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Introduction

Nonalcoholic fatty liver disease (NAFLD) is an emerging pub-
lic health problem."? It encompasses a spectrum of diseases
from nonalcoholic fatty liver to nonalcoholic steatohepatitis
(NASH) and fibrosis.? It is the most common cause of chronic
liver disease* and has been identified as the leading etiology of

liver transplantation worldwide.’

1236

Abstract

The pathophysiology and risk factors of nonalcoholic fatty liver disease (NAFLD)
among lean patients is poorly understood and therefore investigated. We per-
formed a meta-analysis of observational studies. Of 1175 articles found through
searching from Medline/PubMed, Banglajol, and Google Scholar by two indepen-
dent investigators, 22 were selected. Data from lean (n = 6768) and obese
(n = 9253) patients with NAFLD were analyzed; lean (n = 43 398) and obese
(n = 9619) subjects without NAFLD served as controls. Age, body mass index,
waist circumference, systolic blood pressure, and diastolic blood pressure (DBP)
had significantly higher estimates in lean NAFLD patients than in lean non-
NAFLD controls. Fasting blood sugar [MD(mean difference) 5.17 mg/dl, 95% CI
(confidence interval) 4.14-6.16], HbAlc [MD 0.29%, 95% CI 0.11-0.48], and
insulin resistance [HOMA-IR] [MD 0.49 U, 95% CI 0.29-0.68]) were higher in
lean NAFLD patients than in lean non-NAFLD controls. All components of the
lipid profile were raised significantly in the former group except high-density lipo-
protein. An increased uric acid (UA) level was found to be associated with the
presence of NAFLD among lean. Cardio-metabolic profiles of nonlean NAFLD
patients significantly differs from the counter group. However, the magnitude of
the difference of lipid and glycemic profile barely reached statistical significance
when subjects were grouped according to lean and nonlean NAFLD. But DBP
(slope: 0.19, P < 0.037), HOMA-IR (slope: 0.58, P < 0.001), and UA (slope: 0.36,
P = 0.022) were significantly higher if NAFLD was present compared to that of
non-NAFLD group. Lean and nonlean NAFLD patients are metabolically similar
and share common risk factors.

The pathogenesis of the NAFLD is multifactorial and the
underlying mechanism yet to be fully understood. Most mecha-
nisms for developing NAFLD are linked with changes in lipid
metabolism and development of insulin resistance.5® Former
thought about underlying pathophysiology was based on excess
body fat or obesity but recent trends of NAFLD in lean patients
with a body mass index (BMI) <25 kg/m” has changed that
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thought.>'" The role of factors like diet, ethnicity, derangement
of gut liver axis, and gut microbiota came into light.">"'> While
this phenomenon was initially observed in Asian population,'® it
has now been recognized as a global health issue.'” In addition,
due to increased incidence of NAFLD in lean (nonobese)
patients, research focus has recently been emphasized to this
population.'® However, obesity, age, advanced insulin resistance,
or type 2 diabetes mellitus have repeatedly been reported as risk
factors for progression from NAFLD to NASH.%!1+12:14.18
Overall prevalence of lean NAFLD among general popula-
tion was 10.2%, and among the NAFLD population the preva-
lence of lean NAFLD was 19.2% with a broad countrywide
variation.'*?° In an average around 40% of people with NAFLD
are not obese but they have severe histological phenotype like
that of obese people. Mortality rate is higher and almost 40% of
nonobese people with NAFLD have NASH and almost 30%
have significant fibrosis.'*'®2° In addition, the management plan
of both group of patients has a distinct difference. For example:
successful weight reduction strategy has potential benefits in
nonlean patients but there are limited benefits in lean NAFLD
patients.”! Based on the previous literature and considering the
differences in the underlying mechanisms of lean and nonlean
NAFLD, we hypothesized that risks factors of NAFLD might
differ between those groups and needs to be assessed. Therefore,
the aim of this study was to systematically evaluate the risk fac-
tors of lean NAFLD and to aid in management strategies for the
prevention and control of NAFLD and related diseases.

Methods

This work was delineated on the basis of the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis Protocols
(PRISMA-P) guidelines® for evaluating the risk factor responsible
for development of NAFLD in lean individuals. A PRISMA-P
checklist for this work is attached (Table S1, Supporting informa-
tion). The protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO registration number:
CRDA42019136129).

Ethical clearance was waivered as there was no involve-
ment of live subjects. However, formal notification and permis-
sion was taken from Institutional Review Board (IRB) of
Bangabandhu Sheikh Mujib Medical University (BSMMU),
Dhaka, Bangladesh. IRB registration no: BSMMU/2020/1012.

Search strategy and selection criteria. This meta-
analysis was based on systematic searches in several electronic
databases comprising Medline/PubMed, BanglaJOL, and Google
Scholar from inception to 30 March 2020. The keywords used
during searching were made before final searching in collabora-
tion with an experienced medical librarian so that as many rele-
vant articles as could be retrieved. To enhance the sensitivity,
bibliographic search of the selected article was also performed
for additional article. Our search term for PubMed (from incep-
tion to 30 March 2020) with details of our search strategy and
data collection, including terms for other databases, are described
in the Table S2.

We included original research articles that defined their
population as nonobese or lean individuals aged 18-years or
older and defined NAFLD with stratification according to weight
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status (nonobese or lean). In this review, lean was defined as
patients with a BMI <25 kg/m” and nonlean was defined when
BMI >25 kg/m”. Hence only studies using this cut-off point for
differentiating nonlean (obese) from lean (nonobese) were
included. Studies that described possible risk factors of NAFLD
or lean NAFLD/NASH patients were considered for initial inclu-
sion and there was no restriction in accordance with study setting
either hospital or community. We included prospective compara-
tive cohort studies of which baseline data is available, case—
control studies, and cross-sectional studies which detailed the
risk factors of lean NAFLD.

The exclusion criteria for studies were: reporting popula-
tion <18 years of age including children, or people with mental
disorders or studies concerning patients with other liver diseases
or causes for steatosis, and alcoholic fatty liver disease or articles
including patients who have a daily alcohol consumption >30 g
for men and >20 g for women.?® Studies unable to ascertain how
NAFLD was diagnosed were also removed. Randomized con-
trolled trials (RCTs), systematic reviews, review articles, trial
protocols, ongoing trials, editorials, letters, and conference papers
were excluded from the analysis. Articles which do not have full
texts available or lack of information regarding age, sex, country
of origin, study design, method of assessment of fatty liver infil-
tration, anthropometric variables (waist circumference [WC]) or
exclusive to one gender and duplicate publication were excluded.
Gray literatures were also excluded. Inclusion of the studies were
restricted to those published in English.

In order to exclude articles irrelevant to the systematic
review, two investigators (Mohammad Jahid Hasan and Md
Abdullah Saeed Khan) initially independently reviewed the title
and abstract of each the references using rigorous inclusion
criteria. Any dispute between two investigators were resolved
through discussion with the principal investigator (Shahinul
Alam). Then search results passed on to Mendeley (reference
management software) which excluded the duplicates. In the sec-
ond stage, the two investigators independently read the full texts
of the articles that were included in the initial stage, and then
selected the articles that met the inclusion criteria. Differences of
ideas regarding the selection of articles were resolved through
group discussion. In cases where details were missing on study
design, population, intervention, or outcomes, the authors of
included studies were contacted by email. After the first contact
attempt, if no response received, the study authors were con-
tacted two more times approximately 3 to 4 weeks apart. The
searches were re-run just before the final analyses and further
studies retrieved for inclusion were checked. The literature sea-
rch, data review, and data extraction were done with a case report
form to provide consistency throughout the data collection pro-
cess. Data were extracted independently by two investigators
(any of two Mohammad Jahid Hasan, Md Abdullah Saeed Khan,
Kamrul Anam, and S K M Nazmul Hasan). Discordance and dis-
agreements were resolved by consensus between the two investi-
gators or by consultation with the principal investigator
(Shahinul Alam).

