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Convergence of Epidemiology and 
Modifiable Causal Risk Factors in 
Inflammatory Bowel Disease and 
Alzheimer’s Disease

Graphical abstract

Highlights

•	 GBD 2021 shows parallel increases in IBD and AD burden globally.
•	 MR identifies education, coffee, and beef as shared causal factors.
•	 Shared TNF/NF-κB transcriptomic signatures in the gut and brain.
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In brief
 This study integrated global burden of 
disease data, Mendelian randomiza-
tion, and transcriptomic cross-valida-
tion to show that inflammatory bowel 
disease and Alzheimer ’ s disease share 
convergent epidemiology and caus-
al risk factors. Parallel increases in 
burden from 1990 – 2021, protective 
effects of higher education and beef 
intake, and detrimental effects of cof-
fee consumption were observed for 
both diseases. Shared dysregulation of 
TNF/NF-κB pathways in gut and brain 
tissues provided biological plausibility, 
suggesting that coordinated prevention 
strategies targeting chronic inflamma-
tion along the gut – brain axis may miti-
gate both conditions.  
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Introduction

The Global Burden of Disease (GBD) 
2021 Study provides a comprehensive 
assessment of global health trends, cover-
ing data from 1990–2021 across 204 coun-
tries and territories. Within this extensive 
framework, inflammatory bowel disease 
(IBD) and Alzheimer’s disease (AD) have 
emerged as conditions of particular con-
cern due to the increasing prevalence, pro-
found morbidity, and escalating societal 
and economic burden [1–4]. IBD, includ-
ing Crohn’s disease and ulcerative colitis, 
is a chronic inflammatory disorder of the 
gastrointestinal tract [3, 5], whereas AD is 

a progressive neurodegenerative disease 
characterized by cognitive decline [6, 7]. 
Despite distinct clinical manifestations, 
both conditions disproportionately affect 
aging populations and pose significant 
challenges to healthcare systems.

Mounting epidemiologic and biological 
evidence indicates an intriguing associa-
tion between IBD and AD that is largely 
mediated by systemic inflammation and 
gut-brain interactions. For example, popu-
lation-based studies have reported a higher 
incidence of AD in patients with IBD that is 
independent of traditional risk factors [8]. 
Chronic systemic inflammation and dysbi-
osis of the gut microbiota, which are hall-
marks of IBD, have been mechanistically 
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Abstract

Background: Inflammatory bowel disease (IBD) and Alzheimer’s disease (AD) are major global health 
burdens that are rising in prevalence but are typically studied as distinct disorders. This study systematically 
characterizes the convergent risk architecture between IBD and AD using integrated epidemiological, causal, 
and molecular approaches.
Methods: Global epidemiology, Mendelian randomization (MR), and in silico transcriptomic cross-vali-
dation were integrated. Global Burden of Disease 2021 data from 204 countries (1990–2021) were ana-
lyzed. Two‑sample MR was conducted using inverse-variance weighted (IVW) as the primary method, with 
weighted median, MR‑Egger, and MR‑PRESSO as sensitivity analyses to assess causal effects of genetically 
proxied lifestyle and socio‑environmental factors on IBD and AD. Cross‑disease transcriptomic analyses 
were performed to identify shared pathways.
Results: Parallel increases in IBD and AD burden were observed, with pronounced sociodemographic dis-
parities and a steep rise in AD in aging, high-sociodemographic index (SDI) populations. Higher genetically 
proxied educational attainment was associated with reduced risk of IBD (odds ratio [OR] = 0.87, 95% con-
fidence interval [CI] = 0.80–0.94) and AD (OR = 0.82, 95% CI = 0.74–0.91). Higher coffee consumption 
increased IBD (OR = 1.20, 95% CI = 1.09–1.33) and AD risk (OR = 1.19, 95% CI = 1.05–1.35). Higher 
beef intake had an inverse association with IBD (OR = 0.48, 95% CI = 0.27–0.88) and AD (OR = 0.0012, 
95% CI = 0.0006–0.0025). Transcriptomic analyses demonstrated concordant dysregulation of inflammatory 
and immune pathways, including TNF/NF-κB signaling. Projections indicated a continued escalation of AD 
burden to 2050.
Conclusions: Convergent epidemiologic, causal, and molecular evidence indicates that IBD and AD share 
modifiable determinants along the gut–brain axis. These findings highlight opportunities for coordinated 
prevention strategies targeting chronic inflammatory disease trajectories.
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linked to cognitive impairment and neurodegeneration [9]. 
Meta-analyses further substantiate these findings, demon-
strating increased risks of AD and IBD among individuals 
with Crohn’s disease and ulcerative colitis, thereby implicat-
ing gut microbiota as a pivotal modulator of gastrointestinal 
and neurologic pathology [9].

Mendelian randomization (MR), an emerging method that 
is applied in genetic epidemiology, provides a unique oppor-
tunity to test causality by using genetic variants as instrumen-
tal variables for modifiable exposures [10]. MR minimizes 
confounding factors and reverse causation that often chal-
lenge traditional observational studies by exploiting the 
random allocation of alleles at conception. This approach 
provides a more robust inference of causality, especially 
when investigating complex diseases influenced by multiple 
genetic and environmental factors [11]. Consequently, MR 
serves as a powerful tool to clarify the directionality and cau-
sality of the links between these interconnected conditions, 
guiding more targeted prevention and intervention efforts.

Moreover, recent MR analyses support a bidirectional 
association between IBD and AD, implying that systemic 
inflammation and gut-derived metabolites might influence 
neurodegeneration, while neuroinflammation could also 
impact gastrointestinal health [12]. This evidence under-
scores the importance of exploring the interconnected 
mechanisms underpinning these diseases, which could open 
avenues for early intervention and integrated treatment strat-
egies. Given these compelling findings, studying IBD and 
AD together can enhance our understanding of the shared 
pathogenic pathways and risk factors. The use of advanced 
genetic epidemiology tools, such as MR, allows us to infer 
causal relationships between modifiable exposures and 
disease outcomes more reliably, reducing bias inherent in 
observational studies [13].

