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Abstract
Introduction: Information, particularly on insulin resistance  (IR) and histological pattern, about 
nonalcoholic fatty liver disease (NAFLD) in lean subjects (NAFLD‑L) is still insufficient, in contrast 
to NAFLD in overweight/obese subjects  (NAFLD‑O). NAFLD‑L was evaluated and compared 
against NAFLD‑O for IR in a community cohort  (CC) and both IR and liver histology in a tertiary 
cohort (TC). Materials and Methods: The present cross‑sectional study was done simultaneously in 
the CC  (n  =  425) of “Population Health and Demographic Surveillance project” and TC  (n  =  276) 
belonging to the same healthcare referral hierarchy, without any comparison between them. 
Both the cohorts underwent evaluation, including transient elastography and dual‑energy X‑ray 
absorptiometry. Frequently sampled intravenous glucose tolerance test  (FSIVGTT) for IR and 
beta‑cell function  (BCF), and liver histology were done in TC only. Results: NAFLD‑L, in 
comparison to NAFLD‑O, had a higher amount of android fat relative to gynoid  (android/gynoid 
fat ratio)  (median 1.38  vs. 1.22, respectively, P  =  0.03), similar IR  (by FSIVGTT)  (median 
2.47 vs. 2.18 mM.mu/l*2, respectively, P = 0.76) and better BCF (median 90.46 vs. 86.63 mu/mM, 
respectively, P = 0.03). Higher fibrosis stages/cirrhosis were detected only in NAFLD‑O. NAFLD‑L 
and NAFLD‑O had similar prevalence of “definite nonalcoholic steatohepatitis”  (14% vs. 11%, 
respectively, P = 0.08). Conclusion: Similar IR and NASH prevalence in NAFLD‑L and NAFLD‑O 
suggest uniform pathophysiology. The metabolic advantage of having better BCF could have been 
negated by preferential accumulation of more insulin‑resistant android fat in NAFLD‑L.
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Introduction
Classically nonalcoholic fatty liver 
disease  (NAFLD) in overweight/
obese people  (NAFLD‑O) is associated 
with excess and dysfunctional body 
fat along with varying degrees of 
insulin resistance  (IR). However, 
NAFLD in lean subjects  (NAFLD‑L), 
previously regarded as an outlier, is 
an emerging yet understudied health 
concern.[1-4] Registry‑based retrospective 
data, defining leanness ignoring waist 
circumference  (WC), predominant use 
of “homeostatic model assessment for 
IR”  (HOMA‑IR) for assessment of IR, 
and heterogeneous histological data 
lead to an incomplete understanding of 
NAFLD‑L against NAFLD‑O.[5-7] Toward 
resolving this issue, the recent Delphi 
consensus on fatty liver  (FL) disease 
acknowledged the “metabolic dysfunction” 
as the central pathophysiological 

mechanism and renamed it as “metabolic 
dysfunction‑associated steatotic liver 
disease  (MASLD)” irrespective of 
anthropometric diversity.[8] However, 
ambiguity on “metabolic dysfunction’ still 
remained as the consensus on this issue 
did not reach “supermajority” defined as 
more than 67% uniformity in opinion.[8] 
This keeps the road to explore the pattern 
of metabolic dysfunction open, more so in 
NAFLD‑L. We worked with the traditional 
nomenclature of NAFLD as our study was 
conducted before this Delphi consensus.

Indian population, having anthropometric 
uniqueness with dominance of leanness 
along with rising prevalence of obesity, 
represents a natural resource for 
studying NAFLD‑L and comparison with 
NAFLD‑O.[9] Focused national program for 
NAFLD recently adopted by India shows 
the necessity to consider NAFLD a public 
health concern in countries like India where 
obesity and leanness coexist.[10]
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We have recently explored the risk of significant NAFLD 
related to “metabolic unhealthiness” in a leanness‑dominant 
community.[11] The present study was subsequently 
performed using two extreme ends of a healthcare 
hierarchy serving the same ethnic–geographic territory: 
the community cohort  (CC), the peripheral part of the 
hierarchy, and a tertiary cohort  (TC), the apex of the 
hierarchy. Our objective was to study NAFLD‑L compared 
against NAFLD‑O  (a) to understand the characteristics 
of NAFLD‑L, including IR in the community, using CC, 
and (b) to understand the IR and histological characteristics 
of NAFLD‑L using TC who were regarded to have 
significant disease necessitating referral to tertiary health 
care.

