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Abstract

Objective: To investigate the effects of different feeding patterns on parenteral nutrition-associated
cholestasis (PNAC) in preterm infants within 30 days after birth. Methods: 586 preterm infants
with gestational age < 32 weeks and weight < 1500 g were selected from the neonatal care unit of
Affiliated Hospital of Qingdao University from May 2017 to May 2023. According to the feeding
patterns within 30 days after birth, the preterm infants were divided into three groups: breast
feeding group, breast milk + fortifier feeding group, and formula feeding group. The incidence of
PNAC was the main observation object, and the abnormal alanine aminotransferase and length of
hospital stay were the secondary observation objects. Results: Data from 430 preterm infants <32
weeks of gestational age were analyzed. The incidence of cholestasis among the three groups (P =
0.005) was statistically significant, while the incidence of abnormal alanine aminotransferase (P =
1) was not statistically significant. Binary logistic regression analysis showed that breast milk was
an independent protective factor for reducing cholestasis compared with formula milk (P < 0.001),
and parenteral nutrition time and late sepsis were independent risk factors for cholestasis (P <
0.001). Cox regression analysis showed that there was no difference between the breastfeeding
group and the formula feeding group on the discharge time of preterm infants, cholestasis did not
increase the risk of prolonged hospital stay of preterm infants, and there was no difference in the
risk of common complications of preterm infants. Conclusion: The incidence of cholestasis in very
preterm infants within 30 days after birth is lower than that of formula feeding, breastfeeding or
breast milk plus fortifier feeding, and breastfeeding can be regarded as an independent factor to
reduce the risk of cholestasis. There is no difference in the incidence of abnormal alanine amino-
transferase and other common complications in preterm infants under different feeding patterns,
and there is no difference in the length of hospital stay.
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1. 5l

REFLR AT LI S AR RIE B, IR R =L, SR WM, BEF R LA R Z4r4b, ann]
PABRAEIRZE I /N 7 485 i 7% (necrrotizing enterocolitis NEC) I XURE[1] [2], BEMGE 72 LI TS [3] [4]
W Es, LR EERIKS NEC. WMUMAEF SSHIZET: K1) [2]. 577 JLMEFR N 1 i RFAL
1 BRI FEAS JE 7] 2 R g P R0 A SLEED T W5[5]. MANE FEMERR AR, RKIEIKE TR (2 ) R
JLH W IFKAE[6] -
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2. MREHFE
2.1. W&,
I 2017 4F 5 H~2023 4F 5 H 5 R & BE B s AR ) L i = W00a iR ke < 32 J4 HAx#E < 1500 g
[y 5L )1, 586 .

P JURRL R F AR LBES, BEFLBRALAISR (), BCTT 90 (e**). Bl RIE R B8 R4t

AW TR B F B EREAAC R RS B (F S : QYFYWZLL28275).

GINFRIE: ARHEA T 30 RN HIMEFRAR AR 2 U4 L =AM, (1) 584/ R BRI
(A RFFLIRTEREL > 90% HLAC 7 WhElibERL + SR IEREL <10%); (2) BFAL + @b (REFL + 5k
FIMREFR KA > 10% HIEC 5 W57 < 10%); (3) FC iy @MEFR 4l (e 5 3% R 2L > 90% HLEEFLEBERL + 93
EFIMEFRREL < 10%). HEBRbRAE: HZE T aET 23 K(n = 18), B HHEDNIRA SR (n = 90), 1k
KW 30 R BEEUEERN(n = 21), AF B F2 tH ™ 8 AORE 5K B R IFEIRIT (n = 20). FBiidfEdizlrh
BRI (N = 7). & 430 L2 LBEAIN T . Horp BERL 3 B REALRIRA 141 4], BEFL + BEFLSRAGT
MEFRAH 154 14, L7 WhMRSR4 135 .