Assessment of study quality. We used a quality assess-
ment scale based on the Newcastle-Ottawa Scale (NOS) for this
study, ranging from 0 to 9, with 7-9 representing high quality
scores, 4-6 representing medium scores, and 1-3 representing
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low scores.>* For cross-sectional study, adapted version of the
NOS was used. More details are depicted in Table S3.

Data management. The data extraction was done by two
researchers (Mohammad Jahid Hasan, Md Abdullah Saeed Khan)
using a standardized and pretested format. Data extraction included:
title, first author, publication year, study design, settings (hospital-
based or population-based), sample size, ethnicity, participant
groups (lean vs nonlean, NAFLD vs non-NAFLD), effect estimates
for age, WC, BMLI, systolic blood pressure, diastolic blood pressure,
fasting blood sugar (FBS), HbAlc, insulin resistance (HOMA-IR),
total cholesterol (TC), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglycerides (TG), and uric acid (UA). Besides
this, the search results and necessary notes were uploaded and man-
aged using Microsoft Excel 2016.

Statistical analysis. To summarize effects sizes a random
effect model was adopted to allow for the variability of measure-
ments across the studies included in the analysis. To specifically
provide measures of the absolute difference between the mean
values of each variable of interest calculated for any two groups
(e.g. lean-NAFLD vs lean non-NAFLD patients, or lean-NAFLD
vs nonlean NAFLD, or lean non-NAFLD vs nonlean non-
NAFLD), we used the difference in means. All the data presented
as median (range), and median (interquartile range [IQR]) were

)
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converted to mean (SD) using an online calculator® particularly
using equations by Luo ef al.?® and Wan et al.?” We measured
the variables of interest on the same scale/unit. Results from
studies that report laboratory data on SI units were converted to
conventional units using appropriate conversion factors. For each
analysis, a forest plot was generated to display results. Subgroup
analysis across ethnicity, and study population were conducted to
assess sources of heterogeneity. Corresponding forest plots with
estimates of effects sizes across groups are presented in
Supporting Information. Funnel plots were drawn to assess publi-
cation bias for risk factors which was reported in 10 or more
studies. Details regarding subgroup analyses, meta-regression,
heterogeneity, and publication bias are fully disclosed in
Supporting Information. The meta-analysis was conducted using
the statistical software “R” version 3.6.0 for Windows version 10
(Microsoft corporation, Redmond, WA, USA).

Results

Study identification and selection. The PRISMA flow
chart visualizes the overall study screening process (Fig. 1). Ini-
tially 1175 articles were identified through search strategy which
was narrowed down to 47 articles that matched the purpose of
the study. After further scrutiny, 22 articles were finally selected
for inclusion (Table S5 enlists the 25 articles which were

Figure 1 PRISMA 2009 flow diagram. BMI, body mass index.
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Lean NAFLD Lean non-NAFLD
Study Total Mean SD Total Mean sD Mean difference MD 95% Cl Weight
Cho 2016 213 4400 6.7000 1498 43.00 6.5000 100 [0.04; 1.96] 7.6%
Younussi 2012 431 4194 11500 4026 3961 0.4300 233 [222;,244] 81%
Nishioji-male 2015 260 57.70 10.8000 847 57.80 127000 010 [[167; 1471 70%
Nishioji-Female 2015 151 6260 85000 1438 5560 11.8000 700 [551;849] 71%
Kim 2004 74 5160 97000 386 51.00 10.1000 060 [-1.83; 3.03] 59%
Kim-male 2016 47 5013 77500 259 5053 92800 040 [-289; 209] 58%
Kim-female 2016 89 5517 92500 824 4846 86500 671 [470;872] 64%
Das 2010 90 36.00 13.0000 134 39.00 13.0000 300 [647;, 047] 46%
Gonzalez-Cantero 2018 25 43.00 12.8100 30 3971 7.3000 329 [[237,895 27%
Kim 2018 132 58.70 12.0000 81 54.90 14.2000 380 [009; 7511 43%
Kwon 2012 3014 4940 10.4000 20994 44.00 11.2000 540 [500; 580] 8.0%
Lee 2018 208 5270 120000 745 52.00 12.2000 070 [[115; 255 66%
Lu 2016 693 48.00 109000 5223 4270 11.1000 530 [443, 6171 T7%
Naderian 2017 55 4329 143800 259 41.63 14.8900 166 [-2.55 587] 3.8%
Wang 2016 43 47.53 20.3200 83 41.91 14.3300 562 [-[1.19;1243] 21%
Xu 2013 502 47.00 124000 6403 43.00 12.5000 400 [287, 513] 75%
Yun 2019 27 4670 83000 168 4260 8.2000 410 [0.73;, 747] 47%
Random effects model 6054 43398 : : : | 287 [1.74; 4.00] 100.0%

Heterogeneity: 1% = 95%, ©° = 4.1058, 3, = 350.08 (P < 0.01)

10 -5 0 5 10

Favours lean non-NAFLD Favours lean NAFLD

Figure 2 Forest plot for age. Cl, confidence interval; MD, mean difference; NAFLD, nonalcoholic fatty liver disease.

excluded with main reasons for exclusion). Among the included
articles, there were 19 cross-sectional studies,!!1617:2843 1 cage—
control study,44 and 2 cohort studies.'*>*

Study characteristics. Detailed study characteristics for the
22 included studies are outlined in Table S4. Total sample size
was 69 038 (lean NAFLD = 6768, lean non-NAFLD = 43 398,
nonlean NAFLD = 9253, and nonlean non-NAFLD = 9619). All
the studies included adults of both sexes.

Fifteen  studies were conducted in  hospi-
ta]'!-12:29-31.33.36.37.39-4345 and seven studies were conducted
in the community setting,'®-!7-28:32:34.35.38.44

Fatty liver was assessed by ultrasonography (USG) of liver
in 15 studies'""!7:28:2232-3941-43 1y computed tomography scan in
1 study,** by magnetic resonance spectroscopy in 1 study,'® and
by percutaneous liver biopsy in 5 studies.!>30-31:4045

Eight studies were of Caucasian origin''"'7=0-3138394445 44
14 studies were of East-Asian origin,!!1>-16:17:28.29.32-34.36-39.41-44

Two studies™® presented values as median (range), five
studies!416:19:21 presented as median (IQR), and rest of the stud-
jeg!35:7-13.17.18.20.22 presented as mean (SD). Median values
were converted to mean using procedures described in Methods
section.

