that sodium intake worldwide is
well in excess of recommendations(96).

Conclusions

A global shift towards a more PB diet has been recom-
mended for both health and environmental sustainabil-
ity. This review aimed to summarise the definitions of
PB diets globally and to investigate the nutritional role
of PB diets in adults. This review found that there is a
wide range of PB definitions in the literature including
the traditional vegetarian diets, which exclude animal-
derived foods in different amounts including lacto-
vegetarian, ovo-vegetarian, lacto-ovo vegetarian, pesca-
tarian and vegan. Furthermore, definitions have
expanded to include semi-vegetarian/flexitarian diets
which allow some animal-derived food consumption.
Other diets (e.g. portfolio, Mediterranean-style, DASH,
healthy US-style, planetary health and Nordic-style
diets) are generally high in fruit, vegetables, legumes,
wholegrains, nuts and seeds, and place further emphasis
on certain PB components, such as olive oil, olives, nuts
and moderate red wine intake or specific proportions of
PB components and encourage moderate (or no) intake
of animal-derived foods. PDI which positively weight
PB foods and negatively weight animal foods have also
been developed to measure adherence to a PB dietary
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pattern in an omnivorous diet, however, what is defined
within each PDI varies.

Notwithstanding the variations in PB diet definitions,
data from observational and intervention studies have
shown that those consuming a PB diet have lower or
similar intakes of energy, protein, total fat, saturated
fat, MUFA and added sugar and higher or similar
intakes of carbohydrate, PUFA (including n-3 and n-6),
total sugars and dietary fibre than those consuming an
omnivorous diet.

Those consuming a PB diet had lower or similar intakes
of vitamin D, riboflavin, niacin, pantothenate, vitamin B6,
vitamin B12, zinc, iodine, selenium, phosphorous and
sodium and higher or similar intakes of vitamins A, E, C,
thiamin, folate, biotin, iron, magnesium, copper, manga-
nese and potassium than those consuming an omnivorous
diet. Findings for calcium varied depending on the level
of exclusion of dairy products with intakes from vegan
diets being lower than other PB and omnivorous diets.

Overall, this review has highlighted that those consum-
ing a PB diet are more likely to meet recommended intakes
for carbohydrate, dietary fibre and vitamin E and are less
likely to meet recommendations for protein, vitamin B12
and iodine compared to omnivores. Regardless of con-
sumer type, both PB consumers and omnivores were
noted to have low intakes of vitamin D and calcium and
high intakes of sodium compared to recommendations.

While intakes of protein, n-3, iron and zinc were gener-
ally sufficient from the PB diet, it is important to acknow-
ledge the lower bioavailability of these nutrients from PB
foods compared to animal-derived products. As dietary
patterns shift towards a more PB diet there is a need for
further studies to investigate the role of PB diets for nutri-
tional adequacy and status in populations currently accus-
tomed to consuming a primarily omnivorous diet.
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