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Abstract

Objective: To explore the effects of berberine combined with lifestyle intervention on fecal short-
chain fatty acids (SCFAs), inflammatory markers, and lipid profiles in adults with mild-to-moderate
hypertriglyceridemia, and to evaluate its short-term feasibility and safety. Methods: This explora-
tory clinical study used a randomized, open-label, blinded-endpoint (PROBE) design. Twenty adults
with mild-to-moderate hypertriglyceridemia were randomly assigned to a berberine group or alife-
style control group (10 participants per group). Both groups received standardized lifestyle guid-
ance. In addition, participants in the berberine group received oral berberine hydrochloride (0.3 g,
three times daily) for 8 weeks. Fecal and blood samples were collected at baseline and week 8 to
assess fecal SCFAs, lipid profiles, inflammatory markers, liver and kidney function, and anthropo-
metric measures. Group-by-time interactions were estimated using linear mixed-effects models.
Results: Nineteen participants completed the week-8 follow-up. Among participants completing fol-
low-up in the berberine group, mean medication adherence was 92.6%. Compared with the control
group, the berberine group showed a greater increase in fecal butyrate concentration, with a be-
tween-group difference in change of 3.31 pmol/g wet weight (95% confidence interval [CI]: 1.13 to
5.49; P = 0.005). Greater reductions in hs-CRP, TNF-gq, IL-6, and IL-1f were also observed in the ber-
berine group, with between-group differences in change of -0.56 mg/L, -3.22 pg/mL, -1.61 pg/mL,
and -1.18 pg/mL, respectively (all P < 0.05). The increase in IL-10 was greater in the berberine
group than in the control group (1.46 pg/mL, 95% CI: 0.31 to 2.61; P = 0.015). In terms of lipid pa-
rameters, reductions in triglycerides, total cholesterol, and non-high-density lipoprotein choles-
terol were greater in the berberine group, with between-group differences in change of -0.56
mmol/L (P = 0.028), -0.39 mmol/L (P = 0.049), and -0.44 mmol/L (P = 0.041), respectively. No clin-
ically meaningful abnormalities in liver or kidney function were observed. Two participants in the
berberine group reported three mild gastrointestinal adverse events, all of which resolved after
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adjustment of dosing time, increased fluid intake, and observation. No serious adverse events oc-
curred. Conclusion: In this small exploratory study, 8 weeks of berberine combined with lifestyle
intervention showed acceptable short-term feasibility and tolerability and was associated with in-
creased fecal butyrate levels, improved inflammatory markers, and favorable changes in selected
lipid parameters. These findings do not establish the lipid-lowering efficacy of berberine or a causal
gut microbiota-SCFAs-immune mechanism. Larger, multicenter, randomized, placebo-controlled
trials with adequate sample sizes are required for confirmation.
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Figure 1. Flow diagram of participant screening, randomization group, and follow-up
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PRLL 2R FELRAEWE . M AR R TR PRI 1 5 BMIL R . I FR R i i 1 2 ek LA, 22 530
it m (¥ P>0.05). PIHRELIEE LR IR T BIKIE, LM hs-CRP. TNF-a. IL-6. IL-18 il IL-
10 /KFHHR, ZRINTEGH R (3 P> 0.05). Wk 1.

Table 1. Comparison of baseline demographic, clinical characteristics, and laboratory indicators of participants in the two groups
F 1 MAFREBEZAOR. IGRFHER LR EIBIRELE

Ei=L7n /NBEBRAH (n = 10) KR4 (n = 10) P{E
(%) 50.1+8.3 496 +7.8 0.89

B, n (%) 6 (60.0) 5 (50.0) 0.65
BMI (kg/m2) 268+2.7 264425 0.73
JEE ] (cm) 93476 92.1+6.9 0.69

