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Objective: Previous studies reported possible connections between inflammatory

bowel disease (IBD) and several neurodegenerative disorders. However, the

comprehensive relationships between IBD and various neurodegenerative

disorders were not summarized. We executed a meta-analysis of longitudinal

studies to provide an estimate of the strength of the two-directional prospective

association between IBD and neurodegenerative disorders.

Methods:We accomplished a thorough bibliographic search of PubMed, Web of

Science, Embase, PsycINFO, and Cochrane Library databases until June 2023 to

locate relevant longitudinal studies. The extracted data were then analyzed via

meta-analysis using either a fixed or random effects model.

Results: The final analysis encompassed 27 studies. Individuals with IBD faced an

increased risk of developing four neurodegenerative disorders than the general

public, namely, Alzheimer’s disease (hazard ratio[HR] = 1.35, 95% confidence

interval [CI]: 1.03–1.77, P=0.031), dementia (HR =1.24, 95% CI: 1.13–1.36,

P<0.001), multiple sclerosis (HR =2.07, 95% CI:1.42–3.02, P<0.001) and

Parkinson’s disease (HR =1.23, 95% CI:1.10–1.38, P<0.001). Two articles

reported an increased incidence of amyotrophic lateral sclerosis or multiple

system atrophy in IBD patients. Three studies investigated the prospective

association between multiple sclerosis and IBD, revealing an elevated risk of

the latter in patients with the former. (HR=1.87, 95% CI:1.66–2.10, P<0.001).

Interpretation: These findings verified the two-directional relationship between

the brain-gut axis, specifically demonstrating a heightened risk of various

neurodegenerative diseases among IBD patients. It may be profitable to

prepare screening strategies for IBD patients to find neurodegenerative
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diseases during the long-term course of treatment for IBD with a view to

potential earlier diagnosis and treatment of neurodegenerative diseases,

reducing public health and social burden.

Systematic Review Registration: PROSPERO (CRD42023437553).
KEYWORDS

inflammatory bowel disease, neurodegenerative disorder, meta-analysis, longitudinal
studies, Parkinson’s disease, dementia, multiple sclerosis, Alzheimer’s disease
1 Introduction

Neurodegenerative disorders consist of a group of chronic central

nervous system disorders with heterogeneity, including Alzheimer’s

disease (AD), dementia with Lewy bodies (DLB), Parkinson’s disease

(PD), multiple sclerosis (MS), multiple system atrophy (MSA),

progressive supranuclear palsy (PSP), Huntington’s disease (HD),

etc., whose primary feature is a progressive loss of neurons. They are a

major burden for our society, affecting millions of people worldwide

(1). These patients need ongoing and long-term care, which is

associated with significant economic and social costs. Prince et al.

estimated that by 2030, the global cost of dementia alone will surpass

$2 trillion by 2030 (2). As the world population ages and life

expectancy increases, early diagnosis and treatment of

neurodegenerative diseases have become a worldwide public health

issue. On the other hand, inflammatory bowel disease (IBD)

represents a long-standing inflammatory disorder of the intestines,

encompassing Crohn’s disease (CD) and ulcerative colitis (UC),

whose exact triggering factors are not yet identified (3). With the

prevalence on the rise, IBD poses massive financial stress on public

healthcare systems and presents a global healthcare challenge (1, 4).

There is an expanding body of evidence for two-directional

regulation between gastrointestinal tract disorders and central

nervous system dysfunction, generally stated as the “gut-brain

axis” theory (5). The disturbance of gut bacteria and chronic

intestinal inflammation may lead to systemic inflammatory

responses which damage the blood-brain barrier, stimulate the

neuroinflammation process, and finally increase the incidence of

neurodegenerative diseases (6). To date, several erstwhile meta-

analyses have investigated the relationship between IBD and the

incidence of one specific neurodegenerative disease (7–10). These

studies suggested a prospective connection between IBD and

neurodegenerative diseases, indicating a possible prospective

association. However, most of their studies were not limited to

the types of studies included, results from cross-sectional, case-

control and longitudinal studies were often pooled. Given the

inherent inadequacies of case-control study design, which

requires retrospective collection of potential exposure risk factors,

neurodegenerative diseases can greatly affect the accuracy of

reporting. Moreover, cross-sectional and case-control studies
02
usually involve selection bias and other measurement bias,

therefore, we focused on longitudinal studies to obtain more

reliable results, whose design allows temporality to be established

by assessing exposure before disease onset. In the current study, we

undertook a meta-analysis of higher-quality longitudinal studies

from different countries to sum up existing studies on IBD and all

neurodegenerative diseases and examine the two-directional link

between IBD and the risk of neurodegeneration.
2 Methods

This systematic review and meta-analysis abided by the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA 2020) guidelines (11). The study strategy was

recorded beforehand within the PROSPERO platform (registration

number: CRD42023437553).
2.1 Search strategy and selection criteria

We accomplished a comprehensive bibliographic search of

PubMed, Web of Science, Embase, PsycINFO, and Cochrane

Library up to 18 June 2023 to identify cohort studies investigating

the prospective correlation between IBD and neurodegenerative

disorders. Search regulations were formulated built on Medical

Subject Headings index words (such as inflammatory bowel

diseases, neurocognitive disorders, cohort studies) and free words

(such as ulcerative colitis, Crohn, Alzheimer, Parkinson, dementia,

and multiple sclerosis). No language restriction was imposed on the

search. Articles that possibly assessed the prevalence or incidence of

neurodegenerative diseases or IBD were selected first by the title,

and then by the abstract. Two independent investigators (HW and

H-PZ) conducted the search and data abstraction. To potentially

identify eligible studies, the reference indexes of included articles

and relevant review papers were estimated and searched manually.

Supplementary File 1 contains our elaborate search strategies for

each bibliography database.