Materials and Methods
Study design

Our cross‑sectional study was done in CC and TC, 
two nonoverlapping cohorts belonging to the same 
healthcare hierarchy and geographic territory, without any 
comparison between them. This ensured ethnic and cultural 
homogeneity, avoiding potential confounding influences of 
lifestyle and dietary practice  [Figure  1]. CC was selected 
from free‑living population of a “health and demographic 
surveillance system  (HDSS)” of Birbhum Population 
project  (BIRPOP)  (https://www.shds.co.in/about-birpop/) 
in West Bengal, India.[12] TC was recruited from patients 
attending two hierarchical referral hospitals for liver 
disease, Hepatology Outpatient Departments of the School 
of Digestive and Liver Disease, Institute of Post Graduate 
Medical Education and Research  (IPGMER), Kolkata, 
India, and the Indian Institute of Liver and Digestive 
Diseases (IILDS), Sonarpur, Kolkata, India. Evaluation was 
done using a uniform protocol  [Figure  1]. The study was 
performed in two consecutive phases: community‑based 
work in CC in the first phase  (November 2016 to October 
2017) and tertiary‑care evaluation in TC in the second 
phase (February 2018 to January 2019).

Study subjects

CC was selected from 351 villages  (12,557 
households/54,583 persons) under “BIRPOP” 
HDSS.[12] A 1:3 systematic sampling in subjects 
aged  ≥18  years  (n  =  36638) yielded 12,214 subjects, 
57%  (n  =  6984) of whom consented. Finally, 
88%  (n  =  6134/6984) of responders were evaluated. 
Subjects with NAFLD  (n  =  425) constituted the CC and 
were analyzed  [Figure  1]. Subjects with biopsy‑proven 
NAFLD  (n  =  276), selected from the consecutive 
patients  (n  =  315) referred with a diagnosis of NAFLD to 
the said tertiary care facilities, constituted TC  [Figure  1]. 
Each subject provided informed consent.

Evaluation

Community subjects were surveyed by trained field 
surveyors with a minimum of 3  years of experience in 
large‑scale surveys and anthropometric assessments, 
supervised by investigators. Transient elastography  (TE) 
for liver stiffness measure  (LSM)/controlled 
attenuation parameter  (CAP), dual‑energy X‑ray 
absorptiometry (DEXA) for body fat distribution, and blood 
sampling were done in subjects with ultrasound diagnosis 
of FL/NAFLD (n = 425 and 305 in community and tertiary 
care, respectively) within 1  week of enrollment. Tertiary 
care NAFLD subjects  (n  =  305) underwent additional 
detailed evaluation for IR and beta‑cell function  (BCF) 
with “frequently sampled intravenous glucose tolerance 
test”  (FSIVGTT) and standard indication‑driven liver 
biopsy  (LB) within 1  week of inclusion. Indications for 
LB were (a) elevated LSM by TE (>7 kPa) suggesting >F0 
fibrosis,  (b) presence of metabolic syndrome  (MS) as per 
definition provided,  (c) elevated liver enzyme alanine 
aminotransferase  (ALT) more than 1.5  times the defined 
upper limit of normal  (ULN), and  (d) NAFLD fibrosis 
score >0.676.[13,14]

Study tools

FL was assessed on ultrasound using standard definition.[15] 
TE was performed with FibroScan® (Echosense, Paris) using 
standard protocol.[16] DEXA  (model iDXA, GE LUNAR 
17) images were analyzed using enCORE software 
version  18  (GE Medical Systems Lunar, Madison, 
Wisconsin, USA) for total body/android/gynoid fat and 
lean body mass  (kg). The Android/gynoid fat mass ratio 
was calculated.[17] Minimal model  (MINMOD) protocol 
with “MinMod software”  (MINMOD Millennium Inc., 
Pasadena, CA, USA) was used for FSIVGTT to get 
IR  (mM.mu/l*2) and BCF  (mu/mM).[18] HOMA, updated 
version  2  (HOMA2), the computer‑based nonlinear model, 
for IR  (HOMA2‑IR) and for BCF  (HOMA2‑Beta), closely 
paralleling FSIVGTT, was computed using the HOMA2 
calculator, version  2.2.3, provided by the University of 
Oxford, Diabetes Trials Unit  (https://www.rdm.ox.ac.uk/
about/our-clinical-facilities-and-mrc-units/DTU/software/
homa/download; accessed on December 17, 2020).[19]

