ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 22(3): 1491-1495 (2026) ©Biomedical Informatics (2026)

OPEN ACCESS GOLD

a709 SS320V N3dO
OPEN ACCESS GOLD

OPEN ACCESS GOLD

B www.bioinformation.net
INFORMATICS Volume 22(3)

Received March 1, 2026; Revised March 31, 2026; Accepted March 31, 2026, Published March 31, 2026

Research Article

DOI: 10.6026/973206300221491
SJIF 2026 (Scientific Journal Impact Factor for 2026) = 8.478
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9

Declaration on Publication Ethics:

The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https://publicationethics.org/. The authors
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the
publisher in regard to this article.

Declaration on official E-mail:
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors

License statement:
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
credited. This is distributed under the terms of the Creative Commons Attribution License

Comments from readers:
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words.

Disclaimer:
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s)
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and
allows authors to specify their address and affiliation details including territory where required.
Edited by Ritik Kashwani
E-mail: docritikkashwani@yahoo.com
Citation: Saniyar et al. Bioinformation 22(3): 1491-1495 (2026)
N

Impact of injectable vitamin B12 among
malnourished Indian children

Shubham Saniyar*, Asmita Chakraborty, Pushkar Singh Parihar, Meena Patel & Jeetendra Singh
Department of Pediatrics, Shyam Shah Medical College Rewa, Madhya Pradesh, India; *Corresponding author

Affiliation URL:
https:/ /ssmcrewa.ac.in/

Author contacts:

Shubham Saniyar - E-mail: saniyarshubham@gmail.com
Asmita Chakraborty - E-mail: asmitachak18@gmail.com
Pushkar Singh Parihar - E-mail: psparihar56@gmail.com
Meena Patel - E-mail: ajoye1962@gmail.com

1491


https://ssmcrewa.ac.in/
mailto:saniyarshubham@gmail.com
mailto:asmitachak18@gmail.com
mailto:psparihar56@gmail.com
mailto:ajoye1962@gmail.com

ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 22(3): 1491-1495 (2026)

Jeetendra Singh - E-mail: niharikasinghsidhi@gmail.com

Abstract:
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Severe Acute Malnutrition (SAM) is often associated with micronutrient deficiencies, including vitamin B12, which is crucial for
hematological function and neurodevelopment. Vitamin B12 deficiency in early childhood can result in clinical illness, developmental
delay and regression of developmental milestones. Therefore, it is of interest to assess the impact of injectable vitamin B12
supplementation on clinical and neurodevelopmental outcomes in children aged 6-30 months with SAM and vitamin B12 deficiency.
The study used clinical, neurological and neurodevelopmental assessments before and after three months of supplementation. This
study advances our understanding of the role of vitamin B12 supplementation in improving both clinical and neurodevelopmental

outcomes in children with SAM and deficiency.

Keywords: Severe acute malnutrition (SAM), vitamin B12 deficiency, neurodevelopmental delay, injectable vitamin B12

Background:

Malnutrition continues to be a major public health challenge in
low- and middle-income countries, with India bearing a
considerable burden of childhood under nutrition and
micronutrient deficiencies. Severe Acute Malnutrition (SAM) is
associated with increased risk of morbidity, mortality and
adverse neuro-developmental outcomes in children under five
years of age [1]. Vitamin B12 is a crucial micronutrient involved
in DNA synthesis, red blood cell production and normal
neurological functioning. It plays an essential role in
myelination, neurotransmitter production and neuronal
maturation during early childhood, a critical phase for brain
development [2]. Deficiency of vitamin B12 in infancy and early
childhood has been linked to hypotonia, delayed development,
regression of milestones, involuntary movements, anemia and
impaired cognitive function [3]. Children with SAM are at
particularly high risk of vitamin B12 deficiency due to
inadequate dietary intake, malabsorption, frequent infections
and increased metabolic requirements [4]. Several studies have
reported a high prevalence of vitamin B12 deficiency among

malnourished children, especially in populations with
predominantly vegetarian dietary practices [5]. Neuro-
developmental impairment associated with vitamin B12

