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Forecasting the Incidence and Prevalence of Inflammatory

Check for
Updates

Bowel Disease Across Nine Epidemiologic Stage 3 Regions

he incidence and prevalence of inflammatory bowel

disease (IBD) follow four distinct epidemiologic
stages."” The third stage, Compounding Prevalence, is
characterized by stabilizing incidence alongside rising
prevalence as new diagnoses exceed mortality.® This stage
places increasing strain on healthcare systems, which must
simultaneously manage newly diagnosed young individuals
as well as an aging IBD population with accumulating
comorbidities.”*” Nine geographically diverse stage 3 re-
gions were analyzed to characterize temporal trends in IBD
incidence and prevalence, with incidence projected to 2025
and prevalence forecasted to 2035 collectively across stage
3 regions.

Population-based age- and sex-standardized incidence
and prevalence data were acquired from Canada (incidence,
2007-2014; prevalence, 2002-2014), Catalonia (2011-
2023), Denmark (1990-2017), Hungary, Veszprém Province
(incidence, 2007-2017; prevalence, 2002-2018), Israel
(2005-2020), New Zealand, Canterbury (incidence, 2018-
2023), Scotland, Lothian (2009-2017), Sweden (2004-2021),
and the United States, Olmsted County (incidence, 1990-
2019; prevalence, 2000-2020).” The Supplementary Methods
describe the data sources and study populations in detail and
compare data sources, case-finding algorithms and validation
methods, and population denominators.

Historical epidemiologic data were used to forecast future
incidence and prevalence using autoregressive integrated
moving average (ARIMA) models.”” For each region, ARIMA
models projected incidence (per 100,000 person-years) from
the last year of available data to 2025 and prevalence (per
100,000 individuals) to 2035, with 95% prediction intervals.

Next, epidemiologic data were stratified by IBD type
(Crohn’s disease or ulcerative colitis), sex (female vs male),
and age group (pediatric, <18 years; adult, 18-64 years; or
seniors, >65 years). ARIMA models with 95% prediction
intervals were developed separately for each stratum.
Temporal trends for each ARIMA forecast were then
assessed by calculating average annual percentage change
(AAPC), with associated 95% confidence intervals (CI),
using Poisson or negative-binomial regression.

Finally, a Bayesian multilevel Poisson model with
random intercepts for each region was applied to combine
historical and forecasted data, generating overall incidence
(2007-2025) and prevalence (2007-2035) estimates
across stage 3 regions with 95% credible intervals (CrI).
This approach established probability distributions for
incidence and prevalence, accounting for between-region
variation and allowing robust estimation of pooled trends.
The Supplementary Methods offers additional explanation
of the analytic approach used in this study.

Across stage 3 regions collectively, overall incidence
remained stable (AAPC: —0.12; 95% CI: —1.54, 1.33)

(Supplementary Table 1). Estimated incidence rates were
33.3 per 100,000 (95% Crl: 26.7, 40.8) in 2015 and 31.1
per 100,000 (95% Crl: 25.9, 37.5) in 2025 (Figure 14 and
Supplementary Table 1). Incidence remained stable for
Crohn’s disease (AAPC: 0.10; 95% CI: —2.15, 2.39) and ul-
cerative colitis (AAPC: —0.17; 95% CI: —-2.03, 1.72)
(Supplementary Table 1).

Pediatric-onset IBD had the lowest incidence, estimated
at 17.8 per 100,000 (95% Crl: 14.2, 22.0) in 2025, with
stable trends (AAPC: 0.93; 95% CI: —-1.08, 2.98)
(Supplementary Table 1). Incidence was highest among
adults, estimated at 41.4 per 100,000 (95% Crl: 30.7, 52.0)
in 2025, and remained stable (AAPC: —0.26; 95% CI: —1.49,
0.99) (Supplementary Table 1 and Supplementary
Figure 1). Seniors were the only demographic with a
decreasing incidence (AAPC: —1.60; 95% CI: —3.00, —0.19)
(Supplementary Table 1 and Supplementary Figure 1). In
2025, the estimated incidence was 29.1 per 100,000 (95%
Crl: 24.1, 34.7) in females and 32.6 per 100,000 (95% Crl:
26.5, 39.4) in males. Incidence remained stable in both
groups, with an AAPC of —0.39 (95% CI: —1.84, 1.09) in
females and 0.16 (95% CI: —1.24, 1.59) in males
(Supplementary Table 1).