TG (mmol/L) 3.48+0.76 3.39+0.71 0.79
TC (mmol/L) 5.41+0.68 5.33+0.62 0.79
LDL-C (mmol/L) 3.21+0.54 3.16+0.49 0.83
HDL-C (mmol/L) 1.12+0.18 1.15+0.20 0.73
48 T R (umol/g 1 ) 8.76 £2.14 8.52 £2.06 0.80
hs-CRP (mg/L) 2.31+0.84 2.24+0.79 0.85

3.2. MARAIITIE, KM MEREATEY

AR I TE S A E 5 20 4, FHZEER N 1.67 B/ A . BENLE 8 FILRE %N 95.0% (19/20). /NEER
H5E s 8 FRBE T E . ARZG M IE RT3 5 100.0% (9/9), “T-XIHRZHM MPE N 92.6%. FELLFNEE 8 J& 1L
TFEA SEBEZ 4708 100.0% (20/20)F1 95.0% (19/20), FE{EAEA 2R 4374 100.0% (20/20)F1 95.0%
(19/20). kA TS 1 T AT PE PPN A i, AT TR SZ A R 2 . IR M B O B S AR e B
B35 3] 80%, HARKAESHRAMAR K™ EA RFAF, SR s B A B 1T seitit .

3.3. /| VEEmI IR AT 1k AR AT ER AR M

FLLRmT, P T IR IR ZE R TS N(8.76 £2.14 vs. 8.52 £ 2.06 umol/g ¥ #, P =0.80).
T 8 o, /NEERLLZAE T BRVK T H1(8.76 + 2.14) pmol/g I E FF 2 (12.41 £ 2.73) pmol/g B, A{kbfH
N(3.65 + 1.82) umol/g ¥ ; XA H1(8.52 + 2.06) pmol/g i B T+ %5(8.86 + 2.12) umol/g W H, ZBIL{E N
(0.34 = 1.47) umol/g ¥ H . ZRMEIR & RNAR T 3 M o, Al ) 5 0 (R A28 EAE H BAA Giit-22 s (B = 3.31
umol/g ¥F 5, 95% Cl: 1.13~5.49, P =0.005).

T-1i 8 JH )5, /NEERRALZME 218, THER M i SCFAs B 484k 73 %) 5 (13.54 + 8.26) . (3.79 +2.61)
H1(20.98 + 11.42) umol/g M ; X FEZHAH N A2 4k 73701l J9(1.57 £ 6.94) (0.58 £ 2.08)F1(2.49 + 8.76) umol/g i
H, FRGRIUR, EARRMENART, NS 3 SCFAs, JUHE TRRKFIHITHEAEY P 5
THFRIG. WA 2 FE 2,

Table 2. Changes in fecal short-chain fatty acid concentrations from baseline to week 8 in the two groups

2. MEZRELEEERENIRREERLNE 8 AREL
ANBERRZE /NEERRZH

_ o HE 2 o HE 2 e
fibr et e MR I anea mmios e
(umol/g 12 7) (n = 10) (n=9) ZAE n=10)  (n=10) BE p(O5%CI)  PA
7 11.97
LI 43.52+9.84 57.06 £11.27 1354 +8.26 42.75+9.16 44.32+9.74 157 +6.94 (3.70~20.24) 0.007
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Figure 2. Effects of berberine intervention on fecal short-chain fatty acid concentrations

2. 1NSERR T A SR RE HE AR AR BR 7K T B9S2

3.4. |NEERIT AR IE & (5 A% $E AR EO RN

T 8 &5, /NEER4L TG. TC. LDL-C. HDL-C filE HDL-C #:JE£k 9284k 73 51l —0.72 + 0.58.
—0.48+0.43. —0.32+0.31. 0.06+0.12 F1-0.54 +0.45 mmol/L; 5} 8240 38 1k 43 %) J9—0.16 +0.49. —0.09
+0.38. —0.06 +0.28. 0.01 +0.11 #1-0.10 + 0.41 mmol/L.

