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WE BE HEEEN (PD) & /NMNaaEd AR (SIBO) HMEIDIRERERG A M .
J7¥E HEHK 60 1] PD B AN 46 I IEEHT AR E T (ESRD) B . il AL ABEE-H L
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Correlation between small intestinal bacterial overgrowth and cognitive function
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Abstract Objective To explore the correlation between small intestinal bacterial overgrowth
(SIBO) and cognitive impairment in patients undergoing peritoneal dialysis (PD). Methods 60 PD
patients and 46 non-dialysis patients with end-stage renal disease (ESRD) were included in this
study. SIBO was detected by lactulose hydrogen methane breath test (LHMBT). The cognitive
function levels of the subjects were evaluated using the Montreal cognitive assessment (MoCA)
and mini-mental state examination (MMSE). The emotional states of the patients were assessed by
self-rating anxiety scale (SAS) and self-rating depression scale (SDS). The gastrointestinal
symptoms were evaluated using gastrointestinal symptom rating scale (GSRS). According to the
results of LHMBT, the PD patients were further divided into two subgroups: SIBO-positive and
SIBO-negative. The general conditions, laboratory data, and scores of each scale were compared
between the two groups. Furthermore, according to the MoCA scores, the PD patients were
divided into two groups: those with normal cognitive function and those with cognitive
dysfunction. The positive rates of SIBO between the two groups were compared. Binary Logistic
stepwise regression was used to explore whether SIBO was an independent risk factor for
cognitive impairment in PD patients. At the same time, other independent influencing factors for
cognitive impairment in PD patients were analyzed. Results The positive rate of SIBO in PD
patients was 40%. Among them, the positive rate of SIBO in the group with normal cognitive
function during peritoneal dialysis was 27.27%, and the positive rate of SIBO in the group with
cognitive dysfunction during peritoneal dialysis was 55.56%. There was a statistically significant
difference in the positive rate of SIBO between the two groups (P =0.026). Further analysis by
multivariate Logistic stepwise regression showed that in addition to age (OR=1.118, 95% CI
1.007-1.242, P =0.037), educational attainment (OR=0.655, 95%CI 0.442-0.972, P =0.036) , and
hemoglobin (OR=0.946, 95% CI 0.895-0.998, P =0.044) , SIBO (OR=7.613, 95% ClI
1.160-49.979, P =0.034) was also an independent risk factor for cognitive impairment in PD
patients. Conclusion The incidence of SIBO in PD patients is relatively high and is associated

with multiple factors, among which SIBO may be closely related to cognitive dysfunction in PD



patients.
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JENEIZERT (peritoneal dialysis , PD) &2 KW' (end-stage renal disease, ESRD) ¥
HEMEEBAITE, AFNEZGTT, B BRI S BRI T IR A R D e
SRTM, 7€ PD M, \AIRERS (cognitive impairment , CD H&k AL S mM, %5 CI
AN PD T 5 BA I E S .

