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Abstract
Previous studies have suggested that vegetarianism can result in a reduction of vitamin B12 circulating levels. The aim of the present study was
to investigate the effects of a 3-month dietary intervention with a lacto-ovo-vegetarian diet (VD) on the levels of circulating vitamin B12 in a
group of omnivores. We analysed fifty-four omnivorous subjects who followed a VD as a first dietary intervention within the CARDIVEG
(Cardiovascular Prevention with Vegetarian Diet) study, a dietary intervention study. VD resulted in a significant reduction (P< 0·001) of
51·2% of vitamin B12 intake and in a significant reduction (P= 0·005) of 6·2% of the circulating levels of vitamin B12 (–24·5 pg/ml). Changes in
vitamin B12 intake were significantly correlated with changes in circulating levels of vitamin B12 (R 0·61, P< 0·001). Subgroup analyses showed
that reduction in circulating vitamin B12 levels was more evident in participants who were younger, overweight, non-smokers and had
hypercholesterolaemia. A logistic regression analysis showed that a reduction in vitamin B12 intake greater than the first quartile of the delta
changes obtained in the study population (–28·5%) conferred a significantly higher risk of experiencing a decrease in circulating vitamin B12

levels (OR 10·1; 95% CI 1·3, 76·1). In conclusion, a 3-month VD period determined a significant reduction in circulating levels of vitamin B12,
being significantly correlated with the reduction in vitamin B12 intake. Although a well-planned VD can provide adequate nutrition across all
life stages, special care must be taken to ensure adequate vitamin B12 intake and to help prevent deficiency.
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Vegetarianism, defined as the practice of abstaining from meat,
meat products, poultry, seafood and the flesh from any other
animal is becoming increasingly popular(1). According to the
Academy of Nutrition and Dietetics, appropriately planned
vegetarian diets are healthful, nutritionally adequate, and may
provide protection against chronic diseases(2). The total or
partial restriction of animal products, however, may result in
inadequate intake of vitamin B12, which is an essential vitamin
found in substantial quantities only in animal foods(2).
Vitamin B12 has an important role in cellular metabolism: its

physiological functions include erythropoiesis, DNA synthesis
and the synthesis and maintenance of the myelin sheath. Fur-
thermore, vitamin B12 acts as an anti-inflammatory agent through
the inhibition of nitric oxide synthase, the down-regulation of the
transcription factor NF-κB, and the promotion of oxidative
phosphorylation(3). Inadequate intake of vitamin B12 leads to

low serum concentrations and elevated homocysteine, an amino
acid linked independently to the risk of CVD(4).

Epidemiological studies have shown a high prevalence of
vitamin B12 deficiency among vegetarians, regardless of other
factors such as age, demographic characteristics or geographical
region(5). In a systematic literature review, a deficiency in up to
87% of adults and the elderly, 17–39% of pregnant women, and
up to 33% of children and adolescents on a vegetarian diet was
documented(6). In addition, a 5-year prospective study reported
a significant decrease in circulating vitamin B12 in omnivores
that switched to a vegan diet(7).

It has long been thought that only vegans, who avoid all
animal-derived products, are at risk for vitamin B12 deficiency.
Some studies recently have reported that also individuals whose
diet includes low intake of animal foods, such as lacto-ovo-
vegetarians, may incur in vitamin B12 deficiency(8). All these

Abbreviation: VD, lacto-ovo-vegetarian diet.
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findings, however, come from observational studies. Few rando-
mised dietary intervention studies investigated the effects of a
lacto-ovo-vegetarian diet (VD) in clinically healthy omnivorous
participants(9–13). The aim of the present analysis was to evaluate
the effects of a 3-month dietary intervention with a VD on the
levels of circulating vitamin B12 in a group of omnivorous subjects.

