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Lean type 2 diabetes: the overlooked -
epidemic reshaping global health

Vinay Singh'"”

Abstract

Lean type 2 diabetes mellitus an overlooked epidemic emerges as a distinct clinical entity affecting individuals
who maintain normal body mass index according to population-adjusted criteria, yet develop diabetes through
pathways independent of obesity. This phenotype accounts for 3-8% of global diabetes cases but demonstrates
striking regional clustering, with substantially elevated rates across South Asian, Sub-Saharan African, and Caribbean
populations. The epidemic’s defining characteristics centre on predominant pancreatic 3-cell failure rather than
classical insulin resistance mechanisms. Affected individuals exhibit compromised insulin production capacity

and altered adipose tissue distribution while maintaining seemingly healthy body weights. Paradoxically, clinical
outcomes often prove more severe than obesity-associated diabetes, with earlier disease onset and accelerated
progression to major complications including cardiovascular disease, nephropathy, and retinopathy. Current
healthcare frameworks systematically fail this population through obesity-focused screening algorithms that
overlook lean individuals at risk. Diagnostic delays compound the problem, while conventional treatment protocols
emphasizing weight reduction prove not only ineffective but potentially harmful. The epidemic remains largely
invisible within existing clinical guidelines and public health strategies. This review synthesizes evidence on lean
diabetes and T2DM heterogeneity. Observational studies support population-specific risk assessment and (3-cell
preservation strategies, yet proposed mechanistic distinctions rely on BMI categories rather than standardized
measurements of B-cell function or insulin sensitivity. These expert consensus recommendations require
randomized trial validation before guideline incorporation. Treatment algorithms should be guided by mechanistic
characterization, not BMI alone. Implementation requires consensus measurement thresholds and validation that
treatment responses differ by mechanistic phenotype. Systematic investigation may reduce diagnostic delays and
advance health equity in vulnerable populations, though clinical implementation depends on generating rigorous
controlled trial evidence.
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Introduction

The conventional understanding of type 2 diabetes mel-
litus (T2DM) has historically centered on the obesity-
hyperinsulinemia model, yet accumulating evidence
reveals a critical clinical phenomenon: substantial num-
bers of T2DM patients present with body mass indices
below established overweight thresholds when popula-
tion-specific criteria are applied [1, 2]. This entity, termed
lean type 2 diabetes, transcends regional medical anoma-
lies to represent a fundamental global health challenge
that questions obesity-focused diabetes paradigms [3, 4].

Contemporary epidemiological data suggests lean indi-
viduals comprise approximately 3-8% of total T2DM
cases globally, with marked geographical and ethnic vari-
ation in disease burden. The prevalence of the condition
is notably elevated in South Asian groups, populations
in Sub-Saharan Africa, and communities in the Carib-
bean. This pattern is thought to arise from the inter-
play of factors such as early-life nutritional deprivation,
inherited susceptibility, and distinctive body composi-
tion characteristics that heighten vulnerability [5-7]. For
Asian and Pacific Islander populations, lower BMI (Body
Mass Index) cut-offs have been recommended, typically
27 kg/m? or 32 kg/m? instead of the conventional 30 kg/
m? because research indicates that diabetes risk linked to
excess adiposity manifests at comparatively lower BMI
levels than those observed in Western populations [8].

Population-based evidence demonstrates the inade-
quacy of universal BMI thresholds, with a large English
cohort study showing Black Caribbean, South Asian, Chi-
nese, and Arab populations developing type 2 diabetes at
BMI values 7-13 kg/m? lower than White populations
for equivalent risk. South Asians demonstrating diabe-
tes risk at BMI > 23.9 kg/m® comparable to White popu-
lations at BMI > 30 kg/m® [9]. Diabetes risk in low and
middle-income countries occurs at lower BMI thresholds
and younger ages than in high-income settings. Analy-
sis of 685,616 adults across 57 LMICs identified optimal
screening thresholds at 23.0 kg/m? for South Asians and
26.0 kg/m? for Black populations substantially lower than
the conventional 25.0 kg/m* cutoff. This convergence of
lower BMI thresholds with earlier onset creates a distinc-
tive diabetes phenotype that systematically evades detec-
tion by screening algorithms calibrated to high-income
populations, amplifying health disparities and delaying
interventions when [B-cell preservation strategies might
prove most effective [10].

Major international diabetes organizations have not
established distinct clinical frameworks for lean T2DM
despite growing epidemiological evidence. The American
Diabetes Association’s 2025 Standards of Medical Care
maintain uniform BMI > 25 kg/m® screening thresholds
while recommending earlier screening at age 35, without
population-adjusted cutoffs [11]. The 2022 ADA-EASD
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consensus on hyperglycemia management emphasizes
individualization based on cardiovascular and renal
comorbidities rather than body composition phenotypes
[12]. This gap between observational evidence and guide-
line implementation reflects ongoing uncertainty regard-
ing diabetes classification approaches.

The clinical importance of lean type 2 diabetes extends
beyond classification issues. These patients often expe-
rience delayed diagnosis because healthcare providers
and patients don’t expect diabetes development without
visible obesity. This phenotype characteristically pres-
ents with pronounced -cell dysfunction, earlier disease
onset, and disproportionately elevated complication risks
including cardiovascular disease, nephropathy, and reti-
nopathy despite lower BMI profiles [13]. From a popu-
lation health perspective, systematic under-recognition
perpetuates health disparities in prevention, diagnosis,
and treatment, highlighting the critical need to reas-
sess screening approaches, modify clinical guidelines
to reflect phenotypic diversity, and expand research
addressing population-specific determinants and thera-
peutic interventions [14].

