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The Analysis of Non-pharmacological Intervention Study for Nonalcoholic Fatty Liver Disease:

Intervention Types and Measurement Parameters

Na Hyun Kim

College of Nursing - Research  Institute for Nursing Science, Keimyung University, Daegu, Korea

Purpose: This study was intended to analyze the types and measurement parameters of non-pharmacological interventional studies
for nonalcoholic fatty liver disease (NAFLD). Methods: NAFLD related literatures were systematically reviewed. The existing literatures
were searched electronically using the data base of PubMed, a Medline data base of the National Library of Medicine with the key
words of nonalcoholic fatty liver disease, NAFLD, nonalcoholic steatohepatitis, and NASH. The criteria for inclusion in this review were
1) non-pharmacological intervention, 2) human, 3) English. Finally, 20 articles were included in the review. Results: The major find-
ings of this study were as follows: 1) the types of non-pharmacological intervention were exercise (35%), caloric restriction (30%), and
lifestyle modification with combination both of exercise and caloric restriction (35%), 2) Almost all studies adopted various measure-
ment parameters derived from pathophysiological mechanism-based biomarkers such as anthropometric indices, biochemical pa-
rameters, body fat mass, and liver biopsy results. Conclusion: Non-pharmacological interventions have been reported to be effective
to improve NAFLD status, and many objective biomarkers confirmed supported these findings. Therefore, the development of nurs-
ing interventions for NAFLD subjects is needed and the consideration of using mechanism-based biomarkers is suggested to verify

nursing outcomes objectively.
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Records identified through PubMed searching
(searching terms: NAFLD, NASH (MeSH terms), nonalcoholic fatty liver disease,
nonalcoholic steatohepatitis) (n = 6,055)

Records after duplicates removed

(NAFLD AND NASH (MeSH terms)) OR (NAFLD AND nonalcoholic fatty liver disease) OR
(NAFLD AND nonalcoholic steatohepatitis) OR (NASH(MeSH terms) AND nonalcoholic
fatty liver disease) OR (NASH(MeSH terms) AND nonalcoholic steatohepatitis) OR
(nonalcoholic fatty liver disease AND nonalcoholic steatohepatitis) (n= 2,748)

Records screened
(Limits: Human, English, Clinical trial, Full
text articles) (n=144)

Records excluded
(n=2,604)

Studies included in review
(select including nonpharmacological
intervention only) (n=20)

Records excluded
(n=124)

Figure 1. Flow Diagram for Study Selection.
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Table 1. Summary of Study Characteristics

oy
I
i

(N=20)

Studies and year Number of participants (randomization) Mean age (yr) Including criteria
De Piano etal. (2012) 58 (RCT) 1648+142 Postpubertal obese adolescents with NAFLD
AEx (n=29)/AEx+REXx (n=29)
Leeetal. (2012) 45 (RCT) AEX:152+19 Obese adolescent boys (BMI > 95%)
AEx (n=16)/REx (n=16)/Cont (n=13) REx: 146£15
Cont: 148+ 14
Sullivan et al. (2012) 18 (RCT) Ex:486+2.2 Obese persons with NAFLD
Ex (n=12)/Cont (n=6) Cont:47.5+3.1 (IHTG content > 10%)
Fealy etal. (2012) 13 (not RCT) 58+3 Sedentary adults with NAFLD (IHL > 5%)
Rodriguez-Hernandez et al. (2011) 59 (RCT) LCHD:463+9.1 Healthy non-pregnant obese women with
LCHD (n=31)/LFD (n=28) LFD:45.049.1 NAFLD (aged 20 to 65 yr, BMI > 30 kg/m?)
Hallsworth et al. (2011) 21 (RCT) RE:52+133 Sedentary adults with NAFLD
REx (n=11)/Cont (h=8) Cont:62+74 (<60 min vigorous activity per week)
Browining etal. (2011) 18 (not RCT) LCD:47+£12 Persons with NAFLD
LCD (n=9)/LCHD (n=9) LCHD: 42+ 11
de Luisetal. (2010) 162 (RCT) NAFLD: 462+ 154 Obesity outpatients (BMI > 30 kg/m?)
NAFLD (n=30)/Obese (n=134) Obese:464+15.8
Lazoetal. (2010) 96 (RCT) 616+6.7 Overweight or obese adults with type 2
LS (n=46)/Cont (n=50) diabetes (aged 45-76 yr, BMI > 25 kg/m?)
Elias et al. (2010) 37 (not RCT) Adherent: 47.6+12.9 Obese patients with NAFLD
Adherent (n=17)/Non-adherent (n=14) Non adherent:47.4+100  (BMI> 25 kg/m?)
Promrat et al. (2009) 31 (RCT) [S:489+109 ALT > 41 or AST > 34, BMI=25-40 kg/m?
LS (n=18)/Cont (n=10) Cont:47.6+120
Johnson et al. (2009) 19 (RCT) AEx:49.1£230 Obese adults (BMI > 30kg/m?)
AEx (n=12)/Cont (n=7) Cont:473+36 Sedentary life style
Lin et al. (2009) 132 (RCT) VLCD 450:34.2+9.8 Obese subjects aged 18-65 yr
VLCD 450 (n=66)/VLCD 800 (n=66) VLCD 800:33.0£ 104 (BMI>30 kg/m?)
St. George et al. (2009) 141 (RCT) [-LS:475+124 Obese subjects with NAFLD

