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0.001)o 2511583 (47.2%) BERFFIE &, 12650 LSM FE 3 (63. 2% ) IR EEH . 52618F(98. 1% )1EREFH T (4. 05+
2.32)kgo CAP THERMEFRE THRREMNEMMIGIN, 2FH/EE3E BMIER BB . ALT.AST.GGT . JRER . = fE 1M
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Abstract: Objective To investigate the therapeutic effect of low-carbohydrate diet and online lifestyle intervention on patients with
lean nonalcoholic fatty liver disease (NAFLD). Methods This study was conducted among 53 patients with lean NAFLD who attended
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Department of Infectious Diseases in Peking University Shenzhen Hospital and Shenzhen Qianhai Shekou Free Trade Zone Hospital from
December 2019 to March 2021, and the patients were given low-carbohydrate diet for calorie restriction [ total calorie intake was calculated
based on basal metabolic rate (BMR) and physical activity level (PAL) and was restricted within (BMRx95%XPAL~1 000) kcal to (BMRx
95%XPAL—-500) kcal, and carbohydrate ratio fluctuated between 10% and 55% ] and lifestyle interventions for 8 weeks. An online
software was used for supervision and follow-up, and the patients were observed in terms of treatment outcome and safety. The patients
were compared in terms of controlled attenuation parameter (CAP) , liver stiffness measurement (LSM) , Anthropometric parameters ,
blood biochemistry, urinary protein, and urine ketone body before and after intervention. The patients were followed up after 1 year to
measure body weight and body mass index (BMI). The independent-samples ¢ test was used for comparison of normally distributed
continuous data between two groups, and the paired-sample Wilcoxon rank-sum test was used for comparison of non-normally distributed

continuous ; the chi-square test was used for comparison of categorical data between groups. Results  After 8 weeks of intervention,

CAP decreased from 304.47+31.91 db/m to 242.43+26.74 db/m, LSM decreased from 7.43+2.41 kPa to 6.36+1.79 kPa, and body weight
decreased from 64.29+7.37 kg to 60.24+7.08 kg (1=11.25, 3.72, and 14.07, all P<0.001). Of all patients, 25 (47.2%) had
disappearance of fatty liver, and abnormal LSM in 12 patients (63.2%) returned to normal; 52 patients (98.1%) had a mean reduction
of 4.05+2.32 kg in body weight. The degree of reduction in CAP increased with the degree of reduction in body weight. After intervention,
there were significant reductions in BMI, waist circumference, hip circumference, alanine aminotransferase (ALT) , aspartate
aminotransferase (AST) , gamma-glutamyl transpeptidase (GGT) , uric acid, fasting blood glucose, triglyceride (TG ) , total cholesterol
(TC) , and low-density lipoprotein (LDL) and a significant increase in high-density lipoprotein (:=12.85, 13.77, 10.28, 7.64, 6.21,
8.35, 6.83, 6.31, 7.4, 497, 595, and —=2.21, all P<0.05). The patients with abnormal ALT, AST, GGT, uric acid, fasting blood
glucose, TG, TC, and LDL at baseline which returned to normal after intervention accounted for 75%, 100%, 81.8%, 57.1%, 100%,
66.7%, 73.5%, and 85.3%, respectively. There were no significant changes in blood urea nitrogen, serum creatinine, urine protein,
and urine ketone body (all P>0.05). There was no rebound in body weight and BMI after 1 year of follow-up (P>0.05). There were no
gastrointestinal reactions during intervention or follow-up. Conclusion Low-carbohydrate diet and lifestyle intervention can improve

liver fat content, liver function, and blood lipid parameters in patients with lean NAFLD, with good safety.
Key words: Non-alcoholic Fatty Liver Disease; Diet, Carbohydrate-Restricted; Life Style; Diet, Reducing

Research funding: National Natural Science Foundation of China (81473473)

