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The comorbidity mechanism of diarrhea predominant irritable bowel syndrome
and metabolic syndrome in the context of urbanization

WEN Xiaoging!, PAN Haidi', HE Changhui', DOU Xin?, DENG Hualiang®**, WANG Wei?*

(1. Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250355 ;2. Affiliated Hospital of Shandong University of Traditional
Chinese Medicine, Jinan, Shandong 250011)

Abstract  In an urbanized society, changes in dietary patterns and increased life stress have led to a steady annual rise in
the incidence of diarrhea predominant irritable bowel syndrome (IBS-D), substantially impairing patients’ quality of life.
Concurrently, metabolic disorders such as obesity, diabetes, and non-alcoholic fatty liver disease are also increasing, and
multisystem damage associated with metabolic syndrome (MetS) has drawn considerable public attention. Although the
independent pathogenesis of each condition is well recognized, the pathophysiology and interaction mechanisms underlying
their comorbidity remain unclear. Accordingly, this review uses the “brain-gut-metabolism axis” imbalance as a conceptual
framework to systematically synthesize and summarize the current evidence on their co-occurrence. In addition, we explore
the Traditional Chinese medicine theory of “treating different diseases with the same approach” from the perspective that the
Spleen governs transportation and transformation. This integrative perspective aims to overcome current therapeutic
bottleneck in managing IBS-D and MetS comorbidity, optimize clinical management strategies, and offer insights and
references for the integration of Chinese and Western medicine.
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FMERERREEH. EETEEIARRERNZMNEFLTY, shamRasE. =
BEAMAEERSU AFFSEM OB E M8 EEEE S % A1 (darrhea predominant
irritable bowel syndrome, IBS-D) FI{RiftZ: &4 (metabolic syndrome, MetS) () JX [ & 2 1 Jii (231,

FL 4k 10 5 A 0 B I S fE EORE , 0 AR CER T ORE IR g RE A B oK BR AR M. R H BT X
IBS-D I MetS #FHMBHIMAEMIB CHENRKRAWI A, HEHM THAIE =T = FH LW
PR E WAEBR R A B Z IR AR . BRIk, A BEAmMAE Y T IBS-D # MetS 1 1&
L HLE], LA N A R0 9T R AR A T TISE B A A K A .

L E = THIRAKER

WHHENEREREENH ST —, IELARTTARA KRR E B N RAEEREES
e FEAS SR L, Bl BRI T R L 50%, FF T3 2050 G4 0K B 68%, T Ak X fd 1 52
O R 2 3 T AR A3k S0y I £ s, AR AE B AR o i R R A e AR ), 8 R AR 1 05 O T AR AR
e BN O U, RS O BE RS RO R B BT, DL e B AR 0 IR AT AN Mg
j([7]0

WATH T, Wil 2 EgAmERERE, HPHNRERENTEREZER. W
2SS PMos W B FHBGI T O MU PR AR T2 205 W sy L3 AN 17 vy I R £ RE B 1 RE ML 2R
KT L0 5 08 RO BB AR RS IE AR DG . AEVE 7 K b, BhZ @S 3 IR B 45 0 T o 4k 3 BB RE K
A DG AR I 1 i IBS-D R R AW L TFE, A 0B R, WM E . S ) KAtk
S FRGI AL G O BAF OC R 8, Sl Gk R 2 P g W - O AR s T AR B R R DT, op L I R
i NEL) 3.3 12, HIH /K5 R R 2 IEM K00, Kb E KRR AL, ik
A& G A G IS 55 XU E J i 1, o [ R R ek T A4 G L i R ) A PR Kk (2, IBS-D FI MetS
1245 0 R 3 A0 5 P 4 W A3 1 R VA PR B, LR 28 5 Il T A R S I R 3 A SRl

IBS-D & —F WHIThaetEfgdn, HEZREN R ERERIER . MK HeAE > 0 oo A g8 g
MR FH, 2 TRMOBEE R, MetS N2 —2H b0 MR RE. RS % . & I A0 i 2%
BLONAFAE A9 2 22 AR X ELIRAS AT B 8 1 0O i B AL 2 B BRI R 1251, IBS-D 3= BAK HE B
LIVERHE, B TR SENEY S EY, FESWE —CRE LEAE MM, FH5RFEMNEK
I 45 ) R e 1261, MetS 2 B A T B EE L af R . S I O RE RO O R S e An, E i TR E O RE
AR 2 5, S8R R IR 1E & 4R L AQHHE IR B i AME B IR 2 . A O HLHIE B R R IR
Pt Cinsulin resistance, IR)  H.Co Y BEJEAH 5¢ B 4 98 00 IR A S 40 48 P 4 YA 1 71 e o5 S5 281,

R AT DL, i 22 BA T XU R 2% B L << - -4 i el T g A2 IBS-D MetS 9 (1) 38 7E LI,
[T AT R RS HE T TS mS , XA FE DA RGN R Bh i, A& R SR 70 0 5 5 R0 7 1) .