[-LS (n=38)/M-LS (h=33)/
M-LS(n=36)/Cont (n=34)

Shah et al. (2009) 18 (RCT)
Diet (n=9)/Diet+Ex (h=9)
Larson-Meyer et al. (2008) 44 (RCT)

CR(n=12)/CR+Ex (n=11)/
LCD (n=10)/Cont (n=11)

Nobili et al. (2008) 53 (RCT)

[ S+placebo (n= 28)/LS+antioxidant (n=25)

Tendler et al. (2007) 5 (not RCT)

LCD
Baba et al. (2006) 65 (not RCT)

Diet+Ex (n=44)/Diet (n=15)
Kugelmas et al. (2003) 16 (not RCT)

LS (n=7)/LS+VitE (n=9)

M-LS:49.8+10.2

M-LS:486+14

Cont: 468+ 122

Diet: 686+ 1.1 Obese adults (BMI > 30 kg/m?)

Diet+Ex: 685+ 13 Older (=65 yr)

CR:39+5 Overweight adults (BMI=24.7-31.3 kg/m?)
CR+Ex:36+5

LCD:39+7

Cont:37+7

[ S+placebo: 11.7 Pediatric NAFLD

LS+antioxidant: 12.8

356 Obese adults aged 18-65 yr (BMI > 30 kg/m?)
Diet+Ex: 45.2+£94 Subjects with NASH

Diet:36.5+ 86

[S:548+23 Patients with NASH aged 18-65 yr

LS+VitE41.5+£26

NAFLD =nonalcoholic fatty liver disease; AEx=aerobic exercise; REx=resistance exercise; Cont=control; Ex=exercise; IHTG=intrahepatic triglyceride; IHL=
intrahepatic lipid; LCOH=low carbohydrate diet; LFD = low fat diet; LS = lifestyle intervention; L-LS = low-intensity lifestyle intervention; M-LS = moderate-intensity
lifestyle intervention; VLCD = very low calorie diet; CR = caloric restriction; Vit E=vitamin E; NASH=nonalcoholic steatohepatitis.
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Table 2. Summary of Non-pharmacological Intervention Program (N=20)
Studies and Year Intervention type intet\fgr?ttizslzwk) Frequency/procedure
De Piano et al. (2012) AEx vs AEx+REx 48 AEx: 60 min x three times/wk (180 min/wk)
AEX+REX: (30 min of AEx+30 min of REX) x three times/wk
Psychological intervention: weekly psychologcial support group sessions, if needed
Leeetal. (2012) AEx vs REx vs Cont 12 AEx: 60 min x three times/wk
REx: 60min x three times/wk
Sullivan et al. (2012) Ex vs Cont 8 Ex: 30-60 min x five times/wk at 45-55% of VO, ax
Fealy etal. (2012) Short-term Ex. 1 Ex: 60 min/d at-85% of maximal heart rate
Rodriguez-Hernandez ~ LCHD vs LFD 24 Total energy intake per nutrient:
etal. (2011) LCHD: 27% protein, 28% fat, 45% carbohydrate
LFD: 25% protein, 21% fat (< 10% saturated fat), 54% carbohydrate
Hallsworth etal. 2011)  RExvs Cont 8 REx: 55-65 min x three times/wk
Browning etal. 2011)  LCDvs LCHD 2 LCHD: <20 g/d of carbohydrate intake
LCD: 1,200-1,500 kcal/d of calorie intake
de Luisetal. (2010) LFD vs LCHD 12 LFD: 1,500 keal/d, 53% carbohydrate, 20% protein, 27% fat
LCHD: 1,507 kcal/day, 38% carbohydrates, 26% protein, 36% fat
Lazo etal. (2010) LS vs Cont 48 LS: CR+PA
1-6 mo.: weekly meeting including 1 individual and 3 group sessions per mo
7-12 mo.: monthly individual session & group sessions
Cont: diabetes support and education, 3 group sessions per year
Elias et al. (2010) LCD 24 500-1,000 kcal/d, containing 15% protein, 55% carbohydrates, and 30% fat
A 24-hr dietary recall and food frequency questionnaire and a 7-d diary
