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Abstract
Objective: (i) To examine demographic and health characteristics of women of
reproductive age on a vegan diet in Australia and compare these to the general
population; (ii) to identify sources and intake of vitamin B12 and compare intake
to current recommendations and (iii) examine associations between participant
characteristics and adequacy of vitamin B12 intake.
Design: In this cross-sectional study, data were collected via an online survey.
Demographic and health characteristics of women on a vegan diet were compared
with women in the general population (using Australian Bureau of Statistics data).
Intake of vitamin B12 was estimated using a FFQ and estimation of supplemental
intake.
Setting: Australia.
Participants: Participants (n 1530) were women aged 18–44 years who had been
on a vegan diet for at least 6 months.
Results: While BMI, smoking habits and intakes of fruit and vegetables compared
favourably with the general population, 26 % of respondents had estimated intakes
of vitamin B12 below recommendations. Analyses of relationships between vitamin
B12 intake and participant characteristics revealed that the strongest predictor of
intake was supplementation (P< 0·001); however, 25 % had not supplemented
with vitamin B12 in the past 3 months.
Conclusions: The vitamin B12 intakes of a substantial proportion of Australian
women of reproductive age consuming a vegan diet do not meet the recom-
mended intake, which could adversely affect their health, and, if they are pregnant
or lactating, that of their infants too. There is a need for further research in this area
to identify effective strategies to address this situation.
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Plant-based diets, including vegan diets (which do not contain
any animal products), are being recommended globally to alle-
viate the impacts of climate changeon the environment and for
health benefits(1). In 2017–2018, thepercentageof people iden-
tified as vegan in theUSA and theUnitedKingdomwas around
7% of the population, representing a sixfold increase in a 3- to
4-year period(2). While the rise of vegan diets may be poten-
tially beneficial for health and the environment, care needs
to be taken to ensure their nutritional adequacy. Vitamin B12

is of particular relevance to people on vegan and other
plant-based diets, as food sources naturally containing the vita-
min are almost exclusively animal-derived(3). Some foods
which in early studies were reported to contain vitamin B12,

including mushrooms, spirulina, tempeh and other fermented
foods, have been found to be rich in inactive analogues of vita-
min B12 rather than biologically active forms and are therefore
not reliable sources(4–6). Studies on vitamin B12 status have
found a higher prevalence of vitamin B12 deficiency in not only
vegans but also in vegetarians than in omnivores, with vegans
and those not taking supplementsmost at risk(7–9). Research on
the vitamin B12 status of vegans in Australia is scant. A 1999
Australian study that explored the vitamin B12 status of
Seventh-Day Adventist ministers who were not taking supple-
ments (n 298) found that overall, 53%of the vegetarian (n 234)
and vegan subjects (n 11) had serum vitamin B12 below the
reference range, compared with 21% of non-vegetarian
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subjects (n 53)(10). This suggests that vitamin B12 deficiency is
potentially an issue amongst Australian vegetarians and
vegans.

Vitamin B12 is an essential nutrient that acts as a cofactor
in two important intracellular reactions, making it vital for
proper red blood cell formation, DNA synthesis and nerv-
ous system function. Deficiency can result in serious hae-
matological and neurological dysfunction and in infants
can result in failure to thrive, developmental delay and
long-term physical and intellectual impairment(11,12).
Even in the absence of overt deficiency, sub-optimal levels
of vitamin B12 can increase levels of homocysteine, which
has been independently linked to increased risk of CVD(13)

and dementia(14). Vitamin B12 status is especially important
for infants as inadequacy is associated with increased risk
of neural tube defects(15,16) and preterm birth(17) as well as
with failure to thrive and physical and intellectual impair-
ment(12). Prevention of vitamin B12 deficiency in infants
has been found to bemore than a simple matter of prevent-
ing deficiency in pregnant and lactating women, due to the
evidence that deficiency in infants can occur in the absence
of maternal deficiency(18,19).

Ensuring an adequate intake of vitamin B12 is prudent,
especially for those pregnant and lactating, as by the time a
deficiency has been detected, irreversible neurological dam-
age can have occurred(20). Furthermore, diagnosis of defi-
ciency is complicated by the wide range of general
symptoms and the limitations of commonly used diagnostic
methods, such as serum vitamin B12 and holo-transcobalamin
II(21). With the number of people adopting plant-based diets
increasing due to both a shift in societal attitudes and in gov-
ernment policy or dietary guidelines(22), the issue of vitamin
B12 intake will have broader population implications.