AR A ROV, TG B4 x BFEAE BAEFAS THE N f=-0.56 mmol/L (95% CI: —1.05~-0.07,
P =0.028), TC. LDL-C. HDL-C #1dE HDL-C FI4HA] x B [E)%8 BAE A iHE 2518 B = —0.39 mmol/L
(95% CI: —0.78~—0.00, P = 0.049). S =—0.26 mmol/L (95% CI: —0.54~0.02, P=0.067). /= 0.05 mmol/L (95%
CI: —0.04~0.14, P = 0.270)#1 # = —0.44 mmol/L (95% CI: —0.86~—0.02, P = 0.041).

ANBERRAH 5 R AR EE . BMILL R WSO e RN T 5K R AR Ak 1 25 1] 22 57 43 531 8 —0.76 kg (95% Cl:
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~1.60~0.08, P = 0.075). —0.28 kg/m? (95% CI: —0.59~0.03, P = 0.078). —1.10 cm (95% CI: —2.80~0.60, P =
0.190). —1.70 mmHg (95% CI: —6.20~2.80, P = 0.440)f1-0.80 mmHg (95% CI: ~3.70~2.10, P = 0.580). W%
3.

Table 3. Changes in lipid profile and anthropometric parameters from baseline to week 8 in the two groups

3. MEZRAEMASTE XA RIERERLME 8 ATl

NBERRZL  /NEERRZH X I ZH pogiGEed!

S . NG . pos AR LAz CHAE
N ﬁ ; ] ﬁ, Y E2
fikr . BEW e A B8 g poswen)  PiE
(n=10) (n=9) (n=10) (n=10)
TG ~0.56
(mmoy) 348076 276+068 072058 3394071 323065 -0.16£049 _ o7, 0028
e ~0.39
(mmolj) 541+068 493+061 0484043 533+062 524+059 ~0.09+038 o070,  0.049
LDL-C -0.26
(mmoljL) 321054 289+047 0324031 316+049 310+046 0064028 5/, 0.067
HDL-C 0.05
(mmopL) 112%018 118+019 006+012 115%020 116+018 001+011 (0.7, 0270
ik HDL-C 0.4
+ + —| + + + —| +
(mmol/L) 4294063 3754055 -054+045 4184058 4084054 —0.10£041 o0 ) 0041
fh#(kg) 746+9.2 73.3+89 -1.28+1.06 73.8+87 733+85 -052+0.91 (71_6%;7 g 0g) 0075
BMI -0.28
(kgm) 288%27 263426 -047+039 264425 262%24 -019%034 % 0078
M (cm) 934+7.6 916+7.3 -1.80+215 921+69 91.4+6.8 -0.70+1.89 (72_8%);18 60) 0190
Wi -1.70
+ + — + + + — +
(mmHg) 1326114 1295+10.8 ~310+542 1318100 130.4£106 ~140+401 (000, 0440
AFOKIE -0.80
+ + - + + + — +
(mmHg) 824478 808472 -160+356 8L7+75 809+7.1 -080%321 % 0.580

LT AR FAEARTEBN, BRI FE R 45 A TRk R0 7 e Al v 288 &, AR e/ BB
B HE T 28 AR RS
3.5. RIEFEIR AT EINEET

T-7i 8 J ), /NEERH AL hs-CRP. TNF-a IL-6+ IL-18 F1 1L-10 #5528k (945 1k 43 731 —0.68 + 0.57 mg/L -
—3.84 +2.96 pg/mL. —1.92 + 1.48 pg/mL. —1.36 + 1.12 pg/mL Fl 1.74 + 1.46 pg/mL; X B LLAH N AR 1L 4331
~-0.12 £ 0.49 mg/L. —0.62 + 2.41 pg/mL. —0.31 + 1.26 pg/mL. —0.18 + 0.96 pg/mL 1 0.28 + 1.21 pg/mL.

