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Background: The association between inflammatory bowel disease (IBD) and dementia remains uncertain. We aim to investigate whether IBD 
is associated with higher dementia risk.
Methods: Using multivariable Cox regression models, we analyzed the onset of all-cause dementia among 497,775 participants, including 5778 
IBD patients in the UK Biobank as primary analysis. In secondary analysis, we further examined the difference in brain structure and cognitive 
function changes between IBD and non-IBD individuals. The diagnosis of IBD and dementia was confirmed with combination of primary care 
data, hospital inpatient data, death registry, and self-report data. Brain structure was measured by brain MRI as anatomic and tissue-specific 
volumes; cognitive function was tested in terms of reaction, visual episodic memory, verbal-numerical reasoning, and prospective memory.
Results: During a mean follow-up of 11.58 years, 100 and 6709 incident all-cause dementia with or without IBD were documented, respectively. 
In multivariable Cox regression model, hazard ratio for incident dementia among IBD patients was 1.14 (95% confidence interval [CI], 0.94-1.39; 
P = .182) comparing with non-IBD participants; no statistically significant difference was observed in their brain MRI measures of anatomic and 
tissue-specific volumes, whereas IBD patients had a significantly increased reaction time (β=12.32; 95% CI, 1.97, 22.67; P = .020). Results of 
subgroup and sensitivity analyses were consistent with the main analysis.
Conclusions: Our study does not support a significant association between IBD and dementia. Further studies with better design and longer 
follow-up are needed to elucidate the association.
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Introduction
Inflammatory bowel disease (IBD), which primarily com-
prises Crohn’s disease (CD) and ulcerative colitis (UC), is an 
emerging chronic immune-mediated disease triggering gastro-
intestinal tract inflammation with major symptoms such as 
abdominal pain and diarrhea.1,2 Over the period of 1990-
2017, the global burden of IBD increased 85.1% (from 3.7 
million to 6.8 million), and it is expected that the prevalence 
will continue to increase worldwide.3 Meanwhile, as a pro-
tracted course of disease with no known cure and limited ex-
cess mortality, the prevalence of IBD is predominantly high 
in the elderly, accounting for approximately one-third of IBD 
patients.4

Several neurodegenerative complications such as 
Parkinson’s disease, multiple sclerosis, and dementia have 
been reported in IBD patients.5-10 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, increase the risk of 
such diseases.11 Under the context of aging, dementia has 

been a common and overwhelming neurodegenerative dis-
order that affects the elderly by deteriorating the attained 
cognitive level, ability of daily living, and social func-
tioning.12 Elucidating whether IBD is associated with high 
risk of dementia is therefore of clinical importance to for-
mulate targeted intervention to slow cognitive deterioration 
and reduce the disease burden of dementia particularly in 
IBD patients.

There is a limited number of epidemiological studies ex-
ploring the association between IBD and dementia, and their 
findings are mixed and controversial.8-10,13-14 Prior studies on 
the topic were mostly based on record-linkage cohorts, with 
lack of adjustment for some well-established confounders, 
particulary environmental risk factors. Moreover, some of 
these studies aimed to explore the comorbidities of IBD and 
dementia, and they did not account for chronological order of 
disease development.8,9 Therefore, in this study, we performed 
a longitudinal cohort study with a large sample size to assess 
the impact of IBD as a potential risk factor for subsequent 
development of dementia in the UK Biobank.
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Materials and Methods
Data Set and Study Population
The UK Biobank is a prospective cohort study with more 
than half a million participants recruited from 2006 to 
2010. It collected extensive health-related information via 
questionnaires, physical measures, and medical records. 
Data were accessed until February 28 2021. Ethical ap-
proval of the UK Biobank was obtained from National 
Health System Northwest Multicenter Research Ethics 
Committee.15 The current study included 497,775 individ-
uals after excluding the participants who were with de-
mentia at baseline (Figure 1).