deficiency may manifest as delayed acquisition of motor and
mental milestones, loss of previously achieved skills, irritability,
hypotonia and characteristic neuroimaging abnormalities such
as delayed myelination and cerebral atrophy [6]. Early
recognition and treatment of vitamin B12 deficiency are crucial,
as prolonged deficiency can result in permanent neurological
damage [7]. Although parenteral vitamin B12 therapy is known
to rapidly correct hematological and biochemical abnormalities,
there is limited prospective evidence evaluating its effect on
neuro-developmental outcomes in children with SAM [8]. In
view of the limited Indian data examining both clinical and
neuro-developmental  outcomes  follows  vitamin B12
supplementation. Therefore, it is of interest to evaluate the
impact of Injectable vitamin B12 therapy in children with severe
acute malnutrition and vitamin B12 deficiency.

Methodology:

This was a prospective cohort study conducted from July 2023 to
June 2024 in the SMTU Ward of the Department of Pediatrics at
Gandhi Memorial Hospital, associated with Shyam Shah

S S
Medical College, Rewa (MP), involving children aged 6-30
months admitted with severe acute malnutrition and vitamin
B12 deficiency. The inclusion criteria were children aged 6-30
months with Severe Acute Malnutrition, defined by any one of
the following: weight-for-length/height < -3 SD, mid-upper arm
circumference (MUAC) < 11.5 cm, symmetrical bilateral pedal
edema of nutritional origin, or serum vitamin B12 level < 200
pg/dL.  Exclusion criteria  included children  with
neurodevelopmental delay due to causes other than vitamin B12
deficiency, such as sequelae of hypoxic-ischemic encephalopathy
(HIE), neuronal migration disorders, congenital brain
malformations, or structural brain abnormalities detected on
neuroimaging not attributable to vitamin B12 deficiency. All
enrolled children received injectable vitamin B12 (1000 pg
intramuscular) administered on alternate days during the first
week, followed by weekly injections for two months and then
monthly thereafter. Outcome assessment involved clinical
outcomes such as alertness, hypotonia, irritability, involuntary
movements, hyperpigmentation of knuckles and systemic
symptoms, along with neurodevelopmental outcomes like
developmental delay and regression assessed using the
Developmental Assessment Scale for Indian Infants (DASII).
Neuroimaging with MRI brain was conducted in children with
abnormal neurodevelopmental assessments and follow-up was
carried out at 3 months. Data were entered and managed using
Microsoft Excel and statistical analysis was performed using
appropriate tests, with continuous variables expressed as mean +
standard deviation and categorical variables as frequencies and
percentages. A p-value < 0.05 was considered statistically
significant.

Results:

Table 1 presents the distribution of subjects based on various
symptoms across different visits. At Visit 1, 74.9% were alert and
25.1% were lethargic, while at Visit 2, 98.4% were alert.
Similarly, 86.9% had normal temperature at Visit 1, with 13.1%
showing fever and 99% had normal temperature at Visit 2. The
table further highlights the prevalence of pallor (99%),
dehydration (24.6% at Visit 1), oral cavity changes, eye
symptoms, blood pressure abnormalities and tachypnoea, with
all symptoms showing significant improvements at Visit 2 (p <
0.001). Figure 1 illustrates the distribution of subjects by
neuroimaging results at the time of admission, while Figure 2
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depicts the distribution of subjects with developmental delay
and regression. Table 2 compares the Developmental Quotients
(DMoQ and DMeQ) at admission and follow-up for the overall
study group. The mean DMoQ increased from 68.48 at
admission to 81.73 at follow-up (p < 0.01) and the mean DMeQ
rose from 65.58 to 75.38 (p < 0.01). Table 3 focuses on subjects
with abnormal neurodevelopmental assessments at admission.
The DMoQ and DMeQ showed substantial improvement from
admission to follow-up, with p values both less than 0.01,
indicating significant recovery in these subjects. Table 4 details
the developmental quotients of subjects with developmental
delay and regression, categorized by isolated and combined
DMoQ and DMeQ. A majority of patients (81%) had combined
DMoQ and DMeQ < 70% at admission, with some improvement
noted at the follow-up visit. Table 5 provides data on subjects
with developmental regression, again showing improvement in
both DMoQ and DMeQ at follow-up. The mean DMoQ
increased from 59.73 to 67.37, while the DMeQ shifted from 65.15
to 64.25, reflecting some improvement, though the majority of
subjects remained below the 70% threshold at follow-up. Table 6