People on a vegan diet are reliant on vitamin B12-forti-
fied foods or supplements to meet their vitamin B12 needs,
or risk deficiency, which can have severe and permanent
health consequences. Gaining an understanding of the
characteristics of women of reproductive age on a vegan
diet and their vitamin B12 intake could help inform inter-
ventions aimed at ensuring an adequate intake in this vul-
nerable group. The aims of this present study were to (i)
examine the demographic and health characteristics of
women of reproductive age (age 18–44 years) on a vegan
diet in Australia and compare these to the general popula-
tion; (ii) identify their sources and intake of vitamin B12 and
compare total intake to current reference values and (iii)
examine associations between participant characteristics
and adequacy of vitamin B12 intake.

Materials and methods

Data collection
A cross-sectional survey was designed to collect informa-
tion from women of reproductive age on a vegan diet,
including information on demographics, diet, health

indices and behaviour and intake of vitamin B12 from food
and supplements. Questions were primarily sourced from
previously validated surveys, the details of which are out-
lined below. The survey had 150 questions (including the
FFQ) and took approximately 20min to complete. All ques-
tions were multiple choice, other than those with simple
numeric answers (age, height and weight). The Checklist
for Reporting Results of Internet E-Surveys(23) was used
as a guideline for the implementation and reporting of
the survey details.

Questions relating to age, country of origin, language
spoken at home, education, household food security,
self-assessed overall health, height, weight, smoking,
health conditions, intake of fruit, vegetables, salt and alco-
hol were worded identically to those in recent Australian
National Health Surveys(24–26) to facilitate comparison
with the general population. Additionally, the postcode
of participants was collected and used to calculate their
socio-economic index for area decile; a measure of socio-
economic conditions used by the Australian Bureau of
Statistics(27). Illustrations used to assist data collection in the
surveys (such as to illustrate serve sizes of fruit, vegetables
and alcohol) were included (with permission from the
Australian Bureau of Statistics) for further consistency.

In order to estimate participants’ intake of vitamin B12 from
food and drinks, a vitamin B12-specific FFQ based on a tool
previously validated in New Zealand was used(28). In adopt-
ing and adapting this tool, best practice guidelines for dietary
assessment in health research were considered(29). The FFQ
was semi-quantitative and asked participants’ frequency of
consumption of individual vitamin B12-containing foods in
the past 3 months, providing eight answer options for fre-
quency and four to five answer options for usual serve size,
which were based on volume (e.g. ‘<¼ cup’) or portion size
(e.g. ‘one sausage’).

Under the Australian and New Zealand regulations, only
plant-based milks and other dairy alternatives, meat ana-
logues, yeast extracts and flakes, energy drinks and meal
replacement products can be fortified with vitamin B12 up
to specified levels, and fortification is at the manufacturer’s
discretion(30). Products in these categories in supermarkets,
health food stores and vegan grocery shops were examined
to identify those which were fortified. To ensure that all avail-
able vitamin B12-fortified foods were included, five Australian
Accredited Practising Dietitians who specialise in plant-based
nutrition were asked to check to ensure that no currently
available fortified foods had been omitted. A total of 105
vegan products fortified with vitamin B12 available for sale
in Australia were identified. Colour photographs of all prod-
ucts were included in the online survey to enable easier iden-
tification. The vitamin B12 content of each product was
checked (from labelling and/or contact with manufacturers).
As part of the survey development process, content validation
was undertaken by the aforementioned five dietitians. After
this step, face validation was conducted with fifteen women
of reproductive age who were on a vegan diet.
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Participants and recruitment
Participants for the study were recruited via Australian-
based Facebook groups that had a focus on veganism.
Groups based in each state and in both metropolitan and
regional areas were targeted to recruit participants from dif-
ferent areas of Australia. Potential participants were invited
via a Facebook post to complete an anonymous online sur-
vey and a link was posted to the survey information page.
All respondents were placed in a draw to win one of two
vouchers valued at $250 each. Adaptive questioning was
used, and cookies were used for the duration of the survey
period to prevent participants from submitting the survey
more than once. Recruitment and survey completion took
place over a 2-month period in 2018. In 2016–2017, 97 % of
Australians aged 18–44 years were Internet users(31), and
over 90 % of Australians women in that age group were
users of Facebook in 2018(32).

Inclusion criteria for participation in the current study
were must be female, aged between 18 and 44 years, have
been on a vegan diet (defined as a diet free of animal prod-
ucts) continuously for at least the past 6 months, intended
to stay on a vegan diet indefinitely, currently reside in
Australia and had done so for at least 21 months out of
the past 2 years.

Data preparation
The responses were checked for completion after submis-
sion, and the amount of missing data was determined for
each variable and for each case. The pattern of missing data
was analysed using both Little’s Missing Completely at
Random test(33) and separate variance t-tests. The resulting
P-values were all above 0·05, indicating that the missing
values were missing completely at random (Missing
Completely at Random). As the amount of missing data
was very small (0·39 % overall and below 1·6 % for all ques-
tions), simple pairwise deletion of data was used where
data were missing.