Exposure and Outcomes
Inflammatory bowel disease, composed of CD and UC, was 
ascertained by self-report data and data linkage with pri-
mary care, hospital admissions, and death registry records 
based on the International Classification of Disease ninth 
and tenth editions coding system. Specifically, all-cause de-
mentia records were documented including Alzheimer’s 
disease, vascular disease, dementia in other disease classified 
elsewhere, and unspecified dementia through data linkage 
with primary care, hospital admissions, and death registry 
records using ICD-9 and 10. Of note, self-reported dementia 
at recruitment was excluded from study population (details 
see Table S1).When a participant had multiple diagnosis re-
cords, we used the date of the first confirmed diagnosis to 
estimate the time to event, and additional records were re-
ferred to classify the specific subtypes of UC and CD.

Due to limited follow-up years and insidious nature of de-
mentia, we additionally included brain structure obtained 
from brain magnetic resonance imaging (MRI) and cogni-
tive function assessed by cognitive tests as 2 secondary out-
comes. Brain MRI imaging was done by UK Biobank, along 

with its ongoing multimodal imaging study.16 All brain MRI 
data were acquired on a Siemens Skyra 3 T scanner with a 
standard protocol (http://www.fmrib.ox.ac.uk/ukbiobank/
protocol/V4_23092014.pdf). Structural MRI measures 
of brain anatomy were documented as tissue-specific and 
structure volumes, including total volume of white matter 
hyperintensities,17 volume of white matter,18 volume of gray 
matter,19 volume of brain,20 total volume of hippocampus,21 
and volume of gray matter in hippocampus.22 We also used 
computed change in cognitive function tests derived from 
baseline and 2014 onwards. The cognitive tests covering 4 
domains covering reaction, visual episodic memory, verbal-
numerical reasoning, and prospective memory demonstrated 
modest to-good concurrent validity and moderate to high test-
retest reliability (details in Table S2).23 We used the cognitive 
tests as intermediate surrogate traits of dementia because they 
have proved to aid prediction to incident dementia (added up 
to 5% to the discriminative accuracy in UK Biobank dementia-
free sample at baseline during 3-to-8-year follow-up).24

Covariates
A wide range of sociodemographic factors, lifestyle factors, 
and family history of dementia were considered as covariates 
to adjust for any potential confounding. The covariates of 
sociodemographic factors included age, sex, race (White, 
non-White), education (university/college degree, upper sec-
ondary, lower secondary, vocational, other), body mass index 
(BMI), Townsend deprivation index (TDI, an indicator to rep-
resent socioeconomic status and lower value indicating higher 
socioeconomic status). Lifestyle factors included smoking and 
alcohol drinking status (never, previous, current), physical 
activity (assessed by international physical activity question-
naire and was categorized as low, moderate and high inten-
sity). Family history of dementia was considered as a binary 

Figure 1. Flowchart of the cohort study.
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categorical variable, dependent on the presence or absence of 
at least 1 first-degree relative affected by dementia at the time 
of recruitment. Inflammatory bowel disease treatments in com-
bination with IBD-related medication (5-aminosalicylic acid, 
glucocorticoid, immunosuppressants, and monoclonal)25,26 
and bowel resection surgery (detailed definition Table S6), 
symptoms of depression assessed with validated 2-item 
Patients Health Questionnaire (PHQ-2),27 and widely adjusted 
dementia-related comorbidities (cardiovascular diseases, type 
2 diabetes mellitus, hypertension, and hypothyroidism) were 
additionally considered as potential confounders.

Statistical Analysis
Baseline characteristics are presented as mean (SD) or counts 
(percentages). Analysis of variance (ANOVA) and χ

2
 test were 

performed for group comparisons. In the primary and sub-
group analysis, contributed person-time was calculated from 
baseline until the date of the first diagnosis of all-cause de-
mentia, date of death, date of loss, or end of follow-up, which-
ever came first. Cumulative incidence curves were depicted to 
feature the development of dementia during follow-up period. 
Multivariable Cox proportional hazard models were applied 
after verifying proportional hazard assumption through 
Schoenfeld residuals. Covariates were adjusted progressively 
in 3 models: 1) model 1 with basic adjustment for age, age-
square, sex, and race; 2) model 2 with additional adjustment 
for education and TDI; 3) model 3 with additional adjust-
ment for BMI, smoking status, alcohol drinking status, phys-
ical activity, and family history of dementia. Meanwhile, the 
hazard ratios (HRs) and 95% confidence intervals (CIs) of 
all-cause dementia in IBD, CD, and UC patients were esti-
mated in all the 3 models, respectively. Subgroup analyses 
stratified by each covariate were also performed.

