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Purpose: To identify and predict the epidemiological burden and trends of inflammatory bowel disease (IBD) in China and compare
them globally.

Methods: We collected incidence, prevalence, deaths, years of life lost (YLLs), years lived with disability (YLDs), disability-adjusted
life-years (DALYs), and the age-standardized rates (ASRs) of IBD from 1990 to 2019 in China, four developed countries and the
world, from the Global Burden of Disease Study 2019. The average annual percentage change (AAPC) was calculated to evaluate the
temporal trends.

Results: From 1990 to 2019, the numbers of incident and prevalent cases, age-standardized incidence rate (ASIR), and age-
standardized prevalence rate (ASPR) of IBD increased in China, regardless of gender and age; decreased YLLs and increased
YLDs caused a stable number of DALYs; the age-standardized mortality rate (ASMR) and age-standardized DALY rate (ASDR)
decreased. In 2019, the ASIR, ASPR, ASMR, and ASDR were 3.01/100,000 person-years (/100,000) (95% UI: 2.59, 3.50), 47.06/
100,000 (95% UI: 40.05, 54.99), 0.30/100,000 (95% UI: 0.24, 0.35), and 13.1/100,000 (95% UI: 10.29, 16.31), respectively; almost all
disease burden data were higher in males. In 2017, the ASDR in different socio-demographic index provinces ranged from 24.62/
100,000 (95% UI: 16.95, 33.81) to 63.97/100,000 (95% UI: 44.61, 91.48). When compared globally, the ASIR and ASPR in China had
opposite trends and the highest AAPCs. In 2019, the ASIR and ASPR in China were in the middle of the world and lower than in some
developed countries. The numbers and ASRs of incidence, prevalence, and DALY's were expected to increase by 2030.
Conclusion: The IBD burden in China significantly increased from 1990 to 2019 and was expected to rise further by 2030. China had
the world’s opposite and most dramatic trends in ASIR and ASPR from 1990 to 2019. Strategies should be adjusted to adapt to the
significantly increased disease burden.
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Introduction

Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn’s disease (CD), is an incurable
disease with a chronic relapsing course.'” This disease most commonly occurs in young and middle-aged adults.>*
Despite recent advances in treatment, IBD still has a certain mortality rate and a high disability rate.>® Data from follow-
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up studies showed that most IBD patients had intestinal or extra-intestinal complications, such as strictures, perforations,
fistulas, abscesses, and thrombosis, throughout the course of the disease.” ” Life-time surgery rates are generally 50% for
CD and 20-30% for UC." The risk of postoperative recurrence is also a big issue.'® The quality of life and productivity
of IBD patients are severely affected.'’"'* In addition, IBD patients need lifelong medication and repeated hospitaliza-
tions, which also add significant social and economic burdens.

IBD is increasingly becoming a global health burden.”'? Although the causes are not very clear, the incidence of IBD is closely
related to the national or regional economy, industrial development level, and people’s living habits.'* China is the world’s largest
developing country and has experienced a great social and economic transformation over the past 30 years, from 1990 to 2019. In
China, the epidemiology of IBD has also shifted. However, pertinent studies and data are scarce, which brings great difficulties to
the prevention and treatment of the disease as well as the formulation of relevant medical policies.

Based on the Global Burden of Disease (GBD) 2019 Study,'> which provides extensive data on the clinical
epidemiology of IBD from 1990 to 2019, we identified and projected the national disease burden of IBD in China. In
this study, we comprehensively analyzed the incidence, mortality, prevalence, years of life lost (YLLs), years lived with
disability (YLDs), disability-adjusted life-years (DALYs), and the age-standardized rates (ASRs) of IBD in China from
1990 to 2019. The temporal trends in relation to age and gender were also included. We additionally made projections of
disease burden until 2030. In this study, for the first time, the subnational burden of IBD in China was investigated by
geographic macro-regions and the socio-demographic index (SDI), which is a comprehensive indicator of the develop-
ment status of a country or region.'>"'® Moreover, we also first made comparisons of the disease burden of IBD among
China, Japan, South Korea, the European Union, the United States of America (USA), and the world. This study could
improve the understanding of the latest epidemiological burdens of IBD in China and help the government and relevant
medical decision-making departments optimize the adapted control strategies.