The included criteria for our meta-analysis were identified in such

a way: (1) Documents that reported the analysis results between
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1325908
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zong et al. 10.3389/fimmu.2024.1325908
neurodegenerative diseases and IBD encompassing UC, CD and IBD-

unclassified (IBD-U); (2) Documents that employed a longitudinal

research design; (3) Documents that reported estimates of crude or

adjusted epidemiological effects, such as hazard ratio (HR), incidence

rate ratio (IRR), odds ratio (OR), risk ratio (RR), or standardized

incidence ratio (SIR), along with a parallel 95% confidence interval

(CI), or data could be obtained to calculate the aforementioned effect

estimates; (4) Documents in which IBD and neurodegenerative

diseases must be defined or clinically diagnosed abiding by the

International Classification of Diseases (ICD) or standard diagnostic

criteria. Participants in this meta-analysis were not restricted by sex,

age, ethnicity, race, or comorbidities.

Criteria for exclusion were listed in such a way: (1) Conference

abstracts, case reports, case series, ecologic studies, editorials,

various reviews, practice guidelines, cross-sectional studies, and

case-control studies; (2) Studies with a duration of follow-up less

than 1 year; (3) Studies that did not accurately provide any effect

estimates or 95% CIs for the outcome of our interests.
2.2 Data extraction and quality assessment

Two researchers (HW and H-PZ) conducted an independent

evaluation and analysis on all titles and abstracts of the search

records against the inclusion and exclusion criteria. Conceivably

qualifying documents were subsequently evaluated through reading

full-text after which justifications for exclusion were recorded. Any

disagreements were settled by referring back to the original

document and the collective consensus was reached in

consultation with the third author (YY). Data were excavated

from the final included documents including the first author,

study population, the type of neurodegenerative disease, age, and

sample size. In instances of duplicate publications, we have

nominated the most comprehensive or up-to-date information

available. All our research data was recorded and summarized by

one author (HW) and verified by another (H-PZ).

Two authors (HW and H-PZ) conducted independent

evaluations of potential biases. Any inconsistencies were resolved

via reassessment by a third author (YY) of the original article. The

research quality of these included studies was evaluated by applying

the Newcastle-Ottawa Scale (NOS), since all studies were non-

randomized and had a longitudinal design strategy (12). Three

domains of a study are assessed by this scale, which are

participants’ representativeness, equivalence of different exposure

groups characteristics, and identification of research outcomes of

interest, with a star scale that tops at 9 stars. Studies scoring 9 stars

were adjudicated to be at minuscule risk of bias, those scoring 7 or 8

stars at moderate risk, and those scoring ≤6 stars at nonnegligible risk

of bias.
2.3 Data analysis

The primary outcome was the occurrence rate of neurodegenerative

disorders in IBD patients compared with IBD-free controls or the

occurrence rate of IBD in patients with neurodegenerative disorders in
Frontiers in Immunology 03
comparison with controls without neurodegenerative disorders. The

effect estimates would be excavated for studies that provide both

unadjusted and adjusted risk estimates. The HRs, ORs, RRs or SIRs

were considered equivalent because the incidence of neurodegenerative

diseases was relatively low. The HRs (or ORs, RRs and SIRs) and 95%

CIs were regarded as the association values for every ultimately included

study. For studies reporting effect size with diverse degrees of covariate

adjustment, we extracted those reflecting the maximal extent of possible

confounding factors adjustment. Then we summarized the crude or

adjusted HRs of all included studies, and calculated an interesting

overall effect size with a fixed or random effects model.

In the current study, the entire data were analyzed by using

Stata V.15.1. Statistical heterogeneity was approximately evaluated

using the visual examination of the forest plots. We also assessed

heterogeneity with the I²-statistics, which estimates the contribution

of variability across included studies due to heterogeneity as

opposed to the randomized factor. A rough guide to interpreting

the data is as follows: I²-values of around 25% denote minuscule

heterogeneity; approximately 50% denote moderate heterogeneity

and around 75% denote nonnegligible heterogeneity (13). Whilst

there was nonnegligible heterogeneity among the enrolled studies

(I² > 50%), we utilized the random effect model to summarize the

ultimate association. In contrast, we utilized the fixed effect model

whilst heterogeneity was moderately low (I² < 50%). The funnel plot

and the rank correlation Egger’s test were used to evaluate the risk

of publication bias (14). To evaluate the sensitivity of our merged

research results, we gradually removed one study at a time analysis

and repeated the pooled process. Additionally, the robustness was

assessed through a comparison of the outcomes from the random or

fixed effect models. Based on age groups (<50, ≥50 years), IBD

subtype (CD, UC), country (Europe, North America and Asia), and

covariates adjustment (yes, no), subgroup analyses were performed.
3 Results

3.1 Features of all included studies

Supplementary Figure 1 summarizes the gradual results of the

article retrieval and study selection. On the basis of the titles and

abstracts of 2291 citations, a total of 82 studies were primarily

identified as potentially qualified from five electronic databases up

to 18th June 2023. After careful examination of the full text, we

ultimately included 27 in the meta-analysis (15–41). Twenty-four

studies explored the risk of multifarious neurodegenerative diseases

in people with IBD. The twenty-four included studies explored

comprising at least 92,943,962 participants were all population-

based and all studies were cohort studies. Population characteristics

are summarized in Table 1. Fourteen studies were carried out in

Europe (five in the UK, four in Danmark, three in Sweden, and two

in Germany); five studies were carried out in America (four in the

USA and one in Canada) and five studies were carried out in Asia

(two in Taiwan, China and three in Korea). 17 of 24 studies adjusted

or matched for possible confounders such as age, sex, and

comorbidities. Details of each study are presented in Table 1.

Three studies explored the risk of overall IBD in patients with
frontiersin.org
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TABLE 1 Characteristics of 25 studies exploring the risk of neurodegenerative diseases in patients with IBD.

