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Abstract 

Introduction: Although digestive system disease affects gut microbiota and their 

metabolites associated with dementia risk, the association between digestive system 

diseases and incident dementia has not yet been established.  

Methods: This cohort analysis included 458,181 participants free of baseline 

dementia in the UK Biobank (2006-2021). The associations of fourteen digestive 

system diseases with dementia incidence were examined in 2022 using Cox 

proportional hazards regression models. Analyses were performed to differentiate the 

associations for early- (< 65 years) and late-onset (≥ 65 years) dementia. Interaction 

and stratification analyses were performed for polygenic risk score (RPS), and 

apolipoprotein E (APOE). 

Results: During a median follow-up of 12.4 years, 6415 incident dementia cases were 

diagnosed. Eleven digestive system diseases showed significant associations with an 

increased risk of dementia after controlling for covariates and multiple testing. 

Compared to individuals without digestive system diseases, the hazard ratios of 
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dementia increased from 1.15 (95% confidence interval 1.09-1.23) for patients with 

intestinal diverticular disease to 2.31 (95% confidence interval 1.98-2.70) for patients 

with cirrhosis. The associations were different between certain digestive system 

diseases and dementia by onset age. The associations appeared to be stronger for 

cirrhosis (Q = 0.001), irritable bowel syndrome (Q < 0.001), gastritis and duodenitis 

(Q =0.002), gastroesophageal reflux disease (Q < 0.001), ulcerative colitis (Q=0.047), 

gallbladder disease (Q=0.012) and peptic ulcer (Q = 0.030) with early-onset dementia. 

There were no interactions for PRS or APOE (P >0.05). 

Conclusions: These findings suggest an increased need for dementia prevention 

among patients with digestive system diseases. 

Keywords: digestive system; dementia; Gut-brain axis; cohort study  

 

Introduction 

Due to the population aging, the number of patients with dementia keeps raising and 

is projected to increase to 152 million by 2050 worldwide.
1
 Few potentially 

modifiable risk factors have been identified for dementia, such as low education level, 

traumatic brain injury, smoking, and possibly physical inactivity and air pollution
1
, 

and the mechanisms of the disease remains largely uncovered. Thus, it is urgent to 

explore other risk factors for dementia with the aims of deepening the understanding 

of the disease as well as identifying preventive measures.  

 

With increasing data on the microbiome, the gut-brain axis hypothesis of 
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communication between the central nervous system and the gastrointestinal tract has 

been widely explored.
2
 The development of dementia caused by damage to central 

nervous cells has been associated with gut inflammation and an alteration of gut 

microbiota and their related metabolites
3, 4

. Population-based observational studies 

have found inconsistent evidence of an elevated risk of cognitive decline and 

dementia among patients with inflammatory bowel disease
5
 and liver diseases

6, 7,
 

8
. 

Another study observed that treatment with proton pump inhibitors (PPIs), which are 

widely used for some digestive system diseases, was associated with higher dementia 

risk.
9
 Given conflicting and limited data as well as unknown associations for other 

digestive system diseases, this study were conducted to comprehensively investigate 

the associations of 14 digestive system diseases with the risk of dementia.  

 

Methods 

Study Population 

This study leveraged data from the UK Biobank, which is an ongoing national 

prospective cohort project that enrolled over 500,000 individuals from the UK during 

2006-2010. In this study, individuals with baseline dementia or those diagnosed with 

dementia in the first year of follow-up (n=1087) and individuals without genetic 

information (n=43,222) were included. In total, 451,818 participants were included in 

the final analysis (Appendix Figure 1). Longitudinal data were collected in 2006-2021 

and the statistical analyses were performed in 2022. Ethical approval was granted for 

the UK Biobank by the North West-Haydock Research Ethics Committee (REC 
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reference: 21/NW/0157). 

