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Abstract

Objective: This study aimed to evaluate the effects of continuous enteral nutrition versus timed en-
teral nutrition on the levels of Short-Chain Fatty Acids (SCFAs), metabolites of intestinal flora, in
critically ill stroke patients with a Glasgow Coma Scale (GCS) score < 12 or a National Institutes of
Health Stroke Scale (NIHSS) score = 11, so as to provide a reference for the clinical formulation of
early enteral nutrition regimens for critically ill stroke patients. Methods: Eligible critically ill stroke
patients admitted to the Neurological Intensive Care Unit of Baotou Central Hospital from March
2024 to May 2025 were enrolled. Demographic data (height, weight, history of stroke, NIHSS score,
GCS score, etc.) were collected. Blood samples and fresh fecal samples were obtained at 24 h before
enrollment and on day 7 after enrollment. The duration of antibiotic use during the study period
was recorded. Blood samples were tested for liver and renal function, electrolytes, fasting blood
glucose, glycosylated hemoglobin, transferrin, C-reactive protein, and other indicators. The concen-
trations of SCFAs (acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric
acid, caproic acid) in fresh fecal samples were determined by gas chromatography-mass spectrom-
etry. Results: A total of 380 cases were screened, and 30 patients were enrolled, including 14 in the
timed enteral nutrition group and 16 in the continuous enteral nutrition group. At 24 h before en-
rollment, there were no significant differences in baseline data, blood biochemical indicators, or
SCFA levels between the two groups (P > 0.05). On day 7 after enrollment: (1) Blood indicators: The
levels of aspartate aminotransferase, low-density lipoprotein cholesterol, and C-reactive protein in
the continuous enteral nutrition group were significantly lower than those in the timed enteral nu-
trition group (P < 0.05). (2) SCFAs: The levels of butyric acid, isovaleric acid, and valeric acid in the
continuous enteral nutrition group were significantly higher than those in the timed enteral nutri-
tion group (P < 0.05), while no significant differences were observed in other short-chain fatty acids
between the two groups (P > 0.05). Correlation analysis of antibiotic use: There was no significant
correlation between the duration of antibiotic use and changes in any SCFA levels in either the timed
enteral nutrition group or the continuous enteral nutrition group (P > 0.05). Conclusion: Compared
with timed enteral nutrition, continuous enteral nutrition may be more conducive to maintaining
the levels of butyric acid, isovaleric acid, and valeric acid (intestinal flora metabolites) in critically
ill stroke patients, and can effectively improve liver function, regulate lipid metabolism, and allevi-
ate systemic inflammatory response.
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1. 5|8

G 2 o A 0 L 0 B DL PR T BRI, AR EREE ORBE TR N, R A = KB R I, RS R
Guedi BAE AR R B R A 1] Ml 2 5 iR e s s . BRI i i DA R iz 5 1 I
JESE, XEIFRIERE SEUN AT EE TG AR . il s R RS T A 5 S, KRR L
BPEJL/NEE N [2]0 BIFFRUESE, i AC p R I TE AR ) 2 R VRS A e N S35 B AIR[2] (3] W i A r AR
=055 B i 7 B2 (Short-Chain Fatty Acids, SCFAs), A& K5 i 2 A8 A= - Wi - Kk (Microbi-
ota-Gut-Brain, MGB)fli {5365 B EE A, IFH SCFAs JREl/EH TRiEE, 4ERF I iE shae AT e 3
P, BOMGRPHERIRZ 4], P RAJE, SCFAs MRS Y G & RS & (X AWk #2, i@
T EEAR . SR BRI @S AE MGB R HE A 2R 50 A o (R SRR 4]