H AT, ABRIE AL EPORG P IR 7 1 9 (NAFLD ) £ %
295, 19%; /£ NAFLD 541,19, 206 & 71 987 NAFLD
% BMI B ARG, AL A T (B (g Qg AiE 2 (i
SR I I A0 R B 0 R g JHF7 A A R 58 A £ L 3] L
FFCT IR H: A LIk F 5 M8, T B Zm w25 iy
NAFLD (548 A 2 i KoK &9, T m ik 4
B S AT DA 25 0 S s A g, DA v
I NAFLD %955 KU 7100 BRIk, 0 iR s Ak AL 5 )
FIFRE A AT RESE TR AIAYY NAFLD Ay—Fh ok . H i i
AP RINAFLD JRYT A SCHGE Hof b . ASBIFSE R H
B Tl e S A BB K A 5 IR S B A0 T s
XA NAFLD B #7100, AR R B T U & vk,
Il R _E R NALFD 3457 SR A4

1 #REHFZE

1.1 ArRsr% HE20194 12 A —20214E 3 A 7Edt
SR AN B B S e VE B B RN T AR 0 3 X

P BE IR e PR B B2 W A 8 NAFLD H 35 100 141, e ¢
AN AT 5341, Horh 5 43461, 20 105 (K1 1) . NAFLD 12
W2 HE IR RS VE B 07 PRSP 46 ) o WA -
AEIBTE 18 ~ 65 %, BMI<23 kg/m?*, HZiX# £5 & NAFLD
WIERIE . HEBRARAE : G R/ 7LD e 0 5 AT )
RGO ; 1EAE SR AE S5 H AT 11 iR FH 244 B Sk 52 i)
BRI B ARG IEAE R TR H BT 2 5
AN I H 5 A A T Ol B N 2
1.2 Tk

1.2.1 HEARZTOHE KAEA NAFLD R E &
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Figure 1 NAFLD screening process
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W13 d), 5 K A2 (BMRX95%XPAL—1 000) keal ;
WAL A A B 10% ~ 15%, BRI A 5 20% ~ 25%,
FI A 60% ~70%. (2) P BEI] (4~ 28 d) , 5 K B
it 29 (BMRx95%xPAL—600) keal; % 7K 16 4 8 A5
30% ~ 35%, BEWTHEA 5 10% ~ 15% , 55 14 R A 5 50% ~
60%. (3) JL & ] — (20~ 35 d) , B K B 2 (BMRx
95%xPAL—600)keal ; ik K AL A HEA (5 40% ~ 50%, g i
FA 10% ~ 15% , T TR A (5 40% ~ 45% . JLIE TR
SR A A RS R RS L (4) LRI —.(36 ~ 42 d)
f5 K B 25 (BMRX95%XPAL—600) keal , i 7K £k 45 5
A 17 45% ~ 55% , BE Wi 8 A (7 10% ~ 15%, & [ BT d A i
35% ~ 40%. LI I AE ik B 2 0sF [R] 1) HE B A6 AN AR Ak
(5) [a] A 31 (6 ~ 12 JA] ), R K B #4 it 29 (BMRX959%x
PAL—500)keal ; i 7K Ak &4 A 5 30% ~ 35%, Bg Wit A i
10% ~ 15% , & 1 A & 50% ~ 60%., 16 ik 7 a4
B R R I b FE ) 150 ~ 240 keal , H FZ 53R/
KA AR R A B R FLER PO B
1.2.2 HREHHFE  WEHEIE E S Lz sh i
I T B H A FZ 804 18 St ) 45 K 29 30 min, 8
o = G R S
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i S NARSHAE bR, S 8 B3 04 )
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Table 1 Formula for predicting basal metabolic rate by WHO
ARy 1 (keal/d) 2 (keal/d)
18~30% 15. 057x{AF&E+692. 200 14. 818x{AFif+486. 600
30~60% 11, 472x(KFiHE+873. 100 8. 126x{A i H+845. 600

F2 RBEFFRXRIREESERNHITPAL IR
Table 2 PAL classification based on lifestyle and habitual
physical activity
UES PAL

FRAS R sh AR g ok 1.40~1.69
TG ER PR D s AR g X 1.70 ~ 1. 99
JRIZN A 3% s A 1 2.00 ~ 2. 40

