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ABSTRACT

Diabetes mellitus is a heterogeneous group of metabolic disorders unified by the hallmark feature of chronic hyperglycemia, yet
distinguished by varying etiologies, clinical features, and management requirements. While Type 1 and Type 2 diabetes have long
dominated clinical focus, a growing body of research has revealed the existence of additional subtypes—each with unique
pathophysiological mechanisms and public health implications. The full spectrum of diabetes, including emerging and often under
recognized forms such as Latent Autoimmune Diabetes in Adults (LADA), Type 3 Diabetes (brain insulin resistance associated with
Alzheimer’s disease), Type 4 Diabetes (aging-related insulin resistance in lean individuals), and Type 5 Diabetes or Low BMI Diabetes
(previously known as Malnutrition-Related Diabetes Mellitus, MRDM).
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INTRODUCTION

iabetes mellitus is a complex, chronic metabolic

disorder characterized by hyperglycemia resulting

from defects in insulin secretion, insulin action, or
both. Once considered a homogeneous disease, diabetes is
now recognized as a spectrum of disorders with diverse
Pathophysiologies, clinical presentations, and outcomes.
Globally, diabetes affects over 463 million people, and this
number is projected to rise to 700 million by 2045 1. In India,
which has been dubbed the "diabetes capital of the world,"
more than 77 million adults are currently living with
diabetes—a figure expected to increase dramatically in the
coming decades 2. Contributing factors include
urbanization, sedentary lifestyles, dietary changes, obesity,
and genetic susceptibility 3.

Traditionally, diabetes has been categorized into two main
types:

¢ Type 1 Diabetes (T1D): An autoimmune condition, often
diagnosed in children or adolescents, where the immune
system destroys insulin-producing B-cells in the pancreas,
leading to absolute insulin deficiency *.

¢ Type 2 Diabetes (T2D): The most prevalent form, usually
occurring in adults, marked by insulin resistance and a
relative deficiency in insulin production. It is closely linked
to obesity and lifestyle factors °.

However, recent advancements in research have identified
several other distinct types of diabetes that challenge the
classical classification:

¢ Type 1.5 Diabetes (LADA - Latent Autoimmune Diabetes
in Adults): A hybrid form with features of both T1D and T2D.
It typically affects adults who initially do not require insulin
but test positive for autoimmune antibodies. Often
misdiagnosed as T2D, LADA progresses to insulin
dependence over time ©.

* Type 3 Diabetes: A proposed term for insulin resistance in
the brain, implicated in Alzheimer’s disease. It suggests a
strong metabolic-neurological connection, where impaired
insulin signaling contributes to neurodegeneration’

e Type 4 Diabetes: An emerging subtype observed in
elderly, lean individuals with insulin resistance despite the
absence of obesity. It is believed to result from age-related
metabolic changes, inflammation, and cellular senescence®.

¢ Type 5 Diabetes: Malnutrition-Related Diabetes Mellitus
(MRDM)

Type 5 Diabetes, commonly referred to as Malnutrition-
Related Diabetes Mellitus (MRDM), is a unique and under
recognized form of diabetes primarily found in low- and
middle-income countries (LMICs). Initially described in 1955
by Hugh-Jones in Jamaica, this condition has since been
reported across various LMICs, including India, Bangladesh,
Nigeria, Ethiopia, and Uganda®. Characterized by a low body
mass index (BMI <19 kg/m?), early onset (typically before 30
years of age), a predominantly male prevalence, and
absence of ketosis despite severe hyperglycemia, MRDM
challenges the conventional classification of diabetes?.

Patients often require high doses of insulin (>60 IU/day),
suggesting significant insulin resistance, though the
pathophysiology remains poorly understood!!. Despite its
recognition by the WHO in 1985, MRDM was later removed
from official classification in 1999 due to insufficient causal
evidence linking malnutrition directly to diabetes®2.
However, recent epidemiological studies from India and
Ethiopia continue to report a substantial prevalence of this
form—ranging from 6% to 23% of diabetes cases, especially
in rural and resource-poor settings.