Participants’ intake of vitamin B12 from food was calcu-
lated from the FFQ from the number of serves of each of the
vitamin B12-fortified foods and their frequency of con-
sumption. Participants’ intake of vitamin B12 from supple-
ments was calculated by multiplying the dose and
frequency of the supplement they took containing themost
vitamin B12 and that of the supplement containing the sec-
ond highest amount of vitamin B12 (if more than one B12-
containing supplement taken), adding these together and
calculating daily dose equivalent. The intake of vitamin
B12 of participants was compared with the Australian
RecommendedDietary Intake (RDI)(34) and to the available
data on intake of the vitamin of women of comparable age
in the general Australian population(35).

Data relating to intake of fruit, vegetables and alcohol
were categorised according to whether intake met current
Australian Dietary Guidelines(36) for minimum intake of

300 g of fruit/d and 375 g of vegetables (563 g for lactating
women) and whether the guidelines for short-term high-
risk consumption of alcohol (no more than 40 g of alcohol
on any single occasion)(37) were exceeded or not.

Statistical analyses
The online calculator provided by the Australian Bureau of
Statistics was used to first determine the number of partici-
pants required to obtain a representative sample of women
aged 18–44 years on a vegan diet in Australia(38). There are
currently no published estimates on the size of the vegan
population in Australia, so an estimate was made using
two sources: (i) the percentage of women aged 18–44 years
people self-reporting as ‘vegetarian’ and as ‘avoiding dairy
products’ in a 2016 consumer poll(39) and (ii) an estimate
made by the administrator of several of the largest
Facebook groups for vegans in Australia (personal commu-
nication, S. DeSilva, 23/2/17). Thesemethods estimated the
number of females aged 18–44 years on a vegan diet in
Australia in late 2017 as between 70 000 and 150 000.
Using the top-end of the range as the population size
and specifying a confidence level of 95 % and a CI of
0·05, the online calculator determined that the minimum
sample size required for the current study was 384(38).

Data were analysed using SPSS Version 25 (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version
25.0. IBM Corp). A P-value of <0·05 was considered sta-
tistically significant, although due to the large number of
variables analysed, a Bonferroni correction was applied
when considered appropriate, such as when reporting
associations based on a large number of independent
analyses without pre-planned hypotheses(40).

Descriptive statistics were used to summarise infor-
mation on the demographics, dietary and health behav-
iours of the group. Continuous variables were assessed
for normality and the range, and as appropriate, median,
mean and SD were determined and reported. Categorical
variables were presented as frequencies (percentages).
Where available, data were compared with that of
women from the general Australian population of com-
parable age using data from the Australian Bureau of
Statistics. T-tests were used to determine the significance
of differences observed.

Initially, χ2 tests were used to explore the association
between the characteristics (demographic, health-related
variables) of the sample and the following dependent var-
iables: (i) whether the RDI for vitamin B12 was met or not
and (ii) whether a supplement containing vitamin B12 was
taken or not.

Binomial logistic regression was conducted step wise to
identify the influence that the independent variables most
strongly associated (P< 0·1) with the dependent variables
had onwhether the RDIwasmet or not, andwhether a sup-
plement containing vitamin B12 was taken or not.
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Results

A total of 1530 completed online surveys were submitted
over a 6-week period. Nineteen people were exited at
commencement due to confirming that they did not meet
the inclusion criteria. An additional 990 people com-
menced the survey but did not complete or submit it,
resulting in a completion rate of 61 %. As submission
of the survey was taken as consent to participate, parti-
ally completed surveys were not used. Analysis of the
questions answered in these surveys revealed that
non-completers did not differ significantly from those
who had submitted the survey.

Characteristics of the participants
Demographic, health and other data on the characteristics
of participants are summarised in Tables 1 and 2.

Almost three-quarters (73·9 %) of participants reported
taking a supplement containing vitamin B12 in the preced-
ing 3 months and almost two-thirds (64·9 %) reported tak-
ing other supplements besides those containing vitamin
B12. Of these participants, 10·7 % were not taking vitamin
B12 in any form. Themost frequently reported non-B12 sup-
plement taken was Fe, with 33·2 % of participants reporting
taking Fe in the past 3 months, followed by Mg (18·6 %),
vitamin D (18·0 %), vitamin C (14·8 %), n-3 supplements
(13·5 %) and Zn (11·3 %). Other single-nutrient supple-
ments taken (by <6 % of participants for each supplement)
included Ca, B1, B2, B3, B6, folic acid, iodine, Se, vitamin A,
vitamin K and vitamin E.