 

Measures 

This study focused on fourteen digestive system diseases, including gastroesophageal 

reflux disease (GERD), gastritis and duodenitis, celiac disease, Crohn’s disease, 

ulcerative colitis, intestinal diverticular disease, irritable bowel syndrome (IBS), 

peptic ulcer, pancreatitis, gallbladder and biliary diseases, non-alcoholic fatty liver 

disease (NAFLD), chronic liver cirrhosis, appendicitis, and overall gastrointestinal 

cancer (esophageal, gastric, small intestinal, colorectal, pancreatic, gallbladder, and 

hepatic cancers). These diseases were ascertained by diagnostic codes from 

nationwide inpatient datasets, primary care datasets, cancer registries, and self-report 

diagnosis. Except for individual disease, a compound outcome (i.e., overall digestive 

diseases) were defined as individuals who have diagnosis of any studied diseases at 

baseline. The associations of the number of digestive diseases with the risk of 

dementia were assessed given that some digestive diseases may co-occur. Detailed 

diagnostic codes are displayed in Appendix Tables 1-2. The accuracy of these 

diagnostic codes has been found to be high (>89%) in the annual report by the Audit 

Commission.
10

 

 

The diagnostic codes for all-cause dementia and its subtypes had been used in 

previous studies and shown to be valid (Appendix Table 3).
11

 To differentiate the 

etiology of dementia subtypes, two common subtypes, Alzheimer's disease (AD) and 
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vascular dementia (VaD), were defined using diagnostic codes shown in Appendix 

Table 3. AD is caused by changes in the brain, including abnormal buildups of 

proteins known as amyloid plaques and tau tangles while VaD is caused by conditions 

that damage blood vessels in the brain or interrupt the flow of blood and oxygen to the 

brain.
12

 Dementia were classified into early-onset (i.e., with the age at diagnosis <65 

years) and late-onset (≥65 years) dementia by diagnosis age. Early-onset dementia 

comprises a heterogeneous range of dementias. Its presentation varies and may 

include cognitive, psychiatric and neurological symptoms.
13

 

  

A polygenic risk score (PRS) were constructed for dementia based on 39 well-

established genetic variants from large-scaled genome-wide association analyses on 

AD 
14

 . The PRS was generated by multiplying the genotype dosage of each risk allele 

for each variant by its respective weight and then summing across all variants. The 

weights given for the score were derived from International Genomics of Alzheimer’s 

Project (IGAP) studies 
14

. Details of used genetic variants are presented in the 

Appendix Table 4. Of note, APOE gene was not included in the PRS. The APOE 

haplotypes (ε2/ε3/ε4) were genotyped and determined by 2 genetic variants (i.e., 

rs429358 and rs7412). Participants with 1 or 2 ε4 alleles were defined as APOE ε4 

carriers and otherwise as APOE ε4 noncarriers. 

 

Information on age at recruitment, sex, ethnicity (white and nonwhite), educational 

attainment (college and below college), smoking status (never and ever), alcohol 
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consumption (none-to-moderate and excessive), physical activity (adequate and 

inadequate), BMI, and family history of dementia were included. Diet quality was 

assessed by a dementia-associated healthy diet score with data from food frequency 

questionnaires. The Townsend deprivation index (TDI) was a complex indicator of 

socioeconomic status. History of hypertension, stroke, and depression were defined 

by data from the self-reported questionnaires, electronic health-related records, drug 

prescription, and baseline blood pressure measurement. Regular use of PPIs and 

nonsteroidal anti-inflammatory drugs (NSAIDs) were recorded in a verbal interview. 

Multiple imputation for missing data was performed using the multivariate imputation 

by chained equations method. Detailed information and definition of covariates are 

presented in Appendix Table 5. Based on the prior knowledge about the underlying 

biologic mechanisms as well as qualitative direction between variables
15

, a directed 

acyclic graph was generated
16

 (Appendix Figure 2). 

 

Statistical Analysis 

Baseline characteristics by incident disease status were summarized for continuous 

and categorical variables. Baseline characteristics between the individuals with and 

without genetic data were described. The incidence rate and cumulative risk of 

dementia were calculated based on the Kaplan–Meier curve. Treating age as 

timescale, the Cox proportional hazard regression was used to estimate the 

associations of digestive diseases with the risk of incident dementia and its subtypes. 