Meta-analysis results

Age and risk of NAFLD in lean people. For risk of NAFLD
in lean individual, 15 studies'”**3%3%* compared age of lean
NAFLD and non-NAFLD participants. Among these, two stud-
ies**> presented comparison separately for male and female.
Only one study was case—control study,** and rest of the studies
were cross-sectional studies.'!'%16-17-28-4345 Eioyre 2 shows that

lean NAFLD patients were significantly older than lean non-

NAFLD participants (mean difference [MD] 2.87 years, 95%
confidence interval [CI] 1.74—4.00). The studies were consider-
ably heterogenous (> = 95%). Hence, a random effect model
was used. Subgroup analysis across ethnicity showed that studies
of Korean, Japanese, and Chinese origin (I2 = 94, 98 and 85%
respectively) were more heterogenous than that of Caucasian ori-
gin (I = 68%) (Figure S2A). Studies stratified by study popula-
tion (population-based vs hospital-based) did not show any
significant change in heterogeneity (Figure S2B). However, a
stratification across geographic location (Eastern vs other)
showed less heterogeneity in other studies (P = 93 vs 68%
respectively) (Figure S2C).

BMI and risk of NAFLD in lean people. For risk of NAFLD
in lean people, same number of studies as that of age compared
BMI between lean NAFLD patients and lean non-NAFLD con-
trols. Figure 3a shows that lean NAFLD patients had significantly
higher BMI than lean non-NAFLD participants (MD 1.40 kg/m?,
95% CI 0.63-2.18). The studies were considerably heterogenous
(P = 100%). Subgroup analysis across ethnicity did not show any
change in heterogeneity (Figure S3A). Studies stratified by popula-
tion (population-based vs hospital-based) and by geographic loca-
tion (Eastern vs other) showed similar heterogeneity (Figure S3B
and S3C).

WC and risk of NAFLD in lean people. For risk of NAFLD
in lean people, same number of studies as that of age compared
WC between lean NAFLD patients and lean non-NAFLD con-
trols except one cross-sectional study.'” Figure 3b shows that
lean NAFLD patients had significantly higher WC than lean non-
NAFLD participants (MD 5.39 cm, 95% CI 4.58-6.20). These
studies were considerably heterogenous (P = 94%). Subgroup
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a BMI
Lean NAFLD Lean non-NAFLD

Study Total Mean SD Total Mean SD Mean difference MD 95% Cl Weight
Cho 2016 213 2278 3.7300 1498 21.00 6.5300 h - 178 [1.18;238] 58%
Younossi 2012 431 2217 0.1600 4026 22.09 0.0400 0.08 [0.06;0.10] 6.0%
Nishioji-male 2015 260 23.00 1.5000 847 21.30 2.0000 | 170 [147;193] 6.0%
nishioji-Female 2015 151 2260 15000 1438 20.30 2.1000 B 230 [204,256] 6.0%
Kim 2004 74 2340 1.3000 386 2260 1.6000 - 080 [046;1.14] 60%
Kim-Male 2016 47 2364 1.2200 259 22.45 16300 - 1.19 [0.79;1.59] 5.9%
kim-Female 2016 89 2323 1.1800 824 21.77 1.8200 L 3 146 [1.19,173] 6.0%
Das 2010 90 20.70 2.7000 134 19.50 2.7000 —— 120 [048;192] 57%
Gonzalez Cantero 2018 25 23.46 1.9600 30 2259 16100 —— 087 [0.09;1.83] 55%
Kim 2018 132 23.40 1.3000 81 2250 1.7000 - 090 [047;1.33] 59%
Kwon 2012 3014 23.10 1.3000 20994 20.30 2.0000 B280 [275,285] 6.0%
Lee 2018 208 2380 1.1800 745 21.40 1.8000 W 240 [219261] 6.0%
Lu2016 693 21.57 14500 5223 20.73 1.5600 084 [072;096] 6.0%
Naderian 2017 55 23.21 14600 259 22.13 2.2200 i 1.08 [061;1.55] 59%
Wang 2016 43 23.19 1.5400 83 21.96 2.0200 —— 123 [060;1.86] 5.8%
Xu2013 502 2360 1.2000 6403 21.50 2.0000 210 [198;222] 6.0%
Yun 2019 27 2280 26000 168 21.80 1.8000 —i-— 1.00 [-0.02;2.02] 55%
Random effects model 6054 43 398 ~———— 1.40 [0.63; 2.18] 100.0%

Heterogeneity: I = 100%, 1° = 2.6019, 2, = 11021.79 (P = 0) ' ' ' '
2 1 0 1 2
Favours lean non-NAFLD Favours lean NAFLD

b wc Lean NAFLD Lean non-NAFLD

Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Cho 2016 213 83.50 41000 1498 78.20 5.0000 530 [469; 591 77%
Nishioji-male 2015 260 86.10 46000 847 80.20 6.0000 590 [521; 659 76%
nishigji-Female 2015 151 84.10 65000 1438 76.20 7.2000 3 790 [680; 9.00) 7.0%
Kim 2004 74 83.90 48000 386 78.60 5.7000 5 3 530 [4.07, 653] 68%
Kim-Male 2016 47 85.00 42700 259 80.82 5.4300 = i 418 [2.79; 557] 65%
kim-Female 2016 89 79.82 52600 824 73.39 56500 I 643 [527;, 759] 69%
Das 2010 90 73.01 91200 134 72.23 8.3200 —;— 078 [[1.57; 313] 48%
Gonzalez Cantero 2018 25 88.86 7.9500 30 81.19 8.7400 ——®—— 767 [3.25;12.09] 24%
Kim 2018 132 83.10 4.6000 81 79.80 6.0000 s o 3.30 [1.78; 482] 6.3%
Kwon 2012 3014 84.50 4.8000 20994 78.40 6.3000 6.10 [591; 629] 8.0%
Lee 2018 208 7550 7.8000 745 73.90 7.4000 i 160 [041; 279] 69%
Lu 2016 693 80.30 6.3000 5223 75.10 6.6000 520 [4.70; 570] 78%
Naderian 2017 55 8252 98500 259 79.10 8.9800 —l—- 342 [060; 624 41%
Wang 2016 43 88.20 5.9400 83 78.97 94300 : —l— 923 [653;1193] 42%
Xu2013 502 83.40 53000 6403 74.80 7.1000 860 [8.10; 910] 78%
Yun 2019 27 81.90 49000 168 76.80 6.2000 —— 510 [303;, 7171 53%
Random effects model 5623 39372 > | 5.39 [4.58; 6.20] 100.0%

Heterogeneity: 1% = 94%, 1° = 2.1102, 35, = 234.65 (P < 0.01) ! ' '
10 5 0 5 10
Favours lean non-NAFLD Favours lean NAFLD

Figure 3 Forest plot for body mass index (BMI) (a) and waist circumference (WC) (b). Cl, confidence interval; MD, mean difference; NAFLD, non-
alcoholic fatty liver disease.

analysis across ethnicity showed that Chinese studies explained across geographic location (Eastern vs other) showed less hetero-
the most heterogeneity (I* = 98%). Korean (I> = 78%) and Cau- geneity in other studies (* = 94 vs 74%, respectively)
casian (> = 74%) studies were less heterogenous than that of (Figure S4C).

