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Abstract 

Background and Context: 

Anaemia remains a monumental public health crisis in India, characterized not just by isolated iron 

depletion, but by a complex overlap of multiple micronutrient deficiencies. Dimorphic anaemia—the 

simultaneous presence of iron deficiency and megaloblastic anaemia (primarily driven by Vitamin B12 

and folate deficiencies)—presents a unique clinical challenge. Given the high prevalence of vegetarianism 

and gastrointestinal malabsorption in India, severe B12 deficiency is frequently masked by concurrent 

iron deficiency. 

Objective Statement: 

This article aims to evaluate the systemic risks of traditional iron-first therapeutic approaches and proposes 

a robust, case-based protocol prioritizing Vitamin B12 replacement before or alongside iron therapy in the 

management of severe dimorphic anaemia in the Indian context. 

Methodology Summary: 

A systematic review of epidemiological data, hematological protocols, and public health guidelines 

spanning 2020 to 2026 was conducted. The analysis framework evaluated biological mechanisms of 

erythropoiesis, current policy interventions like the Anemia Mukt Bharat (AMB) 7×7×7 strategy, and the 

sociocultural determinants of Indian diets. 

Key Findings: 

● The Masked MCV Phenomenon: Concurrent microcytosis (from low iron) and macrocytosis 

(from low B12) often normalize the Mean Corpuscular Volume (MCV), leading to misdiagnosis if 

Red Cell Distribution Width (RDW) is ignored. 

● Neurological Jeopardy: Initiating aggressive iron therapy (especially intravenous) in a B12-

depleted patient accelerates erythropoiesis, instantly depleting residual B12 stores. This can 

precipitate Subacute Combined Degeneration (SACD) of the spinal cord, leading to irreversible 

neuropathy. 

● Hypokalemia Risk: Rapid red blood cell production induced by iron, without B12 stabilization, 

can trigger severe, life-threatening intracellular potassium shifts. 

Conclusions and Recommendations: 

The traditional paradigm of treating all severe anaemias reflexively with high-dose Iron Folic Acid (IFA) 

must be revised. A mandatory "B12-first" or simultaneous administration protocol is critical for Indian 
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healthcare settings, particularly in primary and secondary care tiers. 
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1. Introduction 

Global Context and Definition 

Globally, anaemia affects over two billion people, traditionally viewed through the singular lens of iron 

deficiency. However, clinical hematology recognizes "dimorphic anaemia" as a dual-pathology state 

wherein two distinct causes of anaemia act simultaneously. Most commonly, this manifests as a combined 

deficiency of iron (causing microcytic, hypochromic red blood cells) and Vitamin B12 or folic acid 

(causing macrocytic, megaloblastic cells). While the World Health Organization (WHO) outlines clear 

guidelines for isolated nutritional anaemias, the clinical approach to dimorphic anaemia—specifically the 

strict sequencing of nutrient replacement—has historically been overlooked in mass public health 

interventions. The fundamental physiological rule dictates that Vitamin B12 must be replaced prior to, or 

concurrently with, iron and folate to prevent precipitating severe neurological damage (Langan & 

Goodbred, 2017). 

Indian Demographics and Statistics 

India stands at the epicenter of the global anaemia crisis. The burden is staggering and demographically 

diverse. Recent meta-analyses evaluating data up to 2025 reveal that the pooled prevalence of anaemia 

among adolescent girls in India is approximately 65.7%, while pregnant women face an alarming 

prevalence of 72% (Jeevan, 2025). Among toddlers (under 3 years), the prevalence reaches a devastating 

69%, and the elderly population sees rates around 60% (Jeevan, 2025). 

Key Statistic: Young and middle-aged Indian adults (19–59 years) exhibit a pooled anaemia prevalence 

of 53%, indicating an endemic crisis that transcends vulnerable life stages and permeates the general 

workforce (Jeevan, 2025). 

