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Higher circulating vitamin B12 is associated
with lower levels of inflammatory markers
in individuals at high cardiovascular risk and
in naturally aged mice
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Abstract

BACKGROUND: VitaminB12 is an essential nutrient that is involved in numerous physiological processes, and its deficiency can lead
to various complications, including neurological and haematological disorders. Some studies have suggested that vitamin B12may
have anti-inflammatory effects, but the mechanisms underlying this relationship are not yet fully understood. We investigated the
relationship between circulating vitamin B12 and inflammatory markers interleukin (IL)-6 and C-reactive protein (CRP). The associ-
ation of peripheral levels of vitamin B12with IL-6 and CRPwas assessed in 136 human samples from a high cardiovascular risk pop-
ulation. To corroborate the results from the human trial, the analysis was replicated in naturally aged mice.

RESULTS: Individuals with higher serum levels of vitamin B12 showed lower concentrations of IL-6 and CRP after adjustment for
potential confounders, and an inverse associationwas also found between serum IL-6 and vitamin B12 levels in naturally agedmice.

CONCLUSION: Circulating vitamin B12 was inversely associated with IL-6 and CRP in humans and with IL-6 in mice, suggesting
that it may exert an anti-inflammatory effect through modulation of these pro-inflammatory molecules.
© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.

Supporting information may be found in the online version of this article.
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INTRODUCTION
Vitamin B12 or cobalamin is known for its role in essential biological
processes1 because there are two key vitamin B12-dependent

enzymes: methionine synthase and methylmalonyl-CoA mutase.2

Methionine synthase is involved in the conversion of homocysteine
to methionine, an important amino acid that is required for protein
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synthesis and many other physiological processes.3 This enzyme
also generates S-adenosylmethionine, a vital molecule that donates
methyl groups for DNA, RNA and other reactions, impacting gene
expression and metabolism.4 Methylmalonyl-CoA mutase plays a
key role in the breakdown of certain amino acids, including valine,
isoleucine, methionine and threonine, which otherwise could not
be properly metabolized.5

Clinical vitamin B12 deficiency is prevalent, affecting a signif-
icant proportion of the population, with estimates ranging from
1.5% to 15%, particularly among the elderly.6 This deficiency
can lead to neurological or haematological complications.
Despite its essentiality for all eukaryotes, vitamin B12 is only
synthesized by some genus of bacteria and some archaea;
humans obtain it almost exclusively from dietary animal-
derived products, where it is stored within animal proteins.7

Dietary insufficiency therefore is a major concern for vegan
and vegetarian populations, especially when no supplementa-
tion or fortified foods are used.8 However, vitamin B12 defi-
ciency can also be a result of inefficient absorption and
digestion because its bioavailability is highly dependent on
individual metabolic characteristics.9 The process of vitamin
B12 uptake in mammals is complex and extensively regulated.
It starts with salivary enzymes dissociating it from animal pro-
teins, followed by binding with haptocorrin (also known as
transcobalamin I) to prevent degradation.10 In the stomach,
digestive enzymes release B12 from haptocorrin, and intrinsic
factor binds to it.10 Intrinsic factor is necessary for uptake in
the terminal ileum, where vitamin B12 is processed and bound
by transcobalamin II for release into the circulation.11 The holo-
transcobalamin complex (vitamin B12 bound to transcobalamin
II) is recognized and taken up by cells via CD320 receptor.11

Mutations in genes encoding these proteins can cause B12 defi-
ciency.12 In addition, vitamin B12 requirements increase during
pregnancy, lactation and at older ages, with the latter often as a
result of decreased absorption.13

The Mediterranean diet is well-known for including a wide vari-
ety of products and culinary techniques, which minimize the risk
of deficiencies of specific nutrients. Although it is mostly charac-
terized by high consumption of plant-derived products, it also
includes moderate consumption of both fish and dairy products,
and low consumption of meat.14 Through these animal-derived
proteins, the Mediterranean diet provides enough vitamin B12
to meet the nutritional requirements of 4.0 μg day−1 proposed
by the European Food Safety Authority.15 The benefits of a Medi-
terranean diet were assessed in the PREDIMED (PREvención con
DIeta MEDiterránea) trial, a multicenter study of over 7000 partic-
ipants at risk for cardiovascular disease.16,17 Adhering to a Medi-
terranean diet regiment supplemented with extra virgin olive oil
or nuts conferred a significant decrease in heart attack, stroke or
cardiovascular death.18

