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Abstract

In the management and treatment of nonalcoholic fatty liver disease (NAFLD) ranging from hepatic
steatosis (HS) to nonalcoholic steatohepatitis (NASH), the goals in patients without NASH or hepatic
fibrosis are weight reduction through lifestyle modification such as nutritional and exercise intervention
and control of associated metabolic morbidities including obesity, metabolic syndrome, and type 2
diabetes. Weight reduction of at least 3% to 5% could improve steatosis, and the characteristics of NASH
histopathology with a dose-response curve between the degree of weight loss and improvement of
histopathology. The patients with NAFLD could achieve weight reduction with hypocaloric diet with or
without exercise, but not with exercise alone. Despite the absence of a weight loss effect of exercise alone,
it may prevent or alleviate HS and associated metabolic parameters.

Keywords: Exercise, Hypocaloric diet, Lifestyle modification, Nonalcoholic fatty liver disease

Corresponding author: Byung-Wan Lee
Department of Internal Medicine, Yonsei University College of Medicine, 50-1 Yonsei-ro, Seodaemun-gu, Seoul 03722, Korea, E-mail: bwanlee@yuhs.ac
Received: Apr. 9, 2018; Accepted: May 21, 2018

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2018 Korean Diabetes Association

82 The Journal of Korean Diabetes



j |-(d The Journal of Korean Diabetes

&

F APl 2, 4013‘% ool A 7H**°ﬂ 7]&
1} O

3 w)okE 257t 71 % 9;3}1:} B gp} ul] ] o

N5 Fa Ao AT ER YU AL 2 A
29} Bl 27 BH= Ro] wheie, e
2k 22 AR AFEE Heli= A, 20~30%9] Bl
A b o] AR glonw ofEARE X E 1
4549 2 g7h 2 7Ar)

NAFLD:= 23t Zze] AFs AAgse] 5o
Qlsh st AT W (Ko i SELW)S
T iﬂzﬂﬂol NAFLD #|&e] Z3tolt}. ofe] A5
At 2 Agre] Ak "alst
&401 2 okl A] It 2-6). NAFLD 4} 3%

aly

&
g
Y

50
i

o
F(‘
S
ri
ol
ko
rob
ry
:
rlo
X
—
it
offt
z
gl
o
rﬂ
o
X
o

ek
Om 1_‘
rO
f
e
2
ot
ok
)
N
~o
ofh
oft
E
ok
-\3
m\(
rlo
fo
ati
rO
_|>i
o
r

S 239110,

www.diabetes.or.kr

AR o1% F AT T 5248 Gk

%) d
ol 1.6 kg WA Erg xﬂ%»" HFels W, T
Arpo] ZHaagh ek 24% 9] FAfA = 7HEM ] 35 A
a7t okskE|AeH12). ek 7t 24 A7 o2 NAFLD
S e 3t 484|9] vvH(FE v BMI 33.8 kg/m’) 34}
3 o 2ojay dehs Bl 15Yel Al 1 kg
T2 1d93F 2.9 kel AleEs 1Ll AFolAls 3t
o] SAFATHE). webA] AT A7) o) F
oxjof ahH (4oF: 0.5 kg/F, A1 0.45~1.6 kg/F WIEh),
AT AT B o FollA] 7H ] A
sle] ofslE 71 = Sl tigha|vksls] oA = 6711
o MR oR 7)FE AT 5~10%2 Hkeh= AL

Eyg AASHEE Hsk JrH13).

E DO
e Iy o2

=

A
o

%
)

7]

PN'

2k 22 o NAFLDE zIthikd o] A5 &
Sk 87l ] -219] vl
RCTs)& A1gh vlE} EAAToll A 5%9] ATt &
AR FolatA HSE SHAHAL, 7% olde] et
2= NASH d7ellA A8 vh-8-5 B7eb7] 3k A
2ol NAS (NAFLD Activity Score: AH=5(0~3), &
A4 AF0~2), THHE F40~2)9] HFE shste] At
3, 5% oldolw NASH, 3~4%01% 737 (borderline)
NASH, 2% o]alo]l NASH7} obd Zlo =z Ao))e] 54

A (randomized controlled trials,

3} glgto] IIrH). wak 1F 24 7S Ea) NASHE
RIEhike: 2039 o= 5277k Fae Aol AR
o VRS B9 ARl nelstol NASHS] 243}

A Mo e ERlEkAAL, o2 g e 53] 10% ©]

83



Focused Issue

];},.E N i o A=
the wkgel7] & st

2o olel AeAS J)AA]F] AL, magnetic resonance
zZ

spectroscopy AAMNA ZF U} Zrke] 7hAo) Al

QoM & ZAme] AFH=e 26% 5 =oli= 3ol Adst
H Sh=mele) o Zwe] 43 AxS e uf o4
400~500 kecalE =oli= zlo] sttt Axstal vk
(8.