Materials and Methods

Data Source
The exhaustive introduction of original data sources and processing methodology of the GBD 2019 Study have been found in
previous studies,'>!” and here we described the methods pertaining to the estimation of IBD in short. In the GBD 2019 Study, IBD
is considered to be a digestive disorder resulting from non-infectious inflammation of the colon and gastrointestinal tract,
predominantly UC and CD, which usually were diagnosed through endoscopy, imaging studies, or biopsy in patients with
appropriate clinical signs and symptoms. However, the separate data for UC and CD were not provided in the GBD 2019 database.
The prevalence and incidence of IBD were searched in electronic databases using the following terms: ((“‘crohn disease” OR
“crohn” AND “disease”) OR “colitis, ulcerative” OR (“colitis” AND “ulcerative™)) OR (“ulcerative colitis” OR (“Inflammatory”
AND “Bowl”) OR (“irritable bowel syndrome” OR (“irritable” AND “bowel” AND “syndrome”) AND (“diarrhoea” OR
“diarrhea”)) AND “epidemiology”. In addition to the data from literature research, available administrative data and inpatient
hospital data related to IBD were further extracted as the prevalence. Based on the stipulated GBD inclusion criteria, a total of 501
original data sources about IBD burden were finally used to assess the corresponding disease burden. Mortality caused by IBD
was modeled using standard Cause-of-Death Ensemble models (CODEm) based on the death database, including vital registration
system and verbal autopsy data. The data from the primary studies, hospital discharges, and claims data were used to estimate the
non-fatal burden of IBD using a specific Bayesian meta-regression tool, namely DisMod MR 2.1, and controlling the consistency
among the incidence, prevalence, YLLs, YLDs, and DALYs. The epidemiological data for IBD by age, gender, year, and country
was fitted using DisMod MR 2.1. Detailed information on the statistical methods and codes of data analysis for the IBD burden
could be retrieved from the following website: http://ghdx.healthdata.org/gbd-2019/code/nonfatal-6.

We collected data on incidence, mortality, prevalence, YLLs, YLDs, and DALYs of IBD in China, Japan, South
Korea, the European Union, the USA, and the world, covering the period of 1990-2019 across all age groups from the
GBD 2019 Study via the Global Health Data Exchange query tool (https://ghdx.healthdata.org/gbd-results-tool). The
95% uncertainty intervals (Uls) for all estimates in the GBD Study were calculated based on the 25th and 975th-ordered
number of 1000 random draws of the posterior uncertainty distribution. For fully describing the subnational disparity of

IBD burden in China, available data on a total of 34 province-level administrative units, including 22 provinces, five
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autonomous regions, four municipalities, Hong Kong Special Administrative Region (SAR), Macao SAR, and Taiwan
were retrieved from a previous study, which covered the subnational DALY's and age-standardized DALY rate (ASDR)
of IBD in 34 provinces of China in 2017."® The SDI, expressed on a scale of 0 to 1, is a comprehensive indicator
reflecting the level of healthy development by integrating per capita income, average education level, and fertility rate
under 25.'%16:18

Statistical Analyses

To avoid the disparity of the age composition of the populations, the ASRs of different indicators for IBD burden were used to
quantify the variation among historical periods, geographical regions, and genders. We computed the average annual percentage
change (AAPC) to measure the overall temporal trend in ASRs of IBD burden based on the sequencing regression model, In
(ASR)=a + B* calendar year + €, and the AAPC with its 95% confidence interval (CI) were derived from the following formula:
100 x (exp (B) — 1)."* ** Compared with the smooth spline model, generalized additive model, Nordpred model, Joinpoint model,
and Poisson regression, the Bayesian age-period-cohort (BAPC) model has been demonstrated to have higher accuracy in
predicting the burden of non-communicable chronic diseases, especially in non-longer projection years.'**? In brief, as one of
the age-period-cohort models, the BAPC model applied a log-linear Poisson model to integrate the multiplicative effects of age,
period, and cohort: #;; = log(4;) = it + o; + B+, In the model, 4; represents the number of cases, u is the intercept, and a;,5; and
are age, period, and cohort effects, respectively. i (/ <i <I) represents age group at time j (1 <j <.J), krepresents cohort index, k =
M (I — i) +j, which depends on age, period index, and the length of age group and period interval. M indicates that the age group
intervals are M times than the periodic intervals. In our study, 5-year age groups and annual data were analyzed, which meant that
M was 5. Our study uses the BAPC model to project the burden of IBD in China from 2020 to 2030 within the integrated nested
Laplacian approximation (R packages BAPC and INLA), assuming the inverse gamma prior distribution of age, period, and
cohort effects and applying second-order random walk (RW2) to adjust for excessive dispersion. The relationship between the
ASDR of IBD and the SDI of 34 provinces of China was conducted using Spearman correlation analysis. The main statistical
analyses and graphing in the current study were performed using the R program version 4.0.3 (https://www.R-project.org/). Two-

sided P value less than 0.05 was considered statistically significant.

Results

The National Disease Burden of IBD in 2019

In 2019, the number of incident cases and age-standardized incidence rate (ASIR) of IBD were 51.46 thousand (95% UTI:
43.93, 60.47) and 3.01/100,000 person-years (/100,000) (95% UI: 2.59, 3.50) among the total Chinese population,
respectively (Table 1). Overall, IBD caused 4.68 thousand (95% UI: 3.77, 5.46) deaths in China, and the age-standardized
mortality rate (ASMR) was 0.30/100,000 (95% UI: 0.24, 0.35) (Table 1). Table 1 also shows that the number of prevalent

Table | The Numbers and Age-Standardized Rates of Incidence, Deaths, Prevalence, YLLs, YLDs, and DALYs of IBD in China in 1990
and 2019, and the AAPCs from 1990 to 2019

