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Abstract: Vitamin B12 deficiency is associated with metabolic changes like
methyl malonic acidemia and hyperhomocystinemia eventually leading to
atherosclerosis. Dyslipidemia and vitamin D (vit D) deficiency are
independent risk factors of CVD. This study aims to explore the
interrelationship between inflammatory markers, adverse lipid profile and
vitamin B12 in hypovitaminosis D. Since, atherosclerosis is an
inflammatory condition we have investigated CRP and NLR as
inflammatory markers along with lipid profile parameters and atherogenic
indices in apparently healthy individuals with vitamin D deficiency. 90
apparently healthy subjects aged between 25-55 years were divided into 3
groups of 30 members each, as vit D sufficient (vit D ≥ 30 ng/ml),
insufficient (vit D = 21-29 ng/ml) and deficient groups (vit D ≤ 20 ng/ml).
Deficient group was further divided into moderately and severely deficient
(vit D less than 20 and 10 ng/ml) groups respectively. Fasting lipid profile
was estimated spectrophotometrically. Plasma vit D and B12 were
determined by ECLIA. CRP was assayed by ELISA. Neutrophil
Lymphocyte Ratio (NLR) was calculated manually. Vitamin B12 was
significantly lower in vit D deficient group compared to insufficient
(p<0.01) and sufficient groups (p<0.001). TC/HDL was significantly higher
in insufficient group (p<0.01) compared to sufficient group. Further, both
the atherogenic indices, TC/HDL and non -HDL increased drastically in
severely deficient group where vitamin B12 was the least. Inflammatory
markers CRP and NLR showed profound increase with vitamin B12
deficiency. The proposed mechanisms that underlie an abnormal lipid profile
in vitamin B12 deficiency include increase in methyl malonyl CoA which
inhibits oxidation of fatty acid and contributes to lipogenesis.
Hyperhomocysteinemia interferes in VLDL secretion leading to
dyslipidemia. Further, vitamin D modulates the expression of enzymes
involved in homocysteine metabolism. While Vitamin B12 attenuates the
expression of inflammatory cytokines, homocysteine induces the same. The
observed abnormal lipid profile and elevated inflammatory markers in
groups with lower vitamin B12 suggests its potential role in inflammatory
reactions that precede subclinical atherosclerosis in hypovitaminosis D. The
study also highlights synergistic action of both the vitamins in cardio
protection which has not been previously reported.
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Introduction
Atherosclerosis is a chronic, dynamic, inflammatory

process driven by several risk factors. Vitamin D (vit D)
deficiency is a nontraditional risk factor that has gained
worldwide attention as it has a potential role in the
prevention of cardiac diseases (Haider et al., 2023).

Preclinical studies have shown a direct role of vitamin D
in the regulation of endothelial dysfunction, platelet
aggregation, and have confirmed its relationship with
hypertension, coronary artery disease, and heart failure
(Nardin et al., 2024). Calcitriol exhibits an anti-
inflammatory role by inhibition of vascular smooth
muscle cell proliferation, coagulation, and regulation of
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the renin-angiotensin system (Cosentino et al., 2021).
Several studies have implicated hyperhomocystinemia as
an additional risk factor for Cardiovascular Disease
(CVD). Vitamin B12 acts as a coenzyme of methionine
synthase which forms methionine from homocysteine.
Therefore, vitamin B12 deficiency interferes with this
reaction and leads to hyperhomocysteinemia a pathology
characterized by proinflammatory, cytotoxic, and
proatherogenic consequences (Şener et al., 2019). Vit D
is known to modulate the gene expression of enzymes
involved in homocysteine metabolism (Lee et al., 2024).
Hypocalcaemia secondary to vitamin D deficiency is
suspected to adversely affect calcium-dependent vitamin
B12 absorption (Muralidharan et al., 2024). Thus, there
exists a complex relationship between these two
vitamins. Vitamin B12 deficiency appears to be a
neglected topic of public health that needs more
attention. Hence this study attempts to establish the
antiatherogenic and anti-inflammatory role of vitamin
B12 in vitamin D deficiency. Several observational
studies have linked the anti-inflammatory effects of
vitamin D to the prevention of atherosclerosis
(Khanolkar et al., 2023; Saghir Afifeh et al., 2021).
Therefore, addressing the deficiency of vitamin D and
ensuring sufficient levels is crucial in preventing
subclinical atherosclerosis. Since atherosclerosis is an
inflammatory condition we have investigated CRP and
NLR as inflammatory markers along with lipid profile
and atherogenic indices (TC/HDL and non-HDL) in
apparently healthy individuals with vitamin D deficiency.
To the best of our knowledge, this is the first study to
explore the synergistic role of vitamin D and B12 in
cardio protection.