Three models were performed: 1) model 1 adjusted for age and sex; 2) model 2 
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additionally adjusted for TDI, educational attainment, BMI, physical activity, diet, 

smoking status, alcohol consumption, hypertension, stroke, family history of 

dementia, and depression; and 3) model 3 further adjusted for PRS. Person-years were 

calculated from the baseline date to the date of diagnosis, death, loss, or the end of 

follow-up, whichever came first. To rule out the influence of competing risk of death, 

cumulative risk curves of dementia and death and a multivariable competing risk 

model based on model 3 were performed.
17

  

 

The associations of digestive diseases with the risk of dementia subtypes were 

performed. Heterogeneity between disease subtypes was calculated using the contrast 

test method.
18

 For early-onset dementia, the analysis was limited to the population 

with age less than 65 years (n=368,498). The associations of overall digestive 

diseases and the number of digestive diseases with the risk of incident all-cause 

dementia were also explored. Multiplicative interaction and further performed 

stratification analysis were assessed for PRS categories, APOE ε4 carrying status, sex, 

educational attainment, smoking status, alcohol consumption, baseline depression, 

baseline hypertension, and family history. Relative excess risk due to interaction was 

calculated to assess interaction at additive scale using “InteractionR” package.
19

 To 

examine the robustness of the results, several sensitivity analyses were performed: 1) 

the analysis excluding incident cases diagnosed in the first 3 years of follow-up; 2) the 

analysis including individuals who developed incident digestive diseases, and 3) the 

analysis excluding participants with incident Parkinson’s disease, a major 
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neurodegenerative disease; 4) analysis excluding dementia cases identified only in 

mortality data (n=183); 5) the analysis only including participants with age at 

recruitment more than 55 years (n=271,639). This analysis can control age of 

participants at study entry to further address immortal time bias;
20

 6) analysis 

additionally adjusted for NSAID use. Given PPIs are routinely used among patients 

with digestive diseases and have been associated with dementia,
9
 a sensitivity analysis 

with further adjustment for PPI use were performed. Multiple comparisons were 

corrected with the false discovery rate (FDR) method. All statistical analyses were 

conducted using R 4.1.2. Two-sided FDR-adjusted P value (Q value) < 0.05 were 

deemed significant. 

 

Results 

During a median follow-up of 12.4 years (interquartile range 11.4-13.0), 6415 

incident dementia cases were identified. The baseline characteristics of participants by 

incident dementia are displayed in Table 1. Individuals with genetic data were more 

likely to be older, more educated and have lower TDI scores than those without data 

(Appendix Table 6). 

 

The incident dementia cases and person-years stratified by digestive system diseases 

were presented in Appendix Table 7. As shown in Appendix Table 8, individuals with 

baseline digestive diseases more often had a numerically higher 10-year risk of 

developing dementia. In multivariable cox models (Figure 1), the hazard ratio (HR) of 
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dementia from largest to smallest was 2.31 (95% confidence interval [CI] 1.98, 2.70; 

Q<0.001) for cirrhosis, 1.83 (95% CI 1.60, 2.09; Q<0.001) for NAFLD, 1.53 (95% CI 

1.29, 1.83; Q<0.001) for pancreatitis, 1.42 (95% CI 1.12, 1.80; Q=0.005) for Crohn’s 

disease, 1.40 (95% CI 1.28 1.52; Q<0.001) for peptic ulcer, 1.38 (95% CI 1.30, 1.47; 

Q<0.001) for gastritis and duodenitis, 1.34 (95% CI 1.12, 1.59; Q=0.002) for 

ulcerative colitis, 1.33 (95% CI 1.23, 1.43; Q<0.001) for gallbladder disease, 1.23 

(95% CI 1.16, 1.31; Q< 0.001) for GERD, 1.16 (95% CI 1.06, 1.27; Q=0.003) for 

IBS, and 1.15 (95% CI 1.09, 1.23; Q<0.001) for intestinal diverticular disease. 