FREA TR, A REORRER, AR, 6K & KR B @ U W E R RN B i D RefR
R RE M — ks, H e A b 3 1 g 7 07 ON G B T 8E 24 /NI N E 37, (R TRl
WE TG 5 kB E b, IRARIEREL, iEEHEER T EEL, BUER S RAES] (6], FREMREZ
ek 2 st I PR AR FE — S8 RIS (A1 BN, FESNSESe T, BRI RS B VF 23R a0, EFEIRER 1A
BRAR ARG D7 & & T0UR7 e IR R, DA R o8 PP A sl afL PV 4 49 [ 70-[9] . F BB S35 2 o N B 97 L)
HRIE. HoReREAA RBURMRBW R, HRIWAEIRMAE7]. BAEFRM, mARMER, FiEn
(10 FR BT i T B R 2 R AR 5%, WOSUBORFRRT L FL R TR R i BR T 45 M T TR B R A AR B R,
AR ARG 2 [10]. BRETR & FTRE R 4EREIIE IR E, oGRS 2K, PRARIAR, NEREEKF 1)
ARFBE10][11]. FENCHENR S, RS RARRIAE, b IRD & &, e s DL 20IRS S50
RL12] [13]6 %5 T AR AR R AT U5, PR AR AT DA SSCE A 56 N A 00 23 IR 7K P, 38 [ i A 4 22 e 4
TR AL 12] 0 ERARBR NI PRI AL AE R A N DL S BB JHE N A 45 380 7RSS, EG) T BRE A o 3
XBNBER UL, PR 7508 8 A A A AR =420 (0 5 1 A7 A B i e AR ik — 2 e v ol == ) e PR 7
[12] [14] [15]. AiREGAE M Hr 37 2] B9 3K B % (Glasgow Coma Scale, GCS) ¥4y < 12 2y 35 [ [F 7. A wf
FT B A 1 ¢ (National Institutes of Health Stroke Scale, NTHSS)¥F4)> > 11 43 EAEAE g v, TR ESE
PE I P E 77 5 BRI 78 270 B0 A v £ il R R4 SCFAs HIREIA, Ayl PR B0 A5 Hh f8 3 R 1 i
BT RMNGERESE.

2. ARHBH
2.1. FARIR

BRI NHEERAR L 2024 4 3 J1~2025 4 5 ARG Sk i 0o 2 B A 28 BUREP 5 B ) SR A o
B, FENL PRI i 8 R S i P e IR AL

2.1.1. AN
(DFEH > 18 P H <80 % (2) KW 48 h PN S/ H s i i 3E 63 ; (3) ABEhf GCS %
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< 12 4383 NIHSS iF45r > 11 435 (4) AT WNESR, TUHMTHNEFRIBITRE > 7K, (5) C&F
MtEFE.

2.1.2. HippARE

(1) BN EFRERIEFAT R EMINETR: 2) BUIBRARFESmIIBRARE: 3) BTN EIRIRIT,
WA >12h; (4) FEBEZ: a. BREDEAE; b, M H.OINREA BT M5 <50%); c. ™ 5% (Child
Pugh 7375 >7); d. M*HE B IyReEEwE (E /N ERIET % <30 mL/min BME DL >4 mg/dL): (5) BEAEA
FEHPIR B mRS > 3 43 (6) BHFEERANNZTEATEBHFRENG; (7) BESE5R—W
Il PR FT o

3. fARGE
3.1. —RRFERhAEE

P A AR RAE LA 24 b B BB PR i 7 D) R SR N 2 B0}, R RLA0HE: 2h 44 | SRS
ol R, B, AR PO DAl mHoR . BEROR . RO R, AErh

3.2. BREFRTM

3.2.1. PRETEENESF

HAFE H B P98 FR I (32 HI7E 10 h, BN E FRITFAAITIA] 08:00, 45 R [A] 18:00. 7 P& FRi A4 5
H7d, BET, BEMNICU #H, LA REF .

NS 1d: BN EFRA T B EE AL E (25 keal/kg/d) 1/3, EAFR 1.21.5 g/kg/d; N 2d:
WL N E SR T B SRR R (25 keal/kg/d) Y 172, AR 1.21.5 g/kg/d; N 3~7d: BN E
95T B F AL BE (25 keal/kg/d) 1) 100%, AT LATEAG B RER Y 70%~100% 2 A3 5], B EE 1.21.5 g/kg/d.