Concomitant
disease

Non-
IBD

Concomitant
disease

NOS
score

40) CD
UC

10)

AD(5,750) AD
(2,500) AD(2,850)

64,857,840 AD(723,540) 9

) CD
(20,376)

AD(644) AD(138)
AD(506)

99,320 AD(2,303) 9

AD(70) AD(110) NA NA 8

5) CD
(61,895)

AD(757) CD(131)
UC(626)

884,108 AD(8,813) 9

302)
144)

AD(0.2%)
AD(0.4%)

32,446
AD

(0.2%) AD(0.3%)
8

) CD
(1,158)

AD(33) AD(11)
AD(22)

17,420 AD(32) 9

ALS(54) ALS(106) NA
ALS exp(44.5) ALS

exp(87.2)
7

7) CD
(4,994)

NA 85,691 NA 9

05)
335)

Dementia(47)
Dementia(93)

308,843 Dementia (2,805) 9

Dementia(203)
Dementia(407)

14,411,278
Dementia
(236,278)

8

5) CD
(61,895)

Dementia(2,076)
Dementia(455)
Dementia(1,621)

884,108 Dementia (23,011) 9

8) CD
(3,952)

Dementia(100)
Dementia(NA)
Dementia(NA)

491,997 Dementia (6,709) 9

) CD
(1,158)

Dementia(95)
Dementia(30)
Dementia(65)

17,420 Dementia(250) 9
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study disease Country
Age

(years)
Study
period

follow-
up
time

(mean)

Effect estimate, 95%CI IBD

Aggarwal,2022
(15)

AD USA ≥18
1999-
2020

NA
IBD:2.30 (2.10-2.51) CD:3.34
(3.25-3.42) UC:1.09 (1.06-1.14)

OR
IBD (342,7
(191,530

(154,5

Kim,2022 (16) AD Korea 55.4 ± 11.0†
2009-
2017

6years
IBD:1.14 (1.05-1.25) CD:1.19
(1.00-1.41) UC:1.13 (1.02-1.24)

HR
IBD(24,83

(4,454) UC

Li,2017 (17) AD Sweden 55.6‡
1964-
2010

NA
CD:1.20 (0.93-1.51)*
UC:1.03 (0.85-1.25)*

SIR NA

Sand,2022 (18) AD Denmark
CD:36 (23-
56)§ UC:43
(29-62)§

1977-
2018

13.54years
CD:0.91 (0.76-1.09) UC:1.10
(1.01-1.19)

HR
IBD(88,9

(27,090) UC

Vadstrup,2020
(19)

AD Danmark > 0
2003-
2016

NA
CD:1.05 (0.57-1.94) * UC:1.08
(0.79-1.49) *

OR
CD(10
UC(22

Zhang,2021
(20)

AD
Taiwan,
China

60.64 ± 10.75†
1998-
2011

16years
IBD:6.19 (3.31-11.57) CD:7.53
(2.67-21.28) UC:6.77 (2.82-16.22)

HR
IBD(1,742
(584) UC

Turner,2013
(21)

ALS UK > 0
1999-
2011

NA
CD:1.22 (0.91-1.59)
UC:1.22 (1.00-1.48)

RR NA

Bernstein,2021
(22)

Dementia Canada 36 (25-52)§
1984-
2018

NA
IBD:1.18 (1.02-1.36)* CD:1.44
(1.16-1.78)* UC:1.01 (0.85-1.19)*

HR
IBD(9,24

(4,253) UC

Dregan,2015
(23)

Dementia UK
CD:42 ±

18† UC:47
± 18†

2002-
2013

NA
CD:1.55 (1.06-2.26)
UC:1.23 (0.92-1.64)

HR
CD(7,
UC(12

Li,2017 (17) Dementia Sweden 55.6‡
1964-
2010

NA
CD:1.17 (1.02-1.35)*
UC:1.24 (1.13-1.37)*

SIR NA

Sand,2022 (18) Dementia Danmark
CD:36 (23-
56)§ UC:43
(29-62)§

1977-
2018

13.54years
CD:1.15 (1.05-1.27) UC:1.07
(1.01-1.12)

HR
IBD(88,9

(27,090) UC

Sun,2021 (24) Dementia UK
CD:56.9 ±

8.1† UC:58.1
± 7.8†

2006-
2010

11.58years
IBD:1.14 (0.94-1.39) CD:1.20
(0.84-1.71) UC:1.12 (0.89-1.42)

HR
IBD(5,57

(1,826) UC

Zhang,2021
(20)

Dementia
Taiwan,
China

60.64 ± 10.75†
1998-
2011

16years
IBD:2.54 (1.91-3.37) CD:2.29
(1.42-3.69) UC:2.69 (1.89-3.85)

HR
IBD(1,742
(584) UC
)

0

8

,
,

7
,

8

https://doi.org/10.3389/fimmu.2024.1325908
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


TABLE 1 Continued

Concomitant
disease

Non-
IBD

Concomitant
disease

NOS
score

Dementia(26.3%)
Dementia(NA)
Dementia(28.1%)

3,850 Dementia (23.8%) 9

MS(80) 827,045 MS(235) 8

MS(21) MS(6) MS
(12) MS(3)

71,885 NA 8

MS(265) MS(89)
MS(128)

280,382 MS(913) 8

MS(11) MS(15) 80,666 MS(50) 9

MS(6) MS
(3) MS(3)

142,324 NA 8

MSA(13) 7,548,259 MSA(866) 9

PD(68) PD(35)
PD(33)

154,051 PD(64) 8

PD(98) PD(12)
PD(86)

99,320 PD(256) 9

PD(13) PD(46) NA NA 8

PD(106) PD
(97) PD(9)

33,492 PD(290) 9

PD(2.1%) PD(2.1%) 17,944
PD(1.8%)
PD(2.1%)