Due to limited access to diagnostic tools, individuals with
MRDM are frequently misdiagnosed as having Type 1
Diabetes, leading to potentially inappropriate and overly
complex treatment regimens, including unnecessary insulin
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therapy. As such, proper metabolic characterization and
tailored clinical approaches are essential for effective
management of this distinct subtype!4.

In addition to these, several other diabetes forms exist:

* Gestational Diabetes Mellitus (GDM): A form of diabetes
first recognized during pregnancy, posing risks to both the
mother and the fetus®®,

¢ Pancreatogenic Diabetes (Type 3c): Caused by pancreatic
disorders such as chronic pancreatitis, cystic fibrosis, or
pancreatic surgery?®.

¢ Drug- or chemically induced diabetes: From long-term
use of glucocorticoids, antipsychotics, or
immunosuppressants?’.

¢ Syndromic Diabetes: Associated with genetic disorders
like  Wolfram syndrome, Down syndrome, or
hemochromatosis®®.

The expanding understanding of diabetes subtypes
emphasizes the need for precise diagnosis and personalized
treatment strategies. Misclassification can lead to
suboptimal therapy and increased risk of complications?®.

Table 1: Types of Diabetes

Type Alternate Name

Type 1 Autoimmune Diabetes

Type 2 Insulin Resistance Diabetes

Type 3 Alzheimer's-related Diabetes

Type 4 Age-related Diabetes

Type 5 Syndromic/Malnutrition-related
Diabetes

Gestational Pregnancy-induced

Diabetes

MODY Maturity-Onset Diabetes of the Young

LADA Latent Autoimmune Diabetes in
Adults

Secondary Drug or disease-induced

Diabetes

Type 3 Diabetes Mellitus: The Brain’s Metabolic Disorder
Introduction

Type 3 Diabetes Mellitus (T3DM) is an emerging concept in
which insulin resistance within the brain contributes to
Alzheimer’s Disease (AD), shifting the view of diabetes
beyond systemic metabolic dysfunction to include
neurodegenerative processes?°.

Epidemiology and Public Health Relevance

With ~463 million diabetes cases globally in 2019—rising to
700 million by 2045—the growing recognition of T3DM
underscores the intersection between metabolic disease
and dementia in aging populations?1-22,

Pathophysiology and Link to Alzheimer’s Disease

T3DM features cerebral insulin resistance, impairing
neuronal glucose utilization, synaptic function, and
promoting neuroinflammation 232°, This mirrors hallmarks
of AD: amyloid-B accumulation, tau hyperphosphorylation,
neuronal loss, and oxidative stress?*26. Impaired insulin
signaling disrupts LTP, neurotransmitter regulation, and

Key Features

Immune-mediated B-cell destruction; insulin-dependent
from onset

Gradual onset; lifestyle and obesity-related; relative
insulin deficiency
with

Brain insulin associated

neurodegeneration

resistance;

Lean elderly patients; driven by inflammaging and
immune dysregulation

Genetic or nutritional includes MRDM and

secondary diabetes

origin;

Hyperglycemia during pregnancy; increased fetal risk

Monogenic forms; often misdiagnosed as TIDM or T2DM

Autoimmune, slow-progressing; insulin-

independent initially

adult-onset,

Caused by steroids, pancreatic disease, endocrinopathies,
etc.

amyloid precursor protein processing via IDE and secretase
dysregulation?*.

Glucose Homeostasis and Brain Metabolism

The brain heavily relies on insulin-mediated glucose uptake;
cerebral insulin resistance leads to hypometabolism
preceding memory decline, implicating astrocyte-neuron
glucose transport disruptions.

Mechanisms of Insulin Action in the Brain

Insulin reaches the brain via receptor-mediated transport.
Neuronal insulin receptor (IR/IRS-1/1RS-2) signaling through
PI3K-AKT and MAPK pathways supports metabolic
homeostasis, synaptic plasticity, and neurogenesis. Local
brain insulin synthesis, notably in the hypothalamus, has
also been suggested?>.