3.2.2. HEBAES
ST ESMEG N EFRQ4 h), R EFRI RS ESE 7d, BEHT, EFHMNNICU #H, Pl
KAEFEME . ATFEERESEARTHERA L.

3.3. MR

KREFTAE Z A RAART 24 h N ANAEE 7 d 2 IR AAT A SCTR PRt . N IR A e
(Alanine Aminotransferase, ALT). K| 4% MR % L 2 (Aspartate Aminotransferase, AST). JK % (Blood
Urea Nitrogen, BUN). JJLFf(Creatinine, Cr). & AH[E B (Total Cholesterol, TC) H i —Hg(Triglyceride, TG)-
15 % [ i B 1 BH [ % (High-Density Lipoprotein Cholesterol, HDL-C). 1 % J& fig & 9 iH [& ¥ (Low-Density
Lipoprotein Cholesterol, LDL-C). [fll#4(Sodium, Na*). [l (Potassium, K). I.4%(Chloride, CI"). =} i1 ¥
(Fasting Blood Glucose, FBG). F#{t M4 4 H (Glycated Hemoglobin Alc, HbA1C). %%k H(Transferrin,
TRF). C % H(C-Reactive Protein, CRP).

3.4. FE5ERSAHER

KREFTAZ AR GNATT 240 . NHEE 7d B FSMEREA, BEURGF MR BRL 8 g, WEETIHRET
FRIFEREE T, W%, RAFE—-SOCRIMITIKAR, I S S SRRl A FEA A 78 B Ja A T UKAIR TR
TRAT N GL—AME RT3 NI K L AP e 2R A B 2 = 30T F 8 g B A, R A Thermo Trace 1300 <
AHELE-1SQ 7000 LA, LA HP-INNOWAX B4, il s - mide 8. sETHERET
JR SR AR 7y 85 FRESR A BLYR. SIM 458 sk H ARl .
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3.5 MERKRAIER
ek A LRI A 0 2R 2 T S T
3.6. ZIHEFZE

AW T R BE > T ] SPSS 26.0 (SPSS Inc., Chicago, USA)H AT S it 0 M. 1E A4S 36 5% 1)
Shapiro-Wilk #:5;, #F& IEASMHEEERH X + SD)ER, PHSEIE LB t 456, & 55T 70 E m
A A ) SR FCX ¢ A Se . AFFE ISR TR P50 (P25, P75)% 7N, MZH (A L A Mann-Whit-
neyU #3771 TR0 5 W 28R (0 EL A R A S RRAIAR 56 o T AUPERER F R T Go iR, GoitHEwTR
FA-RFAGS o« SR spearman AH I3 T PR Bt Az 25 A1 FF I 1) 55 0 % AR 0 198 2 IR RO AR DG M o it o0 A B
FEO8, A6 KAEEL o = 0.05,

4. R
4.1. FHATFREEE—RRABREER

AW FSLIRE 189 L EAEAS AR, FRGIN 32 IR E, (HRIRET N E IR 1 B3 R T A,
Frefn s R 1 BB S IR R 7 KA, [RIAE ZONA 30 B, LA RIS B s IR 14 B, FFs:
AN E SR 16 6. HLEALREEIED . ERS . BMIL WO s . s, BEARE . RO miE. &
Wi, GCS ¥F4r. NIHSS V4 AR, Z R egih % 8 (P > 0.05). W& 1.