Vitamin B12 or folic acid deficit leads to increased levels of
homocysteine. Homocysteine is a sulphur-containing amino
acid strongly associated with inflammation because it induces
the production of proinflammatory molecules and reactive oxy-
gen species.19 This is particularly interesting because most com-
mon chronic and autoimmune diseases, including diabetes,
cancer and atherosclerosis, are closely related to inflammatory
processes.20 We hypothesized that serum vitamin B12 may be
associated with lower concentrations of inflammatory bio-
markers. Therefore, the present study aimed to assess serum
vitamin B12 levels and to evaluate their association with the cir-
culating inflammatory molecules interleukin (IL)-6 and

C-reactive protein (CRP) in a cross-sectional subanalysis of par-
ticipants in the PREDIMED trial. To extend to an experimental
system the results observed in humans, the analysis was repli-
cated in an experimental system with naturally aged mice that
could be manipulated and followed-up to avoid the chance
effect.

MATERIALS AND METHODS
Clinical trial
Study design
A cross-sectional analysis was carried out using baseline data
from the PREDIMED trial, a large, parallel-group, multicenter,
randomized, controlled, clinical trial designed to assess the
effect of the Mediterranean diet on the primary prevention of
cardiovascular disease (http://www.predimed.es). It included
7447 participants at high cardiovascular risk, aged between
55 to 80 years for men and 60–80 years for women, who were
recruited in Spain between October 2003 and December 2010.
Eligible participants had either type 2 diabetes at baseline or at
least three of the following cardiovascular risk factors: current
smoking, hypertension, dyslipidemia, overweight/obesity or
family history of premature coronary heart disease. A detailed
description of methods and participants has been reported
previously.16,17

In the present study, 136 participants were randomly selected
among the participants from the PREDIMED-Hospital Clinic recruit-
ment center (Barcelona) from whom samples were available.

Ethics statement
The Institutional Review Board (IRB) of the Hospital Clinic
(Barcelona, Spain) accredited by the US Department of Health
and Human Services update for Federal-wide Assurance for the
Protection of Human Subjects for International (Non-US) Institu-
tions #00000738 approved the study protocol on 16 July 2002.
All participants provided their written informed consent.

Covariate assessment
A validated, semi-quantitative 137-item food frequency question-
naire was used to determine food consumption within the prior
year with the assistance of trained dietitians.21 Nutrient intakes
were calculated from Spanish food composition tables. Trained
personnel took anthropometric measures by standard methods,
including weight and height, from which body mass index (BMI)
(kg m−2) was calculated. Physical activity (metabolic equivalent
tasks per minutes per day, METs min day−1) was assessed with a
validated Spanish version of the Minnesota physical activity
questionnaire.22

Inflammatory biomarkers
Circulating inflammatory biomarkers were analysed as described
elsewhere.23 Briefly, commercial enzyme-linked immunosorbent
assays (ELISA) kits were used to determine plasma IL-6 (Elast Ampli-
fication System; PelkinElmer, Waltham, MA, USA). A technician
blinded to group allocationwas responsible for processing the sam-
ples. As reported previously, high-sensitive CRP was determined in
serum by particle-enhanced immunonephelometry.23

Serum vitamin B12
Serumvitamin B12 concentrationsweremeasured by an automated
electrochemiluminescence immunoassay system (Advia-Centaur;
Siemens, Barcelona, Spain) in frozen aliquots kept at −80 °C.
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Statistical analysis
Baseline characteristics of the participants are presented as the
mean ± SD for continuous variables and percentages for categor-
ical variables.
We used multivariable adjusted linear regression models to

assess the association between serum vitamin B12 and circulating
inflammatory biomarkers. Three adjustment models of increasing
complexity were used. Model 1 was minimally adjusted for sex
and age. Model 2 was further adjusted for educational level,
smoking habit, BMI, physical activity, diabetes, hypertension,
hypercholesterolemia and aspirin use. Model 3 was additionally
adjusted for energy intake, alcohol consumption and Mediterra-
nean diet adherence.

