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[ Abstract] Objective To observe the effect of ketogenic diet (KD) combined with high intensity interval training
(HIIT) on nonalcoholic fatty liver (NAFL). Methods From June 2020 to March 2022, 112 patients with NAFL admitted to
the Infectious Disease/Liver Disease Center of the First Affiliated Hospital of Xinjiang Medical University were selected as
the study subjects. They were divided into the control group and the observation group with a ratio of 1:1 according to the
random number table, with 56 patients in each group. The control group was treated with HIIT intervention, and the obser-
vation group was treated with KD intervention on the basis of the control group. Obesity indexes (body mass index (BMI),
waist to hip ratio (WHR), obesity degree, body fat rate (Fat)), glucose metabolism indexes [ fasting insulin (FINS), fasting
blood glucose (FPG), insulin resistance index (HOMA-IR)], lipid metabolism indexes (TG), low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol (HDL-C) Inflammatory factors [ high sensitivity C-reactive protein (hs-CRP), in-
terleukin-6 (IL-6), IL-8 ], sterol regulatory element binding protein-1 (SREBP-1c¢), retinol binding protein-4 (RBP4), muscle
mass, bone mass level. Results After 3 months of intervention, BMI, WHR, obesity and Fat in the observation group were
lower than those in the control group (¢/P=6.183/ <0.001, 4224/ <0.001, 3.362/0.001, 3268/0.001), FINS, FPG, HOMA-IR lev-
els were lower than those in the control group (z/P=2.888/0.005, 2.983/0.004, 2.459/0.016), TG, LDL-C levels were lower than
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those in the control group, HDL-C levels were higher than those in the control group (#P=3.582/<0.001, 3.416/ <0.001,
4036/ <0.001), The level of serum hs-CRP, IL-6 ,IL-8 was lower than that of the control group (#/P=3.109/0.002, 3.862/ <
0.001, 3431/ <0.001), and the level of SREBP-1c and RBP4 in serum was lower than that of the control group (¢/P=5248/ <
0.001, 3.978/0.002). The muscle mass was higher than that of the control group (#P=2.613/0.010). There was no significant

difference in bone mass between the two groups before and after the intervention (P>0.05). Conclusion The intervention

effect of KD and HIIT on NAFL is better, which can effectively control obesity, reduce body mass, and regulate glycolipid

metabolism, inflammatory factors and serum SREBP-1c¢, RBP4 levels, without affecting muscle mass and bone mass.
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0.05), AR M, W 1, AFRZERAS P K
2HEVE (202005180132 , e R K @ A W) 5 4 8
HE R
1.2 JRBEREbRAE (1) A ARRIE. 955G < SR AS
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Tab.1 Comparison of clinical data of NAFL patients in the con-
trol group and the observation group
- X HR2H WML )
I 2
JTRE| (n=56) (n=56) ' i PE
P (F /) 30/26 33/23 0.327 0.568
AR (3 x5, %) 35.28 +4.31 36.194.14 1.140 0.257

BMI(% %s,kg/m®) 28.03 +1.45 28.41+1.39 1.416 0.160
ST (% +5,4F) 3.16 £+0.58  3.01 £0.51 1.453 0.149
NI I A BRAE 0 22(39.29)  20(35.71)  0.508 0.776

[(% )] RREE 24(42.86)  23(41.07)
HHE 10(17.85) 13(23.22)
A AERE 51(91.07)  49(87.50)  0.373  0.541

[Bl(%)] 1REZEEHE 30(53.57)
2 BUBEIRA  20(35.71)

29(51.79) 0.036 0.850
22(39.29) 0.152 0.696

W R B T (% ) ] 32(57.14) 35(62.50)  0.334 0.563
RIS % ) ] 36(64.29) 33(58.93)  0.340 0.560
KWL [l (% )]  22(39.29)  26(46.43)  0.583 0.445

PERAF BB A 58 AR R A JR9T . (2) HEBRARHE
ORI WFU LM ; QR 5 ARG ; %
PEE ; @FHADS T i 197 I ; @ F 245 DIRe bR it ; ©
FEAESRPE I R Ge e s DI WIAEFE 3 S PE AL 2
B @FFAEIZ B R G