22. H5AE

WCER FE oM 5 ) LA BE S IR IR R B S B 3 o e by, (1) BREEEBORL: MR, ke, RS, Bk
BIEOL ) LEEEIEIRIAE M SEIRIARE R« 730007 N5 (2) WIKCE 77 A W E FRAE G B R st
EFEITE] . MEFEAN 245 0L (3) IRl MRy R . BN RA M T E 50 (4) HAblmIRR:
RBTFRIERE O PrAERNH FFRIUE Y. RIIRG . B BUE . WU <. SRBEE /N &5 1 5
(necrotizing enterocolitis, NEC). S¢S Jifi %k & A~ K (bronchopulmonary dysplasia, BPD). 7= ) LA 9 fi597
(retinopathy of prematurity, ROP). M AWIAE . (EFEiFA] . H BeBe e G % o

2.3. FRAEX
(1) PNAC: [%4hE 7% (parenteral nutrition PN)FFEERTIE] > 2 J&, I PR H BB ok 38 R S AN B Bl 28
HOEBERE . KEPEARGERI, LREME: SIHA %K <85.5 umol/L B E#AHA % > 17.1 umol/L;

BUARZLE > 85.5 pmol/L i ELEARZL R > SIHLLER ) 200%: B oM HA PR 51 1 398 K D) e it
W AT 28 . AR 2.

(2) MR MCIMARE : H7AE ) LICILAE 2 b o 2 BRI A ) LI IMLRE 12 W7 KR dT & 5 3L 112019 4RAR) [7]

(3) NEC: #%IEMEIE Bell 731 > 111, EP#fii2 NEC [FFRHE[8]

(4) ROP: ZHREL7= LA IE A8 v 97 FIYE % 5 4L iR (2022 4 R) [9]

(5) BPD: #%[ift 2018 43 [/ NICHD FJi2 WitsE[8].

(6) MEIEAMAZ: BRI RIEIREN 50%, FEATIRMAI/EEAK, MR RN, IR
A EIR B W Y PR SR[10]

2.4. BEFRIATT R

I 57 )L Ao BT AR ) L R SRR I AR L R B [ L1 A F o PNAC 777 LR BB 28 BE R R 7 5L
M, HAREEAHR.
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2.5. Gt St

iR 1BM-SPSS (V-27)EAT 4047 #5438 & S 4 5 4 2 I EL i R 2 K 3B Fisher A% i
ik FIES M EER LR A B AL EE) M (25% Q, 75% Q)X w~, KH 7 24k
Kruskal-Wallis FAIGS . 22 2 0T8T 24E )L PNAC HIfE 6 R 2K A ot logistic [515 507, AS[AJ2H [a){F
BEhst (). g4 hE SRt ] M FF RE &0 XS A Cox A=A740#T, PE < 0.05 #lAH B35 2 5.

3. BRESR

FEENFRER 2 LBy 430 N =4IIARR LR REFLRIRALR ™ LGS . AR E . ARk
SEREAE AL T REFL + aRAGTALRRC T RS, HUBOE Bl T AL, WAk 1. =4, e
[ ERF FURGR AR RN 52 A A 3R B AR IBCRUE A 6 YT AR 2 BPD iR T REFL + 9
WA TT WIRTRAL; B hhE TR e, AR B A FHAMPI, W% 2. =4 Goit=A s U8R —
logistic [a1 473415 Cox [RIH 73T o, ERAMNmANE FRIFIA] . B2 LRI R G L, Hoft— e Bl
s PRAGFR I TG0 o

Table 1. General situation between different feeding groups
= 1. TERFAE—MRIER

WRIRKTY yn
BIE BE - BAAE  ERE 2 =

(n=141) (n=154) (n=135)
B, n (%) 75 (53) 80 (52) 69 (51) 0.122 0.941
FEHIHE R, n (%) 118 (84) 126 (82) 106 (79) 1.245 0.537
FIEF, n (%) 89 (63) 108 (70) 92 (68) 1.72 0.423
BEWNEIE, n (%) 17 (12) 23 (15) 13 (10) 2.471 0.291
TEEE, n (%) 48 (34) 65 (42) 63 (47) 4.708 0.095
UEURBARE PRI, n (%) 21 (16) 38 (25) 30 (22) 4.407 0.109
EHNAEKIBLZ, n(%) 14 (10) 14 (9) 12 (9) 0.101 0.951
PrAZEN A n (%)™ 140100) 151 (98) 132 (97) 4.055 0.132
FIRFA n (%) 28 (20) 18 (12) 16 (12) 5.032 0.081
B F7 T8 n (%) 21 (15) 19 (12) 11 (8) 3.054 0.217
HARIES n (%) 54 (38) 36 (24) 33(23) 9.692 0.008
RE: g 985 (890~1115) 1200 (977~1400) 990 (935~1330) 28.118 <0.001
laEg, K 199 (191~208) 206 (197~217) 206 (196~213) 15.055 <0.001
APk, cm 26 (24~27) 27 (25~28) 26 (25~28) 16.156 <0.001

