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Abstract: Objective To investigate the effectiveness and safety of very-low-carbohydrate diet (VLCD) in the treatment of
metabolic associated fatty liver disease (MAFLD) by observing its impact on various indicators, and to provide a basis for clinical
treatment. Methods This single-center retrospective single-arm cohort study was conducted among 103 patients who were
diagnosed with MAFLD in Dongzhimen Hospital , Beijing University of Chinese Medicine, from September 2021 to May 2024, and
all patients received the VLCD intervention regimen for 2—6 weeks. Related indicators were compared before and after treatment,
including body weight, body mass index (BMI), liver controlled attenuation parameter (CAP), fasting plasma glucose (FPG),
fasting serum C-peptide (C-P), fasting serum insulin (FINS), Homeostasis Model Assessment of Insulin Resistance (HOMA-IR),
total cholesterol (TC), triglycerides (TG) , high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C). Finally, the China-PAR cardiovascular risk prediction model was used to calculate the risk of cardiovascular events
before and after treatment and evaluate the impact of this dietary intervention on cardiovascular health. The paired t-test or the
Wilcoxon signed-rank test was used for comparison of continuous data between groups. Results  After VLCD treatment, there were
significant reductions in body weight, BMI, and CAP (Z=-8.515, —-8.495, and —8.204, all P <0.001), and there were significant
improvements in FPG, FINS, C-P, and HOMA-IR (Z=-4.215, -5.310, —4.482, and —-5.422, all P<0.001). There was a
significant reduction in TG after treatment (Z=-5.373, P<0.001). The China-PAR model showed significant reductions in the 10-
year and lifetime risk assessment indices of cardiovascular disease in 103 patients (Z=-5.406 and —5.383, both P<0.001). The
subgroup analysis based on sex showed that in the male group, there were significant differences in body weight, BMI, CAP, FPG,
FINS, C-P, HOMA-IR, TG, blood pressure, waist circumference, and the risk of cardiovascular disease before and after
treatment (all P<0.05), while in the female group, there were significant reductions in body weight, BMI, CAP, FPG, FINS, C-
P, HOMA-IR, TC, TG, LDL-C, blood pressure, waist circumference, and the risk assessment of cardiovascular disease (all P<
0.05). The subgroup analysis based on age showed that in the youth group, there were significant reductions in body weight, BMI,
CAP, FPG, FINS, C-P, HOMA-IR, TG, systolic blood pressure, waist circumference, and the risk assessment of cardiovascular
disease (all P<0.05); in the middle-aged group, there were significant reductions in body weight, BMI, CAP, FPG, FINS, C-P,
HOMA-IR, TG, systolic blood pressure, diastolic blood pressure, waist circumference, and the risk assessment of cardiovascular
disease (all P<0.05) ; in the elderly group, there were significant reductions in body weight, BMI, CAP, systolic blood pressure,
waist circumference, and the risk assessment of cardiovascular disease (all P <0.05). After treatment, there were 43 patients with
an increase in TC (41.7%) , 24 patients with an increase in TG (23.3%) , and 43 patients with an increase in LDL-C (41.7%) ;
53 patients (51.5%) showed a reduction in HDL-C; 9 patients (8.7%) showed an increase in CAP; 26 patients (25.2%) had an
increase in HOMA-IR. Conclusion VLCD can effectively alleviate fatty liver disease and reduce insulin resistance in the

treatment of MAFLD, without increasing the risk of cardiovascular disease.
Key words: Metabolic Associated Fatty Liver Disease; Diet, Carbohydrate-Restricted; Cardiovascular Diseases
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Table 1 Difference inbody weight, body mass index and controlled attenuation parameter values before and after treatment
fabR TR (n=103) TG (n=103) Z1H PiH
BMI(kg/m®) 28.88(26.56 ~ 31.80) 27.34(25.20 ~ 30.09) -8.495 <0.001
AT (kg) 83.00(73.00 ~ 95.00) 78.00(69.50 ~ 90.50) -8.515 <0.001
CAP(dB/m) 318.00(291.00 ~ 345.00) 277.00(253.00 ~ 303.00) -8.204 <0.001
T BMI A E SRS CAP, 245 50 24U fH
x2 MmiE.MEREERTRIEESR
Table 2 Differences in glucose metabolism indicators and blood lipid before and after treatment