Lean T2DM consequently represents an underrecog-
nized epidemic requiring fundamental transformation
from weight-centric models toward precision medicine
frameworks that acknowledge diabetes pathophysiology’s
heterogeneous nature.

Global BMI-based diagnostic frameworks

Emerging scientific evidence reveals that universal
BMI thresholds inadequately assess diabetes risk across
diverse ethnic populations, creating systematic under-
estimation in certain groups while over-estimating
vulnerability in others, thereby challenging the valid-
ity of standardized body mass classifications in diabetes
screening methodologies.

Pacific Island populations

Pacific Islander communities present with distinctively
higher lean muscle mass proportions relative to overall
body weight, requiring modified diagnostic thresholds
where overweight status begins at > 26-27 kg/m* and
obesity at > 32 kg/m? establishing lean T2DM param-
eters as BMI < 26-27 kg/m® with reported prevalence
rates under 5% of total diabetes cases [15, 16].

Asian populations

Individuals of South and East Asian descent exhibit
enhanced metabolic vulnerability at substantially lower
BMI ranges compared to European ancestry popula-
tions, with revised international recommendations set-
ting overweight parameters at > 23 kg/m? and obesity
at > 25 kg/m®, although preliminary investigations sug-
gested even lower thresholds of 19-21 kg/m® prior to
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Table 1 Population-Specific BMI thresholds and lean diabetes prevalence

Population/region Overweight cutoff (kg/m?) Obesity cutoff (kg/m?) Lean diabetes definition (kg/m?) Estimated prevalence
WHO (Universal) >25 >30 <25 Variable

Pacific Islanders >26-27 >32 <26-27 <5%

Asians (South/East) >23 >25 <23 ~5-8%

South Asians (India) >23 >25 < 19-21 (historical), ~3-8%

<23 (contemporary)

USA/Western Europe >25 <25 ~5-10%

Africans >25 <25 (including ketosis-prone forms) ~4-7%

Caribbean >25 > <25 ~5%

Table 2 A:regional variations in lean diabetes pathophysiology
and clinical characteristics

Region/population

Primary
pathophysiology

Clinical
characteristics

South & East Asia

Pacific Islands

Sub-Saharan Africa

Caribbean (African
descent)

Western Countries

B-cell dysfunction; im-

paired insulin secretion;

genetic susceptibility
(TCF7L2, HNF1A)

Primary B-cell
insufficiency (rare
phenotype)

Atypical forms includ-
ing ketosis-prone
diabetes

Mixed: insulin defi-
ciency with modest
insulin resistance
Combined B-cell
dysfunction and mild
insulin resistance

Younger onset
(<40 years);

low BMI; high
microvascular
complications
Familial clustering;
occasional MODY-
like presentations
Severe hypergly-
cemia; recurrent
ketosis; transient
insulin depen-
dence; frequently
misclassified

High complica-
tion rates despite
lower BMI

Later presenta-
tion; requires
LADA evaluation
when appropriate

current standardization, establishing lean diabetes crite-
ria as BMI < 23 kg/m?* with prevalence ranging 5-8% of
regional T2DM cases [17-20].

African populations

Continental African populations generally maintain
standard WHO (World Health Organization) classifica-
tion parameters of > 25 and > 30 kg/m? for overweight
and obesity categories respectively, establishing lean dia-
betes as BMI < 25 kg/m?®, although complex phenotypic
variants such as ketosis-prone diabetes create diagnostic
challenges, with lean presentations comprising approxi-
mately 4—7% of regional cases [21, 22].

Caribbean populations

Caribbean nations maintain conventional BMI thresh-
olds of > 25 and > 30 kg/m?® despite experiencing elevated
regional diabetes prevalence, with lean diabetes manifes-
tations documented at approximately 5% across territo-
ries including Barbados, Jamaica, and Trinidad [23-26].

Western populations

European and North American populations continue uti-
lizing established WHO criteria, defining lean T2DM as
BMI < 25 kg/m?® with occurrence rates of 5-10% among
diabetes cases, while comprehensive longitudinal analy-
ses from the UK Prospective Diabetes Study and major
American cohorts reveal significant lean patient sub-
groups at diagnosis despite majority overweight pre-
sentations, highlighting underlying pathophysiological
diversity [27-29].

These collective observations establish that lean T2DM
characterization and epidemiological burden demon-
strate inherent population specificity, emphasizing the
fundamental necessity for customized diagnostic frame-
works that appropriately recognize ethnic and regional
differences in body composition patterns and diabetes
predisposition. As shown in Table 1, population-specific
BMI thresholds vary significantly across regions. Notably,
South and East Asian populations develop Type 2 diabe-
tes at lower BMI levels compared with Europeans, con-
tributing to a higher prevalence of lean diabetes. These
disparities underscore the importance of adopting eth-
nicity-specific cut-offs for accurate risk assessment.

Pathophysiology and clinical manifestations

Lean type 2 diabetes mellitus exhibits considerable
regional diversity in underlying pathophysiological pro-
cesses and clinical presentation characteristics, reflect-
ing complex interactions between genetic predisposition,
environmental influences, and population-specific meta-
bolic profiles.

South and East Asian

These populations demonstrate primary B-cell impair-
ment with compromised insulin secretory function pre-
ceding significant insulin resistance development, with
genetic variants particularly in TCF7L2 and HNFIA
genes substantially contributing to disease susceptibility,
typically manifesting before age 40 with disproportion-
ately elevated microvascular complication rates [30, 31].
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Pacific Islander

Presentations in Pacific Islander communities predomi-
nantly indicate primary B-cell insufficiency with familial
aggregation patterns, often resembling maturity-onset
diabetes of the young (MODY) phenotypic characteris-
tics [32, 33].

