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Background: Chronic systemic inflammation may be associated with neurocognitive decline, but the relationships between inflammatory bowel disease and related medications and the risk of Alzheimer's disease remain unclear.

Methods: We performed a meta-analysis to evaluate the associations of ulcerative colitis, Crohn's disease and related medications with risk of Alzheimer's disease. We identified cohort and case-control studies by searching PubMed, Embase and Web of Science up to August 2022.

Results: Seven eligible studies with 20,174 cases of Alzheimer's disease were included in the meta-analysis. Six studies reported the association between ulcerative colitis and risk of Alzheimer's disease; five studies reported the association between Crohn's disease and risk of Alzheimer's disease. Meta-analysis combining these studies did not reveal any significant association of ulcerative colitis or Crohn's disease with risk of Alzheimer's disease. The pooled relative risks were 1.16 (95%CI: 0.96, 1.41) and 1.17 (95%CI: 0.84, 1.62) for ulcerative colitis and Crohn's disease, respectively. High heterogeneity was detected across the studies. Of note, there was an inverse association between inflammatory bowel disease related medication exposure and risk of Alzheimer's disease. The pooled relative risk of three studies for Alzheimer's disease was 0.86 (95%CI: 0.75, 0.99). No publication bias was detected.

Conclusion: This study does not support the association of ulcerative colitis and Crohn's disease with the risk of Alzheimer's disease. However, medications for the treatment of inflammatory bowel disease might be associated with a lower risk of Alzheimer's disease.
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Introduction

Alzheimer's disease (AD) is of increasing health concern with the global aging population (Alzheimer's Association., 2022). It is the most common cause of dementia, which accounts for an estimated 60–80% of cases (Alzheimer's Association., 2022). Other most common types of dementia include vascular dementia, Lewy body dementia, frontotemporal dementia, mixed dementia, and reversible causes (Robillard, 2007). The risk of AD is 60–80% dependent on heritable factors, such as carrying APOE ε4 allele (Livingston et al., 2020). Other risk factors are advanced age, an unhealthy lifestyle, and cardiovascular risk factors, etc (Hersi et al., 2017; Livingston et al., 2020; Litke et al., 2021). Inflammatory bowel disease (IBD), a chronic intestinal inflammatory condition, has become a global disease with increasing incidence in newly industrialized countries, and the prevalence is 0.3% in western countries (Ng et al., 2017; Mak et al., 2020). In recent years, the critical role of inflammatory processes in the pathogenesis of AD has been widely investigated. It is hypothesized that gut dysbiosis may increase inflammation and disrupt the blood brain barriers in IBD patients, leading to neuroinflammation via gut-brain axis and, consequently, increasing the risk of neurodegenerative disorders, such as Parkinson's disease and multiple sclerosis (Fu et al., 2020).

Emerging evidence from observational studies also indicated that IBD may be associated with risk of all-cause dementia (Sutton et al., 2019; Kim et al., 2022). Since the pathology of dementia is heterogeneous, understanding the roles of IBD and related medications with specific diseases causing dementia, particularly AD, is more significant to future basic research and precision prevention strategy. After summarizing results from a limited number of studies, recent meta-analyses found a higher risk of AD for IBD patients compared with general healthy population, suggesting a potential pathological detrimental effect of IBD on the development of AD (Liu et al., 2022; Szandruk-Bender et al., 2022; Zhang et al., 2022; Zuin et al., 2022). Of note, these reviews did not cover several large-scale population-based studies, which reported extensively inconsistent results (Jussila et al., 2014; Sutton et al., 2019; Aggarwal et al., 2022; Ronnow Sand et al., 2022). For example, two nationwide population-based studies with a total of 15,320 AD patients have been published after the recent reviews, and thus were not covered in these meta-analyses (Aggarwal et al., 2022; Ronnow Sand et al., 2022). Unexpectedly, a recent Mendelian randomization study indicated that genetically determined IBD was significantly associated with a decreased risk of AD, suggesting an unpredictably genetically protective effect of IBD on AD (Guo et al., 2021). However, other recent genome-wide association studies did not support a causal effect of genetically predicted AD on IBD (Adewuyi et al., 2022; Cui et al., 2022). In addition, IBD therapies, such as immunosuppressants and TNF-α blockers, may play an important role in the AD development by controlling the inflammation severity (Sutton et al., 2019; Aggarwal et al., 2022; Ronnow Sand et al., 2022). However, the association between medications for managing IBD and risk of AD was not evaluated in previous meta-analyses (Fu et al., 2020; Liu et al., 2022; Szandruk-Bender et al., 2022; Zhang et al., 2022; Zuin et al., 2022). Thus, we performed an updated systematic review and meta-analysis by summarizing the published data to evaluate the associations of IBD and related medication exposure with risk of AD.



