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[ Abstract] Objective: To systematically compare the effects of soybean oil-medium chain triglycerides-
olive oil-fish oil (SMOF) and medium/long chain triglycerides (MCT/LCT) on parenteral nutrition-associated liver
disease ( PNALD ) in neonates, thus to provide evidence-based guidance for clinical practice. Methods: A
comprehensive search was conducted in databases including CNKI, Wanfang, VIP, CBM, PubMed, Embase,

Cochrane Library, and Web of Science, covering studies published from inception to December 30, 2024.
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Randomized controlled trials ( RCTs) involving neonates receiving parenteral nutrition for =7 d were included.
Eligible studies were assessed for quality, and data were extracted for analysis using R4.3.3 and Stata 14. Results:
Seven RCTs involving 963 neonates were included. Compared to the MCT/LCT group, the SMOF group showed
significantly lower levels of alanine aminotransferase ( ALT) (SMD = -0.73, 95% Cl: -1.34 to -0.12, P =
0.018 7) and gamma-glutamyl transferase (GGT) (SMD = -0.89, 95% CI: -1.33 to -0.45, P<0.0001),
while aspartate aminotransferase and alkaline phosphatase levels were comparable between groups. In terms of
bilirubin, the SMOF group had lower direct bilirubin levels (SMD = -0.61, 95% Cl = -0.88 to —0.34, P <
0.000 1), but no significant difference was observed in total bilirubin. Regarding lipid metabolism, triglyceride
levels were lower in the SMOF group (SMD = -2.89, 95% CI. -3.80 to —1.97, P <0.000 1), whereas total
bile acid levels were similar. The incidence of cholestasis was significantly reduced in the SMOF group (OR =
0.54, 95%CI. 0.36 to 0. 84, P =0.0054). Additionally, SMOF did not increase the risk of sepsis, necrotizing
enterocolitis, bronchopulmonary dysplasia, or other severe adverse events compared to MCT/LCT, and there was no

significant difference in mortality between the two groups. Conclusion: Compared to MCT/LCT, SMOF improves

PN-associated liver disease in neonates with a better safety profile.
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R1 AW B HEA L

BodRE R e b L ik F B i K d
R FRAEAy (B 41/ X R 4H) (B/%)
Yang,2023 465(234/231) 245/220 it <32 A <1500 SMOF vs MCT/LCT PN=14
¥ ik ,2023 30(15/15) 13/17 ok <32 A <1500 SMOF vs MCT/LCT PN > 14
AR TE 2023 100(50/50) 52/48 it <36 J& <2 500 SMOF »s MCT/LCT PN=7
F,2021 100(50/50) 53/47 Gt <35 SEH 1700 SMOF vs MCT/LCT PN=7
Jiang,2019 150(64/86) 74/76 28 FRHAIL KA K SMOF »s MCT/LCT PN=14
Hsiao,2019 60(30/30) 29/31 Gt <32 <1500 SMOF vs MCT/LCT PN >7
Savini,2013 58(28/30) 26/32 Gt <31 & 500 ~ 1 249 SMOF vs MCT/LCT PN=14
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Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
#%R% 2023 15 55.20 21.7300 15 66.53 20.3400 ; -0.52 [-1.25; 0.21] 18.0%
ZiEFE 2023 50 43.11 115200 50 61.56 14.4600 —&— ! -1.40 [-1.84;-0.96] 21.5%
Jiang 2019 22 55.20 21.7300 24 66.53 20.3400 ; -0.53 [-1.12; 0.06] 19.8%
Hsiao 2019 30 24.80 18.2200 30 63.70 35.2400 —F=— -1.37 [-1.93;-0.80] 20.1%
Savini 2013 28 14.60 14.3000 30 12.10 9.2000 : 0.21 [-0.31; 0.72] 20.6%

Random effects model 145 149
Heterogeneity: /2 = 85.2%, 1> = 0.4006, p < 0.0001

Test for overall effect: z = -2.35 (p = 0.0187)

4 SMOF X} ALT /K3 52

A 2 W RCTs'"' (n =88) #ftii T SMOF 5
MCT/LCT %} A= L4 % Bt %% # B ( gamma-glutamyl