Promrat et al. (2009) LS vs Cont 48 LS: Diet+Ex+ behavioral modification
Diet: calorie & fat restriction
Ex.: 200 min/week of moderate-intensity physical activity
Behavioral modification: self-monitor eating & Ex.
Johnson et al. (2009) Supervised progressive 4 Ex: three cycle ergometer session (30-45 min each)/wk
AEx.program Cont: 30-min home-based whole-body stretching routine (3/wk)
Lin et al. (2009) LCD 12 VLCD 450: 450 keal/d with 2 L of noncaloric fluid
VLCD 800: 800 keal/d with 2 L of noncaloric fluid
St. George et al. (2009)  Individually tailored 12 L-LS: 3 counseling session
counseling to assist M-LS: 6 fortnightly counseling sessions
people in making Cont: 1 consultation at baseline
changes to their PA habits
Shah et al. (2009) Diet & Ex 24 Diet therapy: energy deficit of 500-1,000 kcal/d (30% of energy as fat, 50% as carbohydrate,
&20% as protein)
Diet and Ex. training: slightly higher calorie intake for Ex. and Ex. training program focused
on improving endurance, strength, and balance with 3 times/wk at moderate intensity
(~70% of peak heart rate), lasted ~90 min.
Nobili et al. (2008) LS(diet+Ex)+placebo vs 48 Diet: hypocaloric (25-30 cal/kg/d) for obese child & isocaloric (40-45 cal/kg/d) for normal
LS+antioxidant) BMI, consisted of 50-60% carbohydrate, 23-30% fat, & 15-20% protein
Ex: moderate daily Ex with 45 min/d aerobic PA
Antioxidant: 600 IU tocopherol plus 500 mg/d ascorbic acid
Larson-Meyer et al. CR&Ex 24 CR: 25% CR of baseline energy requirements
(2008) CR+Ex: 12.5% CR+12.5% increase in total energy expenditure through structured Ex (5
days/wk)
LCD: until 15% reduction in BW
Tendler et al. (2007) LCHD 24 LCHD: intake of < 20 g/d of carbohydrate
Baba et al. (2006) Moderate intensity Ex & 12 Ex: Individualized regular aerobic Ex for 45 min/d, for at least 5 days a week at a 60-70% of
dietary modification their maximal heart rate & to maintain it for a period of 20 min
Diet: 25 kcal/kg ideal BW containing 60% carbohydrate, 20% fat, 20% protein, & 200 mg
cholesterol
Kugelmas et al. (2003)  Lifestyle modification & 12 LS: Step 1 American Heart Association diet & walking or jogging at least 30 min daily
VitE Vit E: 800 1U of vitamin E daily

yr=year; mo=month; wk =week; d=day; AEx=aerobic exercise; REx=resistance exercise; Ex.= exercise; Cont.= control; LCD =low calorie diet; LCHD =low
carbohydrate diet; LFD=low fat diet; LS =lifestyle intervention; PA= physical activity; VLCD =very low calorie diet; L-LS=low-intensity lifestyle intervention;
M-LS = moderate lifestyle intervention; CR = calorie restriction; BW = body weight; Vit E = vitamin E.
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(N=20)

Studies and year Measuring indicators

Results & Comments

DePianoetal. (2012)  Anthropometry: Ht, Wt, BMI

Biochemical parameters: Insulin, HOMA-IR, QUICKI, TC, TG, HDL,
LDL, VLDL, AgRP, MCH, adiponectin, leptin