Vitamin B12 intake and sources
Details on the mean amount of vitamin B12 obtained from
the fortified foods consumed by study participants and
their contribution to the total are provided in Table 3.
The frequency of consumption of vitamin B12-fortified
foods varied considerably between participants, ranging
from never to more than 3 times/d over the past 3
months.

Frequency of vitamin B12 supplementation varied from
never (25·3 %) to daily (19·4 % of participants), with 57 % of
participants taking a single-nutrient vitamin B12 supple-
ment. Various forms of vitamin B12 were taken, with oral
cyanocobalamin being the most frequently taken (33·7 %
of participants), but 20·8 % reported not knowing what
form they were taking.

The mean intake of vitamin B12 from fortified foods was
1·16þ/− 1·2 μg/d (range 0–14·4 μg). From supplements, the
median intake was 71·7 μg (range 0–10 000 μg), and the
median total intake was 74·4 μg (range 0–10 001·4 μg)/d.
Over 99·5 % of vitamin B12 intake was from supplements.
To enable comparison with other studies that reported
average daily intake of participants, the average total intake
was computed and was 262·2 (þ/− 531·0) μg/d.

Adequacy of vitamin B12 intake
The RDI for vitamin B12 is 2·8 μg daily for lactating women,
2·6 μg during pregnancy and 2·4 μg for other adults, and the
estimated average requirements are 2·4, 2·2 and 2·0 μg,
respectively(34). The percent of participants meeting the
estimated average requirement and RDI from food, supple-
ments and from total intake is shown in Table 4.

Of the 74 % of participants meeting the recommended
intake of vitamin B12, 75·4 % did so by taking a single-
nutrient vitamin B12 supplement, 19·2 % did so by taking
a multivitamin or other supplement containing vitamin
B12 and 5·4 % met the recommended intake of vitamin
B12 from fortified foods alone (without supplementing).

Relationship between adequacy of vitamin B12

intake and participants’ characteristics
A binomial logistic regression was performed to ascertain
the influence of participant characteristics on meeting the
RDI for vitamin B12. Of the predictor variables, only three
were statistically significant: taking a B12 supplement (OR
110·5, 95 %CI 71·8, 170·2), being on a vegan diet for greater
than 2 years (OR 1·74, 95 % CI 1·12, 2·69) and using iodised
salt (OR 1·69, 95 % CI 1·06, 2·70), as shown in Table 5.

Relationship between supplementation with
vitamin B12 and participants’ characteristics
Binomial logistic regression identified that whether a par-
ticipant took any other (non-B12 containing) supplement
or not had the strongest association with whether a supple-
ment containing vitamin B12 was taken or not (OR 3·31,
95 % CI 2·54, 4·31). Other predictor variables identified
as significant were using iodised salt (OR 1·79, 95 % CI
1·34, 2·40), meeting recommended fruit intake (OR 1·59,
95 % CI 1·20, 2·10), meeting the recommended vegetable
intake (OR 1·49, 95 % CI 1·13, 1·98), having a BMI
<30 (OR 1·67, 95 % CI 1·12, 2·51), being over 35 years of
age (OR 1·40, 95 % CI 1·05, 1·83) and having food security
(OR 1·92, 95 % CI 1·15, 3·22), as shown in Table 6.

Discussion

The key findings of the current study are: (i) the demo-
graphic and health characteristics of women on a vegan
diet in Australia differ substantially fromwomen in the gen-
eral population; (ii) only 10·7 % met the recommended
intake of vitamin B12 from food and 26·1 % did not meet
the recommended intake from food and supplements com-
bined; and (iii) taking a vitamin B12 supplement was the
strongest predictor of meeting the RDI, and the significant
predictors of doing this were greater age, taking other types
of supplements, positive health behaviours and having
food security. This is the first known study to explore the
demographic and health characteristics of vegan women
in Australia and adds to existing literature from overseas
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Table 1 Demographic and health characteristics of Australian vegan women aged 18–44 years (n 1530) compared with women of
comparable age in the general population of Australia(45,49,75–84)

Characteristic (categories)
Vegan women 18–44

years (%)
General Australian population, women 18–44

years (%)* P value†

Birthplace
Australia 82·7 68·7(75) <0·001
Outside Australia 17·3 31·3 <0·001

Language at home
English 97·4 86·3(76) <0·001
Other 2·6 13·7 <0·001

Education
Completed year 12 87·0 79·1(77) <0·001
Bachelor’s degree 31·5 26·6 <0·001
Completed postgrad. studies 21·5 10·3 <0·001

SEIFA index
1–3 (low) 12·7 Not available
4–7 (medium) 31·9 Not available
8–10 (high) 55·4 Not available