Definitions

•	 NAFLD definition: Presence of FL on ultrasound and/
or  >5% steatosis on histology along with absence 
of significant alcohol intake  (<20  g/day for women 
and  <30  g/day for men for the previous 2  years) and 
other causes of steatosis[13,14]

•	 Anthropometry: Body mass index  (BMI) categories 
specific for Asians, i.e. ≤22.9/23–27.5/>27.5 kg/m2, were 
taken as normal weight/overweight/obese, respectively.[20] 
Abdominal obesity  (AO) was defined using WC cutoff 
for South Asians  (≥90/≥80  cm in male/female).[20] 
Subjects having BMI  ≤22.9  kg/m2 with no AO were 
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defined as lean and  ≥23  kg/m2, irrespective of WC, as 
overweight/obese. Lean and overweight/obese subjects 
with NAFLD were categorized as NAFLD‑L and 
NAFLD‑O, respectively

•	 Biochemical and metabolic dysfunctions: ULN for 
ALT was taken as 30 and 19 U/L for male and female, 
respectively.[12] Impaired fasting glucose, diabetes, MS, 
dyslipidemia, and hypertension were defined according 
to the modified form of the National Cholesterol 
Education Program Adult Treatment Panel criteria[14]

•	 Histological definitions: Histological findings and 
subtypes were defined as per the nonalcoholic 
steatohepatitis clinical research network  (NASH‑CRN) 
and liver forum case definitions working group 
descriptions, respectively.[21,22] Steatosis was 
graded as S0  (<5%)/S1  (5%‑33%)/S2  (33%–66%)/
S3  (>66%). Lobular inflammation  (nil/<2/2–4/>4 
foci per 20×  field) was graded as A0/A1/A2/A3, 
respectively. NAFLD activity score  (NAS) was 
calculated.[21] Fibrosis stages  (F0/F1A/F1B/F1C/F2/F3/
F4) were assessed. Histological subtypes, as defined 
by “Liver Forum Case Definitions Working Group’, 
were “non‑NASH NAFLD” having steatosis  ≥5% and 
inflammation  ≤  Grade  1 without any fibrosis; “definite 
NASH’ having NAS ≥ 5 with/without fibrosis  (F0–F3); 
“indeterminate NASH” having steatosis  ≥5%, mild 
lobular inflammation  (no or  <2 foci/20×  hpf), 
and none/rare ballooning  (≤Grade  1) with/without 

fibrosis  (F0–F3); “NASH cirrhosis” included “NASH 
with cirrhosis”, “steatosis  (≥5%) with cirrhosis,” and 
“indeterminate NASH with cirrhosis.”[22]

Statistical analysis

Categorical data were presented as numbers  (n) with 
percentage  (%) and continuous data as median and 
interquartile range  (25th  and 75th  percentile values). 
Subjects included in the final analysis did not have 
missing data for any variable. Two groups were 
compared by Mann–Whitney U and Chi‑square with 
exact tests for continuous and categorical variables, 
respectively. Corrections for multiple comparisons were 
done with Benjamini–Hochberg method for control 
of false discovery rate.[23] P  <  0.05  (two‑sided) was 
considered statistically significant. Effect size  (ES) 
for continuous variables of metabolic significance was 
calculated as Cohen’s d/Hedges’ g with 95% confidence 
intervals  (95% CIs), corrected for unequal sample size 
and nonnormal/skewed data  (Hedges’ correction), to 
assess their magnitude of impact on NAFLD‑L and 
NAFLD‑O, independent of statistical significance of 
the differences.[24] Cohen’s d/Hedges’ g  (95% CI) was 
presented using a forest plot for the variables  –  android/
gynoid fat mass ratio; IR and BCF measured by 
HOMA2‑IR and HOMA2‑Beta in CC; and IR and BCF 
measured by FSIVGTT in TC. In the absence of relevant 
data in the literature to compare, ES was regarded as 

Figure 1: Study flow diagram showing evaluation of community and tertiary cohorts. Lean subjects had a body mass index (BMI) ≤22.9 kg/m2 and had 
no abdominal obesity. Overweight/obese subjects had a BMI >23 kg/m2. NAFLD: Nonalcoholic fatty liver disease, NAFLD‑L: NAFLD in lean subjects, 
NAFLD‑O: NAFLD in overweight/obese subjects, OPD: outpatient department, DEXA: Dual‑energy X‑ray absorptiometry, FSIVGTT: Frequently sampled 
intravenous glucose tolerance test, NASH: Nonalcoholic steatohepatitis
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small  (d = 0.2), medium (d = 0.5), and large (d ≥ 0.8) as 
per Cohen’s classification.[24]