Characteristics 1990 2019 1990-2019
Number of Cases No.x10> ASR/100,000 No. Number of Cases No.x10° ASR/100,000 No. AAPC in ASR No.
(95% UI) (95% UI) (95% UI) (95% UI) (95% CI)
Incidence
Overall 17.22 (14.33, 20.4) 1.47 (1.24, 1.74) 51.46 (43.93, 60.47) 3.01 (2.59, 3.50) 2.54 (2.39, 2.69)
Sex
Male 10.41 (8.59, 12.32) 1.72 (1.44, 2.05) 28.89 (24.64, 33.95) 3.35 (2.88, 3.88) 2.34 (223, 2.45)
Female 6.81 (5.70, 8.07) 1.20 (1.02, 1.42) 22.57 (19.41, 26.63) 2.65 (2.29, 3.08) 2.85 (2.64, 3.06)
Age®
1-14 years 0.60 (0.44, 0.84) 0.19 (0.14, 0.26) 0.79 (0.60, 1.03) 0.35 (0.27, 0.46) 2.32 (1.64, 3.00)
15-49 years 12.79 (10.17, 15.48) 1.91 (1.52, 2.32) 32,67 (26.99, 38.71) 4.53 (3.74, 5.37) 2.98 (2.75, 3.20)
5069 years 3.22 (247, 4.16) 2.09 (1.60, 2.70) 14.98 (11.63, 19.11) 4.06 (3.15, 5.18) 227 (222, 2.31)
70+ years 0.61 (0.44, 0.86) 1.60 (1.15, 2.25) 3.02 (2.16, 4.27) 2.79 (2.00, 3.95) 1.87 (1.73, 2.01)
(Continued)
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Table 1 (Continued).

