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Background: A comprehensive evaluation of the burden of inflammation bowel disease (IBD) is important for
identifying potential strategies to control the disease. We present results from the Global Burden of Diseases
(GBD) 2017 of IBD at the national level, the trends in disease burden and its epidemiological features in
China.
Methods: Using the methods and results from GBD 2017, we describe the IBD burden based on the preva-
lence, incidence, mortality, years of lost (YLLs), the years of life lived with disability (YLDs) and disability-
adjusted life years (DALYs) in China estimated using DisMod-MR 2-1. We additionally evaluated the rate of
DALYs at national locations in 2017.
Findings: From 1990 to 2017, the cases, deaths, YLLs, YLDs and DALYs for IBD in China were from 1,047,991 to
2,665,081, from 5701 to 5198, from 188,814 to 107,373, from 157,581 to 394,887, from 346,396 to 502,260,
respectively. Increasing trends were observed in prevalence (APC: 2.9%), incidence (APC: 1-1%), DALYs (APC:
0-8%) and YLDs (APC:2-9%). There were decreasing trends in mortality (APC: -1-0%) and YLLs (APC: -2-7%). As
to the age-standardized rates of DALYSs, it observed a decreasing trend (APC: -0-78%). Similar trends were
observed in men and women. The age-standardized APCs in incidence, mortality and rate of YLLs among
women were higher than those among men. The age-standardized rate of DALYs was 27-51 per 100,000 in
2017.
Interpretation: Between 1990 and 2017, China experienced a decrease in the age-standardized DALYs, mor-
tality rates and YLLs due to IBD, despite an increase in the age-standardized rate of prevalence, incidence and
YLDs. China is still one of the low endemic areas.
Funding: This work had no supporting funding.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

America, Europe, Australia and New Zealand since the middle of 20th
century. At the turn of 21st century, IBD has become a global disease

Inflammatory bowel disease (IBD) is a chronic incurable disease
which comprises ulcerative colitis (UC) and Crohn'’s disease (CD). It
can impede career aspirations, instill social stigma and impair quality
of life in patients [1].

IBD used to be more common in Western countries during the
industrial revolution but was rarely reported in Asia, Africa and Latin
America for a long period [2]. In China, the first case of UC was
reported in 1936 and the first case of CD was described in approxi-
mately 1950°. As the gastroenterologists were not familiar with IBD,
and their diagnostic pathway was one of exclusion. The prevalence
and incidence of IBD remained low for quite a long period in China.
While IBD has steadily increased in the western world such as North
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with rising prevalence in newly industrialized countries in Asia,
South America and Middle East. China was included as one of the
newly industrialized countries in Asia [4]. As IBD has an unpredict-
able relapsing and remitting course, complications, hospitalizations,
surgeries and use of expensive therapies, its increasing prevalence
will lead to a substantial increase in the disease burden [4].

However, most literatures related to the burden of IBD was
reported in western countries [1,2,5-7] few were reported on the
national burden of IBD in newly industrialized countries, particularly
in China [8,9] Due to the lack of a nationwide registration system, it
was not abundant for published national, population-based epidemi-
ological data of IBD in China. Only few studies were reported on the
incidence and prevalence of IBD in a few regions of China [10-12].
Xue Li et al. reported the incidence rate of IBD was 1.74 (95% CI: 1-08;
2.40) per 100,000 person years in China [8]. As the data in their
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Research in context

Evidence before this study

Inflammatory bowel disease is a chronic incurable disease. It
has high burden in western countries. At the turn of 21st cen-
tury, IBD has been a global disease with rising prevalence in
newly industrialized countries in Asia. Up to now, disease bur-
den of IBD has been reported in Japan, India, Korea. However,
few studies were reported in prevalence and incidence of IBD
in China. Little is known about the mortality, DALYs, YLLs and
YLDs of IBD in China.

Added value of this study

To evaluate the IBD burden among larger populations at the
national level in China, this study will describe the burden
trend of prevalence, incidence, mortality, DALYs, YLLs and YLDs
of IBD from 1990 to 2017. Additionally, the rate of DALYs was
evaluated at national locations in 2017.

Implications of all the available evidence

China is still one of the low endemic areas. Considering an
increase in the age standardized rate of prevalence, incidence
and YLDs in IBD and the massive population, China should take
measures to reduce IBD burden.

studies were only collected from hospitals, some bias may exist. It
could potentially result in the underestimation of the true incidence.
As a result, comprehensive long-term assessments of IBD burden
among larger populations at the national level are required. To
address the above need, this study provides an overview of the trends
in the disease burden of IBD from 1990 to 2017 from the Global Bur-
den of Disease (GBD) 2017 in China.

2. Methods
2.1. Overview

The GBD study provides a standardized approach for estimating
prevalence, incidence, deaths, years of life lost (YLLs), the years of life
lived with disability (YLDs) and disability-adjusted life years (DALYSs)
by cause, age, sex, year and location. The institutional review board
of the First Affiliated Hospital of Zhejiang University in Zhejiang Prov-
ince, Hangzhou, China, determined that the study did not need
approval because it used publicly available data. This study complied
with the Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER) recommendations [13].