Anthropometric‡ (79)

Height (cm) Mean= 166·5 Mean= 162·7 <0·001
Weight (kg) Mean= 66·2 Mean= 69·6 <0·001

BMI (kg/m2) Mean= 23·5 Mean= 26·2 <0·001
<18·5 (underweight) 6·4 2·6 <0·001
18·5–24·99 (healthy weight range) 64·0 47·9 <0·001
25–29·99 (overweight) 19·0 27·6 <0·001
30–34·99 (obese) 6·5 13·2 <0·001
35–39·99 2·4 5·1 <0·001
≥40 1·6 4·2 <0·001

Total obese 10·6 22·0 <0·001
Total overweight or obese 29·6 49·7 <0·001
Self-assessed health, age 25–44 years
(n 971)

(84)

Excellent/very good 63·9 62·0 ns
Good 28·0 29·0 ns
Fair/poor 8·1 9·0 ns

Food security (household) (83)

Ran out of food and could not afford to
buy more

5·4 4·0 0·004

Went without food 2·3 1·5 0·008
Smoking daily 4·8 11·1(78) <0.001
Alcohol use
Consumed alcohol in past 12 months 85·1 82·6(49) 0·01
Exceeded alcohol short-term risk§ 49·1 41·4(49) <0·001

Vegetable & fruit intake
Veg intake meets guidelines‖ 37·0 7·1(79) <0·001
Fruit intake meets guidelines¶ 67·8 50·3(80) <0·001
Intake of both fruit & veg meets guide-
lines

28·0 5·8 <0·001

Salt use
Used in cooking ‘very often” or occasion-
ally’

71·4 50·1(81) <0·001

Used at table ‘very often” or “occasion-
ally’

58·0 30·2(81) <0·001

Uses iodised salt in cooking 34·4 31·0(81) 0·005
Uses iodised salt at table 20·3 20·1(81) ns

Use of nutrient supplements**
Took any nutrient supplements 85·0 35·5(82) <0·001
Took a multivitamin supplement 26·0 25·5(82) ns

ABS, Australian Bureau of Statistics; SEIFA, Socio-Economic Index for Areas, an index of socioeconomic status measured on a scale of 1 to 10, with the higher values
indicating greater relative advantage.
*ABS data.
†P value determined by t-test.
‡ABS data based on measured heights and weights, not self-reported.
§Defined as no more than four standard drinks on any single occasion(37).
‖At least 375 g/d, not including legumes.
¶At least 300 g/d.
**ABS figures based on past week, not past 3 months.
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studies. It is also the first study to examine the intake of vita-
min B12 of women of reproductive age in Australia, provid-
ing insight into a potential problem in this vulnerable
group. To our knowledge, the number of vegan partici-
pants (n 1530) is exceeded only by the United
Kingdom’s EPIC-Oxford Study (n 2596 vegans)(41) and
the North American Adventist 2 Study (n 5548 vegans)(42)

and demonstrates the ability of targeted use of social media
to generate a large number of participants in a relatively
short time period with minimal cost.

In comparison with women aged 18 to 44 years in the
general Australian population, participants in the current
study were more likely to be born in Australia and speak
English at home and had a higher index of socio-economic

advantage. They also had higher educational attainment
than the general population, a finding common to some
other studies on vegans(41–43), apart from the French
Nutrinet-Sante study which reported that vegans had lower
educational attainment and income than meat-eaters(44).

The prevalence of overweight and obesity in this group
was substantially lower at 29·6 % compared with 49·7 %
in women of comparable age in the Australian popula-
tion(45). However, the Australian Bureau of Statistics data
are based on measured heights and weights so the lower
BMI (−2·6 kg/m2) in vegans reported here needs to be
interpreted with caution because of the inherent limita-
tions in self-reported height and weight data, which tend
to underestimate BMI(46). However, several other studies
have found vegans to have significantly lower BMI than
non-vegans(41–44,47).

The lower smoking rate amongst participants could indi-
cate a greater health consciousness in this group, or it could
be because tobacco use may be rejected by vegans as a

Table 2 Additional participant data on vegan women aged 18–44
years (n 1530)

Characteristic
Proportion (%) of

participants

Reproductive status
Currently pregnant 2·9
Currently lactating 6·6
Has given birth since adopting vegan diet 11·9

Time period on vegan diet
<3 years 61·1
3–10 years 30·9
over 10 years 8·0

Prior vegetarian diet
Never 25·2
up to 6 months 14·2
6 months – 2 years 18·3
2–5 years 15·7
5–10 years 11·3
over 10 years 15·3

Main reason for adopting vegan diet
Animal rights/welfare concerns 68·2
To improve health 21·2
Environmental concerns 7·4
Other 3·1