Characteristics 1990 2019 1990-2019
Number of Cases No.x10? ASR/100,000 No. Number of Cases No.x10? ASR/100,000 No. AAPC in ASR No.
(95% UI) (95% UI) (95% UI) (95% UI) (95% CI)
Deaths
Overall 5.56 (4.05, 7.20) 0.86 (0.59, I.16) 4.68 (3.77, 5.46) 0.30 (0.24, 0.35) —4.11 (—4.5, -3.71)
Sex
Male 2.56 (1.59, 3.62) 0.94 (0.58, 1.46) 2.54 (1.88, 3.15) 0.38 (0.30, 0.47) —3.35 (—3.58, -3.12)
Female 3.00 (1.82, 3.97) 0.84 (0.52, 1.18) 2.14 (1.65, 2.62) 0.24 (0.19, 0.3) —4.86 (—5.37, —4.35)
Age’
1-14 years 1.04 (0.42, 1.62) 0.32 (0.13, 0.50) 0.12 (0.08, 0.16) 0.05 (0.04, 0.07) —6.12 (—6.32, —5.92)
1549 years 0.73 (0.51, 0.99) 0.11 (0.08, 0.15) 0.33 (0.25, 0.41) 0.05 (0.03, 0.06) —3.39 (-3.64, -3.13)
50-69 years 1.22 (091, 1.61) 0.79 (0.59, 1.05) 1.09 (0.79, 1.31) 0.29 (0.21, 0.36) —3.58 (—3.70, —3.45)
70+ years 2.57 (1.65, 3.64) 6.72 (431, 9.50) 3.13 (2,57, 3.68) 2.90 (2.38, 3.41) —3.34 (-3.72, —2.96)
Prevalence
Overall 239.47 (198.36, 285.02) 22.85 (18.98, 27.15) 911.05 (776.35, 1069.53) 47.06 (40.05, 54.99) 2.80 (241, 3.19)
Sex
Male 132.81 (109.61, 159.55) 25.10 (20.90, 30.18) 484.36 (410.51, 571.36) 50.01 (42.46, 58.51) 2.63 (2.25, 3.01)
Female 106.66 (88.24, 126.83) 20.67 (17.19, 24.49) 426.68 (365.76, 497.91) 44.28 (37.86, 51.39) 3.01 (2.61, 3.41)
Age®
1-14 years 1.70 (1.20, 2.38) 0.53 (0.37, 0.74) 2.17 (1.62, 2.84) 0.96 (0.72, 1.26) 2.25 (1.51, 3.00)
1549 years 135.16 (107.38, 163.27) 20.22 (16.06, 24.43) 397.91 (329.13, 466.73) 55.21 (45.67, 64.76) 3.79 (3.31, 4.26)
50-69 years 82.87 (68.02, 102.49) 53.79 (44.15, 66.53) 412.22 (345.28, 493.28) 111.75 (93.6, 133.72) 2.77 (242, 3.13)
70+ years 19.75 (16.01, 24.52) 51.62 (41.85, 64.09) 98.75 (79.22, 120.93) 91.47 (73.38, 112.01) 2.12 (1.78, 2.47)
YLLs
Overall 197.28 (128.56, 252.20) 20.98 (14.62, 26.46) 96.56 (75.92, 112.8) 6.02 (4.78, 6.95) —4.62 (—4.93, —4.31)
Sex
Male 91.17 (49.05, 122.49) 20.33 (11.95, 27.81) 57.17 (41.1, 70.81) 7.51 (5.66, 9.14) —3.60 (—3.82, —3.39)
Female 106.11 (54.03, 143.96) 22.24 (11.95, 29.47) 39.39 (30.1, 48.32) 4.77 (3.67, 5.80) —5.77 (-6.17, —5.36)
Age®
1-14 years 88.22 (35.33, 138.6) 27.32 (10.94, 42.92) 10.38 (7.19, 13.68) 4.62 (3.20, 6.09) —6.13 (—6.33, —5.93)
1549 years 39.27 (27.12, 53.27) 5.87 (4.06, 7.97) 16.77 (12.55, 20.3) 233 (1.74, 2.82) —3.69 (—3.96, —3.42)
5069 years 35.16 (26.25, 46.43) 22.82 (17.04, 30.14) 30.95 (22.39, 37.57) 8.39 (6.07, 10.19) —3.58 (—3.70, —3.45)
70+ years 34.63 (22.55, 48.20) 90.53 (58.95, 125.98) 38.46 (31.00, 45.12) 35.62 (28.72, 41.79) —3.62 (—3.99, —3.24)
YLDs
Overall 36.96 (24.1, 52.66) 3.49 (2.30, 4.94) 135.91 (89.07, 191.53) 7.07 (4.65, 9.86) 2.75 (2.37, 3.13)
Sex
Male 19.92 (12.86, 28.02) 3.74 (243, 5.24) 71.23 (47.18, 100.33) 7.38 (4.87, 10.35) 2.60 (2.22, 2.98)
Female 17.04 (11.06, 24.26) 3.26 (2.12, 4.62) 64.67 (42.51, 90.78) 6.79 (4.47, 9.48) 2.93 (2.54, 3.32)
Age®
1-14 years 0.27 (0.15, 0.43) 0.08 (0.05, 0.13) 0.34 (0.21, 0.53) 0.15 (0.09, 0.24) 2.27 (1.53, 3.03)
1549 years 21.67 (13.68, 31.11) 3.24 (2.05, 4.65) 61.99 (40.07, 88.09) 8.6 (5.56, 12.22) 3.70 (3.23, 4.17)
50-69 years 12.21 (7.99, 17.68) 7.92 (5.19, 11.48) 59.81 (39.28, 85.65) 16.21 (10.65, 23.22) 2.72 (2.37, 3.07)
70+ years 2.82 (1.78, 4.15) 7.36 (4.66, 10.83) 13.77 (8.93, 19.96) 12.75 (8.27, 18.49) 2.03 (1.71, 2.35)
DALYs
Overall 234.25 (162.92, 293.66) 24.47 (17.88, 30.19) 232.46 (179.9, 291.09) 13.1 (10.29, 16.31) —2.36 (—2.54, —2.18)
Sex
Male 111.09 (67.64, 142.65) 24.06 (15.39, 31.61) 128.4 (9851, 161.63) 14.88 (11.53, 18.45) —1.76 (—-1.91, —1.6)
Female 123.15 (69.55, 160.52) 25.5 (14.94, 32.64) 104.06 (79.72, 134.43) 11.56 (8.99, 14.78) —3.03 (—3.24, —2.83)
Age®
1-14 years 88.49 (35.66, 138.86) 27.4 (11.04, 43.00) 10.72 (7.53, 14.12) 4.77 (3.35, 6.28) —6.03 (—6.23, —5.84)
1549 years 60.94 (45.41, 78.93) 9.12 (6.79, 11.81) 78.76 (56.42, 105.03) 10.93 (7.83, 14.57) 0.60 (0.40, 0.81)
50-69 years 47.37 (36.79, 59.96) 30.75 (23.88, 38.92) 90.76 (68.39, 117.40) 24.60 (18.54, 31.83) —0.76 (—0.87, —0.66)
70+ years 37.45 (25.13, 50.89) 97.89 (65.69, 133.00) 52.22 (43.66, 61.62) 48.37 (40.44, 57.07) —2.78 (-3.10, —2.46)

Notes: *Crude incidence rate in each age group.

Abbreviations: ASR, age-standardized rate; Cl, confidence interval; AAPC, average annual percentage change; Ul, uncertainty interval; YLLs, years of life lost; YLDs, years
lived with disability; DALYs, disability-adjusted life-years.
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cases was 911.05 thousand (95% UI: 776.35, 1069.53), while the age-standardized prevalence rate (ASPR) was 47.06/
100,000 (95% UI: 40.05, 54.99). In 2019, the numbers of YLLs, YLDs, and DALYs of IBD in China were 96.56
thousand (95% UI: 75.92, 112.8), 135.91 thousand (95% UI: 89.07, 191.53), and 232.46 thousand (95% UI: 179.9,
291.09), respectively (Table 1). Meanwhile, the ASRs of YLL, YLD, and DALY were 6.02/100,000 (95% UI: 4.78,
6.95), 7.07/100,000 (95% UI: 4.65, 9.86), and 13.1/100,000 (95% UI: 10.29, 16.31) (Table 1).