Consistent results were generated by the competing risk model with certain 

associations attenuating slightly but remaining significant (Appendix Table 9 and 

Appendix Figure 3-4). 

 

When considering multiple conditions of digestive diseases (Appendix Table 10), 

results showed that having any digestive disease was associated with a higher risk of 

all-cause dementia compared with digestive disease-free participants (HR 1.37, 95% 

CI 1.30, 1.44, Q<0.001). The number of comorbid digestive diseases at baseline was 

positively associated with dementia risk (HR each additional disease 1.18, 95% CI 1.15, 1.20; 

Q<0.001). 

 

Figure 2 shows the associations of 14 digestive system diseases with risk of incident 

AD and VaD. For AD, six associations (gastritis and duodenitis, peptic ulcer, 

pancreatitis, gallbladder disease, NAFLD, and cirrhosis) were significant in model 3 
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after FDR correction. For VaD, nine associations (gastritis and duodenitis, peptic 

ulcer, IBS, GERD, and intestinal diverticular disease, pancreatitis, gallbladder disease, 

NAFLD, and cirrhosis) remained in model 3 after FDR correction. No heterogeneity 

was detected in the associations of digestive system diseases with risk of incident AD 

and VaD (Q value for heterogeneity>0.05). 

 

The associations of digestive diseases differed with between early- and late-onset 

dementia (Figure 3). Compared to that for late-onset dementia, the associations for 

early-onset dementia appeared to be stronger with cirrhosis, NAFLD, ulcerative 

colitis, peptic ulcer, gastritis and duodenitis, GERD, gallbladder disease, and 

appendicitis. Heterogeneity was detected for these associations between early- and 

late-onset dementia (Q value for heterogeneity < 0.05).  

 

There was no evidence from both multiplicative or additive scale that supported the 

interactions of digestive system diseases with sex, educational attainment, depression, 

hypertension, family history, smoking status, and alcohol consumption on the risk of 

dementia after FDR correction (Q value for interaction > 0.05, Appendix Table 11-

15). PRS categories were significantly associated with the risk of dementia (Appendix 

Table 16). No interactions were detected between digestive system diseases and PRS 

or APOE ε4 carrying status (P-interaction > 0.05, Appendix Figure 3-4).  

 

The associations remained after a series of sensitivity analyses (Appendix Table 17). 
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In the analysis excluding individuals who developed subsequent digestive system 

diseases after baseline, only seven digestive diseases in association with dementia 

remained significant (Appendix Table 18). Certain associations attenuated slightly 

albeit remained significant in the sensitivity analysis with further adjustment for 

regular PPI use (Appendix Table 17).  

 

Discussion 

This large-scale prospective cohort study found that eleven digestive system diseases 

were associated with a 15%-131% increased risk of dementia. As for dementia 

subtypes, the associations were similar for AD and VaD. However, the associations of 

cirrhosis, NAFLD, ulcerative colitis, peptic ulcer, gastritis and duodenitis, GERD, 

gallbladder disease, and appendicitis appeared to be more strongly associated with 

early-onset dementia compared to late-onset dementia. There were no interactions of 

digestive system diseases with genetic risk or APOE ε4. 

 

The associations between different digestive system diseases and dementia have been 

investigated in some previous studies mainly focusing on liver disease,
6-8

 IBS,
21

 

gastritis,
22

 GERD,
23

 and diverticular disease
24

. Most of these studies found positive 

links between digestive system diseases and the risk of dementia, which is in line with 

this study based on a large-scaled cohort including more than 5000 incident cases. 