In this study global-scale epidemiologic data from the 
GBD 2021 were integrated with large-scale MR analyses to 
systematically characterize the burden, temporal trends, and 
regional variation of IBD and AD, while interrogating the 
causal effects of lifestyle, dietary, and socioeconomic fac-
tors. We aimed to delineate shared determinants and uncover 
mechanistic insights into gut–brain interactions by combin-
ing population-level projections with genetically informed 
causal inference. Ultimately, the findings can be utilized to 
inform public health policy and highlight novel opportuni-
ties for prevention and intervention in these two increasingly 
prevalent and interconnected diseases.

Methods

Data source

This study was based on data from the GBD 2021 Study. The 
GBD 2021 database is comprised of cross-sectional global 
data collected between 1990 and 2021 from 204 countries 
and territories. The GBD 2021 database evaluates the burden 
of 371 diseases and injuries, including IBD and AD. Data are 
categorized by gender (male, female, and total population), 

age groups (≥ 40 years of age), geographic region (204 coun-
tries and territories), and sociodemographic index (SDI) 
for these conditions. The ICD-10 codes used for IBD were 
K50 for Crohn’s disease and K51 for ulcerative colitis. Data 
sources included census records, household surveys, vital 
registration systems, hospital records, and disease registries, 
all of which were compiled and stored within the Global 
Health Data Exchange (GHDx).

Estimated risk factors

The temporal trends of age-standardized disease rates were 
quantified using the estimated annual percentage change 
(EAPC), which summarizes the average yearly change over 
the study period. A log-linear regression model fitted the fol-
lowing form for each outcome:

ln(ASR _ t)    t   _t,= α + β + ε

where ASR_t denotes the age-standardized rate (e.g., inci-
dence, prevalence, mortality, or disability-adjusted life years 
[DALYs]) in calendar year t, α is the intercept, β is the slope, 
and ε_t is the error term. The EAPC and the 95% confidence 
interval (CI) were then calculated as follows:

EAPC  100  exp( ) 1 ,[( ]= × β −

with the 95% CI derived from the β standard error. This 
approach facilitated the quantification of the direction and 
magnitude of temporal trends in disease burden.

Sociodemographic index

The sociodemographic index (SDI) is a composite measure 
that captures the social and economic factors influencing 
health outcomes across different regions [14]. The SDI is cal-
culated as the geometric mean of three components: the total 
fertility rate among individuals < 25 years of age (TFU25); 
the average education level of individuals ≥ 15 years of 
age (EDU15+); and the lag-distributed income per capita 
(LDI). The SDI values were multiplied by 100 in the GBD 
2021 study to produce a scale that ranges from 0–100. Log-
transformed age-standardized DALY rates were modeled as 
a function of calendar year, SDI category, and the interaction 
using linear regression to formally assess whether temporal 
trends differed across SDI categories. EAPCs and 95% CIs 
were derived from the estimated slopes and heterogeneity in 
EAPCs across SDI categories was evaluated using a global 
Wald (F) test for the interaction term.

Auto regressive integrated moving 
average (ARIMA) analysis
In this study the ARIMA model was used to project future 
DALYs related to AD and IBD from 2022–2050. ARIMA is 
a widely used time series analysis method that models data 
based on past values and errors, providing reliable short- 
and long-term forecasts. These projections offer valuable 
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insights for public health planning and the development of 
preventive strategies.

Mendelian randomization analysis

A two-sample MR approach was used to evaluate the causal 
associations between a broad spectrum of risk factors and 
neurodegenerative diseases (IBD and AD). Summary sta-
tistics for the genome-wide association study (GWAS) 
were sourced from large-scale European ancestry studies, 
as detailed in Supplementary Table S1. These datasets 
encompassed traits related to education, intelligence, smok-
ing behaviors (e.g., age of initiation, lifetime smoking, peer 
smoking, cessation, and initiation), alcohol consumption 
(frequency, use disorder, and drinks per week), coffee intake, 
sleep characteristics (chronotype, insomnia, and sleep dura-
tion), physical activity (moderate-to-vigorous activity, stren-
uous exercises, and sedentary behavior), dietary factors (e.g., 
cereal, vegetable, fish intake, processed meat, cheese, and 
fruit intake), obesity-related traits (BMI, birth weight, child-
hood BMI, waist and hip circumference, waist-to-hip ratio, 
body fat percentage, and visceral adiposity), serum biomark-
ers (ferritin, transferrin, iron, zinc, magnesium, and glucose), 
and other exposures.

Instrumental variables were selected as genome-wide sig-
nificant single nucleotide polymorphisms (SNPs) for each 
exposure (P < 5 × 10−8) and clumped for linkage disequilib-
rium (r2 < 0.01 within a 10,000 kb window). The number of 
SNPs used for each trait is presented in the corresponding 
result tables. The primary causal estimates were obtained 
using the inverse-variance weighted (IVW) method under 
fixed- and random-effects models. Between-variant hetero-
geneity was assessed using Cochran’s Q statistic. Median-
based estimators (weighted median and simple median) were 
applied to provide more robust causal estimates in the pres-
ence of substantial heterogeneity.

Horizontal pleiotropy was evaluated using several comple-
mentary approaches. Directional (unbalanced) pleiotropy was 
tested with the MR-Egger intercept. A non-significant intercept 
was interpreted as no strong evidence of directional pleiotropy. 
MR-PRESSO was applied to detect and correct for outlier 
SNPs that may introduce horizontal pleiotropy, as appropriate, 
reporting both the global test and outlier-corrected estimates. 
Leave-one-out analyses was performed by iteratively exclud-
ing each SNP and re-estimating the causal effect to assess the 
influence of individual variants. The causal direction of asso-
ciations was examined using the MR Steiger test, which com-
pares the variance explained in the exposure and the outcome.