Frh Ll n%R S RBEEEL KA 2R, GiHEN % “Giit H Fisher KRR % . 8B R EEE LI M (25% Q,
75% Q) B (55 25~75 T i s FoR, K Kruskal-Wallis #6536, 4188 H, 355 ELBCR A Mann-Whitney 4656 .

3.1. Bf)L PNAC &F1ER R mE =

XF =20 577 )1, PNAC KIFIG LT 4T, 577 )1 30 K A HIME 3577 6F PNAC RV E A it L (P
=0.003). 4R LL s 2o, PNAC RIGRAERFALAH SE T W42 18], A 2 #FH %5 (P =0.016). fEF + 98
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R %

W S5 4y 2 1045 535 25 5:(P = 0.003), fE5¢ 4/ EEMAMFHA SR + SRk M 2R L8t
RN (P=0.636), A G R X HEERAA GG, HAEKE, BORKWINE, BIVE TR, R
X, MFEAMZ, FPANLZHE logistics B 504, BEFL/ 3 EE BRI AT BC 77 YRR 44 TEAR M)
PNAC &JHZ (P < 0.001). BFFL AIRAK PNAC (BSR4 PR R (P < 0.001). BFFL + BEALGRALFH S
Ji WA LA AR PNAC RIFH, EAREM MK PNAC KA FIMSLEZm K & (P = 0.075), MAhEFR
IFA], B R BCIILRE  PNAC BRSZ 5200 R 25 (P < 0.001). WL3E 3.

Table 2. Clinically critical data between different feeding groups
#F* 2. TEMRFLHIE)IRR X5 R

MRIRRA
BRFLRFRA B3, + BARERA e XH ;fraj
(n=141) (n=154) (n=135)

EFEANN 2 n (%) 27 (19) 10 (7) 14 (10) 11.695 0.003
fashE FRm e, K 29 (21~35) 17 (13~24) 23 (16~33) 61511  <0.001
A AR ER A, K 10 (7~12) 9 (7~12) 9 (7~12) 0.94 0.625
JEIHIREL, N (%) 21 (15) 20 (14) 36 (27) 10.453 0.005

BNEERERT, n (%) 8 (6) 8 (5) 7(5) 0.059 1
NEC, n (%) 10 (7) 10 (7) 11 (8) 0.299 0.861
BPD, n (%) 93 (66) 65 (42) 65 (48) 17.716  <0.001
ROP, n (%) 38 (27) 25 (16) 28 (21) 5.088 0.079
e R CILAE, N (%) 51 (36) 27 (18) 29 (22) 14.898  <0.001
{ERERE, K 77 (59~98) 59 (43~77) 65 (46~79) 25547  <0.001
HBE LS, cm/E 0.7 (0.56~0.87) 0.7 (0.55~0.91) 0.7 (0.56~0.87)  0.623 0.732

T Ul no R A ETORL, KM A%, SHEN 4 ESTHERREUELL M (25% Q, 75% Q)H A (4 25~75
SR FER, KA Kruskal-Wallis 5%, ZeitfEA H, 5 SR A Mann-Whitney 156 .

Table 3. Logistic regression analysis of cholestasis related factors among different feeding groups
Fz 3. A[EIMRFRLA[E BB+ FAHE X E & logistic ElYA 47

ZE B1& OR f& 95% Cl P&
Je b SR A 0.047 1.049 1.026~1.070 <0.001
Wk K UL IR —-0.743 0.483 0.263~0.887 0.007
BEALLH -1.399 0.247 0.122~0.501 <0.001
BEFL + ST -0.569 0.566 0.288~1.113 0.085