Table 1. Comparison of general data between two groups pre-intervention

F 1. TIRIAESRE—RFERELR

FRET 4 (n = 14) Fre:H(n = 16) 1 P H

PEA], n (%) - 0.101

i 8(57.14) 14 (87.50)
M 6 (42.86) 2 (12.50)

i, % 65.50 £ 9.93 58.06 + 15.17 1.563 0.129
BMI, kg/m? 25.43+3.30 27.04£4.72 1.065 0.296
WA, n (%) 6 (42.86) 11 (68.75) - 0.269
TS, n (%) 6 (42.86) 9 (56.25) 0.536 0.464
R, n (%) 12 (85.71) 12 (75.00) - 0.657
BEIRIE, n (%) 1(7.14) 3(18.75) - 0.602
L, 1 (%) 2(14.29) 0 (0.00) - 0.209
i, n (%) 1(7.14) 1(6.25) - 1.000

GCS P4 8.00 (8.00, 9.00) 9.00 (8.00, 10.00) 1.169 0.242
NIHSS ¥4y 21.00 (15.75, 23.00) 16.00 (13.25, 19.50) 1.901 0.057

7E: BMI: A E5%(Body Mass Index), THE AN BMI= #RHE (kg)/ & & 2 (m?); GCS, #2375 Bk 8K (Glasgow
Coma Scale), PW5riEH 3~15 4, S {EBRIE R BN FEATE ™8 ; NIHSS, 3 H [ 37 T A 5% B 4 1 & 32 (National
Institutes of Health Stroke Scale), 1F4rJufE 0~42 45, HMEEEEIERIPEINREPEIEE; - FoRTLEE.

4.2. MABETHRIEE WIBIRELE
TI0RT, I E S IU A S SORE TR AR ELER, Z R TEgH 2R ((P>0.05). T 7d 5, P
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ALT. BUN, Cr. TC. TG. HDL-C & #E8tr L Z LG it m (P> 0.05); FF8: N E #7741 AST. LDL-
C. CRP 7K Z K T BRI i & FR (P < 0.05). TE I 2.

Table 2. Comparison of biochemical indicators between two groups before and after intervention

2. MERE TIRTEEWIEtRLE

AR PR A iz 7 7741 Fral g A /7 1l P{H
AS T 30.00 (22.75, 42.00) 21.50 (18.50, 25.00) 1.958 0.05

T
FHE 85.00 (42.50, 112.00) 33.00 (25.50, 42.25) 2.492 0.013
il 2.36 +0.59 2.65+0.52 1.424 0.166

LDL-C

FHiE 2.60 +0.51 2.14 +0.68 2.083 0.049
AT 18.10 (12.15, 44.63) 17.50 (12.78, 61.43) 0.225 0.822

CRP
FHE 42.50 (21.25, 68.35) 18.00 (10.10, 27.70) 2.3 0.021

VE: AST: RITAZMRAELKBE; LDL-C: K& EREAMEER: CRP: C MMEH; WA SITEER EZL
Tebr, HATEIRE R L P> 0.05.

4.3. FEBERTRMESEAEHERLLEE

TR, AR, N, 5T, TR, FRR. KR, CRKPIE, ZRBESITFEX
(P>0.05). THjE, FEHTER. TR KRS TRNA, ZRE510T5%E (P <0.05); H
RIEVRIBI TG T (P > 0.05). L& 3.

Table 3. Comparison of short-chain fatty acids between two groups of patients

3. MARE BRI

A FRE2H(n = 14) F8:41(n = 16) Z 14 P18
TR
7% 3137.22 (2087.83, 4714.98) 2469.18 (1372.67, 3519.78) 1.374 0.169
IR 681.20 (452.43, 1632.67) 623.72 (308.90, 1259.13) 0.502 0.616
Rl 103.99 (16.05, 438.34) 71.79 (12.90, 220.86) 0.646 0.519
TR 1016.95 (140.00, 1304.64) 387.58 (66.46, 956.46) 1.374 0.169
IR 95.78 (13.08, 465.06) 75.86 (12.16, 222.47) 0.406 0.685
R 27.91 (6.43, 333.72) 61.63 (1.89, 266.69) 0.31 0.756
(A7 6.39 (1.51, 20.66) 0.73 (0.47, 15.31) 0.247 0.805
TP
7% 2575.92 (1640.94, 3746.91) 3270.32 (2177.49, 4309.80) 1.08 0.28
(5] 79.89 (5.74, 1012.32) 1134.79 (746.18, 1693.30) 1.572 0.116
Bl 8.37 (0.85, 127.54) 210.22 (111.44,312.18) 1.773 0.076
TR 12.22 (1.56, 624.72) 850.17 (613.56, 1455.47) 2.13 0.033
IR 9.15 (0.58, 126.45) 201.94 (110.32, 353.71) 1.976 0.048
R 0.77 (0.20, 198.89) 220.16 (97.16, 347.68) 2.182 0.029
(@A 11.32 (9.94, 27.82) 1.00 (0.70, 7.42) 1.757 0.079