©Biomedical Informatics (2026)

15 months, with the DMoQ and DMeQ scores at admission
being 71.24 and 66.41, respectively. These scores increased to
82.63 and 75.31 at follow-up, indicating positive developmental
progress. These results underscore the improvements in both
motor and mental developmental quotients following treatment,
emphasizing the positive impact of the intervention across
different age groups and symptom categories. This table shows
significant improvement in both motor and mental
developmental quotients in children older than 15 months
following vitamin B12 supplementation, though the magnitude
of improvement was relatively less compared to younger
children (Table 7).

Table 6: DMOQ and DMEQ of subjects < 15 months of age

N Mean  Std. Deviation  Std. Error Mean
DMoQ at admission 140 67471  9.66596 0.81692
DMoQ at followup 140 81.407 7.68433 0.64944
DMeQ at admission 140 65.279  8.28891 0.70054
DMeQ at followup 140 754 6.88424 0.58182

Table 7: DMOQ and DMEQ of subjects > 15 months of age

N  Mean Std. Deviation  Std. Error Mean
examines subjects less than 15 months of age. The DMoQ and DMoQ at admission 51 7124 9.634 1349
DMeQ scores at admission were 67.47 and 65.28, respectively, DMoQ at followup 51 8263  7.06 0.989
improving significantly by follow-up, with mean scores rising to DGO ot b3l _@odl 7.8 028
81.41 and 75.40. Table 7 shows similar findings for subjects over
Table 1: Distribution of subjects by various symptoms
Count  Column Valid N%
Alert/Lethargic at visit 1 A 143 74.9% <0.001
L 48 25.1%
Alert/Lethargic at visit 2 A 188 98.4%
L 3 1.6%
Temp at visit 1 a 166 86.9% <0.001
f 25 13.1%
Temp at visit 2 a 189 99.0%
f 2 1.0%
Pallor no 2 1.0%
yes 189 99.0%
Dehydration visit 1 no 144 75.4% <0.001
yes 47 24.6%
Dehydration visit 2 no 191 100.0%
Oral cavity at visit 1 D 50 26.2% <0.001
N 141 73.8%
Oral cavity at visit 2 D 2 1.0%
N 189 99.0%
Eyes at visit 1 N 144 75.4% <0.001
5] 47 24.6%
Eyes at visit 2 N 189 99.0%
5] 2 1.0%
BP at visit 1 L 47 24.6% <0.001
WNL 144 75.4%
BP at visit 2 L 4 2.1%
WNL 187 97.9%
Tachypnoea and retraction at visit1 = absent 133 69.6% <0.001
present 58 30.4%
Tachypnoea and retraction at visit2 ~ absent 189 99.0%
present 2 1.0%

Table 2: DMoQ and DMeQ of study subjects at admission and follow up

N Mean Std. Deviation  Std. Error Mean P value
DMoQ at admission 191  68.48 9.776 0.707 <0.01
DMoQ at followup 191 81.73 7.524 0.544
DMeQ at admission 191  65.58 7.992 0.578 <0.01
DMeQ at follow-up 191  75.38 6.994 0.506
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Table 3: DMoQ and DMeQ of study subjects (neurodevelopmental assessment abnormal at admission) at admission and follow-up

N Mean  Std. Deviation  Std. Error Mean P value
DMoQ at admission 132  63.22  6.248 0.544 <0.01
DMoQ at followup 132  80.84 7.756 0.675
DMeQ at admission 132  61.62 5.889 0.513 <0.01
DMeQ at followup 132 73.56 6.315 0.55

Table 4: Isolated and combined DMoQ and DMeQ of study subjects with developmental delay and regression at admission and follow up visit.

