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Abstract

Background: NAFLD has become one of the most common health concern Worldwide. Not
only the urban population but also the rural population are being commonly diagnosed with
NAFLD. Obesity and diabetes are the major risk factors for NAFLD. This study aims to
estimate the prevalence of NAFLD and its associated risk factors in rural population of
Vikarabad District, other than obesity and diabetes mellitus.

Methods: This is a population-based cross-sectional study on apparently healthy subjects over
18 years and up to 65 years of age. The participants were interviewed for baseline demographic
and clinical information. They were subsequently referred for physical examination. NAFLD
was diagnosed using abdominal ultrasonography by a single expert radiologist.

Results: Of 906 screened subjects, 300 subjects were non obese, BMI (body mass index) <27
kg/m? (According to Joslin Asian American Diabetes Initiative (AADI) BMI criteria for
obesity) and non diabetic. The overall prevalence of NAFLD was 18.66% in our study. NAFLD
was seen in 25.4% of population who were overweight (BMI 23 — 26.9 kg/m?) and only in
4.1% of population with normal weight (BMI 18 — 22.9 kg/m?). The prevalence of NAFLD
was 82.1% in subjects with hypertension (BP > 140/90 mm of Hg) and 17.9% in subjects with
normal blood pressure. NAFLD prevalence was 67.8% in age group > 45 — 65 years and it was
32.1% in the age group of 18 — 45 years (all P < 0.01).

Conclusion: The prevalence of NAFLD in non obese and non diabetic subjects in a sample of
Indian rural population is 18.66%. BMI of 23 — 26.9 kg/m?, hypertension and increasing age
are independent risk factors associated with NAFLD in non obese and non diabetic subjects in
our study.

555


mailto:gopinath.dr@gmail.com

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 09, Issue 05, 2022

Keywords: Non Alcoholic Fatty Liver Disease (NAFLD), Rural population, Body Mass Index
(BMI), Obesity, Diabetes, Hypertension.

Introduction

Prevalence of nonalcoholic fatty liver disease (NAFLD) is increasing worldwide, mainly as a
result of the global pandemic of obesity.! Recent data has proven that the World Health
Organization (WHO) cut-off for obesity (body mass index (BMI) > 30 kg/m?) is not applicable
to the Asian population, as they have more body fat at any level of BMI.2* According to Joslin
Asian American Diabetes Initiative (AADI) BMI of 23 — 26.9 kg/m? is taken as Overweight
and BMI > 27 kg/m? is considered as obese (Table - 1). Some Asian studies have focused on
the prevalence and severity of NAFLD among subjects with normal BMI and found that the
prevalence of NAFLD is of great importance.®>° Different studies show identical prognosis of
NAFLD among lean patients in comparison with obese subject.>”** But some reports indicate
that the severity of nonalcoholic steatohepatitis (NASH) and liver fibrosis is more prominent
in non-obese subjects.'?'® Some studies have shown that human genome has an influence on
lean NAFLD and its severity. In this regard, polymorphism in PNPLA3*!° and TM6SF216:1/
genes have been recognized to affect both disease severity and progression in lean patients with
NAFLD. These genesaccumulate triglyceride in the liver but do not affect the metabolic panel
and thereby, result in NAFLD in lean subjects who do not suffer from the metabolic syndrome.
Several studies have estimated the prevalence of NAFLD among Indian general population,®
22 phut few have measured the prevalence and predictors of NAFLD in non obese non diabetic
(BMI < 27kg/ m?) subjects.?*2* This study aims to estimate the prevalence of non obese and
non diabetic NAFLD in the rural population of Vikarabad district and identify the risk factors
for this growing health issue.

Study design

This is a population-based cross-sectional study conducted on apparently healthy subjects over
18 years to 65 years of age in Mahavir Institute Of Medical sciences, Vikarabad, in the out
patient department of General Medicine. The study period was from 1% February 2020 to 30"
November 2020.

Inclusion Criteria
1. Age> 18 years to < 65 years.
2. BMI > 18.5 to < 27 kg/m?