Temporal Trends of IBD in China from 1990 to 2019

The number of incident cases of IBD in China increased twice from 1990 [17.22 thousand (95% UI: 14.33, 20.4)] to 2019,
and the ASIR also showed a growth tendency, with an AAPC of 2.54 (95% CI: 2.39, 2.69) (Table 1, Figure 1A). From 1990
to 2019, there was an overall decline in the number of deaths, but with some fluctuations (Table 1, Figure 1B). The highest
number of deaths was recorded in 2004 (Figure 1B). The ASMR decreased as well, with an AAPC of —4.11 (95% CI: 4.5,
—3.71) in the total population (Table 1). The number of prevalent cases almost quadrupled from 1990 [239.47 thousand (95%
UI: 198.36, 285.02)] to 2019 (Table 1, Figure 1C). The ASPR also increased in 2019 when compared with 1990 [22.85/
100,000 (95% UI: 18.98, 27.15)], with an AAPC of 2.80 (95% CI: 2.41, 3.19) (Table 1).

In these 30 years, IBD caused roughly the same number of DALY's in China (Table 1, Figure 1D). Nevertheless, the
ASDR showed a downward trend from 1990 [24.47/100,000 (95% UI: 17.88, 30.19)] to 2019, with an AAPC of 2.36
(95% CI: —2.54, —2.18) (Table 1). In 2019, the number of YLLs of IBD in the Chinese population decreased significantly
when compared to 1990, while the number of YLDs increased (Table 1, Figure 1E). The ASRs of YLL and YLD also
showed opposite trends, with the AAPCs of —4.62 (95% CI: —4.93, —4.31) and 2.75 (95% CI: 2.37, 3.13), respectively.

The Changes of IBD Burden in Relation to Age and Gender from 1990 to 2019 in
China

In China, the number of incident cases and ASIR of IBD increased in 2019 across all age groups and genders compared
to 1990 (Table 1, Figure 2A and B). Similar to the condition in 1990, males overall had more incident cases than females
in 2019 [28.89 thousand (95% UI: 24.64, 33.95) vs 22.57 thousand (95% UI: 19.41, 26.63)] (Table 1). When age was
taken into account, females over the age of 85 had more incident cases than males in 2019 (Figure 3A). However, the
incidence rate was higher in males than in females in almost all age groups (Figure 3A). It was found that young and
middle-aged people were more likely to develop IBD in China. For both males and females, the age groups with the
highest number of incident cases and incidence rate in 2019 were 30-34 years and 35-39 years, respectively (Figure 3A).
From 1990 to 2019, the incidence rate doubled in the population aged 20-59 (Figure 2B). In addition, the AAPC in
incidence rate was highest in the population aged 1549 (Table 1, Figure 2A).

From 1990 to 2019, the number of deaths and ASMR of IBD in China decreased in both genders. The AAPCs in
ASMR of males and females were —3.35 (95%CI: —3.58, —3.12) and —4.86 (95%Cl: —5.37, —4.35), respectively (Table 1).
In 2019, more deaths were found in males than in females generally [2.54 thousand (95% UI: 1.88, 3.15) vs 2.14
thousand (95% UL 1.65, 2.62)] (Table 1). Further analysis revealed that among people over the age of 90, there were
more deaths in females in 2019, while the mortality rate was higher in males at almost all ages (Figure 3B). In 2019,
there were fewer deaths in people under 70 years old and more deaths in those over the age of 70 when compared to
1990. (Table 1). Nevertheless, the mortality rate showed a downward trend at all ages. In 2019, the number of deaths
increased with age among adults under the age of 85 and declined with age among those over 85 (Figure 3B). The
mortality rate was significantly higher in the elderly (Figures 2C and 3B). In addition, among children and adolescents,
more IBD deaths were observed in the younger group in 2019 (Figure 3B).

Similarly to the change trend of incidence, the number of prevalent cases and ASPR of IBD in China also increased in
both genders and in all age groups over the last three decades (Table 1). The AAPC in ASPR was higher in females than
in males (Table 1). In 2019, there were 484.36 thousand (95% UI: 410.51, 571.36) prevalent cases in males and 426.68
thousand (95% UI: 365.76, 497.91) in females in total. However, the gender-based analysis indicated that females had
more prevalent cases among people over 85 years old (Figure 3C). Except for the 35-39 age group, the prevalence rate
was higher in males than in females in 2019 (Figure 3C). As shown in Table 1, the age group with the highest prevalent
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Figure | The numbers and age-standardized rates of incidence (A), deaths (B), prevalence (C), DALYs (D), YLLs (E), and YLDs (E) of IBD in China from 1990 to 2019.
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Notes: Column chart: number; line chart: age-standardized rate; Shading: the upper and lower limits of the 95% uncertainty intervals.

Abbreviations: YLLs, years of life lost; YLDs, years lived with disability; DALYs, disability-adjusted life-years.
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cases was 15-49 years old in 1990, whereas it was 50-69 years old in 2019. The 50-69 age group had the highest
prevalence rate in both 1990 and 2019, and the highest AAPC in prevalence rate occurred in the 15-49 age group
(Table 1, Figure 2A). The more in-depth analysis showed that the number of prevalent cases increased with age among
people under 50 years old, peaked in the 50-54 age group, and then decreased with age, for both males and females in
2019 (Figure 3C). Moreover, the prevalence rate peaked in males aged 65—69 and females aged 60—-64 (Figure 3C).