Multiple testing was addressed using the Bonferroni cor-
rection with adjusted significance thresholds based on the 
number of exposures tested. All analyses were performed 
in R using the TwoSampleMR package together with 
MR-PRESSO and related functions for heterogeneity and 
pleiotropy assessment. Effect sizes are reported per standard 
deviation increase in genetically predicted exposure or per 
log-odds unit, when applicable. This combination of primary 
and sensitivity analyses was used to ensure the robustness 
and reliability of the inferred causal effects of the evaluated 
risk factors on IBD and AD.

Public transcriptomic 
cross-validation
An ancillary in silico transcriptomic cross-validation was 
performed using publicly available bulk RNA-sequencing 
datasets to explore potential biological mechanisms under-
lying the observed epidemiologic association between IBD 
and AD. Colonic mucosa biopsies from patients with Crohn’s 
disease or ulcerative colitis and non-IBD controls obtained 
from the Gene Expression Omnibus [GEO] (GSE16879 
and GSE57945) were analyzed. Bulk RNA-sequencing data 
from post-mortem temporal cortex samples of pathologi-
cally confirmed AD cases and age-matched cognitively nor-
mal controls from the AMP-AD Knowledge Portal and GEO 
(GSE7621 and GSE49036) were used.

Raw count matrices were pre-processed by removing 
genes with low expression, then normalized for library size 
and compositional bias using the trimmed mean of M val-
ues (TMM) method. Differential expression analysis was 
performed separately for each IBD versus control and AD 
versus control datasets using the limma-voom pipeline, with 
voom transformation applied to model the mean–variance 
relationship. All models were adjusted for available covari-
ates, including age, gender, and technical or batch effects, for 
which such information was provided.

Genes were considered differentially expressed if both 
of the following criteria were met: false discovery rate 
(FDR) < 0.05 (Benjamini–Hochberg adjustment) and an 
absolute log

2
 fold-change (|log

2
FC|) ≥ 1. Differentially 

expressed gene (DEG) lists were generated at the gene 
level for each disease and stratified by direction of change 
(up- and down-regulated). Shared DEGs between IBD 
and AD were identified by taking the intersection of the 
respective DEG sets at the gene symbol level. Whether 
shared DEGs exhibited concordant (both up-regulated or 
both down-regulated) or discordant directions of change 
across the two diseases were recorded for interpretability.

Pathway enrichment analyses were performed separately 
for IBD-specific DEGs, AD-specific DEGs, and the shared 
DEG set using the clusterProfiler R package. Gene Ontology 
(GO) biological process terms and KEGG pathways were 
interrogated using the expressed genes in each dataset as the 
background (gene universe). Enrichment results with a FDR 
< 0.05 were considered statistically significant. Enrichment 
of curated immune-related gene sets derived from estab-
lished immune and inflammation-focused annotations were 
evaluated to further characterize the shared inflammatory 
signature. This transcriptomic cross-validation provided 
complementary biological context for the epidemiologic 
association between IBD and AD.

Ethical statement

This study was based exclusively on secondary analyses 
of publicly available, de-identified data, including GBD 
estimates, GWAS summary statistics, and bulk transcrip-
tomic datasets obtained from the GEO and the AMP-AD 
Knowledge Portal. All original studies received ethical 
approval from the respective institutional review boards, as 
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stated in the corresponding publications. No new data were 
collected and no individual-level identifiable information 
was accessed. Therefore, additional ethical approval and 
informed consent were not required for the present analyses.

Results

Global burden analysis from 
1990–2021
The global burden of IBD has increased substantially between 
1990 and 2021, as illustrated in Table 1. The total DALYs 
were approximately 610,132 (95% uncertainty interval [UI]: 
507,914–738,219) in 1990, increasing to 1,231,977 (95% UI: 
1,013,999–1,466,718) in 2021. The number of DALYs cases 
increased from 610,132 (95% UI: 507,914–738,219) in 1990 
to 1,231,977 (95% UI: 1,013,999–1,466,718) in 2021, while 
the age-standardized DALYs rate decreased slightly from 
46.42 to 40.71 per 100,000 population (EAPC: −0.37%). 
Similarly, the total number of deaths increased from approx-
imately 18,151 (95% UI: 14,566–22,067) in 1990 to 42,735 
(95% UI: 35,153–50,247) in 2021 with the age-standardized 
death rate decreasing from 1.61 to 1.44 per 100,000 (EAPC: 
−0.26%). The incidence of age-standardized deaths increased 
from 109,189 (95% UI: 83,938–138,993) to 255,428 (95% 
UI: 194,351–326,259) and the prevalence increased from 
1,433,658 (95% UI: 1,174,138–1,741,835) to 2,977,293 
(95% UI: 2,399,155–3,648,902). The age-standardized 
incidence rate increased modestly from 7.78 to 8.41 per 
100,000, while the prevalence rate decreased slightly from 
102.93 to 97.71 per 100,000. The number of years lived 
with disability (YLDs) increased from 214,439 to 440,185 
and the number of years of life lost (YLLs) increased from 
395,694 to 791,793 with respective slight decreased in the 
age-standardized rate.