LRMEIR A N E R, hs-CRP. TNF-a. IL-6+ IL-1p & IL-10 fZH5) x B 8] 38 EAF A A T2 4 51
N—0.56 mg/L (95% CI: —1.04~—0.08, P = 0.025). —3.22 pg/mL (95% CI: —5.86~—0.58, P=0.019). —1.61 pg/mL
(95% CI: —2.93~—0.29, P = 0.020). —1.18 pg/mL (95% CI: —2.14~—0.22, P = 0.018)f1 1.46 pg/mL (95% ClI:
0.31~2.61, P = 0.015). ZH%I x I a)28 B AR FH 4> B &k L% 4.
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Table 4. Changes in inflammatory markers and liver and kidney function from baseline to week 8 in the two groups
4. MBI ERIERREATSThEEE RS 8 Tl

AL ARBAL g L IR e i seniem

feb EE e T 1) :
=10 (n=9) futd (h=10)  (n=10) BAE  B95%Cl)  PIH
hs-CRP 056
L) 2314084 163061 ~0.68+057 2242079 212074 0122049 | M%) o 0025
TNF-a 322
pomL) 1264418 880+358 3.842961241£39611792384 0622241 _ 70 o 0019
IL-6 6.82+251 4.90+1.94 —1.92+148 6.65+2.34 6.34+227 0314126 . O 0.020
(pg/mL) 82£2.51 4.90+£1.94 ~1.92£148 6.65£2.34 6.34£2.27 ~0312126 , g3 59 O
L1 416+173 280+121 ~1.36+1.12 408+ 1.62 3.90+154 -018+096 8 0018
(pg/mL) 16+£1.73 2.80£1.21 ~1.36£1.12 4.08£1.62 3.90£154 ~0.18£096 , 1, ",y O
IL-10 532+186 7.06+2.02 1.74+146 541+179 560+183 028+121 . -0 0.015
(pg/mL) 32+£186 7.06£2.02 1.74£146 541179 569+183 028+121 441 56 O
ALT (UIL)  286+85 258+73 -28+56 279+81 268+7.7 —11+52 (76’71;73 y  04%
AST (U/L)  254+72 235+66 -19+48 249+69 241467 —08+45 (75’31;13 b 050
WLEF -0.2
moypy  T24%106 730109 06:57 7L8x101 726£104 08253 )% 0.040
eGFR 0.3
L 3y 86132 9822129 04246 901%127 9842125 07x42 05 o 0880

PiZH ALT. AST. WU eGFR fEREZEAIEE 8 AT I SE R W% 4. T918 )5, /NEEBRZ ALT.
AST. LT 2 eGFR HHEER 1AL 735 2.8 £5.6 UIL.—1.9+4.8 U/L. 0.6+ 5.7 pmol/L F1-0.4 +4.6 mL/min/1.73m?;
X A AR AR AL 23 3 —1.1 £5.2 U/L. —0.8+4.5U/L. 0.8+ 5.3 umol/L F1-0.7 £ 4.2 mL/min/1.73m2. P4
JF & DhRE AR bR B TR AR Z2 B T GE vh 5 L (34 P > 0.05), A& WL A I AR R SR 73 A8 4k

THAE], NBERRA 1 B2 VR AR, T mECE hRE R, SRR
(0] 4k S % S 2 s LR 3238 o L5 0F 5 245 )R O DI PR I 35 S 36 38 e o

3.6. REMIEM

WEFCE, ANBERRZE L 2 52K TR 3 B g, EEERIUAR AR 2 A 1 A
1Bk XPHRZAIL 1 B2l iR 1 BICREEIEIK . St FE VAL, NBERRZ 3 A R F T RE S 7
BEWIAR G, FUERRREYIONRIE, 2R BRZGI IRl HEINOK S 4k SE R I 2 G i

WEFCIIIE R A A ™ A RS, RAERT A RA RS SERER BSET . HA R F
MBS BGR A 0 Bl A 1 G138 ik FE M 5208 R A A 1) 2 HE IR R Y, 5ARFFL
Ko