Regional Variations and Socioeconomic Context 

India's anaemia profile is not monolithic; it varies drastically by region, deeply influenced by local diets 

and socioeconomic strata. For instance, the prevalence in toddlers spikes to 83.9% in Assam (North-

East), while it is significantly lower at 15.9% in Chandigarh (North) (Jeevan, 2025). Among adults, the 

Northern region reports the highest prevalence (64%), contrasting with the North-Eastern region (39%) 

(Jeevan, 2025). Urban-rural disparities further complicate the landscape. Rural populations often rely on 

phytate-rich cereal diets that inhibit iron absorption and lack animal-source foods, the primary dietary 

reservoir of Vitamin B12. 

Furthermore, India possesses one of the world's largest vegetarian populations (ranging from 30% to 40%, 

depending on the state). Because Vitamin B12 is exclusively naturally synthesized by microorganisms 

and concentrated in animal products (meat, dairy, eggs), pure vegetarian and vegan populations in India 

suffer from endemic, subclinical B12 deficiency. Traditional beliefs surrounding food purity, prolonged 

religious fasting, and a reliance on heavily processed modern carbohydrates have compounded this 

nutritional deficit. 
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Problem Statement and Research Objectives 

The core problem lies in the standard diagnostic and therapeutic protocols utilized at Indian Primary 

Health Centres (PHCs). When a patient presents with severe anaemia (Hemoglobin < 7.0 g/dL), the 

algorithmic response is often immediate administration of oral Iron-Folic Acid (IFA) or intravenous iron 

sucrose/ferric carboxymaltose. 

If the patient has dimorphic anaemia, the Mean Corpuscular Volume (MCV) is often deceptively "normal" 

(normocytic) because the microcytes and macrocytes average each other out. If a clinician administers 

iron first, the sudden surge in red blood cell production rapidly exhausts whatever trace amounts of 

Vitamin B12 remain in the body. This unmasks the B12 deficiency aggressively, diverting all remaining 

B12 to the bone marrow and starving the nervous system, potentially triggering Subacute Combined 

Degeneration (SACD) of the spinal cord—a catastrophic and often irreversible neurological 

complication. 

The objective of this article is to deconstruct this clinical trap and propose a culturally and scientifically 

adapted "B12-First" case-based protocol for Indian healthcare professionals. 

Scope and Limitations 

This paper focuses on non-genetic nutritional dimorphic anaemias within the Indian context, specifically 

addressing the infrastructure of India's rural and semi-urban healthcare systems. It acknowledges the 

limitations of diagnostic infrastructure, where advanced biomarker testing (like Methylmalonic Acid or 

Homocysteine) is largely unavailable to the rural Indian masses. 

 

2. Methodology 

Research Design and Approach 

This review employs a systematic, analytical approach combined with clinical pathway development. The 

framework bridges advanced hematological science with the practical realities of Indian public health 

policy. By synthesizing epidemiological meta-analyses, government programmatic guidelines, and 

clinical hematology protocols, this study formulates an actionable treatment algorithm. 

Database Search Strategy 

A comprehensive literature search was conducted utilizing medical databases including PubMed, Scopus, 

Google Scholar, and the Ministry of Health and Family Welfare (MoHFW) digital repositories. The search 

was anchored by Boolean operators: ("dimorphic anemia" OR "combined nutritional deficiency") AND 

("Vitamin B12" OR "cobalamin") AND ("Iron replacement" OR "Anemia Mukt Bharat") AND "India". 

Inclusion and Exclusion Criteria 

Inclusion Criteria: 

● Peer-reviewed epidemiological studies published between 2020 and 2026 focusing on Indian 

demographics. 

● Clinical case reports detailing neurological complications of isolated iron/folate therapy. 

● Government policy documents detailing the revised 7×7×7 Anemia Mukt Bharat strategy. 