18 14 B WE (chronic kidney disease , CKD ) B3 ¥ i 4775 B J7 il ik, Wil st « B
~fafh” e . NI A K (small intestinal bacterial overgrowth , SIBO) &
RN AR ECRIE 2R (B0 BRSSO, SRR, ORI IE AR R EL S
SRR BRI W . CKD 54 RS Im B VARG, HAUHIES “ M-~ Ao,
SR1MT,  PD & CI 5 SIBO Z[8] [ BARER R M AN . AHTIT S EFRTT PD % SIBO R
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WM PREEIENT 224, B AT i
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11 J—2024 4 7 AL 106 4, Hrh PD i3 60 1], JEIEHTH) ESRD 3 46 1.
IINFRE: @O 46 18~65 % @ PD B M2 MM PD AT >6 M H, WA SR ET
B, I HAERIE =A A AR S PD ARG & ® EHBERE: @ fEi%k PD 12
SEMIREYT, RN AREER: © FE. HikkbrdE: © 51 AAERTUER. %
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index , BMD %%, APBijG ik Hif R RES MMM, BE %P =M A0, maEe.
HEH. M. MIRERE. MIRIR. MHEKENBRIEEE, #. By, 85, B =BHm.
K25 B2 s B A IH[E B (low-density lipoprotein cholesterol , LDL-C) %% & g 25 1 I [ fi
Chigh-density lipoprotein cholesterol , HDL-C) . C Jz & & 45525 = f6 b5
1.2.2 SIBO &t 7EEF AL 2~3 K, RAH BB MIREST BT AR A R A 190
PEASIE ST (257 Sunvou-CA4458) , X B BEAT I SREARIRSE . AR 24 h T
fEIEEHE SR EY) . MY AL h WA~ 'Y, ZRET 8~12h FAEfK, ([
St B RN NS SN AF o ARIHRAME AR AT I, EUCRHEON S IE, BiJS R 15min 24T R
FE, HEREE 6 K, CSRABFIRIFUN ) S W Hay CHA ¥R (A7 pmol/mol 7)o
W2 R IUEAT—ANEAERIA SIBO Bk, @O Ho MRS KT 20 pmol/mol Bk 171 7L 4
90 min J& Ho W L RE 242 i K T45 T 20 pmol/mol; @ CHg 7B Rl B AT 2 20 e R 2k KT
10 pmol/mol.
1. 2.3 I\NFITHREVRAE  ACHIF 70K H SRR /K B3R (Montreal cognitive assessment , MoCA)
51 5 8 J7IR A B2 (mini-mental state examination , MMSE ) KA 5238 2 I SIS IR L -
MoCA & K A FE N 214513 (mild cognitive impairment , MC1) HA 20/ A M 32 8 H ,
Fi oy 30 4, ZAREAF S AEACT 26 4, WHIE NAFELE Clo. MMSE 378 5 € 7] e /7«
BURCIZ . VERTT. By IR EL. 15 S IR LA RS AR J7iX 6 KPPAG4ERE, &K
30 43, HARMET 27 R\ EIIIRe sz, A iA BIeukE T 27 23 MR IIHA A D ReAd
FIEH K F. 15 MMSE #1EL, MoCA %f MCI [ RSB &, AT 7R Fl MoCA 543t
17704
1. 2.4 BEREVAE AW 7R ER AIFER (self-rating anxiety scale , SAS) 5 HIAL H ¥
R (self-rating depression scale , SDS) %} & # I ARIEAT LR G VA . H4 SAS 5 SDS
MRS 70 % BT LL 1.25, P45 KB NARHE > SAS bRt/ £ 50~59 73, RERBEAFAE
BEEEES, B80T 60~69 72 (8], WXy EEE: /rHoEid 69 7, MIAEE
&, X T SDSIME, brdksr7E 53~62 i N iR BEHIAR: 63~72 43 X [A] A o
JEAMAR: A BUX BB 73 4, WALy EEHIAR .
1. 2.5 BFERERIFME A0T70CRA B I7iE 7 9072 &R (gastrointestinal symptom rating
scale , GSRS) P i 11 B BB IR L. GSRS BR M E 16 MIIH, M 7M. S
WA R VS RABRLIX 5 ANERE . B F R 255 8 9 A AR, 98 5 &4k Y 25 AH
VLACHIIETR . 52 BE PTG 73 BOZAEE N I G WH P70 BB, 2380l oy 9 7 N84,



HA AR5 1 A RREHISER BB, Wiy 7 40 WK BRI ™
1.3 GRS TR SPSS 27.0 Grit BATHEATHAE 0T X T 2 IEA 531 (178 =4
f, SRR X328 IERBATHGR, 2SR ¢ KA TR 2 R b b TR RS 4
i) E EHEE, Ui (OB EIAIEE) [M (P s, P7s) J#Eo~, 1] Mann-Whitney U
B HEAT LI 22 S LA o THESCEOHE LIS B B B A L (3R iR, 4z Rt
BERMRITES: . KA Logistic [BJA4 81434 PD 3% Cl AR % . P<0.05 AZERA S
TR
2P S
BEREATHEEBREBAXL AHTFILIAN 106 #] ESRD £, HBEFEATIR K
HEFRGHSWER 1. Hp 54 56 51, “tk 50 ], PD % 60, JEIEHNTH) ESRD &3 46
#l. MoCA ERFH4E R E/R, EEN ESRD 5 PD A2 MFHEEE ER (Z=-2.272,
P=0.023) , f5EM, MK TIEENH ESRD £#, PD EHM CI FEEEN™E,