The global burden associated with AD also increased 
markedly between 1990 and 2021. The total DALYs 
increased from approximately 13.48 million (95% UI: 
5.93–29.47 million) in 1990 to approximately 39.65 mil-
lion (95% UI: 17.52–84.04 million) in 2021. The num-
ber of DALYs cases increased from 13,484,443 (95% 
UI: 5,933,327–29,466,174) to 39,650,953 (95% UI: 
17,519,808–84,041,018). The age-standardized DALYs 
rate increased slightly from 1,298.21 to 1,344.5 per 100,000 
(EAPC: 0.08%). The total deaths increased from 666,142 
(95% UI: 158,115–1,765,948) to 2,197,548 (95% UI: 
541,616–5,501,603) with the age-standardized death rate 
increasing from 72.92 to 76.39 per 100,000 (EAPC: 0.12%). 
The incidence of deaths increased from about 3,737,151 
(95% UI: 2,645,259–5,121,096) to 10,486,626 (95% UI: 
7,386,116–14,376,465) and the prevalence increased 
from 21,118,019 (95% UI: 16,555,241–26,514,550) 
to 60,277,075 (95% UI: 47,015,177–75,719,554). The 
age-standardized incidence and prevalence death rates 
showed slight upward trends with YLDs increasing from 
4,226,574 to 12,203,988 and YLLs from approximately 
9,257,869 to 27,446,965.Ta
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Regionally, Australasia experienced the most significant 
increase in DALYs due to IBD, increasing from approx-
imately 5,616.57 (95% UI: 3,962.54–7,680.81) in 1990 to 
16,753.08 (95% UI: 12,525.05–21,792.74) in 2021 with an 
EAPC of 0.89%. East Asia showed the most notable decline 
in the age-standardized DALYs rate, decreasing from 28.23 
to 13.67 per 100,000 population (EAPC: −2.49%). Western 
Europe had the largest increase in deaths, from 532.63 (95% 
UI: 461.31–640.7) in 1990 to 925.24 (95% UI: 808.49–
1,045.78) in 2021 with an EAPC of 0.39%. East Asia expe-
rienced the most significant decline in the age-standardized 
death rate, decreasing from 1.60 to 0.67 per 100,000 (EAPC: 
−3.2%). Central Asia had the largest increase in the inci-
dence of deaths, from 1,290.9 (95% UI: 951.27–1,745.52) 
to 3,146.31 (95% UI: 2,319.34–4,256.38) with an EAPC of 

0.38%. Finally, East Asia had the most substantial increase 
in the prevalence of deaths, increasing from 32,983.27 (95% 
UI: 25,355.14–42,792.08) in 1990 to 131,524.09 (95% UI: 
102,113.29–171,728.08) in 2021 with an EAPC of 2.29% 
(Figure 1A, B).

Regionally, East Asia had the most significant number of 
DALYs cases for IBD with approximately 2,885,697 (95% 
UI: 1,250,618–6,802,704) and the highest age-standardized 
DALYs rate at 1,507.26 per 100,000 (95% UI: 644.2–
3,529.96) in 1990. East Asia continued to have the largest 
number of DALYs cases by 2021, increasing to 11,950,683 
(95% UI: 5,626,996–24,652,262) with a rate of 1,599.07 
per 100,000 (95% UI: 748.24–3,296.66). East Asia also 
had the most substantial burden of DALYs deaths in 1990 
with 125,517,668 (95% UI: 29,318,250–364,830,350) 

Figure 1  Descriptive statistics of IBD- and AD-related indicators across GBD 2021 data for 21 regions. (A) and (B) depict the distribution of 
IBD-related burden across the 21 GBD regions with (A) showing the age-standardized rates (DALYs, deaths, and incidence) and (B) illustrating 
the absolute number of cases. (C) and (D) illustrate the similar distribution for Alzheimer’s disease (AD) with (C) displaying age-standardized 
rates and (D) showing the number of cases for DALYs, deaths, and incidence across the same regions.
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cases and the highest age-standardized death rate (82.72 per 
100,000). East Asia remained the region with the highest 
death count in 2021, reaching 602,800 (95% UI: 147,256–
1,551,834) and a rate of 85.07 per 100,000. East Asia had 
the highest incidence of deaths in 1990 with 776,332 (95% 
UI: 533,974–1,083,370) cases, increasing to 3,547,183 
(95% UI: 2,481,054–4,863,099) in 2021. The prevalence 
of deaths in East Asia increased from 4,466,977 (95% UI: 
3,420,477–5,679,887) cases in 1990 to 20,700,390 (95% 
UI: 16,043,617–26,091,250) in 2021, making East Asia the 
region with the most substantial disease burden across mul-
tiple metrics (Figure 1C, D).

Differences in IBD and AD burden 
across age and gender
The 50–54-year age group had the highest number of DALYs 
cases for IBD (73,398; 95% UI: 60,143–90,604) and the 
highest age-standardized DALYs rate (34.46 per 100,000; 
95% UI: 28.23–42.53) in 1990. The same age group contin-
ued to bear the highest number of cases by 2021, increasing 
to 125,251 (95% UI: 98,989–154,291) with a rate of 27.57 
per 100,000 (95% UI: 21.79–33.96). The overall trend had a 
slight decline in the age-standardized DALYs rate across all 
age groups with the most notable decrease in the 60–64-year 
age group, which declined from 46.37 to 40.97 per 100,000 
(EAPC: −0.29). The highest death counts in 1990 were in 
the 65–69-year age group (1747; 95% UI: 1,419–2,104), 
increasing in 2021 to 3427 (95% UI: 2,990–4,009) with 
an overall decline in the age-standardized death rate from 
1.41 to 1.19 per 100,000 (EAPC: −0.59). The incidence was 
highest in the 50–54-year age group, increasing from 16,250 

(95% UI: 12,099–21,098) cases in 1990 to 37,624 (95% 
UI: 27,733–48,990) in 2021 with a slight increase in the 
age-standardized incidence rate. The prevalence followed 
a similar pattern, peaking in the 50–54-year age group, 
increasing from 214,300 (95% UI: 176,481–257,917) cases 
in 1990 to 433,499 (95% UI: 346,603–530,226) in 2021 
(Figure 2A, B).