Sub-Saharan African populations

Ketosis-prone diabetes frequently manifests among lean
African individuals, characterized by severe hyperglyce-
mic presentations, recurrent ketotic episodes, and inter-
mittent insulin dependency despite absent autoimmune
markers, often resulting in inappropriate type 1 diabetes
classification [34, 35].

Caribbean populations

Individuals of African descent demonstrate lean T2DM
through mixed pathophysiological mechanisms combin-
ing insulin deficiency with moderate insulin resistance,
presenting with relatively elevated complication rates
including retinopathy and nephropathy despite lower
BMI profiles, with lean phenotypes representing approxi-
mately 5% of regional diabetes cases [36—38].

Western populations

Features in European and North American lean T2DM
involves combined B-cell dysfunction with mild insulin
resistance, presenting at later onset compared to Asian
populations and necessitating clinical evaluation for
latent autoimmune diabetes in adults (LADA) when clin-
ically indicated [39-41].

These diverse pathophysiological patterns underscore
the necessity for population-specific diagnostic and ther-
apeutic approaches that acknowledge the heterogeneous
nature of lean diabetes across different ethnic and geo-
graphic contexts. Table 2A illustrates distinct regional
patterns in lean diabetes and pathophysiology across
global populations. Table 2B outlines three distinct phe-
notypic subtypes of lean diabetes, each defined by spe-
cific measurable criteria.

Table 2 B: proposed measurable phenotyping criteria

Phenotype Required Current evidence
measurements

Lean+[3-cell Fasting C-peptide <0.8 Inferred from outcomes;

failure ng/mlL; HOMA-B <80 not directly measured

Lean+ Central

Waist circumfer-

Rarely quantified in lean

adiposity ence>90 cm (Asian); or cohorts

visceral fatimaging
Lean+Insulin HOMA-IR>2.5 Contradicts assump-
resistant tions; inadequately

characterized
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Critical limitation: phenotyping without direct mechanism
measurement

The manuscript proposes distinct pathophysiology for
lean T2DM (B-cell dysfunction vs. insulin resistance)
based on BMI categorization and outcomes, yet lacks
direct measurement of these mechanisms. Standard indi-
ces remain unmeasured across most lean cohorts: Fast-
ing C-peptide (< 0.8 ng/mL indicates B-cell dysfunction),
HOMA-B (B-cell function) and HOMA-IR (insulin resis-
tance) and disposition index (combined reserve and sen-
sitivity assessment) [42—44].

Screening revolution: identifying the invisible
population

Ethnicity-specific threshold adaptations

Asian populations, particularly South and East Asian
communities, develop type 2 diabetes mellitus at sig-
nificantly lower BMI values due to increased visceral
adiposity prevalence and earlier B-cell failure mecha-
nisms. Consequently, the World Health Organization and
regional expert panels recommend reduced overweight
thresholds (= 23 kg/m?) for these populations [45, 46]. In
contrast, Pacific Islander populations demonstrate higher
lean muscle mass relative to total body weight, necessi-
tating proposed elevated thresholds (> 27-32 kg/m?) to
prevent diagnostic misclassification [47].

These population-tailored thresholds extend beyond
current International Diabetes Federation positions,
which acknowledge ethnic metabolic variations without
operationalizing screening modifications [48]. The World
Health Organization maintains universal BMI standards
while noting Asian populations show diabetes suscepti-
bility at lower values, though this has not yielded revised
diagnostic protocols [8]. This implementation gap reflects
concerns about diagnostic standardization, potential
ethnic stereotyping, and healthcare delivery complexity,
though universal thresholds may perpetuate under-iden-
tification in vulnerable populations with metabolic dys-
function at lower BMI ranges.

Advanced risk stratification beyond BMI

Exclusive BMI reliance fails to identify individuals with
normal-weight diabetes who may harbor significant
metabolic risk. Anthropometric measures including
waist circumference, waist-to-hip ratio, and advanced
imaging-based visceral adiposity assessments provide
superior risk discrimination across diverse populations
[49, 50]. Recognition of the “metabolically obese normal
weight” (MONW) phenotype emphasizes that adipose
tissue distribution patterns, rather than total body adi-
posity, represent primary determinants of diabetes risk
[51]. Genome-wide association studies demonstrate that
common genetic variants predispose to unfavourable
fat distribution despite normal BMI, characterized by
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preferential subcutaneous adipose tissue loss with con-
sequent ectopic fat deposition, insulin resistance, and
elevated cardiometabolic risk, a polygenic lipodystrophy-
like phenotype mirroring monogenic syndromes [52].
Hepatic lipid accumulation particularly mediates diabe-
tes risk in lean individuals, with hepatic steatosis serving
as a critical pathophysiological link between adipose dys-
function and metabolic disease independent of total body
adiposity [53, 54]. Besides altered distribution of white
adipose tissue, ectopic lipid accumulation, particularly
in the liver, strongly mediates increased type 2 diabetes
risk in lean individuals. Metabolic dysfunction-associ-
ated steatotic liver disease (MASLD) frequently occurs in
lean T2DM patients, representing a critical link between
abnormal fat partitioning and metabolic dysfunction.
Heterogeneous patho-mechanisms include impaired
adipose tissue expandability, genetic predisposition to
hepatic lipid accumulation, and dysregulated hepatokine
secretion that collectively disrupt glucose homeostasis
[53, 54].