Japanese (P = 89%) and Chinese studies (Figure S4A). Studies

stratified by population (population-based vs hospital-based) had Blood pressure and risk of NAFLD in lean people. Ten
similar high heterogeneity (Figure S4B). But, a stratification studies?®>*323843 compared blood pressure (BP) (both systolic
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a SBP
Study

Cho 2016
Nishioji-male 2015
Nishioji-Female 2015
Kim 2004
Kim-male 2016
Kim-female 2016
Kwon-male 2012
Kwon-female 2012
Lu 2016

Naderian 2017
Wang 2016
Xu2013

Yun 2019

Lean NAFLD

Total Mean SD
213 122.46 8.3500
260 129.50 15.5000
151 128.10 15.1000
74 129.80 19.6000
47 122.53 12.9000
89 119.51 19.9100
1590 117.20 0.2100
1424 11210 0.2100
693 124.90 16.7000
55 119.15 19.8900
43 12637 56100
502 126.20 14.6000
27 108.30 10.1000

Lean non-NAFLD

Risk factors of lean nonalcoholic fatty liver

Random effects model 5168
Heterogeneity: /° = 100%, 1° = 1.8099, 5, = 59154.74 (P= 0)

Total Mean sD Mean difference MD 95%-Cl Weight
1498 117.85 8.6800 = 461 [341; 581 11.1%
847 124.80 16.1000 - 470 [253; 6.87] 8.0%
1438 120.10 14.8000 —#— 800 [547;1053] 7.0%
386 126.70 18.4000 = 310 [1.73; 7.93] 3.1%
259 118.43 12.8900 — 410 [0.09; 8.11] 4.0%
824 114.75 14.5000 —— 476 [051; 901 37%
5103 115.80 0.1100 | I 140 [1.39; 1.41] 13.4%
15841 108.80 0.0500 n: 330 [329; 331] 134%
5223 118.10 15.8000 3 6.80 [5.48; 812] 10.7%
259 110.59 15.9100 ; 856 [2.96;14.16] 2.4%
83 119.06 3.9000 - 731 [5.44; 918] 89%
6403 117.70 14.4000 i 850 [7.18; 9.82] 10.7%
168 103.30 11.3000 —— 500 [0.82; 9.18] 3.8%
38332 — IO : 5.19 [4.22; 6.15] 100.0%

-0 5 0 5 10

Favours lean non-NAFLD Favours lean NAFLD

b DBP
Lean NAFLD Lean non-NAFLD
Study Total Mean SD Total Mean sSD Mean difference MD 95%-Cl Weight
Cho 2016 213 70.54 276200 1498 66.89 34.1300 365 [[0.44;7.74] 1.4%
Nishigji-male 2015 260 80.20 89000 847 76.10 8.9000 —l— 410 [286;5.34] 9.0%
nishioji-Female 2015 151 7510 87000 1438 70.70 9.0000 —i— 440 [294:586] T74%
Kim 2004 74 79.40 125000 386 77.80 12.0000 = 160 [-149;469) 23%
Kim-Male 2016 47 74.08 10.5700 259 71.87 9.3700 - 221 [[11.02,5.44] 21%
kim-Female 2016 89 73.64 10.9500 824 69.37 10.1000 —=—— 427 [189,665] 36%
Kwon-male 2012 1590 77.26 08200 5103 7590 04400 a 136 [1.32;140] 209%
Kwon-female 2012 1424 70.76 0.8200 15841 68.70 0.2900 [ | 206 [2.02;210] 20.9%
Lu 2016 693 73.30 11.1000 5223 71.60 10.4000 . 1.70 [0.83;2.57] 126%
Naderian 2017 55 78.94 10.0900 259 7563 8.2900 3.31 [0.46;6.16] 26%
Wang 2016 43 76.06 92000 83 73.06 98100 300 [047:647) 18%
Xu2013 502 80.20 8.5000 6403 7440 8.9000 M 580 [5.03,657] 13.8%
Yun 2019 27 71.00 94000 168 66.50 8.4000 ——=—— 450 [0.73;827] 16%
Random effects model 5168 38332 : * : 292 [2.43; 3.42] 100.0%

Heterogeneity: 1° = 98%, ° = 0.3029, x>, = 665.94 (P < 0.01)

-5 0

5
Favours lean non-NAFLD Favours lean NAFLD

Figure 4 Forest plot for systolic blood pressure (SBP) (a) and diastolic blood pressure (DBP) (b).

blood pressure [SBP] and diastolic blood pressure [DBP]) of lean
NAFLD and lean non-NAFLD participants. Among those, three
studies®>**3> presented comparison separately for male and
female. All the studies were cross-sectional. Figure 4a,b shows
that lean NAFLD patients had significantly higher BP than lean
non-NAFLD participants (SBP: MD 5.39 mmHg, 95% CI 4.58—
6.20; DBP: MD 2.92 mmHg, 95% CI 2.43-3.42) with consider-
able heterogeneity (> = 94% for SBP and 98% for DBP). Eth-
nicity showed that Chinese studies were relatively homogenous
for SBP (I = 39%, P = 0.19) than other. Heterogeneity was
mostly explained by Korean studies (I* = 100%) (Figure S5A).
Heterogeneity of DBP was explained by both Korean (I* = 99%)

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 1236-1249

and Chinese (I> = 96%) studies (Figure S6A). Studies stratified
by settings showed population-based studies were less heteroge-
nous than hospital-based (I* = 77 vs 100% respectively for SBP
and 63 vs 99% respectively for DBP) (Figure S5B and S6B).
However, stratification across geographic location (Eastern vs
others) did not reveal any difference as only one study in the lat-
ter group reported BP (Figure S5C and S6C).

FBS and risk of NAFLD in lean people. Fifteen studies com-
pared FBS between lean NAFLD patients and lean non-NAFLD
controls. Figure 5a shows that lean NAFLD patients had signifi-
cantly higher FBS than lean non-NAFLD controls (MD 5.17 mg/
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a FBS
Lean NAFLD Lean non-NAFLD

Study Total Mean SD Total Mean sD Mean difference MD 95%-Cl Weight
Cho 2016 213 89.00 8.8000 1498 8520 8.3000 [+ 380 [ 255; 505 10.3%
Nishioji-male 2015 260 102.70 16.4000 847 96.70 17.0000 | 6.00 [ 3.70,830] 74%
Nishioji-Female 2015 151 101.60 15.1000 1438 90.80 9.8000 . 10.80 [ 8.34;13.26] 7.0%
Kim 2004 74 9390 104000 386 91.30 8.4000 L 260 [0.09 511 69%
Kim-male 2016 47 103.53 357300 259 92.53 16.2500 11.00 [ 060;21.40] 08%
Kim-female 2016 89 9752 255900 824 88.38 10.0400 i 914 [ 378,1450] 27%
Das 2010 90 86.00 25.0000 134 80.00 20.0000 e 6.00 [-0.18;1218] 21%
Gonzalez-Cantero 2018 25 9340 16.2300 30 90.71 6.1200 = 269 [-404,942] 19%
Kim 2018 132 108.50 96.0000 81 99.00 91.0000 9.50 [-16.21;3521] 0.1%
Kwon-male 2012 1590 9820 1.1800 5103 9507 06700 | ] 313 [307; 319] 123%
Kwon-female 2012 1424 9497 0.8200 15841 89.79 0.7400 [ | 518 [ 5.14; 522] 123%
Lee 2018 208 107.60 32.3000 745 93.90 20.5000 i 1370 [ 907;1833] 34%
Lu2016 693 8766 93700 5223 8457 6.8100 309 [237;,381 115%
Naderian 2017 55 9140 23.1300 259 84.00 28.7400 B 740 [ 0.36,14.44] 17%
Wang 2016 43 91.22 10.0900 83 86.86 10.8900 - 436 [054;818] 44%
Xu2013 502 84.41 11.7900 6403 7996 8.4200 [ +| 445 [ 3.40; 550] 10.8%
Yun 2019 27 9510 94000 168 89.90 6.7000 -l— 520 [151;889] 46%
Random effects model 5623 39322 + 517 [ 4.17; 6.16] 100.0%

