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ABSTRACT

Vitamin B12 deficiency is a prevalent condition associated with various
systemic manifestations, particularly among older people. The deficiency
can arise due to inadequate dietary intake or impaired absorption, with
sources of Vitamin B12 primarily being animal products. The study aims
to explore the incidence, clinical manifestations and biochemical
correlations of Vitamin B12 deficiency anaemia. The present research was
conducted to determine the prevalence of Vitamin B12 deficiency
anaemia in adults and to investigate its clinical manifestations and
relation with other blood investigations. A hospital-based, cross-sectional
study was conducted at a tertiary care centre. One hundred adult
patients presenting with symptoms indicative of Vitamin B12 deficiency,
such as tingling, giddiness and unsteady gait, were included. Laboratory
investigations included Complete Blood Count (CBC), serum Vitamin B12
levels and other biochemical markers. Data analysis was performed using
SPSS software, with chi-square tests for statistical significance (p<0.05).
Out of 100 participants, 64% were diagnosed with Vitamin B12 deficiency
anaemia. The highest incidence (32%) was in the 51-60 age group. Male
patients comprised 52% of the study group. Giddiness (47%) was the
most common symptom, followed by tingling (13%). Significant
correlations were observed with mean corpuscular volume (MCV),
platelet count and serum urea levels, while no significant association was
found between Vitamin B12 deficiency and Vitamin D3 levels. Vitamin
B12 deficiency anaemia is prevalent, especially in older people. Timely
diagnosis and treatment can prevent irreversible damage and significant
haematological parameters like MCV and platelet count are crucial in
diagnosis.
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INTRODUCTION

Vitamin B12, also known as cobalamin, is a vital
nutrient necessary for DNA synthesis, red blood cell
formation and the proper functioning of the nervous
system. Deficiency of this nutrient can lead to
megaloblastic anaemia, a condition characterized by
the production of abnormally large and immature red
blood cells. Megaloblasticanaemia often presents with
symptoms such as pallor, fatigue, shortness of breath
and neurological disturbances like numbness, tingling
and cognitive impairment™. Vitamin B12 deficiency can
arise from various causes, including poor dietary
intake, particularly in individuals following vegetarian
or vegan diets, impaired absorption due to
gastrointestinal disorders such as pernicious anaemia
and conditions that affect the terminal ileum, the site
of Vitamin B12 absorption. This deficiency can manifest
across various age groups, though it is notably
prevalent among older adults®.

Age-related gastric atrophy and reduced intrinsic
factor production, necessary for Vitamin B12
absorption, contribute to the higher incidence of
deficiency in elderly populations. Among vegetarians,
particularly those who have adhered to a plant-based
diet for extended periods, the risk is significantly
elevated®. For instance, older Chinese vegetarian
women have shown a high prevalence of subclinical
Vitamin B12 deficiency, which is associated with
lowered haemoglobin levels and, in some cases,
anaemia, though macrocytosis may not always be
present™.

In clinical settings, Vitamin B12 deficiency is often
associated with increased mean corpuscular volume
(MCV), a marker of macrocytic anaemia. However,
cases of deficiency with normal or borderline MCV
levels have also been reported, complicating the
diagnosis based solely on red blood cell indices.
Hematological abnormalities such as pancytopenia,
characterized by all blood cell type reductions, are
often observed in severe cases. This can lead to a wide
array of systemic effects, from haematological to
neurological and gastrointestinal manifestations, such
as peripheral neuropathy and altered bowel habits, as
seen in a significant proportion of patients®.

Therole of other nutrients like folate in developing
megaloblastic anaemia has also been explored®.
Vitamin B12 and folate deficiency can result in
overlapping clinical symptoms, making it necessary to
differentiate between them for appropriate treatment.
The complexity of Vitamin B12 deficiency lies not only
in its multifactorial aetiology and the variability of its
clinical presentation, which may range from subtle
neurological symptoms to severe anaemia and
pancytopenia. Early detection and management are
critical, as prolonged deficiency can lead to irreversible
neurological damage”®. In many cases, dietary

supplementation or Vitamin B12 injections can
effectively reverse haematological abnormalities and
prevent further complications. However, the
challenges of early diagnosis, especially in individuals
without classic signs of macrocytosis, underscore the
importance of routine screening for at-risk
populations, such as the elderly and vegetarians®?.
The need for this study arises from the growing
concern over Vitamin B12 deficiency's widespread
impact on adult populations. The primary aim is to
investigate the status of Vitamin B12 deficiency
anaemia in adults. Additionally, the study seeks to
determine the prevalence of various clinical
manifestations associated with Vitamin B12 deficiency.