● Global hematological guidelines providing evidence on B12 and iron sequencing. 
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Exclusion Criteria: 

● Studies exclusively focused on hemoglobinopathies (e.g., Sickle Cell, Thalassemia) without a 

nutritional dimorphic component. 

● Single-case reports with unverified laboratory parameters. 

● Articles outside the English language without verified translations. 

Data Analysis Framework 

The extracted data was synthesized into four critical domains: 

1. Biological Pathophysiology: Analyzing the molecular competition for nutrients during accelerated 

erythropoiesis. 

2. Sociocultural Mapping: Correlating dietary patterns across Indian geographic zones with specific 

micronutrient deficits. 

3. Policy Evaluation: Auditing current national guidelines for gaps in B12 management. 

4. Protocol Formulation: Developing a step-by-step diagnostic and treatment matrix tailored for low-

resource settings. 

Timeline and Scope 

The chronological scope prioritizes data from the post-COVID-19 era (2022–2026), recognizing the shifts 

in nutritional security and the recent updates to digital tracking mechanisms within Indian public health 

programs (e.g., U-WIN, JANANI portals). 

 

3. Discussion 

3.1 Biological/Technical Factors and Evidence 

To understand the necessity of a B12-first protocol, one must examine the distinct yet collaborative roles 

of iron and Vitamin B12 in hematopoiesis. Iron is the fundamental building block of the heme molecule, 

essential for oxygen transport. A deficiency leads to small, pale cells (microcytic, hypochromic). Vitamin 

B12 (alongside folate) acts as a crucial co-enzyme in DNA synthesis. Without it, cellular division stalls, 

leading to large, structurally fragile cells (macrocytic, megaloblastic) and premature apoptosis in the bone 

marrow (intramedullary hemolysis). 

The "Masked MCV" Trap 

In a classic Indian clinical presentation, a patient suffers from both deficiencies simultaneously. Standard 

automated hematology analyzers calculate the Mean Corpuscular Volume (MCV). When microcytes and 

macrocytes coexist, the MCV often defaults to a normal range (80-100 fL). A physician looking only at 

Hemoglobin and MCV might diagnose "normocytic normochromic anaemia," completely missing the dual 

deficiency. 

Solution: The Red Cell Distribution Width (RDW) is the key. A highly elevated RDW combined with a 

normal MCV strongly indicates a dimorphic picture, necessitating a peripheral blood smear to visually 

confirm dual cell populations. 

The Peril of Premature Iron Therapy 

The most critical biological factor is the risk of Subacute Combined Degeneration (SACD). SACD is a 

progressive demyelination of the dorsal columns and lateral corticospinal tracts of the spinal cord (Langan 

& Goodbred, 2017). 
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When iron is intravenously infused or aggressively supplemented orally in a severe dimorphic case: 

1. The bone marrow, suddenly replete with iron, shifts into overdrive (hyper-erythropoiesis). 

2. This massive cellular division requires immense DNA synthesis, rapidly consuming the body's last 

remaining stores of Vitamin B12 and Folate. 

3. B12 is stripped from the central nervous system to supply the marrow. 

4. The myelin sheaths degrade, leading to peripheral neuropathy, ataxia, spasticity, and potentially 

permanent paralysis. 

Furthermore, rapid red cell production causes an intracellular influx of potassium. In severely 

malnourished Indian patients, this can trigger acute hypokalemia, leading to fatal cardiac arrhythmias. 

Thus, biological evidence unequivocally dictates that B12 stores must be secured before accelerating 

marrow activity with iron. 

3.2 Sociocultural Challenges Specific to India 

India's dimorphic anaemia crisis cannot be solved in a laboratory; it must be addressed in the kitchen and 

the community. 

Dietary Realities: 

The Indian diet is predominantly cereal-based. Phytic acid, found abundantly in wheat (chapati) and rice, 

heavily inhibits non-heme iron absorption. Meanwhile, the high prevalence of lacto-vegetarianism 

eliminates meat, poultry, and fish—the highest bioavailable sources of B12. While dairy contains B12, 

milk adulteration, cost, and boiling practices often degrade its nutritional value. 