As the sample sizes were not calculated a priori, we 
did post hoc power analysis for the given sample 
sizes and alpha level of significance using software 
G*Power  (version  3.1.9.6, Universität Düsseldorf, 
Germany). For the CC, the power of the study 
corresponding to the observed ES  (Cohen’s d/Hedges’ 
g  –0.9) of the variable “android‑to‑gynoid fat mass ratio” 
was 84%. For the TC, the power of the study corresponding 
to the observed ES  (Cohen’s d/Hedges’ g  –0.66) of the 
variable “BCF by FSIVGTT” was 87%.

Analyses were done using software SPSS  (IBM Corp., 
released 2013. IBM SPSS Statistics for Windows, 
Version 22.0. Armonk, NY, USA: IBM Corp.).

Ethical approval

Study complied with the ethical principles of 1964 
Helsinki Declaration and its amendments and was 
approved by Institutional Ethics Committee of Institute 
of Post Graduate Medical Education and Research, 244, 
A. J. C. Bose Road, Kolkata, India  (Approval letter 
Memo No. Inst/IEC/294/777 dated July 3, 2014) as well 
as by Institutional Ethic Committee of Indian Institute of 
Liver and Digestive Diseases, Sonarpur, Sitala  (East), 24 
Pgs  (North), Kolkata, India  (Approval letter Memo No. 
IILDS/EC/001 dated July 18, 2018).

Results
Cohort characteristics

The majority of the community subjects evaluated were 
lean (n = 4224/6134; 69%), and 1% (n = 46/4224) of them 
had NAFLD  [Figure  1]. Overall, NAFLD was present 
in 7%  (n  =  425/6134) of community subjects and that 
constituted the CC (n = 425).

Tertiary care subjects with ultrasonographic diagnosis of 
FL  (n  =  305) were evaluated further with TE, DEXA, and 
histology. Subjects with histologically proven NAFLD 
constituted the TC (n = 276).

Characteristics of CC  [Table  1]: NAFLD‑L constituted 
11%  (n  =  46/425) of all NAFLD  [Figure  1]. Diabetes, 
dyslipidemia, and overall MS were more frequent 
in NAFLD‑O than NAFLD‑L  [Table  1]. Eighty‑six 
percent  (n  =  365/425) of NAFLD were at risk of 
having significant liver disease, as suggested by 
elevated liver enzymes  (n  =  172), MS  (n  =  37), or 
both (n = 156) [Figure 1].

Characteristics of tertiary cohort: Males constituted 
50%  (n  =  138/276). NAFLD‑L and NAFLD‑O constituted 
11%  (n  =  29/276) and 89%  (n  =  247/276) of all NAFLD, 
respectively  [Figure  1]. Conversely, 85%  (n  =  29/34) of 
lean and 91%  (n  =  247/271) of overweight/obese with 
ultrasound‑detected FL had histologically confirmed 

Table 1: Characteristics of lean and overweight/obese subjects with nonalcoholic fatty liver disease of community 
cohort

Variables All subjects (n=6134) NAFLD‑L (n=46) NAFLD‑O (n=379) P*
Age (year) 39 (29–50) 40 (32–51) 44 (35–50) 0.46
Men, n (%) 2649 (43) 28 (61) 157 (41) 0.01
Adiposity characteristics, median (IQR)

Android fat mass (kg) 45.60 (41.90–50.50) 37.10 (31.10–42.90) 48.45 (44.60–51.75) 0.02
Gynoid fat mass (kg) 36.30 (26.80–41.40) 26.80 (23.30–30.90) 38.25 (34.15–45.30) 0.02
Android/gynoid fat mass ratio 1.33 (1.20–1.39) 1.38 (1.33–1.39) 1.22 (1.12–1.40) 0.03

