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Abstract

Purpose To assess the prior hypothesis that low blood
vitamin B12, partly through hyperhomocysteinemia and
partly through direct effects, increases the risk of cardio-
vascular diseases and diabetes. As background, we also
extracted all-cause mortality from the studies that met our
criteria.

Methods A systematic review of prospective cohort
studies identified through searching six electronic data-
bases, screening of reference lists, and citation search.
Included studies reported data on the association between
vitamin B12 blood levels, or other appropriate surrogate
biological markers e.g. holotranscobalamin or serum/urine
methylmalonic acid, and fatal or non-fatal incident diabetes
and cardiovascular events.

Results Seven studies were included. Studies differed
regarding the population studied, length of follow-up, study
outcomes, and data analysis—a narrative synthesis
approach was performed to examine the results. Most
studies met few of the quality assessment criteria which
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were adapted from the Scottish Intercollegiate Guidelines
Network (SIGN). Only one high-quality study reported that
low B12 increased the risk of incident cerebral ischaemia
(RR = 1.76; 95% CI = 1.16-2.68). After controlling for
homocysteine, the association persisted although weakened
(RR = 1.57; 95% CI = 1.02-2.43), suggesting that the
effects of low B12 were only partly mediated by homo-
cysteine. In two studies, higher B12 levels were associated
with a greater risk of total mortality (RR = 1.00; 95%
CI = 1.00-1.00 and HR = 1.15; 95% CI = 1.08-1.22,
respectively) and combined fatal and non-fatal coronary
events (RR = 1.00; 95% CI = 1.00-1.00). No association
between study outcomes and vitamin B12 levels was found
in four other studies.

Conclusions Surprisingly, there is only very limited evi-
dence that vitamin B12 deficiency predisposes to the risk of
mortality and morbidity from either cardiovascular dis-
eases or diabetes in adults. Current data do not support
vitamin B12 supplementation to reduce the risk of car-
diovascular diseases or diabetes.

Keywords Vitamin B12 - Cardiovascular diseases -
Diabetes mellitus type 2 - Cohort studies - Aetiology

Introduction

Vitamin B12 is an essential nutrient that functions as a
coenzyme in two metabolic processes—the conversion of
methylmalonyl-CoA to succinyl-CoA (by methylmelanoyl
CoA mutase—MCM) and the remethylation of homocys-
teine to methionine (by methionine synthase—MS) [1].
Remethylation of homocysteine happens in the cell cytosol
and requires vitamin B12 as a cofactor in the presence of
5-methyltetrahydrofolate (from folic acid) [1-3]. However,
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the actions of MCM, which happen in the mitochondria,
only require B12 as a coenzyme and folic acid or its
derivatives. Accumulation of methylmalonic acid is there-
fore a specific indicator if vitamin B12 deficiency. On the
other hand, either vitamin B12 or folate deficiency can
impair the re-methylation process and result in elevated
homocysteine levels. Low vitamin B12 has emerged as the
most common modifiable risk factor for raised homocys-
teine in countries implementing folic acid fortification of
flour [4]. There is much evidence linking homocysteine with
an increased risk of coronary heart disease (CHD) [5, 6] and
stroke [5, 7], although the causality of the association and
underlying pathophysiology remain to be established [2].

Vitamin B12 is found in animal products (or fortified
foods). In low-income countries, reduced intake of these
foods because of cultural reasons or low income is asso-
ciated with low blood B12 levels [8, 9]. In high-income
countries, vitamin B12 deficiency occurs commonly in the
elderly due to decreased production of intrinsic factor
(essential for B12 absorption) resulting in poor absorption
[8]. Evidence from studying children born to Indian
mothers with low vitamin B12 suggests subclinical B12
deficiency is associated with more adiposity and insulin
resistance [10], and a recent Indian study [11] showed an
association between low maternal vitamin B12 levels and
gestational diabetes. It is plausible that MCM-dependent
conversion of methylmalonyl-CoA is blocked (inside the
mitochondria), which in turn can result in increased lipo-
genesis [12]. Therefore, it is very likely that the biological
effects of B12 deficiency are partly through hyperhomo-
cysteinemia and partly through its direct effects.