Methods

Study population and dietary intervention

Data presented were obtained from the CARDIVEG (Cardio-
vascular Prevention with Vegetarian Diet) study, a randomised,
open, crossover trial that compared the effects of a VD with a
Mediterranean diet over a 3-month period on several CVD risk
factors(14). The study design and the characteristics of the par-
ticipants are described elsewhere(15) and are briefly reported
here. A total of 118 clinically healthy subjects with low to
moderate cardiovascular risk profile (<5% at 10 years,
according to the European Society of Cardiology) were recrui-
ted from the Clinical Nutrition Unit of Careggi University Hos-
pital, Florence, Italy. After a 2-week run-in period, subjects were
randomly assigned to a VD or a Mediterranean diet. Following
the first phase of intervention, they crossed over to the opposite
treatment. The analysis presented in this paper is based on data
obtained from fifty-four participants (forty-three females; eleven
males) who were randomised to a VD at the beginning of the
study and completed the 3-month dietary intervention period.
The VD was characterised by abstinence from meat, meat

products, poultry, fish and seafood consumption but included
dairy products, eggs and all the other food groups. It was a low-
energy diet with respect to the energy requirements of partici-
pants and consisted of approximately 50–55% of energy from
carbohydrate, 15–20% from proteins and 25–30% from fat. All
the participants received a detailed 1-week menu plan and
recipes for preparing meals.
The study was approved by the Ethic Committee (SPE

15.054) of the Tuscany Region, Careggi University Hospital, was
registered at clinicaltrials.gov (identifier: NCT02641834) and
adhered to the principles of the Declaration of Helsinki and the
Data Protection Act.

Data collection

Data collection was performed at the Clinical Nutrition Unit of
Careggi University Hospital, Florence, Italy. Participants were
interviewed, according to standardised methods, to obtain infor-
mation about demographics, risk factors, comorbidities, use of
drugs, dietary supplements or fortified foods and lifestyle habits.
Before starting the study, each participant completed a 3-d dietary
record that was analysed by a dietitian using a nutrition-specific
database. Body weight, body composition and blood samples
were obtained both at the beginning and at the end of the VD
intervention period. Measurements were made between 06.30 and
09.30 hours after an overnight fast. BMI was calculated as weight
(kg)/height (m2). Body composition was determined by a bioe-
lectrical impedance analysis device (model TBF-410; Tanita).
Compliance to the VD was assessed through a modified

version of the National Health and Nutrition Examination

Survey Food Questionnaire(16) and through a 24-h dietary recall
interview. Adherence to the VD was defined as the absence of
meat, meat products, poultry, fish and seafood in the
participants’ diet.

Laboratory measurements

Venous blood samples were collected into evacuated plastic tubes
(vacutainer; Beckton Dickinson). Samples were centrifuged at
3000 rpm for 15min (4°C) and stored in aliquots at –80°C until
further analyses. Vitamin B12, as well as all the other biochemical
parameters, was measured according to conventional laboratory
standard methods. Pro- and anti-inflammatory cytokines were
determined using a Bio-Plex cytokine assay (Bio-Rad Laboratories
Inc.), according to the manufacturer’s instructions.

Statistical analysis

The statistical package PASW 20.0 for Macintosh (SPSS Inc.) was
used. Data were presented as means and standard deviations or
medians and ranges, as appropriate. Categorical variables were
presented in terms of frequencies and percentages. The χ2 test
was used for dichotomous variables. The Mann–Whitney test
was used to test for differences between males and females.
The Spearman (R) test was used to estimate correlations
between the changes in circulating vitamin B12 levels and
changes in dietary profiles, anthropometric, biochemical and
inflammatory parameters.

Subgroup analyses were performed to analyse the differences
in the changes of circulating vitamin B12 levels, according to the
median age of the study population (≤50·5, >50·5 years), to the
obesity status (BMI <30, ≥30kg/m2), to the smoking status
(smokers; non-smokers) and to the cut-off values for determining
high levels of total cholesterol levels (≤4·9, >4·9 mmol/l)
and TAG (≤1·7, >1·7 mmol/l). A logistic regression analysis was
performed to test for the probability of experiencing a reduction
in circulating vitamin B12 after 3 months of VD. A reduction in
circulating vitamin B12 was used as independent variable, while
age, sex, BMI, smoking status, cholesterol levels, TAG and a
reduction in vitamin B12 intake >28·5% (i.e. the value of the delta
changes corresponding to the first quartile of distribution in the
study population) were used as covariates. Results were reported
as OR and 95% CI. A P value <0·05 was considered statistically
significant.