bR + HilHi (n=103) THs (n=103) VAL P{E
FPG(mmol/L) 5.64(5.20 ~ 6.56) 5.36(4.86 ~ 5.86) -4.215 <0.001
FINS(wIU/mL) 16.33(11.92 ~ 20.77) 11.47(8.77 ~ 16.12) -5.310 <0.001
C-P(ng/mL) 3.21(2.63 ~4.32) 2.78(2.20 ~ 3.32) -4.482 <0.001
HOMA-IR 4.15(3.07 ~ 6.10) 2.80(1.92 ~ 3.93) -5.422 <0.001
TC(mmol/L) 5.35(4.42 ~6.09) 5.23(4.31~5.79) -1.689 0.091
TG (mmol/L) 1.80(1.27 ~ 2.69) 1.35(0.98 ~ 2.07) -5.373 <0.001
HDL-C(mmol/L) 1.18(1.00 ~ 1.35) 1.19(0.98 ~ 1.36) -0.389 0.697
LDL-C(mmol/L) 3.39(2.58 ~ 3.95) 3.31(2.59 ~ 3.87) -1.145 0.252

¥ :FPG, %

25 MBS s FINS, 4

23 8 MB35 C-P, 25 I I8 C K ; HOMA-IR , A2 SRS R P4k IR 5 ZEAKPTH8 45 TC, SR EE; TG, H i = ;

HDL-C, /= %8 B I8 45 1 B B  LDL-C, {[ %5 5 5 25 1 JIH 3 st
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Table 3 Basic risk assessment factors and risk predictors for cardiovascular disease
EIED T (n=103) FHi5 (n=103) VAL PiH
e (mmHg) 120.00(115.00 ~ 125.00) 116.00(112.00 ~ 120.00) -6.085 <0.001
#F5KE (mmHg) 82.00(78.00 ~ 87.00) 80.00(75.00 ~ 84.00) -3.407 <0.001
JEEE FEl (em ) 98.00(94.50 ~ 100.00) 88.50(85.50 ~ 90.00) -8.769 <0.001
OB 10 4F KU AL (%) 1.80(0.70 ~ 5.10) 1.50(0.60 ~ 4.60) -5.406 <0.001
O MM PR 2 5 AR DA (%) 21.50(17.80 ~ 22.40) 19.20(16.50 ~ 22.40) -5.383 <0.001
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Table 4 Analysis of indicators in the gender subgroups before and after treatment

e B T 1T anilE SRR PIE

Y 57
AT (kg) 90.00(83.00 ~ 102.00) 86.00(77.45 ~ 96.75) Z=-6.571  <0.001
BMI(kg/m?) 29.32(27.45 ~ 32.98) 28.20(25.50 ~ 30.99) Z=-6.567  <0.001
CAP(dB/m) 325.68+39.71 282.07+5.68 =9.115 <0.001
FPG(mmol/L) 6.00(5.33 ~ 6.95) 5.41(4.87 ~6.25) Z=-3.496  <0.001
FINS(pIU/mL) 17.13(12.07 ~ 20.27) 11.11(8.04 ~ 15.94) Z=-4.096  <0.001
C-P(ng/mL) 3.70%0.19 3.00+1.21 t=3.692 <0.001
HOMA-IR 4.42(3.46 ~ 6.60) 2.93(1.91~3.97) Z=-4422  <0.001
TC(mmol/L) 5.29(4.25~5.97) 5.42(4.33 ~5.76) 7Z=-0.012 0.990
TG (mmol/L) 1.98(1.16 ~ 3.15) 1.56(0.98 ~ 2.27) Z=-3.619  <0.001
HDL-C(mmol/L) 1.15(0.98 ~ 1.31) 1.13(0.91 ~ 1.26) 7Z=-1.667 0.096
LDL-C(mmol/L) 3.24+1.01 3.2840.99 t=-0.515 0.608
e (mmHg) 118.00(114.00 ~ 123.00) 115.00(110.00 ~ 119.00)  Z=—-4.685  <0.001
5K E (mmHg) 83.00(79.00 ~ 87.00) 80.00(75.00 ~ 85.00) 7=-2.024 0.043
JEEE FEl (em ) 100.00(96.20 ~ 104.30) 89.00(86.50 ~ 90.00) 7=-6.568  <0.001
OISR 10 42 RS IEAL (%) 1.40(0.50 ~ 4.20) 1.20(0.40 ~ 4.10) Z=-2.136 0.033
JOo LA 28 B RS P4 (9% ) 19.00(15.80 ~ 22.60) 18.20(15.50 ~ 21.30) Z=-1.994 0.046