Animal studies
Animal procedures
Animal experimentation at the IRB Barcelona was performed
according to protocols approved by the Science Park of Barcelona
Ethics Committee for Research and Animal Welfare. C57BL6/J
mice (n = 5 females, n = 13males, based on availability in our col-
ony) were bred and aged in-house in a specific pathogen-free
facility on a 12:12 h light/dark photocycle (lights on 20:00 h). Mice
were fed commercially available diets manufactured by SAFE®
Complete Care Competence (Rosenberg, Germany) (SAFE A30
during pregnancy and weaning; SAFE A40 in adulthood) contain-
ing 0.02 mg kg−1 vitamin B12. Mice were deeply anesthetized in a
carbon dioxide chamber, and blood was collected several hours
prior to the end of the light cycle, around 17:00 h, by intracardiac
puncture, followed by cervical dislocation. Upon collection, blood
was allowed to clot at room temperature for 10 min, and then
spun at 6000 rpm for 10 min in a microcentrifuge. The superna-
tant containing serum was removed and snap frozen.

IL-6 determination
Serum IL-6 was analysed by ELISA using the Mouse IL-6 ELISA Kit
from Sigma-Aldrich (St Louis, MO, USA). Antibody levels higher

than 2 pg mL−1 were considered positive in accordance with
the manufacturer's guidelines. It was not technically possible to
measure CRP in mice because the sensitivity of the current assays
for CRP is not sufficient to detect the low levels found in mice.

Vitamin B12 determination
Serum was diluted 1:20 in PBS. HoloTC was measured using an
ADVIA Centaur Immunoassay System (Siemens) with ADVIA Cen-
taur Vitamin B12 Test Packs (Ref 07847260) in accordance with
the manufacturer's instructions.

Statistical analysis
Graphs were generated using Prism, version 9 (GraphPad Software
Inc., San Diego, CA, USA) and statistical analysis was performed
using simple linear regression. We found two mice outliers with
IL-6 levels greater than 2 SD from the mean, potentially suggesting
illness or infection, and one mouse with vitamin B12 levels greater
than 2 SD, indicative of hematologic or hepatic disease.24 We
removed these threemice fromour dataset, interpreting the subset
that remained as themice that were likely to be healthy in their nat-
ural aging. Linear regressions were used to assess the association
between vitamin B12 and IL-6. We performed further analyses to
describe the relationship of age with vitamin B12 and IL-6.

RESULTS
General characteristics of the participants in the
clinical trial
The general characteristics of the participants in the trial with avail-
able data on IL-6 and vitamin B12 included in this substudy are
shown in Table 1, according to tertiles of serum vitamin B12. The
average mean concentrations of vitamin B12 in serum in each of
the three groups were 0.3 ± 0.2, 0.4 ± 0.0 and 0.7 ± 0.2 ng mL−1.
The mean age of the participants was 68.3 ± 6.0 years and 56%
were women. All the groups were well balanced in terms of age,
sex and BMI. As a result of the study design, all participants were

Table 1. General characteristics of the participants by tertiles of serum vitamin B12

Characteristics
All participants T1 T2 T3 P-value

(n = 136) (n = 46) (n = 45) (n = 45)

Age (years) 68.3 ± 6.0 69.3 ± 5.6 67.8 ± 5.5 67.6 ± 6.7 0.357
Women (%) 55.9 50.0 57.8 60.0 0.600
BMI (kg m−2) 29.1 ± 4.3 29.1 ± 3.4 29.2 ± 3.3 28.9 ± 3.6 0.883
Diabetes (%) 65.4 69.6 71.1 55.6 0.231
Hypertension (%) 73.5 82.6 71.1 66.7 0.205
Hypercholesterolemia (%) 72.8 58.7 77.8 82.2 0.027
Current smokers (%) 17.7 21.7 15.6 15.6 0.064
Medium and high educational level (%) 30.9 37.0 37.8 17.8 0.067
Physical activity (METS-min day−1) 281 ± 259 324 ± 265 195 ± 181 324 ± 305 0.022
Energy intake (kcal day−1) 2425 ± 556 2533 ± 599 2310 ± 593 2428 ± 451 0.161
Vitamin supplementation (%) 5.2 2.2 8.9 4.4 0.338
Mediterranean diet adherencea 8 ± 2 9 ± 2 8 ± 2 8 ± 2 0.784
Serum vitamin B12 (ng mL−1) 0.47 ± 0.20 0.29 ± 0.07 0.45 ± 0.04 0.68 ± 0.20 < 0.001