2 IBS-D 5 MetS gyt w4141
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Wi Th e ZELE MM 5T IBS-D 5 MetS MR MGsh A2 —, HAZOLUKE) 1k B3
R B RS AR TR . I ENE ) (RE>60 min) S5AEAZ AN OiUE L] 15%~30%) FL[F]
48 N -3 4R _FiR%h Chypothalamic-pituitary-adrenal axis, HPA) RF&ii®. ihah, BHIAIE
FRIE 4R 1 78 76 R AT 20%. REJEHZE T m%E, 205 IR KGN Mets B R FETHEAH
RO, ik —fl %t 1BS-D 5 M) 32 38 I i fiz B2 AR 22 08 B AL T RS I i i EL B S R AR K
PO CE T BUN I R 2 o 0 R SOSE RRAR,  BER e BT AR SR LA, SR BEE AR A R
MW EEL, RAFHEHBEARAW 2T, R MetS FIEAERT, MK SHME BKEBER
(gastrointestinal peptide hormones,GIPH) . fif & L HE 2= #£ k-1 (glucagon-like peptide-1,GLP-1) . H
W% Coxyntomodulin OXM) &l 5 XA EAE R, REWR 15 &8k, SEmi i, e
2 RUMEIRNG : ¥ (% (5-hydroxytryptamine,5-HT) 25 7 IBS-D i (3% £ % BRI, 4R &40
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il [A-F—1 (Nesfatin-1) . F% 45 2 % [A M 5¢ ik Ccalcitonin gene-related peptide; CGRP) . 4 K ¥
E BBk (growth hormone-releasing peptide, GHRP) %5 7 B gy ib. SWIEN . B 3h )1 L dE
A 38 5 7 T R PR B EAE 21, Nesfatin-1 J7 2 0 A0 TiHAGKE . AT E, BAZEIIGe: @i ik
AP ING] B IR W w2 BT BHIE B i sh 23 (E R ERL AR 1C, o B & o
FEAME T ERE A, B FEM - LEKN B3 AR BHALATMMEEEAD 1
Cuncoupling protein 1, UCP1) K& F mRNA Rk, MMIfII0iEE Wi 7 f# 4. [Altk, Nesfatin-1 J2¥677
IBS-D 5 MetS i35 (1) B 2 48 51

iR R I s L S /i s A R 2 /A R S N /8 & I L EZ N B A I R ORI E N
AR IBS-D O BISER AN IREST I T A R (1 BRI R 25 D OR A 2 N o A 2L AR SR R A WK
AR IR 38 2 D W B, SR I U RS U, IR IR, IR 2 2 A 2 L Y 3L ]
WP JRE R BRI B o4, I BEHN GG T o> 8 R T RE AR, CAH OGS PUARONT BB L B IR
I~ AR IRE A I R A R E R . K 18 M N B S B0 HPA Hld B0, BRI T B RR
J5 i & OB i & (corticotropin-releasing hormone, CRH) Al j% Jii B (cortisol, COR) . CRH f] &
¥ /E H T i (corticotropin-releasing factor receptor 1,CRF1) %4k, fNE IBS-D AR, K&K
P COR e #biEE iR, 5 IR K MetS B EMK. MRIHSRUEFRER, E9WE A
YiiE Y, WnyE & Cleptin, LP) . fIEEEZ (adiponectin, ADPH) . E#Hfi/ % -6 Cinterleukin-
6, IL-6) . FJBIRFEN ¥ C(tumor necrosis factor, TNF) %%, 7E MetS Ml IBS-D FLJp o g & B AE
FH @81, B L LA 1.
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Figure 1 Mechanisms of comorbidity between IBS-D and MetS: abnormal brain-gut axis interaction and neuroendocrine dysregulation
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PRI RECR A — 8. XL AN R i 18 R A S, el 2 Migm S MetS IRAKRE, H
ool S L g e B R AR W ) — % BE T 7 BR Cshort-chain fatty acids, SCFAs) #lfig 2 #E
(lipopolysaccharide, LPS) [BU, SCFAs & Ji7if i #f & B MG & 41 4 7= AR 1 3 AW =, MU~
B iR ftaE fE, 4R EN, ©2 54 SR E Mk, £ IBS-D BHE Y,
SCFAs /= A R A= A8, S A i iE s sh FUR S Th g 1 7E MetS #1, SCFAs ¥k 5 g 5 2% BUs v Al
RE &Pl R T AH B3, Ak, TEEEFAAEM LPS WIIELE 20 0 B E B RN IR ER . 51 R AR A
AR, K MetS; [F] I 38035 18 % [ B, fnJEl 1BS-DBR4,