-0.73 [-1.34; -0.12] 100.0%

15-1-050 05 1 15
M 25 R

e RE xR (WK 5),5 MCT/LCT 4 44 [t , SMOF
AT AE LB GGT K, 2 K/ Gt %3 X

transferase , GGT) /K FE M5 W , B3Rl T R R (P = (SMD = -0.89,95% CI: - 1.33 ~ -0.45,P <
0.9355,F° =0% ), 5 % F [ 52 2 Wi A A . Meta 43 0.000 1),
Intervention Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
#%MR 2023 15 22.33 3.5600 15 26.80 6.1200 —&—— -0.87 [-1.62;-0.12] 34.2%
Savini 2013 -0.91 [-1.45;-0.36] 65.8%

Common effect model 43 45
Heterogeneity: 12=0.0%, =0, p =0.9355

Test for overall effect: z =-3.98 (p < 0.0001)

28 61.80 38.7000 30 116.70 74.1000 —F&—

|~ , ., -0.89 [-1.33; -0.45] 100.0%

-15 -1 05 0 05 1 15

5 SMOF %} GGT 7K 3 ) 5% i) Fx Ak &

£ 4 T RCTs' " 2% (= 234) 38 T H. 77 JL
iy SMOF 8{ MCT/LCT %f 4 ¥ %% & [ ( aspartate
aminotransferase , AST) [ 5% W , £ BF 5% 6] 47 76 5 J
(P<0.000 1,I" =88.2% ), % F Kl L 20 107 452 Y

Meta 43 #7 25 2R B 7n (W& 6), SMOF 41 i /& JL Lk
MCT/LCT 2 H JL AST /K 5 AL, {H 2 5 L4 it
28 Y (SMD = —0.36,95% Cl; —1.16 ~0.45,P =
0.3860) .

Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
1A% 2023 15 86.80 17.2600 15 92.40 15.0100 -0.34 [-1.06; 0.38] 23.4%
iR 2023 50 51.24 154500 50 44,71 12.2500 —B 0.46 [0.07; 0.86] 26.9%
Jiang 2019 22 2484 55699 24 46.37 18.8172 —#=— -1.50 [-2.16;-0.84] 24.1%
Savini 2013 28 28.90 9.1000 30 31.90 23.6000 -0.16 [-0.68; 0.35] 25.7%

Random effects model 115 119
Heterogeneity: /2 = 88.2%, 1° = 0.5875, p < 0.0001

Test for overall effect: z = -0.87 (p = 0.3860)

-0.36 [-1.16; 0.45] 100.0%

B 6 SMOF %f AST 7K 3 (4 52 i 25k &

A 2 T RCTs' ™" 338 1 A [ g 5 L 700 F s 1
il 12 Bif# ( alkaline phosphatase, ALP) 7K 3 1) 5% i , 2%
W 7R, SMOF 415 MCT/LCT 211 ALP /K% 5
TGt 2 X (SMD = - 0.15,95% CI; - 0.93 ~
0.62,P=0.6984),
3.2 MRELIENEE

ISA
7

ﬁ 4 Iﬂf RCTS““U'M'M (n _

176) 4¢3 SMOF 5 MCT/LCT X Az JL ELHZ AT (di-
rect bilirubin, DBIL) (4520 , £ AF 5% (8] A7 1E 5 B 1 (P =
0.0004,I" =83.6% ) , MR FHEAHLBUM AR . Meta 4347
g R (WK 7) , # ki SMOF 4t MCT/LCT fg
FEARHT A= LI DBIL 7K, 22 5 Se it & L (SMD =
-0.61,95%CI= —0.88 ~ —0.34,P <0.000 1),
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Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
AR 2023 15 12.33 1.0500 15 20.93 59500 —=—— ! -1.96 [-2.85;-1.07] 9.1%
Rk 2023 50 12.42 2.5600 50 13.68 2.3100 -I— -0.51 [-0.91;-0.11] 45.5%
Jiang 2019 22 12.31 6.5837 24 29.08 18.3849 —— -1.17 [-1.80; -0.54] 18.2%
Savini 2013 28 7.70 85500 30 7.35 6.8400 ) 0.04 [-0.47; 0.56] 27.2%
Common effect model 115 119 . ,0' | | | -0.61 [-0.88; -0.34] 100.0%

Heterogeneity: 1> = 83.6%, 1> = 0.5786, p = 0.0004
Test for overall effect: z = -4.47 (p < 0.0001)

2 -1 0 1 2

7 SMOF X} DBIL 7K 3 %) 52 i) 25 pk &

A 2 Wi RCTs'™' (n =158) 2% T SMOF &
MCT/LCT %} 3 4 JL B 4T % (total bilirubin, TBIL)
HISEm . 2 BAF S AEAE S i (P <0.000 1,7 =
96. 8% ) , i L AL I 455 78 25 2R B 7R SMOF 4 5 MCT/
LCT 4 (8] f TBIL /K- Je 48 2% 22 5 (SMD = -0.61,
95%Cl; -2.53 ~1.32,P=0.5374),