However, most of the above studies were based on the East Asian population
5, 21, 24

 

that has a different pattern of digestive diseases compared to other populations due to 
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dietary habits and a high prevalence of Helicobacter pylori infection
25

. This study 

thus adds novel information in support of the positive associations between a broad 

range of digestive diseases and dementia risk in the western world. The associations 

of NAFLD and cirrhosis with dementia were inconsistent among previous studies.
6-8

 

A meta-analysis pointed to NAFLD as a risk factor for dementia, which is consistent 

with current findings.
26

 With respect to differences in the literature, this is likely to be 

a result of inconsistent definitions for NAFLD. A study based on diagnostic codes 

reported a higher risk (reported HR=1.32),
6
 whereas studies based on fatty liver index 

tended to report a smaller or nonsignificant increased risk of dementia (reported HRs 

0.92 to 1.08).
26

 This may imply that the risk of dementia is significantly different 

depending on the degree of NAFLD disease or surveillance bias (only 1 in 1000 

NAFLD cases are diagnosed at hospitals). The association between cirrhosis and 

dementia may be influenced by residual confounding from alcohol consumption
27

 

even though the primary analysis was adjusted for self-reported alcohol consumption.  

 

No significant differences were observed between the associations of AD and VaD 

with digestive system diseases. An interesting finding of the current study is the 

strong association of certain digestive system diseases with early-onset dementia 

compared to late-onset dementia. The possible reason for the differences may be that 

early-onset dementia is mainly caused by vascular comorbidities that have a high 

prevalence rate among patients with gastrointestinal dysfunction
28

. These findings not 

only deepen understanding of the etiological differences between early- and late-onset 
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dementia but also may guide the secondary prevention for patients with different 

gastrointestinal conditions. There were no consistent multiplicative and additive 

interaction effects of digestive system diseases with a wide range of phenotypic and 

genetic factors on dementia risk. In other words, the dementia prevention should 

target the overall population.  

 

The underlying pathways linking digestive system diseases to dementia remain to be 

established; however, there are several plausible mechanisms that may explain the 

observed positive associations. The most important bridge is the gut microbiome. The 

onset of digestive system diseases that alters the normal function and 

microenvironment of the gastrointestinal tract impacts the diversity, components, and 

intensity of gut microbiota and the levels of their metabolites
29

. Animal studies have 

found that fecal microbiota transplantation between AD mice and healthy controls 

changed the levels of amyloid and tau, memory function and neurogenesis in the 

hippocampus.
30, 31

 In addition, the metabolites of gut microbiota, like bile acid and 

indole-3 propionate, have been identified as potential mediators contributing to 

cognitive impairment and nerve repair.
3, 32, 33

 Treatments of digestive system diseases, 

such as PPIs, are positively associated with dementia.
9
 These findings showed that 

most associations slightly attenuated with further adjustment for regular PPI use, 

which may be partly, explained by the previouly reported PPI-dementia associations. 

Helicobacter pylori infection that is a frequent pathogen of gastric disease may also 

play a role.
22

 Recent literature has proven that Helicobacter pylori accelerates AD 
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development via outer membrane vesicles in an animal model.
34

 However, the 

magnitude of the effect of this pathway on AD pathogenesis in humans is uncertain 

since the association between Helicobacter pylori infection and dementia risk is 

mixed in different cohorts
35, 36

 and the prevalence of Helicobacter pylori infection is 

quite low in the U.K. For vascular morbidity related digestive system diseases, the 

increased burden of stroke may mediate the associations with in particular early-onset 

and VaD. For gastritis, duodenitis, and IBS that have inflammation as a key 

pathogenic symptom, cumulative chronic inflammation may increase the risk of 

dementia by facilitating neurocognitive changes and subsequent functional decline.
37

 

Further study is needed to explore whether the extent and severity of gut 

inflammation of these diseases are also contributing to the pathogenesis of dementia. 

 

Limitations 

Several limitations should be noted when interpreting this study. First, this is an 

observational cohort study, which cannot infer causality. However, possible biases 

were minimized from reverse causation and residual confounding by excluding 

incident cases diagnosed during the first year of follow-up in the primary analysis and 

adjusted for vital risk factors for dementia. Second, there might be misclassifications 

of digestive system diseases even though the used diagnostic codes have been found 

to be valid 
10

. Due to the prospective design of the study, these misclassifications 

should be nondifferential. Third, except for PPIs and NSAIDs, other treatments for 

gastrointestinal disorders were not taken into consideration; neither did this study 
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consider acute and chronic gastrointestinal condition nor the duration of digestive 

diseases separately in the associations with risk of dementia. Fourth, the study might 

have had insufficient power to detect weak associations owing to few cases for 

infrequent digestive system diseases. Fifth, a genome-wide cross-trait analysis 

revealed shared genetic architecture between AD and digestive system diseases.
38

 

Thus, the study could not completely rule out the possibility that the observed 

associations were caused by shared genetic risk factors even though study results were 

robust in the analysis with the additional adjustment for the family history of 

dementia and PRS. 