Here, we present a systematic review of cohort studies
with the aim of investigating the possible role of vitamin
B12 in blood in the aetiology of cardiovascular diseases
(CVD) and diabetes in the adult population. From the rel-
evant studies we extracted all-cause mortality to provide
background to interpret the cause-specific findings. This
follows Bhopal’s sixth solution for inspiring epidemiology,
where he recommends that cause-specific outcomes should
be evaluated in the context of general outcomes, a public
health approach [13]. Our prior hypothesis was that low
blood vitamin B12 would be a risk factor, and higher levels
protective, for these diseases. This hypothesis was gener-
ated by RSB and CSY from the observation that B12 defi-
ciency, high rates of CVD, and very high diabetes
prevalence co-exist in urbanised people originating from
the Indian subcontinent i.e. South Asians. Two observations
led us to focus on data from prospective epidemiological
studies. First, although homocysteine is likely to be a major
mediating factor of any vascular effects of low vitamin B12,
some recent observations suggest an independent role for
B12, possibly through lipogenesis which is a risk factor for
diabetes and CVD. Second, despite much interest in
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homocysteine as a CVD risk factor, several clinical trials
published to date have failed to confirm a benefit of
homocysteine-lowering treatment with B vitamins on CVD
events [14]. However, negative findings from clinical trials
do not necessarily negate the role of vitamin B12 in the
aetiology of CVD (so-called aetiology-treatment paradox).
For example, available trials have not examined the effects
of vitamin B12 per se but combinations of B vitamins and in
non-physiological doses for the secondary prevention of
CVD. Other potential shortcomings of trials in shedding
light on any aetiological role of vitamin B12 include the
lack knowledge of duration and amount of exposure to lead
to an effect, the possibility that the effects of vitamin B12
need to be at a critical period of life (e.g. intrauterine or
infancy) that cannot be mimicked in a trial, and that trials
have been done in specific study populations (e.g. CVD
patients rather than healthy populations).

Our aim was to identify all relevant observational fol-
low-up studies examining the relationship between blood
levels of vitamin B12 with incident CVD and diabetes-
related morbidity and mortality in the adult general
population.

Methods

We followed published guidelines (Meta-analysis of
Observational Studies in Epidemiology) on reporting
systematic reviews of observational studies although the
current review is limited to English language-based
publications [15]. We included original, population-based
(all ages, both genders) cohort studies that provided at least
a single baseline measure of serum vitamin B12 (cobala-
min or holotranscobalamin) or other appropriate surrogate
marker (serum or urine methylmalonic acid). Excluded
studies included those: based on no original research, based
non-human samples, using other types of study designs,
lacking any of the study outcomes, based on hospital
inpatients, and only reporting folate and/or homocysteine
but not vitamin B12 (or relevant surrogate markers).
Studies were identified by computerised searches of
MEDLINE, EMBASE, the Cumulative Index to Nursing
and Allied Health Literature (CINAHL), Global Health,
and the Commonwealth Agricultural Bureau (CAB)
abstracts; all databases were searched from inception to
February 2009. The personal bibliographic databases of
two co-authors (CSY, RSB) were also searched. Reference
lists of key publications were inspected. Articles that cited
the retrieved studies were tracked using the Science Cita-
tion Index. With the assistance of an expert medical
librarian, we applied a search strategy based on a combi-
nation of text-words and Medical Subject Headings
(MeSH). The following common and chemical names were
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used for the exposure of interest (vitamin B12, cobalamin,
holotranscobalamin, HoloTC, methylmalonic acid/MMA),
the outcome under study (atherosclerosis, myocardial
infarction, coronary heart disease, ischaemic heart disease,
stroke, peripheral arterial disease, cardiovascular diseases,
diabetes type 2, and mortality), and the type of study,
including cohort, prospective study, follow-up study, inci-
dence study, relative risk, and risk ratio. A similar search
string was adopted for each database.

All data searches were performed by SBR. Titles and
abstracts of identified studies were independently screened
for eligibility according to pre-specified inclusion criteria
by two reviewers (SBR, PS)—agreement was 84%.
Potentially relevant full-text articles were retrieved and
further assessed. Disagreement was resolved by discussion.
A third reviewer (RSB) was consulted where discrepancies
remained. Data were subsequently extracted onto pre-
designed forms by two reviewers (SBR, PS). For each
study, we extracted information on the study site and
participants, serum vitamin B12 (or other surrogate mark-
ers) measurement methods, follow-up length, confounding
factors, all relevant study outcomes (all-cause mortality,
diabetes mortality, CVD mortality, and non-fatal events
attributed to diabetes, peripheral arterial disease, CHD and
stroke) and results.