Metabolic and biochemical characteristics
HOMA‑IR, median (IQR) 1.56 (1.14–2.25) 1.61 (1.11–1.98) 2.37 (1.62–3.20) 0.01
HOMA2‑IR, median (IQR) 1.21 (0.79–1.92) 1.05 (0.78–1.16) 1.40 (1.04–1.90) 0.006
HOMA2‑beta, median (IQR) 109.30 (79.80–149.20) 93.30 (70.70–107.90) 95.70 (70.70–133.50 0.42
MS, n (%) 1883 (31) 17 (37) 349 (92) 0.003
Diabetic, n (%) 1069 (17) 14 (30) 164 (43) 0.02
Dyslipidemia, n (%) 3994 (65) 26 (56) 277 (73) 0.01
Hypertension, n (%) 1467 (24) 19 (41) 170 (45) 0.64
ALT (IU/L), median (IQR) 26 (20–34) 32.5 (26–47) 34 (23–53) 0.99
Elevated ALT, n (%) 3589 (58) 33 (72) 295 (78) 0.31
AST (IU/L), median (IQR) 27 (22–33) 32 (26–38) 30 (24–41) 0.54
GGT (IU/L), median (IQR) 25 (18.81–32.21) 26 (19–43) 31 (22–47) 0.27

*P‑values (two‑sided) <0.05 were taken as significant and were adjusted for multiple comparisons by using the Benjamini and Hochberg 
method. NAFLD: Nonalcoholic fatty liver disease, NAFLD‑L: NAFLD in lean subjects, NAFLD‑O: NAFLD in overweight/obese subjects, 
IQR: Interquartile range presented as 25th and 75th percentile values, HOMA‑IR: Homeostatic model assessment of insulin resistance, 
HOMA2‑IR: Homeostatic model assessment updated version 2 for insulin resistance, HOMA2‑Beta: Homeostatic model assessment 
updated version 2 for beta‑cell function, MS: Metabolic syndrome, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, 
GGT: Gamma‑glutamyl transferase
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NAFLD  [Figure  1]. Dyslipidemia was the most common 
metabolic abnormality  (n  =  214/276; 77%), followed by 
diabetes  (n  =  68/276; 25%)  [Table  2]. MS was present in 

84%  (n  =  233/276)  [Table  2]. Dyslipidemia and MS were 
more frequent in NAFLD‑O than NAFLD‑L  [Table  2]. 
NAS  ≥5, “definite NASH” and “NASH cirrhosis” were 

Table 2: Metabolic and histologic comparison between lean and overweight/obese subjects with histology‑proven 
nonalcoholic fatty liver disease of the tertiary care cohort

Variables All subjects with 
NAFLD (n=276), 

n (%)

NAFLD‑L (n=29), 
n (%)

NAFLD‑O (n=247), 
n (%)

P*

Age (year); median (IQR) 40 (33–49) 46 (34–54) 40 (33–48) 0.11
Men 138 (50) 24 (83) 114 (46) 0.003
Adiposity characteristics, median (IQR)

Android fat mass (kg) 51.70 (46.50–59.60) 43.70 (39.50–47.10) 53.80 (47.70–60.20) 0.01
Gynoid fat mass (kg) 46.90 (35.60–55.00) 32.00 (30.40–36.60) 50.10 (39.40–55.50) 0.007
Android‑to‑gynoid fat mass ratio 1.17 (1.07–1.29) 1.35 (1.29–1.39) 1.15 (1.04–1.24) 0.009

Biochemical and metabolic characteristics, median (IQR)
HOMA2‑IR 1.30 (0.82–1.99) 1.14 (0.73–1.87) 1.30 (0.87–1.99) 0.39
Insulin resistance (mM/µ/L×2)† 2.23 (1.20–3.30) 2.47 (1.19–14.80) 2.18 (1.29–3.29) 0.75
Beta‑cell function (µ/mm)† 87.23 (56.78–142.30) 90.46 (59.90–272) 86.63 (53.22–138.15) 0.03
Metabolic syndrome 233 (84) 10 (34) 223 (90) 0.002
Diabetic 68 (25) 11 (38) 57 (23) 0.08
Dyslipidemia 214 (77) 17 (59) 197 (80) 0.01
CAP (dB/m), median (IQR) 299.50 (260–334) 266 (253–338) 303 (267–334) 0.04
ALT (IU/L), median (IQR) 48 (31–76) 51 (31–60) 48 (31–78) 0.85
AST (IU/L), median (IQR) 40 (29–59) 40 (28–54) 40.50 (29–60) 0.72
GGT (IU/L), median (IQR) 44 (30–57) 44 (33–69) 44 (30–56) 0.64

Histological characteristics
Steatosis (%), median (IQR) 30 (10–50) 20 (10–40) 30 (10–50) 0.02
Steatosis (higher grade) (≥S2)‡,§ 125 (45) 9 (31) 116 (47) 0.02
NAS, median (IQR)‡ 3 (1–4) 2 (1–4) 3 (1–4) 0.07
NAS≥5‡ 32 (12) 4 (14) 28 (11) 0.57
Hepatocyte ballooning‡ 111 (40) 9 (31) 103 (42) 0.04
Lobular inflammation (moderate to severe)‡,|| 18 (6) 2 (7) 16 (6) 0.44

