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Abstract — Non-alcoholic fatty liver disease (NAFLD) was historically considered the hepatic manifestation of obesity, but
a substantial fraction of South Asian NAFLD occurs in individuals with body mass index below 25 the lean NAFLD
phenotype. We compared 320 patients with biopsy-proven or imaging-confirmed NAFLD across three BMI strata: lean
(BMI <25, n=98), overweight (BMI 25-30, n=122), and obese (BMI >30, n=100). Despite lower BMI, lean NAFLD patients
showed substantial metabolic dysfunction: insulin resistance in 42.5%, type 2 diabetes in 28.4%, and metabolic syndrome in
24.6%. Median liver stiffness on FibroScan was 6.4 kPa in lean patients, 7.8 kPa in overweight patients, and 9.6 kPa in obese
patients. Advanced fibrosis (F3-F4) prevalence was 16.3% in lean, 19.7% in overweight, and 26.0% in obese patients a
smaller gradient than BMI alone would predict. Independent predictors of advanced fibrosis were type 2 diabetes, age above
55 years, metabolic syndrome, insulin resistance, AST/ALT ratio above 1, and PNPLA3 GG genotype where assessed. Lean
NAFLD is a metabolically meaningful phenotype warranting structured screening, regular fibrosis surveillance, and
integrated cardiometabolic management.
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1. Introduction

Non-alcoholic fatty liver disecase has emerged as the
most prevalent chronic liver disease globally, with
population estimates approaching 25-30% in many regions
and substantially higher rates in South Asian populations.
The condition spans a histological spectrum from simple
steatosis through non-alcoholic steatohepatitis to advanced
fibrosis and cirrhosis. Historically, NAFLD was
characterised as the hepatic manifestation of obesity, with
body mass index above 30 viewed as the predominant
clinical correlate. Several lines of evidence have
complicated this picture. South Asian populations show
high NAFLD prevalence at BMI thresholds below those
typical of Western cohorts, and a substantial fraction of
NAFLD in South Asian tertiary clinics occurs in individuals
with BMI below 25 the so-called lean NAFLD phenotype
(Aneeshkumar A.S.& C JothiVenkateswaran, 2012). This is
not merely a curiosity of body composition: lean NAFLD
patients show metabolic dysfunction, visceral adiposity
disproportionate to overall BMI, insulin resistance, and
rates of advanced fibrosis approaching those of higher-BMI
cohorts. Genetic factors particularly the PNPLA3 GG
genotype prevalent in South Asian populations contribute
substantially (Jha, Kumar, & Neha, 2026; Kumar, Gautam,
& Maitiy, 2026; Yatish, Khatoon, & Kumar, 2026). We
undertook a cross-sectional comparative cohort study at our
tertiary hepatology service to characterise the metabolic and
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hepatic phenotype of lean NAFLD compared with
overweight and obese NAFLD, to identify independent
predictors of advanced fibrosis across BMI strata, and to
inform screening and surveillance strategies in the South
Asian population where conventional weight-based
screening may miss many affected individuals.

2. Methods

Patients were recruited from the hepatology outpatient
clinic of a tertiary medical centre between February 2023
and February 2024. Inclusion required imaging-confirmed
hepatic steatosis (ultrasound, MRI, or CT) or biopsy-
confirmed NAFLD, absence of alternative chronic liver
disease causes (alcohol intake exceeding 30 g/day for men
or 20 g/day for women, viral hepatitis B or C, autoimmune
liver disease, drug-induced liver disease,
haemochromatosis), and age 18 years or older. The final
cohort comprised 320 patients, stratified by BMI into lean
(<25 kg/m?), overweight (25-29.9 kg/m?), and obese (>30
kg/m?) groups. All patients underwent comprehensive
metabolic assessment including fasting glucose, HbAlc,
fasting insulin (with HOMA-IR calculation), lipid profile,
liver function tests, ferritin, and complete blood count.
Anthropometry included BMI, waist circumference, waist-
to-hip ratio, and where available bioelectrical impedance
for body composition. Hepatic assessment included liver
stiffness measurement by FibroScan (M or XL probe as
appropriate), controlled attenuation parameter (CAP), and
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calculation of non-invasive fibrosis scores (FIB-4, NAFLD
fibrosis score, APRI). Liver biopsy was performed in
indeterminate cases for definitive fibrosis staging (n=58).
Metabolic syndrome was defined per modified NCEP-ATP
IIT criteria with South Asian waist thresholds (>90 cm men,
>80 cm women). Insulin resistance was defined as HOMA -
IR >2.5. Type 2 diabetes was defined per ADA criteria.
Advanced fibrosis was defined as liver stiffness >9.6 kPa
on FibroScan (corresponding to F3-F4 in published
validation studies of similar populations) or biopsy-
confirmed F3 or F4. PNPLA3 genotyping was performed in
a subset of 168 patients with available blood samples and
informed consent. Continuous variables are summarised as
mean (SD) or median (IQR) and compared across BMI
strata using one-way ANOVA or Kruskal-Wallis test as
appropriate. Categorical variables are reported as counts
and percentages, with chi-squared testing for between-
group comparisons. Multivariable logistic regression
identified independent predictors of advanced fibrosis, with
covariate selection guided by clinical relevance and tested
for multicollinearity. Sensitivity analyses examined the
lean-NAFLD subgroup separately.