The 70–74-year age group had the highest number 
of DALYs cases for AD (1,631,927; 95% UI: 729,673–
3,659,124) and the highest age-standardized DALYs rate at 
1,931.01 per 100,000 (95% UI: 861.81–4,321.78) in 1990. 
This same age group had a substantial increase to 4,445,351 
(95% UI: 2,003,614–9,542,641) cases in 2021 with a rate of 
1,993.42 per 100,000 (95% UI: 898.48–4,279.19). Although 
the absolute number of cases and deaths in older popula-
tions has grown significantly, the age-standardized DALYs 
rate has shown a slight decline over time, notably in the 
60–64-year age group (from 568.78 to 575.53 per 100,000; 
EAPC: 0.07). The death counts increased from 156,304 in 
1990 to approximately 543,471 in 2021 with death rates ris-
ing from 1,009.95 to 1,057.08 per 100,000. The incidence 
and prevalence also peaked in the 70–74-year age group, 
increasing from 35,271 cases in 1990 to nearly 1,459,266 
cases in 2021, and from 2.76 million to > 7.94 million, 
respectively. Overall, older age groups, particularly the > 
70-year age group, continue to bear the highest burden of 
AD with substantial increases in the absolute number over 
time, while age-standardized rates remained relatively stable 
or slightly declined (Figure 2C, D).

Table 2 presents the overall burden of disease met-
rics stratified by gender for major conditions (IBD and 
AD) for1990 and 2021 with emphasis on trends in disease 
prevalence, mortality, and DALYs. Females and males 

Figure 2  Age-related distribution of IBD- and AD-related burden across GBD 2021 data for 21 regions. (A) and (B) display the distribution of 
IBD-related indicators across different age groups with (A) showing age-standardized rates (DALYs, deaths, and incidence) and (B) illustrating 
the number of cases. (C) and (D) present the same indicators for AD with (C) showing age-standardized rates and (D) depicting the number 
of cases across different age groups.
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exhibited comparable DALY counts for IBD in 1990 with 
approximately 306,241 and 303,892 cases, respectively, and 
age-standardized rates of 44 and 49 per 100,000, both of 
which slightly decreased over time (EAPC: females −0.33; 
males −0.39). The mortality rates were marginally higher 
in males with death counts of 8255 (females) and 8255 
(males) in 1990 and increasing modestly by 2021, while the 
age-standardized death rates decreased slightly. The inci-
dence and prevalence of IBD increased substantially, espe-
cially in older populations, with the prevalence increasing 
from 749,000 (females) and 685,000 (males) in 1990 to 1.54 
and 1.43 million in 2021, respectively. The YLDs and YLLs 
mirrored these trends, indicating a rising disease burden but 
with modest declines in age-standardized rates. Conversely, 
AD displayed a markedly higher burden with females expe-
riencing approximately 9.19 million DALYs in 1990, rising 
to > 26 million in 2021, and males with 4.29 million increas-
ing to 13.6 million. Notably, the age-standardized DALYs 
rate increased slightly for females (EAPC: 0.08) and more 
substantially for males (0.21). The mortality data revealed 
a consistent decline in age-standardized death rates for both 
genders but the total deaths increased due to population 
growth and aging. The prevalence and incidence of AD also 
increased significantly with the prevalence increasing from 
13.7 million (females) and 7.4 million (males) in 1990 to > 
38 and 22 million, respectively, in 2021. Overall, these data 
highlight substantial increases in disease burden over the 3 
decades that were driven by demographic shifts, although 
age-standardized rates suggested some improvement or sta-
bilization in some metrics. These findings underscore the 
importance of targeted public health strategies to mitigate 
the growing impact of IBD and AD across genders.

Differences in IBD and AD across 
SDI levels
The SDI data for IBD indicate distinct patterns in disease 
burden between 1990 and 2021. High SDI regions ini-
tially exhibited the highest absolute DALY counts and rates 
with 369,892 DALYs (95% UI: 308,026–442,380) and an 
age-standardized rate of 54.81 per 100,000 in 1990, which 
decreased slightly over time (EAPC: −0.02). In contrast, 
middle SDI regions experienced a substantial increase in 
total DALYs, increasing from 34,479 in 1990 to 73,910 
in 2021 with a significant reduction in age-standardized 
rates (EAPC: −1.10). Low SDI regions had a lower abso-
lute burden but also demonstrated a decline in rates (EAPC: 
−0.36). The high-middle SDI group had intermediate ini-
tial burden levels but had notable decreases in standardized 
rates (EAPC: −0.86). These trends suggested that high SDI 
countries initially bore the greatest burden but the relative 
burden decreased modestly over time, possibly reflect-
ing improvements in healthcare and disease management. 
Conversely, middle and lower SDI regions have increasing 
total burdens, highlighting disparities in disease prevalence, 
detection, and healthcare access across socio-economic 
strata. Overall, these findings underscore the importance of 
tailored public health strategies to address the evolving land-
scape of IBD burden across different socioeconomic levels 

(Figure 3A, B). In addition to descriptive comparisons, 
whether temporal trends in age-standardized DALY rates 
differed across SDI strata was formally evaluated by fitting 
linear regression models of log-transformed rates on calen-
dar year with an interaction term for SDI level. The global 
test for heterogeneity in EAPCs across SDI categories was 
statistically significant [p_global < 0.001], indicating that 
the modest decline that occurred in high-SDI regions dif-
fered significantly from the steeper declines in middle- and 
low-SDI regions.

The SDI level and burden of AD data from 1990–2021 
showed that high SDI countries initially had the high-
est absolute DALYs (approximately 8.55 million in 1990) 
with a rate of 1,402.56 per 100,000, increasing to > 22.75 
million cases by 2021 with a slight rate increase (EAPC: 
0.04). High-middle SDI regions also experienced substantial 
growth with DALYs rising from 2.06 million to > 8.36 mil-
lion and a modest rate increase (EAPC: 0.05). Conversely, 
lower SDI regions started with smaller burdens but had 
significant proportional increases with DALYs increas-
ing from 769,000 to 2.41 million and higher rates (EAPC: 
0.45), indicating a faster relative increase in disease burden. 
Middle SDI regions followed similar trends with DALYs 
increasing from 881,569 to > 3 million and a steady rate 
increase (EAPC: 0.46). Overall, while high SDI countries 
maintain the highest absolute burden, lower SDI regions are 
experiencing more rapid growth in AD burden, reflecting 
disparities in disease prevalence, detection, and healthcare 
resources (Figure 3C, D). Similarly, the global heterogeneity 
test for EAPCs across SDI categories was statistically signif-
icant [p_global < 0.001], driven by faster increases in age-
standardized DALY rates in low- and middle-SDI regions 
compared to the relatively stable trends in high-SDI regions. 
These findings support the presence of genuine regional het-
erogeneity in the temporal evolution of AD burden.