0 PAL R H #1814

1.3 MEIBAR

FE LA T T2 S, 5 25 X B3 67 NAFLD f8 3%
FEE M E LT8R,
1.3.1 FibroTouch#%& R ILHEYL/RESFE AR
A FR 2 7] 4 77 1) FibroTouch-C #4746 1 , £ 4% AT A J&
(LSM) FIAg 05 & # (52 #2298 2 %L, CAP) . FibroTouch
A BRI BTN 2R >60% , 5 25 < P KA 1/3 5 B 1
P32 5k R GEREN . IE 7 ITT  e - T I T
(S0) , CAP<240 db/m; #2 £ ig I JIF (S1) , 240 db/m<CAP<
265 db/m; FENRIEF(S2) ,265 db/m<CAP<295 db/m; B
JE R (S3), CAP>295 db/m.,
1.3.2 AR ZF44F SRR BMLIER(WC)
B (HC) o BV VAR5 PR i B R i BMI,
1.3.3 fA4Ig4F  ALT AST .GGT. %5 & LK (FBG) |
TG.TC.LDL-C .HDL-C . JKF& (UA) JRZE A (BUN) . Il ]l
BF(Cr) . ZORTAZIREEE8~12h, TIRHIERE
Ji it B ik 1t , R P H 7R Hitach 23 825 72 9 7600-020 H
LA A Sh A AR S AR T
1.3.4 REA JREBPBIR AT, 42 ML IR
R RERA
1.4 ZARIE o5 EEE TR RS
5 50 FORE A B AR BRI R /NS B o [ A Ce
BUN JREE 1554847
1.5 %itsaEx RHISPSS 20. 04811444 (IBM Corp. ,
Armonk, New York, USA) X BE 17803108 Frfa %
P s AT IEASTERL S o A5 A IE SR 1T i OB s
FR, THIRTE BRI o K s P54 IE 2S00 A 1Y)
THR R L M (P ~ Pog) 3R7R , T TG 5 AR I BC X
FEA B Wilcoxon B FIAG 56 . 0B 1] F 85 % )
K, P<0.05 K253 Gt FE L.
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2.1 CAP.LSM Z A4k i & TALH 0L FELL A BoR,
5. 7% (31 /e R EENR I, 37. 7% (20 4]) i S v
BT, 56. 6% (30191 J 5 Sy E FENR W 5 35. 8% (19441
BH LSM>7. 3 kPa, & TTJ5 ,47. 2% (25191 2 & Rg i
T ,92. 5% (49 151)) £ B A5 31 8es8 , 35. 8% (19 4]
SR BERR T, 13. 2% (7 91)) H 3 Sk v B2 g W B
3. 8% (2 f51) ) SB35 g F B i 107 I, A g 7 P2 o . 14
B A, 100% (3 41) 2 B B Wi I .40% (8 451 h i g
U5 JFF .36. 7% (11 451 ) 55 J32 B 10y i 28 255 g 7 3 2K 5 50%
(10 1) o BERE R T (43, 3% (13 5] F5 B g i T ke & 5 o
BREERR T 5 13. 3% (4 51)) 5 5 Jig s 58 5 7 S v B2 Mg
55 JHF

2 TG, B0 CAP LSM AR 2 9] i T I (P

{5 44<0.001) (£ 3) . 5241(98. 1%) B H A2
R (4.05+2.32) kg, LSM 55 3 H163. 2% (12 4] ) & 5 1K
OEH o 98. 1% (52 49)) 8 35 1A T F B, o, 88.7%
(4710) BB AR FRE>3% (% 4) . CAP FREZ9 51k
J i T BRI R ) R LR S .
2.2 AKRMFTFIFALELTLEL ZTHE,
B BMI,WC  HC ,ALT ,AST .GGT ,UA .FBG .TG . TC
S LDLZKF- T B, HDL K F 55 (P{E<0. 05) . BUN,
Cr TG AR fb (P{EY>0. 05) (6 3) . BV 1 4 J5 B 1k
JF N (60. 04+7. 16) kg . BMI J3 (21. 09+1. 04) kg/m*, 5T
TEs AT L 25 F I eG4 8 L (P{A>0. 05) .