1.3 @ik XM, R HIT #4715, L
Pusar cosmos 4.0 15454 AE-GER Oxygen Analyzer
Sl S5 A 3o 1 30 Xof BB A B KA AU dE (VO,,,,, ) TE
FEE N 3 d JEAREL 85% VO, .60% VO, L%
(HR) M5 [ 3 M 7 &, 45 02 3 HiT R B 10 min
50% VO,,, HE& TGS, SRIG A 5 min, TFURIZ 2B 3%
R 80% VO, [[#f HR 535 174 ¥X/min, $54% 4
min , SR )5 18 Sl VR 50% VO, , FF4E 2 min, [A]
WS min, mE 5K, BEEZS5 K, WYL X IR
AN FINA KD THUATT AR AR BT 114 1 d frds
BPE ARER R (kg) = B (em) - 105, B =
FRUER BT & (kg) x 25 keal/ke, B KAEA 3% ~ 5% Bk
KB 18% ~25% H AT . 70% ~T5% Bgli. 2 4
T3 A,
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(WHR) 84k, Horf BMI = 1R & (kg) /B & (m)?, A
JERE = (SEBRAAR B 2 — bR AT ) /bR o R TR B x
100% K0S % (Fat) = 1.2 x BMI + 0. 23 x 4F % -
5.4-10. 8 x el (B 1, LR 0); BEELL
(WHR) = [EF/ B,

14,2 OBEACEHEPRASI . T T HUET e R R s 8
K I 7 ml, DAV A= Ak A A A (35 AR R S E]
RxI2Max %) W] 5 25 1@ B 55 2 (FINS) | 25 16 1fi ¥
(FPG) , 5 & RALPT 8 EL(HOMA-IR) = FPG x
FINS/22.5,

1.4.3  JEACERFEARREI . L3R ik LA 4 A shAE e/
X (ZEE DL 5T & 20 E], AUS800) K6 I = Bt H i ( TG) A%
515N 45 11 H [ B (LDL-C) | /55 25 B8 i A 1 e [&] p
(HDL-C)

144 J3ERMHE AR, BRI 4 ml 250 5 HL
I3, LA TR 6 e 75 WA B0 30 0 7 v 0 € S B AR T (hs-
CRP) AN ZE-6(1L-6) IL-8, ik FI &1 [ |- 1 f 5k AL
YN

1.4.5 Ifl# SREBP-1c . RBP4 ¥l . |3 ifit % L) fifg Bk
G 58 I B 3k ) ] R Y TR 45 A & -1 (SREBP-
le) EEELS & HEH 4(RBP4) K i85 & A _E it
EY TNt /NI

1.4.6 IR & B ACERD DL B 53 1
(CareBo 810, W [ 118 Z BR A FER}B7 28 /] ) A, W i £
E I i N TN < = SNV LK 6B N Y S N
8 LR BUR XIS LA IR X, 5 s JE AR AR &
UL RS UE AR TR A P T, AR
YR e 4

1.5 Seitefrik R SPSS 25. 0 {4 4b AL 4
THECTER LU R (% ) 38, 41| R Y K
B AP A RS T E ORI » £ 5 $38 2 2H A FbAS

KHMSTFEAS ¢ Rz ey, 0 N LR HE XS ¢ R, P <
0.05 HERAGIFE L,

2 % B

2.1 2 H TR IEREE bR LA T IUAT 2 41 BMI,
WHR JE B BE  Fat W, ZR LG HE X (P >
0.05), T3 ™ HJ5 2 4 BMI WHR JEREE  Fat 1
BT AT R R, LT XAl (P <0.01), I
%2,

2.2 2 A THAT R FE bR L T AT 2 A
FINS .FPG . HOMA-IR 7K He§, 2 R g it 24 XL
(P>0.05),F#i3 4 HJG 2 4 FINS,FPG . HOMA-IR
TR TGRS, WSS T X EZH (P <0. 01
5%0.05) , L3k 3,

R3 XIRLALS WL NAFL B35 T 1005 B bR
Heds (x£s)
Tab.3 Comparison of glucose metabolism indexes between NAFL
patients in control group and observation group before and

after intervention

4 5l W] FINS(mIU/L)  FPG(mmol/L) HOMA-IR
XU  FHIAT 16.47 +3.86  5.92 £0.97 3.77 £0.79
(n=56) TG 14.09+3.01 5.58 £0.81 3.14 £0.73
WL FHET 17.63£3.25  6.01 +0.86 3.89 +0.85
(n=56) THF 12.54+2.66 5.14+0.75 2.81 £0.69
t/P X} BEZH N AE 3.639/ <0.001 2.013/<0.047 4.383/ <0.001
/P WS N {E 9.070/ <0.001 5.706/ <0.001 7.382/ <0.001
/P FHUSHIEE  2.888/ 0.005 2.983/<0.004 2.459/ 0.016