Fibrosis stages‡

F0 166 (60.14) 19 (65.52) 147 (59.51) 0.026
F1 63 (22.83) 8 (27.59) 55 (22.27)
F2 25 (9.58) 2 (6.90) 23 (9.31)
F3 8 (2.90) 0 8 (3.24)
F4 14 (5.10) 0 14 (5.67)
Megamitochondria‡ 9 (3) 1 (3) 8 (3) 0.32
Mallory–Denk bodies‡ 18 (6) 4 (14) 14 (6) 0.01
Apoptotic hepatocyte‡ 50 (18) 8 (27) 42 (17) 0.02
Lipogranuloma‡ 8 (3) 0 8 (3) 0.03
Histological subtypes¶

Non‑NASH NAFLD 118 (43) 16 (55) 102 (41) 0.08
Definite NASH 32 (12) 4 (14) 28 (11)
Indeterminate NASH 112 (40) 9 (31) 103 (42)

NASH cirrhosis 14 (5) 0 14 (6)
*P‑values (two‑sided) <0.05 were taken as significant and were adjusted for multiple comparisons by Benjamini and Hochberg method, 
†IR and beta‑cell function were measured by FSIVGTT using MINMOD, ‡As defined by NASH‑CRN,[23] §≥S2: Steatosis>33%, ||Lobular 
inflammation (moderate to severe): ≥2 foci per 20×optical field, ¶Histological subtypes were defined as per classification provided 
by liver forum case definitions working group.[24] NASH: Nonalcoholic steatohepatitis, NAFLD: Nonalcoholic fatty liver disease, 
NAFLD‑L: NAFLD in lean subjects, NAFLD‑O: NAFLD in overweight/obese subjects, IQR: Interquartile range presented as 25th 
and 75th percentile values, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, GGT: Gamma‑glutamyl transferase, 
CAP: Controlled attenuation parameter (noninvasive assessment of liver fat), IR: Insulin resistance, HOMA2‑IR: Homeostatic model 
assessment updated version 2 for IR, FSIVGTT: Frequently sampled intravenous glucose tolerance test, MINMOD: Minimal model, 
NASH‑CRN: Nonalcoholic steatohepatitis clinical research network
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present in 12%  (n  =  32/276), 12%  (n  =  32/276), and 
5% (n = 14/276), respectively [Table 2].

Adiposity and insulin resistance profile of nonalcoholic 
fatty liver disease in lean subjects vis‑a‑vis nonalcoholic 
fatty liver disease in overweight/obese subjects

NAFLD‑L, compared to NAFLD‑O, had a higher amount 
of android fat relative to gynoid  (android/gynoid fat ratio), 
measured by DEXA, both in CC  (median 1.38  vs. 1.22, 
respectively, P  =  0.03) and TC  (median 1.35  vs. 1.15, 
respectively, P  =  0.009)  [Tables  1 and 2]. Furthermore, 
ES  (Cohen’s d  [Hedges’ g]) for android/gynoid fat ratio 
showed medium (0.54 in TC) to large  (0.90 in CC) effects 
toward NAFLD‑L [Figure 2].

NAFLD‑L had relatively lower HOMA2‑IR than NAFLD‑O 
in CC  [Table  1] but with small ES  (Cohen’s d  [Hedges’ g]; 
−0.31) [Figure 2]. Physiologically robust test, FSIVGTT, in TC, 
showed comparable IR in NAFLD‑L and NAFLD‑O (median 
2.47  vs. 2.18, respectively; P  =  0.76)  [Table  2]. Distribution 
of ES  (Cohen’s d  [Hedges’ g]) for IR  (FSIVGTT) across the 
line of “no effect” suggested IR to have an effect of similar 
magnitude on NAFLD‑L and NAFLD‑O [Figure 2].

FSIVGTT in TC showed better BCF in NAFLD‑L 
than in NAFLD‑O  (median: 90.46  vs. 86.63  mu/mM 
in NAFLD‑L and NAFLD‑O, respectively, P  =  0.03; 
Table  2). Furthermore, ES  (Cohen’s d  [Hedges’ g]) for 
BCF  (FSIVGTT) showed a medium effect  (0.66) toward 
NAFLD‑L [Figure 2].