4. g

AHFFCR BN TR BRSO B, BB YR T 8 F/INEERR T Wi7e i rh B v H- o = i
MRS PR AT T2 1 % L 5 268 SCFAS. 4TS bR AT M IS AR (L6 e . WFST S5, 20 12t
#oh 19 P52 R 8 JEBEYT, BENLE (R 95.0%, /INEERHZ 52 B T (T35 IR 254K Ay 92.6%,
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FELR A 8 JE FATREA 72 8 3 7 100,091 95.0%, H A KA SHIRZMM AR EAR . Bk
SERRM, (ERRHEAAETE T AR SR R4S T E R /NEER 0.3 9 BEH 3 ik, &S 8 I TR AR B A
BRI AT, NIEEEIT Y RFEA. BRI IR i gt 7 ke

AT EE IR RV R, DNBETLT Pl 5 360 SCFAS /K FH ARG, JUHRI N T BRI B2 (1 1
e SXTHRZHAHLE, /NBERZL T BRI An x B 1a1A2 BAE AL THE S 3.31 umol/g i # (95% CI: 1.13~5.49,
P=0.005); ZM&. NIRK & SCFAS I — B T 77 1) . SCFAS 2 fizg T8 il A5 W) A 1% i £ £ 24 T Jl ) B 2
Ry, K TRSW EEEEERY . BRI RE4ERE K R RS T E UM OC . B LRl LB 7L
PR, TRRWIEY G EAMBCZ G S A A% LB B0 T A S 40 Hf Qi 5 5 5 5 2 R 90 I
AT 40f 5 4; SCFAs il 5 FoxP3* Treg 45 S A S yifit 52 455 5 [5] [6]. Rk, AW
W SCFAs 284k 5 S S bn B B0 77 1] 1) — B, B /NBERR AT B 5 i AR IR B3 (1 B 9 O

THAER I, AW R/ NEERS 4 hs-CRP. TNF-a 1L-6 AT IL-1p #HE£R R W08 B2 KT X a4,
MHTRAMI 7 IL-10 2AXSThEEs. X451 “I0E RAES S5AEHE I 7% KRR AR
FAFF[7], W5 SCFAs IS 5 % i A #1855 R A — € —BE[6] [8]. SR, A I AT e R 2R
A aT, IR AR AN L Treg Eofil fiz 57 15 T e BRAS A= P Dh R ik DR (A48 4, BRI 17 S BE 481G DA T /)N BE i
“iEid SCFAs 57 KAk, T ARRIUFBAFIERE M “ I8 W HE-SCFAs- %y ” Bho AT, 7EA
REMEREA T, /NBERIAH O 1) SCRAS FH i fEBE SO TR bR A G R 5 84, =& Z MR TR R FlER
I 56 F2 BB AE TR AR AT 5 A2 T KRR AR gt — 2D 3G IE

TEMAR 7T, /NEEBRZH TG A TC [T B B R T A= 36 7 A0 R 2H, LDL-C 7R 5 F R s, 1fi HDL-
C MR 2 A . BEAE RGN IER, /NI e 5 TC. LDL-C #1 TG FRRAHSG, HEBRFERTF
R, FIE. TR A IR T B A R DA RN N ZE ORI R s B 7R B A B I R
PE[9]. BEAN, O mEMRE ATERE FE R, /NBERRE DG IR i i R N AT AE B AMAZ S, IR 53R i e
FERFIE S TS B A AR DG [3]. AW FEMEE RN TG Al TC R FEJ7 )5 BEATL VRS Sk — 2, (HET
FEAREAN 20 ). IR (80, H 2RI TIRRMEL S RS2 H LR IE, MERKRIEPE
AR AL T RS T7 I A AR S FE I v 2245 5, ASReAE ARRUE/NBERFE AR T B K3, A R It B AR
e A HEFE I B AR VR TT