9

PD(92) PD(15)
PD(77)

116,583 PD(134) 7

PD(371) PD(122)
PD(243)

720,090 PD(1,425) 9

(Continued)
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study disease Country
Age

(years)
Study
period

follow-
up
time

(mean)

Effect estimate, 95%CI IBD

Zingela,2021
(25)

Dementia Gemany 70.9 ± 7.3†
1995-
2014

15years
IBD:1.22 (1.07-1.39)* CD:1.17
(0.93-1.47)* UC:1.25 (1.07-1.46)*

HR
IBD(3,850) CD

(1,431) UC(2,419)

Avasarala,2021
(26)

MS USA 49.4 ± 16.75†
2010-
2018

NA IBD:1.32 (1.03-1.71) IRR IBD(208,681)

Burisch,2019
(27)

MS Denmark
45.8

(33.8–60.7)§
2007-
2016

5.4 (2.9–7.8)¶
IBD:1.72 (1.05-2.83) CD:1.76
(0.70-4.48) UC:1.58 (0.83-3.02)
IBD-U:2.50 (0.63-9.99)

IRR

IBD(14,377) CD
(3,879) UC

(9,212) IBD-
U(1,286)

Card,2016 (28) MS UK 47.2‡
1987-
2011

NA IBD:2.82(2.27-3.50) OR
IBD(56,097) CD

(18,204) UC(27,108)

Gupta,2005
(29)

MS UK
CD:(42.7 ±
18.4)† UC:

(48.9 ± 17.8)†

1988-
1997

CD:4.8 (1.9–
6.5)¶ UC:5.0
(2.3–6.7)¶

CD:2.12 (0.94-4.50)* UC:2.63
(1.29-5.15)*

IRR
CD(7,988)
UC(12,185)

Park,2019 (30) MS Korea 41.7 ± 16.4†
2012-
2016

NA
IBD:2.89 (1.02-8.42)* CD:10.73
(1.11-103.8)*
UC:1.60 (0.39-6.61)*

HR
IBD(35,581) CD

(11,803) UC(23,737)

Villumsen,2019
(31)

MSA Denmark ≥15
1977-
2014

9.4years IBD: 1.41 (0.82-2.44) HR IBD(76,477)

Coates,2021
(32)

PD USA 45.5 ± 10.3†
2005-
2014

3.8years
IBD:1.01 (0.72-1.42) CD:1.33
(0.80-2.21) UC:0.81 (0.51-1.29)

HR
IBD(154,051) CD
(NA) UC(NA)

Kim,2022 (16) PD Korea 55.4 ± 11.0†
2009-
2017

6years
IBD:1.56 (1.24-1.97) CD:1.03
(0.58-1.84) UC:1.69 (1.32-2.15)

HR
IBD(24,830) CD

(4,454) UC(20,376)

Li,2012 (33) PD Sweden > 0
1964-
2007

NA
CD:0.62 (0.33-1.07) UC:1.23
(0.90-1.64)

SIR
CD(22,750)
UC(27,881)

Lin,2016 (34) PD
Taiwan,
China

46.9 ± 17.0†
2000-
2011

7.3years
IBD:1.35 (1.08-1.68) CD:1.40
(1.11-1.77) UC:0.94 (0.49-1.84)

HR
IBD(8,373) CD
(NA) UC(NA)

Loosen,2023
(35)

PD Germany 59.7 ± 12.8†
2005-
2020

6.2years
CD:1.23 (0.90-1.69)* UC:0.96
(0.75-1.23)*

HR
CD(7,544)
UC(10,450)

Park,2019 (36) PD Korea 39.91 ± 16.62†
2010-
2013

4.9years
IBD:1.87 (1.43-2.44) CD:2.23
(1.12-4.45) UC:1.85 (1.38-2.48)

HR
IBD(38,861) CD

(12,631) UC(26,230)

Peter,2018 (37) PD USA 50.8 ± 16.8†
2000-
2016

NA
IBD:1.28 (1.14-1.44)
CD:1.26 (1.03-1.53) UC:1.31
(1.14-1.51)

IRR
IBD(144,018) CD

(56,507) UC(84,436)
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neurodegenerative disorders. Supplementary Table 1 contains

comprehensive information for each study included in the

final analysis.

Diagnosis of IBD and neurodegenerative diseases was built on

related medical records or diagnostic codes found in medical record

database systems or commercial claims databases, along the lines of

the International Classification of Diseases codes. Based upon the

NOS, almost all original studies acquired at least eight stars, with

only two studies receiving seven stars, indicating a minuscule

overall risk of design bias. (Supplementary Table 2).
3.2 The extra risk of AD in IBD patients

Overall, 6 studies involving at least 66,381,877 subjects (one

study did not report how many patients were analyzed) indicated a

meaningful correlation between IBD and AD (random-effects HR=

1.35, 95% CI: 1.03–1.77, P=0.031), with nonnegligible heterogeneity

(I²= 96.5%) (Figure 1). To evaluate the consistency of the pooled

results, an influence analysis strategy was performed that excluded

each of the incorporated studies individually, in order to determine

the likelihood of any excessive impact by them. Interestingly, after

eliminating the study implemented by Zhang et al, 2021, the

statistical significance was submerged (random-effects HR= 1.19,

95% CI: 0.91–1.56). We reevaluated the study of Zhang et al.,

believing that the reason for this situation is that the study

population in Zhang et al. ’s study was the oldest among all

studies (the mean age was 60.64), and the follow-up time (16

years) was longer than other studies, which may lead to a

substantially elevated prevalence of AD than other studies. The

results of the combined effect were reliable and we should not

exclude the study of Zhang et al. because of its high quality. The

funnel plot revealed that there was no asymmetry, and no evidence

of small-scale study effects or publication bias was detected upon

evaluation by Egger’s test (P = 0.914).
3.3 The extra risk of Dementia in
IBD patients

