Association of Irritable Bowel Syndrome with Dementia: A GRADE-Assessed

Systematic Review and Meta-Analysis

Contents
Supplementary Table 1. Database search strategies and reSUILS ............ccievuieciieiieeiierieeee et 2
Supplementary Figure 1. Forest plots for the leave-one-out sensitivity analysis of the primary meta-analysis. ........... 3
Supplementary Figure 1.1. Sensitivity analysis excluding Chen et al. (2016)..........cccceerieiiiiiiiiniiieeceeee e, 3
Supplementary Figure 1.2. Sensitivity analysis excluding Yeh et al. (2018) .....ccceovvvrievieiiiiiieieeiecieeee e 3
Supplementary Figure 1.3. Sensitivity analysis excluding Yuan et al. (2024) .......cccooieiieiieireieeeceeeeee e 3
Supplementary Figure 2. Forest plots for the leave-one-out sensitivity analysis of the secondary meta-analysis......... 4
Supplementary Figure 2.1. Sensitivity analysis excluding Chen et al. (2016).........cccccvevieviieviieieeieeieieeeie e 4
Supplementary Figure 2.2. Sensitivity analysis excluding Konings et al. (2023).......ccccccvevieviiniinienienienieeieeee e, 4
Supplementary Figure 2.3. Sensitivity analysis excluding Tung et al. (2022).......ccccevierieiieiiieeeceeeeeee e, 4
Supplementary Figure 2.4. Sensitivity analysis excluding Yeh et al. (2018) .....ccoovvvieiieniieiieieeiecieeeeee e 5
Supplementary Figure 2.5. Sensitivity analysis excluding Yuan et al. (2024) ....c.cccovvievierieiieiieiecieeeeeee e 5
Supplementary Figure 3. Subgroup analysis by StUdy deSIZN .......ccceevieiiieiiiiiieieieieeee et 6
Supplementary Figure 4. Subgroup analysis by geographical region .............coeiirieiieiieieee e 6
Supplementary Figure 5. Subgroup analysis by depth of adjustment for confounders..............ccoovvevvevieriieviiecieeiennenns 7

Supplementary Figure 6. Forest plot of the association between exclusive IBS and all-cause dementia using the

restricted maximum-likelihood (REML) @StIMALOT .......c.cueieiuiiiiiiiiiieetieeciee e eieeeteeeveesteeeteeebeeesbeeesseeesseesaseeensesennes 8

Supplementary Figure 7. Forest plot of the association between IBS/FGID and dementia outcomes using the

restricted maximum-likelihood (REML) @StIMALOT .......cuieviieuieriieiieieeieeiesieesteeteereeeveeseesseereesseessesssessnesseesseessennns 9

Supplementary Figure 8. Forest plot of the association between IBS and Alzheimer's disease using the restricted

maximum-likelihood (REML) @StIMALOT ......c.ceecuiiiriieeiieeiiiesiieeieeeteeeieeeteeeteeeteeeteesbeesnbeesnsaesnseesssessnseesnseesnseesns 10



Supplementary Table 1. Database search strategies and results

Database

Search string

Search
fields

Notes

Results

PubMed

("Irritable Bowel Syndrome"[All Fields] OR "IBS"[All Fields]
OR "Irritable Bowel Syndrome"[MeSH Terms]) AND
("dementia"[MeSH Terms] OR "dementia"[All Fields] OR
"dementias"[All Fields] OR "dementia s"[All Fields] OR
"Alzheimer Disease"[All Fields] OR "alzheimer*"[All Fields]
OR "Vascular Dementia"[All Fields] OR ("all-cause"[All
Fields] AND ("dementia"[MeSH Terms] OR "dementia"[All
Fields] OR "dementias"[All Fields] OR "dementia s"[All
Fields])) OR "cognitive decline"[All Fields] OR "cognitive
impairment"[All Fields]) AND ("risk"[MeSH Terms] OR
"risk"[All Fields])

All fields.

70

Scopus

ALL("Irritable Bowel Syndrome") OR ALL(IBS) AND
ALL(dementia) OR ALL(Alzheimer*) AND TITLE-ABS-
KEY(risk) AND ( LIMIT-TO ( DOCTYPE, "ar" ) ) AND (
LIMIT-TO ( SUBJAREA, "MEDI" ) ) AND ( EXCLUDE (
EXACTKEYWORD, "Nonhuman" ) OR EXCLUDE (
EXACTKEYWORD, "Animals" ) OR EXCLUDE (
EXACTKEYWORD, "Animal" ) OR EXCLUDE (
EXACTKEYWORD, "Genetics" ) OR EXCLUDE (
EXACTKEYWORD, "Single Nucleotide Polymorphism" ) OR
EXCLUDE ( EXACTKEYWORD, "Mendelian
Randomization Analysis" ) OR EXCLUDE (
EXACTKEYWORD, "Alcohol Consumption" ) OR
EXCLUDE ( EXACTKEYWORD, "Physical Activity" ) OR
EXCLUDE ( EXACTKEYWORD, "Mendelian
Randomization" ) OR EXCLUDE ( EXACTKEYWORD,
"Ulcerative Colitis" ) OR EXCLUDE ( EXACTKEYWORD,
"Gene Frequency" ) )

- All fields.
- Title,
abstract, and
keywords.