Results

Baseline characteristics

Demographic characteristics, anthropometric parameters, pre-
valence of traditional risk factors for CVD and nutritional
characteristics of the study population are shown in Table 1.
Significant differences between males and females were found
for body weight, percentage of fat mass and hypercholester-
olaemia (total cholesterol >4·9 mmol/l). Intake of vitamin B12

was not significantly different between males and females at
baseline. Participants reported no use of vitamin of B12 sup-
plements or fortified foods.
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Regarding the circulating vitamin B12, mean levels in the
study population were 392·3 (SD 131·3) pg/ml, with a non-
significant difference (P= 0·723) between females (395·5
(SD 135·9) pg/ml) and males (380·1 (SD 116·3) pg/ml). Five
(9·3%) subjects reported a vitamin B12 deficiency (<250 pg/ml),
and a significant and positive correlation was found between
vitamin B12 intake and circulating levels at baseline (R 0·47;
P< 0·001). As expected, a significantly lower dietary intake of
vitamin B12 was found in subjects deficient in vitamin B12

compared with those with normal levels (2·4 (SD 0·6) v. 4·2 (SD
1·4) µg/d; P= 0·005).

Effect of the dietary intervention with a lacto-ovo-
vegetarian diet

The dietary intervention with a low-energy VD resulted in sig-
nificant changes in dietary profiles compared with baseline
(Table 2). All subjects experienced a reduction in total energy
content, carbohydrates and total fat intake. The reduction in

protein intake was significant only in males. Regarding daily
vitamin B12 intake, a significant decrease of 2·1 (SD 1·4) µg/d was
observed, with an average decrease of 51·2% compared with
baseline in both females and males.

Along with the significant reduction in vitamin B12 intake,
thirty-five participants (64·8%) reported a significant reduction
in circulating vitamin B12 levels. In the whole study population,
circulating vitamin B12 levels significantly decreased by 6·2%,
from 392·3 (SD 131·3) to 367·8 (SD 122·5) pg/ml, with a greater
reduction in males (pre: 380·1 (SD 116·3) pg/ml v. post: 338·5
(SD 95·7) pg/ml; –10·9%) compared with females (pre: 395·5
(SD 135·9) pg/ml v. post: 375·4 (SD 128·3) pg/ml; –5·1%) (Fig. 1).
The difference between males and females, however, was not
statistically significant.

Subgroup analyses showed that the reduction in circulating
vitamin B12 levels was statistically significant in (a) younger
subjects than in older subjects (<50·5 years, i.e. the median age
of the study population), (b) overweight subjects compared
with obese, (c) non-smokers subjects compared with smokers,

Table 1. Characteristics of the study population
(Mean values and standard deviations; medians and ranges; numbers and percentages)

All (n 54) Female (n 43) Male (n 11)

Mean SD Mean SD Mean SD P

Age (years) 0·949
Median 50·5 51·0 48·0
Range 24–70 25–70 24–69

Body weight (kg) 82·2 16·1 79·1 12·8 94·3 22·1 0·023
BMI (kg/m2) 29·8 4·6 29·7 3·8 30·3 7·2 0·526