LW A 46
A (kg) 75.13£11.35 71.83+11.54 t=8.884 <0.001
BMI(kg/m*) 28.48+3.57 27.23+3.66 1=9.154 <0.001
CAP(dB/m) 303.00(287.00 ~ 329.00) 270.00(247.00 ~ 300.00) Z=-5518  <0.001
FPG(mmol/L) 5.52(5.08 ~ 5.99) 5.34(4.84 ~ 5.66) 7=-2.500 0.012
FINS(pIU/mL) 14.86(10.75 ~ 20.91) 12.32(8.98 ~ 16.20) 7=-3436  <0.001
C-P(ng/mL) 3.09(2.52 ~ 4.03) 2.60(2.24 ~3.31) Z=-3.799  <0.001
HOMA-IR 3.78(2.79 ~ 5.62) 2.77(1.90 ~ 3.97) 7=-3.381 <0.001
TC(mmol/L) 5.40(4.64 ~ 6.31) 5.14(4.07 ~ 5.89) 7=-2.409 0.016
TG (mmol/L) 1.71(1.31 ~ 2.04) 1.15(0.98 ~1.71) Z=-4.059  <0.001
HDL-C(mmol/L.) 1.25(1.10 ~ 1.37) 1.31(1.10 ~ 1.46) 7Z=-1.276 0.202
LDL-C(mmol/L) 3.37(2.68 ~ 4.18) 3.17(2.45~3.91) 7=-2.156 0.031
W4 H (mmHg) 120.00(115.00 ~ 127.00) 117.00(113.00 ~ 121.00) ~ Z=-3.912  <0.001
#F5KE (mmHg) 82.00(78.00 ~ 87.00) 77.00(73.00 ~ 82.00) 7=-2.817 0.005
JEFEl (em) 95.70+5.43 87.31£6.09 1=15.705 <0.001
O IV HEAR 10 4F KU ITEAL (%) 2.40(1.20 ~ 7.60) 1.80(0.80 ~ 5.90) Z=-5351  <0.001
Ao IR 2 B U T4 (%) 23.50(19.60 ~ 28.10) 20.20(17.60 ~ 23.60) Z=-5450  <0.001
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[N ] RS v i w0111 1 i 7 e e W
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Table 5 Analysis of indicators in the age subgroups before and after treatment
iy ik T HnT THiE SiHA P1H
B 57
R (kg) 88.00(78.00 ~ 104.00) 83.00(73.30 ~ 98.30) 7=-6.249 <0.001
BMI(kg/m?®) 29.39(27.39 ~ 32.98) 28.50(25.75 ~ 31.40) 7=-6.208 <0.001
CAP(dB/m) 322.67+37.76 281.32441.67 1=9.278 <0.001
FPG(mmol/L) 5.54(5.13 ~6.22) 5.23(4.82~5.71) Z=-3.619 <0.001
FINS(wIU/mL) 16.95(12.07 ~ 23.35) 11.73(9.19 ~ 16.21) 7=-4.159 <0.001
C-P(ng/mL) 3.19(2.70 ~ 4.58) 2.88(2.24 ~3.31) Z=-3.402 <0.001
HOMA-IR 4.07(3.14~6.61) 2.80(2.15 ~ 3.96) 7=-4.382 <0.001
TC(mmol/L) 5.19%1.12 5.14+1.23 1=0.481 0.632
TG (mmol/L) 1.89(1.33 ~2.96) 1.43(1.02 ~ 2.20) Z=-4.164 <0.001
HDL-C(mmol/L) 1.17(1.00 ~ 1.30) 1.19(1.00 ~ 1.35) Z=-0.801 0.423
LDL-C(mmol/L) 3.31+0.98 3.31+1.00 t=0.047 0.963
Wi e (mmHg ) 117.00(112.00 ~ 120.00)  115.00(110.00 ~ 118.00)  Z=-3.463 <0.001
£ 5K H (mmHg) 80.00(75.00 ~ 85.00) 80.00(75.00 ~ 84.00) 7Z=-1.538 0.124