Animal and genetic
studies were
excluded using
keyword filters.

297

Web of
Science

("irritable bowel syndrome") AND (Dementia OR
Alzheimer*) NOT Document Type: Review Article

All fields

Review articles
were excluded

using keyword
filters.

100

Total

467

Search date:

August 5, 2025.




Supplementary Figure 1. Forest plots for the leave-one-out sensitivity analysis of the

primary meta-analysis.

Supplementary Figure 1.1. Sensitivity analysis excluding Chen et al. (2016)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 02311 00378 0.0% 1.26[1.17,1.36]
Yeh 2018 06418 045022 0.8% 1.90[0.71, 5.08]
Yuan 2024 01424 0046 99.2% 116 [1.06,1.27] .
Total (95% Cl) 100.0% 1.16 [1.06, 1.27] &
Heterogeneity; Tau?= 0.00; Chi*= 0.96, df=1 (P = 0.33; F= 0% Dlz EIIS é é
Test for overall effect; £=3.33 (P = 0.00049) Favours IBS Favours control
Supplementary Figure 1.2. Sensitivity analysis excluding Yeh et al. (2018)
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 02311 00378 585.0% 1.26[1.17,1.36] [ |
Yeh 2018 06418 05022 0.0% 1.90[0.71, 5.08]
Yuan 2024 01424 0046 450% 1.16 [1.06,1.27] L
Total (95% Cl) 100.0% 1.21[1.12,1.32] L
Heterogeneity; Tau?= 0.00; Chi*=1.93, df= 1 (P = 0.16); F= 48% Dlz EIIS é é
Test for overall effect: Z=4.71 (P = 0.00001) Favours IBS Favours control
Supplementary Figure 1.3. Sensitivity analysis excluding Yuan et al. (2024)
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 02311 00378 99.4% 1.26[1.17,1.36]
Yeh 2018 06418 05022 0.6% 1.90[0.71, 5.08]
Yuan 2024 01484  0.046 0.0% 116 [1.08,1.27]
Total (95% Cl) 100.0% 1.26 [1.17, 1.36] L
Heterogeneity: Taw®= 0.00; Chi*=0.67,df =1 {F=0.41); F=0% sz DTS é é

Test for overall effect £=6.19 (F = 0.00001)

Favours IBS Favours control



Supplementary Figure 2. Forest plots for the leave-one-out sensitivity analysis of the

secondary meta-analysis.

Supplementary Figure 2.1. Sensitivity analysis excluding Chen et al. (2016)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight W, Random, 95% Cl IV, Random, 95% CI
Chen 2016 02311 00378 0.0% 126117, 1.36]
konings 2023 0174 0089 3345% 1.19[1.06,1.34)] -
Tung 2022 1.0043 01862 265.3% 2TA[201,371] B —
Yeh 2018 0418 048022 F.9% 1.90[0.71, 5.08]
Yuan 2024 01484 0046 34.3% 116 [1.06,1.27] =
Total {95% Cl) 100.0% 1.50 [1.13, 2.00] -l
Heterogeneity, Tau® = 0.06; Chi®= 28.73, df= 3 (P = 0.00001); F= 90% Dl 7 DIS é é

Test for overall effect: £=2.77 (P = 0.008) Favours IBS Favours control

Supplementary Figure 2.2. Sensitivity analysis excluding Konings et al. (2023)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight W, Random, 95% ClI IV, Random, 95% CI
Chen 2016 02311 00378 361% 1.26[1.17,1.36] L
konings 2023 0174 00598 0.0% 1.19[1.06,1.34]
Tung 2022 1.0043 01862 23.3% 2T73[2.01,3.71] —
Yeh 2018 06418 045022 a1% 1.90[0.71, 5.08]
Yuan 2024 01484 0046 355% 116 [1.08,1.27] &+
Total (95% Cl) 100.0% 1.50 [1.18, 1.90] B
Heterogeneity: Tau®= 0.04; Chi®= 28.38, df= 3 (P = 0.00001); F= 89% D= 5 IZI=5 é %