Exclusion Criteria

BMI < 18.5 to > 27 kg/m?.

Diabetes mellitus (Type I and II).

HIV, HBsAg & HCV positive patients.

Subjects with Alcohol intake > 20 gm/day.

Patients with Active malignancy.

Patients with Pre-existing chronic liver disease of any etiology.
ertten informed consent was obtained from all subjects.

ocoarwNE

Data collection

Participants were recruited in an 8-hour fasting status to Mahavir General Hospital. They were
re-interviewed for baseline demographic and clinical information. They were subsequently
referred for physical examination, blood sampling and abdominal ultrasonography.
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Physical examination

All participants underwent general physical examination. Weight was measured in upright
position using a digital well-calibrated scale on hard ground while the participants wore light
clothes without shoes. Height was measured to the nearest 0.1 cm with a standard ruler on a
wall with the participants standing upright, the feet paired and their back to the ruler. Blood
pressure was measured using a calibrated sphygmomanometer following 10 minutes of
relaxation and the measurement was repeated 2 minutes later. The average was documented as
the systolic blood pressure (SBP) and diastolic blood pressure (DBP) of the participants.
Subjects taking antihypertensive medications or those with SBP 3 > 140 mmHg or DBP 3 > 90
mmHg were considered hypertensive.

Blood sampling

Venous blood sample was taken for FBS, PLBS, HbA1C, and Viral markers. Subjects meeting
the American Diabetes Association criteria for Diabetes mellitus and those positive for viral
markers were excluded from the study.

Abdominal sonography

NAFLD or simple steatosis was diagnosed using abdominal ultrasonography by a single expert
radiologist who was blind to previous records of participants. GE LOGIQ P9 scanner with
curvilinear probes of frequency 1 —5 MHz was used. Steatosis was defined as poor penetration
of the posterior segment of the right lobe of the liver, increase in hepatic echogenicity, and poor
or no visualization of the hepatic vessels and diaphragm.?®

Table 1: Joslin Asian American Diabetes Initiative (AADI)

B"X” Cutoff for Asg’;ms and Asian NIH BMI Cut off (kg/m?) Comments
— Americans (kg/m*)
<185 <185 Under weight
18.5-22.9 18.5-24.9 Normal
23-26.9 25-29.9 Over weight
>27 >30 Obese
Table 2: Sex wise distribution of participants

Male Female

190 110

63% 37%

Table 3: BMI of study participants

BMI Total Male Female
18.5-22.9 96 68 28
23-26.9 204 122 82
Table 4. Blood pressure levels in study group
Age group Total Number of subjects with Average blood
pressure > 140/90 mm of Hg
18-25 36 1
26 —35 45 3
36 —45 64 16
46 — 55 86 28
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56 — 65 69 33

Total 300 81
Table 5: Age wise distribution of study participants
Age group Number of subjects
18 -25 36
26 -35 45
36 —45 64
46 — 55 86
56 — 65 69
Total number of subjects 300

Results

Of 906 participants who were screened, 300 were eligible who were non obese (BMI < 27
kg/m?), non diabetic. Among the study population males were 190 (63%) and females were
110 (37%)(Table - 2). The total number of participants with NAFLD were 56, and the overall
prevalence of NAFLD among the study population was 18.66% (95% exact confidence interval
(C1) 13.48%-22.18%). The prevalence of NAFLD was seen in 25.4% of population who were
overweight (BMI 23 — 26.9) and only in 4.1% of population with normal weight (BMI 18 —
22.9) (P < 0.01) (Table — 6). The prevalence of NAFLD was 82.1% in subjects with
hypertension (BP > 140/90) and 17.9% in subjects with normal blood pressure (P <0.01)(Table
—8). NAFLD prevalence was 67.8% in age group > 45 — 65 years and it was 32.1% in the age
group of 18 — 45 years (P <0.01)(Table — 10).

There was no significant difference in the prevalence of NAFLD between male (19.4%) and
female (17.2%) subjects ( P > 0.01)(Table — 11).