EBEE 2RSS IBS-D MR . BRI, 0] S s & iy KA, B R
IBS-D FEAEAR: BRCKAL T B FLAT B (0 R, R AR = B A i, 3 BCHRE RS B, aZ ML 72 I
T = PR, mEus A SR Bk kR R IR T ik T ae AL, JmiE w
LT S BB A R % (enteric nervous system, ENS) H#h& 7oiv B (1 L4484k, IEBR AE R T 5
BREMH L Ay, piEas s suE A B e [FEF, ENS 5 3 R 40 B 0 A ELAE R R
FERE R PR SEARAE, DI RIH RGN T Re RS . BkA, TEIEEE T, y-EE T B (y-
aminobutyric acid, GABA) H{& ‘5 1% 3 57 7l BE 5 AL FEAMARAEAR « oA 72 0 JR e e 5 DA K B A 428
AL e, I AW T AT GABA JKF, AT K 203 IBS-D K IE EAR A MetS (4R
WS4

Ji7p 38 TR B A0 R E i S S 55 R (branched-chain amino acids,BCAAs) fLifZ 5 IR k4 Kk
JB. Mil&E BCAAs TEH#N. MBI AHNERBETHEMN, MHEHAIMENERLED
(mammalian target of rapamycin, mTOR) {55 i@, I/ ZEZAEY Cinsulin receptor substrate
1, IRS-1) Wwimetk, BHMWTE S X FiffE 5 PIBK/AKt kLS, SEH AR iE14 (glucose
transporter 4, GLUT4) fisefir 520 . 4ifus A & 0E i /) F W, 5021 % IR™. BCAAs T % i i fi
BEBE, T MR E T LP S-S, SEEHUuEE. REEALZ; 5— 1, BCAAs AR
Al FRARAR B R BT AL A P2 g v, D RE RV AR, BLRAEMER KA, FRE AR g E . SR i
B4, N 1BS-D FERYY, 7 1BS-D 5 MetS St B v, il M/E b BCAAs #412 S AR U
FLERMEE, 5 IR 3BT BCAAs K FR2ETHE. BCAAs ik 5 K A 7EAR M EL 10 5
W B, BRI IR BCAAS 7K RI/E N L0 (3 E RO T 48 A . BB L& 2.
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Figure 2 Mechanisms of comorbidity between IBS-D and MetS: mechanisms of gut microbiota dysbiosis and metabolic imbalance
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IBS-D 5 MetS 47 76K & &R F S 8 &R G0 10 300E 2, g 16 BF P Th B8 52 13 75 A8 T ML A &
REE ., WM R R P BOCIE B W RIS KPR ESE. S EKR
PEAHALSY), TTEEEE SRR, HS ML B E R i F R S e X
LSS Rl 7 X 25 S AT A5 -l B 5 G A G P A B I A ) e R BN R BREAE . 7R MetS 1, ik
JIE PP S0 0 2H sk R HE AR, BIR BRI IR T A s oA . (R R IR PR I E MBS i, HLR A
TRIEZZETIH. XA RMIAE T BT TLRANF-xB. PIBK/AKt F2 MAPK 45564 8 E (5 58
P, I R AR RN R B N RORE SR R A SR, 15 B R BRI IG TR A RS S ] BT
P IRS-1/2 HIIEH BERRIL, MFIRS RESHS, W IR 1R ELEE— D i i 1 2L K RE 1R
TS, 38 B R e b R 40 M R D) ) SR A R B A, BT Ik i TE A T N A g 441, IBS-D
BEEREI G2, PSR, MetS b IE k& AR BE SR “BiR>, 1595 =4
LPS 5y 7 ik N MV AE 3R 5], LPS 54 4l i K THI (1) TLRA K 45 & )5, W3 sl P A5 5 Bk
s — 7 T AR HE RE K 40 M i R R I 4L ke Chistamine, HA) . 5B AN (tryptase, TRY) , iFS
PR B FE Ak, KR R T (IFN-y. IL-17) , #E—2RIIE N 23 . R B SR8 I 8
sEAL IRWST, 5y — 77 [T o WO - Bl ) R E 1 54 5 & ENS [ Z-ph a2 B, HRIEREME
ARG 0, (2t E i UL B 4E, BEEINE I1BS-D HIMRYE . MRIREIRMT, F AR 52
R4UfE (plasmacytoid dendritic cells, pDC) 1E NiEH 78 G5 B AR iz O gl i, ik FEishnr
W KEIE TR (Type I interferon, IFN-a) , 38 #0125 B 738 WLAH SIS 46 2 A2 33 8 5E 7 CIL-
6. TNF-o) B, MEFEKIHEINREREL S 42 S RN, thsh, BRIl 75 & HEEE K
HE: £ MetS INIENTZHZ3 & 1BS-D i &, M1 B 5 B Rk gh B 38 15 m,  J85d 40 i 1L-