Compared with 1990, the number and ASR of YLLs of IBD in China decreased overall in both males and females in
2019 (Table 1). When age was considered in the analysis, the number of YLLs decreased among people under 70 years
old and slightly increased among those over 70 years old from 1990 to 2019, and the YLL rate decreased in all age
groups (Table 1). In 2019, males and females with the highest number of YLLs were the populations aged 70—74 and 80—
84, respectively (Figure 3D). Surprisingly, though the YLLs in the 1-14 age group decreased significantly from 1990 to
2019, children in the 1-4 age group still had a relatively high level of YLLs (Table 1, Figure 3D). In addition, the number
of YLLs in 2019 was higher in males than in females among people under 90 years old (Figure 3D). The number and
ASR of YLDs of IBD in China showed increasing trends from 1990 to 2019, regardless of gender or age (Table 1). In
2019, except for certain age groups, males had more YLDs and higher YLD rates than females (Figure 3E).

Table 1 illustrates that the number of DALYs was higher in females than in males in 1990. From 1990 to 2019, the
number of DALY's decreased in females and increased in males (Table 1). As a result, the number of DALY in males
outnumbered that in females in 2019 [128.4 thousand (95% UI: 98.51, 161.63) vs 104.06 thousand (95% UI: 79.72,
134.43)] (Table 1). The ASDR showed a decreased trend during this period in both males and females, with the AAPCs
of —1.76 (95%Cl: —1.91 to —1.6) and —3.03 (95%Cl: —3.24, —2.83), respectively (Table 1). In addition, while the overall
ASDR of IBD decreased in China from 1990 to 2019, an increasing trend of DALY rate was observed in people aged 35—
44 (Table 1, Figure 2D). More in-depth analysis showed that males had more DALY than females among the population
under 90 years old in 2019, and the DALY rate was higher in males than in females at all ages except 35-39 years old
(Figure 3F). In 2019, the 50-69 age group had the highest number of DALYs (Table 1). In the adult population, the
DALY rate increased with age for both genders except for males over 90 years old (Figure 3F). Moreover, among
children and adolescents under 14 years old, the number of DALYs decreased with age (Figure 3F). Children aged 14
had a significant decline in DALY's from 1990 to 2019, whereas they still had a high level of DALY in 2019 (Figures 2D
and 3F).

The Subnational Burden of IBD in China and Its Association with SDI

The ASDR varied in Chinese provinces with different SDI levels. In 1990, the subnational ASDR of IBD ranged from
13.12/100,000 (95% UI: 9.5, 20.41) in Heilongjiang to 71.51/100,000 (95% UI: 12.14, 118.97) in Yunnan
(Supplementary Table 1). Yunnan, Shanghai, Guizhou, and Hunan had the highest ASDR level, followed closely by

Jiangsu, Guangxi, Beijing, Jiangxi, Xinjiang, and Qinghai (Supplementary Figure 1A and Supplementary Table 1).

Meanwhile, Heilongjiang, Macau SAR, Hong Kong SAR, Tianjin, and Hainan were the provinces with the lowest ASDR
level in China. There was a significant negative correlation between the ASDR in 1990 and the SDI of Chinese provinces
(p= —0.3785, p=0.0272) (Supplementary Figure 1B). In 2017, the subnational ASDR estimates ranged from 24.62/
100,000 (95% UI: 16.95, 33.81) in Heilongjiang to 63.97/100,000 (95% UI: 44.61, 91.48) in Shanghai (Supplementary
Table 1). Shanghai, Jiangsu, Yunnan, and Hunan still had the highest ASDR level, while Heilongjiang, Qinghai, Fujian,

and Hainan had the lowest (Figure 4A, Supplementary Table 1). In 2017, there was a positive correlation between the
SDI and the ASDR of Chinese provinces, but no statistically significant difference (p=—0.2887, p=0.0977) (Figure 4B).
From 1990 to 2017, an upward trend in ASDR was observed in most provinces except for Guangxi, Guizhou, Jiangxi,

Qinghai, and Yunnan. Nonetheless, the five provinces with decreased ASDR were low-middle and middle SDI areas and
all of them were among the top 10 provinces in the ASDR ranking in 1990 (Figure 4B and Supplementary Table 1).
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Comparisons of the IBD Burden Among China, Japan, South Korea, the European
Union, the USA, and the World

Figure 5 shows the trends of the age-standardized burden rate of IBD in China, Japan, South Korea, the European Union,
the USA, and worldwide from 1990 to 2019. Globally, the ASIR decreased slightly from 1990 to 2019 in general.
However, China, as well as Japan, South Korea, and the European Union were all on the rise in ASIR. Over the 30-year
period, the countries with the highest and lowest ASIR were the USA and China, respectively. As shown in Figure 5, the
ASPR and ASR of YLD in these countries and worldwide changed in a similar way to the ASIR. From 1990 to 2019, the
ASMR and ASR of YLL showed a downward trend in China, Japan, and South Korea, which differed from the trend in
the European Union and the USA but was consistent with the global trend. In addition, the ASDR decreased from 1990
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Figure 5 The temporal trends of age-standardized burden rates from 1990 to 2019 in China, South Korea, Japan, the European Union, the USA, and worldwide.

to 2019 worldwide. China and South Korea also showed a downward trend, while Japan and the European Union
presented an upward trend. During these three decades, the ASDR of IBD was highest in the USA and lowest in China.