Materials and methods


Literature search

The systematic review and meta-analysis followed the PRISMA guidelines (Liberati et al., 2009). PubMed, Embase and Web of Science databases were searched up to August 2022 without language restrictions, using the combination of the search term: (“Inflammatory bowel disease” OR “Ulcerative colitis” OR “Crohn's disease”) AND (“Alzheimer's disease” OR Dementia). We also searched the reference lists of relevant articles and google scholar for additional literature. Two researchers (KXZ and ML) independently performed the literature search and review. Disagreements were resolved by consensus in consultation with a third reviewer (JJJ). Details of the search strategy were shown in Supplementary Table S1.



Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) cohort or case-control studies, (2) Crohn's disease, ulcerative colitis or IBD-related medication treatment as exposure of interest, (3) risk of AD as outcome of interest, (4) studies reported risk ratio, hazard ratio, rate ratio, odds ratio or relative risk (RR) estimates to measure the associations of IBD and related medication exposure with risk of AD. When more than one study was conducted in the same study population, we selected the most recent study in the review.



Data extraction

The following information were extracted: first author, year of publication, study location, study design, age at baseline, sample size, number of AD cases, exposure ascertainment, AD ascertainment, duration of follow-up, potential risk factors or confounders considered in the data analysis, the risk estimates with their 95% CIs. When multiple RRs were reported, we extracted the risk estimate that was adjusted for the largest number of possible confounders.



Study quality assessment

We used the Newcastle-Ottawa Scale to evaluate the study quality. In this 9-star evaluation system, each cohort or case-control study was judged on the basis of three broad perspectives/domains: “Selection,” “Comparability,” and “Exposure/Outcome.” A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure/Outcome categories. A maximum of two stars can be given for “Comparability” category to assess the control for confounders. Studies with more stars indicated higher quality.



Statistical analysis

We used the RR as the risk estimate to measure the association. Fixed-effect model was used to pool the study-specific RRs when little heterogeneity was detected; otherwise, we performed meta-analysis by using a random-effect model (DerSimonian and Laird, 1986). The between-study heterogeneity was investigated with Cochran's Q test and the I2 statistic (Higgins and Thompson, 2002). The low, moderate, and high heterogeneity was defined as I2 values of 25, 50, and 75% (Higgins and Thompson, 2002). In sensitivity analysis, we excluded one study at a time and re-conducted the meta-analysis with the remaining studies to examine the influence of a single study on the overall result. Publication bias was assessed using Egger's test and funnel plot (Egger et al., 1997). The statistical analyses were conducted using Stata version 14.0 (StataCorp, Texas, USA).