Optimized diagnostic testing strategies

While HbA1c and fasting plasma glucose represent stan-
dard screening methodologies, these approaches may
systematically underdiagnose diabetes in specific ethnic
groups due to hemoglobinopathy prevalence or glycation

Table 3 Comparative analysis of diabetes screening approaches:
Strengths, limitations and Population-Specific applications

Screening Strengths Limitations Best-suited
approach populations
BMI-based Simple, Misses lean dia-  European
thresholds cost-effective  betes; inappro-  populations
priate universal
cutoffs
Ethnicity-specific  Adjusted Remains crude;  Asians (=23 kg/
BMI cutoffs for body ignores fat m?), Pa-
composition distribution cific Islanders
differences (=27-32 kg/m?)
Waist cir- Captures cen-  Ethnic threshold  Asians, popula-
cumference/ tral adiposity;  variation tions with
WHR superior risk central obesity
prediction patterns
HbA1c Standardized,  Ethnic differ- Western coun-
convenient ences require tries with eth-
adjustment nic adjustment
protocols
Oral Glucose Most sensitive;  Time-intensive,  Asians, lean
Tolerance Test detectsearly  less convenient phenotypes,
postprandial normal FPG/
hyperglycemia HbATc patients
Geneticrisk scores  Identifies pre-  Expensive; High-risk fami-
onset high-risk  limited clinical  lies, early-onset
individuals application diabetes
Machine learning-  Integrates Requires digital  Urban popula-
based models multiple infrastructure tions with elec-

risk factors;
personalized

tronic health
records
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rate variations [55]. The oral glucose tolerance test
(OGTT) maintains superior diagnostic sensitivity, partic-
ularly in lean and Asian populations where postprandial
hyperglycemia frequently represents the earliest detect-
able metabolic abnormality [56].

Precision screening innovations

Genomics and digital health technology advances
enable ethnicity-tailored risk assessment tool develop-
ment incorporating family history, lifestyle factors, and
metabolic phenotype characteristics. Machine learn-
ing algorithms integrating lifestyle, anthropometric, and
biochemical markers are increasingly evaluated for their
capacity to identify high-risk lean individuals earlier than
conventional screening approaches [57, 58].

Policy implementation considerations

Universal BMI-based screening criteria prove inadequate
for global diabetes prevention efforts. Adopting ethnic-
ity-specific diagnostic criteria, integrating central adi-
posity measurements, and expanding OGTT utilization
could transform early lean T2DM detection, ultimately
reducing diagnostic delays and preventing complications
in this systematically underrecognized patient popula-
tion [10]. Table 3 compares diabetes screening methods
across populations. Standard BMI thresholds are simple
but miss lean diabetes, suiting European populations
best. Ethnicity-specific BMI cutoffs (= 23 kg/m® for
Asians, > 27-32 kg/m? for Pacific Islanders) address body
composition differences but ignore fat distribution. Waist
measurements capture central adiposity with superior
risk prediction for Asian and centrally obese populations
despite requiring ethnic-specific thresholds.

Implementing mechanistic measurement
Clinical screening should progress beyond anthropomet-
rics to include:

+ Fasting C-peptide (>200 pmol/L = reasonable
reserve; <100 pmol/L = dysfunction) [59].

+ HOMA indices (calculate from fasting glucose +
insulin) [60].

+ Proinsulin-to-insulin ratio (elevated in early 3-cell
failure) [61].

Several barriers impede widespread implementation.
Fasting insulin measurements are not routinely avail-
able in resource-limited settings, reference ranges lack
standardization across populations, and assay variability
affects clinical interpretability. The development of sim-
plified point-of-care biomarkers is essential to overcome
these challenges.
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Management paradigm: beyond weight-centric
approaches

Inadequacy of conventional weight-focused strate-
gies Standard diabetes management emphasizing weight
reduction proves inadequate for lean type 2 diabetes mel-
litus, where B-cell dysfunction rather than excess adipos-
ity drives hyperglycemia [62, 63].

Modified lifestyle intervention strategies Therapeutic
objectives in lean diabetes management require a funda-
mental shift from conventional weight loss goals to pre-
serving lean muscle mass, enhancing insulin sensitivity
through structured physical activity, and targeting visceral
adiposity reduction [64—67]. Mediterranean-style dietary
patterns and low-glycemic index nutritional approaches
provide significant metabolic advantages without neces-
sitating substantial weight reduction. Exercise prescrip-
tions should emphasize resistance training combined
with moderate-intensity aerobic activities to maintain
muscle mass and improve insulin sensitivity rather than
focusing on aggressive caloric expenditure for weight loss
purposes.

Pharmacological treatment optimization Although
metformin retains its first-line therapeutic status, its
clinical effectiveness may be compromised in lean dia-
betes patients who lack the obesity-driven insulin resis-
tance typically targeted by this medication [68]. GLP-1
receptor agonists may benefit lean patients with dem-
onstrated p-cell dysfunction (fasting C-peptide < 0.8 ng/
mL or HOMA-B < 80), though RCTs specifically testing
this in lean cohorts are absent [69]. SGLT?2 inhibitors may
benefit those with documented visceral adiposity (waist
circumference >90 cm for Asians), though comparative
effectiveness by body composition remains unstudied.
Early insulin should be considered when [-cell reserve is
formally assessed as severely compromised, though the
threshold distinguishing ‘severe’ from ‘moderate’ dysfunc-
tion in lean versus obese individuals is undefined [70].
Early insulin therapy initiation frequently becomes
essential for patients presenting with significant B-cell
dysfunction, reflecting the distinct pathophysiological
profile of lean diabetes compared to obesity-associated
disease variants [71].