Obese (≥30 kg/m2) 0·640
n 23 19 4
% 42·6 44·2 36·4

Fat mass (%) 37·4 8·7 40·1 6·1 26·9 9·6 <0·001
Smoking habit 0·293

n 4 4 0
% 7·4 9·3

Total cholesterol >4·9 mmol/l 0·021
n 43 37 6
% 79·6 86·0 54·5

TAG >1·7 mmol/l 0·476
n 15 11 4
% 27·8 25·6 36·4

Dietary profile
Energy (kJ/d) 8890·6 2261·5 8631·6 2113·8 9901·9 2631·3 0·098
Carbohydrate (% of energy) 45·2 8·2 45·9 8·2 42·2 7·6 0·136
Protein (% of energy) 16·9 4·9 16·3 4·6 19·2 5·3 0·070
Total fat (% of energy) 37·7 6·5 38·0 7·1 37·8 7·5 0·707
Vitamin B12 (µg/d) 4·1 1·4 3·9 1·4 4·4 1·7 0·577

Table 2. Changes in dietary profile during the lacto-ovo-vegetarian diet intervention period
(Mean values and standard deviations)

All Female Male

Mean SD Mean SD Mean SD P*

Energy (kJ/d) −2532·6† 2085·3 −2343·0† 1971·5 −2620·0† 2590·7 0·707
Carbohydrates (% of energy) 9·0† 8·2 8·2† 8·2 11·9† 7·6 0·136
Protein (% of energy) –1·4 4·9 –0·8† 4·6 –3·8† 5·3 0·063
Total fat (% of energy) –7·3† 6·5 –7·3† 6·2 –7·1† 8·0 0·675
Vitamin B12 (µg/d) –2·1† 1·4 –2·1† 1·4 –2·1† 1·7 0·906

* P for differences between changes in females and males.
† P< 0·05 for changes from pre- to post intervention.
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(d) subjects with high levels of serum cholesterol compared
with subjects with normal serum cholesterol levels and
(e) subjects with normal levels of TAG compared with subjects
with elevated levels of TAG (Table 3).
Correlation analyses conducted between changes in circu-

lating vitamin B12 levels and changes in other variables after the
dietary intervention period showed a significant positive cor-
relation of circulating vitamin B12 levels with vitamin B12 intake
(R 0·61; P< 0·001). No significant correlations were found for all
the other anthropometric, biochemical and inflammatory para-
meters evaluated.
Finally, a logistic regression analysis was performed with

the aim of assessing the probability of experiencing a
decrease in circulating vitamin B12 levels after a VD inter-
vention period (Table 4). In univariate analysis, only a
reduction in vitamin B12 intake greater than the first quartile
of the distribution of the delta changes obtained in the study
population (28·5 %) conferred a significantly higher risk of
experiencing a decrease in circulating vitamin B12. At
multivariate analysis, after controlling for confounding vari-
ables, this association remained significant (OR 10·1; 95 %
CI 1·3, 76·1).

Discussion

The present study is the first clinical trial that evaluated the effect
of a dietary intervention with VD on vitamin B12 levels in a group
of omnivorous individuals. After 3 months of VD, a significant
reduction in circulating levels of vitamin B12 was observed,
positively correlated with the observed decrease in dietary vita-
min B12 intake. Furthermore, a reduction in vitamin B12 intake
above the first quartile of the delta changes in vitamin B12 intake
in the study population increased the risk of experiencing a
reduction in circulating levels of vitamin B12, regardless of age,
sex and other demographic and clinical characteristics.

Vitamin B12 is a B-group vitamin that has important function
in metabolism and prevention of neurological, haematological
and cardiovascular disorders. It is present exclusively in animal
and animal-derived foods, thus suggesting that subjects who
adopt a diet that exclude animal products may have an
increased risk of vitamin B12 deficiency due to the reduced
amount of vitamin B12 in their diet. A meta-analysis including
studies that analysed subjects consuming VD reported a com-
promised vitamin B12 status in vegetarians compared with non-
vegetarians(17). In fact, food sources of vitamin B12 in VD are
milk, dairy products and eggs and their content ranges from 0·4
to 4·2 µg/100 g, with the highest values for dairy products(18,19).
However, considering the specific absorption rate and losses
during cooking, these quantities seem not to be sufficient to
ensure an adequate daily intake in subjects following a VD(20).