 

Conclusions 

In summary, this cohort study found associations of eleven digestive system diseases 

with an increased risk of incident dementia. The associations appeared to be stronger 

for early-onset dementia compared to late-onset dementia. The study provides novel 

understandings about the etiology of early- and late-onset dementia and emphasizes 

the great importance of dementia prevention among patients with digestive system 

diseases.  
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Table 1. Baseline characteristics by incident dementia
 

Characteristic
 

Without incident 

dementia 

(n = 451,766) 

Incident 

dementia 

(n = 6415) 

Age at baseline in years 56.65 (8.01) 64.15 (4.92) 

Sex (%) 
  

Female 245752 (54.4) 3056 (47.6) 

Male 206014 (45.6) 3359 (52.4) 

Townsend deprivation index -1.46 (2.99) -1.01 (3.28) 

Educational attainment (%)  
 

Below college degree 302137 (67.5) 5006 (79.6) 

College degree 145264 (32.5) 1280 (20.4) 

Physical activity (%)  
 

Inadequate 136800 (30.3) 2364 (36.9) 

Adequate 314966 (69.7) 4051 (63.1) 

Smoking status (%)  
 

Never smoked 243499 (54.1) 2893 (45.4) 

Previous or current smokers 206677 (45.9) 3479 (54.6) 

Alcohol consumption (%)   

None to moderate 356366 (78.9) 5257 (82.1) 

Heavy  95092 (21.1) 1145 (17.9) 

BMI in kg/m
2 

27.39 (4.77) 27.79 (4.96) 

Healthy diet (%)  
 

Unhealthy 123718 (28.6) 1634 (28.1) 

Healthy 308556 (71.4) 4190 (71.9) 

APOE ε4 carrier (%) 185898 (41.1) 3869 (60.3) 

Polygenic risk score category (%)   

Low 89108 (19.7) 935 (14.6) 

Intermediate 270587 (59.9) 3704 (57.7) 

High 92071 (20.4) 1776 (27.7) 

Baseline depression (%) 99876 (22.1) 1510 (23.5) 

Baseline hypertension (%) 315273 (69.9) 5287 (82.6) 

Baseline stroke (%) 6600 (1.5) 350 (5.5) 

Family history of dementia (%) 50197 (11.1) 1215 (18.9) 

BMI, body mass index. Continuous variables were expressed in mean (standard 

deviation, SD) and categorical variables in number (%). 
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Figure 1. Associations between baseline digestive system diseases and risk of 

incident dementia. CI, confidence interval; HR, hazard ratio. 
a
 adjusted for age and 

sex; 
b
 further adjusted for age, sex, Townsend deprivation index, educational 

attainment, BMI, physical activity, diet, smoking status, alcohol consumption, 

baseline hypertension, baseline stroke, history of dementia, depression; 
c
 further 

adjusted for polygenic risk scores. *
 
Representing a significant association after FDR 

correction for multiple comparison. P for heterogeneity was two-sided FDR-adjusted. 
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Figure 2. Associations between digestive system diseases and risk of incident 

Alzheimer’s disease and vascular dementia. CI, confidence interval; HR, hazard 

ratio. *
 
Representing a significant association after FDR correction for multiple 

comparison. P for heterogeneity was two-sided FDR-adjusted. 
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Figure 3. Associations between baseline digestive system diseases and risk of 

incident dementia by onset age. CI, confidence interval; HR, hazard ratio. *
 

Representing a significant association after FDR correction for multiple comparison. 

P for heterogeneity was two-sided FDR-adjusted.  
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