Table 6: NAFLD prevalence in relation to BMI
. Subjects  with
2

BMI (kg/m?) Total subjects NAELD
Normal weight 0
(185 - 22.9) % 4 (4.1%)
Over Weight 0
(23 - 26.9) 204 52 (25.4%)

Table 7: NAFLD prevalence and blood pressure

Age No. of subjects with | NAFLD  subjects | Total NAFLD subjects
Hypertensi-on with Hypertension | in Age group

18-25 |1 1 2

26-35 |3 2 4

36-45 | 16 9 12

46 -55 | 28 12 14
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56 —-65 | 33

22

24

Total 81

46

56

Table 8: NAFLD prevalence according to blood pressure

Blood pressure

Total no. of subjects

NAFLD (%)

of Hg)

Normal )
(<140/<90 mm of Hg) 219 H3%
Hypertension (>140/>90 mm | o, 82.1%

Table 9: NAFLD prevalence according to age in study group

Age No. of NAFLD subjects | Male Female
18-25 | 02 (5%) 2 0
2635 | 04 (8%) 3 1
36-45 |12 (18.7%) 8 4

46 —55 | 14 (16.2%) 9 5

56 -65 | 24 (34.7%) 15 9

Total 56 37 19

Table 10: Overall prevalence of NAFLD in Younger and Older age groups

Age in Years NAFLD prevalence
> 45 67.8%
<45 32.1%
Table 11: Sex wise prevalence of NAFLD in study subjects
Sex Total No. of participants | Number of participants with NAFLD ('\cl,z‘)FLD
Male 190 37 19.4
Female | 110 19 17.2

Higher BMI even in the range of less than 27 kg/m?, high blood pressure and increasing age,
were independent predictors of NAFLD in non obese and non diabetic participants.

The prevalence of NAFLD increase according to age in men and women. Overall, sex
difference was not associated with increasing or decreasing prevalence of NAFLD (P > 0.01).

Discussion

Generally, it has been estimated that the prevalence of lean NAFLD ranges from 20-40% in
the United States and Europe®® to 12-42% in the Asian general population,®3-3* which is
significantly lower than the prevalence among obese subjects. Cho® reported prevalence of
NAFLD in non diabetic, non obese subjects as 12.4%, and NALFD subjects were significantly
older and predominantly male. Recent world health organization expert consultation
pronounced that the body-mass index (BMI) criterion is not suitable for Asian populations
since the relation between BMI and metabolic syndrome is ethnic-specific.® They report that
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Asians have a higher percentage of body fat compared age, sex, and BMI-matched white
individuals. Also, Asians have a greater number of risk factors to develop type 2 diabetes
mellitus and cardiovascular disease even when BMI is < 25 kg/m?.

In this study, both systolic and diastolic blood pressures were higher in NAFLD subjects.
Others have reported this finding and also demonstrated an association between hypertension
and a greater risk of NAFLD in the general population.®®#° In our study, both systolic and
diastolic blood pressure was an independent factor of developing NAFLD in non obese
subjects. Whether hypertension has a causal effect on developing NAFLD remains unknown.
Traditionally, two pathogenetic pathways are described for development of NASH: Visceral
fat deposits causing an increased influx of free fatty acids to liver; and insulin resistance
causing increased secretion of very low-density lipoprotein (VLDL).>?> More recent studies
propose that although dyslipidemia and dysglycemia are two components of fatty liver disease,
this condition is independent of fat deposits, including visceral adipose tissue.> In our study
we didn’t tested for lipid profile abnormalities as it has been well established as a risk factor
for NAFLD in many previous studies.

One of the frequently used indices for assessing insulin resistance is the homeostasis model
assessment of insulin resistance (HOMA-IR).>" Few studies have assessed the role of HOMA-
IR in non obese patients with NAFLD and have confirmed higher levels of insulin resistance
in non obese NAFLD patients.3*°%% In our study we didn’t measured HOMA-IR.

Our study being a cross-sectional one it precludes a conclusion regarding natural course of
NAFLD and causal relationships. Although ultrasonography is the main diagnostic modality
in epidemiological studies of NAFLD and it has acceptable sensitivity for detection of hepatic
steatosis, the fact that it is operator based limits the results.