Studies were assessed for methodological quality using
a pro forma for cohort studies that was adapted from the
Scottish Intercollegiate Guidelines Network (SIGN) (www.
sign.ac.uk). The quality assessment focused on appraising
the internal and external validity of primary studies by
evaluating specific methodological components of the
study design, conduct and analysis of each study. The
results of the quality assessment were used for descriptive
purposes to provide an overall evaluation of the studies
included in the review.

Substantial study heterogeneity was observed because of
differences in vitamin B12 level thresholds and compari-
sons, study sample characteristics and outcomes, follow-up
length, and data analyses performed (including measurement
and adjustment for confounding factors). Additional sources
of study heterogeneity arose from differences between
studies in biological sample characteristics (plasma, serum)
and assay techniques (microbial assay, radioimmunoassay).
Therefore, a narrative synthesis approach was performed to
examine the results instead of a meta-analysis.

Results
Study characteristics

Seven studies met all inclusion criteria (Fig. 1). Details of
the study populations and methods are presented in

Table 1. Four investigations used a prospective cohort
study design where study subjects were followed from
baseline until the onset of either non-fatal events or death,
or were lost to follow-up [16—19]. Three studies used a
case—cohort design which consists of a sub-cohort sampled
at the beginning of the study and followed over time, and a
case sample that is ascertained through the course of the
study [20-22]. Specifically, case status was based either on
the occurrence of fatal and non-fatal incident CHD [21],
only fatal CHD [20], or incident stroke [22]. Although no
study provided data on incidence of diabetes, one investi-
gation [18] reported on combined diabetes/nephropathy
mortality. Moreover, all studies determined baseline levels
of vitamin B12 from blood samples using widely available
radioimmunological or microbiological assay methods.
Average length of follow-up from baseline ranged from 3.3
[21] to 29 [17] years. Study populations were from the UK
[16], Australia [17], the US [18, 19, 21], the Netherlands
[20], and Germany [21]. All studies included both men and
women, although the proportion of each sex varied con-
siderable between samples. The mean age at baseline
ranged from 48.4 [17] to 79.0 [19] years.

Study quality assessment

Table 2 shows that the included studies differed sub-
stantially in methodological quality i.e. the sample type
and characteristics, participation rate, study outcomes,
exposure assessment, and measurement and control of
confounding factors. One study [22] met most of the
quality assessment criteria used, four [16, 17, 20, 21] met
some, and two [18, 19] only few of them. One study [17]
reported a clear research question, specifying the direction
of the association under study. All studies sufficiently
described sampling methods. All but one study [18]
clearly reported the participation rates. In two studies [20,
22] was the study outcome measured blind to baseline
B12 levels. All studies used standard methods for
assessing B12 levels at baseline. One study [19] under-
took repeated B12 measurements during follow-up. Three
studies [17-19] did not assess use of vitamin B12
supplements. One study [22] controlled for potential
confounding effects of three major factors i.e. baseline
diabetes, blood cholesterol levels, and folate levels/status.
One study [18] investigated whether the influence of
vitamin B12 levels on the study outcomes existed inde-
pendently of serum homocysteine levels.

Vitamin B12 levels and all-cause mortality
Four studies provided data on the relationship between

baseline vitamin B12 levels and the risk of all-cause mor-
tality, so producing contextual, supplementary information
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Potentially relevant articles
identified in bibliographic
databases, through expert
suggestions, inspection of
reference lists, and citation
searches (n=155)

Excluded due to title &
abstract not fulfilling
inclusion criteria (see box)
(n=145)

.
Lad
A 4

Full text articles retrieved for

more detailed evaluation

(n=10)
»
Ll

Three studies excluded
because no vitamin B12 (or
other surrogate marker)
measured in study (n=2) or
vitamin B12 deficiency
(based on measured
methylmalonic acid levels)
treated only as a
confounding factor in data

Inclusion criteria for studies:

1) English language-based publication
2) Original research publication

3) Cohort study design

4) Population-based sample

5) Measurement of serum vitamin B12
levels or other appropriate surrogate
marker

6) Outcomes include all-cause mortality

and/or CVD/diabetes mortality and/or
non-fatal CVD/diabetes events

analysis (n=1)

v

Full text articles included in the
review and assessed for study
quality (n=7)

Fig. 1 Flow diagram of studies included in the review

(Table 3). In one study [19], higher vitamin B12 levels were
associated with greater total mortality after controlling for
confounding factors, including history of previous myo-
cardial infarction (MI) or stroke, and baseline blood pres-
sure (however, folate levels/status was not adjusted for in
the multivariate analyses). Similarly, vitamin B12 levels
were positively associated with increased all-cause mor-
tality in multivariate analyses adjusting for folate and
homocysteine [18]. In contrast, two other studies found
neither low [17] nor high [16] levels of vitamin B12 to be
associated with mortality from all causes once multiple
confounding factors were controlled for.