Materials and Methods
This prospective cross-sectional study was conducted

after obtaining approval from the Institutional Ethics
Committee (IEC KMC MLR08/2023/354). Written
consent was obtained from all the participants of the
study. The study population included 90 healthy subjects
aged between 25 and 55 years of both genders. The study
subjects were divided into three groups based on serum
vit D levels:

Group I (Vit D sufficient) = 30 subjects (vit D > 30
ng/mL)
Group II (Vit D insufficient) = 30 subjects (vit D =
21-29 ng/mL)
Group III (Vit D deficient) = 30 subjects (vit D ≤ 20
ng/mL)
Group III was further divided into,
Group IIIa (moderately deficient) = 16 subjects (vit
D 10-19 ng/mL)
Group IIIb (severely deficient) = 14 subjects (vit D
< 10 ng/mL) as per Gani & How (2015)

Patients with diabetes mellitus, systemic illness,
kidney disease, and subjects on vitamin supplements at

the time of blood collection were excluded from the
study.

Fasting blood samples were collected in heparin
vacuum tubes and centrifuged for 10 min at 3000g;
separated plasma was stored at -80℃  and used for
biochemical investigations. Lipid Profile was determined
by spectrophotometric assays in a semi-analyzer (Almas
et al., 2022; Koh et al., 2022., Malik and Pundir, 2002).
Atherogenic indicators like non-HDL cholesterol and
Total cholesterol/HDL were calculated manually. Vit D
and vitamin B12 were estimated by ECLIA in Roche
Cobas Pro fully automated analyser (Jiang et al., 202;
Ranjan et al., 2020). Neutrophil-Lymphocyte Ratio was
calculated from total blood count obtained from Sysmex
automated haematology analyser and C - reactive protein
was determined by sandwich ELISA (Ghule et al., 2021).

A statistical package SPSS version 29 was used for
the data analysis. Data was analyzed using a one-way
ANOVA test and inter-group comparison was done by
post hoc Tukey's test. The difference of p<0.05 was
considered significant.

Results
Demographic and baseline data of the study groups

are depicted in Table (1). Vitamin B12 levels steadily
declined from vit D sufficient to insufficient to deficient
groups. Vitamin B12 was significantly lower in vit D-
deficient group compared to the insufficient (p<0.01) and
sufficient group (p<0.001) (Table 2).
Table 1: Demographic and baseline data of the study population (mean ±

SEM)

 Group I Group II Group IIIa Group IIIb p value
Age (range) 28-54 26-54 25-50 25-54 NS
Male: Female 13:17 14:16 9:06 7:08 NS
Vitamin D (ng/ml) 40.52±1.65 24.04±0.62 13.38 ± 0.74 6.98±0.43 0.001
Creatinine (mg/dl) 0.89±0.05 0.95±0.14 1.29±0.45 1.03±0.76 NS

NS – Not Significant

Table 2: Comparison of atherogenic profile among the 3 groups (Mean ±
SEM)

 Group I
(Sufficient)

Group II
(Insufficient)

Group III
(Deficient)

N 30 30 30
Vit D (ng/ml) 40.52±1.65 24.04±0.62a 10.28±4.04#

Vit B12 (pg/ml) 457±63.05 421.73±52.14 350.88±63.11# a

TG (mg/dl) 112.76±6.88 128.13±11.92 132.96±12.24
TC (mg/dl) 194.64±9.77 183.28±8.14 192±11.16
HDL (mg/dl) 61.19±4.99 64.15±3.71 54.13±3.98
TC/HDL 3.09±0.29 3.99±0.19* 3.59±0.27
LDL (mg/dl) 107.90±9.57 123.53±7 122.51±10.35
VLDL (mg/dl) 22.55 1.38 28.11±3.24 29.52±4.22
Non-HDL
(mg/dl)

119.12±7.80 130.81±11.08 140.5±9.8$

N = Number of subjects; # p <0.001 Significantly different from
sufficient group; a p<0.01 Significantly different from insufficient
group; * p<0.04 Significantly different from sufficient group; $
p<0.05 Significantly different from sufficient group