The ASIR and ASPR of IBD in China were at the middle level across the world in 2019 (Figure 6A and
Supplementary Figure 2A), and the AAPCs were the highest from 1990 to 2019 (Figure 6B and Supplementary
Figure 2B). It can be seen that the ASIR and ASPR were positively associated with the economic level in general
(Figure 6A and Supplementary Figure 2A). The ASIR and ASPR were high in the USA, Canada, Australia, New
Zealand, Japan, Russia, South Korea, and most European countries, but low in Africa, South America, and most Asian
countries and regions. The ASDR and ASMR in China were at a lower level worldwide in 2019 (Figure 6C and
Supplementary Figure 2C), and the AAPCs in ASDR and ASMR reflected that China had the most significant downward
trend across the world from 1990 to 2019 (Figure 6D and Supplementary Figure 2D).

Predictions of the Disease Burden of IBD in China from 2020 to 2030

Based on the GBD 2019 Study, the future disease burden of IBD in China from 2020 to 2030 was predicted in this study
(Figure 7). During this decade, the ASIR and ASPR of IBD in China would be expected to continue to increase, with the
AAPCs of 2.899 (95% CI: 2.824, 2.975) and 0.882 (95% CI: 0.865, 0.900), respectively (Figure 7A and C). Meanwhile,
the ASMR would show a decreasing trend, with an AAPC of —1.533 (95% CI: —1.538, —1.528) (Figure 7B). Though the
established ASDR decreased from 1990 to 2019, it was likely to show an upward trend from 2020 to 2030, with an
AAPC of 0.735 (95% CI: 0.643, 0.826) (Figure 7D). Compared with 2020, the number of incident cases, deaths,
prevalent cases, and DALYs would be higher in predictions of the disease burden of IBD in China in 2030 (Figure 7E). It
is worth noting that the observed number of deaths decreased significantly from 2004 to 2015 and then increased from
2015 to 2019, and the growth was expected to continue from 2020 to 2030 (Figure 7E). In addition, except for the
number of deaths, our projected number of incident cases, prevalent cases, and DALYs were higher than the pessimistic
reference of an annual increase of 1%. By 2030, there would be 72,889 incident cases, 5816 deaths, 1,167,238 prevalent
cases, and 329,383 DALY (Supplementary Table 2).

Discussion

IBD is a costly chronic disease that causes disability and premature mortality and emerges as a major public health
problem.?®?” The limited epidemiological data poses a huge challenge to China’s public healthcare system. The objective
of this study is to provide an evidence-based assessment of the efficacy of current prevention and therapeutic strategies to
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reduce the burden of IBD in China and guide future policy planning and implementation. According to this study, the
overall disease burden of IBD in China increased significantly from 1990 to 2019. The numbers and ASRs of incidence,
prevalence, and YLDs all showed an upward trend during these 30 years, regardless of gender and age. Meanwhile,
China had a reduction in the deaths, YLLs, ASMR, and ASDR of IBD from 1990 to 2019, which might be due to the
introduction of biological agents and the reform of the healthcare system.”® It also means more medical resources and
costs have been invested. According to previous studies, the direct cost of IBD has shifted from inpatient hospitalization
and surgery to anti-tumor necrosis factor agents.”**° As reported, during 2018, the mean direct and indirect costs for IBD
per patient in China were about $11,668.68 and $74.90, respectively.”' The direct costs mainly included outpatient costs,
hospitalization costs, biological agent costs, and surgery costs, while the indirect costs included transportation costs and
accommodation costs.*’ However, in China, 85.5% of IBD patients earned less than $1445 a month.>' Another study
showed that 30.6% of IBD patients in China spend more than 50% of their income on medical costs.’” The changes in the
epidemiological burden of IBD imply a heavier personal financial burden and greater government healthcare pressure in
China. There are some suggestions for IBD prevention in China: increase dietary fiber consumption; avoid vitamin
D deficiency; reduce the obesity rate; advocate breastfeeding; reduce unnecessary antibiotic exposure; and improve the
quality of life, including less stress and more physical activity.>*~** Further, reducing smoking rates can help prevent IBD.
However, patients with CD, not UC, should be advised to quit smoking.***>’
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We conducted a detailed analysis of the effects of age and gender on the epidemiological burden of IBD in China,
which is important for the precise formulation of IBD prevention and control strategies. In contrast to the global disease
burden of IBD, where females had a higher prevalence than males,®® more prevalent cases and a higher ASPR were
observed in males in both 1990 and 2019 in China. In this study, males also had more incident cases and a higher ASIR
than females. One reason might be that females had a more traditional lifestyle in China. More possible causes require
further investigation. In addition, the observed deaths, YLLs, YLDs, and DALYs data of IBD revealed that males had
a heavier disease burden in China, and additional control strategies for males should be optimized. Females had more
incident and prevalent cases but lower incidence and prevalence rates than males among people over 85 years old in
2019. Though a lower mortality rate was observed in females than in males among people over the age of 90, there were
more females over the age of 90 dead from IBD when compared with males. All of this could be attributed to the fact that
there were more females than males at older ages in China.*® In 2019, the number of IBD deaths in China decreased
among those under 70 years old but increased among those over 70 years old when compared to 1990. However, the
ASMR decreased at all ages, which is most likely due to China’s aging population.*® Canadian health administrative data
indicated that the incidence of IBD in children rose rapidly from 1999 to 2010, especially in those under 5 years of
age.**! In China, the incidence of IBD in children also increased from 1990 to 2019. Moreover, though the deaths, YLLs,
and DALY of IBD in China decreased among children aged 14, they remained high in 2019. This reminds us to focus
on the diagnosis and treatment of IBD in young children.