Regional and Socioeconomic Disparities: 

● North and West India: Higher dairy consumption provides a slight buffer for B12, but heavily 

wheat-based diets reduce iron absorption. 

● East and North-East India: Higher rates of non-vegetarian diets (fish consumption) theoretically 

improve B12, but widespread parasitic infections (hookworm) and endemic malaria dramatically 

deplete iron stores. 

The Accessibility Gap: 

In rural India, diagnostic accessibility is a massive hurdle. A serum Vitamin B12 assay is expensive and 

unavailable at most PHCs. Consequently, primary healthcare workers rely heavily on basic 

hemoglobinometers. The inability to officially "prove" a B12 deficiency leads clinicians to treat the most 

obvious culprit—iron—leaving the silent B12 deficit untreated until neurological symptoms (tingling, 

numbness, memory loss) manifest, which are often tragically misattributed to generalized weakness or 

aging. 

3.3 Current System Response and Gaps 

The Indian government's flagship nutritional program, Anemia Mukt Bharat (AMB), recently upgraded 

to a 7×7×7 strategy, marks a monumental effort to eradicate anaemia. It incorporates the "Eating Right" 

approach, digital integration via the AMB portal, and prophylactic IFA supplementation targeting different 

vulnerable demographics from toddlers to lactating women. 
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The Policy Gap: 

While AMB aggressively targets iron deficiency (via IFA tablets: Pink, Blue, Red depending on age) and 

parasitic infections (via Albendazole for deworming), Vitamin B12 is glaringly underrepresented in 

the prophylactic therapeutic design. 

● Folate vs. B12: AMB provides Iron combined with Folic Acid (IFA). Providing Folic Acid in the 

presence of an undiagnosed B12 deficiency is known in hematology as the "Folate Trap." Folic acid 

will artificially correct the megaloblastic anaemia, improving the blood picture, but it will not stop 

the neurological destruction caused by B12 deficiency. In fact, it masks the ongoing nerve damage 

until it is too late (Langan & Goodbred, 2017). 

● Lack of Sequential Protocols: Existing government guidelines for severe anaemia at the First 

Referral Unit (FRU) level recommend immediate IV Iron or Blood Transfusions. There is a lack of 

mandatory language stating: "Assess and empiricize B12 prior to IV Iron administration." 

3.4 Innovative Solutions and Best Practices: The Case-Based Protocol 

To bridge this gap without demanding impossible diagnostic infrastructure in rural India, we propose a 

Clinical "B12-First/Simultaneous" Protocol tailored for Indian healthcare settings. 

Step 1: Identification via Proxy Markers 

If a serum B12 test is unavailable, clinicians should look for proxy indicators of dimorphic anaemia: 

● High RDW + Normal/High MCV on a basic Complete Blood Count (CBC). 

● Peripheral Smear: Presence of both microcytes and macro-ovalocytes, or the pathognomonic 

hypersegmented neutrophils (a hallmark of B12/Folate deficiency). 

● Clinical cues: Beefy red tongue (glossitis), premature graying of hair, symmetrical tingling in 

hands/feet, or a strict long-term vegetarian/vegan diet. 

Step 2: The B12-First Therapeutic Sequence 

For severe cases (Hb < 7.0 g/dL) requiring rapid intervention: 

1. Day 1-3: Administer Intramuscular (IM) Hydroxocobalamin or Cyanocobalamin (e.g., 1000 mcg). 

Do not initiate high-dose iron yet. 

2. Day 3-5: Monitor serum potassium levels as hematopoiesis begins to normalize. Administer oral 

potassium if necessary (e.g., coconut water or clinical supplements). 