Main reason for maintaining vegan diet
Animal rights/welfare concerns 73·3
To improve health 12·1
Environmental concerns 8·3
Other 6·1

Diet of children under participants’ care (n 363)
Always vegan 55·7
Vegan most of the time 25·6
Vegan about half the time 7·7
Vegan less than half of the time 11·0

Preference regarding organically grown food
Prefer to choose 68·8
No preference 28·8
Prefer to avoid 2·4

Preference regarding GM food
Prefer to choose 3·1
No preference 41·0
Prefer to avoid 55·9

Blood test to assess vitamin B12 status
Had test in past 3 months 37·5
Intends to have test in next 3 months 45·1
Has had or intends to have test in past/next
3 months

66·8

Diagnosis of vitamin B12 deficiency
Diagnosis in past 18·4
Not ever diagnosed 81·6

Table 3 Vitamin B12 supplied by fortified foods (μg/d) and
percentage of total intake (mean intake of all participants) (n 1530)

Food/drink
Vitamin B12

(μg/d)
% of total B12 from

food/drinks

Fortified soy milk (plain) 0·38 32·8
Fortified meat analogues 0·37 31·9
Yeast flakes 0·16 13·8
Other fortified plant

milks (plain)
0·15 12·9

Yeast extracts 0·06 5·2
Flavoured plant milks 0·02 1·7
Fortified (soya) ice

cream
0·02 1·7

Other fortified desserts 0·00 0·0
Energy drinks 0·01 0·9
Meal replacement drinks 0·00 0·0
Total/d (mean) 1·16 þ/− 1·2 100%

Table 4 Adequacy of vitamin B12 intake from food and supplements
and in total (n 1530)

Vitamin B12

intake category

Proportion of participants in intake category
(%)

B12 intake from
food/drinks

B12 intake from
Supplements

Total B12

intake

Intake= 0 2·1 27·1 0·6
Intake >0<EAR 81·1 3·9 23·3
Intake ≥
EAR<RDI

6·1 0·6 2·2

Intake less than
RDI

89·3 31·6 26·1

Intake ≥ RDI
< 4 μg/d

7·8 1·8 5·3

Intake≥ 4 μg/d 2·9 66·7 68·6
Intake meets/
exceeds RDI

10·7 68·5 73·9

EAR, estimated average requirement; RDI, recommended dietary intake.
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result of tobacco companies testing on animals(48). Lower
smoking rates amongst vegans have been found in several
studies(42), while in others the rates did not differ signifi-
cantly between dietary groups(41).

The finding that the prevalence of alcohol consump-
tion and drinking in excess of the single occasion risk
guidelines was higher amongst vegan women than
women in the general population(49) is not in line with
reports from other studies comparing vegans to the gen-
eral population(41–43,50–53). Part of the reason for the dif-
fering result regarding alcohol consumption in the
present study could be because in some other studies
there was a higher proportion of subjects who were
vegan for health reasons and/or were members of reli-
gions which encourages the avoidance of alcohol
consumption. In the present study, only 12·1 % of partici-
pants maintained a vegan diet for health reasons and
only 0·03 % participants cited religious or spiritual rea-
sons for adopting a vegan diet. It has been reported that
women living in the highest socio-economic areas in
Australia are 1·3 times as likely to exceed this guideline
as women in the lowest socio-conomic areas(54), so the
higher socio-economic status of vegans may in part
explain the higher alcohol intake. In any case, the high
reported incidence amongst vegan women (50·8 %) of
exceeding the guideline for single occasion alcohol con-
sumption in the past 12 months indicates that it cannot be
assumed that vegans have consistently favourable health
practices.

While participants in the current study reported much
higher intakes of fruit and vegetables than women of
comparable age in the general population, only 37 %
met the recommended intake of vegetables and only
28 % met the recommended intake of both fruit and veg-
etables (compared with 7·1 % and 5·8 %, respectively,
amongst women of comparable age in the general pop-
ulation). Studies have consistently reported a higher
intake of fruit and vegetables by vegans than other
dietary groups(44,53,55–57).

The finding that the majority of participants in the current
study reported adopting and maintaining a vegan diet
because of animal welfare or animal rights concerns is a sim-
ilar result to that reported in several other studies(43,58,59),
although in two studies from the United States, health reasons
were more commonly cited(60,61). Three-quarters of partici-
pants in the current study had been on a vegetarian diet
before adopting a vegan diet, which could impact their vita-
min B12 status, given that lacto-ovo vegetarians are at higher
risk of deficiency than omnivores(8).