Testfor overall effect: 2= 3.28 (P =0.001) Favours IBS Favours cantral

Supplementary Figure 2.3. Sensitivity analysis excluding Tung et al. (2022)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 02311 00378 47.8% 126117, 1.36] L
konings 2023 0174 00589 196% 119 [1.06,1.34)] -
Tung 2022 1.0043 01562 0.0% 2TA[201,371]
Yeh 2018 06418 048022 0.3% 1.90[0.71, 5.08]
Yuan 2024 014234 0046 32.3% 116 [1.08,1.27] =+
Total (95% Cl) 100.0% 1.21 [1.15,1.28] L ]
Heterogeneity: Taw®= 0.00; Chi*=2.86,df =3 (F=0.41); F=0% EI'.2 DTS ﬁ é

Test for overall effect. £=7.43 (P = 0.00001) Favours IBS Favours cantral



Supplementary Figure 2.4. Sensitivity analysis excluding Yeh et al. (2018)

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Chen 2016 02311 00378 29.0% 126 [1.17,1.36] &
konings 2023 0174 0088 27.0% 1.19[1.08,1.34] .
Tung 2022 1.0043 01862 15.8% 2.T73[2.01,3.71] —
Yeh 2018 06418 048022 0.0% 1.90[0.71, 5.08]
Yuan 2024 01424 0046 28.3% 116 [1.08,1.27] -
Total {95% CI) 100.0% 1.37 [1.15, 1.63] <4
Heterogeneity, Tau®= 0.03; Chi®= 28.249, df= 3 (P = 0.00001); F= 2849% DI 7 DIS %

Test for overall effect £=3.92 (P =0.0004) Favours IBS Favours contral

Supplementary Figure 2.5. Sensitivity analysis excluding Yuan et al. (2024)

(Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
Chen 2016 02311 00378 356% 1.26[1.17,1.36] L
Konings 2023 0174 0059 34.2% 1.19[1.06,1.34] -
Tung 2022 1.0043 01562 24.3% 2T3[201,3.71] —
Yeh 2018 06419 05022 5.9% 1.80([0.F1,5.08]
Yuan 2024 01484 0.046 0.0% 116 [1.06,1.27]
Total (95% CI) 100.0% 1.53[1.18, 1.98] e
Heterogeneity: Tau?= 0.05; Chi®= 2583, df= 3 (P = 0.0001); P= 88% DI 2 IZIIS é

Test for overall effect: £=3.19 (P =0.001) Favours IBS Favours control



Supplementary Figure 3. Subgroup analysis by study design

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% Cl
1.1.1 Cohort
Chen 2016 02311 00378 28.2% 126 [1.17,1.36] &
Yeh 2018 06418 045022 2.8% 1.90[0.71, 5.08]
Yuan 2024 01484 0046 27.5% 116 [1.08,1.27] -
Subtotal {95% Cl) 58.5% 1.22 [1.13,1.31] L )
Heterogeneity: Tau®= 0.00; Chi®= 2,71, df= 2 (P = 0.26); F= 26%
Testfor overall effect: Z=512 (P = 0.00001)
1.1.2 Case-control
konings 2023 0174 00589 26.2% 119 [1.06,1.34)] -
Tung 2022 1.0043 01562 153% 2TA[201,371] —
Subtotal {95% Cl) 41.5% 1.78 [0.79, 4.01] ———
Heterogeneity, Tau®=0.23; Chi®= 24.73, df=1 (P = 0.00001); F= 96%
Test for overall effect: Z=1.39 (P =0.16)
Total {95% CI) 100.0% 1.38 [1.16, 1.64] e 4
Heterogeneity, Tau®= 0.03; Chi®= 29.01, df= 4 (P = 0.00001); F= 286% Dl_z D?S %

Test for overall effect £=3.69 (F = 0.0002)
Testfor subaroup differences: ChiF=083, df=1 (P=0.36), F= 0%

Favours IBS Favours control

Supplementary Figure 4. Subgroup analysis by geographical region

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Asia (Taiwan)
Chen 2016 02311 00378 28.2% 126117, 1.36] &+
Tung 2022 1.0043 01862 15.3% 2.T73[2.01,3.71] —
Yeh 2018 06418 048022 2.8% 1.90[0.71, 5.08]
Subtotal {95% Cl) 46.2% 1.84 [0.97, 3.48] |~ ———
Heterogeneity, Tau® = 0.26; Chi®= 23.68, df= 2 (P = 0.00001); F= 92%
Test for overall effect £=1.87 (P = 0.06)
1.1.2 America (USA)
konings 2023 0174 0089 26.2% 1.19[1.06,1.34)] -
Subtotal {95% Cl) 26.2% 1.19 [1.06, 1.34] &
Heterogeneity: Mot applicable
Test for overall effect £= 295 (P =0.003)
1.1.3 Europe (UK)
Yuan 2024 01484 0046 27.5% 116 [1.08,1.27] -
Subtotal {95% Cl) 27.5% 1.16 [1.06, 1.27] &
Heterogeneity: Mot applicable
Testfor overall effect: £=3.23 (P =0.001)
Total (95% Cl) 100.0% 1.38 [1.16, 1.64] <4
Heterogeneity, Tau®= 0.03; Chi®= 29.01, df= 4 (P = 0.00001); F= 86% Dl_z D?S é