Precision medicine integration Molecular character-
ization through genetic testing and metabolomic profiling
enables identification of distinct lean T2DM phenotypes
requiring tailored therapeutic interventions [72, 73].
Treatment algorithms should differentiate between
patients with predominant insulin deficiency, who achieve
optimal outcomes through early insulin therapy initiation,
and those presenting with visceral adiposity patterns, who
demonstrate favorable responses to lifestyle modifications
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combined with SGLT2 inhibitor therapy targeting their
specific pathophysiological mechanisms.

Clinical and policy implications The transition from
standardized, weight-centered treatment guidelines
toward phenotype-driven, precision-based management
approaches holds significant potential for preventing
complications and improving outcomes in this system-
atically underrecognized diabetes subgroup [12]. Figure 1
describes a streamlined approach to lean T2DM manage-
ment that begins with diagnosis, lifestyle interventions,
insulin therapy, tailored and precision approach.

Comparison with current treatment guidelines Inter-
national diabetes guidelines do not stratify treatment by
BMI phenotype. The 2022 ADA-EASD consensus priori-
tizes therapy selection based on cardiovascular disease,
heart failure, and chronic kidney disease, with glucose-
lowering efficacy and weight as secondary considerations
[12]. This patient-centered framework does not address
potentially distinct pathophysiological mechanisms in
lean versus obese T2DM.

The Endocrine Society lacks lean diabetes-specific guide-
lines, and the 2020 ADA-EASD Precision Medicine
Consensus recognizes phenotypic variation requiring
individualization without establishing BMI-differentiated
protocols [74]. Therefore, our proposed approach empha-
sizing B-cell preservation, earlier insulin consideration,
and reduced weight-reduction focus represents expert
interpretation of observational data rather than estab-
lished guidelines. This underscores the need for random-
ized trials specifically enrolling lean T2DM patients to
generate evidence-based protocols.

Clinical outcomes and prognosis

The paradox of lean diabetes outcomes Lean type 2
diabetes mellitus demonstrates counterintuitive clini-
cal outcomes compared to obesity-associated diabetes.
Despite lower BMI and occasionally more favourable lipid
profiles, these patients often experience equivalent or
worse cardiometabolic outcomes [75, 76].

The obesity paradox in diabetes care Epidemiologi-
cal evidence demonstrates elevated mortality risk among
lean diabetic patients compared to their overweight coun-
terparts, highlighting the paradoxical protective effect of
obesity in diabetes outcomes [77-79]. While often attrib-
uted to predominant B-cell dysfunction in lean individu-
als, this explanation lacks strong data support. Alternative
explanations include severe insulin resistance as the pri-
mary defect, more aggressive underlying metabolic dys-
function, unrecognized comorbidities, or diagnostic
delays. The true mechanisms underlying the obesity para-
dox remain incompletely understood and require pro-
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Diagnosis of Lean T2DM : Initial Assessment

BMI < 25 kg/m? (or region-specific cutoffs)

Evaluate: B-cell function, insulin resistance,
visceral adiposity, family/genetic risk

Lifestyle Interventions
Maintain muscle mass
Improve insulin sensitivity
Reduced visceral fat

</1

Pharmacologic Therapy (Tailored)

Metformin, if tolerated

DPP4 inhibitors, GLP-1 receptor agonists, SGLT2

inhibitors

Insulin Therapy Considerations 4
Early insulin if- Severe B-cell dysfunction
LADA-like features (autoimmune markers)
Poor response to oral/injectable agents
-

Precision Medicine Approached
Genetic testings and metabolomics

Tailored strategies

Fig. 1 Management of Lean Type 2 Diabetes Mellitus (T2DM)

spective studies comprehensively characterizing insulin
secretion, insulin sensitivity, and clinical outcomes across
BMI categories.

Major cardiovascular outcome trials informing current
diabetes treatment (EMPA-REG OUTCOME, LEADER,
CANVAS, DECLARE-TIMI predominantly enrolled
overweight and obese participants, limiting generalizabil-
ity to lean phenotypes [80—82]. Current ADA Standards
acknowledge this limitation but provide no lean-specific
modifications, recommending cardioprotective agents
(SGLT2 inhibitors, GLP-1 receptor agonists) based
on comorbidities rather than body composition [11].
Whether increased lean diabetic mortality reflects dis-
tinct disease biology or methodological confounding
remains unresolved without BMI-stratified trials with
comprehensive metabolic characterization.

Complication profiles Cohort studies reveal elevated
incidence rates of microvascular complications, particu-
larly diabetic retinopathy and nephropathy, among lean
T2DM patients, likely resulting from delayed diagnosis
and insufficient screening protocols [83, 84].

Regional outcome variations Prognosis demonstrates
significant geographic variation. In Asian and African
populations, lean T2DM patients often present with
advanced complications and encounter limited thera-
peutic resource availability [85]. In Western healthcare
systems, while treatment accessibility improves, misclas-
sification as type 1 diabetes or LADA frequently delays
optimal interventions [86]. Table 4 shows outcome com-
parison between lean versus obese type 2 diabetes. These
are observations which are weakly supported by data and
which need confirmation in large clinical studies.

Health system implications

Current system inadequacies Healthcare systems devel-
oped around obesity-driven diabetes models inadequately
address lean T2DM, particularly in resource-constrained
environments [87].

