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Effects of soybean oil-medium chain triglycerides-olive oil-fish oil vs medium/
long chain triglycerides emulsions on parenteral nutrition-associated
liver disease in neonates: a Meta-analysis
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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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Intervention Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
#%RX 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)

B 4 SMOF Xf ALT /KR 52

A 2 W RCTs'"' (n =88) #ftii T SMOF 5
MCT/LCT X3 A4 L 4 2 Bt 5% 7 1l ( gamma-glutamyl

-0.73 [-1.34; -0.12] 100.0%

15-1-050 05 1 15
M 25 R

Mras R R (WES), 5 MCT/LCT 41 44 I, SMOF
20 W] AR A2 LB GGT K, 22 S A G it 2 8 X

transferase , GGT) /K FE B W , B3 Rl T R R (P = (SMD = -0.89,95% CI: - 1.33 ~ -0.45,P <
0.9355,F° =0% ), 5 % H [ 5 2% Wi A A . Meta 4% 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)

5 SMOF X} GGT /K-y

£ 4 T RCTs'" 2% (= 234) 38 T H 77 L
i SMOF 8, MCT/LCT X} 4 Bi % 4 [if§ ( aspartate
aminotransferase , AST) (¥ 5 W , £ BF 5% 6] 47 76 5 J 4
(P<0.000 1,1" =88.2% ), % F Wi L 20 1o 452 Y

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
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Meta 43 #7 45 R B /n (W& 6), SMOF 41 ) /& 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%
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A 2 T RCTs' ™" 338 1 R [ g 5 L 700 %F i 1
fil 12 Bif# (alkaline phosphatase, ALP) 7K 3 7] 5% i , 2%
W 7R, SMOF 415 MCT/LCT 211 ALP /K FE 25 5
TGt 28 L (SMD = - 0.15,95% CI; - 0.93 ~
0.62,P=0.6984),
3.2 MRELOEMNEE
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rect bilirubin, DBIL) (4520 , £ A1F 5% (8] £7-4E 5 B 1k (P =
0.0004,I" =83.6% ) ,BCRFHEEHLM A . Meta 4347
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-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) 25k &

A 2 Wi RCTs'"™' (n =158) 2 %] T SMOF &
MCT/LCT %} 3 4 JL & B 2T & (total bilirubin, TBIL)
BN . 2 SRS AETE IR PE (P <0.000 1,17 =
96. 8% ) , B HL A% N 15 74 25 2L g 7 SMOF 41 5 MCT/
LCT #H 8] () TBIL K-V o4t it4% 2 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 3L 700 ek = 1k i (-
glycerides, TG ) 7K 3 ) 52 Wi . B 5% 18] 77 76 5 & %
(P=0.1016,I" =62.7% ), & F Kl HL 3 [ 4 8
Meta 73 #7 45 2R %% (UL 8) , SMOF 4 & JL &
MCT/LCT 4 #) TG K FHE AL, ZRA LI F#EX
(SMD = -2.89,95% Cl = -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)

8 SMOF X} TG 7K - i 52 i % Ak

A2 35 RCTs "'~ 48 Je 2 Ff g 1 3L 570 %ot s L
BB B (total bile acids, TBA) 7K - 52 M . Meta
ST AR R PR B TBA KPSt 2 =
(SMD = -2.29,95% CI. - 5.26 ~0.68, P =
0.1300),

AR BT SR AR B T 2 BlAg 5 EL R X B
Az JL BJE [ B (total cholesterol, TC) 7K 3F- . 1 & A
(albumin, ALB) 7K-F- 0y 50, RCT 55 45 R o, 5
MCT/LCT 4 L , SMOF 2 & JL#Y TC F 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)

WHAR, 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 T8 AR L
SMOF X PNAC & 4= 28 1y 5% W, #5 WF 5% [A] 7 S5 ok
(P=0.6622,I" =0.0% ), H R H [ 22 %00 A%
Meta 7347 25 3 s (WL 9) , SMOF BE R AL HT 2E )L
PNAC & %, 15 MCT/LCT 4110 25 %A 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 77 Ak R
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3.5 MMRBEEBENEM 45 W RCT
(n=773) i3 T % L4 T SMOF A 1 MCT/LCT
X A sepsis) 247 35 10 2060, 46 9 5 1) 2 5 1
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Meta 43 7 45 5 & 7% ( WL 10), SMOF 41 5 MCT/

LCT HM M B E KW F EZ 7 LS it # & X (OR =
1.07,95% Cl =0.70 ~1.65,P =0.7509) .

Intervention Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Yang 2023 33 234 26 231 —Il— 1.29 [0.75; 2.24] 56.4%
A% 2023 1 15 3 15 : 0.29 [0.03;3.12] 7.0%
Jiang 2019 5 74 5 86 —-— 1.17 [0.33;4.22] 10.8%
Hsiao 2019 3 30 5 30 i 0.56 [0.12;2.57] 11.3%
Savini 2013 7 28 8 30 —— 0.92 [0.28;2.98] 14.5%
Common effect model 381 392 . . L, | 1.07 [0.70; 1.65] 100.0%

Heterogeneity: 12 = 0.0%, = 0, p =0.6590
Test for overall effect: z = 0.32 (p = 0.7509)
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%3 JLF Beg's Fil Egger's Kal #1710
& F AR

45 R fa b P(Begg’s) P(Egger’s)
ALT 1.000 0.649
PNAC 0.462 0.276
sepsis 0.086 0.038
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