3.3 mASEIEM A 2 W RCTs"' "% (n =130)

a7 R A L A [ i 107 L7006k = 1k i (-
glycerides, TG ) 7K 3 ) 52 Wi . BF 53 18] 77 76 5 & 4
(P=0.1016,I" =62.7% ), & F Kl HIL 3 S 4 8
Meta 73 #7 &5 SR % 78 (UL 1A 8) , SMOF 41 & JL
MCT/LCT 41y TG /K E AR, 25 A L1558 X
(SMD = -2.89,95% CIl = -3.80 ~ - 1.97,P <
0.0001),

Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
1Rk 2023 15 1.39 0.4100 15 2.45 0.4700 —f— -2.34 [-3.29;-1.38] 42.1%
ZFR# 2023 50 0.850.1800 50 1.59 0.2600 & -3.28 [-3.89; -2.68] 57.9%
Random effects model 65 65 - -2.89 [-3.80; -1.97] 100.0%
Heterogeneity: 12 = 62.7%, 7° = 0.2803, p = 0.1016 2 0 2

Test for overall effect: z = -6.18 (p < 0.0001)

B 8 SMOF X} TG 7K (1) 5% i 25 4K &

A2 35 RCTs "' " 48 Je 2 Fjig 1 5L 570 %ot i L
BB VB (total bile acids, TBA) 7K - 52 M . Meta
ST A R R PR [ B TBA KPS 2% 2 7
(SMD = -2.29,95% CI. - 5.26 ~0.68, P =
0.1300),

ZEERE AT SR AR B T 2 FlAg 5 EL R X B
Az JL B E [ B (total cholesterol, TC) 7K 3. [ & A
(albumin, ALB) 7K-F- 0y 50 , RCT A58 45 R o, 5
MCT/LCT Z{AH L , SMOF 21 & JL#Y TC F1 ALB 7K

Intervention Control
Study Events Total Events Total
Yang 2023 32 234 49 231
AR 2023 0 15 5 15
E5 2021 4 50 6 50
Hsiao 2019 2 30 4 30
Savini 2013 1 28 1 30
Common effect model 357 356

Heterogeneity: /% = 0.0%, 7° < 0.0001, p = 0.6622
Test for overall effect: z = -2.79 (p = 0.0054)

Y gAR, 2w A gt L (P <0.05)

3.4 3t PN #83% 1% BB i 7* 48 ( parenteral nutrition
associated cholestasis, PNAC) X £ X &EMW A 5
I RCTs! 71 (= 713) i3 T AR L
SMOF X PNAC & 4= #& 1 5% W, #5 WF 5% [A] 7 S5 o
(P=0.6622,I" =0.0% ), R HI [ & 200 #E AL
Meta 7347 25 R i 7s (WL 9) , SMOF BE R AL HT 2E )L
PNAC & %, 5 MCT/LCT 4 (9 25 %4 i it &
Y (OR =0.54,95%C1=0.36 ~0.84,P =0.0054) .

Odds Ratio OR 95%-Cl Weight

. 0.59 [0.36; 0.96] 73.3%

— 0.06 [0.00; 1.24] 9.2%

— 0.64 [0.17; 2.41] 9.5%
—_— 0.46 [0.08; 2.75] 6.4%
T — 1.07 [0.06; 18.04] 1.6%

, R , ,  0.54 [0.36; 0.84] 100.0%

001 01 1 10

100

B 9 SMOF %4k JL PNAC % A 2R [ 5% i 75 Ak R
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3.5 MBBERREMMM A ST RCTS "
(n=773) g1l 7 8 2k L% i SMOF #H [t MCT/LCT
XF M B AE (sepsis ) 29 28 (4 5200 , &0 5% 18] TG 7 Jo 7k
(P=0.6590,I" =0.0% ), iR H I8 52 %00 A AL
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Meta 43 7 45 5 & 7% ( WL 10), SMOF 41 5 MCT/

LCT HM M B AE R R EZ 7 LG it # & X (OR =
1.07,95% Cl =0.70 ~1.65,P =0.7509) ,

Intervention

Control

Study Events Total Events Total
Yang 2023 33 234 26 231
ARk 2023 1 15 3 15
Jiang 2019 5 74 5 86
Hsiao 2019 3 30 5 30
Savini 2013 7 28 8 30
Common effect model 381 392