We additionally conducted a series of sensitivity analyses to 
test robustness of primary analysis results. First, considering 
that dementia may be underdiagnosed at the time of IBD diag-
nosis due to its insidious feature,13 we excluded dementia cases 
diagnosed within the first 3 years after recruitment to minimize 
the possibility of reverse association. Second, we repeated the 
analyses after the exclusion of newly developed IBD during 
follow-up to ensure dementia diagnosed after IBD diagnosis. 
Third, to reduce the possibility of potential confounding, fur-
ther adjustments were performed for IBD treatments, symptoms 
of depression, and dementia-related comorbidities mentioned 
previously. Fourth, we additionally performed stratified Cox re-
gression model by categorizing patients with IBD into receipt of 
IBD-related medications, bowel resection surgery, both, or none 
(Table S6). Fifth, considering dementia is relatively late-onset, 
we applied competing risk model to account for the competing 
risk of death (referring to death as competing event).

In secondary analysis, to further explore the association be-
tween IBD and cognitive health, we additionally assessed the 
relationship of IBD with brain structure and cognitive func-
tion using linear regression models by fully adjusting for all 
covariates. All analyses were performed with R software (ver-
sion 4.0.3), and statistically significant 2-tailed P value was 
defined as < 0.05.

Results
Baseline characteristics stratified by IBD subtypes are shown 
in Table 1 and Table 2. Among 497,775 participants (mean 
age 57.0 [SD: 8.1] and 54.4% female), 5,778 IBD patients 

were documented at the baseline. During a mean follow-up 
of 11.58 years (comprising 791,368 person months), 6809 
individuals developed dementia, of which 30 cases were from 
CD patients and 70 cases were from UC patients.

As shown in Figure 2, the accumulative incidence of de-
mentia among IBD patients was slightly higher than that of 
non-IBD participants over time. However, in any of the 3 
models, subsequent dementia risk was not significantly asso-
ciated with either IBD (HR, 1.14; 95% CI, 0.94-1.39; P = 
.182) or its subtypes of CD (HR, 1.20; 95% CI, 0.84-1.71; 
P = .329) and UC (HR, 1.12; 95% CI, 0.89-1.42; P = .334; 
Table 2). Results of subgroup analyses are shown in Figure 3. 
Significant effect modification was observed for different age 
groups (P value for interaction = .040). Specifically, IBD (HR, 
1.66; 95% CI, 1.07-2.55; P = .022) and UC (HR, 1.85, 95% 
CI, 1.11-3.08; P = .018) were significantly associated with in-
cident dementia only among patients aged younger or equal 
to 60 years old.

Consistently, null risk estimates were reported in the sen-
sitivity analyses after excluding patients diagnosed with de-
mentia within 1, 2, and 3 years after baseline (Table S4), and 
incidence IBD (Table S5). Meanwhile, additional adjustment 
for IBD treatments, symptoms of depression, and a number of 
dementia-related comorbidities (Table S6), or involving death 
as competing risk (Table S8) furtherly comfirmed the results 
in primary analysis with no notable change in estimators. 
Cox-regression models stratified IBD treatments also yielded 
consistent null findings (Table S7). Moreover, no significant 
difference was observed in the measures of brain structure as 
well. However, in terms of cognitive tests performance, IBD 
patients had a significant increase in reaction time than non-
IBD participants (β = 12.32; 95% CI, 1.97 to 22.67; P = .020; 
Table 3).

Discussion
With a mean follow-up of 11.58 years, we examined the 
subsequent dementia risk among 497,775 participants with 
or without IBD. One hundred out of 5778 patients with 
IBD developed dementia during follow-up period. To our 
knowledge, this is the largest longitudinal cohort study 
with long follow-up observations focusing on the risk of 
developing dementia among patients with IBD. Due to the 
insidious nature of dementia, we also included measures of 
brain structure and cognitive performance as intermediate 
surrogate traits of dementia. Our study found limited evi-
dence in support of any significant association between IBD 
and subsequent dementia incidence, with the HR for de-
mentia in patients with IBD at 1.14 (95% CI, 0.94-1.39; P 
= .182).