Heterogeneity: 1% = 9%, ° = 2.0986, 32, = 2923.55 (P = 0) T T
-30 -20 10 0 10 20 30
Favours lean non-NAFLD  Favours lean NAFLD

b HbAlc
Lean NAFLD Lean non-NAFLD

Study Total Mean  SD Total Mean  SD Mean difference MD 95%-Cl Weight
Nishioji-male 2015 260 6.00 0.6000 847 5.80 0.6000 I 0.20 [0.12,0.28] 28.5%
Nishioji-Female 2015 151 6.10 0.6000 1438 5.70 0.4000 4 0.40 [0.30;0.50] 27.9%
Kim 2018 132 651 14600 81 5.850.8700 i—#— 066 [0.35097] 16.1%
Yun 2019 27 55102700 168 5.45 0.2200 : 3 0.06 [-0.05;0.17] 27.5%
Random effects model 570 2534 ‘:-I 0.29 [0.11; 0.48] 100.0%

Heterogeneity: /* = 90%, 1 = 0.0291, 73 = 28.90 (P < 0.01) '

05 0 05
Favours lean non-NAFLD  Favours lean NAFLD
C HOMA-IR
Lean NAFLD Lean non-NAFLD

Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Cho 2016 213 134 21100 1498 230 44200 E 3 096 [-1.32,-060] 85%
Younussi 2012 431 277 03300 4026 1.67 0.0500 i 110 [1.07; 113] 11.8%
Kim 2004 74 266 1.0200 386 208 1.1200 . 0.58 [0.32;, 0.84] 98%
Kim-male 2016 47 1.01 05900 259 085 0.7800 ] 0.16 [-0.03; 0.35] 106%
Kim-female 2016 89 13508400 824 077 05100 058 [040; 0.76] 10.8%
Das 2010 90 163 16500 134 1.41 0.8900 3 022 [0.15;, 0.59] 8.3%
Gonzalez-Cantero 2018 25 475 34600 30 226 0.9600 —=—— 249 [1.09; 3.89] 17%
Kim 2018 132 3.81 22200 81 2.56 1.9000 —— 125 [069; 181] 6.1%
Kwon-male 2012 1590 212 0.1500 5103 1.78 0.0800 - 034 [0.33; 0.35] 11.8%
Kwon-female 2012 1424 2.34 0.1900 15841 1.64 0.0600 [ ] 0.70 [0.69; 0.71] 11.8%
Yun 2019 27 142 08900 168 095 0.5000 L 3 047 [0.13;, 081] 87%
Random effects model 4142 28 350 + 0.49 [0.29; 0.68] 100.0%
Heterogeneity: I° = 100%, - = 0.0857, 12, = 4738.93 (P=0)

-2 0 2

Favours lean non-NAFLD Favours lean NAFLD

Figure 5 Forest plot for fasting blood sugar (FBS) (a), HbATc (b), and (c) insulin resistance (HOMA-IR).

dL, 95% CI 4.17-6.16). These studies were considerably heter- Japanese (P = 87%), and Chinese (I° = 87%) studies
ogenous P = 99%). Subgroup analysis across ethnicity showed (Figure S7A). Heterogeneity of the studies can be explained by
that heterogeneity was mostly explained by Korean (I* = 100%), hospital-based studies and Eastern studies (Figure S7B and S7C).
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HbA1c and risk of NAFLD in lean people. Only three stud-
ies***%* compared HbAlc between lean NAFLD and lean
non-NAFLD controls. One study® compared HbAlc by sex.
Figure 5b shows that lean NAFLD patients had significantly
higher HbAlc than lean non-NAFLD controls (MD 0.29%, 95%
CI 0.11-0.48). These studies were considerably heterogenous
(> = 90%). Subgroup analysis by ethnicity showed similar het-
erogeneity (Figure S§A).

HOMA-IR and risk of NAFLD in lean people. Nine stud-
ies!7-28:29-3435.39.40.43.44 o ompared HOMA-IR of lean NAFLD
and non-NAFLD participants. One study>> presented gender dif-
ference, and one** was case—control study. Figure 5¢ shows that
lean NAFLD patients had significantly higher HOMA-IR than
lean non-NAFLD controls (MD 0.49 U, 95% CI 0.29-0.68).
These studies were considerably heterogenous (I = 100%). Sub-
group analysis did not show any difference in heterogeneity
across any stratification (Figure S9A-C).

Serum lipid profile and risk of NAFLD in lean people.
For risk of NAFLD in lean people, 13 studies®®3**!#344 com-
pared TC of lean NAFLD and non-NAFLD participants. Same
studies except two, 144 except one,*! and plus one® study also
compared LDL, HDL, and TG between those groups, respectively.
Only two studies®>* presented comparison separately for male
and female and one study was case—control.** Figure 6a—d show
that lean NAFLD patients had significantly higher TC, higher
LDL, lower HDL, and higher TG than lean non-NAFLD controls
(TC: MD 10.32 mg/dL, 95% CI 6.68-13.96; LDL: MD 9.56 mg/
dL, 95% CI 6.07-13.04; HDL: MD —5.74 mg/dL, 95% CI —7.06
to 4.43; and TG: MD 41.46 mg/dL, 95% CI 39.02-43.89). These
studies were substantially heterogenous (I2 = 76%, 76, 100 and
97% respectively for TC, LDL, HDL, and TG). Subgroup analysis
by ethnicity is shown in Figures S10A, S11A, S12A, and S13A.
Studies stratified by population (population-based vs hospital-
based) showed that heterogeneity in TC is completely explained
by population-based studies (> = 83%), but heterogeneity in LDL
and HDL is explained by hospital-based studies (* = 74% each)
(Figure S10B, S11B, and S12B). However, it was same across
study population in case of TG (Figure S13B). Stratification across
geographic location (Eastern vs other) showed that Eastern studies
were overall more heterogenous than other studies for LDL, HDL,
and TG and other way around for TC (Figures S10C, S11C,
S12C, and S130C).

Serum UA and risk of NAFLD in lean people. For risk of
NAFLD in lean people, only six studies®*~*>*3%3% compared
UA between lean NAFLD patients and lean non-NAFLD con-
trols. One study™* compared UA by sex. All were cross-sectional
studies. Figure 6e showed that lean NAFLD patients had signifi-
cantly higher UA than lean non-NAFLD controls (MD 0.66 mg/
dL, 95% CI 0.48-0.84). These studies were considerably heter-
ogenous (> = 86%). Subgroup analysis by ethnicity and study
settings are shown in Figures S14A and S14B.