Shravan Ajith Panchwadkar et al. / OnLine Journal of Biological Sciences 2025, 25 (3): 601.606
DOI: 10.3844/ojbsci.2025.601.606

603

Further, there was a notable decline in vitamin B12 in
the severely deficient group compared to the moderately
deficient group (p<0.01). Table (3) an apparent increase
in triglyceride values was observed in groups II and III
compared to group I. Atherogenic lipids VLDL and LDL
also showed a similar trend. Although total cholesterol
remained constant between the groups, HDL was the
lowest in vit D-deficient group and decreased further in
the severely deficient group (p = 0.01). Moreover,
atherogenic indices (TC/HDL) were significantly higher
in the insufficient group (p = 0.004) and non-HDL
cholesterol was significantly higher in the vitamin D
deficient group compared to vit D sufficient group (p =
0.05). Both TC/HDL and non-HDL increased drastically
in the severely deficient group compared to the
moderately deficient group where vitamin B12 was the
least (Table 3).

There was a steep increase in plasma CRP in vit D
deficient group (p = 0.04) compared to the sufficient
group and the increase was profound in the severely
deficient group (p = 0.05). (Table 4) However, an
increase in NLR was statistically insignificant in groups
with vit D deficiency (Table 5).
Table 3: Comparison of atherogenic markers within Vitamin D deficient

group III (IIIA and IIIB)

 Group IIIa (Deficient) Vit
D (10-19 ng/mL) n = 16

Group IIIb (Severely
deficient) Vit D (<10
ng/mL) n = 14

p
value

Vit.D
(ng/ml)

13.38±0.74 6.98±0.43 <0.001

Vit-B12
(pg/ml)

401.5±34.30 273±57.34 <0.01

TG (mg/dl) 125.45±20.58 140.97±13.06 NS
TC (mg/dl) 183.56±12.82 201.01±18.78 NS
HDL
(mg/dl)

73.21±7.71 48.37±4.45 0.01

TC/HDL 2.89±0.32 4.34±0.34 0.004
LDL
(mg/dl)

110.02±13.37 134.12±15.43 NS

VLDL
(mg/dl)

30.76±7.92 28.20±2.61 NS

Non HDL
(mg/dl)

110.35±13.90 152.64±16.03 0.05

N = Number of subjects; NS = Not significant

Table 4: Comparison of inflammatory markers among the 3 groups (Mean
±SEM)

 Group I (Sufficient
group)

Group II (Insufficient
group)

Group III (Deficient
group)

Vit D
(ng/ml)

40.52±1.65 24.04±0.62a 10.28±4.04#

CRP 1.55±0.02 3.32±0.03 4.72±0.03*
Vit-B12
(pg/ml)

457±63.05 421.73±52.14 350.88±63.11# a

NLR 1.71±0.11 2.29±0.48 2.28±0.29

# p <0.001 Significantly different from sufficient group; a p<0.01
Significantly different from insufficient group; * p<0.04
Significantly different from sufficient group

Table 5: Comparison of inflammatory markers based on Vitamin D
deficient levels (Mean ± SEM)

 Group IIIA (Moderately
deficient) Vit D (10-19
ng/ml)

Group IIIB (Severely
deficient) Vit D (<10
ng/ml)

p
value

Vit.D
(ng/ml)

13.38±0.74 6.98±0.43 <0.001

Vit-B12
(pg/ml)

401.5±34.30 273±57.34 <0.01

NLR 2.49±0.59 2.16±0.33 NS
CRP 3.86±0.02 5.58±0.09 <0.05

N = Number of samples; NS = Not significant

Discussion
A growing body of literature has linked

hypovitaminosis D with dyslipidemia that leads to
atherosclerosis and CVD. The results of the present study
also corroborate this, where atherogenic lipids like
triglycerides, VLDL, LDL, non non-HDL were higher in
subjects with vit D insufficiency and deficiency. The
expression of vit D receptors, enzyme 1-alpha
hydroxylase that converts vit D to calcitriol, and
angiotensin-converting enzyme on vascular endothelial
cells, smooth muscle cells, and cardiomyocytes, points to
the direct involvement of calcitriol in the prevention and
progression of CVD (Thompson et al., 2023). An earlier
study on children reported a positive correlation between
vitamin B12 and D (Konuksever et al., 2022) which
supports the findings of our research. In the current
study, atherogenic indices TC/HDL and non-HDL were
inversely associated with vitamin B12 deficiency. Low
vitamin B12 was independently linked to aberrant lipid
profiles and atherogenic indices in young Saudi women
(Al-Musharaf et al., 2020). Intake of vitamin B12 tablets
improved lipid profiles and decreased the chances of
CVD in the American population (Huang et al., 2023).
Wistar rats with low vitamin B12 produced offspring
with increased adiposity and an adverse lipid profile (Qin
et al., 2022).

