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ABSTRACT

Background: Vitamin B12 and vitamin D deficiencies are common
micronutrient disorders worldwide, especially in populations with vegetarian
diets, darker skin phototypes, and limited sunlight exposure. Early skin and
mucosal manifestations such as hyperpigmentation, glossitis, hair fall, and
dermatitis often preceded systemic involvement, making them important early
diagnostic clues. The aim and objective is to assess the frequency and pattern of
dermatological and mucosal changes in adults with vitamin B12 deficiency,
vitamin D deficiency, and combined deficiency, and to compare clinical
presentations across these groups. Materials and Methods: A cross-sectional
observational study was conducted from September 2024 to August 2025,
enrolling 200 adults with newly diagnosed vitamin deficiencies. Of these, 92
had isolated vitamin D deficiency, 68 had isolated vitamin B12 deficiency, and
40 had combined deficiency. All patients underwent detailed dermatological
and oral examinations, and findings were systematically compared among the
three groups. Result: Isolated vitamin D deficiency constituted 46% of cases,
isolated vitamin B12 deficiency 34%, and combined deficiency 20%.
Hyperpigmentation, glossitis, and angular cheilitis were predominantly seen in
vitamin B12—deficient patients, whereas diffuse hair fall, patchy alopecia, and
eczematous dermatitis were significantly more common in vitamin D
deficiency. Patients with combined deficiency demonstrated the highest overall
burden of mucocutaneous changes. Conclusion: Vitamin B12 and vitamin D
deficiencies present distinct mucocutaneous patterns. Recognizing these early
dermatological and oral signs, supported by simple blood tests, can facilitate
timely diagnosis and prevent long-term systemic complications.

INTRODUCTION

Hyperpigmentation and glossitis, in particular, may
appear even before hematologic abnormalities, and
are therefore considered valuable early indicators.!>*!

Vitamin B12 and vitamin D deficiencies are among
the most prevalent micronutrient disorders
worldwide, particularly in low- and middle-income
countries where dietary practices, darker skin
pigmentation, and limited sunlight exposure
contribute  significantly to hypovitaminosis.!™
Although these deficiencies are often recognized for
their systemic effects—such as megaloblastic
anemia, neuropathy, and osteomalacia—cutaneous
and mucosal manifestations are frequently the
earliest detectable signs.['>7] These early changes,
however, remain under-recognized in routine
practice, leading to delays in diagnosis and treatment.
Vitamin B12 deficiency has been associated with
several characteristic mucocutaneous findings.
Hyperpigmentation of the knuckles, flexures, and
oral mucosa; atrophic glossitis; angular cheilitis; and
diffuse hair and nail changes have been consistently
documented in clinical studies. >8]

Studies from India have similarly highlighted
flexural and acral pigmentation as prominent features
among individuals with B12 deficiency.!”-”]

Vitamin D deficiency also significantly influences
skin physiology, as it plays roles in keratinocyte
differentiation, epidermal barrier maintenance,
immune modulation, and hair follicle cycling.[>*
Several studies have reported strong associations
between low vitamin D levels and hair fall, alopecia
areata, eczema-like dermatitis, and increased skin
sensitivity.>#!1%!11 Diffuse hair loss has been
documented in more than half of vitamin D-deficient
patients in  various  cross-sectional  studies,
underscoring its relevance as a clinical clue.['%!!]
Despite  substantial evidence linking these
micronutrient deficiencies to skin and mucosal
changes, very few studies have compared the patterns
of manifestation across isolated and combined
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vitamin B12 and vitamin D deficiencies. Identifying
such patterns may assist clinicians in early diagnosis,
particularly in resource-limited settings where
laboratory testing may be delayed.

Therefore, this study aims to evaluate the prevalence
and pattern of cutaneous and mucosal manifestations
in adults with vitamin B12 and/or vitamin D
deficiency and to determine whether specific clinical
presentations correlate with isolated or combined
deficiency states.

MATERIALS AND METHODS

Study Design and Ethical Approval: This cross-
sectional observational study was conducted in the
Dermatology and Medicine outpatient departments
of Mahaveer Institute of Medical Sciences and
Research Centre, Bhopal, after obtaining approval
from the Institutional Ethics Committee. The study
duration was from September 2024 to August 2025.
Written informed consent was obtained from all
participants prior to enrollment, and all study
procedures adhered to institutional and ethical
guidelines.

Study Population: A total of 200 adults aged 18
years and above with newly diagnosed vitamin B12
or vitamin D deficiency were included. Vitamin B12
deficiency was defined as serum levels <200 pg/mL,
and vitamin D deficiency was defined as serum 25-
hydroxyvitamin D <20 ng/mL. Patients were
excluded if they had received vitamin
supplementation in the previous six months or had
systemic conditions known to cause similar
mucocutaneous changes, including Addison’s
disease, uncontrolled hypothyroidism, chronic liver
disease, or chronic kidney disease. Pregnant or
lactating women and individuals with dermatological
disorders unrelated to nutritional deficiency were
also excluded.