Test for overall effect: £=3.69 (P =0.0002)
Testfor subgroup differences: Chi®=2.02, df=2 (P =036}, F=0.49%

Favours IBS Favours control



Supplementary Figure 5. Subgroup analysis by depth of adjustment for confounders

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.1.1 Minimal adjustment
konings 2023 0174 0059 262% 1.19[1.08,1.34] -
Subtotal {95% Cl) 26.2% 1.19 [1.06, 1.34] &
Heterogeneity: Mot applicable
Test for overall effect: £= 295 (P =0.003)
1.1.2 Moderate adjustment
Chen 2016 02311 00378 28.2% 1.26[1.17,1.36] &
Yeh 2018 06418 048022 2.8% 1.90[0.71, 5.08]
Subtotal {95% Cl) 31.0% 1.26 [1.17, 1.36] &

Heterogeneity: Tau®= 0.00; Chi®= 0.67, df=1{P = 0.41);, F= 0%
Testfor overall effect: Z=6.19 (P = 0.00001)

1.1.3 Extensive adjustment

Tung 2022 1.0043 01562 153%  2.73[201,3.71] ——
Yuan 2024 01484 0046 275%  1.16[1.06,1.27] -
Subtotal (95% CI) 42.8%  1.76 [0.76, 4.06] — e ———

Heterogeneity, Tau®= 0.25; Chi®= 27.63, df=1 (P = 0.00001); F= 96%
Testfor overall effect £=1.32 (P=0.19)

Total {95% CI) 100.0% 1.38 [1.16, 1.64] <
Heterogeneity Tau®= 0.03; Chi= 29.01, df= 4 (P = 0.00001); = 86% D: > u=5 2 5
Test for overall effect 2= 3 69 (P =0.0002) ' Fa';'uurs IBS Favours control

Testfor subgroup differences; Chi*=1.38, di=2(P=0450), F=0%



Supplementary Figure 6. Forest plot of the association between exclusive IBS and

all-cause dementia using the restricted maximum-likelihood (REML) estimator

Study HR 95%-ClI Hazard Ratio HR 95%-C| Weight
Chen 2016 1.26 [1.17;1.35] : 1.26 [1.17;1.35] 55.0%
Yeh 2018 1.90 [1.00;3.61] ; 1.90 [1.00;3.61] 1.5%
Yuan 2024 1.16 [1.06;1.27] = 1.16 [1.06;1.27] 43.5%
Random effects model 1.22 [1.13;1.32] <1:> 1.22 [1.13;1.32] 100.0%
Heterogeneity: I° = 47.1%, T° = 0.0017, p = 0.1509 ! !
Test for overall effect: z = 4.94 (p < 0.0001) 0.5 1 2
Hazard Ratio



Supplementary Figure 7. Forest plot of the association between IBS/FGID and dementia

outcomes using the restricted maximum-likelihood (REML) estimator

Study INRR SE(InRR)
Chen 2016 02311  0.0365
Konings 2023 0.1740  0.0598
Tung 2022 10043  0.1564
Yeh 2018 06419  0.3282
Yuan 2024 0.1484  0.0461

Random effects model

Heterogeneity: I° = 86.6%, T° = 0.1188, p < 0.0001 Effect Estimate (95% CI)

Test for overall effect: z = 2.40 (p = 0.0165)

Pooled HR/OR

RR 95%-Cl Weight

1.26 [1.17;1.35] 23.0%
119 [1.06;1.34] 226%

—5%— 273 [2.01;371] 19.3%

: 1

I
0.5

1

2

———=——— 1.90 [1.00;361] 12.2%

1.16 [1.06,1.27] 22.9%

1.49 [1.08; 2.06] 100.0%



Supplementary Figure 8. Forest plot of the association between IBS and Alzheimer's disease

using the restricted maximum-likelihood (REML) estimator

Author & Year Weight Effect Size [95% CI]
Chen 2018 : 21.51% 176128 2.42]
Konings 2023 —— 40.62% 1.19[1.06, 1.34]
Yuan 2024 + 37.86% 1.17[1.01,1.35]

RE Model Summar
Heterogenellty: BB 2 75.5%;: %2 = 5.51 (p = 0.064)

— 100% 1.29[1.05,1.57]
Test for overall effect: Z = 2.45 (p = 0.014) 5

i ! I I | |
1.00 1.49 2.23
Pooled Effect Estimate (95% Cl Scale)

10