T T, 8 A ALT, AST . GGT, UA ,FBG . TG . TC .
LDL 5% 5050 67. 9% .49. 1% .20. 8% .79. 2% .28. 3% .
73.6% .64.2% .64.2% ., 2T #Wi)5 , ALTAST.GGT.UA .
FBG.TG.TC.LDL F: £k 5 % # YK & 1E 5 (14 Lb A1) 53 3
75% .100% .81. 8% .57. 1% .100% .66. 1% . 73. 5% .85. 3%
2.3 ®AWIK PR R EICE Wb ROy &
MERIR A KSR AR BRI AR, W . TR,
A Cr BUN 2170 B i 202 (PR #4>0. 05) 5 IR & A
A 3451 F8 A DR A A BH P 2 461 FR A DR AR P BH A ke
(53 151 8 2 PR AR B PR B 1M ) LR, 22 SR8 e gt i 2%
X (¥*=1.37.0.51,P{H¥I>0.05).

*3 THWEIEEEANMENE MR M AL THER
Table 3 Anthropometric measurement of blood indicators
and blood biochemical changes

fetm T T amiE i PIE
e (kg) 64.29+7.37  60.24+7.08 14.07 <0.001
BMI(kg/m?) 22.56+0.98  21.16+1.07 12.85 <0.001

WC(em) 86.57+5.75  82.91+4.82 13.77 <0.001
HC(cm) 94.36+5.04  91.79+4.40 10.28 <0.001
LSM(kPa) 7.43+2.41 6.36+1.79  3.72 <0.001
CAP(db/m) 304. 47+31. 91 242.43+26.74 11.25 <0.001
ALT(U/L) 63.11+27.34 35.28+13.01 7.64 <0.001
AST(U/L) 43.34+19.41 27.51+6.16  6.21 <0.001
GGT(U/L) 49.53+19.69 31.79+13.11 8.35 <0.001
UA(pumol/I.)  475.40+99. 17 394.70+79. 13 6. 83 <0. 001
FBG(mmol/L) 5. 65+0. 86 5.00+0.61  6.31 <0.001
TG(mmol/L) 2.61+1.25 1.57+0. 65  7.40 <0.001
TC(mmol/L) 5.83+0.97 5.16+0.66  4.97 <0.001
HDL(mmol/L 1.27+0. 58 1.46+0.38 -2.21 0.032
LDL(mmol/L) 3.94+1. 00 3.11+0.57  5.95 <0.001
BUN(mmol/L) 4.86+1.02 4.92+0.96 -0.30 0.766

Cr(pmol/L) 69.34+16.34 70.11+18.12 -0.23 0.823

*4 BEERETHRER
Table 4 The degree of weight loss

@@%m B% 3% ~5% 5%~T1% 1% ~10% >10%
Bl(%)  5(9.4) 18(34.0) 10(18.9) 13(24.5) 6(11.3)
3 itig

983 7 NAFLD 1) £ 15 PR ZATH SR 2 A JUE JES J A Jk 2 2%
HEHT, T LA E B AIR Y7 I 2 0 RN B R AT, S5
JEJE AR NAFLD AN [] ) 2 98 0 NAFLD 75 22 5 s IF e
EMERG D7 B o AR PEAR T ARRR K AL A R N
s Ak AR 75 7 3T 56 8 B NAFLD 2% CAP LSM ., A4
W5t 20K A RIS A 5 0

CAP 2 Wi - R 105 A5 11 Fo s M e | R B T e 5
B T HAAR 2 A 5 LA CAP 2 KT AS [R) 2 2 i
I 7728 14 B (LR B2 A A s DR Ay s 7 TR e, AR O
SIS W7 ¥ (FibroTouch ) 19 CAP -4k BTG I 7%
PERREE , LA Af b T M BB PR I A A8 k. CAP 5 JiF

x5 KRETHEMCAP THEHXER
Table 5 Relationship between percent weight loss and percent CAP loss

2057 ik CAP FF&<15%[ (%))  CAP FF15% ~30%[ (%))  CAP FFE>30%[11(%) ]
PR <5% 23 19(35.8) 10(18.9) 0(0.0)
PR R 5% ~ 10% 24 4(7.5) 11(20. 8) 0(0.0)
i FE>10% 6 1(1.9) 5(9.4) 3(5.7)
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0.05) , {H A7 5 22 1k — 4 R i LA 22 6 B 3 i G < 3]
S

NAFLD B 8 (1) — > 32 2 Pk i S0 B2 18 T Hp 22 1Y)
PR IR 2027 H 0 R R BB AR B
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T AT RR SRR AR O AU Y, TE AR ST
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(P>0.05),
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