Screening program transformation Current BMI-cen-
tric screening protocols systematically fail to identify lean
diabetes cases in high-prevalence populations, necessitat-
ing adoption of ethnicity-specific diagnostic thresholds
and comprehensive anthropometric evaluations to sub-
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Table 4 Outcomes Comparison - Lean versus obese type 2
diabetes

Outcome
domain

Lean T2DM Obese T2DM

Cardiovascular  Equal or elevated risk despite  Elevated risk primarily

disease risk lower BMI from obesity-related
factors

Glycemic Accelerated (3-cell failure; ear- Extended glycemic

durability lier insulin requirements control with oral
agents

All-cause Higher mortality in multiple ~ Lower mortality in

mortality cohorts (‘obesity paradox”)  overweight compared

to lean diabetics

Risk strongly associ-
ated with obesity, hy-
pertension, duration

More common; pri-

Microvascular
complications

Higher risk in some studies
due to diagnostic delays

Hypertension &  Less frequent; sometimes

dyslipidemia more favorable metabolic mary cardiovascular
profile risk driver
Diagnostic Frequently misdiagnosed as  Usually correctly

classification type 1 diabetes or LADA identified as T2DM

stantially enhance detection capabilities [88—90]. Screen-
ing frameworks must integrate metabolic health status as
a critical risk stratification tool beyond traditional anthro-
pometric measures. Metabolic health characterized by
absence of hypertension, dyslipidemia, hyperglycemia,
and elevated inflammatory markers provides superior
diabetes risk discrimination compared to BMI alone, par-
ticularly for identifying high-risk lean individuals [91].

Clinical guideline modernization Current treat-
ment guidelines emphasizing weight reduction require
fundamental revision to address distinct management
requirements of lean T2DM, with therapeutic priorities
redirected toward P-cell preservation and cardiovascular
risk mitigation rather than conventional weight-based
interventions [92]. Clinical diagnostic algorithms must
integrate specific lean diabetes recognition criteria to
prevent patient misclassification and ensure appropri-
ate treatment protocol selection, thereby avoiding appli-
cation of obesity-focused therapeutic approaches that
may be ineffective or potentially harmful in this patient
population.

Absence of lean-specific guidelines reflects both insuffi-
cient trial evidence and conceptual frameworks viewing
T2DM as a pathophysiological continuum rather than
discrete subtypes. The 2020 Precision Medicine Con-
sensus advocates data-informed phenotyping while not-
ing that implementation requires validated biomarkers,
treatment-responsive classifications, and demonstrated
clinical utility—criteria not yet met for lean T2DM [73].
Concerns about creating artificial distinctions without
biological validation must be weighed against potential
benefits of targeted approaches. These factors explain
guideline conservatism while highlighting needs for
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mechanistic research determining whether lean T2DM
represents a biologically distinct entity or lower-BMI
manifestation of heterogeneous T2DM pathophysiology.

Healthcare provider education Primary care training
programs require comprehensive enhancement to incor-
porate lean diabetes recognition principles, underlying
pathophysiology, and appropriate management strate-
gies into clinical education curricula [93, 94]. Random
non-fasting C-peptide testing (< 200 pmol/L indicating
significant -cell dysfunction) may assist in differentiating
lean T2DM from LADA in diagnostically uncertain pre-
sentations where autoimmune diabetes is suspected [95].
However, practical implementation barriers—including
laboratory requirements, interpretation challenges, and
limited availability in primary care restrict routine use,
particularly in resource-limited settings.

Policy development priorities From a policy develop-
ment perspective, lean T2DM highlights fundamental
limitations of standardized global strategies. International
health organizations and national health authorities must
adopt population-specific BMI thresholds for screening
and diagnostic purposes, similar to WHO’s ethnicity-
adjusted BMI recommendations for Asian populations
[9]. Furthermore, targeted investment in diabetes registry
systems and real-world data collection initiatives can bet-
ter quantify the true burden of lean diabetes, informing
evidence-based policy decisions and healthcare resource
planning [96].

Research priorities

Epidemiological research needs Population-based
prevalence studies across ethnic populations remain
inadequate, requiring large-scale multiethnic cohort
investigations to establish precise prevalence estimates by
demographic and geographic variables [97, 98]. Longitu-
dinal studies tracking disease progression from prediabe-
tes through complications in lean individuals are essential
for developing evidence-based prevention strategies and
informing optimal treatment timing.

Mechanistic research imperatives Etiological pathways
underlying lean diabetes require investigation through
genomic, metabolomic, and epigenetic methodologies to
distinguish mechanisms from obesity-associated diabe-
tes [99, 100]. Advanced B-cell function assessment tech-
niques must be developed to improve risk prediction and
optimize treatment selection in lean patients.

Screening innovation Advanced screening strategies
must extend beyond universal BMI thresholds to incor-
porate waist circumference, metabolic health parameters,
and body composition assessments for identifying high-
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risk lean individuals who warrant diagnostic glucose test-
ing ([101]- [102]). Point-of-care technologies suitable for
resource-limited settings remain essential for equitable
implementation in populations where lean T2DM preva-
lence is highest.

Therapeutic research Randomized controlled trials
specifically enrolling lean T2DM patients represent an
urgent priority, as existing recommendations inappro-
priately extrapolate findings from obese populations [95,
96]. Comparative effectiveness studies between lean and
obese diabetes cohorts are essential for establishing evi-
dence-based treatment selection criteria.

Health systems research Implementation science stud-
ies evaluating screening effectiveness, healthcare pre-
paredness, and cost-effectiveness for lean diabetes remain
absent [103]. Comprehensive diabetes registries captur-
ing BMI-stratified outcomes and disease progression data
would provide evidence foundations for policy develop-
ment and resource allocation decisions.