Seven studies involving approximately 16,332,899 subjects (one

study did not report the number of patients with IBD) reported the

risk of dementia in patients with IBD and controls. People with IBD

had a notable increase in the occurrence of dementia compared to

controls (random-effects HR = 1.24, 95% CI: 1.13–1.36, I²= 79.2%,

P<0.001) (Figure 2). The effect estimates remained stable and

consistent after eliminating any single study according to the

results of sensitivity analyses. Also, we found there may be latent

publication bias (Egger’s test P=0.019). We further assessed the

summarized effect through the trim-and-fill method (42). The

amended trim-and-fill method assigned 6 hypothetically

missing studies to attenuate the risk. After 6 hypothesized

missing studies were imputed via the trim and fill procedure, the

correlation between IBD and dementia remained (Random-

effects:1.107, 95% CI: 1.011–1.211, P=0.028, Q=96.909, P<0.001)

(Supplementary Figure 2).
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3.4 The extra risk of MS in IBD patients

The overall risk of MS in relation to IBD among five studies

involving 1,737,211 subjects reporting exposure and outcome

events, HR was markedly higher than that in IBD-free

populations (random-effects HR=2.07, 95% CI:1.42–3.02,

I²=76.5%, P<0.001) (Figure 3). Sensitivity analyses indicated that

the effect was stable and consistent when any single study was

eliminated. The funnel plot revealed that there was no asymmetry,

and no publication bias or small-scale study effects were detected by

Egger’s test (P=0.963).
3.5 The extra risk of PD in IBD patients

Pooled results from 10 studies involving 9,673,542 subjects

(two original studies did not provide the number of Non-IBD
Frontiers in Immunology 07
controls) suggested there was a meaningful association between

IBD and PD (random-effects HR = 1.23, 95%CI: 1.10–1.38, I² =

65.7%, P<0.001) (Figure 4). Excluding one study that received 7

stars for NOS (Park, 2019), the risk association for PD in IBD

patients remained and the heterogeneity was slightly reduced

(random-effects HR = 1.20, 95%CI: 1.08–1.33, I²= 57.1%, P=0.01).

The elimination of any study did not affect the consistency and

stability of the effect. No evidence of asymmetry was found in the

funnel plot, and Egger’s test detected no small-scale study effects or

publication bias (P = 0.678).
3.6 The extra risk of IBD in patients with
neurodegenerative diseases

Only three studies explored the risk of IBD in patients with

neurodegenerative diseases, with all types of neurodegenerative
FIGURE 1

Forest plot of the associations between inflammatory bowel diseases and Alzheimer’s disease development.
FIGURE 2

Forest plot of the associations between inflammatory bowel diseases and dementia development.
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diseases being MS (39–41). The overall risk of IBD among three

studies involving 330,734 subjects reporting exposure and outcome

events, HR was remarkably higher than that in general populations

(fixed-effects HR=1.87, 95% CI:1.66–2.10, I² = 40.7%, P<0.001)

(Figure 5). When any single study was excluded, the effect estimates

remained consistent and stable. The funnel plot illustrated no

asymmetry and Egger’s test detected no small-study effects or

publication bias (P = 0.075).
3.7 Subgroup analyses

On account of the small number of studies, we did not conduct

a subgroup analysis of the risk outcome of IBD in patients with

neurodegenerative diseases. We performed a subgroup analysis of

the results of the risk analysis for neurodegenerative diseases in
Frontiers in Immunology 08
patients with IBD based on age, the types of IBD, study country and

covariates adjustment to identify potential sources of heterogeneity

within the eligible studies. (Table 2).

3.7.1 Age-specific analysis
Out of the 6 studies on AD and 10 studies on dementia, we

found AD and dementia incidence was greater among older patients

with IBD (age≥50) than among younger patients with IBD

(age<50). For AD, the integrated HR for older IBD patients was

1.44 (95%CI: 1.04–2.00, P=0.30) in four studies (Kim 2022, Li 2017-

CD, Li 2017-UC, Zhang 2021), while for younger patients the

pooled HR was 1.02 (95% CI: 0.85–1.22, P=0.845) in two studies

(Sand 2022-CD, Sand 2022-UC). For dementia, the pooled effect

estimate for older IBD patients was 1.34 (95% CI: 1.11–1.62, P =

0.002) in five studies (Li 2017-CD, Li 2017-UC, Sun 2021, Zhang

2021, Zingela 2021), and for younger patients was 1.14 (95% CI:
FIGURE 3

Forest plot of the associations between inflammatory bowel diseases and multiple sclerosis development.
FIGURE 4

Forest plot of the associations between inflammatory bowel diseases and Parkinson’s development.
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1.05–1.22, P = 0.001) in five studies (Bernstein 2021, Dregan 2015-

CD, Dregan 2015-UC, Sand 2022-CD, Sand 2022-UC). Based on

our analysis, in comparison with younger patients, elderly

individuals with IBD exhibited a slightly elevated risk of AD and
Frontiers in Immunology 09
dementia compared with IBD-free controls. There did not appear to

be any substantial dissimilarity in the incidence of Parkinson’s

disease among IBD patients in different age groups. Regrettably,

insufficient studies have been carried out regarding the potential
FIGURE 5

Forest plot of the risk of IBD in patients with neurodegenerative diseases.
TABLE 2 Subgroup analyses—association between IBD and neurodegenerative diseases, stratified by age, IBD subgroup, study country and
covariate adjustment.