Forecasted risk factors for IBD and 
AD
The ARIMA forecasts for IBD risk factors from 2024–2050 
indicate a steady increase in disease burden across both 
genders. Female DALYs are projected to rise from approx-
imately 635,794 in 2024 to > 887,806 in 2050 with similar 
upward trends occurring in males, increasing from 615,027 
to > 852,955 during the same period. The forecasted inci-
dence rates for females are expected to grow from 129,737 
cases in 2024 to nearly 222,381 cases by 2050, while males 
are projected to increase from approximately 129,465 to > 
214,351 cases. Similarly, the prevalence of IBD is forecasted 
to increase significantly with females increasing from 1.58 
million to > 3.3 million cases and males from approximately 
1.49 million to > 3.1 million cases between 2024 and 2050. 
The YLLs also had an upward trend with females increas-
ing from 402,000 to > 561,000 and males from 403,000 
to > 556,000 over the forecast period (Figure 4A). The 
YLLs forecasts for AD from 2024–2050 project a continu-
ous increase in disease burden across both genders. Female 
DALYs are expected to grow from approximately 27.2 mil-
lion in 2024 to > 34.3 million in 2050 with a corresponding 
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increase in incidence from 6.8 million to nearly 14 million 
cases. Male DALYs are forecasted to increase from 14.3 mil-
lion to > 17.6 million with the incidence increasing from 4.0 
million to > 7.6 million cases. The total YLLs for females are 
projected to rise from 18.9 million to > 26.5 million, while 
for males the total YLLs are projected to increase from 9.87 
million to > 13.8 million during the same period. Prevalence 
estimates indicated that the number of individuals affected 
will grow substantially with females increasing from 39.4 
million to > 43.3 million and males from 23.1 million to > 
27.6 million by 2050. These forecasts highlight a significant 
and ongoing increase in AD burden globally, underscoring 
the need for enhanced healthcare preparedness and resource 
allocation to manage the increasing impact of the disease 
over the coming decades (Figure 4B).

Influence of risk factors on the IBD 
and AD burden
MR analyses were performed to assess the causal effects of 
multiple risk factors on IBD and AD, using the IVW (fixed 
effects) method as the primary analytic strategy. From this 
comprehensive assessment, three overlapping factors (beef 
intake, coffee consumption, and educational attainment) 
were shown to be significantly associated with the risk of 
both diseases, as summarized in Table 3.

Specifically, higher genetically predicted beef intake was 
associated with a significantly reduced risk of IBD (β = 
−0.72, SE = 0.31, P = 0.018; OR = 0.48, 95% CI: 0.27–0.88) 
and AD (β = −6.73, SE = 0.38, P < 0.0001; OR = 0.0012, 
95% CI: 0.0006–0.0025; Figure 5A, B), indicating a poten-
tial protective effect. In contrast, higher genetically predicted 

coffee consumption (high vs. infrequent/no consumption) 
was significantly associated with increased risk for IBD (β = 
0.18, SE = 0.05, P = 0.0003; OR = 1.20, 95% CI: 1.09–1.33) 
and AD (β = 0.18, SE = 0.06, P = 0.005; OR = 1.19, 95% 
CI: 1.05–1.35; Figure 5C, D), suggesting that elevated cof-
fee intake may be a risk factor for both disorders. Moreover, 
higher genetically predicted educational attainment demon-
strated a protective association and was linked to lower risks 
of IBD (β = −0.14, SE = 0.04, P = 0.0008; OR = 0.87, 95% 
CI: 0.80–0.94) and AD (β = −0.20, SE = 0.05, P = 1.79 × 
10−4; OR = 0.82, 95% CI: 0.74–0.91; Figure 5E, F).

Shared inflammatory transcriptomic 
signatures between IBD and AD
In the colonic mucosa dataset 1247 DEGs associated with 
IBD were identified compared to non-IBD controls (713 
upregulated and 534 downregulated; FDR < 0.05, |log

2
FC| 

≥ 1). In the temporal cortex dataset 1038 DEGs were associ-
ated with AD compared to cognitively normal controls (612 
up-and 426 down-regulated). Intersection analysis revealed 
146 genes that were significantly dysregulated in IBD and 
AD, of which 112 (76.7%) had a concordant direction of 
change (i.e., up-or down-regulated in IBD and AD).

Pathway enrichment analysis of these 146 shared DEGs 
demonstrated significant over-representation of innate and 
adaptive immune pathways, including the TNF signaling 
pathway (KEGG; FDR = 2.1 × 10−4), NF-κB signaling 
pathway (FDR = 4.6 × 10−4), cytokine–cytokine receptor 
interaction (FDR = 7.8 × 10−4), and regulation of leukocyte 
activation (GO; FDR = 1.3 × 10−3). Consistent with these 
findings, the shared DEG set was significantly enriched for 

Figure 3  Distribution of IBD- and AD-related indicators across SDI regions in GBD 2021 data. (A) and (B) show the variation in IBD burden 
across different SDI regions with (A) illustrating age-standardized rates (DALYs, deaths, and incidence) and (B) displaying the number of 
cases. (C) and (D) depict the corresponding distribution for AD with (C) presenting age-standardized rates and (D) showing the number of 
cases across SDI regions. These figures highlight how disease burden varies with sociodemographic development levels for IBD and AD.
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curated immune-related gene sets, particularly the DEGs 
involved in innate immune responses and cytokine signaling 
(all FDR < 0.05). Notably, several key inflammatory medi-
ators (e.g., TNFRSF1A, IL1B, CCL2, and CXCL8) and 
regulators of microglial/monocytic activation (e.g., TREM2 
and TYROBP) were consistently upregulated across both 
tissues, suggesting convergent activation of myeloid-driven 
inflammatory programs. Conversely, a subset of shared 
downregulated genes was enriched for synaptic function 
and neuronal signaling pathways (e.g., synaptic vesicle 

cycle [FDR = 3.4 × 10−3]), indicating that chronic inflam-
matory signaling may be mechanistically linked to neuronal 
dysfunction.