Conclusion

The prevalence of NAFLD in non obese and non diabetic subjects in Vikarabad district was
18.66%. Higher BMI, higher blood pressure, and Increasing age are independent factors
associated with the presence of NAFLD in non obese and non diabetic subjects. Our results
indicate that the Indian rural population may develop NAFLD even though their BMlIs are in
non obese range. This is a rather high prevalence, and has implications for health studies in
Indian NAFLD patients who are non obese and non diabetic.

References

1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of non-alcoholic fatty liver disease-meta-analytic assessment of prevalence,
incidence and outcomes. Hepatology. 2016; 64(1): 73 — 84.

2. Dudeja V, Misra A, Pandey RM, Devina G, Kumar G, Vikram NK. BMI does not
accurately predict overweight in Asian Indians in northern India. Br J Nutr. 2001; 86(1):
105 - 112.

3. WHO Expert Consultation. Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet. 2004; 363(9403): 157 — 163.

4. Das UN. Metabolic syndrome X is common in South Asians, but why and how? Nutrition.
2002; 18(9): 774 —776.

5. Kumar R, Rastogi A, Sharma MK, Bhatia V, Garg H, Bihari C, et al. Clinicopathological
characteristics and metabolic profiles of non- alcoholic fatty liver disease in Indian patients
with normal body mass index: Do they differ from obese or overweight non-alcoholic fatty
liver disease? Indian J Endocrinol Metab. 2013; 17(4): 665 — 671.

6. Akyuz U, Yesil A, Yilmaz Y. Characterization of lean patients with nonalcoholic fatty liver
disease: potential role of high hemoglobin levels. Scand J Gastroenterol. 2015; 50(3): 341

560



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 09, Issue 05, 2022

— 346.

Alam S, Gupta UD, Alam M, Kabir J, Chowdhury ZR, Alam AK. Clinical, anthropometric,
biochemical, and histological characteristics of nonobese nonalcoholic fatty liver disease
patients of Bangladesh. Indian J Gastroenterol. 2014; 33(5): 452 — 457.

Wei JL, Leung JC, Loong TC, Wong GL, Yeung DK, Chan RS, et al. Prevalence and
Severity of Nonalcoholic Fatty Liver Disease in Non-Obese Patients: A Population Study
Using Proton-Magnetic Resonance Spectroscopy. Am J Gastroenterol. 2015; 110(9): 1306
—1314; quiz 1315.

Cho HC. Prevalence and factors associated with nonalcoholic fatty liver disease in a
nonobese Korean population. Gut Liver. 2016; 10(1): 117 — 125.

Yang MH, Sung J, Gwak GY. The associations between apolipoprotein B, Al, and the
B/AL1 ratio and nonalcoholic fatty liver disease in both normal-weight and overweight
Korean population. J Clin Lipidol. 2016; 10(2): 289 — 298.

Fracanzani AL, Valenti L, Bugianesi E, Vanni E, Grieco A, Miele L, et al. Risk of
nonalcoholic steatohepatitis and fibrosis in patients with nonalcoholic fatty liver disease
and low visceral adiposity. J Hepatol. 2011; 54(6): 1244 — 1249.

Cruz ACD, Bugianesi E, George J, Day CP, Liaquat H, Charatcharoenwitthaya P, et al. 379
Characteristics and Long-Term Prognosis of Lean Patients With Nonalcoholic Fatty Liver
Disease Gastroenterology.146(5): S-9009.

Leung JC, Loong TC, Wei JL, Wong GL, Chan AW, Choi PC, et al. Histological severity
and clinical outcomes of nonalcoholic fatty liver disease in nonobese patients. Hepatology.
2017; 65(1): 54 — 64.

Shen J, Wong GL, Chan HL, Chan HY, Yeung DK, Chan RS, et al. PNPLA3 gene
polymorphism accounts for fatty liver in community subjects without metabolic syndrome.
Aliment Pharmacol Ther. 2014; 39(5): 532 — 539.