METHODS AND MATERIALS

Study Setting, Design and Duration: The study was a
hospital-based, descriptive, cross-sectional
investigation conducted over two years in the General
Medicine Department of a tertiary care hospital.

Study Population: The study targeted one hundred
adult patients who were evaluated purposively for
symptoms suggestive of Vitamin B12 deficiency for the
first time. Participants were included if they exhibited
one or more of the following symptoms or risk factors:
tingling and numbness in extremities, dizziness,
unsteady gait, chronic headache, altered bowel habits,
strict vegetarian diet, alcohol consumption, use of anti-
tubercular medications, or a history of surgery
involving the terminalileum. Exclusion criteriaincluded
patients under 18 years of age, pregnant women,
those with a history of bleeding from any site, the
presence of evident structural or metabolic diseases,
or normocytic normochromic or microcytic findings on
a peripheral blood smear.

Data Collection: Data was collected using a structured
interview form designed for this study, which the
principal investigator personally completed during
patient interviews to ensure consistency and data
completeness. Laboratory investigations conducted for
each participantincluded Complete Blood Count (CBC),
serum Vitamin B12 level, serum Vitamin D3 level,
Random Blood Sugar (RBS), blood urea, serum
creatinine and serum Thyroid-Stimulating Hormone
(TSH) level.

Measurement of Vitamin B12: Vitamin B12 levels were
measured using an automated chemiluminescence
system, a sensitive method for detecting Vitamin B12
concentrations in serum. In this assay, Vitamin B12
from the patient's serum competed with acridinium
ester-labeled Vitamin B12 for a limited amount of
intrinsic factor, covalently bound to paramagnetic
particles in the solid phase. Sodium hydroxide was
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employed as the releasing agent to liberate Vitamin
B12 from endogenous binding proteins, ensuring that
rebinding was prevented after the introduction of the
solid phase. Following the competitive binding
reaction, the bound and free forms of Vitamin B12
were separated and the chemiluminescent signal was
measured to quantify Vitamin B12 concentrationin the
sample. In this study, Vitamin B12 levels were classified
as sufficient when they were above 156 pg/mL and
insufficient when below 156 pg/mL.

Measurement of Vitamin D3: Vitamin D levels were
measured using an automated chemiluminescence
system, a precise method for quantifying serum 25-
hydroxyvitamin D concentrations. In this assay, 25-
hydroxyvitamin D from the patient's serum competed
with a labelled 25-hydroxyvitamin D analogue for a
limited amount of specific binding protein attached to
paramagnetic particles in the solid phase. A releasing
agent was used to dissociate Vitamin D from its binding
proteins in the serum, preventing rebinding after the
introduction of the solid phase. After the competitive
binding reaction, the unbound and bound fractions
were separated and the chemiluminescent signal was
detected to determine the 25-hydroxyvitamin D
concentration in the sample. Vitamin D3 levels were
classified as sufficient when they exceeded 75 ng/mL
and insufficient when below 75 ng/mL.

Data Analysis: The data entry and analysis were
performed using Epi info CDC 7. Descriptive and
inferential statistics were employed to present the
findings, with frequencies and percentages calculated
for categorical variables. The chi-square test was used
to compare qualitative categorical variables, while an
independent sample t-test was employed for
continuous variables. Statistical significance was
established at a p-value of less than 0.05.

RESULTS

As shownin Table 1, most participants were in the
51-60 age group (33%), followed by the 41-50 age
group (31%). Asmaller percentage of participants were
aged 18-30 (3%) and over 60 years (17%). Regarding
gender distribution, there was a nearly equal
representation of males (52%) and females (48%). The
most common symptoms reported were giddiness
(47%), followed by tingling (13%), chronic headache
(10%), altered bowel habits (7%) and both difficulties
in walking and palpitations (6% each).