Liver function tests in lean NAFLD versus non-NAFLD.
Alanine aminotransferase (ALT) was reported in 13 stud-
jes.!728:29334143 Agpartate aminotransferase (AST) was reported
in 10 studies'7?82-33:34374143 454 gamma glutamyl transferase

Risk factors of lean nonalcoholic fatty liver

(GGT) was reported in 10 studies.???*37394143 Compared to
non-NAFLD controls lean NAFLD patients had significantly
higher mean values of ALT (MD 8.12 U/L, 95% CI 6.21-10.02,
Figure S15A), AST (MD 272U/L, 95% 1.91-3.63,
Figure S16A), and GGT (MD 11.21 U/L, 95% CI 9.02-13.40,
Figure S17A). Analysis for all three variables were considerably
heterogenous. Subgroup analysis showed that heterogeneity is
mostly explained by Korean studies for ALT, Caucasian studies
for AST, and Chinese studies for GGT (Figures S15B, S16B, and
S17B). Whereas subgroup analysis by population (population-
based vs hospital-based) showed that heterogeneity was mainly
due to hospital-based studies (Figures S15C, S16C, and S17C).
Subgroup analysis by Eastern versus other studies showed that het-
erogeneity was higher among Eastern studies for ALT and higher
among other studies for AST (Figures S15D, S16D, and S17D).

Summary of the findings. A summary of the meta-analysis
results along with subgroup analysis for individual demographic,
anthropometric, and cardiometabolic risk factors for NAFLD in
lean people are given in Tables S6-S8. All the studies were con-
siderably heterogenous and heterogeneity varied by ethnicity,
study population, and risk factor under consideration. Random
effect model analysis showed that all of the factors had signifi-
cantly different effects estimates between lean NAFLD patients
and non-NAFLD controls.

Publication bias. For risk factors with 10 or more studies, fun-
nel plot analysis was conducted (Figure S18). Almost all the
plots showed asymmetry which could be explained mostly by
heterogeneity of the studies and partly by biased reporting of
studies with significant effect sizes. A visual inspection of the
funnel plots shows that studies reporting SBP, DBP, GGT, TC,
and LDL were moderately asymmetric. While other risk factors
showed a high asymmetry.

Comparison of risk factors of nonlean and lean NAFLD.
A summary of differences in effect size between lean and nonlean
NAFLD patients, and lean and nonlean controls are given in
Table 1. Nonlean NAFLD patients had significantly different
effect estimates than lean NAFLD patients in cardio metabolic
profiles: BMI (mean difference, P-value: 5.62 kg/mz, P <0.001),
WC (16.44 cm, P <0.001), SBP (4.97 mmHg, P < 0.001), DBP
(3.45 mmHg, P <0.001), FBS (3.37 mg/dL, P < 0.001), HbAlc
0.14%, P = 0.02), HOMA-IR (1.07, P< 0.001), HDL
(—=3.12 mg/dL, P <0.001), TG (13.07 mg/dL, P = 0.001), UA
(0.37 mg/dL, P = 0.003), ALT (5.66 UL, P <0.001), AST
(3.31 U/L, P <0.001), and GGT (4.58 U/L, P = 0.027). Similarly
nonlean controls had significantly different values in car-
diometabolic risk than lean control: BMI (5.25 kg/m2, P <0.001),
WC (11.36 cm, P <0.001), SBP (6.71 mmHg, P < 0.001), DBP
(3.64 mmHg, P < 0.001), FBS (2.91 mmol/L, P = 0.003), HbAlc
(0.06%, P = 0.044), HOMA-IR (0.53, P = 0.009), TC (5.13 mg/
dL, P = 0.001), LDL (6.25 mg/dL,, P <0.001), HDL (—5.67,
P <0.001), TG (22.36, P < 0.001), UA (0.36 mg/dL, P = 0.007),
ALT (2.71 U/L, P<0.001), AST (3.31, P<0.001), and GGT
(4.58, P = 0.027). In addition, nonlean controls were significantly
older than lean controls (2.63 years, P < 0.001).

The differences in values of individual risk factors between
lean and nonlean patients and controls could be explained by the
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a Tc
Lean NAFLD Lean non-NAFLD )
Study Total Mean SD Total Mean sD Mean difference MD 95%-Cl Weight
Cho 2016 213 200.60 34.6000 1498 189.00 31.7000 _:
Nishioji-male 2015 260 20260 34.2000 847 195.00 29.2000
Nishioji-Female 2015 151 210.90 32.3000 1438 204.60 31.9000 i
Kim 2004 74 208.80 34.3000 386 197.80 32.3000 ——
Kim-male 2016 47 19321349200 259 185.81 31.3200 -
Kim-female 2016 89 206.74 37.9800 824 185.99 32.9300 —a—
Das 2010 90 159.40 60.4000 134 177.70 50.3000 ——&——
Gonzalez-Cantero 2018 25 19360 322200 30 189.24 41.0200
Kim 2018 132 182.10 44.1000 81 175.20 425000 -
Lee 2018 208 206.80 37.8000 745 199.40 35.8000 -
Lu2016 693 184.17 38.7200 5223 174.13 31.4900
Naderian 2017 55 18284 41.7100 259 150.32 34,8000 .
Wang 2016 43 186.88 320400 83 178,65 20.4200
Xu2013 502 201.93 38.6100 6403 181.85 35.9100 L 3
Yun 2019 27 20560 34.1000 168 194.20 30.3000
Random effects model 2609 18378 - 10.32 [ 6.68; 13.96] 100.0%
Heterogeneity: I* = 76%, * = 32.2037, 1, = 58.17 (P< 0.01) T 1

-30 -20 -10 0 10 20 30
Favours lean non-NAFLD  Favours lean NAFLD

b LDL

LeanNAFLD  Lean non-NAFLD

Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl Weight
Cho 2016 213 134.90 33.1000 1498 121.70 30.1000 Hi- 1320 [ 850;17.90) 92%
Nishioji-male 2015 260 129.30 31.1000 847 119.00 25.6000 e = 1030 [ 6.15,14.45] 96%
nishioji-Female 2015 151 130.40 30.4000 1438 118.70 27.6000 - 11.70 [ 6.65,16.75 9.0%
Kim 2004 74 127.50 29.8000 386 122.10 29.5000 -+ 540 [-2.00;12.80) 74%
Kim-Male 2016 47 122.98 30.9600 259 116.97 27.2700 6.01 [-3.44,1546] 6.1%
kim-Female 2016 89 129.62 37.5600 824 115.32 28.7900 —— 1430 [6252235] 7.0%
Gonzalez Cantero 2018~ 25 109.00 282200 30 108.71 31.6100 029 [-1553;16.11]  34%
Kim2018 132 105.10 349000 81 101.80 34.1000 —ri— 330 [-6.22;1282) 6.1%
Lu2016 693 103.09 28.1900 5223 96.53 24.7100 | 656 [ 4.36; 8.76] 106%
Naderian 2017 55 108.91 348400 259 93.34 28.4500 ——8— 1557 [573,2541] 59%
Wang 2016 43 98.11 71600 83 96.11 5.9500 3 200 [-0.49; 449] 10.5%
Xu2013 502 118.53 30.8900 6403 101.93 28.5700 E 3 16.60 [13.81;19.39] 10.3%
Yun2019 27 130.00 28.6000 168 114.10 28.7000 ——8—— 1590 [427;2753] 50%
Random effects model_2311 17499 > 9.66 [ 6.07; 13.04] 100.0%