Overall prevalence rose by 2.29% annually (95% CI:
2.12, 2.45), with similar increases observed for Crohn’s
disease (AAPC: 2.40%; 95% CI: 2.14, 2.66) and ulcerative
colitis (AAPC: 2.03%; 95% CI: 1.81, 2.25) (Figure 1B and
Supplementary Table 1). Estimated prevalence was 818 per
100,000 (95% Crl: 696, 961) in 2025 and projected to rise
to 981 per 100,000 (95% Crl: 850, 1244) by 2035
(Figure 1B and Supplementary Table 1).

In 2025, the estimated prevalence was 73 per 100,000
(95% Crl: 56, 94) in the pediatric population, 959 per
100,000 (95% Crl: 802, 1139) in adults, and 1242 per
100,000 (95% Crl: 1070, 1460) in seniors (Supplementary
Figure 1). Prevalence remained stable in pediatric pop-
ulations (AAPC: 0.07; 95% CI: —0.45, 0.59) and increased
most rapidly among seniors (AAPC: 3.30; 95% CI: 3.16,
3.44), making them the fastest-growing demographic
(Supplementary Table 1 and Supplementary Figure 1).

Across the nine stage 3 regions, incidence remained
stable at ~33.3 per 100,000 person-years in 2015 and 31.1

Abbreviations used in this paper: AAPC, average annual percentage
change; ARIMA, autoregressive integrated moving average; Cl, confi-
dence interval; Crl, credible interval; IBD, inflammatory bowel disease.
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The dashed lines are the original Bayesian estimates, and the solid lines are the smoothed Bayesian estimates—specifically those
that have been smoothed through locally estimated scatterplot smoothing with a span parameter of 0.7 to account for year-to-year
fluctuations that occurred due to country level data availability.

Figure 1. Bayesian estimates of (A) incidence and (B) prevalence of IBD overall across stage 3 regions.

per 100,000 person-years in 2025, consistent with pre-
vious publications.” Prevalence steadily rose, increasing
by 2.29% per year. In 2025, overall prevalence across
stage 3 regions is estimated at 0.82%, with projections
approaching 1% of the population by 2035. These trends

were consistent across IBD-type and sex. However, the de-
mographic composition of the prevalent population is
shifting.” Despite declining incidence among seniors, preva-
lence is increasing most rapidly, making seniors the fastest-
growing segment of the IBD population, reflecting both
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continued new diagnoses and aging of the existing cohort
within stage 3 societies.”®

Several limitations should be acknowledged. Forecasts
for incidence were extended only to 2025, whereas prev-
alence was projected to 2035. Validation data exist for
prevalence, but not for incidence, supporting greater con-
fidence in longer-term prevalence projections.® Historical
prevalence trends tend to be more stable and linear,
whereas incidence is more sensitive to short-term fluctu-
ations in diagnostic practices, healthcare disruptions, and
environmental exposures. Because prevalence is cumula-
tive, it is less subject to year-to-year variation and therefore
more suitable for long-range forecasting. As with all ARIMA
models, forecast accuracy depends on the quality of input
data, and prediction intervals widen as projections extend
further from observed periods.

In conclusion, this large, contemporary epidemiologic
study integrates data from nine distinct stage 3 regions
worldwide and applies a novel Bayesian approach to aggre-
gate and forecast IBD incidence and prevalence through the
first third of the 21st century. Although incidence remains
stable, prevalence continues to rise, and the growing pro-
portion of older adults living with IBD is expected to place
increasing strain on healthcare systems striving to deliver
affordable, accessible, and high-quality care.”°
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Supplementary Methods

Data Sources and Study Populations for Each Region

Canada has a universal, publicly funded healthcare system administered across 13 provinces and
territories. Within these single-payer systems, administrative health data are routinely collected
during healthcare encounters. The Canadian Gastro-Intestinal Epidemiology Consortium
(CanGIEC) provided population-based, provincial administrative IBD surveillance cohorts from
eight provinces: Alberta, British Columbia, Manitoba, Newfoundland, Nova Scotia, Ontario,
Quebec, and Saskatchewan, encompassing over 95% of the Canadian population. Incidence
(2007-2014) and prevalence (2002—2014) were derived using validated algorithms based on the
International Classification of Diseases, ninth (ICD-9) and tenth (ICD-10) diagnostic codes (ICD-
9: 555.x/556.x; ICD-10: K50.x/K51.x) , with a five-year washout period distinguishing incident

from prevalent cases.!™

The Catalan Health Service provides universal coverage to all residents. Since 2011, the Catalan
Health Surveillance System (CHSS) has collected comprehensive data on hospitalizations,
primary care, outpatient visits, and prescriptions. Diagnostic data for hospitalizations and mental
health services have been available since 2005, allowing for at least a six-year washout period.