Therapeutic and Diagnostic Implications
Emerging treatments targeting T3DM include:

e |ntranasal insulin, which
restoring insulin signaling.

improves cognition by
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e Insulin sensitizers (metformin, thiazolidinediones),
under investigation for neuroprotective benefits.

e IGF-1 therapy,
signaling.
Early detection of brain insulin resistance via markers
like p-Ser312-IRS1 may enable timely interventions?®.

aiming to enhance neurotrophic

Type 4 Diabetes Mellitus: Aging- and Inflammation-
Associated Diabetes

Introduction

Type 4 Diabetes Mellitus (TADM) is a proposed subtype
characterized by insulin resistance in lean, elderly
individuals. First noted in preclinical models and supported
by Salk Institute research, it highlights age-related
metabolic changes diverging from traditional T2DM?7:28,

Pathophysiology

Unlike obesity-induced T2DM, T4DM arises from age-
related mechanisms:

1. Inflammaging—chronic low-grade inflammation
impairing insulin signaling.

2. Senescence-Associated Secretory Phenotype
(SASP)—senescent cells secrete cytokines
disrupting metabolic pathways?”%°,

inflammation—without
causing  localized insulin

3. T-cell-mediated
autoantibodies,
resistance3°

4. Neurodegeneration link—shared pathways with
T3DM, with cerebral insulin resistance affecting
cognition.

Diagnosis

Though no consensus criteria exist, features suggesting
T4DM include:

e Age 265 years, BMI <25 kg/m?

e Elevated fasting insulin / HOMA-IR with negative
diabetes autoantibodies

e Absence of obesity or T2DM family history
e  Mild cognitive impairment onset3!

Investigational biomarkers include IL-6, TNF-a, FDG-PET
hypometabolism, and senescence markers.3?

Therapeutic Management
Management emphasizes a dual neuro-metabolic approach:

1. Intranasal
cognition

insulin—potentially beneficial for

2. Anti-inflammatory & senolytic agents—target
pathophysiologic drivers?3

3. Lifestyle interventions—exercise and anti-

inflammatory dietary patterns

4. Cognitive monitoring—using MoCA or MMSE;
combined endocrinology/geriatric follow-up.

5. Precision medicine—leveraging “omics” and Al for
tailored treatment strategies.

Type 5 Diabetes Mellitus: Low BMI Diabetes (LD)

Type 5 Diabetes Mellitus, also known as Low BMI Diabetes
(LD), is a distinct, non-autoimmune diabetes phenotype
primarily affecting young, underweight individuals in low-
and middle-income countries (LMICs)34. First described
under the term Malnutrition-Related Diabetes Mellitus
(MRDM) in the 1985 WHO classification, it was later
removed in 1999 due to limited pathophysiological clarity.
However, recent evidence from metabolic and genetic
studies confirms LD as a unique entity with specific
diagnostic and therapeutic needs3*3,

PATHOPHYSIOLOGY

LD exhibits a complex interplay of nutritional deprivation
during early life, insulin deficiency, and mild insulin
resistance®. Key features include:

e Absence of autoimmune destruction: Unlike Type
1 Diabetes, LD patients are negative for GAD-65
and IA-2 autoantibodies.

e No evidence of lipotoxicity or glucotoxicity:
Common in T2D, but not seen in LD due to low
adiposity and lack of metabolic syndrome

o  Beta-cell dysfunction: Impaired insulin secretion
due to chronic undernutrition and pancreatic
insufficiency 38,

e Mild peripheral insulin resistance: Likely arising
from altered muscle mass and mitochondrial
function®.

Emerging evidence suggests epigenetic programming due
to in utero and early childhood malnutrition may impair
both pancreatic development and insulin signaling “°.