Body fat composition: VAT, SAT

Anthropometry & physical fitness: Ht, Wt, BMI, WC, VOana, muscle
strength index

Biochemical parameters: glucose, insulin, insulin sensitivity

Body fat composition: total adiposity, skeletal muscle, VAT, SAT,
IHL, intramyocellular lipid

Anthropometry: Ht, Wt, BMI, VOspea

Body fat composition: body fat mass, fat-free mass (FFM),
intrahepatic TG content

Biochemical parameters: TC, HDL, LDL, ALT, FFA, TG, VLDL-TG, VLDL-
apo-100 secretion rate, glycerol, palmitate, leucine tracer-to-tracee
rations (TTR)

Anthropometry: Ht, Wt, BMI, VOzmax

Biochemical parameters: Insulin sensitivity and substrate
metabolism

Body fat composition: whole body adiposity, IHL

Apoptotic markers: plasma cytokeratin (CK)-18 fragments
ALT, AST, soluble Fas (sFAS), soluble Fas ligand (sFasL)

Lipid oxidation: respiratory quotient (RQ)

Anthropometry: Ht, Wt, BMI

Biochemical parameters: glucose, insulin, cholesterol, HDL, TG,
ALT, AST

Hepatic TG content

Anthropometry: Ht, Wt, BMI, WC, HipC, WHR, VOspeak

Biochemical parameters: ALT, TG, TC, HbATc, glucose, insulin, non-
esterified fatty acid (NEFA), HOMA-IR, frequently sampled oral
GTT (fsOGTT)

Body fat composition: IHL, VAT, SAT

Lipid oxidation: respiratory quotient (RQ)

Anthropometry: Ht, Wt, BMI . Biochemical indicator: glucose, TC,
TG, AST, ALT

Body fat composition: total body fat

Leeetal. (2012)

Sullivan et al. (2012)

Fealy etal. (2012)

Browning et al. (2011)

Hallsworth etal. 2011)

Rodriguez-Hernandez
etal. (2011)

de Luisetal. (2010) Anthropometry: Ht, Wt, BMI, WC, HipC, WHR

Biochemical parameters: glucose, insulin, HOMA-IR, ALT, AST,
bilirubin, GGT, TG, TC HDL, LDL

Anthropometry: Ht, Wt, BMI, WC

Biochemical & metabolic parameters: ALT, AST, y-GPT, HbATc,
HDL, LDL, TG

Body fat composition: total bodly fat, VAT, SAT

Adipokines & cytokines: IL-8, IL-10, TNF-q, adiponectin, ghrelin,
resistin

Lazo et al. (2010)

Elias et al. (2010) Anthropometry: Ht, BW, BMI, WC, WHR

Biochemical parameters: GGT, ALT, AST, TC, HDL, LDL, glucose,
insulin, HOMA-IR.

Body fat composition: total fat, SAT, VAT

Histologic analysis: liver density

Promrat et al. (2009) Anthropometry: Ht, Wt, BMI, WC

Biochemical parameters: ALT, AST, glucose, insulin, HbA1c, HOMA-IR

Liver biopsy: steatosis, fibrosis, Ballooning injury, parenchymal
inflammation, NAS

AEX+REx: insulin |, HOMA-IR |, ALT | than AEx
AEx+REx: ASAT |, Aglycemia |, ATC|, ALDL, AALT,
Aadiponectin | than AEx

AEx & REx; abdominal fat |, IHL |

REx: insulin sensitivity (27%) T than Cont

REx but not AEx is associated with significant improvements in
insulin sensitivity

Ex: intrahepatic TG content (10.3+4.5%) |
Ex has beneficial effects on IHTG content, but does not improve
lipoprotein kinetics in obese persons with NAFLD

VOomax (ML/kg/min) T: from 220+ 1410 23.6+ 1.3 (p<.05)

Resting fat oxidation (mg/min) T: from 49.3+6.1t0 69.4+7.1
(p< 05)

CK-18 fragments (U/1) | : from 5584+ 106.810 323.4+72.5 (< .01)

ALT (U/)) | : from 302 +5.1 10 243+ 4.8 (p< .05)

sFasL (pg/ml) | : from 66.5+6.0 t0 63.0+5.7 (p=.06)

Fat oxidation (mg/min) 1 :from 493 +6.1t0 694+ 7.1 (p< .05)

Hepatic TG | : significantly more in LCHD group (-55 + 149%) than in
LCD group (-28 +23%) (p=.008)