In our dietary intervention study, despite baseline dietary
intake of vitamin B12 similar to that observed in the general
adult population(21,22), the exclusion of meat and fish during the
VD period resulted in a reduction in vitamin B12 intake and a
consequent decrease of circulating levels. Although clinically
irrelevant and within the normal range, probably due to the
limited duration of the intervention, this reduction confirms that
switching from an omnivorous to a VD may result in a reduction
in the levels of circulating vitamin B12.

Apart from diet, vitamin B12 is known to be generally affected
by some variables such as age, sex and traditional
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Fig. 1. Changes in circulating vitamin B12 levels. , Pre-dietary intervention;
, post-dietary intervention.

Table 3. Subgroup analyses of changes in circulating vitamin B12 levels (pg/ml)
(Mean values and standard deviations; medians and ranges)

Pre-dietary intervention Post-dietary intervention Delta changes

Mean SD Mean SD Median Range P*

Age (years)
≤50·5 (n 27) 417·3 130·2 364·0 130·3 –41·0 –167 to 71 0·001
>50·5 (n 27) 367·3 129·9 371·6 116·4 –15·0 –150 to 287 0·639

BMI (kg/m2)
25–29·9 (n 31) 412·1 147·3 375·7 138·3 –37·0 –161 to 175 0·005
≥30 (n 23) 365·7 103·2 357·2 99·2 –15·0 –167 to 287 0·353

Smoking status
Smokers (n 4) 318·5 40·4 294·3 27·0 –26·5 –45 to 1 0·144
Non-smokers (n 50) 398·2 134·4 373·7 125·3 –24·0 –167 to 287 0·011

Total cholesterol (mmol/l)
≤4·9 (n 11) 334·8 69·0 340·0 106·2 –27·0 –124 to 287 0·722
>4·9 (n 43) 407·1 139·7 375·0 126·4 –21·0 –167 to 175 0·004

TAG (mmol/l)
≤1·7 (n 39) 492·2 139·6 367·3 128·5 –29·0 –161 to 287 0·013
>1·7 (n 15) 392·7 111·0 369·3 109·3 –21·0 –167 to 175 0·191

* P for changes from pre- to post intervention.
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cardiovascular risk factor. Its absorption capacity generally
declines with age, mainly due to hypochlorhydria and lack of
intrinsic factor(23). As a result, low levels of circulating
vitamin B12 are common in the elderly who are considered a
population at risk(23). In our study, the reduction in circulating
vitamin B12 levels was more evident in the young people than
in older participants. Such a result may seem surprising and in
contrast with available evidence, but it can be explained by the
changes imposed by the intervention diet with respect to par-
ticipants’ usual diet. In fact, older participants have experienced
a lower reduction in vitamin B12 intake compared with younger
participants, due to the higher baseline intake of vitamin B12 in
the diet of younger participants. Logistic regression analysis
conducted in our intervention study allowed us to demonstrate
that a reduction >28·5% in vitamin B12 intake was the only
factor that significantly determined an increased risk of redu-
cing circulating vitamin B12 levels after 3 months of intervention
with VD. It is therefore possible that younger participants,
starting with a higher intake of vitamin B12, are also at higher
risk of reporting a reduction of more than 28·5%. In light of
these data, more attention is needed to this particular cohort of
the population when starting to adopt a VD.
Sex is another factor that could play a role in vitamin B12

metabolism. Although epidemiological studies evaluating the
prevalence of vitamin B12 in vegetarians did not report sig-
nificant differences between sexes(6), a recent analysis of a large
cohort of healthy adults found that males had a risk of defi-
ciency twice as high as females(24). The causal mechanism of
this phenomenon is yet to be determined, but previous studies
have shown that genetic variations related to sex and oestrogen
status could be involved in the absorption of vitamin B12 and
the resulting circulating levels(25). In our study, the reduction in
circulating vitamin B12 was significant in both females and
males, but was greater in males. It is important to note that
changes in diet cannot explain this result, as the reduction in
vitamin B12 intake was similar in the two groups. The possible
relationship between sex and vitamin B12 warrants further
investigation since a better understanding of this aspect could
contribute to the early identification of individuals at risk.
With regard to traditional cardiovascular risk factors, sub-

group analyses revealed that the reduction in circulating vitamin
B12 levels was more evident in overweight participants com-
pared with obese, in participants with higher cholesterol and in
non-smokers. The effect of body weight, lipid profile and
smoking on vitamin B12 has not been studied in detail as of yet.