Histology of nonalcoholic fatty liver disease in lean 
subjects vis‑a‑vis nonalcoholic fatty liver disease in 
overweight/obese subjects [Table 2]

NAFLD‑L had less steatosis than NAFLD‑O  (median 
steatosis 20% vs. 30%, respectively)  [Table  2]. NAFLD‑L 
and NAFLD‑O had comparable NAS  (median 2  vs. 3, 
respectively, P = 0.07) and proportion of the subjects with 
NAS  ≥5  (14% vs. 11%, respectively)  [Table  2]. However, 
NAFLD‑L had less ballooning than NAFLD‑O  (31% vs. 
103 42%, respectively, P = 0.04) [Table 2]. Higher fibrosis 
stages/cirrhosis were detected only in NAFLD‑O [Table 2]. 
Ancillary features of liver injury  (megalomitochondria/
Mallory–Denk bodies/apoptotic hepatocyte/lipogranuloma) 
were less prevalent  [Table  2]. However, NAFLD‑L had 
higher frequencies of Mallory–Denk bodies and apoptotic 
hepatocytes than NAFLD‑O, whereas all the lipogranuloma 
detected were in NAFLD‑O  [Table  2]. Overall, the 
prevalence of “definite NASH” was lower  (n  =  32/276; 
12%) than “indeterminate NASH”  (n  =  112/276; 40%) 
in our cohort  [Table  2]. NAFLD‑L and NAFLD‑O had 
comparable prevalence of histologic subtypes, including 
“definite NASH”  (14% vs. 11%, respectively; P  =  0.08) 
despite less advanced fibrosis in NAFLD‑L [Table 2].

Discussion
The primary observations of our study are relevant in 
improving contemporary pathophysiological understanding 
of disease and subsequent approach to management in 

Figure 2: Forest plot showing the effect Sizes of metabolic factors in lean versus overweight/obese subjects with nonalcoholic fatty liver disease. Cohen’s 
d (Hedges’ g): a measure of effect size, is defined as the standardized mean difference between the groups, calculated with Hedges’ correction for unequal 
sample size and skewed data. CI: Confidence interval, SD: Standard deviation, n: Sample size, NAFLD‑O: Nonalcoholic fatty liver disease in overweight/
obese subjects, NAFLD‑L: Nonalcoholic fatty liver disease in lean subjects, HOMA2‑IR: Homeostatic model assessment (HOMA) updated version 2 for 
insulin resistance (IR), HOMA2‑Beta: HOMA2 for beta‑cell function, FSIVGTT: Frequently sampled intravenous glucose tolerance test
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NAFLD‑L. First, NAFLD‑L has similar IR but better BCF 
compared to NAFLD‑O. Second, the prevalence of the 
“definite NASH” was similar in the two groups despite the 
absence of advanced fibrosis in NAFLD‑L. Third, NAFLD–L 
had higher android fat than gynoid compared to NAFLD‑O.

The spread of the study, adoption of a “habitation to 
hospital” approach for evaluation of relevant abnormalities, 
enabled us to pick up the subjects from two ends of the 
disease care continuum, i.e.,  community and tertiary care 
within the same healthcare hierarchy. This geographical 
colocalization of the two cohorts with different disease risk 
backgrounds ensured elimination of potential confounding 
by cultural–ethnic influences and represented the broad 
real‑life spectrum of NAFLD. In addition, this also 
ensured simultaneous use of a public health approach in 
the community and a more detailed pathophysiological 
approach in tertiary care to fulfill the objective of comparing 
NAFLD‑L against NAFLD‑O. Other methodological 
strengths of our study were the adoption of a stringent 
anthropometric definition of leanness  (exclusion of AO in 
addition to the BMI definition), the usage of physiologically 
robust assessment of IR by FSIVGTT, and histological case 
definitions proposed to ensure uniformity and comparability 
across the studies. A  cost of the stringent definition of 
leanness in our study was the reduction in the number of 
lean subjects available while making it anthropometrically 
“pure.” Assessment of IR by two methods, one with easy 
applicability in the field  (HOMA2‑IR) and another with 
pathophysiological robustness  (FSIVGTT), increased the 
relevance of the IR data.