7389 F-L HWHEET L] 18~354]) $AkE e
2 o7iE7e] HAg Aolxds e Aledy] 5 1270
dke] 4 g AR Aol A AEIA T AAHlow-
glycemic load: 40% ©=r3l=3 35% AW)7F A AAAL
(low-fat diet: 55% ®r3l=3 20% A%<} vlalste] A
TSI AALEC] Afol= HolA] kot A d vk HollA
O 3 AaE BoH15). B thE ATellA] 3229
o] w|gkgl Aol (B3 Lo 524, Bt BMI 31 kg/m”, B4
86%)- o= 2d7F Tl 2], Aekrsha2]o], A14]
WAl & Aol e w A|Selleo](4.4 kg) oF At
sh=21o](4.7 kg)7F AA210](2.9 kg, P < 0.001 for the
interaction between diet group and time)®l H]&) ] Y-
ATt 23 % A7, AN 2aE BAvH16).

< 139 (high fructose)o] S5 AlHo] ke 2
T AHP7F SRkl g, S50 AdF 9 NAFLD
o] whao] dyto] UA(17]) HFe| HHZo] BETE

NAFLD®] 47317} AapltH18). ol A& A=

84

Tk ghol| A x| o] AkskE Ap=8tal A A Alste] 4
& AR FRIgE 1he) SAAMY A AT
(19.22.23]. 12v &8 TdEom A oR g4l
g A5S SAE  deAlol tig Aot o] K-
=airt

A% T Aol A 9] 5 8 AleAart glof
T led A 22T tiAkE JRAAIRITH24]. 2
2 59734 + 0.9 times/week for 18 + 15 weeks)
128 9 Age] 5110 + 0.7 exercises, 2.5 + 0.7

sets, 13 + 0.7 repetitions, 2.5 + 0.4 times/week for 15
+ 10 weeks) 2985 A1 WERTA] Aol A dizatel]
Hl8l] AF7ake] @vH(83.02 kg vs. 82.48 kg: weighted
mean difference, 0.54; P = 0.76)= 1A G322
e E3H7.65% vs. 8.31%: weighted mean difference,
-0.66%: P < 0.001)+= #2=JAeH25). NAFLD 2kt
e 2 A RoA AT o]2le] B vE TRJ IR

NAFLDE &k vint, i ddZ et A4 3 1L

https://doi.org/10.4093/jkd.2018.19.2.82



j |-(d The Journal of Korean Diabetes

e Aol M B AFUFE Aol ArkrA] 2
2 AFo= Fophz 757 B del Bk fA31)
7hofe S mE AABEL Fehs o] BeAolt, 4B
9] A A HAlsh £FA7NE i Slo] wgol
531 S, G, EABAF S0 Folshs | FeH Y

o] Fajao]t).

I

1. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi
K, Rinella M, Harrison SA, Brunt EM, Sanyal AJ. The
diagnosis and management of nonalcoholic fatty liver
disease: practice guidance from the American Association
for the Study of Liver Diseases. Hepatology 2018;67:328-
57.

2. Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM,
Brancati FL, Wagenknecht LE, Pi-Sunyer FX, Kahn
SE, Clark JM. Effect of a 12-month intensive lifestyle

intervention on hepatic steatosis in adults with type 2

www.diabetes.or.kr

diabetes. Diabetes Care 2010;33:2156-63.

. Musso G, Cassader M, Rosina F, Gambino R. Impact of

current treatments on liver disease, glucose metabolism
and cardiovascular risk in non-alcoholic fatty liver disease
(NAFLD): a systematic review and meta-analysis of

randomised trials. Diabetologia 2012;55:885-904.

. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L,

Torres-Gonzalez A, Gra-Oramas B, Gonzalez-Fabian
L, Friedman SL, Diago M, Romero-Gomez M. Weight
loss through lifestyle modification significantly reduces
features of nonalcoholic steatohepatitis. Gastroenterology

2015;149:367-78.eS; quiz e14-S.

. Huang MA, Greenson JK, Chao C, Anderson L,

Peterman D, Jacobson J, Emick D, Lok AS, Conjeevaram
HS. One-year intense nutritional counseling results in
histological improvement in patients with non-alcoholic
steatohepatitis: a pilot study. Am J Gastroenterol
2005;100:1072-81.

. Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE,

Shulman GI. Reversal of nonalcoholic hepatic steatosis,
hepatic insulin resistance, and hyperglycemia by moderate
weight reduction in patients with type 2 diabetes.

Diabetes 2005;54:603-8.

. Hickman IJ, Jonsson JR, Prins JB, Ash S, Purdie DM,

Clouston AD, Powell EE. Modest weight loss and
physical activity in overweight patients with chronic
liver disease results in sustained improvements in alanine
aminotransferase, fasting insulin, and quality of life. Gut

2004;53:413-9.

. Korean Association for the Study of the Liver (KASL).

KASL clinical practice guidelines: management of
nonalcoholic fatty liver disease. Clin Mol Hepatol
2013;19:325-48.

. Praveen Raj P, Gomes RM, Kumar S, Senthilnathan P,

Karthikeyan P, Shankar A, Palanivelu C. The effect of

85



Focused Issue

surgically induced weight loss on nonalcoholic fatty
liver disease in morbidly obese Indians: "NASHOST"
prospective observational trial. Surg Obes Relat Dis
2015;11:1315-22.