To date, a few epidemiology studies examining the asso-
ciation between IBD and dementia were published.8-10,13-14 
Contrary to present findings that did not detect any direct 
significant association between IBD and the subsequent de-
velopment of dementia, several published studies found sig-
nificantly elevated risk. Wotton et al reported a rate ratio 
(RR) of 1.10 (95% CI, 1.05-1.15) and 1.06 (95% CI, 1.03-
1.10) for dementia after admission for UC and CD respect-
ively.8 Another study based on the Taiwan National Health 
Insurance Research Database reported a 2.54-fold (95% CI, 
1.91-3.37) increased risk of developing dementia among IBD 
patients,13 and the study using the IQVIA Disease Analyzer 
database in Germany also revealed 22% (95% CI, 1.07-1.39) 
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higher risk to develop dementia in IBD patients. However, 
referring to IBD subtypes, significantly elevated dementia risk 
was only detected among UC (HR, 1.25; 95% CI, 1.07-1.46) 
rather than CD (HR, 1.17; 95% CI, 0.93-1.47) patients.14 

Nevertheless, the magnitude of effect estimates in our study 
is similar to these reported by a very recent published study, 
which used longitudinal data from all Manitobans with IBD 
and matched controls and reported null association in UC 

Table 2. Hazard ratios (95% CIs) for developing dementia stratified by IBD.

 Person-months No. Events Model 1 a p Model 2 b p Model 3 c p 

Non-IBD 68190768 6709 Ref Ref Ref

IBD 791368 100 1.21 (0.99-1.47) 0.062 1.17 (0.96-1.43) 0.111 1.14 (0.94-1.39) 0.182

CD 247416 30 1.31 (0.92-1.88) 0.139 1.26 (0.88-1.80) 0.210 1.20 (0.84-1.71) 0.329

UC 543952 70 1.17 (0.92-1.48) 0.199 1.15 (0.91-1.45) 0.255 1.12 (0.89-1.42) 0.334

a Model 1 adjusted for age, age-square, sex, race.
b Model 2 adjusted for age, age-square, sex, race, education, Townsend deprivation index.
c Model 3 adjusted for age, age-square, sex, race, education, Townsend deprivation index, body mass index, alcohol drinker status, smoking status, physical 
activity, family history of dementia.

Table 1. Baseline characteristics by inflammatory bowel disease category in the UK Biobank (n = 497 775).

 Overall (n = 497,775) Non-IBD (n = 491,997) CD (n = 1826) UC (n = 3952) Pa 

Age at baseline, years, mean(SD) 57.0 (8.1) 57.0 (8.1) 56.9 (8.1) 58.1 (7.8) <0.001

Female, n (%) 270894 (54.4) 267861 (54.4) 1024 (56.1) 2009 (50.8) <0.001

White, n (%) 467652 (94.5) 462129 (94.4) 1765 (97.0) 3758 (95.6) <0.001

Education, n (%) <0.001

 University/College degree 160967 (32.8) 159344 (32.8) 489 (27.1) 1134 (29.0)

 Upper secondary 55250 (11.2) 54671 (11.3) 190 (10.5) 389 (9.9)

 Lower secondary 131844 (26.8) 130249 (26.8) 508 (28.1) 1087 (27.8)

  Vocational 58413 (11.9) 57680 (11.9) 244 (13.5) 489 (12.5)

  Other 84989 (17.3) 83799 (17.3) 376 (20.8) 814 (20.8)

BMI, kg/m2,mean(SD) 27.43 (4.80) 27.43 (4.80) 26.89 (4.77) 27.30 (4.65) <0.001

Townsend deprivation index, mean(SD) −1.30 (3.09) −1.30 (3.09) −1.11 (3.21) −1.32 (3.04) 0.025

Smoking status, n (%) <0.001

 Never 271127 (54.8) 268402 (54.9) 814 (44.7) 1911 (48.6)

 Previous 171428 (34.6) 168959 (34.5) 726 (39.9) 1743 (44.3)

 Current 52321 (10.6) 51764 (10.6) 279 (15.3) 278 (7.1)

Alcohol drink status, n (%)

 Never 22175 (4.5) 21889 (4.5) 98 (5.4) 188 (4.8) <0.001

 Previous 17870 (3.6) 17571 (3.6) 106 (5.8) 193 (4.9)