Grouping of Patients: Based on the biochemical
reports obtained at presentation, all patients were
categorized into three groups. Group D consisted of
92 patients who had isolated vitamin D deficiency
with normal vitamin B12 levels. Group B12 included
68 patients who demonstrated isolated vitamin B12
deficiency while maintaining normal vitamin D
levels. Group C comprised 40 patients who were
found to have combined deficiencies of both vitamin
D and vitamin B12. The grouping for all participants
was carried out at the time of their initial evaluation,
using laboratory investigations performed during the
same Vvisit to ensure consistency and accuracy in
classification.

Clinical Assessment and Examination Protocol:
All participants underwent a standardized evaluation
beginning with a detailed history regarding dietary
habits, sunlight exposure, medication use, and
comorbidities. A qualified dermatologist performed a
comprehensive skin and mucosal examination.
Documented findings included hyperpigmentation,
X€rosis, seborrheic  dermatitis, eczema-like
dermatitis, diffuse hair fall, patchy alopecia, glossitis,
mucosal discoloration, and angular cheilitis.
Diagnostic terms and clinical criteria were based on
established dermatological descriptions.
Laboratory Evaluation: Serum vitamin B12 and
serum 25(OH)D levels were measured using
chemiluminescent and automated immunoassay
methods, respectively. Complete blood count and
other relevant laboratory tests were performed as
needed. All sample analyses were carried out in the
hospital’s central laboratory under standardized
quality-control guidelines.

Outcome Measures: The primary outcomes were
the prevalence and pattern of mucocutaneous
manifestations—hyperpigmentation, glossitis,
angular cheilitis, hair fall, alopecia, and dermatitis—
across the three groups.The secondary outcomes
included comparing the frequency of findings
between isolated and combined deficiency groups
and identifying the features most strongly associated
with each deficiency type.

Statistical Analysis: Statistical analysis was
performed using IBM SPSS version 27. Continuous
variables were expressed as mean =+ standard
deviation, and categorical variables as frequencies
and percentages. Comparisons between groups were
conducted using the chi-square test for categorical
variables and analysis of variance (ANOVA) for
continuous variables. A p-value <0.05 was
considered statistically significant.

RESULTS

A total of 200 patients were enrolled and completed
the study. Of these, 68 (34%) had isolated vitamin
B12 deficiency, 92 (46%) had isolated vitamin D
deficiency, and 40 (20%) had combined deficiency.
The demographic characteristics were comparable
across the three groups, with no statistically
significant differences in age, sex distribution,
dietary habits, or baseline hematological parameters.
This indicates that the observed mucocutaneous
variations were attributable to the underlying vitamin
deficiency patterns rather than demographic
disparities.

641

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (0): 2687-5365; ISSN (P): 2753-6556



Demographic and Baseline Characteristics

Table 1: Baseline Characteristics of Patients (n = 200)

Variable Group B12 Group D Group C p-value Interpretation

(n=68) (n=92) (n=40)
Age (years), mean + SD 384+12.1 39.1+11.8 402+ 124 0.64 Comparable distribution
Sex (Male/Female) 30/38 37/55 17/23 091 No significant difference
Vegetarian diet (%) 71% 69% 72% 0.83 Comparable dietary pattern
Hemoglobin (g/dL) 11.7+1.6 11.9+1.5 11.5+1.7 0.48 Comparable
Vitamin B12 (pg/mL) 138 +£32 402 + 68 122 +£29 <0.001 Consistent with grouping
Vitamin D (ng/mL) 26.1+4.2 11.3+3.6 9.8+3.2 <0.001 Consistent with grouping

All three groups were demographically comparable,
ensuring that differences in skin and mucosal
findings reflect true deficiency patterns [Table 1].
Mucocutaneous Manifestations:
Hyperpigmentation was most frequent in the vitamin
B12-deficiency and combined-deficiency groups.

Glossitis and angular cheilitis were significantly
more common in the B12-deficient groups. Vitamin
D deficiency showed the highest prevalence of hair-
related complaints. Eczematous and seborrheic
dermatitis patterns were strongly linked to vitamin D
deficiency [Table 2].