Prevalence and incidence data (2011-2023) were updated from a prior publication.’

Denmark has a centralized, tax-funded healthcare system providing equal access to all residents.
The Danish National Patient Register contains complete nationwide inpatient and outpatient data
since 1977 and expanded to ambulatory outpatient visits in 1995.%7 A seven-year washout period
ensured identification of incident cases. Denmark’s IBD registry data demonstrate high diagnostic
validity (sensitivity and specificity >93%), and incidence and prevalence cohorts provided from

1990-2017.8

Veszprém Province, located in western Hungary, utilizes clinical registries to capture a population-
based IBD cohort. Previous studies reported incidence from 1977-2001 and prevalence in 2001.°
The cohort was updated to include incidence (2007-2017) and prevalence (2002-2018). Case
identification was based on clinical data from four general hospitals and gastroenterology

outpatient units, with centralized confirmation through the provincial IBD registry.

Israel mandates that all residents enroll in one of four Health Maintenance Organizations (HMOs),

covering 97% of the population. The Israeli Inflammatory Bowel Disease Research Nucleus (epi-



IIRN) links HMO data with national registries for hospitalizations, surgeries, cancer, and
mortality. A two-to-five-year look-back period (depending on HMO) without IBD-related codes
or medications defined incident cases. Validation metrics include sensitivity 83%, specificity 68%,
PPV 82%, and NPV 70%. Incidence and prevalence data (2005-2020) were identified using a

validated algorithm.!°

The Canterbury IBD Study provides the most complete incidence data for Oceania. The
Canterbury District Health Board databases and private clinical records were searched
prospectively for incident IBD cases from 2021-2023 and retrospectively for 2018-2020.!! Earlier
studies from 2004 and 2014 used the same methodology, with diagnoses confirmed by chart

review.!> 13 Prevalence data for this period were not available.

The National Health Service (NHS) provides publicly funded healthcare across the United
Kingdom. NHS Lothian serves 919,060 residents (2023), capturing 16.7% of Scotland’s
population. IBD cases were identified through six information sources, including ICD-10 and
histopathology coding, with confirmation through electronic record review.!* Data on incidence

and prevalence from 2009-2017 were provided.

Sweden has a universal, publicly funded healthcare system. The Swedish National Patient Register
has been validated for IBD, with >2 diagnostic codes (hospital or outpatient non-primary care
visits) yielding a PPV of 93%, with a minimum two-year washout period.!> ¢ Incidence and

prevalence from 2004-2021 were provided.

The Rochester Epidemiology Project is a comprehensive medical records linkage system capturing
all healthcare encounters in Olmsted County. Population-based IBD research has been conducted

since the 1930s.!72° Incidence from 1990-2020 and prevalence from 2000-2020 were provided.
Additional Information on Data Analysis Approach

Autoregressive Integrated Moving Average (ARIMA) modeling is a time series analysis technique
that examines data trends over time by incorporating information from previous periods while
accounting for dependencies in yearly prevalence or incidence data.?! This approach captures
preceding trends that are innate within the data, such as changes in incidence, mortality, or
demographic shifts like life expectancy and fertility rates. ARIMA models have been used to

14, 22, 23

forecast IBD incidence and prevalence, with a validation study demonstrating high

accuracy.”® For example, initial forecast prevalence six years in advance was within 1.5% of the



actual measured value: in Canada, ARIMA models projected a prevalence of 640 per 100,000 in

2014, while the observed prevalence that year was 650 per 100,000.%

Stationarity, defined as a constant mean and variance over time, was assessed using the Dickey-
fuller test. If stationarity was not achieved in the crude model, first-order differencing was applied,
followed by second-order differencing if necessary. If the model assumption of stationarity was
not met, a Poisson or negative binomial model was used instead. ARIMA model orders were
selected using a visual inspection of partial autocorrelation function plots, along with Akaike
Information Criterion and Bayesian Information Criterion values. Segmented regression, with the
accompanying Davies’ test, was applied to data from 2000 onward to identify significant and
epidemiologically relevant inflection points in incidence and prevalence trends. Where
appropriate, historical data following the inflection point, with at least five datapoints including

the inflection point, were used to forecast trends.