E: a: 5TWETAL P <0.05.
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4.4. IRESAREFATE RERESETRIRREHBRELENEXYE

BRIy & TR, BUAE SR (8] 5 ZBRAAAE U R (r =—0.016), HNTR. 7 TR RIKIK.
IR RIEAR G, 5T RAENER AR EITA X P>0.05, SEREARTTTFMET, 5T
AR A I 18] 5 25 HE B AR T IR V6 B JE AR B 2 T AR SR ME TE G T 22 e PR 4

Table 4. Correlation of antibiotic use duration with SCFA concentration changes pre- and post-treatment in the time-restricted
enteral nutrition group

3 4. [RETFAREFENE REMNIESETRIE RN EREX M

PUAE F AL I (8]

7 P18

LRAEMNAE -0.016 0.951
PIRAALAE 0.121 0.643
ST RRARAE 0.28 0.276
THRAAAE -0.251 0.332
i IR ARG 0.345 0.175
JRIRAEAA 0.197 0.449

TE: 1. rs 9 Spearman FRAHIGRR, T Ef A2 3 AT 18] 55 2% 76 B A5 1 R (SCF As)iA T il 5 A2 A B 2 1AV PR R Tk
FZ; 2. P EHTHBA R SE T B E TP > 0.05 SRR ML ST ).

4.5. FEFNEFBRE RERMNESETIERERBRECERNRXYE

LW E IR, SRR 5% SCFAs AR 2 FARGES, KAWL EShiAE R
A5 FH IR 8] (8 90RO R B R B R, (EAHSRYEXS BRI P>0.05, fEiZZH, Hidsz (i AT 18] 5 &% Ja 5 g 1
FRGTT R e AW Z B ARG T2 Lo PR 5.

Table 5. Correlation of antibiotic use duration with SCFA concentration changes pre- and post-treatment in the continuous
enteral nutrition group

® 5. FEREFRENE REMNESETRIE RN EREXMS

PUAE F AL I (8]

7 P1H

LTRAEMAA -0.169 0.565
IR AL -0.254 0.381
S T RRARAE -0.196 0.501
TRRAAAE -0.095 0.748
IR AL AE -0.196 0.501
JRIRAEMAA -0.164 0.576

5. Whig
HRE A R R AR T RS, R TR AR R 0 R bR, S E0E E i ERg, HE
ZERE SR M. J P 3 2 I B B B B R B TR 5 P T A A T . B A IE W SR i o