3. Results
3.1 Cohort Characteristics

Table 1. Demographic and clinical characteristics by BMI stratum

Characteristic Lean Overweig | Obese
(BMI ht (25-30) | (=30)
<25) n=98 | n=122 n=100

Age, mean (SD), years | 48.4 49.8 46.2
(13.6) (12.4) (11.8)

Female sex, n (%) 48 (49.0) 52 (42.6) 56 (56.0)

BMI, mean (SD), kg/m?y 22.4 (1.8) | 27.6 (1.4) | 33.8(3.4)

Waist circumference, | 82.6 (8.4) | 94.4(8.8) | 106.8

mean (SD), cm (10.4)

Waist-to-hip ratio, 0.92 0.96 1.02

mean (SD) (0.06) (0.06) (0.08)

Visceral adiposity 32 (32.7) 68 (55.7) 78 (78.0)

(waist:hip >1), n (%)

Family history of 48 (49.0) 62 (50.8) 58 (58.0)

T2DM, n (%)

Sedentary lifestyle, n 52 (53.1) 78 (63.9) 78 (78.0)

(%)

Years of formal 114 (4.6) | 10.8(5.2) | 11.2(4.8)

education, mean (SD)

Urban residence, n (%) | 68 (69.4) 82 (67.2) 78 (78.0)

NAFLD diagnosed on | 82 (83.7) 102 (83.6) | 78 (78.0)

imaging, n (%)

NAFLD diagnosed on | 16 (16.3) 20 (16.4) 22 (22.0)

biopsy, n (%)

Symptom: fatigue, n 38 (38.8) 48 (39.3) 56 (56.0)

(%)

Symptom: abdominal | 18 (18.4) 26 (21.3) 32 (32.0)

discomfort, n (%)
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3.2 Metabolic Profile

Despite lower BMI, lean NAFLD patients showed
substantial metabolic dysfunction (Figure 1). Insulin
resistance was present in 42.5% of lean patients, compared
with 56.8% in overweight and 76.4% in obese patients.
Type 2 diabetes prevalence was 28.4% in lean patients — a
rate substantially higher than in BMI-matched control
populations without NAFLD. Metabolic syndrome, defined
using South Asian waist thresholds, was present in 24.6%
of lean NAFLD patients despite their normal BMI.

Matabolk conorbidy pravalsnce by BMI stratum = NAFLD (222320|

- LD B

Fig.1: Metabolic comorbidity prevalence by BMI stratum

Table 2. Detailed metabolic and laboratory profile

Metric Lean Overweight | Obese

(n=98) (n=122) (n=100)
Fasting glucose, mean 104 (28) | 114 (32) 128 (42)
(SD), mg/dL
HbAlc, mean (SD), % 6.0(1.0) | 6.4(1.2) 7.1(1.5)
Fasting insulin, mean 9.4 (5.4) | 13.6 (7.8) 21.2
(SD), WIU/mL (10.8)
HOMA-IR, mean (SD) | 2.4(1.4) | 3.8(2.2) 6.8 (3.6)
Total cholesterol, mean | 198 (38) | 218 (42) 228 (46)
(SD), mg/dL
Triglycerides, median 148 (98- | 172 (118- 218
(IQR), mg/dL 218) 256) (158-

318)

HDL-cholesterol, mean | 44 (10) 42 (10) 38 (8)
(SD), mg/dL
LDL-cholesterol, mean 124 (32) | 138 (36) 142 (38)
(SD), mg/dL
ALT, median (IQR), 42 (28- | 58(38-92) 78 (52-
U/L 68) 128)
AST, median (IQR), 38 (26- | 48 (32-78) 62 (42-
U/L 58) 98)
AST/ALT ratio, median | 0.92 0.84 (0.71- 0.80
(IQR) (0.78- 1.02) (0.68-

1.12) 0.96)
GGT, median (IQR), 42 (24- | 58(32-98) 78 (44-
U/L 78) 138)
Ferritin, median (IQR), 148 (62- | 182 (78- 218 (98-
ng/mL 298) 348) 412)
Platelet count, mean 244 (62) | 238 (58) 226 (62)
(SD), x 10°/L.
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3.3 Hepatic Stiffness and Fibrosis Distribution

Liver stiffness measurement by FibroScan showed an
expected gradient across BMI strata (Figure 2). Median
stiffness was 6.4 kPa in lean patients, 7.8 kPa in overweight
patients, and 9.6 kPa in obese patients. However, the
distributions overlapped substantially: 16.3% of lean
patients had liver stiffness in the F3-F4 range (>9.6 kPa),
compared with 26.0% of obese patients a smaller gradient
than the BMI difference alone would predict. CAP values, a
measure of hepatic steatosis, showed a steeper gradient with
BMI, indicating that obesity primarily increases steatosis
severity rather than fibrosis progression risk in this cohort.