2.3 2 AT WAT AR EFE bR A T AT 2 41
TG LDL-C HDL-C KV L8, 2 R oGt 2= m L (P >
0.05), i34 HJG 2 4 TG . LDL-C .HDL-C /KF14
B TATFEAL T, HWE A TG\ LDL-C /KA X
HAZ] HDL-C & TXTHR4L (P <0.01) , L5 4,

2.4 2 T WRETE M RMERFACE R T 2
L IMIE hs-CRP IL-6 \IL-8 /KFEHE, R LEIT¥E
X (P>0.05), THi34HIG2 4L hs-CRP IL-6

Fz2 XTHR 5 NAFL B TR IC SRR LA (2 +5)

Tab.2 Comparison of obesity index of NAFL patients in control group and observation group before and after intervention

4 s 1] BMI(kg/m?) WHR AEJREBE (% ) Fat(% )

X HEZH ) 28.03 =1.45 0.90 +0.11 46.71 +7. 14 44.91 +4.91
(n=56) T 25.74 £1.52 0.84 +0.07 35.68 +5.26 38.46 +4.68
MEEH T 28.41 +1.39 0.94 +0.12 45.66 £6.08 46.85 £5.79
(n=56) T 24.01 +1.44 0.78 +0.08 32.46 +4.87 35.74 +4.11
t/ P X} IR N AE 8.158/ <0.001 3.444/ <0.001 9.307/ <0.001 7.116/ <0.001
t/P WS NAE 16.624/ <0.001 8.302/ <0.001 12.680/ <0.001 11.709/ <0.001

t/P T 15 41 a{H 6.183/ <0.001

4.224/ <0.001

3.362/ <0.001 3.268/ 0.001
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R4 XIS WL NAFL B35 TR0 AR bR
3 (x £s5,mmol/L)
Tab.4 Comparison of lipid metabolism indexes of NAFL patients

in control group and observation group before and after in-

tervention

M5 mE TG LDL-C HDL-C

XTREZH THiET 3.08 £0.53 3.21 £0.90 0.97 +0.21

(n=56) THiJ5F 2.75+0.30  2.68+0.63 1.19+£0.20

ML THHT  3.14£0.45 3.09 +0.82 1.02+0.24

(n=56) THiJs 2.56+0.26  2.31=0.51 1.38 £0.29
1/ P %} B2 N 4.055/ <0.001 3.610/ <0.001 5.677/ <0.001
t/P WSS NG 8.351/ <0.001 6.045/<0.001 7.157/ <0.001
/P THUGHIAME  3.582/<0.001 3.416/ <0.001 4.036/ <0.001

IL-8 ZKF-¥8 T T i B AT, ELER 2 AR F XS IR (P <
0.01),WLE&5,

RS OOHRALS LA NAFL (B35 T BT R L3 2 1EH 7K

Heds (x£s)
Tab.5 Comparison of serum inflammatory factor levels of NAFL
patients in control group and observation group before and

after intervention

4 B WAl hs-CRP(mg/L)  IL-6(ng/L) IL-8(ng/L)
YHRA4L TR 4.89+£1.24  46.01 £8.34  75.87 £13.40
(n=56) THJFE 4.10£0.79 34.35+6.15 55.36+7.56
Mg FHiRT 5.03+1.17  44.32+7.81  77.35+11.54
(n=56) THJF 3.63+0.81 30.17 +5.27 50.63 +7.02
t/P Xt IR N AE 4.021/ <0.001 8.420/ <0.001 9.976/ <0.001
/P WA N AH 7.362/ <0.00111.239/ <0.001 14. 803/ <0.001
/P FHUGHEME  3.109/ 0.002 3.862/<0.001 3.431/<0.001