Heterogeneity: /° = 84%, * = 28.5204, 13, = 76.15 (P < 0.01) == 1

20 10 0 10 20
Favours lean non-NAFLD  Favours lean NAFLD
C HDL
Lean NAFLD Lean non-NAFLD
Study Total Mean SD Total Mean sD Mean difference MD 95%-Cl Weight
Cho 2016 213 51.10 10.5000 1498 59.00 13.6000 k3 790 [-947,633] 75%
Nishioji-male 2015 260 54.50 12.9000 847 63.80 14.9000 ko -930 [-11.16;-7.44]  72%
Nishioji-Female 2015 151 63.60 13.8000 1438 7590 16.4000 M ! -12.30 [-14.66,-994] 66%
Kim 2004 74 4410 112000 386 50.00 12.5000 — 590 [-8.74,-306] 6.1%
Kim-male 2016 47 4217 72900 259 47.88 10.2200 - -5.71 [-8.14;-328] 66%
Kim-female 2016 89 48.87 10.8000 824 54.85 11.6000 - -598 [-8.36,-360] 6.6%
Das 2010 90 4360 127000 134 4180 7.3000 i - 180 [-1.10; 470] 6.0%
Gonzalez-Cantero 2018 25 64.38 15.5900 30 68.80 13.3300 —_— -4.42 [[1217; 3331  21%
Kim2018 132 46.30 13.3000 81 52.90 13.5000 —— -6.60 [-10.31;-2.89] 5.0%
Kwon-male 2012 1590 48.67 0.8200 5103 51.70 0.4400 ] -303 [-307,-299] 84%
Kwon-female 2012 1424 5500 1.0400 15841 61.30 0.2900 - | 630 [-6.35,-625] 84%
Lu2016 693 49.03 13.1300 5223 54.05 12.3500 [ ] -5.02 [-6.05,-399] 8.0%
Naderian 2017 55 47.44 120600 259 47.90 10.7300 a8 -046 [-390; 298] 53%
Wang 2016 43 4256 12.1400 83 53.77 11.6500 —— -11.21 [-1562;-6.80] 4.3%
Xu2013 502 47.39 9.4700 6403 50.19 14.5900 -2.80 [-370,-190] 8.1%
Yun 2019 27 54.10 129000 168 62.20 13.1000 —#—— -8.10 [-13.35;-285] 36%
Random effects model 5415 38577 > -5.74 [-7.06; -4.43] 100.0%

Heterogeneity: 1° = 100%, 1 = 5.3511, 7>, = 8868.76 (P= 0) f
1510 5 0 5

d e

L
10 15

Favours lean non-NAFLD  Favours lean NAFLD

Lean NAFLD Lean non-NAFLD
Study Total Mean SD Total Mean sD Mean difference MD 95%-Cl Weight
Cho 2016 213 18349 256.7600 1498 160.33 246.3500 — - 2316 [1351; 50.83] 0.4%
Nishioji-male 2015 260 136.50 66.2000 847 89.00 41.1000 - 4750 [38.99; 56.01] 6.1%
Nishioji-Female 2015 151 121.10 54.9000 1438 76.00 37.0000 - 4510 [36.14; 54.06] 57%
Kim 2004 74 194.60 102.3000 386 130.00 76.7000 ——— 6460 [40.07, 89.13] 0.9%
Kim-male 2016 47 14030 81.1200 259 104.78 553700 —— 3552 [11.37, 5967] 1.0%
Kim-female 2016 89 14129 848400 824 79.12 38.7300 i—=— 6217 [44.35;7999] 17%
Das 2010 90 11820 66.3000 134 9340 34.6000 i 2480 [990; 39.70] 24%
Gonzalez-Cantero 2018 25 8020 415700 30 7205 37.8600 815 [13.04; 29.34] 13%
Kim 2018 132 13239 58.2400 81 98.06 518500 3433 [19.29; 4937] 24%
Kwon-male 2012 1590 13357 46700 5103 103.07 2.5900 30.50 [30.26; 30.74] 24.3%
Kwon-female 2012 1424 11140 32700 15841 7854  0.9600 3286 [3269; 33.03] 24.3%
Lee 2018 208 19060 552000 745 12720 38.7000 6340 [5540, 71.40] 67%
Lu2016 693 12270 69.0300 5223 8279 37.4000 39.91 [3467; 45.15] 11.4%
Naderian 2017 55 13245 814600 259 9507 43.5200 37.38 [1521; 59.55] 1.1%
Wang 2016 43 17355 79.4200 83 96.39 454000 7716 [51.49,102.83] 0.9%
Xu2013 502 185.05 789600 6403 101.10 46.5900 8395 [76.95; 90.95] 81%
Yun 2019 27 11180 526000 168 92.10 46.1000 1970 [-1.33; 40.73] 1.3%
Random effects model 5623 39322 ‘ 41.46 [39.02; 43.89] 100.0%
Heterogeneity: I° = 97%, * = 6.3495, 1%, = 58261 (P< 0.01)
-100  -50 0 50 100
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Lean NAFLD Lean non-NAFLD

Mean SD Total Mean sD

5.80 1.2000 1498 5.10 1.2000
6.20 12000 847 580 1.1000
520 1.0000 1438 4.40 0.9000
560 14000 386 4.80 1.3000
5.51 14300 5223 4.79 1.2500

6.24 1.4500

6.18 1.3500 6403 5.22 1.3500

15878
Heterogeneity: I = 86%, ©* = 0.0456, x> = 43.20 (P < 0.01)

83 631 0.0700

1 05 0

Mean difference MD

95%-Cl Weight

070 [053;087] 155%
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Figure 6 Forest plot for total cholesterol (TC) (a), low-density lipoprotein (LDL) (b), high-density lipoprotein (HDL) (c), triglyceride (TG) (d), and uric acid (e).
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59 significant differences in BMI and WC. However, the meta-
Q 8185538325833 SNBZ2| 256 regression analysis showed that the magnitude of the difference in
= T [ReQ9YQooANNRNONQe 8o I f the lipid profil d ol ; file barel hed
< {|°cggoecocgocccocscss |Z ¢ the value of the lipid profile and glycemic profile barely reached sta-
i £ 3 tistical significance when subjects were grouped according to the
T = . .
-g 5% presence or absence of NAFLD (Table 1). But for cardio metabolic
4 o § variables, the magnitude of effect was significantly higher if NAFLD
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controls. WC is a surrogate of visceral obesity.”® Excess free
fatty acid (FFA) released from visceral adipose tissue leads to
over-exposure of FFA to hepatic and extra-hepatic tissue promot-
ing aberrations in insulin action and dynamics.’' Moreover, FFA
was found to be significantly higher in NAFLD patients than
non-NAFLD controls irrespective of BMIL>? This also explains
the benefit of weight reduction in lean NAFLD patients.>'

FBS showed less heterogeneity among Caucasian people
and in population-based studies. Most of the heterogeneity in
FBS was explained by Asian, and hospital-based studies. HbAlc,
BP (SBP and DBP), lipid profiles (TC, LDL, HDL, and TG), and
UA showed considerable heterogeneity across different ethnicity
and study design. The random effect model analysis showed that
all these variables were significantly higher in lean NAFLD
patients than non-NAFLD controls (except HDL which was sig-
nificantly lower). These findings are consistent with that of
Sookoian and Pirola'* reported nearly similar differences in risk
factors between lean NAFLD and non-NAFLD individuals.
Unlike them, we did a subgroup analysis based on the population
and geographic region (Eastern vs others) where some interesting
findings were noted. A significantly higher mean difference was
noted in BMI, WC, HOMA-IR, ALT, and AST for hospital-
based studies and in BP, lipid profiles, uric acid, and GGT for
population-based studies. Several possible reasons could explain
this difference. As some of the participants in hospital were more
likely to have some sorts of illness or comorbidities, they might
have been taking medications for BP, lipid profile, or even uric
acid. This may explain the lower values of these pooled parame-
ters in the hospital-based population. While the anthropometric
parameters, which do not change immediately on medication and
which are expected to be higher in symptomatic NAFLD individ-
uals coming to take health care service, were found high in the
hospital-based population. On the other hand, nearly all the param-
eters showed a higher mean difference in Eastern studies rather the
non-Eastern ones. Although overall population of the Eastern stud-
ies were highly heterogenous, the ethnic characteristics shared by
Japanese, Chinese, and Korean population might explain the dif-
ference than other studies comprising Indian, Iranian, and Ameri-
can population of mixed ethnicity. Overall, our findings suggest
that if lean people have any suspicious rise of these risk factors’
parameters, they should be screened for NAFLD. Also, lean-
NAFLD patients with symptoms and/or comorbidities need to be
treated aggressively and monitored closely for compliance, and
lean people of Eastern origin if screened positive for NAFLD
should be given proper attention as required.