Guideline development research: Establishing lean
T2DM-specific guidelines requires resolving key
questions: [1] Does lean T2DM represent a distinct
pathophysiological entity warranting independent clas-
sification [2]? Do treatment responses differ sufficiently
by BMI to justify stratified algorithms [3]? What barri-
ers prevent ethnic-specific screening threshold adoption
despite epidemiological support?

Addressing these requires prospective studies with
standardized lean T2DM definitions, detailed metabolic
phenotyping (insulin secretion and sensitivity, body
composition imaging), and comparative treatment tri-
als. Only through such evidence can proposals advance
from expert interpretation to guideline endorsement by
international organizations (ADA, EASD, IDF, Endocrine
Society). Current guideline absence reflects insufficient
controlled trial evidence rather than dismissal of lean
T2DM’s clinical significance.

Knowledge gaps

Absence of dedicated randomized controlled tri-
als Lean T2DM patients have never been specifically
enrolled in RCTs. Treatment guidelines inappropriately
apply findings from obesity-predominant trials, leaving
optimal pharmacotherapy and insulin initiation timing
unvalidated for this population.

Lack of longitudinal natural history data Progression
trajectories from prediabetes to complications remain
unmapped in lean individuals. Critical unknowns include
[-cell decline kinetics, complication emergence timing,
and disease velocity relative to obese phenotypes.
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Inadequate mechanistic phenotyping Fundamen-
tal pathophysiology relative importance of B-cell failure
versus insulin resistance, genetic versus environmental
contributions, nosological status within T2DM requires
genomic, metabolomic, and epigenetic characterization
currently absent from literature.

Body composition assessment gaps BMI cannot mea-
sure visceral fat, ectopic lipid accumulation, or lean tissue
mass the actual determinants of metabolic risk. Clinically
feasible, standardized tools for fat distribution assessment
await development and validation.

Unresolved obesity paradox mechanisms Excess mor-
tality in lean versus obese diabetics defies explanation.
B-cell dysfunction is invoked without robust evidence;
competing hypotheses (primary insulin resistance, diag-
nostic lag, hidden comorbidities) need prospective inves-
tigation with detailed metabolic characterization.

Absent f-cell function assessment standardiza-
tion Practical, validated methods to quantify pancre-
atic reserve don't exist clinically. C-peptide testing faces
implementation obstacles; sophisticated techniques for
detecting early secretory decline and guiding therapy
remain experimental.

Implementation science vacuum Evidence on real-
world screening program effectiveness, health system
preparedness, clinician education requirements, and ser-
vice delivery optimization is non-existent. Translation of
ethnicity-specific screening from theory to practice lacks
empirical foundation.

Missing health economic evaluation Population-
tailored screening, early treatment intensification, and
phenotype-specific interventions have undergone no
cost-effectiveness analysis. Decision-makers in high-bur-
den, resource-limited nations lack economic justification
for implementation.

Absence of standardized mechanistic measurement
protocols Literature uses disparate C-peptide thresholds
(0.8-1.5 ng/mL), heterogeneous HOMA calculations, and
variable hepatic steatosis assessments. International con-
sensus on measurement standards is prerequisite for phe-
notype definition, treatment algorithm development, and
cross-study comparison.

Areas of controversy

Distinct entity or part of the T2DM spectrum Contro-
versy exists whether lean T2DM is a separate disease or
the lower BMI end of T2DM. Distinct classification advo-
cates cite predominant B-cell failure, earlier onset, and
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worse outcomes warranting dedicated guidelines. The
spectrum view argues for continuous pathophysiological
variation across BMI favoring integrated management.
This impacts treatment protocols and research priorities.

Population-specific vs. universal BMI thresh-
olds Debate surrounds ethnicity-adjusted BMI cutofts.
Critics cite diagnostic inconsistency, research comparison
difficulties, and potential ethnic stereotyping. Advocates
argue universal thresholds miss high-risk populations and
worsen health disparities.

Primary defect: B-cell dysfunction vs. insulin resis-
tance: Despite widespread attribution to [B-cell failure,
data support remains limited. Alternative theories pro-
pose primary insulin resistance with inadequate com-
pensation. This mechanistic ambiguity directly affects
treatment choice: insulin secretagogues, sensitizers, or
early insulin therapy.

Obesity paradox interpretation Higher lean dia-
betic mortality lacks consensus explanation. Competing
hypotheses include intrinsically aggressive pathophysiol-
ogy, diagnostic delays causing lead-time bias, confound-
ing from comorbidities inducing weight loss, or reverse
causation. Each mechanism implies different intervention
strategies.

LADA overlap and diagnostic boundaries Differenti-
ating lean T2DM from LADA and ketosis-prone diabe-
tes remains problematic. Unstandardized autoantibody
protocols and inconsistent C-peptide thresholds create
diagnostic uncertainty affecting immunotherapy consid-
eration and insulin timing decisions.

Metformin first-line status in lean patients Metfor-
min’s effectiveness in lean diabetes—where insulin resis-
tance may be minimal is questioned. Some advocate early
incretin therapies or insulin targeting B-cell dysfunction;
others emphasize metformin’s benefits beyond insulin
sensitization. Evidence-based resolution remains elusive.

Screening strategy cost-effectiveness Population-
specific screening programs face scrutiny. Critics chal-
lenge costs of ethnicity-tailored infrastructure, training,
and testing requirements. Proponents argue universal
approaches miss cases, generating higher long-term com-
plication costs.