Results


Study characteristics

A total of 1,587 records was identified after the search of the three databases. After screening the titles and abstracts, we identified 15 most potential studies for full-text review. Finally, seven studies (six cohort studies and one case control study) were eligible in the meta-analysis (Jussila et al., 2014; Caini et al., 2016; Sutton et al., 2019; Zhang et al., 2021; Aggarwal et al., 2022; Kim et al., 2022; Ronnow Sand et al., 2022) (Figure 1). Three studies were conducted in the Europe, two in US and two in Asia. The study population covered all age groups. The exposure and outcome information were obtained from electronic health record, claims database, national registry or diagnosis by certified physicians. More details on the study characteristics were shown in Table 1. As assessed by Newcastle-Ottawa Scale, three cohort studies did not clearly report the exclusion of AD cases at baseline, which may prone to risk of bias. Most of the studies did not adequately adjust for possible confounders such as diet and exercise, and may expose to confounding bias (Supplementary Tables S2, S3).
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FIGURE 1
 Flow diagram of study selection in the meta-analysis.



TABLE 1 Characteristics of eligible studies in the meta-analysis.
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Ulcerative colitis and risk of AD

Six studies reported the association between ulcerative colitis and risk of AD. Four studies reported positive associations with point estimates of RR ranging from 1.10 (95%CI: 1.01, 1.19) to 6.67 (95%CI: 2.82, 16.22); the other two studies reported null association. Meta-analysis combining the data did not reveal an association between ulcerative colitis and risk of AD. The pooled RR was 1.16 (95%CI: 0.96, 1.41) with high heterogeneity across the studies (I2 = 79.1%, P for heterogeneity <0.001) (Figure 2). In sensitivity analysis, after the exclusion of Jussia 2014 study, the pooled result of the remaining studies was 1.27 (95%CI: 1.01, 1.56); the exclusion of other single study from the meta-analysis did not have substantial influence to the overall result. There was no indication of publication bias (Egger's test P = 0.335) (Supplementary Figure S1).


[image: Figure 2]
FIGURE 2
 Forest plot of associations of ulcerative colitis and Crohn's disease with risk of Alzheimer's disease.




Crohn's disease and risk of AD

Five studies reported the association between Crohn's disease and risk of AD. Zhang et al. (2021) and Kim et al. (2022) reported positive associations, with the corresponding RRs of 1.19 (95% CI: 1.00, 1.41) and 7.53 (95% CI: 2.67, 21.28); other three studies reported null associations with point estimates of RR ranging from 0.91 (95% CI: 0.76, 1.09) to 0.97 (95% CI: 0.54, 1.73). Meta-analysis combining the data did not reveal an association between Crohn's disease and risk of AD. The pooled RR was 1.17 (95% CI: 0.84, 1.62) with high heterogeneity across the studies (I2 = 78.5%, P for heterogeneity = 0.001) (Figure 2). In sensitivity analysis, exclusion of each single study from the meta-analysis did not have substantial influence to the overall result. There was no indication of publication bias (Egger's test P = 0.430) (Supplementary Figure S2).



IBD-related medication exposure and risk of AD

Three studies evaluated the association of IBD-related medication exposure and risk of AD. Two studies reported a statistically significant inverse association between non-steroid medication exposure (immunomodulator, TNF-α and other biologics) and risk of AD, and one study did not detect significant association between steroid usage and risk of AD. Meta-analysis of these three studies indicated a pooled RR of 0.86 (95% CI: 0.75, 0.99; P = 0.043). Moderate heterogeneity was detected (I2 = 68.3%, P for heterogeneity = 0.043) (Figure 3).


[image: Figure 3]
FIGURE 3
 Forest plot of association between inflammatory bowel disease related medication exposure and risk of Alzheimer's disease.





Discussion

After comprehensively reviewing all the published data from cohort and case-control studies, this updated meta-analysis did not support the association of ulcerative colitis and Crohn's disease with risk of AD. Of note, this is the first meta-analysis to evaluate the association between IBD-related medication and risk of AD. The result from the meta-analysis might indicate a possible lower risk of AD in IBD patients with a history of medication treatment compared with those without medication exposure.