Xia MF, Ling Y, Bian H, Lin HD, Yan HM, Chang XX, et al. 1148M variant of PNPLA3
increases the susceptibility to non-alcoholic fatty liver disease caused by obesity and
metabolic disorders. Aliment Pharmacol Ther. 2016; 43(5): 631 — 642.

Liu YL, Reeves HL, Burt AD, Tiniakos D, McPherson S, Leathart JB, et al. TM6SF2
rs58542926 influences hepatic fibrosis progression in patients with non-alcoholic fatty liver
disease. Nat Commun. 2014; 5: 4309.

Sookoian S, Castano GO, Scian R, Mallardi P, Fernandez Gianotti T, Burgueno AL, et al.
Genetic variation in transmembrane 6 superfamily member 2 and the risk of nonalcoholic
fatty liver disease and histological disease severity. Hepatology. 2015; 61(2): 515 — 525.
Eshraghian A, Dabbaghmanesh MH, Eshraghian H, Fattahi MR, Omrani GR. Nonalcoholic
fatty liver disease in a cluster of Iranian population: thyroid status and metabolic risk
factors. Arch Iran Med. 2013; 16(10): 584 — 589.

Pourshams A, Khademi H, Malekshah AF, Islami F, Nouraei M, Sadjadi AR, et al. Cohort
Profile: The Golestan Cohort Study—a prospective study of oesophageal cancer in northern
Iran. Int J Epidemiol. 2010; 39(1): 52 — 59.

Pourshams A, Malekzadeh R, Monavvari A, Akbari MR, Mohamadkhani A, Yarahmadi S,
et al. Prevalence and etiology of persistently elevated alanine aminotransferase levels in
healthy Iranian blood donors. J Gastroenterol Hepatol. 2005; 20(2): 229 — 233.

Rogha M, Najafi N, Azari A, Kaji M, Pourmoghaddas Z, Rajabi F, et al. Non-alcoholic
Steatohepatitis in a Sample of Iranian Adult Population: Age is a Risk Factor. Int J Prevent
Med. 2011; 2(1): 2427.

Sohrabpour A, Rezvan H, Amini-Kafiabad S, Dayhim M, Merat S, Pourshams A.
Prevalence of nonalcoholic steatohepatitis in Iran: a population based study. Middle East J
Dig Dis. 2010;2(1):14 — 19.

Ostovaneh MR, Zamani F, Ansari-Moghaddam A, Sharafkhah M, Saeedian FS, Rohani Z,

561



24,

25.

26.

27.
28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 09, Issue 05, 2022

et al. Nonalcoholic fatty liver: The Association with Metabolic Abnormalities, Body Mass
Index and Central Obesity- A population-based study. Metab Syndr Relat Disord. 2015;
13(7): 304 — 311.

Lankarani KB, Ghaffarpasand F, Mahmoodi M, Lotfi M, Zamiri N, Heydari ST, et al. Non
alcoholic fatty liver disease in southern Iran: a population based study. Hepat Mon. 2013;
13(5): 9248.

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis
and management of the metabolic syndrome: an American Heart Association/National
Heart, Lung, and Blood Institute Scientific Statement. Circulation. 2005; 112(17): 2735 —
2752.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity.
Circulation. 2009; 120(16): 1640 — 1645.

Classification and diagnosis of diabetes. Diabetes Care. 2015;38(Suppl):s8 — s16.

Mishra P, Younossi ZM. Abdominal ultrasound for diagnosis of nonalcoholic fatty liver
disease (NAFLD). Am J Gastroenterol. 2007;102(12): 2716 — 2717.

Youden WJ. Index for rating diagnostic tests. Cancer. 1950; 3(1): 3235.

Williams CD, Stengel J, Asike M1, Torres DM, Shaw J, Contreras M, et al. Prevalence of
nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among a largely middle-
aged population utilizing ultrasound and liver biopsy: a prospective study.
Gastroenterology. 2011; 140(1): 124 — 131.