£1 BENEARHEEBEGSSWE [0 (%) , M (Ps, P, x35]

Tab. 1 Comparison of patients’ basic information and scores on each scale

[\

N
—

[n (%) , M (Pxs, P, ;i‘S]

Variate Non-dialysis ESRD PD group(n=60) t/Z/y?value P value
group(n=46)

Male 27(58. 70) 29(48. 33) 1.122 0.290
Age(years) 50.00 (41, 58.50) 52.00(44.00, 57.00)  -0.016 0.987
Years of 8.00(6.50, 9.50) 8.00(5.00, 10.00) -1.944 0.052
education (years)

BMI (kg/m?) 22.8243.05 21.9042.16 -1.743 0.085
MoCA Score 26.00(25.00, 27.00) 27.00(20.25, 29.00) -2.272 0.023
MMSE Score 27.00(26.00,29.00) 28.00(26.00, 29.00) -0.974 0.330
SAS Score 40.00(34.00, 47.00) 40.00 (34.00, 47.00) -0.858 0.391
SDS Score 41.00 (36.00, 47.50) 4125 (33. 50, -0.447 0.655

53.38)
GSRS Score 26.22+7.81 26.53+6.03 0.307 0.760




2.2 ANFS4HE SIBO FHMEZRKILLE 106 1] ESRD &3 1147 44 4] SIBO FHTE, 4 41.5%:
PD H59EZEHTH) ESRD 48] SIBO KARTLHEZR (4=0.130, P =0.719) , WK 1; R
i MoCA 7373 #4 PD 2H7p 74 PD INFI DI BE ILH AL A0 PD AR D BERERT AL, K iL2H SIBO 1Y
FEMER AT LIRS, 45 R R R4 SIBO BHIE R Z RA il 2 L (*=4.949, P =0.026) ,

WK 2,

B 1 PD4H53EFENH ESRD 4 SIBO FAHEZ ¥ Bk

Fig. 1 Comparison of SIBO positivity between non-dialysis ESRD group and PD group

B2 PDEETNMTHRERASINRTIRIERH SIBO PR HER

Fig. 2 Comparison of the positive rate of SIBO between the cognitive impairment group and
the normal cognitive function group in PD group

*P<0.05 vs Normal cognitive function group.

2.3 PD /&% SIBO FHIER S SIBO FItEAIGK & ERA B MRk 7L P E- T <

5% (lactulose hydrogen-methane breath test, LHMBT) [AEIIZE B, 1Z52K PD &R



4 SIBO FHYEZAA SIBO Mt . VLR, e ZEFFMRELL BMI 71, WAHIRZERT
it L (P>0.05) . #H—S o ER,
®EMARS ) EFEILT SIBO FIME4, ERA4H5 R X (P<0.05) . Itk SIBO FHPEH
B IR EEEE DL & GSRS W E T SIBO M4, HERASIH¥#E X (P<0.05) .
W 2.

# 2 PD B9 SIBO fHt:L SIBO BIHARIEK R & ERBIWE [n (%) , M (P,

x=s]

SIBO BHYEZY PD £ 7E MoCA Al MMSE &

P75) )

Tab. 2 Comparison of clinical and individual scale scores between SIBO-positive and

SIBO-negative groups in patients with PD [n (%) , M (P, Prs) , Xds]

Variate SIBO negative SIBO positive t/Z/y?value P value
group(n=36) group(n=24)