Note: Continuous variables are shown as the mean ± SD and categorical variables are shown as percentages. A t-test was used for continuous vari-
ables and a chi-square test was used for categorical variables.
Abbreviations: BMI, body mass index; METS, metabolic equivalents; T, tertile.
a Mediterranean diet adherence was assessed with a 14-item score.
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overweight or obese and harboured a high load of cardiovascular
risk factors: 65.4% had type-2 diabetes, 73.5% had hypertension
and 72.8% had hypercholesterolemia. A higher percentage of
participants in the highest tertile of vitamin B12 had hypercholester-
olemia (P = 0.027). The mean physical activity was 281.2 ± 258.7
METS-min day−1, and participants in the second tertile were less

physically active (P = 0.022). Total energy intake andMediterranean
diet adherence were comparable among groups.
The nutrient and food consumption of participants by tertiles of

serum vitamin B12 are shown in the Supporting information
(Table S1). The three groups of serum vitamin B12 were well-
balanced in all nutrients and food groups.

Association between vitamin B12 and IL-6 and CRP in
humans
The association between serum concentrations of vitamin B12 and
circulating concentrations of IL-6 is presented in Table 2. In the
minimally adjusted model, which accounted for sex and age, the
association between IL-6 and vitamin B12 presented an inverse,
albeit not statistically significant, relationship. Further adjustment
for other potential confounders in the multivariable models
2 revealed a significant inverse association between IL-6 and vita-
min B12 (−0.39 pg mL−1; 95% confidence interval = −0.76 to

Table 2. Multivariable-adjusted regression that evaluate the associ-
ation between serum B12 levels and circulating IL-6 and CRP

Inflammatory
molecules

Mean
(pg mL−1) ⊎ (95% CI) P-value

IL-6 0.73 Model
1

−0.20 (−0.52 to 0.13) 0.232

Model
2

−0.35 (−0.70 to 0.00) 0.049

Model
3

−0.39 (−0.76 to −0.03) 0.035

Mean
(mg/dL) ⊎ (95% CI) P-value

CRP 0.50 Model 1 −0.14 (−0.41 to 0.12) 0.290
Model 2 −0.29 (−0.54 to −0.03) 0.028
Model 3 −0.34 (−0.63 to −0.05) 0.020

Note: Model 1: adjusted for sex and age.Model 2: additionally adjusted
for education level, smoking habit, body mass index, physical activity,
diabetes, hypertension, hypercholesterolemia and aspirinmedication.
Model 3: additionally adjusted for energy intake, alcohol consumption
and Mediterranean diet adherence.
Abbreviations: ß, difference between groups; CI, confidence interval;
CRP, C reactive protein; IL-6, interleukin 6.

Figure 1. Binned scatterplot of the relationship between vitamin B12 and IL-6 (A) and CRP (B) in humans adjusted for sex, age, education level, smoking
habit, BMI, physical activity, diabetes, hypertension, hypercholesterolemia, aspirin, medication, energy intake, alcohol consumption and Mediterranean
diet adherence. IL-6, interleukin-6. CRP, C-reactive protein.

Figure 2. Association between vitamin B12 and IL-6 in mice. IL-6,
interleukin-6.
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−0.03, P = 0.031). Similar results were obtained for CRP. In themin-
imally adjusted model, no significant association was found. After
adjustment for models 2 and 3, a significant inverse association
was found between CRP and vitamin B12 (−0.34 pg mL−1; 95%
confidence interval = −0.63 to −0.05, P = 0.020). Figure 1 illus-
trates that participants with higher concentrations of vitamin B12
had lower concentrations of IL-6 (A) and CRP (B) in the fully
adjusted model.