Vitamin B12 levels and cause-specific mortality

Six studies examined the relationship between vitamin B12
levels and mortality from CVD and diabetes (Table 3). In
one study [19], incident CHD (based on combining fatal
and non-fatal MI as well as other fatal heart disease) was
associated with raised B12 levels after controlling for

@ Springer

multiple confounding factors (but not folate levels/status).
The risk of incident stroke (fatal and non-fatal combined),
incident MI (fatal and non-fatal combined), and incident
CVD (fatal and non-fatal combined) was not increased. A
second study [18] found no association between raised B12
levels and CVD mortality, but the risk of mortality from
diabetes/nephropathy was increased. Other four investiga-
tions showed no relationship between increased B12 levels
and fatal and non-fatal CHD events combined [21], low
B12 and fatal CHD and overall CVD mortality [17], high
B12 levels and CHD mortality [20], or high B12 levels and
overall CVD mortality [16], after controlling for multiple
confounding factors (all multivariate models adjusted for
folate levels/status).

Vitamin B12 levels and non-fatal events
Only one study investigated the association between base-

line vitamin B12 blood levels and non-fatal events [22].
After statistically controlling for multiple confounding
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Table 2 Quality assessment of studies included in the review

Quality assessment
criteria®

Zeitlin et al.
1997 [19]

Folsom et al.
1998 [21]

de Bree et al.
2003 [20]

Hung et al.
2003 [17]

Looker et al.
2007 [18]

Weikert et al.
2007 [22]

Dangour et al.
2008 [16]

Research question/
hypothesis clearly
defined and stated?

Source population
described?

Participation rate reported?

Evaluation whether study
outcomes were present at
the time of enrolment?

Comparison between full
participants and those lost
to follow-up by exposure
status?

Study outcomes clearly
defined?

Assessment of study
outcomes made blind to
exposure status?

Where blinding was not
possible, there is some
recognition that
knowledge of exposure
status could have
influenced the assessment
of outcome?

The measure of assessment
of exposure is reliable?

Evidence from other
sources is used to
demonstrate that the
method of outcome
assessment is valid and
reliable?

Exposure level is assessed
more than once?

The main potential
confounders are
identified and taken into
account in the design and
analysis?

Confidence intervals
provided for sample
estimates?

Overall assessment

No

No

No

No

Yes

No

No

Yes

Yes

Few criteria
fulfilled—
unfulfilled
criteria are
likely/very
likely to alter
the
conclusions

No

No

No

Some criteria
fulfilled—
unfulfilled
criteria
unlikely to
alter the
conclusions

No

Yes

Yes
Yes

No

Yes

Yes

No

Yes

No

Yes

Yes

Yes

Yes
Yes

No

Yes

No

Yes

Yes

Yes

No

No

Yes

No

Some criteria Some criteria Few criteria

fulfilled—
unfulfilled
criteria
unlikely to
alter the
conclusions

fulfilled—

unfulfilled

criteria

unlikely to

alter the

conclusions

fulfilled—
unfulfilled
criteria are
likely/very
likely to alter
the
conclusions

No

No

No

Most criteria
fulfilled—
unfulfilled
criteria very
unlikely to
alter the
conclusions

Yes

Yes

No

No

Some criteria
fulfilled—
unfulfilled
criteria
unlikely to
alter the
conclusions

* Adapted from the Scottish Intercollegiate Guidelines Network (SIGN) (www.sign.ac.uk)

factors, including baseline diabetes and cholesterol levels,
the risk of cerebral ischaemic events was associated with
lower vitamin B12 blood values (Table 3). When serum
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homocysteine levels were further adjusted for, the strength
of the association was slightly reduced, suggesting that the
association was

partly mediated by homocysteine.
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Subsequent analyses of vitamin B status showed that the
risk of cerebral ischaemia was specifically associated in
individuals with either low vitamin B12/normal folate or
low vitamin B12/low folate. Neither association remained
when homocysteine was further controlled for in these
analyses.