10. Mottin CC, Moretto M, Padoin AV, Kupski C, Swarowsky
AM, Glock L, Duval V, da Silva JB. Histological behavior
of hepatic steatosis in morbidly obese patients after weight
loss induced by bariatric surgery. Obes Surg 2005;15:788-
93.

11. Mattar SG, Velcu LM, Rabinovitz M, Demetris A]J,
Krasinskas AM, Barinas-Mitchell E, Eid GM, Ramanathan
R, Taylor DS, Schauer PR. Surgically-induced weight loss
significantly improves nonalcoholic fatty liver disease
and the metabolic syndrome. Ann Surg 2005;242:610-7;
discussion 618-20.

12. Andersen T, Gluud C, Franzmann MB, Christoffersen P.
Hepatic effects of dietary weight loss in morbidly obese
subjects. ] Hepatol 1991;12:224-9.

13.Kim MK, Lee WY, Kang JH, Kang JH, Kim BT, Kim SM,
Kim EM, Suh SH, Shin HJ, Lee KR, Lee KY, Lee SY, Lee
SY, Lee SK, Lee CB, Chung S, Jeong IK, Hur KY, Kim
SS, Woo JT; Committee of Clinical Practice Guidelines;
Korean Society for the Study of Obesity. 2014 clinical
practice guidelines for overweight and obesity in Korea.
Endocrinol Metab (Seoul) 2014;29:405-9.

14. Yoshimura E, Kumahara H, Tobina T, Matsuda T, Ayabe
M, Kiyonaga A, Anzai K, Higaki Y, Tanaka H. Lifestyle
intervention involving calorie restriction with or without
aerobic exercise training improves liver fat in adults with
visceral adiposity. ] Obes 2014;2014:197216.

1S. Ebbeling CB, Leidig MM, Feldman HA, Lovesky MM,
Ludwig DS. Effects of a low-glycemic load vs low-fat
diet in obese young adults: a randomized trial. JAMA
2007;297:2092-102.

16. Shai I, Schwarzfuchs D, Henkin Y, Shahar DR, Witkow

86

S, Greenberg I, Golan R, Fraser D, Bolotin A, Vardi H,
Tangi-Rozental O, Zuk-Ramot R, Sarusi B, Brickner D,
Schwartz Z, Sheiner E, Marko R, Katorza E, Thiery J,
Fiedler GM, Blither M, Stumvoll M, Stampfer MJ. Weight
loss with a low-carbohydrate, Mediterranean, or low-fat
diet. N Engl ] Med 2008;359:229-41.

17. Abid A, Taha O, Nseir W, Farah R, Grosovski M, Assy
N. Soft drink consumption is associated with fatty liver
disease independent of metabolic syndrome. J Hepatol
2009;51:918-24.

18. Abdelmalek MF, Suzuki A, Guy C, Unalp-Arida A,
Colvin R, Johnson RJ, Diehl AM. Increased fructose
consumption is associated with fibrosis severity in
patients with nonalcoholic fatty liver disease. Hepatology
2010;51:1961-71.

19. Sullivan S, Kirk EP, Mittendorfer B, Patterson BW, Klein
S. Randomized trial of exercise effect on intrahepatic
triglyceride content and lipid kinetics in nonalcoholic
fatty liver disease. Hepatology 2012;55:1738-45.

20. St George A, Bauman A, Johnston A, Farrell G, Chey
T, George ]J. Independent effects of physical activity in
patients with nonalcoholic fatty liver disease. Hepatology
2009;50:68-76.

21. Sung KC, Ryu S, Lee JY, Kim JY, Wild SH, Byrne CD.
Effect of exercise on the development of new fatty
liver and the resolution of existing fatty liver. ] Hepatol
2016;65:791-7.

22.Johnson NA, Sachinwalla T, Walton DW, Smith K,
Armstrong A, Thompson MW, George J. Aerobic
exercise training reduces hepatic and visceral lipids
in obese individuals without weight loss. Hepatology
2009;50:1105-12.

23.van der Heijden GJ, Wang Z], Chu ZD, Sauer PJ,
Haymond MW, Rodriguez LM, Sunehag AL. A 12-week

aerobic exercise program reduces hepatic fat accumulation

https://doi.org/10.4093/jkd.2018.19.2.82



j |-(d The Journal of Korean Diabetes

and insulin resistance in obese, Hispanic adolescents.
Obesity (Silver Spring) 2010;18:384-90.

24. Shojaee-Moradie F, Baynes KC, Pentecost C, Bell JD,
Thomas EL, Jackson NC, Stolinski M, Whyte M, Lovell
D, Bowes SB, Gibney J, Jones RH, Umpleby AM. Exercise

training reduces fatty acid availability and improves the

www.diabetes.or.kr

insulin sensitivity of glucose metabolism. Diabetologia
2007;50:404-13.

25.Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal R]J.
Effects of exercise on glycemic control and body mass
in type 2 diabetes mellitus: a meta-analysis of controlled

clinical trials. JAMA 2001;286:1218-27.

87