2.5 2 TR ME SREBP-1¢ RBP4 7K H 4%
FHHT 2 4175 SREBP-1¢ RBP4 /K- L4, 22 F 058
TR (P >0.05), T3 ™ HJ5 2 4L SREBP-
lc RBP4 /K2 REAG, HOM AR T X R4l (P <
0.01),WL3% 6,
2.6 2HTHRIGENAE FHa i THE2 4
WL B A, 2R ERIFFE L (P >0.05);
T3 HE 2 AN T AT,  HWEAH
T RIELH (P <0.05) 2 A A, 25 L5t
L (P>0.05), 0% 7,
3 0% i

TAERBEE AT 7 X IR B, NAFL
EL R AR PR (R IR, 2 3k [ 58 H R A R A 30% A2
A7, 3R [ NAFL ABOEE 2 12, HAT4E R % 9 R A W
BT WESTHE Y NAFL 0 & A SIS R 8
KR NERE BB C R s S 2R R A G, BT
HARXT NAFL (R AEDLR A —& T, (BIGIRIFE

F6 XIS ME YL NAFL (B35 T WIS ML SREBP-1c,

RBP4 KFLBEE (xx5)
Tab.6 Comparison of serum SREBP-1¢ and RBP4 levels of NAFL
patients in the control group and the observation group be-

fore and after intervention

AT st [F] SREBP-lc(pg/L) RBP4 (mg/L)
X HR 2 TmT 21.58 +5.54 38.25 +5.86
(n=56) T 18.44 £4.29 33.18 +4.96
WML il 22.09 +5.83 37.92 +6.03
(n=56) FHis 14.43 +3.78 29.54 +4.72
/P X IR N 3.353/ 0.001 4.942/ <0.001
1/ P WL N {E 8.250/ <0.001 8.189/ <0.001
t/P 15 4 e 5.248/ <0.001 3.978/ <0.001

¥ : SREBP-1c. [ B8 5 o0 145 & 8 -1 ; RBP4, # B EE 45 &
Fi4,

K7 XTHA5WMELH NAFL B THET S A& B R E
e (x +s,kg)

Tab.7 Comparison of muscle mass and bone mass of NAFL pa-
tients in control group and observation group before and
after intervention

A Fisf [E1] LA & [=grii

X HAZH T HT 49.05 +8.19 3.35+0.73

(n=56) FHUs 55.17 +7.34 3.34 £0.81

WML T 48.37 +9.06 3.29 +0.67

(n=56) FHs 58.99 +8.11 3.37 +0.88
/P Xt HRA N 4.164/ <0.001 0.068/ <0.001
t/P WS A 6.536/ <0.001 0.541/ <0.001
/P TG 4 aM{H 2.613/ 0.010 0.188/ 0.852