HEFEl (cm) 98.00(94.60 ~ 103.10) 87.90(85.50 ~ 90.00) Z=-6.510 <0.001
DL 10 4 KU P4 (%) 0.90(0.30 ~ 1.50) 0.70(0.30 ~ 1.20) 7=-3.402 <0.001
oo I AS P 975 248 B XU VA (9% ) 19.50(16.30 ~ 23.60) 18.20(16.00 ~ 20.60) 7=-3.276 0.001
rhAREd 34
K (kg) 80.40+13.19 76.05+13.26 t=9.275 <0.001
BMI(kg/m®) 28.22+3.64 26.68+3.72 1=9.415 <0.001
CAP(dB/m) 302.00(287.00 ~ 334.00)  268.00(244.00 ~ 300.00)  Z=-4.557 <0.001
FPG(mmol/L) 6.14+1.25 5.58+0.83 1=3.036 0.005
FINS(wIU/mL) 16.23(10.56 ~ 18.64) 10.42(8.04 ~ 15.89) 7=-3.052 0.002
C-P(ng/mL.) 3.53+1.36 2.83+0.81 t=3.118 0.004
HOMA-IR 4.65+2.67 3.14%1.77 1=3.413 0.002
TC(mmol/L) 5.57(4.83 ~ 6.14) 5.37(4.57 ~ 5.80) Z=-1.770 0.077
TG (mmol/L) 1.87(1.31 ~2.92) 1.24(1.14~1.83) 7=-3.240 0.001
HDL-C(mmol/L) 1.26(1.05 ~ 1.41) 1.19(1.00 ~ 1.38) Z=-1.179 0.238
LDL-C(mmol/L.) 3.53(2.87 ~ 4.18) 3.48(2.63 ~ 3.84) 7=-1.483 0.138
W4t e (mmHg) 122.00(119.00 ~ 127.00)  119.00(114.00 ~ 121.00)  Z=-4.164 <0.001
# ik K (mmHg) 82.00(79.00 ~ 89.00) 80.00(75.00 ~ 84.00) 7=-2.680 0.007
JEFEl (em) 97.81%5.71 88.67+5.91 1=12.531 <0.001
O ISR 10 45 RUBS: PEA (%) 3.90(2.90 ~ 6.10) 3.70(2.40 ~ 6.00) 7=-3.246 <0.001
O LB 24 B XURS: PP (9% ) 22.20(18.30 ~ 25.80) 19.10(16.90 ~ 24.20) 7=-3.950 <0.001
AR 12
A (kg) 73.71+7.54 70.63+7.47 =6.281 <0.001
BMI(kg/m2) 27.98+2.14 26.83£2.41 1=6.323 <0.001
CAP(dB/m) 318.58+33.42 275.92+32.82 1=3.763 0.003
FPG(mmol/L) 5.59(5.30 ~7.73) 5.76(5.01 ~ 6.10) 7Z=-0.118 0.906
FINS(IU/mL) 14.69+6.38 12.58+7.18 =0.944 0.366
C-P(ng/mL.) 3.18(1.91 ~3.55) 2.52(1.41~3.15) 7=-1.295 0.195
HOMA-IR 3.78(2.03 ~ 6.40) 3.14(1.33 ~ 4.99) 7Z=-1.255 0.209
TC(mmol/L) 1.45(0.72 ~ 2.06) 0.96(0.66 ~ 1.59) 7=-1.805 0.071
TG (mmol/L) 1.45+0.69 1.28+0.90 1=0.952 0.362
HDL-C(mmol/L) 1.24+0.27 1.21+0.33 +=0.685 0.508
LDL-C(mmol/L) 2.80+1.03 2.75%+1.09 1=0.532 0.605
Wi e (mmHg ) 126.00(124.00 ~ 130.00)  118.00(113.00 ~ 124.00)  Z=-2.983 0.003
F5KE (mmHg) 87.00(82.00 ~ 90.00) 80.00(77.00 ~ 85.00) 7=-1.930 0.054
JEFEl (em) 96.62+7.14 87.20+8.25 1=10.252 <0.001
B 10 A XU P4 (%) 9.00(7.80 ~ 13.70) 6.90(6.10 ~ 9.40) 7=-2.847 0.004