AL RN, ANEEAAE . BMI AR~ PR s X T0 A ZH, (2R R 22 e R IA IR R M S it
FREW. WABEZEETRIES, REEW. BaA4EmN . WREA ZE3) I8 R vl gee
BT EZMA AR . SCFAs Fl#REFRFR[10]. BRIk, B0 I0H S ATArdE AL E 20 9 DL AR bR AR s U7 ek
AN EE R R [11] . Rl R FEE SCRAs R EEAM B AEY) = e R ), 2RI RIRY) . Wiz,
JATE AL HE S AT S S0 S K B 55 R 3R 5 o ANBIF 0 45 SR A% S5 0 4R, J5 2R 55 B[R 251 3% Brristol
FEMRVE S, IR P RER A T EARHEAL BOHAT K I IE,  ASR i AN [RIAN A AN [R] i ] 1) 45 SR ) AT L
PE[12].

ZARVETTT, NBERRAE 2 152 ARG 3 IR B A R, B KA R v R
SRR 2GS (] . SEINROK OISR S I AR AR RAE TR EA R SEAE, AR BB GRS
RE o 12 R REAE T 0 i/ N BER DLAR B 18 il OB L BRI 52 P v T (4RO AR A o (HARTIE FURE
AN SN 8 J, AR LAVEAR T AN RN K3 22 4 1 15 3 Ath 24 1 B0k PR BRF D JRURG: o BT
JE S R AN SRAAT I Thfe . BB A2 A3 A 240 KR 29 LA B R S

A ABAETRRYE. B—, G, AFEARFIRIABE U JoE 7R 5T EZ5E B Tl A7 R AL
HME 5 RI, HAEA S AR T 2 B 2 T T & AT IE UK Re T, So Ml T AR KA
EVE. B, ORI RE I AT ARG i fey, R4 SPHER A E L, (02 2R 2l
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LRI FEN R T2 BERA R 5 R BORE M . 55 =, ARBFFN 24> SCFAs. RIE XML IREE it AT T IRZRE ML
B, RSEMZ EILEHRIE, BIEAE R RZIE P EEH AR B, ZRTEAR, (CHEELM
55 8 A WA PRAG I 1] £ L sk = [ LA &, AW FURTT e A 70 bt s # AN BE B4k SCFAS 72/ BERIUAH
KM PORE B AR AL P AT AE R AE e BT, RICE IR, R RE R 4ER N . FEERIR
PUAEZR F FR M AR i B 18 A 2 I R R AT S EAE . 58, WORIRAS 16S rRNA JIlF . Treg HLf
B2 x e B, WA TE R RE “/NEETAR 5 [ SCRAs 5 JUE/MLARAZ L™, ANREE AR T
R B B SR A A

ZR b, EARTURZIEBENLIT FT 8 JA/NEEM T TR o Ll (4R S m ATk L MR MRS 244
IS5 FAE SCFAs, JLHZETBRACT I, LR SIEREAR A7 ML HE AR A AT [ AR A 6 . B EE R
SHFHEPIT R Z AL BN LRI e B B ARV IR SR PR T . 5 SR N AE AT
FOITUART WA B — LB A, IR Z A G BN & 7 2R AT IEA R ARG 5, X
CENRZR 28 R T )8 JR P 30 sRBUR AL I TT %8 R R Gk & SHMERFIE, 40N 16S B
FHRA . WEVLEI R Treg KMBr NSRS, JFAEF %38 R A B AN 7] Fr 51 Bl (0 A4 T T
JETRBCH A 73 Bt BB R BR AR 04

= BA

KR FREFENREREFSHE RS HERAS: JIRH-IEC-2022046), TR %A Li%%/T
AT TR SR ERAE AT IS B P AE R E . PFREN (FURERE T AR AR 7 E .
HE&mHE

AW ZIL IR B2 26 5 T A (M S2022126) . 2025 4EFTT i 4 /2 FE 331 H (SH2025055) FIYL 75448 44
6 5 2 B 55 S0 = S 42 (ISKLM-Y-2024-019) BE A B 1
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