Diagnostic Workup

Diagnosis of LD requires a careful clinical, biochemical, and
immunological evaluation to distinguish it from T1IDM and
T2DM. Criteria include:

Clinical Features:
e Age<30years
e BMI<19kg/m?
e Male predominance
e History of undernutrition (childhood or perinatal).
e No episodes of diabetic ketoacidosis (DKA).
Biochemical Markers:

e  Fasting C-peptide > 0.5 ng/mL: Suggests preserved
beta-cell function

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

11


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 — 044X, 86(3) — March 2026; Article No. 02, Pages: 9-13

DOI: 10.47583/ijpsrr.2026.v86i03.002

e HbAlc > 6.5% or fasting glucose >126 mg/dL:
Diagnostic of diabetes.

Immunological Tests:

e Negative for GAD-65, IA-2, and other autoimmune
markers.

Functional Testing:

e Mixed Meal Tolerance Test (MMTT): Reveals
blunted insulin response

e  Euglycemic-hyperinsulinemic clamp:

Demonstrates mild insulin resistance.
Genetic Testing (optional):

e  Rule out MODY and lipodystrophy syndromes if
clinical suspicion exists*!

MANAGEMENT

Management of LD differs significantly from T1D and T2D
due to its unique physiology:

1. Nutritional Rehabilitation:
o Central to LD management

o High-calorie, protein-rich diet with micronutrient
supplementation (especially zinc, vitamin D, and
iron)*?

o Address food insecurity and social determinants of
malnutrition®?

2. Pharmacotherapy:

o Oral hypoglycemics (especially insulin secretagogues
like sulfonylureas) are often more appropriate than
insulin.

o Metformin may be used cautiously if insulin

resistance is present.

o Avoid early insulin initiation unless absolutely
necessary to prevent hypoglycemia in underweight
patients.

3. Avoidance of Insulin Overuse:

o Many LD patients are misdiagnosed as T1D and
placed on insulin unnecessarily

o Insulin therapy, if used, should be carefully titrated
due to increased hypoglycemia risk.

4. Regular Monitoring:

o HbAlc, weight gain, nutritional status, and C-peptide
levels to assess response and adjust therapy.

5. Education & Support:

o Counseling on diet, safe medication use, and

recognition of hypoglycemia

o Public health interventions for
childhood malnutrition
incidence.*®

prevention of
may help reduce LD

CONCLUSION

The classical binary classification of diabetes into Type 1 and
Type 2 is no longer sufficient to encapsulate the complexity
and diversity of this global health issue. The emergence of
additional subtypes—such as LADA, Type 3, Type 4, and
Type 5 (Low BMI Diabetes)—underscores the necessity for
a more inclusive and precise classification framework. Each
subtype presents unique pathophysiological features,
diagnostic challenges, and therapeutic requirements that
demand individualized clinical approaches.

Low BMI Diabetes, in particular, represents a critical
intersection between malnutrition, poverty, and endocrine
dysfunction, and is emblematic of the broader need for
culturally and socioeconomically sensitive medical
paradigms in low-resource settings. Meanwhile, the
recognition of Type 3 and Type 4 Diabetes links metabolic
disorders with neurodegenerative and age-related
processes, respectively, further broadening the clinical
implications of diabetes beyond glycemic control alone.

A better understanding of these forms—along with the
integration of emerging diagnostic technologies, genetic
insights, and biomarker research—will enable clinicians to
differentiate between diabetes phenotypes accurately and
offer more effective, patient-centered treatment.
Moreover, public health strategies must evolve to address
the socioeconomic and environmental determinants that
influence the development of rarer diabetes subtypes,
especially in vulnerable populations.

In conclusion, expanding our knowledge of all types of
diabetes is not merely an academic exercise; it is a clinical
imperative that can directly influence patient outcomes.
Future research should aim to validate diagnostic criteria,
explore therapeutic targets, and develop global consensus
for a more comprehensive classification. Only then can we
hope to fully address the multifaceted burden of diabetes
mellitus in the 21st century.
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