Amarapurkar DN, Hashimoto E, Lesmana LA, Sollano JD, Chen PJ, Goh KL. How
common is non-alcoholic fatty liver disease in the Asia- Pacific region and are there local
differences? J Gastroenterol Hepatol. 2007; 22(6): 788 — 793.

Chen CH, Huang MH, Yang JC, Nien CK, Yang CC, Yeh YH, et al. Prevalence and risk
factors of nonalcoholic fatty liver disease in an adult population of taiwan: metabolic
significance of nonalcoholic fatty liver disease in nonobese adults. J Clin Gastroenterol.
2006; 40(8): 745 — 752.

Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, et al. Nonalcoholic
fatty liver, steatohepatitis, and the metabolic syndrome. Hepatology. 2003; 37(4): 917 —
923.

Kim HJ, Kim HJ, Lee KE, Kim DJ, Kim SK, Ahn CW, et al. Metabolic significance of
nonalcoholic fatty liver disease in nonobese, nondiabetic adults. Arch Intern Med. 2004;
164(19): 2169 — 2175.

Shiwaku K, Anuurad E, Enkhmaa B, Nogi A, Kitajima K, Shimono K, et al. Overweight
Japanese with body mass indexes of 23.0-24.9 have higher risks for obesity-associated
disorders: a comparison of Japanese and Mongolians. Int J Obes Relat Metab Disord.
2004; 28(1): 152 — 158.

Park BJ, Kim YJ, Kim DH, Kim W, Jung YJ, Yoon JH, et al. Visceral adipose tissue area
is an independent risk factor for hepatic steatosis. J Gastroenterol Hepatol. 2008; 23(6):
900 —907.

van der Poorten D, Milner KL, Hui J, Hodge A, Trenell MI, Kench JG, et al. Visceral fat:
a key mediator of steatohepatitis in metabolic liver disease. Hepatology. 2008; 48(2): 449
—457.

Larter CZ, Chitturi S, Heydet D, Farrell GC. A fresh look at NASH pathogenesis. Part 1:
the metabolic movers. J Gastroenterol Hepatol. 2010; 25(4): 672 — 690.

Meng K, Lee CH, Saremi F. Metabolic syndrome and ectopic fat deposition: what can CT

562



40.

41.

42.

43.

44,

45.

46.

471.

48.

49,

50.

51.

52.

53.

54,

55.

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 09, Issue 05, 2022

and MR provide? Acad Radiol. 2010; 17(10): 1302 — 1312.

Porter SA, Massaro JM, Hoffmann U, Vasan RS, O’Donnel CJ, Fox CS. Abdominal
subcutaneous adipose tissue: a protective fat depot? Diabetes Care. 2009; 32(6): 1068 —
1075.

Snijder MB, Visser M, Dekker JM, Goodpaster BH, Harris TB, Kritchevsky SB, et al. Low
subcutaneous thigh fat is a risk factor for unfavourable glucose and lipid levels,
independently of high abdominal fat. The Health ABC Study. Diabetologia. 2005; 48(2):
301 — 308.

Thorne A, Lonnqvist F, Apelman J, Hellers G, Arner P. A pilot study of long-term effects
of a novel obesity treatment: omentectomy in connection with adjustable gastric banding.
Int J Obes Relat Metab Disord. 2002; 26(2): 193 — 199.

Kim D, Chung GE, Kwak MS, Seo HB, Kang JH, Kim W, et al. Body Fat Distribution and
Risk of Incident and Regressed Nonalcoholic Fatty Liver Disease. Clin Gastroenterol
Hepatol. 2016; 14(1): 132 — 138.e134.

Bedogni G, Miglioli L, Masutti F, Tiribelli C, Marchesini G, Bellentani S. Prevalence of
and risk factors for nonalcoholic fatty liver disease: the Dionysos nutrition and liver study.
Hepatology. 2005; 42(1): 4452.

Feng RN, Du SS, Wang C, Li YC, Liu LY, Guo FC, et al. Lean-non- alcoholic fatty liver
disease increases risk for metabolic disorders in a normal weight Chinese population.
World J Gastroenterol. 2014; 20(47): 17932 — 17940.