Liver (Fibros by BMI
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Fig.2: Liver stiffness measurement (FibroScan) distribution by
BMI stratum

3.4 Non-Invasive Fibrosis Scores and FibroScan
Correlation

FIB-4 score correlated strongly with liver stiffness
measurement across the cohort (Pearson r = 0.68; Figure 3).
The relationship was broadly linear across the clinically
relevant range, with FIB-4 values above 2.67 generally
corresponding to liver stiffness above 9.6 kPa. The clinical
utility of the correlation is that FIB-4 calculable from
routine blood tests provides reasonable initial fibrosis
stratification when FibroScan is unavailable, with
FibroScan reserved for confirmation in the indeterminate
range. Twelve patients with FIB-4 below 1.3 showed liver
stiffness in the F3-F4 range, providing a cautionary note
about FIB-4 sensitivity in lean patients with normal platelet
counts.

Fil-t acore verses lver stiffuecs (r » o.da)

Fig.3: FIB-4 score versus liver stiffness across the full cohort
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Table 3. Fibrosis distribution and non-invasive
scores by BMI stratum

Metric Lean Overwe | Obese

(n=98) ight (n=100)
(n=122)

Liver stiffness, median 6.4 (4.8- | 7.8(5.6- | 9.6 (6.8-

(IQR), kPa 9.0) 11.2) 13.6)

CAP, mean (SD), dB/m 288 (38) | 318 (42) | 342 (46)

Liver stiffness <8 kPa (F0- 58 (59.2) | 58 (47.5) | 32 (32.0)

F1 likely), n (%)

Liver stiffness 8-9.5 kPa 24 (24.5) | 36 (29.5) | 36 (36.0)

(F2 likely), n (%)

Liver stiffness >9.6 kPa 16 (16.3) | 24 (19.7) | 26 (26.0)

(F3-F4 likely), n (%)

Liver stiffness >14 kPa 4@4.1) 6 (4.9) 10 (10.0)

(cirrhosis likely), n (%)

FIB-4 score, median (IQR) 1.18 1.32 1.58
(0.74- (0.84- (0.98-
1.92) 2.18) 2.62)

FIB-4 >2.67 (high 12 (12.2) | 18 (14.8) | 24 (24.0)

probability advanced

fibrosis), n (%)

NAFLD fibrosis score 8(8.2) 16 (13.1) | 22 (22.0)

>0.676, n (%)

APRI >0.7, n (%) 18 (18.4) | 26 (21.3) | 32(32.0)

Biopsy-confirmed F3-F4,n | 2/16 4/20 6/22

(of biopsied) (12.5) (20.0) (27.3)

3.5 Predictors of Advanced Fibrosis

Multivariable logistic regression identified ten
independent predictors of advanced fibrosis. Type 2
diabetes carried the strongest single association (adjusted
OR 3.42), followed by older age, metabolic syndrome,
insulin resistance, AST/ALT ratio above 1, and low platelet
count. PNPLA3 GG genotype, assessed in the subset with
available samples, independently predicted advanced
fibrosis with an odds ratio of 2.84. Importantly, BMI
category was not independently predictive after adjustment
for metabolic comorbidities, supporting the central thesis
that metabolic dysfunction rather than weight per se drives
fibrosis progression.

Table 4. Lean NAFLD-specific subgroup analysis (n=98)

Outcome Lean Lean Lean
NAFLD NAFLD + | NAFLD
overall T2DM no T2DM

(n=28) (n=70)

Liver stiffness >9.6 16 (16.3) 10 (35.7) 6 (8.6)

kPa, n (%)

FIB-4 >2.67, n (%) 12 (12.2) 8(28.6) 4(5.7)

Metabolic syndrome, | 24 (24.5) 22 (78.6) 2(2.9)

n (%)

HOMA-IR >2.5,n 42 (42.9) 26 (92.9) 16 (22.9)

(%)
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Visceral adiposity, n 32 (32.7) 18 (64.3) 14 (20.0)
(%)

PNPLA3 GG 18/48 9/14 9/34
genotype (where (37.5) (64.3) (26.5)
assessed), n (%)