Male 18(50.00) 11(45.83) 0.100 0.752
Age(years) 52.00(40.00,57.00) 53.00(48.25,56.00) -0.884 0.377
Years of education 8.00(5.00,10.00) 6.00(5.00,9.50) -0.793 0.428
(years)
BMI (kg/m?) 22.361+2.25 21.294+1.91 1.820 0.074
White blood cell 7.11(5.36,8.57) 6.01(5.15,6.87) -0.121 0.165
(X109
Hemoglobin(g/L) 96.94 £18.77 95.29+12.59 0.487 0.628
Albumin(g/L) 37.30(34.90,39.90) 37.00(34.38,40.53) -0.121 0.904
Blood urea nitrogen  23.12(16.87,26.73) 20.82(16.21,24.61) -0.903 0.367
(mmol/L)
Blood creatinine 1095.11+323.32 1 052.51+299.35 0.475 0.637
(rmol/L)
Serum uric acid 420.40+76.95 421.54+95.89 0.115 0.909
(rmol/L)
eGFR 4.00(3.00,5.00) 4.00(3.00,4.00) -0.205 0.838

[ml/(min * 1.73 m?)]




K(mmol/L)
Na(mmol/L)
Ca(mmol/L)
P(mmol/L)
Triglycerides
(mmol/L)

Total cholesterol
(mmol/L)
HDL-C(mmol/L)
LDL-C(mmol/L)
CRP(mg/L)
MoCA score

MMSE score

SAS score
SDS score
GSRS score

PG-SGA score

3.99+0.57

139.50(137.90,141.30)

2.31(2.23,2.47)
1.78+0.51

1.62(1.08,2.98)

4.42+0.97

1.10(0.93,1.23)
2.91+0.89
2.63(0.92,5.83)
26.00(21.75,29.00)

28.00(27.00,30.00)

37.50(31.25,43.75)
38.75(31.25,51.25)
22.00(20.00,26.00)

5.00(2.00,7.00)

3.97+0.73

139.40(137.48,140.68)

2.25(2.16,2.47)
1.80+0.48

1.22(0.83,2.21)

520+1.33

1.07(1.01,1.20)
3.2240.91
1.27(0.86,3.74)
24.00(17.25,25.75)

26.00(24.50,28.00)

38.88(36.38,46.25)
49.00(38.50,54.69)
30.50(28.00,33.75)

6.00(4.25,8.00)

0.055

-0.332

-1.208

-0.198

-0.694

-2.625

-0.317

-1.309

-1.260

-2.542

-2.247

-1.118

-1.570

-5.197

-1.707

0.957

0.740

0.227

0.844

0.448

0.011

0.751

0.196

0.208

0.011

0.025

0.264

0.116

<<0.001

0.088

2.4 PD BF NG RERRAS HIAH S B R 44
2. 4.1 PD BE AT RERAS L R EH 47 LA PD % MoCA 757> (IE¥#=0, 5#%=1)
AR, R TR R S A A A RN % R Ay . LHMBT kil g5 RAE VB AR &, K
UGHHAT LR R Logistic 1408, HAPFERS, M &R, C RMEH. SHERE., ZHE T
BR K SIBO Hilk1ThmeREfGAHoC (P<<0.05) . M3 3.

# 3 PD BFINAITIRERAT ) B &K Bl A 447

Tab. 3 Univariate regression analysis of cognitive impairment in patients with PD

Independent SE Wald/y? OR (95%Cl) P value
Variable

Age 0.105 0.036 8.391 1.111 (1.035-1.193) 0.037
Hemoglobin -0.069 0.022 10.163 0.934 (0.895-0.934) 0.001




CRP 0.219 0.097 5.136 1.245 (1.030-1.504)  0.023

Total 0.592 0.257 5.318 1.807 (1.093-2.989) 0.021
Cholesterol

Years of -0.532 0.147 13.062 0.587 (0.440-0.784)  <<0.001
Education

SIBO 1.204 0.550 4.788 3.333 (1.134-9.801> 0.029

2.4.2 PD BEI\NATIREREASHI 2 AR EH34T K PD ¥ MoCA #573 (IEH=0, F¥
=1 B AR E, JR R B A TR 2 R A S AR SRR, AT
HEKE. CRMEA. SEFEEESE. RBEFERL L SIBO VAL E, HFRMAZH
% Logistic [[H TR P4 R EoR, FlE . ZEHE TR EH L SIBO ¥ 952
PD BEINFNDIREPEAT ML 2R . WK 4.