 Current 456113 (91.9) 450939 (92.0) 1616 (88.8) 3558 (90.3)

Physical activity, n (%)

 Low 76000 (18.9) 74996 (18.9) 345 (24.2) 659 (21.0) <0.001

 Moderate 163720 (40.8) 161892 (40.8) 551 (38.7) 1277 (40.6)

 High 161891 (40.3) 160153 (40.3) 529 (37.1) 1209 (38.4)

Family history of dementia b, n(%) 48291 (9.7) 47712 (9.7) 157 (8.6) 422 (10.7) 0.033

Symptoms of depression, n (%) 27565 (6.0) 27144 (5.9) 159 (9.3) 262 (7.1) <0.001

 Treatments, n (%) <0.001

  Medication 10722 (2.2) 8597 (1.7) 571 (31.3) 1554 (39.3)

  Resection of bowel 10959 (2.2) 10427 (2.1) 198 (10.8) 334 (8.5)

  Both 610 (0.1) 276 (0.1) 170 (9.3) 164 (4.1)

  None 475484 (95.5) 472697 (96.1) 887 (48.6) 1900 (48.1)

 Cardiovascular disease, n (%) 34161 (6.9) 33625 (6.8) 150 (8.2) 386 (9.8) <0.001

 Type-2 diabetes mellitus, n (%) 13452 (2.7) 13185 (2.7) 76 (4.2) 191 (4.8) <0.001

 Hypertension, n (%) 137576 (27.6) 135851 (27.6) 539 (29.5) 1186 (30.0) 0.001

 Hypothyroidism, n (%) 33929 (6.8) 33526 (6.8) 125 (6.8) 278 (7.0) 0.860

Abbreviations: IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; SD, standard deviation; BMI, body mass index.
a P values were calculated by χ2 tests or analysis of variance.
b Family history of dementia included mother’s and father’s dementia.
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(HR, 1.01; 95% CI, 0.85, 1.19) but an increased risk of de-
mentia in patients with CD (HR, 1.44; 95% CI, 1.16-1.78).10 
In line with a Danish study examining comorbidities experi-
enced by IBD patients, they also reported a nonsignificant as-
sociation between Alzheimer and UC (odds ratio, [OR], 1.05; 
95% CI, 0.57-1.94) and CD (OR, 1.08; 95% CI, 0.79-1.49).9 

The discrepant conclusions of different studies should be in-
terpreted with caution, considering the possibility of residue 
confounding and selection bias. For example, some of the im-
portant covariates like education, lifestyle, or socioeconomic 
factors that were identified as the most important modifiable 
risk factors of dementia were not properly adjusted in some 

Figure 2. Cumulative incidence curve of risk of incident dementia stratified by IBD. The P value from the test of the proportional hazard assumption 
based on weighted residuals for a Cox regression model fit was 0.83.

Figure 3. Hazard ratios (95% CIs) for developing dementia among patients with and without inflammatory bowel disease stratified by covariates. Hazard 
ratios were calculated adjusting for age, age-square, sex, race, education, Townsend deprivation index, BMI, alcohol drinker status, smoking status, 
physical activity, family history of dementia; Townsend deprivation index (TDI) was grouped by tertiles (T1-T3, from low to high).
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of the studies. Additionally, on contrary to our cohort study, 
several of these studies that reported positive associations 
used matched case-control design; however, the selection of 
matched controls against IBD patients could be extensively 
diverse according to the matched variables. Thus, selection 
bias was prone to happen, especially in a large database with 
a relatively low incidence of IBD.

Interestingly, when restricting to individuals younger than 
60 years at entry, we found that IBD patients had a signifi-
cantly higher risk of developing dementia. In line with a study 
that examined comorbid disease with IBD, they also found in-
creased HR for dementia diminished with age advancing (age 
25-50 years: HR, 1.58, 95% CI, 1.02-2.46; age 50-65 years: 
HR, 1.19, 95% CI, 0.87-1.62; age 65 and older: HR, 1.14, 
95% CI, 1.00-1.30).10 It could be that although dementia is 
an insidious and late-onset disease that occurs mainly among 
people aged over 65 years,12 IBD may accelerate its manifest-
ation earlier than expected compared with relative reduction 
in dementia among younger general population. Moreover, 
there could be survival bias. As IBD has been linked to an ele-
vated mortality,28 older IBD patients may not have survived 
long enough to be diagnosed with dementia. However, due 
to the small number of cases in each age group, the results 
should be interpreted cautiously.