The GBD 2017 used multiple methods to integrate a large number
of available data sources with the specific epidemiology of each dis-
ease, and the Bayesian meta-regression tool DisMod-MR V.2.1 was
used as the main method of estimation [14]. Detailed information
about data resources, definitions, statistical modeling and efforts to
improve data quality have been previously reported [14—17].

We extracted GBD 2017 data on IBD in China from 1990 to 2017
using the Global Health Data Exchange (GHDx) [18]. The variables
obtained from these data included year, age, sex and location. The
incidence, prevalence, mortality and DALYs were used as the primary
metrics to assess the impacts on health within population. The total
number of IBD cases and rates of each metrics were provided by the
GBD 2017. Prevalence rate (per 100 000) was defined as aggregated
cases (including new cases and previously diagnosed cases) divided
by the population size; incidence rate (per 100 000) was defined as
the number of new cases divided by the population size; mortality
rate (per 100 000) was defined as the number of annual deaths

divided by the total population size; YLLs were calculated as the sum
of each death multiplied by the standard life expectancy at each age
and DALYs were summed by YLLs and YLDs.

2.2. Statistical analysis

Analyses were completed using Stata version 13-1, Python version
2.7, or R version 3.3 [14]. All rates are expressed as age-standardized
based on the GBD reference population unless otherwise specified.
Uncertainty is estimated with each metrics and propagated through-
out the GBD modeling process. 95% uncertainty intervals (95% Uls)
are calculated by the 2.5% and 97.5™ percentiles of the draw-level
values (1000 draws for each metric) [19]. The annual percentage
change (APC) were extracted from GHDx to evaluate trends in disease
burden [18]. As the 95% Confidence Interval (95%CI) related to APC
extracted was missing, Joinpoint Regression Program (Version
4.7.0.0, February 2019) was used to calculate the average annual per-
centage change. The values of APC were calculated as [(Exp(bi)—
1)] x 100, where bi represents the slope of the period segment. The Z
test was used to assess whether an APC was different from zero. The
terms ‘increase’ and ‘decrease’ were used when the slope of the
trend was statistically significant, while ‘stable’ referred to a non-sig-
nificant trend.

Role of Funding Source: Not applicable.

3. Results

In China, there were 1-04 million (95%UI 0-96, 1-12) new cases in
2017 and 5198 (95%UI 4842, 6382) deaths due to IBD. Age-standard-
ized rates of prevalence, incidence, mortality, DALYs, YLDs and YLLs
for IBD in 2017 were 136-25 cases (95%UI 125-37, 147-4) per 100 000,
60-37 new cases (95% Ul 56-06, 65-36) per 100 000, 0-33 deaths (95%
UI 0-31, 0-41) per 100 000, 27-51 DALYs (95% UI 21-10, 34.95) per
100 000, 20.37 YLDs (95% UI: 13-87, 27-70) per 100 000 and 7-14 YLLs
(95% Ul 644, 8-00) per 100 00 (table 1).

As shown in table 2 and Fig. 1, there were increasing trends from
1990 to 2017 in prevalence (APC: 2-9%), incidence (APC: 1-1%), DALYs
(APC: 0-8%) and YLDs (APC:2-9%). There were decreasing trends from
1990 to 2017 in mortality (APC: —1.-0%) and YLLs (APC: —2-7%). Sur-
prisingly, it observed a decreasing trend for the age-standardized
rates of DALYs (APC: —0-8%) from 1990 to 2017.

Increasing trends in prevalence, incidence, DALYs and YLDs were
seen among females and males for all ages (APC: 2-9%, 1-2%, 0-9% and
2.9% in female, 2.9%, 0.9%, 0-6% and 2-8% in male, respectively). A
decreasing trend was observed in mortality and YLLs among females
and males (APC: —1.5% and —3-3% in female, —0-5% and —2-2% in
male, respectively). The all-ages annual percentage changes in preva-
lence, incidence, mortality and rate of DALYs among females were
higher than those among males (Fig. 2). As to the prevalence, DALYs
and YLDs, the age-standardized annual percentage changes was

Table 1
Number and Age-standardized Rates of Prevalence, Incidence, Deaths, YLLs, YLDs,
and DALYs in 2017 for IBD in China.