Taken together, these transcriptomic findings provided 
orthogonal biological support for the epidemiologic observa-
tions, indicating that IBD and AD share overlapping inflam-
matory and immune-related molecular signatures despite 
involving distinct primary organs. This convergence on 
TNF/NF-κB–centered pathways may help explain the par-
allel increases in disease burden and highlights potentially 

Figure 4  Predicted number of cases for IBD- and AD-related indicators in GBD 2021 data. (A) displays the forecasted values of six indicators 
(DALYs, deaths, incidence, prevalence, YLDs, and YLLs) for IBD separated by gender (female and male) using the ARIMA method. (B) shows 
the corresponding predicted values for AD with the same six indicators and gender-specific data, which were also generated via ARIMA. These 
projections provide insights into future trends of disease burden across different health metrics and genders for IBD and AD.
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shared therapeutic targets that warrant further mechanistic 
investigation.

Discussion

This study provides a multifaceted examination of the global 
burden, epidemiologic trends, and potential causal risk fac-
tors associated with IBD and AD, two major health condi-
tions with increasing prevalence worldwide. Leveraging 
data from the GBD 2021, both diseases experienced notable 
increases in absolute burden over the past 3 decades with 
AD showing a more pronounced rise in total DALYs and 
age-standardized rates, particularly among older populations 
and high SDI regions. These findings highlight the growing 
public health challenge posed by neurodegenerative diseases 
in aging societies and underscore the importance of targeted 
prevention strategies.

Our analysis demonstrated notable heterogeneity in the 
burden of IBD and AD across different demographic groups, 
emphasizing the importance of tailored public health strate-
gies. The higher burden of AD observed in females and older 
age groups aligns with well-established demographic pat-
terns, reflecting biological, social, and healthcare access fac-
tors [15, 16]. Women generally have longer life expectancy, 
which increases the cumulative risk of age-related neurode-
generative diseases, such as AD [17]. In addition, hormonal 
differences and genetic predispositions may contribute to the 
observed gender disparities [18]. The pronounced increase in 
AD burden among the elderly underscores the critical impact 
of aging populations globally, highlighting the necessity for 
age-specific interventions and healthcare planning [19].

In contrast, IBD displayed a relatively stable but slightly 
declining age-standardized rate over the study period, which 
may reflect improvements in disease management, early 
diagnosis, and increased availability of effective therapies 
that reduce the progression and disability associated with the 
condition [20, 21]. Stabilization of the IBD burden suggests 
that advances in medical care could be mitigating the overall 
impact on populations, despite an increase in the prevalence 
[22, 23]. However, regional disparities persist and the burden 
remains significant, especially in low- and middle-income 
countries where healthcare resources and awareness may be 
limited.

Furthermore, the results revealed that the burden of both 
diseases increases markedly with age, particularly beyond 40 
years of age, with the highest rates occurring in the oldest age 

groups (85+ years). The steep age-related increase in DALYs 
and rates emphasizes the profound influence of aging on dis-
ease susceptibility and severity [24]. This trend for AD is 
expected due to neurodegenerative processes that accelerate 
with age, but the rising burden of IBD in the elderly also 
warrants attention [25]. Age-related immune dysregulation, 
co-morbidities, and polypharmacy may exacerbate disease 
progression and complicate management in older adults.

Sociodemographic factors further modulate disease bur-
den. High SDI regions, characterized by higher healthcare 
access and longer life expectancy, exhibit higher absolute 
DALYs for AD, partly due to demographic shifts toward 
older populations [26, 27]. Conversely, lower SDI regions, 
although currently showing lower absolute burdens, are 
experiencing faster increases in disease rates that are likely 
driven by demographic transitions, urbanization, and life-
style changes [28, 29]. Higher SDI countries have higher 
absolute IBD DALYs and rates, which is consistent with the 
observed global epidemiologic pattern, in which urbanized 
and economically developed regions report a higher IBD 
prevalence, possibly due to environmental and dietary fac-
tors [30].

Importantly, the epidemiologic evidence and biologi-
cal plausibility support a close link between IBD and AD. 
Population-based studies and meta-analyses indicate that 
individuals with IBD are at a higher risk of developing AD 
and other neurodegenerative conditions, potentially driven by 
shared inflammatory pathways and gut microbiome dysbio-
sis [9, 25]. The role of systemic inflammation and alterations 
in gut microbiota in contributing to neuroinflammation and 
neurodegeneration is increasingly recognized, suggesting 
common pathogenic mechanisms [31]. Recent MR analyses 
further support a bidirectional causal relationship, implying 
that systemic inflammation and gut-derived metabolites may 
influence neurodegenerative processes, while neuroinflam-
mation may impact gastrointestinal health [32, 33]. These 
insights underscore the interconnected nature of gut-brain 
axis pathways and highlight the potential for integrated ther-
apeutic approaches.