Terminology and stigma “Lean diabetes” terminology
itself provokes debate. Critics suggest it inappropriately
pathologizes normal weight and risks metabolic compla-
cency. Alternative terms (normal-weight diabetes, BMI-
stratified subtypes) lack consensus, hampering clinical
communication and disease recognition.
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Future directions

Precision medicine implementation Future diabetes
care demands precision medicine integration through
ethnicity-specific diagnostics, advanced body composi-
tion analysis, and comprehensive biomarker screening for
early lean diabetes detection [104, 105]. Artificial intelli-
gence and digital health platforms must incorporate non-
traditional risk factors into clinical workflows to identify
overlooked high-risk lean individuals.

Individualized treatment paradigms Lean T2DM’s pri-
mary p-cell dysfunction requires pathophysiology-driven
algorithms emphasizing early insulin therapy, incretin
treatments, and B-cell preservation over weight-focused
interventions [106, 107]. Personalized protocols utilizing
genetic testing, metabolomic profiling, and clinical phe-
notyping must guide individualized therapeutic decisions.

Health system transformation Lean diabetes-specific
care pathways must integrate targeted screening, spe-
cialized nutrition support, and systematic complication
monitoring to bridge current care gaps [108]. Concurrent
provider education programs focusing on lean diabetes
recognition and management are essential for improving
care quality in this underserved population.

Global health equity High-prevalence low- and middle-
income countries require prioritized international fund-
ing and collaborative research initiatives to address lean
diabetes disparities [109]. BMI-stratified registries and
lean diabetes integration into national guidelines will
establish systematic frameworks for equitable healthcare
delivery.

Public health communication Public health campaigns
must move beyond the conventional diabetes-obesity
paradigm to embrace the multifaceted nature of diabetes
while fostering comprehensive prevention approaches
[110]. Community-focused educational initiatives in
high-burden regions will strengthen symptom awareness
and healthcare engagement among diverse at-risk groups
who fall outside conventional diabetes stereotypes.

Lean type 2 diabetes mellitus exposes the limitations of
a one-size-fits-all approach to diabetes care. Moving for-
ward, research, practice, and policy must converge to
create precision medicine frameworks that account for
heterogeneity in clinical presentation, pathophysiology,
and prognosis. Figure 2 shows a conceptual roadmap
illustrating priority areas for advancing lean type 2 diabe-
tes management.

Limitations
This review acknowledges several important limitations:
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Future Directions: Reshaping Diabetes Care

Prescision Diagnostics
Ethnicity-specific BMI cutoffs, body composition imaging, and biomarker panels

Tailored Therapeutics
Early insulinization, incretin-based therapies, B-cell preservation strategies

Integrated Care Pathways
Routine metabolic screening, structured nutrition support, and complication
surveillance

Global Health Equity in Research and Public Health Policy
Public health campaigns, educational initiatives

Fig. 2 Proposed Care Pathway for Lean Type 2 Diabetes

1. Heterogeneous terminology across studies (“lean
diabetes,” “normal weight diabetes,” “non-obese
T2DM”) complicates literature synthesis.

2. Absence of universally standardized diagnostic
criteria for lean T2DM.

3. BMI thresholds vary substantially across populations,
limiting comparability.

4. Diagnostic overlap with LADA, ketosis-prone
diabetes, and MODY creates classification ambiguity.

5. Sparse epidemiological data, particularly from low-
and middle-income countries.

6. Virtual absence of randomized controlled trials
specifically enrolling lean T2DM patients.

7. Incomplete pathophysiological understanding, with
most research focused on overweight populations.

8. Implementation barriers and health system capacity
requirements inadequately addressed.

9. Proposed clinical approaches represent expert
consensus derived from observational investigations
rather than guideline-endorsed recommendations
from international diabetes organizations (ADA,
EASD, IDF, WHO), which maintain BMI-
independent treatment frameworks pending
randomized trial evidence in lean cohorts.

10.Mechanistic measurements (C-peptide, HOMA
indices, insulin sensitivity) lacking across most lean
T2DM literature.

11.Body composition assessed by crude surrogates
(BMI, waist circumference) rather than direct
measurement (imaging, body fat percentage).

Conclusions

Lean type 2 diabetes represents an under-recognized
phenotype with documented population-specific pat-
terns, though evidence limitations explain why major
diabetes organizations maintain unified protocols. The
absence of randomized controlled trials in lean patients
constrains guideline development despite observational
data supporting ethnic-adjusted screening thresholds
[111-113].

Proposed management strategies emphasizing [-cell
preservation reflect expert consensus requiring valida-
tion through dedicated trials, health economic analyses,
and implementation research. Fundamental questions
remain unresolved: whether lean T2DM constitutes a
distinct pathophysiological entity and whether treatment
responses justify stratified algorithms.

Lean T2DM shows population-specific patterns, but
mechanistic evidence remains limited. The critical gap is
absence of standardized measurement of p-cell function
and insulin sensitivity across BMI-stratified cohorts. Cur-
rent recommendations infer mechanisms from outcomes
without direct validation. Proposed treatments (e.g., early
GLP-1 for presumed [-cell failure) require prospective
studies incorporating: Standardized C-peptide/HOMA
assessment, documented insulin sensitivity measurement
and body composition quantification (visceral imaging,
hepatic lipid) [44].

This mechanistic characterization not BMI categori-
zation alone should guide guideline development and
treatment algorithms. Implementation depends on estab-
lishing consensus measurement thresholds and validating
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that treatment responses actually differ by mechanistic
phenotype.
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