1B+ TNF-a. SR %1% &8 Cinducible nitric oxide synthase, INOS) 25/ 4 /v, il 4
SEOR ST B, RIBT Rk 0 b B8 5 IR R SR U0l T 4 SV 0 2 i 3k — 0 oK G 8 0TS RN
IBS-D 5 MetS & HAF/E Th/Th2 el mFe 8 459 T 4188 C(regulatory t cells, Tregs) JfeUH 55,
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Figure 3 Mechanisms of comorbidity between IBS-D and MetS: immune activation and induction of chronic low-grade inflammation
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W s R SR e S T s, S EUR A RRACE AL IR (S Tl g 2 E
BOE I Je R X 34K (farnesoid X receptor, FXR) Al H G A M EZ 1K 5 (Takeda G protein-
coupled receptor 5, TGR5) /5 IBS-D 5 MetS 51, FXR 76/ IF 17 b s &5, & 50150
TEIR A R & BE AU AR B AR A B2, IR R W iy 18 G B A o W D RE . FXRYBCET 4E 40 i AR K R
(fibroblast growth factor,FGF) {5 5 i % i& 1 PR, S EUH A R A s n B3, X% EHEARIE T
W, B i@ g m, iR i RORE e BB, AR TR I, IBS-D B IMLIE FGF19 /K1 & 2 1K T
XTI, HEFRMHEARSELEAMC. FXR BRI/ BRI N B KM iE % 1 BF 5 D) e 1
i, WELEA KRR mHE MW =E0EM IR, 1 FXR BEh 5w 8 X f 4G . miss
WE R T2 AN . FEAEA NG S, A UL B4 SriH VIR 2 R 15 5, B R REL
FXRITGR5 i3 I AU 42 X 26 81, ik BEEFH YRR AT /BN TGRS 24K (1) i R s 7], 181t cAMP-
PKA 15 ‘5 i i B 4 J U VB A% 40 BRI 5-HT, B iF L 450 ik GLP-1, 5IAE N 1E 12 3) 7 2k Al 43
B hnisel, TGRS WG 5 7] 720 CGRP Ml P ¥ /i (substance P) %5 I 1 28 3 Joid 10 BE i 386 o, 48 53
¥ T8 2% w A 22 T I BOUR M, BRI BRE DT, EE R UUMER e T 4 23t TGRS B M0E vl {2 1t fig
EIHFE, PEE R R R0, RS RS TGRS o B BE, S H GLP-1 JRMMERE
fiX, hoE A AW Z AL, TGRS Wzl 7 m i8> JIF i 7 28 14, B ofi S ARG 2% B2 i 2 1 JIE ] e A
Hol =K AR AT XH 5 @3 HTRIEH M FXR E5 KA 28 4 1F
H, FIBETE IBS-D 5 MetS HHRA T, TRt 4 ok 8 fl TGRS RIA % 57, X SE R4 14
BN 24, T BUNE AR AN e B AU e T 9 R 00, I R mTd e ot i 5E R BN R 22 0 AR 5 T
WX F A R G D) R0, E o AT IR R S s s AR, s g AT 8. H S GABA 2k
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Figure 4 Mechanisms of comorbidity between IBS-D and MetS: dysregulation of bile acid metabolism and its regulatory signaling pathways.
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W E L A - AR RN SR e N WEERE, N 1BS-D fil MetS L5 XK 621,
R A ] AR R B R B R, B R RGP S E AR X AL . BN SRR, DRSS
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WHI Z Y IBS-D MM IEE AL A, B AWML, i 2 @mkes, i MetS i 1E 1y 5
FORER, W RBE AR AL ALY, IBS-D. MetS Hop N4t = 3540 8t4E K A7 05, JCHE 5 A
ARG SR MANGE S SRR . DNA F &4, A& ABHMIES IS RNA 2 &0
WA, N E IR TS MA . (EREHE 5 B E R R 2 M, KB T
TR R AR, 35T ST S AN R 6 PR R U, BRI RIS 5 IBS-D 5 MetS
L8], g i A VR R I 5 18 E AW R G B 0B RIR A, TR R A P
W) -TE AR RS MR R A L. TR v @ I 2 B A SR S 1, TR T B R
(R BAL S, Som FL e g v o IR R b R IA) N g O 5 B P 8 v R A 3~5 5, AT S B4 AE
I 3L R Rk AR IR N . AP IE R 40 Bmall. Clock. Per A1 Cry ANV HERR -5 B2 & B, B 520
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