Two weeks of dietary intervention (=4.3% weight loss) reduced
hepatic TG by=42% in subjects with NAFLD (LCHD > LCD)

IHL (13%):from 14.049.110 12.249.0 (p< .05)

Lipid oxidation | : submaximal RQ from 0.93 +0.02 (baseline) to
0.91+0.01 (post-Tx) (p=.02)

fSOGTT, AUC | : from 885+ 269 to 777 + 184 (p=01)

HOMA-IR : from 5945910 46+4.6 (p=.05)

REx specifically improve NAFLD independent of any change in BW

there were not significant statistical differences in all indicators
between women in both groups

Weight loss, irrespective of the type of diet, reduces amino-
transferase levels in obese women with NAFLD

Cont | : BMI, Wt, fat mass, WHR, waist circumference, TC, insulin,
LDL-C, HOMA-IR

NAFLD | (additionally): glucose, TG, ALT, AST, GGT

Weight loss: -8.5 vs.-0.05% (p < .01)

Steatosis | : -50.8 vs. -22.8% (p=.04)

HbA1C | :-0.7 vs.-0.2% (p=.04)

At 12 months, 26% of Cont and 3% of Intensive-LS without NAFLD
at baseline developed NAFLD (p < .05)

A 12-month intensive lifestyle intervention in patients with type 2
diabetes reduces steatosis and incident NAFLD

WHR: from 0.9+ 5.4 t0 0.8+ 6.0 in adherent (p=.001)

Lipid profiles: TC{ (p=.049), HOMA-IR| (p=.001), HDL-C 1
(p=.007), Glucose | (p=.039), Insulin| (p=.05)

Liver enzyme: ALT | (p=.05),GTT| (p<.05)

Body fat: visceral fat | (p=.01), total fatl (p=.01)

Liver density T (p<.05)

Weight loss: 9.5% vs 0.2% (p=.003)

Liver steatosis | :-1.1vs -0.3 (p=.02)

NAS | : 72% vs 30% (p=.03)

Percent weight reduction correlated significantly with improvement
in NAS (r= 497, p=.007)
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Table 3. (Continued from the previous page) Summary of the Measuring Indicators and Results (N=20)
Studies and Year Measuring indicators Results & Comments
Johnson etal. (2009)  Anthropometry: Ht, Wt, BMI, VOamax VOimax (ML/kg/min) 1:33 vs 1.1 (p=.017)
Biochemical parameters: TG, glucose, insulin, FFAs, ALT, HOMA-IR, TC FFAs (umol/L) | :-71vs -23 (p=047)
Body fat composition: SAT, VAT, hepatic TG content, IMTG Hepatic TG (%) | :-1.76 vs 0.26 (p=.042)
VAT area (cm2) | :-20.7 vs 4.4 (p< 01)
Lin et al. (2009) Anthropometry: Ht, Wt, BMI, WC, HipC, BP Improvement rate of NAFLD: 41.4% in the VLCD and 50.0% in the
Biochemical parameters: FBS, TC, HDL-C, LDL, TC/HDL, TG VLCD 800
Body fat composition: body fat, fat free mass Both VLCD 450 and 800 kcal/d can effectively and safely reduce
Resting metabolic rate (RMR) weight and improve NAFLD in 12 weeks in obese participants
with no serious adverse events in either group
St. George etal. (2009)  Anthrpometry: Ht, Wt, BMI, WC, HipC, BP, PAT:9times more in LS compared to Cont
Biochemical parameters: FBS, insulin, HOMA-IR, TG, TC, LDL, PAto > 150 min/wk:improvements in liver enzymes & metabolic
ferritin, ALT, AST, y-GPT indices compare to the least active group
Changes in PA & fitness: VOanay, total physical activity (PA) Lifestyle counseling interventions are effective in improving PA

Maintaining or increasing PA provides health benefits for patients
with fatty liver, independent of changes in weight