Serum vitamin B12 levels are negatively correlated with
IL-6 in naturally aged mice
We next wanted to extend our observation in an experimental ani-
mal model of natural aging, independent from cardiovascular dis-
ease. Although circulating IL-6 levels are generally low in healthy,
unstressed laboratory mice, it has been reported that IL-6 levels
increase with natural aging.25 To assess biologically available vita-
min B12 levels, we measured holotranscobalamin in the serum of
mice. Following the exclusion of three outliers (defined as > 2 SD
above the mean or z-score = 2; for details, see Materials and
methods), two mice displaying IL-6 levels likely indicative of illness
or infection, alongwith onemouse exhibiting elevated levels of vita-
min B12, suggestive of hematologic or hepatic disease, there was a
significantly negative correlation between serum IL-6 and vitamin
B12 levels in naturally agedmice (P = 0.027) (Fig. 2). Taken together,
our results indicate a negative association between serum IL-6 and
vitamin B12 levels in healthy, naturally aged wild-type mice. When
aging was considered on each variable separately, IL-6 and vitamin
B12, there was no correlation between age and vitamin B12 levels,
whereas IL-6 levels showed amodest but insignificant increase with
age (see Supporting information, Fig. S1).

DISCUSSION
The present study aimed to characterize the relationship of
circulating vitamin B12 with IL-6 and CRP. The analysis of the
PREDIMED trial samples revealed that serum vitamin B12 is asso-
ciated with lower levels of inflammatory molecules IL-6 and CRP.
The data from naturally aged, healthy, wild-type mice provided
supporting evidence by also showing an inverse relationship
between serum vitamin B12 and IL-6.
Evidence suggests that vitamin B12 deficiency is associated

with inflammation and metabolic complications.26,27 Tripathi
et al.28 showed that dietary vitamin B12, together with folate,
decreased inflammation in a mouse model of non-alcoholic stea-
tohepatitis (NASH) through reduction of hyperhomocysteinemia.
Vitamin B12 deficiency promoted NASH through activation of
proinflammatory pathways with an imbalanced release of pro-
inflammatory IL-1⊎ and anti-inflammatory IL-10 in animals with
colitis.29 In humans, it was found that vitamin B12may have a pos-
itive effect on inflammation and oxidative damage by improving
the antioxidant capacity of plasma.30 In a cross-sectional study
that included middle-aged participants, a negative association
was observed between tumor necrosis factor-⊍ and serum vita-
min B12.31

There are some potential explanations for these findings. Defi-
ciency of vitamin B12 leads to elevated levels of homocysteine
because this molecule cannot be converted into methionine via
themethionine cycle becausemethionine synthase, which requires
B12 as a cofactor, cannot function properly.32 Hyperhomocysteine-
mia is a pathology characterized by homocysteine accumulation
that leads to proinflammatory, cytotoxic and proatherogenic
effects.28 It has been reported that it is associated with pro-

inflammatory cytokines, including IL-6, and is related to neuroin-
flammation.33 Hyperhomocysteinemia also causes endothelial
damage, reduces the arterial compliance and alters the process of
endothelial homeostasis.34 This condition is a potential risk for car-
diovascular diseases such as atherosclerosis or coronary arterial dis-
ease.35 Another hypothesis to explain the inverse relationship
between vitamin B12 and inflammation suggests that the vitamin
supresses the production of cytokines in T lymphocytes. Yamashiki
et al.36 demonstrated that the in vitro synthesis of cytokines includ-
ing IL-6, interferon-γ and IL-1⊎ was reduced when methyl B12 was
added in culture. Overall, the findings suggest that vitamin B12
plays an important role in modulating inflammation.
The specific relationship between vitamin B12 and the inflam-