TE : BMI AR TR 5; CAP FFIESZ 32 5208 2 8UMH s FPG , 23 MW ; FINS , 23 5 ML V5 R % 22 5 C-P, 23 MR ML C K HOMA-IR , RSB R PR A 19 15 2%
TRBTHERG TC, BRI EE; TG, Hl =M ; HDL-C, 5 % BE i 4 AR ST s LDL-C I8 BE N 4 AR P
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Table 6 Analysis of metabolism-related adverse events
after treatment

i H % (%) T IR 2 (i
TC T+ 43(41.7) 0.03 ~ 2.65 mmol/L
TG 24(23.3) 0.01 ~ 2.16 mmol/L
HDL-C [%A% 53(51.5) 0.01 ~ 1.17 mmol/L
LDL-C Fi 43(41.7) 0.02 ~ 2.33 mmol/L
CAPTHE 9(8.7) 3.00 ~ 26.00 dB/m

TR T 2(1.9) 1.00 ~ 4.50 kg/m’
HOMA-IR T 26(25.2) 0.03 ~ 10.49

T+ I T T T LA W R LR S 9 24050 £ T 5
Y. TC, MARFEEE; TG, Hih = ; HDL-C, & % FE s 25 (1 AR # % LDL-
C. A% %% B NG 2R 11 1F 55 CAP, U 52 42 56005 05 HOMA-TR , FAZs 4%
FUPAG I 5 R AL
I 10D 2865 B -1, 1 2 PPUAZE 40 LRI °T 9K 2L A 32 v, -3
T TR I 2 53 Db e 9 R B R - T T AT A 2R -1
SR R BRI AAE S, 0 328 2y Jok ks A6 s £ i
B AR P AHESE & B, VLCD RERICE G L i
JE MBS bR, B 4 VLCD T35, TG K F R R (P<
0.05),TC .HDL-C .LDL-C B %A Geit 425 (A5
YA etk e, [ 103 49 B 3 28 VILCD T 3 i
JE R K P- 51T B (P B <0.05) 5 & ML A% PRI AE
ARG BN . 700 ML KU DAL T B 1, 2% 18 31045 [
NHE 22 5 AR5l T 3 2L A XS 9 China-PAR 11
T g R R AR TN XU FE RO T L 4T UG O
A8 5 DRUBR: PEAT 10 4F DL K 2% B F8 B8 5w T B (P (H.
#1<0.05) . HE AT WL, 28 VLCD U5 A 1 o0 I 45
g AURS: B Tt [ s BB A 0T 900 1 45 95 9 S5 9 XU 1)
PEIE . MICHLHIBFZE 200, VLCD i £ SR ie K 440
A AR PR - (1) 3005 NF-E2 A5G 1, I8 35 ki ol
(B L AT R =L =R AR E IR I WY | =R A AR
FEORAP AR ; (2)$2TF B- 5L T K- il A &
B ALAR i FoxO3 2235, 14| Caspase-1 4 SAIAIMI AT,
G fifp O W S5k 1f0LPH-E T AR 53 495 5 (3) fid #F LDL-C A 1] Bt
S AL BE 5 | B0 Ik o R B L0 RURS IR 7y 2 78 A B Ak, B
Bkt REREfb & AR XU o 3k 26 7% B8k VLCD 9.0 I
TP R BE T 2 T2 TR AR 52 BRI b ABE
¥ AT BRI Ry o A8 2905 114 K HE S5 0 — THLZR 5 T4 45
R IZ B ZFR R I RTEPEAS B8 250 1l A8 e
I 1) R A R T, WA 04 T 5 TR P TR 3%, A AR T3
) A A R T 22
HIRAF IS T — Lo E 2 R, (AP A — L
JRBRTE . S AT TEREAS AN, BT IR (R X

0I5 WAt T B 5 ) T 4 S 1 3k e R AT SR L AR RST
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