Observations from the present study contribute to the 
understanding of subtle physiological alterations and 
pathophysiological characteristics of NAFLD in lean 
subjects in the midst of reported discordances.[5-7] The 
evidence that we present from a large community as 
well as a TC would argue that NAFLD‑L is aligned with 
NAFLD‑O in the same spectrum of pathophysiological 
mechanisms centered around IR, differing only in severity, 
reflected as better BCF in NAFLD‑L but persistent IR 
with impending beta‑cell dysfunction in NAFLD‑O.[25] 
Thus, glucotoxicity and lipotoxicity related to beta‑cell 
dysfunction are expected to be less severe in NAFLD‑L.[25] 
This could explain the observed differences in severity of 
clinically apparent metabolic dysfunction in the forms of 
MS and dyslipidemia. However, this metabolic advantage 
could have been negated by preferential accumulation 
of more insulin‑resistant android fat, despite the absence 
of anthropometric obesity, in NAFLD‑L, and thereby 
inducing IR comparable to NAFLD‑O.[26] This upholds the 
well‑known pathophysiological linkage between IR and 
NAFLD and suggests that IR could be a logical central 
therapy target in NAFLD‑L, as it is in classical NAFLD‑O. 
Thus, our findings on one hand justify the concept of 
“metabolic dysfunction” as a central mechanism for the 
recently proposed “MASLD” and on the other hand provide 

clues to the uniqueness of this “metabolic dysfunction” in 
lean subjects with MASLD, i.e., NAFLD‑L.

We observed an overall trend toward the presence of 
histologically less severe disease and comparable frequency 
of “definite NASH” in NAFLD‑L and NAFLD‑O. This 
makes NAFLD‑L and NAFLD‑O indistinguishable in terms 
of histological inflammatory activity, whereas NAFLD‑L 
could be at a lower risk of having advanced fibrosis. Over 
and above, the observation of histologically mild disease 
in the majority of NAFLD subjects biopsied underscores 
the need for refinement of the indications for histological 
assessment and the need for adoption of a strategy 
of screening “high‑risk” subjects using noninvasive 
biomarkers for further invasive assessment.[27]

We acknowledge that our study had some limitations. First, 
a relatively low participation rate (57%) for screening in the 
selected community subjects. This was mostly because of 
unwillingness to comply with the stepwise evaluation plan, 
along with occupational commitment and lack of incentive 
in the study, as addressed in a meta‑analysis of community 
Diabetes screening studies showing a decreasing rate of 
response with increasing steps of evaluation.[28] The present 
observational study, without any therapeutic intervention, 
proceeded with this real‑life response pattern unlike any 
therapeutic or clinical drug trials. Second, apparently, we 
had a lower proportion of the subjects with biopsy‑proven 
NAFLD in NAFLD‑L group  (11%, n  =  29/276). However, 
this was in concordance with the proportion of nonobese 
NAFLD  (12.9%) reported from Southeast Asia.[4] Third, we 
could not evaluate the community and TCs during the same 
time period because of constraints in workforce, resources, 
and logistic issues. Fourth, we could not define NAFLD or 
NASH as “MASLD” or “metabolic dysfunction‑associated 
steatohepatitis (MASH)” in our study, as these terminologies 
were adopted recently after we undertook the present study.[8]

Our CC, the lowest stratum of the healthcare hierarchy, 
having a low prevalence  (1%) of noninvasively diagnosed 
NAFLD in lean subjects, could explain the proportion 
of NAFLD‑L in TC, the highest stratum of the same 
healthcare hierarchy. This real‑life impact of community 
prevalence of NAFLD‑L on the burden of the tertiary care 
facility was appreciated because of using two extreme ends 
of the same healthcare hierarchy in our study.

Given the fact that the pathophysiological pattern remains 
the same regardless of the nomenclature, NAFLD or 
MASLD, our present observations, along with others, 
might be useful to enrich the newly evolving nomenclature 
of “MASLD” and “MASH” in terms of pathophysiological 
understanding and clinical outcome, particularly in lean or 
nonobese subjects.[29]

Conclusion
NAFLD‑L constituted one‑tenth of all NAFLD in the 
community. NAFLD‑L showed pathophysiological 
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similarity with NAFLD‑O, in terms of the pattern of IR and 
histological subtypes. The metabolic advantage of having a 
lower prevalence of MS and better BCF is counterbalanced 
by preferential accumulation of more insulin‑resistant 
android fat in NAFLD‑L. This observation could strengthen 
the biological concept behind the development of the new 
terminology “MASLD” and be utilized to further explore 
pathophysiologic and therapeutic aspects of NAFLD/
MASLD in lean subjects.
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