Discussion
Main findings and interpretation

This is the first systematic review investigating the asso-
ciation between blood levels of vitamin B12 and the risk
of CVD and diabetes (and extracting data on all-cause
mortality to help interpret the results). While our results
highlight much heterogeneity in the findings of the few
studies available, overall we were unable to support our
prior hypothesis: that low blood vitamin B12 increases the
risk of cardiovascular diseases and diabetes.

The only evidence in favour of this came from a high-
quality study by Weikert et al. [22]. This study reported a
relationship between low plasma vitamin B12 concentra-
tions and increased risk of cerebral ischaemia, even after
adjustment for baseline disease and cholesterol levels.
After controlling for serum homocysteine, the relative risk
of cerebral ischaemia was reduced only by about 10%,
suggesting that the effects of vitamin B12 were only partly
mediated by homocysteine. Although the association
between raised homocysteine levels and the risk of stroke
has been described previously [5, 7], the independent
cerebrovascular effects of low vitamin B2 levels are
harder to explain. For example, one possibility is that low
vitamin B12 increases levels of circulating proinflamma-
tory proteins that have been found to be associated with an
increased risk of ischaemic stroke [23, 24]. Such changes
can be observed in classical vitamin B12 deficiency but it is
currently unknown whether they occur when vitamin B12
status is low to normal [25]. Alternatively, the effects of
low vitamin B12 may be mediated by some other bio-
chemical factors [4]. The health effects of low vitamin B12
may also depend on the folate status of the study popula-
tion [25]. For example, the risk of cerebral ischaemia was
higher in subjects with both low vitamin B12 and low
folate compared to those with only low vitamin B12 levels
[22].

In contrast to Weikert et al. [22], Looker and Zeitlin’s
studies, albeit lower quality on our assessment (see
Table 2), showed an effect of vitamin B12 in the opposite
direction to what we expected: increased vitamin B12 levels
were positively associated with increased total mortality
[18, 19], fatal and non-fatal cardiac disease combined [19],
and mortality from diabetes and nephropathy combined

@ Springer

[18]. In attempting to explain these discrepancies, it is
important to note that these studies included the most dis-
eased [18] and the oldest [19] study populations. Moreover,
these studies reported the highest average baseline vitamin
B12 concentrations, 381 pmol/l [18] and 358 pmol/l [19],
respectively. Neither study assessed vitamin B12 supple-
mentation intake which is a likely explanation for these high
levels. Also, neither study excluded subjects with co-mor-
bidity, including malignancy or liver disease, which is rel-
evant because raised vitamin B12 levels in the elderly may
be a sign of a life-limiting chronic disease [26]. The rela-
tively high average vitamin B12 levels in the two studies
may be attributed to B12 supplementation intake in an
undetermined proportion of either diabetic patients [18] or
very old subjects [19] with chronic co-morbidities. This
could explain why a positive association was found between
vitamin B12 levels and mortality risk.

Excess B12 intake might also increase the risk of disease
directly. For example, there is evidence that excess vitamin
B12 may be hepatotoxic [19]. Also, vitamin B12 has been
reported to be an acute phase reactant, increasing in
response to inflammation [27]. Alternatively, vitamin B12
may be a marker for the consumption of animal source
foods. Potentially protective benefits of vitamin B12 may
be outweighed by the high saturated fat content of these
foods.

Neither Looker nor Zeitlin’s study [18, 19] controlled
for potential effects of cholesterol on the risk of mortality
and morbidity but the studies that reported either an inverse
[22] or no association [16, 17, 20, 21] between vitamin B12
levels and increased risk all adjusted for serum cholesterol
levels in the multivariate analyses.

In several studies, no effects of either low vitamin B12
blood levels on fatal CHD and total CVD mortality [17] or
of raised B12 levels on combined fatal and non-fatal cor-
onary events [20], CHD mortality [20] and total CVD
mortality [16] were observed after multiple confounding
factors were controlled for. Mortality as an outcome may
not be specific enough to capture any potential adverse
vascular effects of low vitamin B12 levels. Even cause-
specific mortality is affected by many other factors than
individual risk factors for a particular disease, including
access to and level of medical care. The difference between
these results and those reported above by Weikert et al.
[22] might partly stem from the use of different study
outcomes (total and cause-specific mortality versus non-
fatal cerebral ischaemic events) or from the possibility of
residual confounding by unmeasured factors in the latter
study. The findings by Weikert et al. [22] need replicating.