The mean intake of vitamin B12 from foodwas 1·16 μg/d
in the current study which is less than half of the RDI(34) and
less than one-third of that consumed by the women in the
general population of Australia(35), although the latter was
determined by 24-h recall. The different methodologies
used (FFQ compared with 24-h recall) affect the accuracy
of the estimate of the difference in vitamin B12 intake
between the two different dietary groups, so should be
interpreted with caution. The finding that the main food

Table 5 Participant characteristics predicting likelihood of meeting recommended dietary intake for vitamin B12 (as predicted by logistic
regression model) (n 1426)*

95% CI for OR

Variable β SE Wald df P OR Lower Upper

Takes vitamin B12 supplement 4·71 0·22 454·1 1 <0·001 110·74 71·83 170·74
Vegan diet>2 years 0·55 0·22 6·1 1 0·01 1·74 1·12 2·69
Iodised salt used 0·52 0·24 4·8 1 0·03 1·69 1·06 2·69

*Variables entered at Step 1: age, language at home, Socio-Economic Index for Area low or other), state of residence (Western Australia/South Australia or other), period on
vegan diet, smoking status, food security, whether consumes alcohol, vegetable intake, fruit intake (i.e. whether meets guidelines or not), use of iodised salt, children since
vegan, currently pregnant or lactating, prefers organic food, whether a B12 supplement was taken or not and whether any other supplements were taken.

Table 6 Factors predicting likelihood of supplementing with vitamin B12 (as predicted by logistic regression model) (n 1530)*

95% CI for OR

Variable β SE Wald df P OR Lower Upper

Takes non-B12 supplements 1·20 0·13 79·29 1 <0·001 3·31 2·54 4·31
Food security† 0·65 0·26 6·17 1 0·01 1·92 1·15 3·22
Iodised salt used 0·58 0·15 15·31 1 <0·001 1·79 1·34 2·40
BMI< 30 0·52 0·21 6·28 1 0·01 1·67 1·12 2·51
Fruit intake 0·46 0·14 10·42 1 0·001 1·59 1·20 2·10
Vegetable intake 0·40 0·14 7·73 1 0·005 1·49 1·13 1·98
Age ≥35 years 0·33 0·14 5·40 1 0·02 1·39 1·05 1·83

*Variables entered at Step 1: age (≥35), takes non-B12 supps, iodised salt used, time period on vegan diet, fruit intake meets guidelines, food security, Socio Economic Index
For Area, residing in South Australia/Western Australia or elsewhere, children since vegan, vegetable intake meets guidelines, currently pregnant or lactating, birth place,
education, smoking status, prefers organic, whether consumes alcohol, blood tests for vitamin B12 in past 3 or next 3 months, BMI< 30, self-assessed health.
†Defined as did not ever run out of food without being able to afford to buy more.
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sources of vitamin B12 in this groupwere fortifiedmeat ana-
logues and unflavoured plant milks but that these only pro-
vided a total average intake of 0·9 mcg of vitamin B12/d
indicates that at current fortification levels, alternatives to
meat and milk are not consumed in adequate amounts
by this group to meet vitamin B12 needs.

The intake of vitamin B12 from food in the current study
was a little less than that reported in vegans in Spain(56)

and higher than the intake reported in several other
European countries(44,47,51,62–64) and amongst vegans in the
United Kingdom(41,50,65). In contrast, the intake of vitamin
B12 from food in the current study was much lower than that
reported amongst those on a vegan diet in the USA and
Canada, where the mean intake of vitamin B12 was
4·78 μg/d(66), which reflects the far greater range of foods
which are fortified with vitamin B12 in the United States.
This is an important consideration when using or adapting
information materials on vitamin B12 or vegan diets devel-
oped in the USA for use in Australia or other countries with
more restrictive fortification legislation. Using materials
generated in other countries could result in errors such as
attributing fortification to foods that are not actually fortified
in Australia((67), p12), or down-playing the importance for
vegans to supplement with vitamin B12

(68), which could put
people on a vegan diet at risk of deficiency.

Based on the reported intake patterns of the participants
in the present study, consumption of fortified foods is inad-
equate to meet the recommended intake of vitamin B12

for almost 90 % of women of reproductive age on a vegan
diet in Australia, which is a similar finding to the French
Nutrinet-Sante Study(44), and highlights the importance of
supplementation for vegan women. The average daily
intake of 261 μg/d from supplements by participants in
the current study was higher than the 96·0 μg/d reported
amongst North American vegan Seventh Day Adventists
(n 67)(69), the 25 μg/d reported in the Danish study
(n 70)(47) or the 0·25 μg/d estimated in Draper’s UK study
(n 30)(65).