With regard to the significantly slower reaction time in IBD 
patients rather than the other 3 cognitive tests, it raises the 
possibility that cognitive function of IBD patients may de-
teriorate in more strategic aspects such as reaction times. To 
our knowledge, we are the first to investigate the longitudinal 
change in cognitive function among patients with IBD, thus 
we are limited to make a comparison. However, our findings 
have similar implications with a recent meta-analysis.29 The 
research reported no evident difference between IBD and 
non-IBD population in multidomain cognitive screening tools 
(Mini Mental State Examination and Montreal Cognitive 
Assessment; standard mean difference [SMD],  −0.27; 95% 
CI −0.68 to 0.08), but they reported obvious specific cogni-
tive deficits in response time (SMD = −0.53; 95% CI, −1.03 to 
−0.04) comparing Stroop test performance. Another research 
revealed that those who suffered from CD had slower than 
normal cognitive response times across all time points but 
no difference in rate of making errors compared with their 

well-matched healthy counterparts, indicating their cogni-
tive dysfunction in the signal processing speed rather than in 
decision-making.30 Therefore in view of most of the studies 
examining particular cognitive function in IBD, patients were 
small in scale, and few studies have ever tested the cognitive 
function changes prospectively. Thus, further studies with de-
tailed cognitive tests targeting specific cognitive function do-
mains of IBD patients should be conducted to validate the 
findings of delayed reaction times in IBD patients.

Strengths and Limitations
This study expanded our knowledge on the association be-
tween IBD and dementia and highlighted the need for further 
longitudinal studies. We did a series of rigorous statistical ana-
lyses and one of the first to include intermediate surrogate 
traits of dementia, brain structure, and cognitive tests per-
formance into prospective analyses for further exploration. 
Although strengthened by large sample size and adequate 
follow-up period in UK Biobank cohort which allowed us to 
capture the association between IBD and age-associated de-
mentia, we may still have potentially underestimated the effect 
size, as some participants might develop dementia at an older 
age. Likewise, the cognitive function tests were derived from 
baseline and onwards. Because of the relatively short time 
measurement interval, measurement errors may happen, and 
the results are possible to change over time while aging. In 
addition, because of the relatively small number of cases, we 
were unable to assess any association with dementia subtypes. 
Moreover, although pooled statistics showed that estimators 
generated from UK Biobank were similar to population-
representative cohorts,31 selection bias may exist and restrict 
the generalizability of the study findings. Finally, although we 
adjusted for a wide range of potential confounders, residual 
confounding may still exist.

Conclusions
We conclude that the association between IBD and dementia 
remains uncertain, whereas heterogeneity in disease definition 
and study design may partially explain these inconsistent re-
sults. Further well-designed studies are needed to elucidate 
the association.

Table 3. Association between brain structure, cognitive function and IBD. (Linear regression)

Variable Participants IBD patients Beta (95%CI) a p 

Brain structure

 Total volume of white matter hyperintensities 19847 194  −311.80 (−1103.85 to 480.24) 0.440

 Volume of white matter 21039 205  −239.99 (−5622.71 to 5142.73) 0.930

 Volume of gray matter 21039 205  −1042.44 (−5992.91 to 3908.04) 0.680

 Volume of brain 21039 205  −1282.46 (−9567.11 to 7002.20) 0.762

Volume of hippocampus (total) 21022 205  −61.10 (−171.85 to 49.64) 0.280

Volume of gray matter in hippocampus (total) 21034 205  −78.81 (−179.39 to 21.78) 0.125

Cognitive function

 Reaction time change 44908 408 12.32 (1.97, 22.67) 0.020

 Visual memory change 45316 410  0.16 (−0.23 to 0.56) 0.414

 Verbal-numerical reasoning change 15098 136 −0.09 (−0.38 to 0.20) 0.545

 Prospective memory change 15467 139  0.04 (−0.05 to 0.12) 0.397

aAdjusted for age, age-square, sex, race, education, Townsend deprivation index, body mass index, alcohol drinker status, smoking status, physical activity, 
family history of dementia.
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