Heterogeneity: 12 = 0.0%, = 0, p =0.6590
Test for overall effect: z = 0.32 (p = 0.7509)

Odds Ratio OR 95%-Cl Weight
- 1.29 [0.75;2.24] 56.4%

; 0.29 [0.03;3.12] 7.0%

— . 1.17 [0.33;4.22] 10.8%
— 0.56 [0.12;2.57] 11.3%
_ 0.92 [0.28;2.98] 14.5%

1.07 [0.70; 1.65] 100.0%

B 10 SMOF X387 A= LR BEAE & A R ) 52 i 2% 4K

3.6 MEMZLUEREZERNTM #—LX
HoAlh e VRS R dE bR AT 25 240 0 (L3R 2) , &5
BIR, %K 5 SMOF f9 8 JL i NEC & 2R % |
BPD &A% BET- % 5 i bk iy i MCT/LCT 1y i L
MR M(P=0.7051;P =0.694 8; P =
0.7484)

®2 HAMLZ VRS RIEIRE Meta 20 Hr 45 2R

4 RFREE

XFANASCHR =5 J 0 25 Jm) 8 Ar i AT & 2% 0w 17 43
e, 480 s < T R BOW BR L WIF5E 1 38 20 53 A 15 G 5 300
B R, 32 75 TC B W 0 R Aar (LI 11) o 5 A
Begg’s 1 Fl Egger’s 15 K 40 & 4 I faf , 25 R 7R BR
Egger’s 1K 5 sepsis X —F5FRET P =0.038( <0.05),
HALZSJRFE AR P A >0.05 (WK 3), X4
sepsis X — % Jay 45 b5 (1 45 S 7] RE A7 7E & 3R A 7, fiE

. ARG RO oo 1 . F B b gk 22 o B, 85 SR WoR B &b T 0 A 5Y . X
7N % C /% N N N N
: ikt (OR) — 45 AT RESE T O S R R X R A ey A 58l B2
NEC %/ 4 1.09 (0.69,1.75) 0.0 (P =0.038), 7 ik 2| 59 £b vk (9 fil % 5 4, BY %b 7%
BPD % 4 3¢ 4 0.83 (0.33,2.07)  50.1 AN T W 3 B A S L . B AR R AN AT AT T
JET R 2 0.82 (0.25,2.73) 0.0 7%, 7~ Egger’s K 560 ki H 0418 7 & 2% 0w far ol BE K ok
ER A T RN
0 " 0 ~ of
o1l // \\\ I \\ Y
y S 0.5} ) 0.5 .
0.2r . // \\\ /// ’ \\\ . ’ ) \
/// \\\ . ‘l /// ° N . 1_ \\\
03f */ .
0.4k . 3 . A ; N st .
1.5 1 0.5 0 0.5 4 2 0 2 2 1 0 1 2 3
SMD logor logor
EATSE 11 HAAMESEAH AR TR R &3
11 Wil L ALT K- (PNAC &A% sepsis A& A % H 09 s <) €]
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3 LT Begg's fll Egger's £ 5 #1711

R A A7 53 B
45 it b P(Begg’s) P(Egger’s)
ALT 1.000 0.649
PNAC 0.462 0.276
sepsis 0.086 0.038

5 BIRESH

LRSI R B R ,ALT KEX— AT
5 T RCTs HL#F 5% 18] 5 i 4 K (P < 0.000 1,7 =
85.2% ), X Hah A7 S 20 B, %o 4l A HIF 5% 4 SC ik
BATEAT 50, BB o3 A7 S 45 RO ok KR B
S Ho Ny AR AE D - 0. 974 ~ - 0. 556, %
Sh B /IS, ELS B AT 3 Sk Je 15 X 1) 24 6 3 D
YA, I 45 SR e o Ffd vl &