Age
Effect

estimate
(95%CI)

IBD
subgroup

Effect
estimate
(95%CI)

Study
country

Effect
estimate
(95%CI)

Covariate
adjustment

Effect
estimate
(95%CI)

AD≥50 (16,
17, 20)

1.44 (1.04-2.00) AD-CD (15–20) 1.69 (0.87-3.28)
AD-Europe
(17–19)

1.07 (1.00-1.14)
AD-adjusted (15,
16, 18, 20)

1.59 (1.08-2.34)

AD-
America (15)

2.30 (2.10-2.51)

AD<50 (18) 1.02 (0.85-1.22) AD-UC (15–20) 1.52 (0.99-2.32) AD-Asia (16, 20) 2.58 (0.49-13.52)
AD-unadjusted
(17, 19)

1.09 (0.95-1.24)

Dementia≥50
(17, 20, 24, 25)

1.34 (1.11-1.62)
Dementia-CD
(17, 18, 20,
22–25)

1.27 (1.13-1.43)
Dementia-
Europe (17, 18,
23–25)

1.16 (1.10-1.24)
Dementia-
adjusted (18, 20,
23, 24)

1.32 (1.11-1.56)

Dementia-
America (22)

1.18 (1.02-1.36)

Dementia<50
(18, 22, 23)

1.14 (1.06-1.22)
Dementia-UC
(17, 18, 20,
22–25)

1.25 (1.14-1.36)
Dementia-
Asia (20)

2.54 (1.91-3.37)
Dementia-
unadjusted (17,
22, 25)

1.21 (1.14-1.29)

MS≥50 —
MS-CD (27,
29, 30)

2.19 (1.21-1.83)
MS-Eupore (27–
29, 31)

2.58 (2.14-3.10)
MS-adjusted
(26–28)

1.87 (1.09-3.23)

MS-America (26) 1.32 (1.02-1.70)

MS<50
(26–30)

2.07 (1.42-3.02)
MS-UC (27,
29, 30)

1.96 (1.25-3.06) MS-Asia (30) 2.89 (1.01-8.30)
MS-unadjusted
(29, 30)

2.48 (1.56-3.95)

PD≥50 (16,
35, 37)

1.25 (1.05-1.49)
PD-CD (16, 19,
32–38)

1.21 (1.03-1.41)
PD-Europe (19,
31, 33, 35, 38)

1.12 (0.97-1.30)
PD-adjusted (16,
31–34, 36–38)

1.24 (1.08-1.42)

PD-America
(32, 37)

1.20 (0.98-1.48)

PD<50 (32, 34,
36, 38)

1.23 (0.89-1.70)
PD-UC (16, 19,
32–38)

1.23 (1.02-1.48)
PD-Asia (16,
34, 36)

1.56 (1.30-1.87)
PD-unadjusted
(19, 35)

1.22 (0.96-1.55)
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correlation between MS and elderly IBD patients, we did not have

enough evidence to test whether elderly IBD patients are at an

elevated risk of MS in comparison to younger patients

(Supplementary Table 3).

3.7.2 IBD subtype analysis
For our synthetic analyses of IBD and four neurodegenerative

diseases, the risk of AD and MS in CD patients was marginally

greater than in UC patients, while the risk of dementia and PD did

not differ markedly among the distinct IBD subgroups

(Supplementary Table 4).

3.7.3 Study location analysis
IBD patients in Asia appeared to have an obviously increased

risk of neurodegenerative diseases than patients in Europe and

America, regardless of any of the four diseases. For dementia, the

morbidity risk in IBD patients in Asia was nearly twice as high as

that in IBD patients in America and Europe. Asian patients with

IBD have a greater than twofold risk of developing AD compared to

European IBD patients and more than double the risk of MS

compared to American IBD patients. But the results of our

subgroup analysis were limited by the amount of studies

conducted in Asia. No significant difference seemed to exist

between European and American populations in the risk of

developing dementia and PD. However, for AD, IBD patients in

America are at approximately twice the risk of IBD patients in

Europe, but this result is based on the limited number of studies on

IBD patients in America (only one study). While for MS, the risk of

developing it in patients with IBD in Europe was approximately

double that in IBD patients in America. However, this conclusion

was also limited by the small number of studies (only one study

examined the risk of developing MS in IBD patients in America)

(Supplementary Table 5).

3.7.4 Covariate adjustment analysis
The risk of AD and dementia among IBD patients rose after

being adjusted for age, gender, comorbidibility, and other factors,

while for MS, the risk of morbidity risk among IBD patients

decreased after adjustment. The risk of PD occurrence among

IBD patients did not differ significantly after adjusting for

covariates. (Supplementary Table 6).
4 Discussion

This meta-analysis included 27 higher-quality longitudinal

studies, 24 of which investigated the risk of various

neurodegenerative diseases in patients with IBD. The study

focused on systematic analyses of the correlation between IBD

and four main neurodegenerative diseases (AD, dementia, MS and

PD). We found that IBD is in connection with a higher incidence of

the above four neurodegenerative diseases. Additionally, one study

investigated the risk of amyotrophic lateral sclerosis (ALS) among

IBD patients, and another examined multiple system atrophy

(MSA). Although both articles reported an increased incidence of
Frontiers in Immunology 10
ALS or MSA among IBD patients in comparison with the general

population, confined by the number of studies, we were unable to

conduct a systematic review of these two neurodegenerative

diseases. However, it was suggested that IBD may be associated

with a wider range of neurodegenerative diseases, beyond the four

that were the focus of our study. we also identified three cohort

studies that explored the risk of IBD among MS patients (39–41). A

pooled analysis of these studies determined that MS patients have a

higher risk of developing IBD compared to those without IBD. This

also verified the two-directional correlation of the brain-gut axis.

Intestinal inflammation not only increases the risk of

neurodegeneration, but neurodegeneration also leads to the

occurrence of intestinal inflammation. However, it has not been

thoroughly studied whether other neurodegenerative diseases cause

IBD. More high-quality cohort studies are needed to verify this two-

directional brain-gut association.