Isolated DM0Q<70%  Isolated DMeQ<70% Both DMoQ + DMeQ<70%  Total
Totalno of pt ~ 9(6%) 15(11.3%) 108 (81%) 132
At Mean 60.77 63.6 62.52
admission
no 4 (13%) 10 (29%) 15 (51%) 29
At 1st Follow up visit mean 67.5 65.7 61.2

Table 5: Isolated and combined DMoQ and DMQ of study subjects with developmental regression

Visit Isolated DMo0Q<70%  Isolated DMeQ<70% Both DMOQ and DMeQ<70%  Total
At admission 3(7%) 1(2.3%) 38(90%) 42
Mean at admission 53 58 62.44

DMoQ DMeQ

59.73 65.15
At follow up 2(18%) 1(9%) 8 (72%) 11
Mean at 68 68 65.81
follow up DMoQ DMeQ

67.37 64.25

Neuroimaging (CT/MRI) findings

®E Normal

® Abnormal

Figure 1: Distribution of Subjects by Neuroimaging results at the
time of admission

Discussion:

The present prospective cohort study demonstrates that
injectable vitamin B12 supplementation results in significant
improvement in clinical condition, neurological manifestations
and neuro-developmental outcomes among children with severe
acute malnutrition and vitamin B12 deficiency. These findings
highlight the essential role of vitamin B12 in early growth and
brain development. A notable improvement was observed in
systemic clinical features such as lethargy, hypotonia, irritability,
dehydration and abnormal vital parameters following vitamin
B12 therapy. These changes are likely related to restoration of
normal cellular metabolism and improvement in neurological
function after correction of cobalamin deficiency, as reported in
earlier studies [9]. A considerable proportion of children
exhibited abnormal neuroimaging findings at admission,
including delayed myelination and cortical atrophy. Similar
findings have been documented in vitamin B12 deficient infants
and are attributed to impaired myelin formation and neuronal
injury [10]. These abnormalities account for the high frequency

of neuro-developmental delay and regression observed in the
study population.

Neurodevelopmental outcome
50.0% 47.2%
40.0%
30.0%
22%
20.0%
9.4%
10.0% -89
0.0%
Developmental Delay Developmental
Regression
| At Admission m At 1 st Follow Up

Figure 2: Distribution of subjects by developmental delay and
developmental regression

The significant reduction in developmental delay and regression
after supplementation suggests that neurological dysfunction
due to vitamin B12 deficiency is potentially reversible when
treated promptly. Improvement in developmental regression, in
particular, underscores the benefit of early intervention [11].
However, existing literature indicates that prolonged deficiency
may lead to residual deficits, emphasizing the importance of
early diagnosis and treatment. Motor developmental recovery
was greater than mental developmental recovery in the present
study. This pattern has been observed previously and may be
explained by faster recovery of motor pathways compared to
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higher cortical functions involved in cognition [12]. Persistently
lower mental developmental scores in some children indicate the
need for longer follow-up and additional developmental
support. Most children presented with combined motor and
mental developmental deficits at admission, reflecting the
widespread impact of vitamin B12 deficiency on
neurodevelopment. Although a significant reduction in
combined deficits was observed following treatment, residual
deficits in a subset of children may be attributed to the combined
effects of malnutrition, micronutrient deficiencies and recurrent
infections [13]. Children younger than 15 months showed better
neuro-developmental recovery compared to older children,
supporting the concept of a critical period for brain development
during early infancy when nutritional interventions are most
effective [14]. Overall, the findings emphasize the need for
routine screening and timely treatment of vitamin B12 deficiency
in children with severe acute malnutrition. Incorporating
vitamin B12 assessment and supplementation into standard
SAM management protocols may help reduce long-term neuro-
developmental morbidity.

Conclusion:

Injectable vitamin B12 supplementation leads to significant
improvement in clinical status, neurological features and neuro-
developmental outcomes in children with severe acute
malnutrition and vitamin B12 deficiency. Early identification
and timely intervention are essential to prevent long-term neuro-

©Biomedical Informatics (2026)

developmental impairment. Routine screening and appropriate
vitamin B12 supplementation should be considered an integral
part of the management of children with severe acute
malnutrition.
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