NS PR, R, HAERE, WERMULEE, ANE RN, EFREAZ, IR RERRT ISR E).
P<0.05 A4it%E Lo

32. HtBEEIEHRRHLIELRRIBER T

ZHAIR R R T RIREEP =1), NEC KINHE(P =0.861), ROP KIHFE((P =0.079) LEEER.
I N S IR ) L ) LA B A AR, GRS, AREE . BRI . A E FRI A, BPD. NEC. ME3%
T REE . DL B S R A BRI TE] £ Cox 20 b B : MBS TR T e R 2, 584/ E BRI MESRA (P =
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0.083)FIBEFL + BRALFIMEIFRZ (P = 0.526)F Bt i W] TG 2 3 22 57, AH VAR A I B 7= ) LA e g i) A 4 XU
(P=0550). W7 4. LAFH WIHEAIENPEEMR Cox b Bon, ANEMEFREFRZE, 572U IR
i ) R g AR, TG 22 5

Table 4. Cox regression analysis of hospital stay between different feeding groups with discharge as outcome
3 4. IR AL R RINR R HIE{E RTS8 Cox BIYA 4R

ZE B/& HR & 95.0% ClI P
fia e 0.041 1.042 1.030~1.054 <0.001
HARE 0.002 1.002 1.002~1.003 <0.001
NEC —0.434 0.648 0.435~0.966 0.033
BPD -1.367 0.255 0.195~0.332 <0.001
JIERRR A 0.084 1.088 0.825~1.433 0.550
W UL LA 0.076 1.079 0.845~1.376 0.542
ool e TR -0.019 0.981 0.973~0.990 <0.001
W FEANTN 52 0.106 1.112 0.794~1.557 0.536
A B BIE S -0.454 0.635 0.495~0.816 <0.001
BEFLIRFRA -0.228 0.796 0.615~1.031 0.083
BEFL + SRALFIMETFRA 0.079 1.083 0.847~1.384 0.526
FIEFE 7 N AR IR N S IR B, P < 0.05 B 4il 2 .

4. g

AT, BiUEE 30 K, S4B IR R LRSI A AT L RS AR SR
BT RESL + RESLIRALFINE SR ALRIIL 7 PSR LI, X 5/ IAMS . % AR e L B R S 2, 53
W T A R/, RSP S T B I R I PR 7ok 06, e A/ T RE LM SR 4L 5 72 ) LA S TS L
WOEA LG, T R R IR . MRS 32 . BPD KR35 K S K (1 Bk 726 16 . — 7 logistic []UF 4y
il Cox A4 BT S = LB AN A1 it 1], LA BRI IR 5. se 4/ RRgLNE e 4L S 7 e
FUA A E TR R L2, HREIAE . KA ER )L, 055 hIaeRT, HEZ0MBns
TR T LR LS SE RN ST R, HETT 5 BOE K 0 O TR 1) BERL 4+ SRALRUME SR S A4
(o SR T 2 5, S AL LB Th A BT, RESEABI A IR, REFLIRAL I LL
BTG SR, FRE)LKERK, WEAE RS, SEHEEIRE. NEC. ROP R LR, Ll
R BB RSB R 2 R, (I A A R G, R LT AR T I R
SR AN AR, B PNAC [ e 54T o, AR TR 004, BRAL NI PNAC fh
SRR, AN ESE . BRI PNAC MUTfaE 2, HAMESL + REILIR MM FR
B LA E AR PNAC K5, HEIAAHT R, AW AT PNAC (B R 2. 2 H N
ATRGE R, MBI T PN FRALR 2 )L, RERL + REFL IR 5 T I A0 FRI 1, 3 T LA i
72 )L PNAC J Hilth % Fh 3t R (0 R ..

I R D PR (PNAC) I3 DB R LT AN 28 . A W FEES2 PN 1 B3 1T A 2 DR T 453
5 R0 P S A T 7 T R (9 R [12] [13]. —FHERIS IRy, 75 PN SRR 9 25K IS 2, B
PR TS B 2 SEUFFR[14]. B—FFER A, PN I AT AR 5 Pl AR, AL i i Rl
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SERNEA L . B SO 4R T BB BO N LA e [ B R RS AL AR [15]. FE T Sh A RIS R I, B
A2 LR R it A7 B ks>, [RIEE Dhae R (R BR P 3G n[16] [17], RHVTHEfEd, wn fxr A SRR
BE . MRZRICAR . RRVTER W AN AR R PR H G N T 1B IR IE A SE R e AR E , AR IR RN L i i %
FR(NTCP) ik ik, S 53874 e RR T IR — i@ i 3k Y 1122 (BSEP) BT U AE 75 32 ek /> 55 18]
IR 53 PNAC 5 8 [13] [19] [20] [21]. H FI X} PNAC FiBhf1iGyy T EARE: (1) Bk E, 465k
BIGINE TR (2) G EIFESE. MR EIERR LGS IR, R i [22]. (3) 4T Mg kLM
FERIE, RIBRCSCE AR AR, S-RRTE H R ZURR Ty R R IR AR 4 26 [ 23]