# 4 PD BENMTIRLRERINZ B R

Tab. 4 Multiple factors analysis of cognitive impairment in patients with PD

Variable p SE Wald/y? OR (95%CI) P value
Age 0.112 0.054 5.888 1.118 (1.007-1.242) 0.037
Hemoglobin -0.056 0.028 10.525 0.946 (0.895-0.998) 0.044
Years of -0.423 0.201 4.052 0.655 (0.442-0.972) 0.036
Education

SIBO 2.030 0.960 4.186 7.613 (1.160-49.979)  0.034
3 Wik

Cl /& ESRD [ 1 1 Il I PR ) L, e rpic A2 ME 5 i 2 PD B IR T RE 3245
() EAE" . HA— I Meta W80 " o, PD & CIL RSNy 28.7%, 1A 7T
60 %1l PD &3 Cl KA1k 45%. PD fF s A JEHB, mERBUEERME, K
DIReRem TS Bk, R PD VI T IR R AT R B TS, RAZAE R
B BA I 2 CIBCR I M P AR BT -

SIBO C#) 2N S R Gk RYERIESN . BT HEAE 055 22 Moo i) A B
R AR, EAEFIDRTOE =, “E -7 BigsEl, /£ CKD BE T, M



SR VR AT AR W TE T A P e A D PR B T R I 51 2 JRRE S L, 52 5 350 9 T
—InE, CKD Wi E SBURFIERRE B WEMS, ERTS CKD 1 EAH 5
o MHER KW, CKD BH LA SIBO BT, F B A R A XURS: 53 190
AHF 7 PD 41 53EENT ¥ ESRD 411H] SIBO RAEFREMEER, Xl ETENAITS
SIBO [ KAToAHKME . PD &3 SIBO BHM: &3 XS T~ FIVE 8210 5 B I IE AR 5 H ..
F TE A R TR AN S B IR B AR AR, T HL S 40 E RGO 2 AR B I OB IR
P B -l RS, B A 7 A AR P P RE NS I S TR 9IRS LA K
WA S RSB Z ML, RAXTHE REM DR AR mt, SRy, B
FEVVBFE M AR I R R S AR, RE A st Mg &R 20K, 25T
PRSI 2038 R P AR A, [ 2 . SIBO P SR 7R (o AR 7, HaX R AR
WAL S PTR RIEER A AR S 2R AT MR (R A R AR LEAE DRI, b — AR
FUMRE, SIBO A FHSURMIE AL, Wi Bl i R G T RE,
FHOE S X Sl T L2 AR, TS AN EIRERS Clo fEARR T, BRSNS E] PD H,
SIBO FHEZH I MoCA J MMSE 1573 1 & I T SIBO B4, 7 57 A G it 27 L (P<<0.05),
MR B B A VTS PT R SN RN Th BRIFDIR S 0% o 2R BME N — S A AR SR M 2
WA, ERIEMAES RGhPEE BB A G, B S FER, A8 miE
PRI RS . 20 2E B AR RS S A A K, RATHUA R TR, S H5MERRS
AR DRI, AT AR AR AV AT DL YR i R, R R R
SRR AR D REREAG R . 1X— RAVRIL, it — SR T IE WS S R F D e 2 )
(P E DRI

gE bR, BRI E CF-mah R R Y-l S50 CKD R A R
Githek. PD B, ErEdE. Ml E i S PR RGARG B R <R e EE
= RFERER AW BRI B0, 10 SIBO B~ A MM & f MR, 24 H
“Po e REN LB IRAE IR, B RN LG B B ) e B, HES) CIL R/ . SR, 480 PD
&# SIBO 5 CI RERHIWT ST, AW TR SIBO & PD &# CI FIMAZ XK K, [
RIVFWE | 28 R LA 8 /KA 52 Ho R D) RE . X SR 5 1, T SIBO
FHYE. mrie . KA TR E DL AR 2L 8 ) PD AR B p i, BT TR AR BT AR A
B A R
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