In our research, a significant 64% of the sample
population is deficient in Vitamin B12 (vitamin B12
level less than 156 pg/ml) (Fig. 1).

Significant findings in Mean Corpuscular Volume
(MCV) and platelet counts among participants suggest
that these parameters can serve as reliable indicators

Fig. 1: Vitamin B12 Status Distribution

Table 1: Socio-demographic variables of study participants

Variables Number (%)
Age groups

18-30 years 3 (3%)
31-40 years 16 (16%)
41-50 years 31 (31%)
51-60 years 33 (33%)
>60 years 17 (17%)
Gender

Male 52 (52%)
Female 48 (48%)
Symptoms

Tingling 13 (13%)
Giddiness 47 (47%)
Difficulties in Walking 6 (6%)
Palpitation 6 (6%)
Altered Bowel Habit 7 (7%)
Chronic Headache 10 (10%)

Table 2: Relation of various blood parameters with vitamin B12 level

Parameter Sufficient vitamin B12 Insufficient vitamin B12  p-value
Haemoglobin  11.8+2.27 12.613.27 0.1785
MCV* 91.57+3.17 78.91+5.21 <0.0001
WBC** 710042300 660011600 0.2072
Platelet 2260008900 20600016200 <0.0001
Creatinine 0.62+0.21 0.68+0.39 0.4055
Serum Urea 19.70%4.53 21.95+3.87 0.0109
RBS" 94.64+7.21 95.27+6.98 0.6734
TSH® 3.20+1.01 3.37+0.76 0.3471

*MCV: Mean Corpuscular Volume, **WBC: White Blood Cells, “RBS: Random
Blood Sugar, *TSH: Thyroid-Stimulating Hormone

Table 3: Association of vitamin B12 and Vitamin D3 Level (n = 100)

Vitamin D3 Level  Sufficient vitamin B12 Insufficient vitamin B12 p-value
>75 ng/mL 4(11.72%) 9 (13.63%) 0.9599
<75 ng/mL 30 (88.82%) 57 (86.36%)

of Vitamin B12 deficiency. The statistical significance of
MCV and platelets in this study reinforces their
potential utility in routine screening for this condition,
helping in early diagnosis and timely management of
the deficiency (Table 2).

Table 3 shows no significant association between
Vitamin B12 and Vitamin D3 levels, as sufficient and
insufficient Vitamin B12 were similarly distributed
across Vitamin D3 levels.
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DISCUSSION

Vitamin B12 deficiency is a widespread health
issue with significant implications, particularly in the
form of megaloblastic anaemia and neurological
disturbances. This condition iscommon among middle-
aged and elderly populations, particularly those with
restrictive diets, such as vegetarians. The current study
aimsto evaluate the prevalence, clinical manifestations
and diagnostic markers of Vitamin B12 deficiency
anaemia and compares the results with key findings
from other significant studies to better understand the
broader implications of the deficiency. In the present
study, the age group most affected was 41-60 years,
similar to Nizamani et al., who reported a mean age of
34.48+6.71 years, indicating that Vitamin B12
deficiency frequently affects middle-aged
individuals™". Kwok et al. specifically studied older
women (>55 years), reporting that this demographic
was highly susceptible to Vitamin B12 deficiency,
particularly among vegetarians, where advanced age
and dietary restrictions further exacerbate the risk™.

Regarding prevalence, the current study found
that 64% of participants were Vitamin B12 deficient, a
finding closely aligned with Nizamani et al., who
reported a 57.5% prevalence™ and Kwok et al., who
observed a significantly higher prevalence of 75%
among older vegetarians. Kwok et al."? also found that
42% of their participants had a definitive Vitamin B12
deficiency, with levels below 150 pmol/L and an
additional 33% had a possible deficiency, defined by a
combination of low Vitamin B12 levels and elevated
methylmalonic acid (MMA) levels. These findings
collectively highlight the widespread nature of Vitamin
B12 deficiency across various age groups and dietary
habits. The gender distribution in the current study
(52% male, 48% female) reflects an almost equal
impact of Vitamin B12 deficiency across genders,
consistent with findings by Nizamani et al., though they
observed a slightly higher proportion of females
(67.2%)™. In contrast, Kwok et al. focused exclusively
on older women, reporting a significant prevalence of
Vitamin B12 deficiency in this subgroup, particularly in
vegetarian populations. This suggests that while both
genders are susceptible to Vitamin B12 deficiency,
older women, particularly those with restricted diets,
may face heightened risk™*?.