AHETTIRIT NAFL 9254 . i NAFL HA 7]
TP PR SR RE ISR NAFL (978 RO I | X 75 B A
NAFL 51 & 9 0 I B 1) kA B B2
18 ST AR A B S AR T 7 2 R W
FHFIGR , BEAERF 7T 45 Hh 0 & s i) 1 4 v A0 58 B8
(A G2 BT A SOHAFERR I, 38 B EE AR, (B SE BRI
iR R B T HARF LR R K, 5 808 38 /DL
R, NIRRT W8, A 2= E 48 1 78 B ik
T FOVFRTER N JE4T HIT 543 B T I Wi 5 46, &
Hufg P g SR A HIIT AEWE /D 24 6% IR G L4l T
SR B A G2 s HLARR 2 K st 1)y 20008 24 3%
JR W L], [T HITT Y ZSF- B0 FE 20 min, 1 58
FEA Az s W FF 40 min, PR AT HIT B B T
B Uk, E#ET 2 T NAFL B F#iaYry, BT
NAFL i %A AR AL H R i8 sl = S350, ARk E
SBAJE S B NAFL KA M EERNR, Rz T
TR AL R R AR ME & AE AT NAFL 1T PR | PR
I R H R HZE 8 + IRy Rk T, BEAk e+
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il 22 S T BRI B, KW LSk 25 - ANBH &2, B
X i TR B K BB e A ZR A A TP VR
AR, If R R TR T 30 KR = KD i
AL B F I M, B AR BB BRI RS M A
FHRTEAR R BE 5 1 BE 7 , HLIRTZERR K AL A ) it
IO 3% F BRI B KT B, (06 10 A B i 35 1
18 AL I LA 28 00 A el e O AR Ak R LUK i A
FLhih e A, MUK P o — R 90 &2 23 Bk g 5
A S PT35I Sy R ik AR Al 4
LI RACRE R TR, X —#EUFk o KD, 235
T U S KD Al R AR I P 2 I R AT I
PRI, HBEDT R b R T e AR A 4R E R e . AHE
FELE R R, el HIT Heds, R KD Bk& HIT J5
LT IR, HAC R bR ARG | e & R AT
Y50 ok, 45 A RRAEAF AT 00T KD ARG AE AL
UL (1) KD —J 1 s v £ FH B K Ak A3 sk b
PO Pl A AU, AT e LA fL B
2, R AV, R AT A ELA ] A A R R B
RO, A AT LA i U, 2 T s/ B, BRI R 4
A VBB E AR 5 (2) KD FEK T ik b S WA
AR A K- 00 B R R AR B b U KT Bl 2 15
PR AR IEE 5 4300, Dol oo 1 2 3% IMRE | DA T Dk £
FHIL; (3) 76 KD &M T, LA b i 25 i 1 e ik S Ak
FEAE R ST A A LT Bl T IR L R L o A Ak
Bk TR T W £ TR AT TS GPRA3 Eil A A7 44, 47
B A IR M it % A 0 1 B 4 ik, DT 90815 I g 7K
¥, HE KD 5 HIT B¢ A FH 8 ZEAS [R] AL 1] & 4409
Gy € NNTE /53 o w1136 S| ) R SR 0 S (=1 LR 4
WL KD AT & B R R R, A S A
R, 5 HIT B G B B I8 A 22 1k, L B
A RTHm, 4T R AT RETE Tl ad HOT BE4E T — 2 ML
PR, AT/ KD o LA A5 0
WFFE 48, NAFL 2247 16 [R) P i 1 1 A 2
ST EE R B W0, B SPGB OR
hs-CRP \IL-6 . IL-8 %5 RMEH F, RYEH F 5N E R H
SEM 0 E T A0 M A M RN, P BUR HER IR, &
NAFL & B2 P o NAFL BB HLAR 56 1 52 i
SEREH] NAFL 9 8 25t AR5 T 100 Ui
2 1M A M PR K7 B i BTG, 6 W KD BX & HIIT fg
iE— 204 NAFL DA R RO . 4397 B X o] g
FET KD BEIE o 58 W2 819 38 S0 Ak W T 1R 334 51 00 90 =2
A v (PPAR~y) 16 M, 1 PR B s el Pk % R% 6 1A I I e
ARG A DG FH PR 8, AT 7 58 S 8 ) Tl 4 A
TR DR 3, I AR b A A= 5 B, 240 i

PURALRIEE I, D80 R MR 7 1 A L R L 5
AWF5E4E 1) SREBP-1c¢ . RBP4 7 NAFL k4 K@
T B B AR A, o SREBP-1c S 1R P B o0 =
LA, I 2 5 IRIUHEAL , HOKP Rk ] i s
5 N, 7 S AE 25 A R s 2 2R B RBP4 JIk2k
PR 2 — AR R L AT 3 5 4 ot e A T JULISE 3 08k
Bl A 25 7 X S R 8 BRI A A A B, FOKF- T
AR ARS8 1 4 5 B, A0 A AT X 2 A
H RN D5 A% | i O 5 7E A IETCRR . ASBIESE 4
WK, %M KD B4 HIT + 5 7 SREBP-1c,
RBP4 W FAG, o e il KD 1645 HIIT w5 5 90 4y
7§ SREBP-1c RBP4 7KF- 24036 [ 5 SR AR ol Tk
R AE B, DTG 4% NAFL, {H ELARBLE] i A B 8, mT
VERN RS IE T 4

L5 BT KD BE A HIT XF NAFL ()T Bt o
He, FTA R TR AR o TR s X s A 22
PR T R il SREBP-1c RBP4 7KFA7 RAFI TS 1EH]
[Fi) f AN I JIL PR R S
P28 0 5 AT/ 7 W JC A i vh 5%
fEERBAEA

XL F EMEWTFE TR IB SRS ARk X R, S2 0t
WFTE IR s ) 40 38 BORME AL 7 Wil 96 0dis s 6 7 8 . 500
WFFE L I SCH
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