N
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FRERFEE M, PRI N E IR B R A AR STBRAE BRI I, BRI 8 % B8 RE ORS00
A B E IR AR BACH . (R A PR LG E R EH B SCFAs . (HAH LSS R BN,
FREEIl W E FRAE LGS FORE A B D RE . A5 B AU A 4ERF SCFAs ZK-F-J7 T BE HAR S . AHF 7t 25 R
TR, RN E FRA AST. LDL-C. CRP /KPR EM TR A EFRA, X5 5T HE H (1 PRI I
IR 0] 0 T I RE S S REFRAR IS5 TE, AHSCIERERF 70 R I, b BRI AL S R LA ZE M h i
PER RAER T 70 WA 548, 8 TNF-a. IL-6 SE{E R P 73k B, [R50 8 P 5 RORe i,k min el 4
5 RORE I, 1% S5 VR AE AR FEBNPIAR AL B8 N R 0 45 31 1 30HIE[12], (EAHT 5T tH BaX — &5 Jn] e 5 [
NEEAR RS S T E RN, BEN RS S E ER. ERaw, S Eh
TE P BERAET . B RS DI Re et . BRI 240, a8 s S 8UE FRRIBUSR B2 T FE[16]. 1 FRET
Jir P TR RN (] SR AU 10 ZNF, i i B e i TR SR TR 7RSI () P SR il B, X — BT RE &
HE— 00 A RS SR, AR T S RS ) E TR IR LE I N e R, B E T, S5
AST Fiys AR, R A 1] P K i o N HE i FR 2 2 K g AR RE ), 51K LDL-C Fhmo iRk
W E TR 24 /NSRRI, T RETEAT & BORE A R I TE AR S I AR B N, SR 1B TR
FEAATIRN, REEE T E S I AR U, SUBRIE T8 FR MRS, BRI TE I ThRECRY 5 iR i AR
WA TRV AR BIR . AN AR R, B N5 148 I 259 mT RESE A S EFE 7 o

SCFAs #2& T8 i A VI E A B RG £ BB 0=, BATEN VA e AR it 2R, RN 2
AT REA AT SR AE R A (4], TERGIE AR, SCFAs R ERH TRIIEZ, 4ERrI7iE ThRE R 5 ke 58
VR, JERINAR Y M BUZE (4] &R R A2 ), SCFAs W RES 5 G & ARBSZ A B0 & (1 X 2 Wik B 72,
T EAAW . AR . R AIEEKE MGB H R R 1S M & BEFE[17]-[19].
TR SN R BT A R, HAPUEL. PR, PR TR i E[20] [21]. BEFGIESE, TR
AP NLRP3 5 5188 A3/ M B4 bt 26 M2 REUE A, #i] TLR4/NF-«B 15 5@ #g 1k, 2
TR AR T 5 R B S HE 5 0 4L 3495221 [23] 0 IR AN IR TR AF L & 0 6 B A 1% Pl B e A4 O 1
s B B AT AR AW A E AR B E R AL . AR, FHRTP4L SCFAs /KPR %5,
LR il WA UDR S B — 8 TSRS EFRA TR, RIRIR. KIR/KF 2% & T R
TWERMA, TR, CREATHEEBERIERITFEZER . FERFREN P E 75 0] 5 I b 2 45 50 4
BF B ARSI TR, (RHEPL R M SCFAs MIZAERL, 1T BR IS i P8 75 T RE R & B BRI, S35l
B SRS A, HEMHIH] SCFAs 6 B

PoAE 2 A FH 2 5 M g 1 R ) B AR TR A IR 3R, BRAT I FUUIE S AR 2= T 3 B A o b ARG
A0 SCFAs & &[24]. Bth, AHFFCHE—0 o0 T P04 RS AR 22 050 FH I () 5 6 g 0y e 2 A A )
P SR EIR, BRI N EFRA . RFLlig N E IR A b Ak 2240 I (] 5 % 50 5% s 1 T A (5 3 6 2
ERIME, Horp PRI g NS IR IR AR S AR R I R R R EA G, FRE NS TR T
FLEENR DT R AR A S P A BRI R R AEDC, HIRIEGH R L.

A FEAFH S50 SRR i N E FRAREL, RS N E IR AT R SR T A A b R YRR Il T s A
VTR IR IRIRIIKT, HAeScERTThAE. WA AR AT BEA: 0T 70 3R W BRI 8 77 A7 & AR A
AR, BEAEBEA 2 DA AT EREAEE. dEEREACHHE R AT A 5, BN B I iE T
e AR B T IR, RS 0 6 (0 AR BT AR B T A8 A B 1T AN 2 RO T2 0 R ERE AR B A
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