Shah et al. (2009) Anthropometry & physical function: Wt, BP, VOzma, muscle strength - AWt: -9+ 1% (Diet) vs -10+ 2% (Diet+Ex) (both p <.05)
Biochemical parameters; insulin sensitivity, HOMA-IR, glucose, AFat mass: -13 + 3% (Diet) vs -16 + 3% (Diet+Ex) (both p<.05)
insulin, TG, TG, LDL, HDL, BP, ALT, AST AIHF:-46£11% (Diet) vs -45 + 8% (Diet+Ex) (both p <.05)
Body fat composition: total body mass, mineral-free lean mass, Alnsulin sensitivity: 66 + 25% (Diet) vs 68 + 28% (Ex) (both p <.05)
fat mass, trunk fat, IHF VOomax T, strength T,7G |, HDL T, BP | occurred in the Diet+Ex
(allp<.05)

Diet with or without exercise results in significant decreases in IHF
content and improvements in insulin sensitivity

Nobili et al. 2008) Anthropometry: Ht, Wt, BMI Pre vs post Tx: steatosis | , inflammation | , ballooning |, NAS | in
Biochemical parameters; ALT, AST, TC, TG, glucose, insulin, both groups
HOMA-IR, ISI, OGTT NS in all parameters between groups
Histological parameters: steatosis, inflammation, ballooning, Alpha-tocopherol plus ascorbic acid does not seem to increase the
NAS, fibrosis stage efficacy of lifestyle intervention alone
Larson-Meyer et al. Anthropometry: Ht, Wt, BMI IHL ! : CR (p<.05), CR+Ex (p<.05), LCD (p< .05)
(2008) Biochemical parameters; insulin sensitivity, TC, TG, LDL, HDL, ALT, AST IHL & TG (r=.52), ALT (r= 42), hsCRP (r=33)

Body composition: VAT, SAT, total body fat, IHL
Inflammation markers: IL-6, TNF-a, hsCRP

Tendler et al. (2007) Anthropometry: Ht, Wt, BMI, BP Body weight (kg) | : from 102.2to 94.5, % change (p=.03)
Biochemical parameters; ALT, AST, TB, HbA ¢, glucose, insulin, SBP (mmHg) | : from 1303+ 17 to 117.6+12.9, % change (p=006)
TC, LDL, HDL, TG, urinary ketones Serumtests: B (p=.027), TC/HDL ratio | (p=.04)
Liver biopsy: steatosis, extent of necroinflammation Liver biopsy: Steatosis | (p=.02), Inflammation | (p=.02)
Baba et al. (2006) Anthropometry: Ht, Wt, BMI, WHR, WC BMI | : from 28.7to 27.5 (p<.001)
Biochemical parameters: albumin, ALT, AST, glucose, VLDL, LDL, WC | :from 99.4t0 96.1 (p<.001)
HDL, TG, iron, ALT | :from 70.5 t0 415 (p<.001)
Liver biopsy: steatosis score, necroinflammatory activity, AST | :from 104.0t0 63.2 (p<.001)
fibrosis stage
Kugelmas etal. (2003)  Anthropometry: Ht, Wt, BMI Pre vs post Tx: ALT (U/L) |, AST (U/L) |, plasma hyaluronic acid (ng/
Biochemical assays: BMI, ALT, AST, Alkaline phosphatase, TC, TB mb) |, cytokines (pg/ml) |
Cytokine & HA analysis: IL-6, IL-8, TNF, plasma hyaluronic acid NS in all parameters between groups

Not Vit E, but LS (low-fat & Ex), were associated with improvement
in liver enzyme, TC, plasma hyaluronic acid levels in patients with
NASH

HOMA-IR=homeostasis model assessment insulin resistance; QUICKI=quantitative insulin sensitivity check index; TC=total cholesterol; TG=triglyceride;
LDL=low density lipoprotein; HDL = high density lipoprotein; VLDL = very low density lipoprotein; VLDL-apo-100=apolipoprotein B-100; AgRP = agouti-related
protein; MCH = melanin-concentrating hormone; VAT = visceral adipose tissue; SAT = subcutaneous adipose tissue; ALT = alanine aminotransferase; AST = aspartate
aminotransferase; FFA =free fat acid; IHL =intrahepatic lipid; WC = waist circumference; HipC=hip circumference; WHR=waist to hip ratio; HoAlc=hemoglobin
Alc; GTT=glucose tolerance test; intensive-LS =intensive lifestyle intervention; GGT =y-glutamine transferase; NAS=NASH hitological activity score;
IMTG =intramyocellular triglyceride concentration; Ex=exercise; TB=total bilirubin; SBP = systolic blood pressure; ISI=insulin sensitivity index; hsCRP = high
sensitive C-reactive protein; IL = interleukin; NS = not significant.
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