The MR findings suggested that higher genetically pre-
dicted beef intake may have a protective effect against IBD 
and AD, potentially due to the rich content of high-quality 
protein, micronutrients, and amino acids that support 
immune and neurologic health, although the exact mech-
anisms warrant further investigation [34–36]. Conversely, 
increased genetically predicted coffee consumption was 
associated with higher risks of both diseases, which 
may reflect genetic influences on caffeine metabolism, 

Table 3  MR Estimates (IVW and Fixed Effects) for Overlapping Risk Factors

Exposure Outcome Beta Standard 
Error

P-value Odds 
Ratio

95% CI 
(Lower)

95% CI 
(Upper)

Beef intake IBD −0.72 0.31 0.018 0.48 0.27 0.88

Beef intake AD −6.73 0.38 8.02 × 10−72 0.0012 0.0006 0.0025

Coffee consumption IBD 0.18 0.05 0.0003 1.20 1.09 1.33

Coffee consumption AD 0.18 0.06 0.005 1.19 1.05 1.35

Educational attainment IBD −0.14 0.04 0.0008 0.87 0.80 0.94

Educational attainment AD −0.20 0.05 1.79 × 10−4 0.82 0.74 0.91

MR: Mendelian randomization; IVW: inverse variance weighted; IBD: inflammatory bowel disease; AD: Alzheimer’s disease.
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individual responses, or the potential irritant effects of 
caffeine on the gut and impact on neuroinflammation [37, 
38]. In addition, higher educational attainment demon-
strated a protective effect, aligning with literature linking 
cognitive reserve and health literacy to disease risk reduc-
tion [39, 40]. These results highlighted the complex and 
nuanced relationship between diet, lifestyle, and disease, 
emphasizing that while some dietary factors may be bene-
ficial, other factors could pose risks depending on individ-
ual genetics and consumption patterns. Further research is 
needed to clarify these pathways and inform personalized 
dietary recommendations for disease prevention. Based on 

MR and following genetic analyses, we propose a concep-
tual roadmap for druggable targets and drug repurposing 
opportunities across IBD and AD (Figure 6), mapping 
causal pathways to existing pharmacologic modulators 
and prioritizing targets for subsequent experimental and 
clinical validation.

Although broadly increasing burdens of IBD and AD were 
noted at the global level, the incidence patterns in China were 
not entirely concordant, suggesting that contextual factors 
may modulate these trends. Differences in diagnostic capac-
ity, health-care access, population aging, urbanization, and 
environmental exposures may differentially affect IBD and 

Figure 5  Mendelian randomization analysis examining the associations of lifestyle and educational factors with IBD and AD risk. (A) and (B) 
display scatter plots illustrating the inverse association between genetically predicted beef intake and the risk of IBD and AD. (C) and (D) show 
the positive association between genetically predicted coffee consumption (comparing high versus infrequent/no consumption) and the risks 
of IBD and AD, respectively. (E) and (F) depict the inverse relationship between genetically predicted educational attainment and the risks of 
IBD and AD, respectively.
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AD incidence in China compared to other regions [41–43]. 
Moreover, changes in awareness and screening practices, 
particularly for dementia, could lead to apparent increases in 
AD diagnoses that are not solely driven by true changes in 
disease risk. These discrepancies highlight that our ecologic 
findings at the global level cannot be directly extrapolated 
to all countries and underscore the need for country-specific 
studies that incorporate local health-system and environmen-
tal determinants when interpreting temporal trends in IBD 
and AD.

The observed negative association between beef intake and 
the risk of IBD and AD should be interpreted with caution. 
Although MR reduces confounding by many measured and 
unmeasured factors at the individual level, residual confound-
ing cannot be fully excluded. Higher beef consumption may 
cluster with specific dietary patterns (e.g., higher overall pro-
tein and calorie intake, different fat quality, or concomitant 
intake of other protective nutrients) and lifestyle characteris-
tics, as well as higher socioeconomic status and better access 
to medical care, which may independently influence IBD 
and AD risk. In addition, cultural and regional differences 
in beef preparation methods and co-consumed foods could 
modify any true causal effect [44, 45]. Therefore, the inverse 

association that was detected may partly reflect broader pat-
terns of diet and living conditions rather than a direct protec-
tive effect of beef. Therefore, future mechanistic and inter-
ventional studies are required to disentangle these pathways.

Our projection model extrapolated historical tempo-
ral trends in disease burden under the assumption that the 
underlying drivers of IBD and AD incidence and mortality 
would remain broadly similar over the projection horizon. 
Indeed, the predicted future burden represents a contin-
uation of past patterns in the absence of major structural 
changes in risk-factor exposure, diagnostic practices, or 
the implementation of highly effective new preventive or 
therapeutic strategies. Consequently, the forecasts should 
be interpreted as scenario-based projections rather than 
precise predictions of what will occur. Any substantial 
public-health interventions, shifts in lifestyle and environ-
mental exposures, or breakthroughs in IBD and AD treat-
ment could lead to future trajectories that deviate markedly 
from our estimates. This limitation underscores the need 
to regularly update projections as new data and interven-
tions emerge, and to view our results primarily as a baseline 
against which the potential impact of future policies and 
therapies can be evaluated.

Figure 6  Roadmap from genetic informed pathways to druggable targets and repurposing priorities. (A) Risk factors, (B) Genetic analyses, 
(C) Sharing pathways, (D) Molecular targets, (E) Drug repurposing prioritization.

BIOI  2026
O

ri
g

in
al

 A
rt

ic
le



L. Chu et al.: DOI: 10.15212/bioi-2026-0023� 15

The strengths of the current study include the compre-
hensive use of large-scale global data, advanced statistical 
modeling for future projections, and the application of MR 
to infer causality between risk factors and disease outcomes. 
Nevertheless, the limitations should be acknowledged. The 
reliance on GWAS data predominantly from European pop-
ulations may limit generalizability to other ethnicities. MR 
assumptions, such as no horizontal pleiotropy, although 
tested, cannot be entirely excluded. In addition, observa-
tional data from GBD cannot capture all nuances of expo-
sures and behaviors at the level of the individual.

Conclusion

Our findings reinforce the importance of considering IBD 
and AD within a shared pathogenic framework, empha-
sizing the role of systemic inflammation and gut microbi-
ota. The identification of modifiable risk factors through 
MR offers promising avenues for preventive interventions. 
Future prospective studies should explore the biological 
mechanisms linking these diseases and evaluate targeted 
strategies to mitigate the rising global burden. An integrated 
approach addressing lifestyle, dietary, and socio-economic 
factors holds potential for reducing the impact of these 
complex conditions on individuals and healthcare systems 
worldwide.
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