AT, BEALAFEK PNAC KR 3 I 520 R 35 o 0] RES2 RN BEFLRE A AR 7= L RESR BEFL,
£05 PNAC B ¥ BT i BT A et [A1 R HoAth B S ca s . CAREFRUESE, SikE 72050 7L R4 S B n]
XF FXR G SERRAEPUER, MRV ER& b m, FEAFMERG[24]. 2 LEC T Wik s ka4 & BE A7
TE R e 2 PRAREE T A R/ G i e S 5 4 MR AT [ e Py D 2. Je ik B 7L MFG M (B 7L A I BR) Bl 73 2 L L[]
i T] DA B A R ) S Bt B ) L R VR S [25) . SAE SR AL b, 22 Rt IS 155 7L (SMOF lipid)
A AIE I ST 0-6 ZAMARIITRF o-3 2 ANHURI IR TR & S H 42 )L PNAC IR [22]. B+
B AR ANRIIR : AR LR EERE TR, (HKEE 2 AR ANNE DT R (LCPUFAS) & &R mi[26]. BFFLIR
75 T RESRAR G AR o B I S 4E St PR A SR AR JER U 98 RE SSE o B P ) 5 A T 7 A D B
FUIREHE(HMOS) FIE BB 5y, BEFLAS & Biraty se (W HE, PR LS i T @ & PR i, TR R R 47
o A S EEAEF[27] [28]. —TUWF SR, RHYTIARUE A ) LI g BEA (i BB 26 ) LN, 374 JLIH
THIRFURE B3 W A I e, EER IR & B W A A BURYI A RGN . BE R
F BRI XA B A5 980 (PT Red i P ZLBE AR & 12 2 5 IRLL R AR, 327m 8 A2 ) LB AR R B
PR B 2 [8) ) 0 R A AE S 22 57 [29] [30] 0 REHIRAFR R B 255 1T B 22 3@ i 75 7 9 B S R AR - R AR AN
Y TE A A BRI I S OGS S () Gl v, AR 7 FXR A B2 AT R LRXO01 W] R dig
e e AR 3 S F1[31] . BEFLH I S iE e LA BAE S VE MR B R A A . SRR LK.
R T PIFLE & BB, HAPIRAPUBAER, F O A 5 il e A M e K E
THI1E 4] [32]-

FAh, ZIEEALIG ARG I CIRUE T REALIEGer 2% b T B35 PR NEC (1A %6 [2] [33], i BB
A LI R %, B IR A 5L LR D e, ARk IR R AR 5 LR &

AT, SHMEFEREIZ 6 Cox AfFa i ion: SR PIMEFRME, e/ RERA SR + i
AT SR ANIE I 52 LA B [ ZE K XU, PNAC ASHE I 2 ) LA Be i [ 2K )R B2 LR IS . AR
R, FKEIRBIE, NEC. BPD. HUMGES R AT BT [H 1) EE R R . 584 2R MRIRA
FLP= ) LANEC 7 Wy MEFR2H 2 TR ) L DL 9 A RE A0 RS TG S 3 22 7 o

R LRTiR, ABFARAAE 30 KN RIMRARAEIG R AR E )L, AHECT RO JMRss, BEFLMRFE, MY
RESRTF BT M AE K R B Fabe, 1Mo LW D AN E R VRV A AR I R AE b R, REFLMEIRAEE AL,
A BEFLSRAFIE AN e . SR T WOMRFRAR L, REFLMEFR L )L A3 5 B[R] 0 At e AR A0 22 TG i
ES

EEWA
7R B 2 AR 1141 (2017WSB26008) -
SE K
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