i

Jhi 15 L0 T B PN AR S 453 5 28 JL PN 52
FRHAZ 0 7F B 22—, 1T A o B Bk B 2 M R T
MCT/LCT J& H i £ B 4 72 19 PN g 15 7L 5%, SMOF
A8 o f o — AN 107 L0, 0 o oK I P AL 45 i
1, A5 T AT RE X By R T 1 e e A G A
3, [F) Bk % 9% R S0V A AR A U S L B
TE W 557 A LI R AR AS Tz B o 3 10 48k, 3
[T A2 JLAY PN SZfp U A8 BE 47 B 2% 3, SMOF
TER A LR BB T — 28k e, (s iy 7L
G PR P o £ SR AR (2022 4R RR) )T R F
Xt T 3 e A RE D RE A S A ROIL L A g
FLAR) 5 i o by S8 L0 5 5 003l 1) 22 b aih g I L 70 T
DA 5 AT S RE 40 35 & AR A A, 5 R Tl is
Ul L 30 R e i A (B0 K BE R U FLRAR L, i Ay
i 05 FLFS ML TG K- B 52 a5/ o {ELH i i A
FEAEAE X &t il (9 0 17 7L X — K2 L5 & 1R 2 #r
KR53 BIE T v 42 3] 4 25 £ 3 B 07 7L O JE 8 48 A0
FEH B9 22 Bl i 05 L, TE 4 ok U5 b 22 B s 7L
Pr& eI K Wit Z HMEAR. £T HATX
SMOF 5 MCT/LCT X 3 A= JL 451 F 52 0 1) 22 4 1k
B UEE O B =, AW 5 1 2R A T I REAH &
FEAR , [ g S ELHC Al o DL B™ B9 25 R R AR, O AR
LR35 T7 S B AL U SR B, 0 AR O 45 1 9 R R
563 PR BEUE S SCFF

AWEFEZE AT T I AF R A R A ST 10 45
JR ) RCT, 25 R F W] SMOF 5 MCT/LCT AH H H A 3
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JIN R B R R A B Ak AR X T A R i
Ifi, SMOF 2H A & B AL ALT F1 GGT /K-, 1 AST
FALP KF-5 MCT/LCT B #2257, fERLL &
75 T , SMOF A% ik /& JL DBIL, TBIL 7K 5 W 5 i ]
MCL/LCT () 8 JLJC i 2 25 =% . tb4h, SMOF 7] D)
B JLA M 3K TG /K F HOK 2 fff TBA KT .
Meta 3 #7485 S8 2 05, SMOF 41 # L) PNAC %k 4
R FMT MCT/LCT 4, 454 LIRS, % &
SMOF Xf 37 A& JLHF 458 075 5 /I8 9 J5L IR W] fig )& SMOF &
AR S B, LS gEER A JERKE M
w-3 NEWiMR e 49 %2 5 . Skouroliakou %™ B 58 %
B 4E A A R4 R E A KOE T LA D
WL LR AN . A A AR A I SO I v R
JFF 9 & M S i B B2 I R 22—, A= L IR Bt A Ak AL
il AS B, Xt AN A S B in , R ok SMOF mf
il 380 o8 2 i BT A= LA P 4 B 1 ST L 35 M T 8 AL
P o B £ P B A ek /0 the T R X A A S ) AR
YEHT, 76 PN 3 [H], fiE 40 655 B0k AP 26, il F R YT
PR R | o e 7/ N 1 I o SO S  r d
g R BB A WS IA R S B A
5 PNAC A5 3¢ . — J5 T A 4 £ 50T LA yst /0 JF 0 v
F9 R TR B 1, ) 20 L 3 R e T L 05 3
—J7 T AT LA 38 Ao 39 58 20 Jf D 11 40 i A = -18 (IL-
1) f9 2 1 AT 389 588 5 I 200 JH0 g 48 9 R
06 5 0-3 Z A1 F1J5 5 #R (long-chain polyunsatu-
rated fatty acids, LCPUFAs) {9 kb 4] A [F] t 7] 58 )& 1
B 2 FpRRWFLAF EE SR A A . -6 LCPUFAs
L4 IIE BH o] 388 i i 46 40 B IR A9 2K S O 082 S Ak
W2 w-3 LCPUFAs 38 % A I 5% 4kl 3t 4
AT, ELA R P AP A AR T A
— S ST UG PEZEIE C SE E  A AN P SR 4
(ASPEN) #:#% -6: w-3 LCPUFAs 7 % 328 8 15 i 1)
BAEGI N 1 ~4:1% 0 MCT/LCT JEE T 06 0-3
BIEL Bl 721,000 SMOF JE i H iy b5k 2.5: 1, &
Sk SMOF ELA7 7 4 i) A5 B il 17 R 45 44 , (X k. SMOF
A T i 22 4 2 B R SR 4 B VIR R R
R ARG AR N HAth UL B ™ E A A A PR AR AT
T M7, 45 5K B, SMOF I 8 £ 88 i 37 2R L 4 ke 75
iE R NEC &A% BPD kAR UL KIET R,
B R AP Atk o & R AR AR o AT RS 2 Br 4
IR AT AR 45 RN WA A7 A R =AW 75 1Y)
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