Obesity and overweight have been associated with lower B12

levels in several populations, but a pooled analysis of nineteen
studies found no evidence of an inverse association between
BMI and circulating vitamin B12

(26). With regard to the lipid
profile, higher cholesterol levels have been found in individuals
with vitamin B12 deficiency, and several mechanisms for the
role of this vitamin in lipid metabolism have been pro-
posed(27,28). There are no studies, though, that evaluated the
effects of high cholesterol levels on vitamin B12. Lastly, harmful
effects of cigarette smoking on vitamin B12 status in vegetarians
have been reported(29). Our results, which seem to be con-
trasting these findings, may however be explained by the fact
that most participants were non-smokers, and the division into
subgroups has reduced the statistical significance in smokers.

Few limitations deserve discussion. A notable weakness is the
short duration of the study that limited the possibility to study
long-term effects. Since the body stores vitamin B12 in the liver
and has a recycling process for this vitamin, it may take from
several months to years to develop a deficiency once the intake
of this nutrient has ceased. Another limitation is the absence of
specific markers of vitamin B12 status such as holo-
transcobalamin II and methylmalonic acid. Their measurement
is a valuable support for the assessment of vitamin B12 status

(30),
but it is not common because of methodological and economic
reasons. Finally, the lack of data on homocysteine levels and
the relatively small number of participants limited the oppor-
tunity to explore the relationship between homocysteine and
vitamin B12 levels and permits only to suggest possible inter-
pretations of the results. However, despite these limitations, the
present study includes the largest cohort of omnivorous parti-
cipants who underwent a period on a VD.

In conclusion, the transition from an omnivorous to a VD is
associated with a reduction in circulating vitamin B12, mainly
due to a reduction in vitamin intake. This result strengthens the
importance of an adequate intake of vitamin B12 to maintain
normal circulating levels. Many individuals still think that B12

deficiency is rare and occurs only in a small percentage of
vegans(8). Findings from the EPIC-Oxford cohort showed that
<40% of the lacto-ovo-vegetarians use vitamin B12 supple-
ments(31), and even lower percentages have been reported in
other studies(8). Supplementation meets opposition due to
misconceptions or aversion to products considered artificial(32),
but underestimating the risk of developing a deficiency may
nullify the health benefits of VD(33). A compromised vitamin B12

status might therefore explain why the improved CVD risk

Table 4. Logistic regression analysis of the probability of experiencing a reduction in circulating vitamin B12 levels after a 3-month dietary intervention with a
lacto-ovo-vegetarian diet
(Odds ratios and 95% confidence intervals)

Univariate analysis Multivariate analysis

Variables OR 95% CI P OR 95% CI P

Age >50·5 years 0·76 0·25, 2·32 0·627 1·30 0·35, 4·83 0·692
Sex (male) 1·58 0·37, 6·83 0·540 3·11 0·46, 20·97 0·243
BMI >30 kg/m2 0·53 0·17, 1·65 0·274 0·59 0·15, 2·23 0·433
Smoking habit 1·69 0·16, 17·44 0·661 1·45 0·13, 16·43 0·763
Cholesterol >4·9 mmol/l 1·07 0·27, 4·24 0·927 0·46 0·07, 3·13 0·431
TAG >1·7 mmol/l 1·12 0·32, 3·94 0·860 1·45 0·31, 6·73 0·633
>28·5% reduction in vitamin B12 intake 4·52 1·12, 18·29 0·034 10·09 1·34, 76·10 0·025
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factors among vegetarians do not always translate into a lower
risk of incidence and mortality from CVD(34,35).
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