Previous epidemiological studies observed a positive association between IBD and all-cause dementia (Bernstein et al., 2021; Zhang et al., 2021; Zingel et al., 2021; Ronnow Sand et al., 2022). A prior meta-analysis reported a 52% increased risk of all-cause dementia in IBD patients (Zuin et al., 2022). AD is the most common forms of dementia; however, unlike all-cause dementia, the association between ulcerative colitis and Crohn's disease and risk of AD varied remarkedly across the studies. A population-based cohort study in Taiwan demonstrated an unexpectedly 6-fold increase in risk of AD (Zhang et al., 2021). However, compared with general healthy population, AD may be more likely to be diagnosed in IBD patients due to surveillance bias. Furthermore, anti-inflammatory therapeutics and lifestyle confounders such as diet and exercise were not adjusted in the study, which may result in a biased estimate. In contrast, another national retrospective cohort study among U.S. Veterans observed a much lower rate of AD in IBD patients regardless of the thiopurine exposure (1.83 and 2.59 per 1,000 patient-years for thiopurine exposure and unexposed cohorts) compared with the non-IBD population (3.85 per 1,000 patient-years) (Sutton et al., 2019). However, this was a retrospective study of veteran patients comprising mostly of men. Therefore, the results may not be generalizable to non-veterans or to women. Furthermore, a recent Mendelian randomization study demonstrated that genetically determined IBD was significantly associated with a decreased risk of AD, suggesting an unpredictably genetically protective effect of IBD on AD (Guo et al., 2021). However, two recent genome-wide association studies did not support a causal effect of genetically predicted AD on IBD (Adewuyi et al., 2022; Cui et al., 2022). Several cohort studies also suggested null association; for example, a national cohort of US adults demonstrated that immune-mediated inflammatory diseases, as characterized by systemic inflammation, also did not have increased risk of AD (Booth et al., 2021). Likewise, the current updated meta-analysis did not support the association between IBD and risk of AD.

An important finding of the present study was that an IBD-related medication exposure was inversely associated with risk of AD. Similarly, a prospective cohort study evaluated the associations between several chronic inflammatory disorders including IBD and related drug therapies and risk of dementia (Dregan et al., 2015). It also suggested that anti-inflammatory therapies including glucocorticoid and non-steroidal anti-inflammatory drugs were associated with a lower risk of dementia across most disorders (Dregan et al., 2015). The evidence suggested that anti-inflammatory treatments might play an important role in reducing the AD risk via improving the IBD control and inflammation severity.

The study has several limitations. First, there was significant heterogeneity in this study. The heterogeneity may be due to the differences in study characteristics, such as study population and diagnosis criteria of AD, etc. Due to the limited number of included studies, we failed to perform the meta-regression to explore the sources of heterogeneity. Of note, we have conducted sensitivity analysis by excluding Zhang et al. (2021) study from the analysis. Although the overall results for ulcerative colitis and Crohn's disease did not change materially, the heterogeneity, as assessed by I2, decreased from 79.1 to 45.9% for ulcerative colitis and from 78.5 to 36.9% for Crohn's disease. Second, uncontrolled cofounding bias may distort the association. It was impossible to address the residual confounding effects inherent in the original studies without individual-level data. Third, the diagnosis of AD differed among studies and some degree of misclassification of AD may be also likely to occur. There might be high possibility of under diagnosis of AD, especially at the early disease stage. Likewise, the inaccurate diagnosis of ulcerative colitis and Crohn's disease may lead to some extent of exposure misclassification. Fourth, the inverse association between exposure to medications for IBD treatment and risk of AD should be interpreted with caution since only three studies were used in the meta-analysis. Further studies are still warranted to verify the findings. Lastly, although there was no indication of publication bias in this study, it may be inadequate to detect the publication bias when the sample size (number of studies) was small.

In conclusion, the current evidence does not support the association of ulcerative colitis and Crohn's disease with risk of AD. However, IBD-related medication exposure might be inversely associated with the risk of AD. Since high heterogeneity may exist across the studies, future well-designed, large-scale studies are still needed to explore the relationship between IBD and related anti-inflammatory medications and the risk of AD.
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