Uric acid was found to be an independent risk factor for
NAFLD in lean person by several other studies conducted in
Iran>® and China.>*>* It is reportedly responsible for lipid metab-
olism impairment and inflammation.”®>® Thus, there may be
interaction between high serum UA and increased weight in the
pathogenesis of NAFLD. Hence, all suspected or diagnosed lean
NAFLD patients should undergo UA assay and specified man-
agement for UA. Further studies on lean NAFLD patients must
include UA as a part of laboratory tests.

The meta-regression analysis showed that the presence of
higher DBP, HOMA-IR, and UA in both lean and nonlean
patients were independently associated with NAFLD irrespective
of BMI and WC. Therefore, NAFLD could be considered an
important but separate component within the spectrum of
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metabolic syndrome which interacts with other components and
influences each other. This hypothesis is strengthened by several
other studies where the authors suggest that NAFLD works as a
precursor of metabolic syndrome® independent of central obesity
and insulin resistance.* Besides our findings suggest that treat-
ment of NAFLD, particularly in lean patients, should involve
uncompromising management of diastolic blood pressure, insulin
resistance, and uric acid.

Taken together, patients with lean NAFLD, who do not have
any infectious-inflammatory and drug cause® may have additional
pathogenetic mechanisms other than metabolic causes of NAFLD.
Some of these mechanisms are as follows. At least four genetic var-
iants have shown robust association with development and progres-
sion of NAFLD.®' These are: PNPLA3 (15738409 C > G), TM6SF2
(rs58542926 C >T), MBOAT7 (15641738 C>T), and GCKR
(rs1260326 C > T). However, there is a paucity of literature regard-
ing specific genetic markers among lean NAFLD patients. Mixed
findings are reported regarding frequency of PNPLA3 and TM6SF2
variants when compared between lean and nonlean NAFLD
patients.®*®* Polymorphism in IFNL3, CETP, and PEMT has been
shown to be associated with the progression of NAFLD among lean
or nonobese individuals by several studies.*® Further studies are
needed to find any strong association of genetic variants with
NAFLD among lean population.

Fecal, gut, and blood microbiome has recently been
brought into focus as probable risk factors for NAFLD in lean
patients.>”#3626465 1t wags considered because dysbiosis between
beneficial and pathogenic bacteria may lead to obesity, insulin
resistance, and NAFLD® particularly in nonobese individual.®’
Yun et al. found that NAFLD patients showed a distinct bacterial
community with a lower biodiversity and a far distant phylotype
compared to control group, and fecal and blood microbiota pro-
files showed different patterns between subjects with obese and
lean NAFLD* However, relationship between microbiota, and
metabolic and inflammatory response is complex which warrants
extensive investigation.

Several studies also found significant associations of
serum sialic acid, bile acid,*® and apolipoproteins (apoB1 level
and apoB/Al ratio),®® with lean NAFLD which need further
research for confirmation.

The meta-regression results also indicated that serum
levels of AST and GGT, but not ALT were markedly modulated
by the presence of NAFLD. Sookoian and Pirola'* previously
noted a similar finding except that it was only for AST. Accumu-
lation of fat in liver causes increased energy demand and in
response to that synthesis of transaminase, particularly the mito-
chondrial isoform AST, increases.*” On the other hand, Hossain
et al.®” proposed that GGT is an independent determinant of
association of insulin resistance with nonalcoholic fatty liver dis-
ease in adults. Our result endorses their findings.

Finally, the comparison of risk factors between lean versus
nonlean NAFLD in our study found that almost all the compo-
nents were present in significantly higher amount among nonlean
subjects. A higher BMI and visceral obesity may explain this dif-
ference. It is obvious that nonlean (overweight/obese) NAFLD
patients are in need of stringent management of weight and other
metabolic parameters. However, our study results emphasize the
importance of this strategy for both lean and nonlean NAFLD
patients.
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To summarize, lean and nonlean NAFLD patients share
similar cardiovascular and metabolic risk factors. Genetic, micro-
biological, and other metabolic factors warrant further investiga-
tion to identify unique determinants of NAFLD in lean
individuals. Regardless of the underlying mechanisms, lean
NAFLD needs to be given appropriate clinical attention similar
to that of nonlean NAFLD.

Limitations and strengths. The current study was limited
in several aspects. Selected articles were mostly heterogenous
and mostly it was due to the inclusion of the studies from differ-
ent ethnic origin as well as inclusion of both hospital- and
population-based studies. Even within a unique ethnic setting,
separate studies were considerably heterogenous with respect to
different variables under consideration. This indicates remarkable
individual differences in risk factors within same ethnic popula-
tion. Also, a separate analysis for different BMI cut-off points
used in definition of lean and nonlean was not possible. There-
fore, implication of the risk factors of NAFLD with respect to
Asian population, where a different BMI cut-off point for over-
weight and obesity often used could not be determined. Many
authors did not report separate analysis for male and female.
Therefore, a sex-based subgroup analysis was not possible. Mul-
tivariate analysis to determine independent associations between
risk factors and lean-NAFLD could not be done, because of
unavailability of data, leading to an inference of only general
associations among different risk factors and NAFLD.

The strength of the study was its large sample size of
69 038 individuals, comprising 6768 lean NAFLD patients, 9253
nonlean NAFLD patients, 43 398 lean controls, and 9619
nonlean controls. Also, consistent findings across different car-
diovascular and metabolic risk factors strengthened our results.
Hope that the study could be used as an update of previous met-
analysis in this topic and will be evident for future clinicians as
well as policy makers.

Recommendations for future studies. NAFLD could
be considered a part of an interactome of metabolic syndrome
components working in a coordinated fashion to develop chronic
diseases and complications involving different systems of the
body. Therefore, to incorporate NAFLD within the definition of
metabolic syndrome extensive research is necessary. Well-
designed case—control and cohort studies for risk factor analysis
of both lean and non-NAFLD are lacking. Multivariate analysis
of risk factors is also warranted. Further explorative research on
unique determinants of lean-NAFLD are recommended.

In conclusion, Age, BMI, WC, BP, FBS, HbAlc, insulin
resistance, uric acid, TC, LDL, HDL, and TG are the important
risk factors of NAFLD shared equally among lean and nonlean.
In other words, lean and nonlean NAFLD are anthropometrically
different but metabolically similar entities. The findings provide
a scientific basis for a further understanding of the nature of
NAFLD in lean individual, and might provide a guide to deter-
mine the management strategies for lean-NAFLD.
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