matory biomarkers IL-6 and CRP has been scarcely investigated.
Scalabrino et al.37 reported that vitamin B12 regulated IL-6 levels
in rat cerebrospinal fluid, independently of other regulators of
IL-6 production such as vasoactive intestinal peptide or somato-
statin. An in vitro study found increased gene expression of IL-6
and other interleukins in adipocytes cultured in low vitamin B12
conditions.38 These results are in line with the findings of the
present study because we have observed that higher levels of
vitamin B12 relate to lower concentrations of IL-6 in mice. Evi-
dence from observational studies and clinical trials support these
results. Ma et al.39 found that supplementation of combined folate
and vitamin B12 in elders with mild cognitive impairment
reduced inflammatory cytokines, including IL-6, in association
with lowering homocysteine levels. In patients with Alzheimer's
disease, higher levels of IL-6 were detected in peripheral blood
mononuclear cells when serum vitamin B12 concentrations were
lower.40 These findings are consistent with our results because we
found an inverse association of vitamin B12 with inflammatory
biomarkers. It is worth mentioning that the populations of these
studies were similar to ours in that elderly adults were included.
However, in the PREDIMED trial, participants with cognitive
impairment or dementia were not included. A clinical trial with
285 patients with transient ischemic attack or stroke found that
supplementation with 0.5 mg of vitamin B12, 2 mg of folic acid
and 25 mg of B6 for 6 months did not reduce blood concentra-
tions of IL-6 or CRP.41 Nevertheless, the biological concentrations
of vitamin B12 were not assessed, and thus it was not possible to
determine whether the supplements were sufficient to increase
blood levels of the vitamin. Previous studies have failed to estab-
lish a connection between vitamin B12 and CRP levels. Two clini-
cal trials reported no CRP changes after an intervention with
vitamin B12.42,43 Young et al.44 found a weak inverse correlation
between vitamin B12 and CRP in a cross-sectional analysis. A large
Finnish observational study failed to find any significant associa-
tion between serum vitamin B12 and CRP levels.45 Further studies
of the clinical use of vitamin B12 as an anti-inflammatory and to
reduce the risk of cardiac disease are warranted.
The inverse association of vitamin B12 and IL-6 may be relevant

to inflammatory processes, as IL-6 is involved in chronic and acute
inflammation.46 In acute inflammation, IL-6 promotes the synthe-
sis and release of most proteins involved in the acute phase
response to a wide variety of stimuli. One of the acute-phase pro-
teins is CRP,47 which was also significantly inversely associated
with vitamin B12 in our clinical study; we did not measure CRP
in mouse serum because values would be below the limits of
detection. IL-6 also mediates the transition from acute to chronic
inflammation by recruiting monocytes to the area involved.48

Through inflammatory processes, these molecules play an impor-
tant role in the development of other diseases. Regarding
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cardiovascular health, IL-6 is systematically increased in patients
with obesity due to an increased release from adipocytes.49 It is
also involved in the development of insulin resistance and ⊎-cell
dysfunction that lead to type-2 diabetes. Recently, IL-6 has been
proposed as a potential target for cancer treatment as a result of
its involvement in the proliferation of cancerous cells.50,51 Strong
evidence suggests that CRP is a predictor of arterial thrombotic
events. Two meta-analyses have confirmed that CRP is linked to
a higher risk of incident cardiovascular events and can also predict
future cardiovascular and all-cause mortality in individuals with
type-2 diabetes.52,53 CRP is also a potential biomarker for overall
cancer because it plays a role in the occurrence of various types
of cancer.54,55

The present study has some limitations. First, we had only a
modest number of mice and humans in our study, and the human
participants were older Mediterranean individuals at high cardio-
vascular risk; therefore, the results cannot be generalized. Second,
we used a single measure of vitamin B12 and inflammatory bio-
markers at baseline, which limits the potential to discern temporal
and causal relationships. Our study also has important strengths.
For the first time, we have assessed the relationship between cir-
culating vitamin B12 and IL-6 both in mice and humans. Another
strength is the analysis of biological samples to determine the sta-
tus of the experimental animals and human participants.

CONCLUSIONS
There was an inverse association between peripheral vitamin B12
levels and IL-6 in a cross-sectional subanalysis of the PREDIMED
trial, which involved a Mediterranean population at high cardio-
vascular risk, as well as in naturally aged mice, indicating that
higher levels of vitamin B12 were linked to lower levels of IL-6.
These findings support the potential role of vitamin B12 in inflam-
matory processes and related diseases. Further research is needed
to identify the molecular mechanisms linking this vitamin to the
production of IL-6 and its potential as a clinical intervention in car-
diovascular and other inflammatory diseases. Importantly,
extending our observation to naturally aged laboratory mice pre-
sents an attractive experimental system for future studies.
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