Several previous meta-analyses initially examined the risk of

developing various neurodegenerative diseases among patients with

IBD. However, it should be noted that studies included in the

pooled analysis in previous meta-analyses were not restricted to

specific study types and may have included cross-sectional and

case-control studies, which may introduce potential bias. Fu et al.

conducted a meta-analysis that summarized the risk association

between different gastrointestinal diseases, including IBD, and

PD and AD (7). Although the study explored a wide range

of gastrointestinal diseases, there were limited studies that

primarily investigated IBD and its relationship with these two

neurodegenerative diseases. To explore this link, the authors

aggregated data from four studies relevant to IBD and PD and

reviewed one study on IBD and AD. Wang et al. conducted a

thorough meta-analysis investigating the bidirectional association

between IBD and MS (8). The analysis of 17 studies revealed that

patients with MS had a greater prevalence of IBD than controls (RR

= 1.53). Patients with IBD had a greater prevalence of MS than

controls (RR = 1.91). Nevertheless, Wang et al. did not restrict the

type of studies considered, and among them were six studies of

moderate quality, which could pose potential bias risks. Zhu et al.

analyzed 9 studies investigating the risk of PD among IBD patients,

which included 6 retrospective cohort studies (9). They clearly

demonstrate that the risk of PD is significantly higher in IBD

patients than in the general population (aHR = 1.24). Zuin et al.

summarized three studies to determine the risk of AD in individuals

with IBD (10). The available data backs up the claim that IBD

patients have a 1.52-fold elevated risk of developing AD in

comparison to the general population. Our meta-analysis has

extended the scope of the research, incorporating a higher

number of studies than previous meta-analyses. We have limited

the selection of studies to longitudinal ones, in order to decrease the

possible risks of bias.

There was considerable heterogeneity in this meta-analysis,

possibly reflecting the diversity of study characteristics included

(such as age of the study population, whether environmental factors

were adjusted, duration of follow-up, different diagnostic criteria for

the disease or different treatment of IBD, etc.). Accordingly, a fixed-

effects or random-effects model was selected based on different
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levels of heterogeneity while subgroup analyses were performed to

identify potential sources of heterogeneity. Sensitivity analyses were

used to ensure the stability and reliability of our results, and no

significant publication bias was found in this study.

Aging is the major risk factor for neurodegeneration (43). Our

analysis indicates that older patients with IBD are at a higher risk of

developing AD and dementia compared to younger patients with

IBD. This is consistent with the theory that cellular senescence

increases susceptibility to AD (44–47). Neuroinflammation and the

accumulation of amyloid b-protein are more likely to occur in older

patients (43). However, the subgroup analysis according to age did

not indicate that older patients with IBD were at a higher risk of

developing PD compared to younger patients with IBD.

Furthermore, we do not have information on the risk of

developing MS in older patients with IBD, and therefore cannot

compare the risk of developing MS in IBD patients of different ages.

The two subtypes of IBD, CD and UC, differ in terms of lesion

location and extension, and have distinct phenotypic spectrums (3).

Thus, subgroup analyses were performed for different types of IBD

to investigate whether CD and UC have varying effects on the

incidence of neurodegenerative diseases. It was found that the risk

of AD and MS was higher in CD patients than in UC patients. It

seems that CD is more closely associated with an increased risk of

AD and MS. However, the underlying reasons for this association

remain unclear and require further data and theory to verify.

Environmental factors such as diet, sleep patterns, physical

activity and chronic lifestyle stress are thought to be closely

related to the development of neurodegenerative diseases (48).

Environmental factors, including urbanization, pollution, and

diet, are also believed to be significant contributors to the

development of IBD (49). Several environmental risk factors are

commonly associated with the pathogenesis of both

neurodegenerative diseases and IBD, which could potentially

confound the association. To investigate potential sources of

heterogeneity, we conducted subgroup analyses that adjusted for

country/region and covariates (yes, no). Our findings indicate that

Asian patients with IBD are at a higher risk of developing

neurodegenerative diseases than their European and American

counterparts, regardless of which of the four neurodegenerative

diseases. For AD, American IBD patients had approximately twice

the risk of developing MS compared with European IBD patients,

whereas for MS, European IBD patients had approximately twice

the risk of developing MS compared with American IBD patients.

This suggests a potential difference in genetic or environmental

fac tors that may contr ibute to the deve lopment of

neurodegenerative diseases in Asian populations. However, the

results of these subgroup analyses are limited by the number of

studies, and more studies are still needed to further explore the risk

of IBD patients in different regions. Among the 24 included studies

exploring the risk of neurodegenerative diseases in IBD patients, a

total of 18 studies had adjusted confounding factors to some extent.

The association of increased risk of four neurodegenerative diseases

in IBD patients remained regardless of adjustment for confounding

factors. However, after adjustment for age, gender, comorbidities

and other factors, the risk of AD and dementia increased in IBD
Frontiers in Immunology 11
patients, and the risk of MS decreased in IBD patients. There was no

significant difference in the risk of PD in IBD patients before and

after adjustment. Environmental factors in different countries or

regions appear to be a significant source of study heterogeneity.

However, subgroup analysis on a single environmental confounder

may be challenging due to the accounting of various confounding

factors in each study.

The potential mechanisms underlying the relationship between

IBD and neurodegenerative diseases are complex and multifactorial.