While it was encouraging that most participants did sup-
plement with vitamin B12, the wide range of methods of
vitamin B12 supplementation practices used by this group
suggest that there may be a lack of clear guidelines (and/or
awareness of these) on how to most effectively supple-
ment. Further research on the clarity and accessibility of
current guidelines on vitamin B12 supplementation for
vegans would be useful, as well as on the different forms
of cobalamin and their efficacy at preventing deficiency
in this group.

It is of concern that a substantial proportion of women in
the current study were not meeting the Australian recom-
mended intake (26·1 %) or the Estimated Average
Requirement (23·3 %) of vitamin B12 which puts them at
risk of deficiency. It is not only the women themselves that
are at risk, as even short-term restriction in intake of vitamin
B12 during pregnancy or lactation has the potential to cause
adverse effects on infants, not only during development but

also later in life(19,70,71). Furthermore, as over half of the
women on a vegan diet reported that children in their care
consume an exclusively vegan diet, this raises concerns
about the adequacy of vitamin B12 intake in these children
when caregivers’ intakes are inadequate. Studies on the
feeding practices of vegan parents and the nutritional status
of children on a vegan diet in Australia would be useful.

Given the relative scarcity of vitamin B12 in vegan foods
in Australia, it was not unexpected that taking a B12 supple-
ment was the most significant predictor of meeting the RDI.
Several of the predictor variables associated with taking a
vitamin B12 supplement, i.e. taking other supplements,
using iodised salt, meeting recommended intakes of fruit
and vegetables and having a BMI under 30 kg/m2 suggest
a greater awareness of nutrition and health-promoting
behaviour in those supplementing. The finding that having
food security was also a predictor of supplementation sug-
gests that the cost of supplements may be a deterrent to
those with limited financial resources. The finding that
being over 35 years of age was also a predictor of supple-
menting suggests that in interventions aimed at increasing
supplementation rates in this demographic, targeting those
under 35 years of age could be a priority.

Limitations of the current study include that participants
were self-defined as being on a vegan diet, and no additional
measures were undertaken to confirm this. The use of a self-
selected convenience sample of Facebook users could have
resulted in a selection bias and may not be representative of
all vegan women of reproductive age in Australia.
Comparisonwithwomen in the general Australianpopulation
needs to be treated with caution for the same reason.
Participants were members of Facebook groups specifically
for vegans, where vitamin B12 is frequently discussed. As a
result, awareness of vitamin B12 may be relatively high and
possibly result in a higher intake of vitamin B12 than in those
who are not members of vegan Facebook groups.

Although the wording of questions relating to health
behaviours was identical to that in National Health
Surveys, the latter were conducted via face-to-face inter-
views rather than the online survey method employed
for the current study, and the difference in results due to
this methodological difference is unknown. The BMI were
based on self-reported height and weight and are not
directly comparable with the measured BMI in the
Australian National Health Survey.

Another important limitationof the current study is theway
that the intake of vitamin B12 intake from supplements was
estimated and then compared with the RDI. Assumptions
were made relating to equivalency between mean daily
doses, formulation of supplements used (i.e. whether
stand-alone or compounded with other nutrients), mode of
ingestion, form of vitamin B12 used and the validity of com-
paring mean intake from food to mean intake from supple-
ments. The latter assumption is the most significant
because the RDI is based on intake from food, with the
assumption that vitamin B12-containing foods will be
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consumed at each meal, and that absorption rate is 50%(72),
whereas supplements were consumed much less frequently
than this and absorption rates are considerably lower(73,74).
Therefore, an individualwho is ostensiblymeeting the recom-
mended intake of vitamin B12 via supplements may in fact be
at risk of deficiency. Further detailed analysis of the data
would be required to reveal the magnitude of the ramifica-
tions of this limitation.

Strengths of the current study were the large sample size
compared with most other studies on vegans, the broad
range of information obtained and the design enabling
demographic and health characteristics to be compared
with women of comparable age in the general Australian
population. The results relating to vitamin B12 intake from
foodwere based on a validated FFQ, and the survey under-
went content validity by experts in the field and face valid-
ity by women in the target audience.

Conclusion

The current study has identified that that the mean daily
intake of over one-quarter of the women of reproductive
age on a vegan diet did not meet the recommended intake
of vitamin B12 and almost a quarter did not meet the esti-
mated average requirement. This is of concern given the
potential deleterious effects not only on adults but also
on their infants. Supplementingwith vitamin B12 is themost
effective way for those on a vegan diet tomeet their vitamin
B12 needs, but a substantial proportion of participants in the
current study were failing to do so. An increase in the
uptake of plant-based diets and avoidance of animal prod-
ucts are likely to result in an increase in prevalence of
diet-related vitamin B12 deficiency unless the issue of inad-
equate intake is addressed. Further research on how to
identify and implement strategies for ensuring vitamin
B12 adequacy amongst people on a vegan diet is required.
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