Family history of 48 (49.0) 22 (78.6) 26 (37.1)
T2DM, n (%)

Sedentary lifestyle,n | 52 (53.1) 22 (78.6) 30 (42.9)
(%)

4. Discussion

Across 320 patients with NAFLD stratified by BMI,
lean NAFLD emerged as a metabolically meaningful
phenotype with substantial advanced fibrosis prevalence
16.3% with liver stiffness in the F3-F4 range, approaching
the rate seen in obese patients (26.0%). The implication is
operational: a screening or surveillance strategy that
excludes lean individuals will miss a substantial proportion
of patients at real risk of cirrhosis and hepatocellular
carcinoma. Three observations from this cohort warrant
emphasis. First, the metabolic profile of lean NAFLD is
closer to that of overweight or obese NAFLD than to BMI-
matched controls without NAFLD. Insulin resistance
prevalence approached half, type 2 diabetes prevalence
approached 30%, and metabolic syndrome (using South
Asian waist thresholds) approached a quarter (A. S.
Aneeshkumar, 2012). The defining features are visceral
adiposity (with normal overall BMI), insulin resistance, and
PNPLA3-related hepatic lipid handling differences none
captured by BMI alone (Jha, Kumar, & Neha, 2026; Kumar,
Gautam, & Maitiy, 2026; Yatish, Khatoon, & Kumar, 2026).
Second, advanced fibrosis predictors operate similarly
across BMI strata. Type 2 diabetes, age, metabolic
syndrome, and PNPLA3 GG genotype each retained
independent predictive value after adjustment, while BMI
category itself was not independently predictive in the
multivariable model. The implication is that fibrosis-risk
stratification should be metabolism-based rather than
weight-based. The lean-NAFLD subgroup analysis (Table 4)
shows that lean patients with concurrent diabetes have
advanced fibrosis rates approaching 36% substantially
higher than obese patients without diabetes. Third, non-
invasive fibrosis assessment is reasonably effective in this
population but has limitations. FIB-4 below 1.3 frequently
used as a safe rule-out threshold missed 12 patients in our
cohort with FibroScan-evident advanced fibrosis. Most of
these were lean patients with normal platelet counts. A two-
step approach FIB-4 first, followed by FibroScan in those
with FIB-4 in the indeterminate or elevated range would
have captured almost all advanced fibrosis cases while
limiting FibroScan demand. Hepatic elastography, where
available, remains the practical gold standard for non-
invasive fibrosis staging (Bhatnagar, Kumar, & Shivam,
2026; Jha, Kumar, & Neha, 2026; Kumar, Gautam, &
Maitiy, 2026). Implementation considerations for lean
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NAFLD include incorporation of waist-to-hip ratio and
visceral adiposity assessment into routine metabolic
screening, structured FIB-4 calculation from routine blood
tests in primary care, and FibroScan deployment in centres
where advanced fibrosis prevalence justifies the investment.
Patient engagement around the surprising idea that lean
individuals can have fatty liver disease requires explicit
counselling many lean patients are reassured by their
normal BMI and may not pursue lifestyle interventions
otherwise (Catherine, Gupta, Gopi, & Swadhi, 2025;
Vettriselvan, Ramya, et al., 2026; Swadhi, Gayathri, Suresh,
Catherine, & Velmurugan, 2025; Rasi, & Ashifa, 2019; A.S.
Aneeshkumar & C Jothi Venkateswaran, 2015). Digital
decision support integrating multiple risk factors into a
structured assessment shows promise (Selvi et al., 2026;
Vinodh, Subramani, & Vettriselvan, 2026; A.S.
Aneeshkumar & C Jothi Venkateswaran, 2015; Jha, Kumar,
& Neha, 2026). Limitations include the cross-sectional
design, which limits causal inference about metabolic-to-
fibrosis progression sequences; the single-centre setting,
which may have referral bias toward patients with more
advanced disease; the partial coverage of PNPLA3
genotyping (only 168 of 320 patients); the limited biopsy
confirmation (58 patients), which constrains direct
histological characterisation; and the use of FibroScan-
based stiffness thresholds calibrated mainly in Western
validation cohorts, with imperfect transportability to lean
South Asian populations.

5. Conclusion

Lean NAFLD is a metabolically significant phenotype
with substantial advanced fibrosis prevalence approaching
that of obese NAFLD, particularly in patients with
concurrent diabetes, metabolic syndrome, or PNPLA3 GG
genotype. Independent predictors of advanced fibrosis
operate similarly across BMI strata, supporting metabolism-
based rather than weight-based fibrosis-risk stratification.
Structured screening and surveillance strategies should
include lean individuals with metabolic risk factors, with a
two-step approach combining FIB-4 with FibroScan
offering an operationally tractable assessment pathway.
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