Table 2: Mucocutaneous Manifestations Across Groups

Parameter Group B12 (n=68) Group D (n=92) Group C (n=40)
Hyperpigmentation — n (%) 31 (45.6%) 10 (10.9%) 26 (65%)
Glossitis — n (%) 19 (27.9%) 5 (5.4%) 15 (37.5%)
Angular Cheilitis —n (%) 13 (19.1%) 4 (4.3%) 10 (25%)

Diffuse Hair Fall —n (%) 16 (23.5%) 58 (63%) 28 (70%)

Patchy Alopecia —n (%) 4 (5.8%) 14 (15.2%) 8 (20%)
Dermatitis — n (%) 11(16.1%) 36 (39%) 19 (47.5%)

Overall Pattern: Patients with combined deficiency
(Group C) had the greatest number of mucocutaneous
manifestations, highlighting the additive effects of
multiple micronutrient deficiencies.

DISCUSSION

In this cross-sectional study of 200 adults with
vitamin B12 deficiency, vitamin D deficiency, or
combined deficiency, distinct patterns  of
mucocutaneous manifestations were observed across
the three groups. Because the demographic and
baseline hematological parameters were comparable
among Groups B12, D, and C, the variations in skin
and mucosal findings can be confidently attributed to
underlying micronutrient deficiencies rather than
confounding demographic factors.
Hyperpigmentation emerged as one of the most
prominent features in vitamin B12 deficiency,
occurring in 45.6% of patients with isolated B12
deficiency and 65% of those with combined
deficiency. This trend is well supported by existing
literature. Jangda et al. reported hyperpigmentation
as a primary presenting symptom in vitamin B12
deficiency, emphasizing its early clinical appearance
before hematological changes become evident.[®!
Mori and Ando similarly described generalized
darkening of the skin in B12-deficient individuals,
attributing the changes to altered melanin synthesis
and melanosome transfer.”) Studies from India,
including those by Srivastava et al., have identified
reversible flexural and acral hyperpigmentation as
classic signs of dietary B12 deficiency, reinforcing
the findings of the present study.['%!!]

Oral mucosal alterations, including glossitis and
angular cheilitis, were also significantly more
frequent among patients with B12 deficiency. In the
isolated B12 deficiency group, glossitis was noted in
27.9%, and angular cheilitis in 19.1%, whereas
combined deficiency showed even higher rates.
These findings align with well-established evidence
suggesting that rapidly dividing epithelial tissues of
the oral mucosa are particularly vulnerable to
impaired DNA synthesis caused by vitamin B12
deficiency.l">®

In contrast, vitamin D deficiency demonstrated a
markedly different pattern, with hair-related
complaints being the most dominant feature. Diffuse
hair fall was reported in 63% of patients with isolated
vitamin D deficiency and 70% of those with
combined deficiency. These findings correspond
with studies showing that vitamin D receptors play a
crucial role in hair follicle cycling and keratinocyte
differentiation. Saini et al. reported strong
associations between vitamin D deficiency and
telogen effluvium and alopecia areata.l') Mostafa
highlighted the significance of vitamin D in
maintaining normal hair growth physiology, further
supporting the high prevalence of hair fall in vitamin
D—deficient patients.['3!

Dermatitis—particularly eczematous and seborrheic
variants—was also more common in vitamin D
deficiency, occurring in 39% of vitamin D—deficient
patients and 47.5% of those with combined
deficiency. Vitamin D’s immunomodulatory role and
its influence on skin barrier integrity have been well
documented. Mokos et al. noted that low vitamin D
levels predispose individuals to inflammatory skin
disorders, aligning with the findings in this study.[']
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The combined deficiency group consistently
exhibited the highest overall burden of
mucocutaneous manifestations, indicating additive or
synergistic effects of multiple micronutrient
deficiencies. This observation is supported by
Wadhwa et al., who reported that coexistence of
vitamin deficiencies often leads to complex or
exaggerated dermatological presentations. ')
Overall, the results of this study reinforce the clinical
significance of dermatological and oral examinations
in identifying nutritional deficiencies.
Hyperpigmentation, glossitis, and angular cheilitis
strongly suggest vitamin B12 deficiency, whereas
diffuse hair fall, patchy alopecia, and dermatitis favor
vitamin D deficiency. Because these manifestations
often precede systemic symptoms, their timely
recognition can facilitate early diagnosis, prompt
laboratory evaluation, and appropriate
supplementation—potentially preventing long-term
hematological, neurological, and skeletal
complications.

CONCLUSION

This study demonstrates that vitamin B12 deficiency,
vitamin D deficiency, and combined deficiency
exhibit distinct and clinically  meaningful
mucocutaneous patterns. Hyperpigmentation,
glossitis, and angular cheilitis were markedly
associated with vitamin B12 deficiency, while diffuse
hair fall, patchy alopecia, and dermatitis were
predominantly linked to vitamin D deficiency.
Patients with combined deficiency displayed the
highest overall burden of dermatological.
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