Regarding Mean Corpuscular Volume (MCV), the
present study found that MCV values were 91.57+3.17
in non-deficient participants and 78.91+5.21 in those
with deficiency, supporting the use of MCV as an
important diagnostic marker. Nizamani et al. similarly
found elevated MCV values of 100.64+19.27 among
deficientindividuals, further underscoring the utility of
MCYV in diagnosing megaloblastic anaemia™. Kwok et
al.™ found that while Vitamin B12 deficiency was
associated with a reduction in haemoglobin, it was not
consistently linked to macrocytosis (increased MCV).

They observed that macrocytosis was present in only
23% of patients with severe deficiency, suggesting that
MCV alone may not reliably detect all cases of Vitamin
B12 deficiency, particularly in less advanced stages.
This highlights the need for more comprehensive
diagnostics, such as serum methylmalonic acid levels,
in certain populations. Neurological symptoms were
prominent in the current study, with 47% of
participants reporting giddiness and 13% reporting
tingling. These findings are consistent with those of
Kwok et al."?, who observed that neurological issues
such as cognitive decline were common in older,
Vitamin B12-deficient women, even without significant
haematological markers™?. Similarly, Mahajan et al.*®
reported that 34% of their participants exhibited
neurological involvement, particularly posterior
column impairment. The consistent reporting of
neurological symptoms across these studies
underscores the significant neurological impact of
Vitamin B12 deficiency, reinforcing the need for early
detection and intervention to prevent long-term
damage. Regarding haemoglobin levels, the current
study found no significant differences between
deficient (12.6+3.27) and non-deficient (11.8+2.27)
participants, suggesting that haemoglobin alone may
not be a reliable indicator of Vitamin B12 deficiency in
early stages. This aligns with the findings of both
Nizamani et al.*", who reported a mean haemoglobin
level of 11.3 g/dL and Kwok et al."?, who noted that a
decrease in haemoglobin was more apparentin severe
deficiency cases. Kwok et al."? highlighted that Vitamin
B12 deficiency reduced haemoglobin concentrations by
up to 0.9 g/dL, but anaemia was rarely macrocytic
unless methylmalonic acid levels exceeded 1.0 umol/L.
These findings indicate that while haemoglobin
remains a useful diagnostic marker, it may not fully
capture the extent of Vitamin B12 deficiency,
particularly in its early stages.

Limitations: This study, while valuable, has several
limitations. As a hospital-based study, it may introduce
selection bias by including only individuals who sought
medical care for Vitamin B12 deficiency symptoms,
potentially overlooking asymptomatic or mildly
deficient individuals and underestimating the true
prevalence. Additionally, factors like genetic
predispositions, dietary habits and socio-economic
status, which may influence deficiency and symptom
variability, were not considered. Finally, the cross-
sectional design limits the ability to establish causal
links between Vitamin B12 deficiency and its systemic
effects.

CONCLUSION

In conclusion, this study highlights the high
prevalence of Vitamin B12 deficiency, particularly in
adults aged 51-60, with a slightly higher occurrence in
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males. Neurological symptoms like giddiness and
tingling were the most common manifestations. The
association of mean corpuscular volume, platelet count
and serum urea levels with Vitamin B12 deficiency
anaemia underscores their diagnostic value. However,
no significant link was found between Vitamin D3
levels and Vitamin B12 deficiency. These findings stress
the need for timely screening and intervention to
prevent the health risks of untreated Vitamin B12
deficiency. Larger, more diverse studies are required to
generalize these results, explore genetic and
environmental factors and examine potential
interactions between Vitamin B12 and other
micronutrients while assessing different treatment
approaches.
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