First, intestinal inflammation damages the intestinal mucosal

barrier, allowing bacteria or bacterial by-products to enter the

bloodstream and activate immune cells (50). Lipopolysaccharide

(LPS) and activated cytokines can penetrate the blood-brain barrier

to prompt the inflammatory reaction of the central nervous system,

leading to the degeneration of certain neurons (51). Second, the link

between IBD and neurodegeneration may be mediated by

alterations in the gut microbiota. Disruption of microbial

diversity in the gastrointestinal duct of IBD patients could

potentially result in a reduction in anti-inflammatory metabolites

and an elevation in neurotoxic metabolites (52, 53). Inflammatory

biopolymers, such as LPS and enterotoxins, specifically damage the

intestinal wall, allowing neurotoxic metabolites to move from the

gastrointestinal tract into the circulatory and central nervous

systems (53–55). The microbiota also plays a crucial role in the

development of IBD (56). Neurodegenerative diseases may cause

disorders in the intestinal flora. Patients with AD, ALS, and PD

exhibit marked changes in the structure of gut microbiota, which

display evident proinflammatory characteristics (57–60). Third,

genetic overlap may explain the link. Several variants in

independent genomic loci have been found to associate with both

PD and IBD (61). LRRK2 genetic mutations are the most

established genetic predisposing factor for PD, and also

potentially enhance the likelihood of CD (62, 63). Three single

nucleotide polymorphisms have been identified to have a crucial

association with both IBD and MS. Individuals carrying the allele in

the -1082 G/A polymorphism of the interleukin-10 gene are at a

higher risk of developing both UC and AD (64). Besides, prolonged

inflammation of the gut can lead to the accumulation of certain

abnormal substances. Chronic gastrointestinal inflammation may

cause the buildup of a-synuclein and b-amyloid plaque. The

transportation of these substances to the central nervous system

occurs through the vagus nerve (51, 53, 65). Additionally,

individuals with IBD may be more susceptible to experiencing

blood clotting events due to disease activity, corticosteroid use,

hospitalization, or surgery (66–68). Thrombotic events may

increase the risk of developing vascular dementia. In addition to

alterations in gut microbiota and genetic overlap, changes in

neurotransmitters used by both the enteric nervous system (ENS)

and the central nervous system (CNS) leading to ENS dysfunction

can also explain the development of IBD caused by

neurodegenerative diseases (69, 70). The ENS is a reflex control

system that extensively regulates digestive function, collaborating

with the CNS. The ENS and CNS share functional and chemical

similarities, as both systems utilize specific neurotransmitters (69).

Dysregulation of neurotransmitters occurs in numerous
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neurodegenerative conditions, such as the significant loss of

cholinergic neurons in AD and disruptions in DA metabolism in

PD (71, 72). GABA also holds significance in the pathogenesis of

AD, PD and MS (73, 74). An abnormality in glutamate metabolism

is observed in AD patients, and there is substantial evidence

indicating the vital role of glutamate in the onset and progression

of IBD (74, 75).

Several included studies have demonstrated that administering

whichever of 5-aminosalicylic acid, thiopurines, glucocorticoids,

biologic agents, and anti-TNF therapy has a protective effect against

the development of neurodegenerative diseases in patients with

IBD, ranging from AD, PD, and dementia (15, 19, 23, 26, 30, 36–

38). These findings provide evidence for the correlation between the

brain-gut axis, which suggests that managing IBD inflammation

may lower the incidence of neurodegenerative diseases. However, it

is worth noting that Aggravel et al. demonstrated that while the

utilization of immunomodulators, other biologic agents and TNF-a
agents can reduce the risk of AD, the use of prednisone in IBD

patients raised the risk of AD (15). Furthermore, Avasarala et al.

discovered an escalated risk of MS for IBD patients after anti-TNF-

a exposure, particularly for CD patients (26). Aside from the impact

of anti-TNF-a therapy on definite MS, there is a connection

between anti-TNF-a agents and newly onset of MS. It is

uncertain whether these demyelinating episodes are coincidental

or causally linked with the usage of TNF-a blockers (76).

Nonetheless, vigilance is necessary despite the absence of a

clear association.

In this study, some limitations must be noted. First, it is not

allowed to demonstrate a causal relationship as the eligible studies

were observational in design. Second, some potential confounding

factors cannot be ruled out although a great number of the qualified

studies adjusted the results for age, gender, comorbidity and other

factors. Meanwhile, it was not feasible to integrate models from

studies that made adjustments for the identical set of potential

confounders. Third, despite a random-effects model being

implemented in most cases, it is important to approach some of

the outcomes of this meta-analysis with care due to the relatively

high heterogeneity that was evident in the overall primary analysis.

Fourth, this systematic review included studies from countries in

Europe, North America, and Asia (two countries), but there are also

many parts of the world (e.g., Latin America, the Middle East, Asia

and other countries in Asia) where the incidence of IBD has been

increasing and for which no studies were included in this review. It

is unclear whether findings from this study would be generalizable

to IBD patients from these other regions. Fifth, IBD is usually

diagnosed among younger individuals whereas neurodegenerative

diseases tend to be more frequently diagnosed in older individuals.

However, due to the limited availability of data, age was only

allocated into merely two subgroups (<50 and ≥50 years). Further

verification is required concerning the risk factors of various

neurodegenerative diseases among older people with IBD.

Furthermore, the studies included in the meta-analysis were

deemed acceptable in terms of quality, indicating a moderate to

low probability of bias built on the NOS criteria. Nonetheless, to

analyze the heterogeneity causes, it would be necessary to collect
Frontiers in Immunology 12
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Finally, the identification of diseases through diagnostic codes is

subject to unavoidable underdiagnosis and misclassification.

Despite the above limitations, our study has critical advantages.

This meta-analysis includes data from large longitudinal studies

from Europe, America and Asia, which are likely to accurately

reflect common patients with IBD in clinical practice. We also

searched for relevant literature from previous meta-analyses. As a

result, we believe that it is unlikely that we have missed any

published trials due to our comprehensive search.

In conclusion, this meta-analysis of longitudinal studies

demonstrates a substantial association between IBD and an

elevated risk of incident neurodegeneration. However, to confirm

the exact association, more high-quality prospective longitudinal

studies are imperative. Clinicians should be alert to regard the

increased risk of neurodegeneration and IBD comorbidity. It seems

necessary to carry out regular neurological screening for IBD

patients to detect and intervene in neurodegenerative changes

early during clinical practice.
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