In some developed countries, such as Denmark, the IBD population was shifting toward an older age.**** Similarly,
from 1990 to 2019, the number of new cases of IBD in China significantly exceeded the number of deaths, and the age
group with the most prevalent cases shifted from 1549 to 50-69. However, consistent with previous reports,’ “4IBD still
mainly affected young and middle-aged people in China according to this study. They had the most incident cases and the
highest incidence rate in 2019, as well as the highest AAPCs in both the incidence and prevalence rates from 1990 to
2019. Moreover, while the overall ASDR declined from 1990 to 2019, the DALY rate in people aged 35-44 increased.
There is an urgent need for the government and relevant health policymakers to make efforts in the management of IBD
and formulate feasible strategies to reduce the social losses caused by loss of productivity, premature retirement, and
death.

China is the world’s largest developing country, with about one-fifth of the world’s population.*>*® China is also
a very large and heterogenous country with a wide disparity between rich and poor in different regions.*”** To the best of
our knowledge, this is the first study to report the subnational disease burden of IBD in China and its association with
SDI. According to previous research on the global disease burden of IBD, the DALY decreased in all countries except
those with high SDI in the 1990-2017 period.*® From 1990 to 2017, the ASDR of IBD in China decreased overall,
whereas detailed subnational analysis implied an upward trend in the majority of provinces. Even though there was no
significant correlation between ASDR and SDI in 2017, we discovered that the five provinces with decreased ASDR
were low-middle and middle SDI areas with high ASDR rankings in 1990. Strategies should be developed in Chinese
provinces with high SDI to reduce the ASDR of IBD.

For the first time, we compared the disease burden of IBD in China to the global level from 1990 to 2019. According
to this study, the ASIR and ASPR of IBD in China were at a global medium level and were lowest when compared with
some developed countries and regions, including Japan, South Korea, the European Union, and the USA. However, while
global ASIR and ASPR declined from 1990 to 2019, China showed significant upward trends and had the highest AAPCs
in the world. In addition, the ASMR and ASDR of IBD in China had the sharpest decline across the world during these
three decades. China appeared to be experiencing the most significant changes in the disease burden of IBD globally.
Great changes have occurred in China over the last 30 years, including rapid economic development, increased
industrialization, and the westernization of lifestyles. Furthermore, the changes also included the development of the
healthcare system, the advancement of IBD diagnosis, and the use of biological agents. All of these were linked to shifts
in the national disease burden of IBD. In addition, the ratio of prevalence to incidence figures in China was strikingly
lower than in countries with high incidence rates. This is presumably due to the prevalent cases being lower because of
the very low incidence rates at the start of the study period. However, with demographic changes in China, such as the
rapidly aging population and low birth rate, the ratio would increase in the future.
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This study also provides accurate estimates of the disease burden of IBD in China from 2020 to 2030, which would
continue to increase. The projections aim to aid in the development of healthcare programs and strategies to adapt the
healthcare system to the increased disease burden. This study also has some limitations. First, we could not divide IBD
into UC and CD in this study because there is no separate data for these two subtypes in the GBD 2019 database. UC and
CD are not only different in some risk factors, such as age and gender, but also have different epidemiological
distributions in most areas of China. We expect the corresponding data to be addressed in the next iteration of the
GBD study. Secondly, as is common knowledge, DALY's is composed of YLLs and YLDs. Only DALY data were used
for analysis when examining the subnational disease burden of IBD in China and its association with SDI. This might
prevent the extraction of certain potentially significant results. Thirdly, we must acknowledge that the subnational data
may be limited due to the absence of a centralized IBD disease recording system in China.

Conclusion

In summary, we did a comprehensive and in-depth analysis of the disease burden of IBD in China from 1990 to 2030 and
compared it with Japan, South Korea, the European Union, the USA, and the world for the first time. The disease burden of IBD in
China significantly increased from 1990 to 2019 and would continue to increase in predictions in 2030. In 2019, the ASIR and
ASPR of IBD in China were in the middle of the world and still lower than in Japan, South Korea, the European Union, and the
USA. However, China had the world’s opposite but most dramatic trends in ASIR and ASPR of IBD from 1990 to 2019. There is
an urgent need to adapt the healthcare system to manage this costly and complex disease.
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