Kim NH, Kim JH, Kim YJ, Yoo HJ, Kim HY, Seo JA, et al. Clinical and metabolic factors
associated with development and regression of nonalcoholic fatty liver disease in nonobese
subjects. Liver Int. 2014; 34(4): 604 — 611.

Hadaegh F, Zabetian A, Sarbakhsh P, Khalili D, James WP, Azizi F. Appropriate cutoff
values of anthropometric variables to predict cardiovascular outcomes: 7.6 years follow-up
in an Iranian population. Int J Obes (Lond). 2009; 33(12): 1437 — 1445,

Donati G, Stagni B, Piscaglia F, Venturoli N, Morselli-Labate AM, Rasciti L, et al.
Increased prevalence of fatty liver in arterial hypertensive patients with normal liver
enzymes: role of insulin resistance. Gut. 2004; 53(7): 1020 — 1023.

Margariti E, Deutsch M, Manolakopoulos S, Papatheodoridis GV. Non-alcoholic fatty liver
disease may develop in individuals with normal body mass index. Ann Gastroenterol. 2012;
25(1): 45 - 51.

XuC, YuC, MaH, Xu L, Miao M, Li Y. Prevalence and risk factors for the development
of nonalcoholic fatty liver disease in a nonobese Chinese population: the Zhejiang Zhenhai
Study. Am J Gastroenterol. 2013; 108(8): 1299 — 1304.

Maddah M, Ahani N, Hossaini H, Karandish M. Predictors of non- alcoholic fatty liver in
a group of non-obese and non-diabetic Iranian adults. Med J Nutrition Metab. 2011; 5(1):
49 —51.

Cusi K. Role of obesity and lipotoxicity in the development of nonalcoholic
steatohepatitis: pathophysiology and clinical implications. Gastroenterology. 2012; 142(4):
711 —725.e716.

Speliotes EK, Massaro JM, Hoffmann U, Vasan RS, Meigs JB, Sahani DV, et al. Fatty liver
is associated with dyslipidemia and dysglycemia independent of visceral fat: the
Framingham Heart Study. Hepatology. 2010; 51(6): 1979 — 1987.

Bhat G, Baba CS, Pandey A, Kumari N, Choudhuri G. Insulin resistance and metabolic
syndrome in nonobese Indian patients with non-alcoholic fatty liver disease. Trop
Gastroenterol. 2013; 34(1): 1824.

Vendhan R, Amutha A, Anjana RM, Unnikrishnan R, Deepa M, Mohan V. Comparison of
characteristics between nonobese and overweight/obese subjects with nonalcoholic fatty
liver disease in a South Indian population. Diabetes Technol Ther. 2014; 16(1): 48 — 55.

563



56.

S7.

58.

59.

60.

European Journal of Molecular & Clinical Medicine (EJMCM)
ISSN: 2515-8260 Volume 09, Issue 05, 2022

Sinn DH, Gwak GY, Park HN, Kim JE, Min YW, Kim KM, et al. Ultrasonographically
detected non-alcoholic fatty liver disease is an independent predictor for identifying
patients with insulin resistance in non-obese, non-diabetic middle-aged Asian adults. Am J
Gastroenterol. 2012; 107(4): 561 — 567.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. 1985; 8(7): 412 — 419.
Bugianesi E, Gastaldelli A, Vanni E, Gambino R, Cassader M, Baldi S, et al. Insulin
resistance in non-diabetic patients with non-alcoholic fatty liver disease: sites and
mechanisms. Diabetologia. 2005; 48(4): 634 — 642.

Park SH, Kim BI, Yun JW, Kim JW, Park DI, Cho YK, et al. Insulin resistance and C-
reactive protein as independent risk factors for non- alcoholic fatty liver disease in non-
obese Asian men. J Gastroenterol Hepatol. 2004; 19(6): 694 — 698.

Ratziu V, Giral P, Charlotte F, Bruckert E, Thibault \V/, Theodorou I, et al. Liver fibrosis in
overweight patients. Gastroenterology. 2000; 118(6): 1117 — 1123.

564