For the Bayesian analysis, a non-informative prior was used for the first year, while posterior
estimates from each preceding year were used as informative priors for the following year. Markov
Chain Monte Carlo sampling was conducted with 4,000 iterations and a burn-in of 1,000. The
posterior mean estimates were smoothed using locally estimated scatterplot (LOESS) smoothing
with a span parameter of 0.7 to account for year-to-year fluctuations that occurred due to nation-
level data availability. Final smoothed Bayesian estimates were summarized with 95% credible

intervals (Crl), and the AAPC (with 95%CI) was calculated for the smoothed midpoint.

Stata MP 15.1 and R 4.3.1 were used to conduct the analyses and create figures. The Conjoint
Research Ethics Board at the University of Calgary provided ethics approval (REB21-0398) for
the overall study, with each region obtaining local ethics approval in accordance with their
respective governing bodies. The study was reported following the Reporting of studies Conducted

using Observational Routinely-collected Data.
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Supplemental Table 1: Overall prevalence (2015, 2025, and 2035) and incidence (2015 and 2025) of IBD, with temporal trends, across stage 3
nations, stratified by IBD type, age, and sex.

Incidence Prevalence
2015 Rate per 2025 Rate AAPC of midpoint 2015 Rate per | 2025 Rate per | 2035 Rate per AAPC of
100,000 per 100,000 (95%Cl) 100,000 100,000 100,000 midpoint
person-years (95%Crl) persons (95%Crl) (95%Crl) (95%Cl)
(95%Crl) (95%Crl)
IBD 33.3 31.1 -0.12 629 818 981 2.29
(26.7,40.8) (25.9, 37.5) (—1.54,1.33) (530, 786) (696, 961) (850, 1244) (2.12, 2.45)
Crohn’s Disease 13.1 12.9 0.10 254 335 406 2.40
(10.4,16.2) (10.3,15.9) (—2.15, 2.39) (204, 308) (281, 408) (309, 492) (2.14, 2.66)
Ulcerative Colitis 19.9 18.7 -0.17 369 464 541 2.03
(15.0, 26.1) (14.6, 23.7) (—2.03,1.72) (290, 478) (354, 605) (419, 710) (1.81,2.25)
IBD Age and Sex Stratum
Pediatric 16.4 17.8 0.93 68 73 66 0.07
<18 years (12.3,21.1) (14.2, 22) (—1.08, 2.98) (55, 82) (56, 94) (44,102) (—0.45, 0.59)
Adult 44.2 41.4 —0.26 771 959 1151 2.06
18-64 years (36.1,53.4) (30.7,52) (—1.49, 0.99) (647,912) (802, 1139) (992, 1365) (1.91,2.21)
Senior 35.8 28.0 -1.60 883 1242 1610 3.30
265 years (27.4, 45.9) (22, 35.1) (-3.00, -0.19) (720, 1085) (1070, 1460) (1424, 1905) (3.16, 3.44)
Female 31.8 29.1 —-0.39 605 771 945 2.01
(25.0, 39.5) (24.1,34.7) (—1.84, 1.09) (492, 743) (640, 941) (728, 1151) (1.84,2.18)
Male 34.5 32.6 0.16 631 819 984 2.34
(27.6,42.8) (26.5,39.4) (—1.24,1.59) (533, 759) (703, 982) (826, 1207) (2.17,2.5)
Prevalence data ranged from 2007 to 2035 and incidence data from 2007 to 2025. No inflection points were identified.
Red = significantly increasing; Yellow = stable; Blue = significantly decreasing
Cl: confidence interval; Crl: credible interval; AAPC: average annual percent change




Supplementary Figure: Overall incidence (A) and prevalence (B) of IBD in pediatric populations (<18 years),
overall incidence (C) and prevalence (D) in adults (18—64 years), and overall incidence (E) and prevalence (F)
in seniors (>65 years).
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