If vitamin B12 is the nutritional cause, mutations in
the homocysteine methyl transferase gene may be a
genetic cause of hyperhomocysteinemia. Further, Vit D
modulates the expression of genes involved in
homocysteine metabolism (Şener et al., 2019). A
consistent decrease of vitamin B12 in vit D insufficiency
and deficiency observed in the current study directly
points to the antiatherogenic and anti-inflammatory role
of vitamin B12. Furthermore, vitamin B12 deficiency in
hypovitaminosis D may aggravate the risk of the
development of CVD in the study subjects. Vitamin B12
acts as a coenzyme of isomerase that forms succinyl-
CoA from methylmalonyl-CoA. Vitamin B12 deficiency
results in aggregation of methyl malonyl CoA which
inhibits beta oxidation of fatty acid and lipolysis in the
liver, thereby promoting lipogenesis. Other studies have
proposed an independent role of vitamin B12 in CVD,
possibly through gene expression of enzymes involved in
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fatty acid metabolism and lipogenesis (Ge et al., 2022;
Mahalle et al., 2013). Moreover, homocysteine interferes
with the assembly/secretion of VLDL, leading to
abnormal serum lipids (Obeid and Herrmann, 2009).
These are the proposed mechanisms that underlie
abnormal lipid profiles in vitamin B12 deficiency.
Abnormal lipid profile may culminate in atherosclerosis
which is a chronic inflammatory disorder involving
metabolic and immune dysregulation. Proliferation of T-
cells and transcription of inflammatory cytokines are
inhibited by VDR signalling. Moreover, this signalling is
inversely correlated to CRP (Olsen et al., 2022; Harb et
al., 2020). Our study suggests that vitamin B12
deficiency is associated with metabolic dysfunction and
inflammation in vit D deficiency.

Several earlier researchers have reported low
inflammatory cytokines, IL6 and CRP in patients with
higher levels of serum B12 (Domínguez-López et al.,
2024). This is in accordance with the results of our study
where subjects with low vitamin B12 had high CRP and
NLR. Likewise, in naturally aged mice, there was a
reciprocal relation between serum vitamin B12 and IL-6
(Domínguez-López et al., 2024). There is strong
evidence to support the relationship between
homocysteine and inflammation. Hyperhomocysteinemia
stimulates pro-inflammatory signalling molecules like
CRP in a number of inflammatory conditions, like type
1diabetes, rheumatoid arthritis, and angiographic
coronary artery disease (Yao et al., 2018). Moreover,
vitamin B12 attenuates inflammation by modulating
gene expression of proinflammatory cytokines in
cultured T lymphocytes and adipocytes mainly through
epigenetic alterations (Cassiano et al., 2023). Neutrophil-
lymphocyte ratio (NLR ratio) is another marker
employed to represent inflammation, particularly in
metabolic illnesses. A study by Baş et al., linked vit D
deficiency to higher NLR. Similarly, another
experimental group lacking vitamin B12 had apparently
higher NLR values than the control group (Caldiroli et
al., 2023). Higher serum levels of CRP and NLR
observed in severe deficiency of both vit D and vitamin
B12 definitely point to their anti-inflammatory action.

Conclusion
On the whole, it can be concluded that vitamin B12

deficiency may be considered as another non-traditional
factor that can be inflammatory and atherogenic in
hypovitaminosis D patients. The study highlights the
synergistic preventive role played by water and fat-
soluble vitamins in inflammatory processes that precede
atherosclerosis.

Limitations

Estimation of serum homocysteine and
polymorphism studies of vitamin B12 intrinsic factor
receptor and vitamin D receptor would have

substantiated the association of both vitamins with
abnormal lipid profiles in apparently healthy individuals.
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