3. Day 5 Onward: Once the B12 metabolic block is lifted and nerves are protected, initiate therapeutic 

Iron (Oral IFA or IV Ferric Carboxymaltose depending on severity and TSAT/Ferritin levels). 

"Replacing B12 prior to iron replacement decreases the risk of subacute combined degeneration of 

the spinal cord." (Langan & Goodbred, 2017). 

Step 3: Integrating into Public Health 

Policy adaptations must include formulating a combined micronutrient prophylactic that includes 

stabilized Vitamin B12 for high-risk demographics (pregnant women, strict vegetarians), alongside 

ongoing public education regarding the necessity of diverse diets ("Eating Right") that account for both 

iron bioavailability and B12 sources. 

 

 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260411645 Volume 17, Issue 4 (October-December 2026) 7 

 

4. Visual Content Integration Suggestions 

To maximize the impact of this protocol in training modules for ASHA (Accredited Social Health Activist) 

workers and PHC doctors, the following visual aids are recommended: 

● Infographic Concept 1: The "Masked MCV" Seesaw: An illustration showing a seesaw 

balancing small red blood cells (Iron deficiency) and large red blood cells (B12 deficiency), 

resulting in a "normal" horizontal level, warning doctors not to trust MCV alone. 

● Data Visualization (Heatmap): A map of India highlighting regional anaemia prevalence based 

on Jeevan's 2025 data—dark red for Assam (highest in toddlers), lighter shades for Chandigarh. 

● Flowchart: The B12-First Protocol: A decision-tree chart for PHCs: 

○ Decision Node: Severe Anaemia (Hb < 7) → Check: RDW high? Smear shows dual populations? 

Neuropathy symptoms? → Action: IM B12 loading dose → Followed by: Iron therapy. 

● Cultural Context Images: Photographs of traditional Indian Thalis indicating where iron inhibitors 

(phytates in raw cereals) and B12 deficits exist, alongside cost-effective local dietary modifications 

(e.g., properly fermented dairy). 

5. Conclusion 

Summary of Key Findings 

Dimorphic anaemia is not merely a statistical anomaly in India; it is the dominant reality of severe 

nutritional cytopenias. The physiological interplay between Vitamin B12 and iron is profound. Treating a 

dimorphic patient with a unilateral, iron-heavy approach ignores the biological imperative of DNA 

synthesis, accelerating erythropoiesis at the direct expense of the central nervous system. 

Implications for Stakeholders 

For healthcare professionals, the reliance on MCV as a sole indicator must end; RDW and peripheral 

smears must be resurrected as primary diagnostic tools. For policymakers driving the Anemia Mukt Bharat 

initiative, the guidelines must evolve to incorporate Vitamin B12 management aggressively. Supplying 

IFA alone in an overwhelmingly vegetarian, B12-depleted population risks masking underlying 

neurological degeneration. 

Future Research Directions 

Future medical research in India must focus on creating thermostable, highly bioavailable, and affordable 

oral B12 supplements that can be easily distributed alongside IFA in rural settings. Furthermore, large-

scale clinical trials evaluating the exact incidence of iatrogenic neuropathy following isolated iron 

infusions in Indian district hospitals are urgently needed. 

Policy Recommendations 

1. Mandate Sequential Protocols: Update National Health Mission (NHM) guidelines to explicitly 

require prophylactic B12 evaluation or empiric IM B12 administration before IV iron therapy in 

severe anaemia. 

2. Upgrade PHC Diagnostics: Standardize the availability of RDW metrics and train lab technicians 

at the PHC level to reliably identify hypersegmented neutrophils on peripheral smears. 

3. Broaden Prophylaxis: Introduce a comprehensive micronutrient formulation (Iron + Folate + 

Vitamin B12) for antenatal care, bypassing the "Folate Trap." 
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By decoding the dimorphic trap and prioritizing B12 before iron, India can ensure that its battle against 

anaemia restores not just the vitality of the blood, but safeguards the integrity of the mind and nervous 

system. 
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