The influence of low vitamin B12 levels, if any, on the
risk of developing diabetes and CVD may occur earlier in
life. The importance of intrauterine conditions for the
development of disease in later life is well established
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through various foetal programming stimuli, including
nutritional factors [12]. Maternal nutrition is thought to
have major effects on foetal growth and programming, and
in animal experiments, the possible role of epigenetics in
foetal programming has been highlighted [28]. Micronu-
trients such as vitamin B12 and folate seem to play a role in
these processes. For example, in pregnant mothers in the
Pune Maternal Nutrition Study, low vitamin B12 status
coupled with normal to high folate status predicted both
adiposity and insulin resistance in 6-year-old Indian off-
springs [10]. In consequence, the authors argued, low
maternal vitamin B12 and high folate status may contribute
to the current epidemic of adiposity and type 2 diabetes on
the Indian subcontinent. If this is true, the associations
between B12 levels in adults and the risk of CVD are likely
to provide conflicting results especially if the risk of CVD
(effects size) with low B12 levels is small compared to
other traditional risk factors. It is therefore imperative that
the role of B12 before and during pregnancy needs to be
investigated further.

Limitations of the review

The present review included only published English-lan-
guage studies. It is possible that either non-published data
or data in other languages exist which we did not identify.
The present review included only prospective cohort
studies. We are aware of several other published reports
from investigations which also measured vitamin B12
levels albeit using different study designs i.e. cross-sec-
tional surveys and case—control studies of patients with
either diabetes or CVD. When determining the potential
causality of an association, the total evidence needs to be
assessed, including from clinical trials. Our present pur-
pose, however, was to review available data on the
potential aetiological role of vitamin B12 in diabetes and
CVD, knowing that substantial heterogeneity existed
between these studies alone. In our opinion, adding results
from other types of studies, including cross-sectional sur-
veys and case—control studies, which in fact may be more
prone to important study biases, will not reduce the
uncertainty about this association. Moreover, because of
this apparent heterogeneity of the studies reviewed here we
did not perform a statistical synthesis (meta-analysis) of the
results. This is frequently done in systematic reviews of
observational studies despite being a highly contentious
issue [29]. Our view, corroborated by an independent
expert (see acknowledgements), is that a meta-analysis of
the current studies (and the absence of individual patient
data) would have been unhelpful and potentially mislead-
ing given that the outcome of that data synthesis might
have been a more precise but potentially spurious estimate
of the association examined in this review.

Future research

Our recommendations for future research include the fol-
lowing: any prospective studies of vitamin B12 levels and
risk of diabetes and CVD in adults should consider alter-
native biomarkers given that vitamin B12 blood/plasma
levels may not be the best indicator of the concentration of
B12 in cells or tissues; for example, plasma/urine methyl-
malonic acid, blood holotranscobalamin, transcobalamin
saturation, and the ratio of holotranscobalamin to total
vitamin B12 should be considered [25]. Whether there is a
linear or threshold effect of low vitamin B12 on disease
outcomes also remains to be determined. Moreover, all the
studies reviewed here included samples from populations
from high-income countries who generally have a good
vitamin B12 status—future studies should sample popula-
tions at high risk of vitamin B12 deficiency, including
those in low-income countries and vegetarian populations.
In addition, non-fatal disease outcomes need to be con-
sidered. As indicated earlier, mortality may neither be
specific nor appropriate in studies of younger subjects.
More thought needs to be given to potential confounding
factors in future studies. Adjustment for better measured
confounders may also reduce the likelihood of residual
confounding. Importantly, the lack of association between
MTHFR genotypes and CVD [30] challenges a causal role
for homocysteine in CVD but does not negate an inde-
pendent role for vitamin B12 deficiency—this needs to be
tested by specific genetic markers, for example, polymor-
phisms in the TCN2 [31], in Mendelian randomisation
studies. Finally, more life-course research is needed of the
relationship between levels of vitamin B12 measured in
early life and adult disease. Both diabetes and CVD should
be included as key outcomes in such studies. As a first step,
we are currently assessing the feasibility of preparing a
systematic review of this association.

Conclusions

The present review has highlighted much heterogeneity in
the results of available cohort studies of the association
between blood levels of vitamin B12 and the risk of dia-
betes and CVD in adulthood. Few relevant studies were
identified. Existing investigations differ substantially in
study methodology and quality. Overall, the review lends
little support to our prior hypothesis that high vitamin B12
would be associated with reduced CVD and diabetes.
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