Measure All-ages cases age-standardized

rates per 100 000
Prevalence 2,665,081-31 (2,433,418-64,2,900,745-26) 13625 (12537, 147-44)
Incidence 1,035,160-80 (955,409-19,1,121,047-12) 60-37 (56-06,65-36)
Deaths 5198-80 (4842-48,6382-74) 0-33(0-31,0-41)
DALYs 502,260-64 (380,117-22,646,617-71) 27-51(21-10,34-95)
YLDs 394,887-43 (269,861-71,538,490-11) 20-37(13-87,27-70)
YLLs 107,373-21(98,982-88,122,574-72) 7-14 (6-44,8-00)

YLLs=years of life lost, YLDs=years lived with disability, DALYs=disability-adjusted
life-years.
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Table 2

all-age and age-standardized annual percentage changes between 1990 and 2017.
Measure All ages Age standardized

Total Male Female Total Female

Prevalence 2.9%(2-7%,3-1%) 2.9% (2-8%,2:9%) 2.9% (2-8%,3-0%) 1-2% (1-0%,1-3%) 1-2%(1-1%,1-3%) 1-1% (0-9%,1-2%)
Incidence 1-1%(1-0%,1-2%) 0-9% (0-9%,1-0%) 1-2%(1-1%,1-3%) 0-3%(0-2%,0-3%) 0-2% (0-1%,0-2%) 0-4% (0-3%,0-4%)
Deaths -1.0%(-1-2%,-0-8%)  —0.5%(-0-6%,—0-3%)  —1.5%(-1.8%,~13%)  —-3.5%(-3-6%—3-3%) —2.9%(-3.0%,—2-8%) —3.9%(-4-1%,—-3-8%)
DALYs 0-8% (0-6%,0-9%) 0-6% (0-4%,0-7%) 0-9% (0-8%,1-0%) -0-8%(-0.9%,~0-6%)  —0.9%(-1.0%,-0-7%)  —0.7%(—0-8%,—0-6%)
YLLs —2.7%(-3:0%,—2-4%)  —22%(-2-4%-21%)  —3.3%(-3.5%,—3.0%) —3.6%(-3.7%—3-4%) —3.6%(-4.0%-3-2%) —4-1%(—4-3%—4-0%)
YLDs 2.9%(2-6%,3-1%) 2-8%(2-7%,2-9%) 2-9% (2-8%,3-0%) 1-1% (1.0%,1-2%) 1-2%(1-1%,1-2%) 1-1%(1-0%,1-2%)

DALYs=disability-adjusted life years, YLLs=years of life lost, YLDs=years lived with disability.

75 B

200—
A — Age-standardized
~ All Ages
180~ 70~
o o
8 160~ 8
o o =l
e S 65
1
g @
o 140- g
e Q
e o
o c
K] 5 50°
> -
E 120~ E
55—
100= =
,///
80— 50~
1 | 1 1 J 1 1 1 1 1 1 1 1 J
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
year
- o C 36— D
— Age-standardized
— All Ages
8=
34=
o
8
8 71 o
P=) o
-
8 = 327
= @
2 o
@ '
o 6~ ;
z 2
g uw. 30—
° o
= 5 o
Apn—— e
«
-
28—
4=
3= 26=

Fig. 1. Observed and age-standardized rates (ARs) of IBD from 1990 to 2017 in China. (A) Observed and ARs of the prevalence; (B) Observed and ARs of the incidence; (C) Observed

1 J 1 J 1 J J U 1 | U | 1 J
1990 19921994 1996 1998 2000 2002 2004 2006 2008 20102012 2014 2016

year

and ARs of the mortality; (D) Observed and ARs of the DALYs. DALYs=disability-adjusted life years.

—— Age-standardized
— All Ages /

1 | | J 1 1 | J 1 | | 1 1 |
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 201020122014 2016

year

— Age-standardized —
~—— All Ages /

1 U 1 I 1 | | 1 1 1 U I 1 1
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 201020122014 2016

year



4 Y. Qiu et al. / EClinicalMedicine 27 (2020) 100544

A
Female Male
2017~ ] 2017
WU E—— — s
2013- _= 2013
2011~ _= -2011
2009- _= -2009
2007- S ——— 2007
. soas e R .
S 2003- 2003 3
2001- o —— -2001
1999- . — 1999
1997- e m— 1997
1995 s — 199
1993- == -1993
1991~ == -1991
189 1 1 1 1 1 1 1 1 1 1 1 Bl
250 200 150 100 50 0 50 100 150 200 250
Prevalence of IBD (1/100,000)
C
Female Male
2017 L -2017
2015 e — e
2013- O — o3
2011 L — —2on1
. I | s
2007~ ~2007
e — o5,
MR -2003 E
L -2001
1999 — 1999
1997 —= -1997
1995 o E————— 199
1993 e E————— 1993
1991 —— 1991
1ons- ——————— Lises

50 4'0 .3‘0 .2‘0 B l'll .|l.ll . llll .1'0 .30 4‘0 Slll
Mortality of IBD (1/100,000)

B
Female Male
2017- | ——— =2017
W R —————— —201s
2013~ _= -2013
2011~ _= -2011
2009 e E——— 2009
2007 O — 2007
™ e —— s
& 2003~ I -2003 &
2001~ L 2001
1999- e E——— 1999
1997- L — 1997
1995- o —— 1998
1993 —_—r -1993
191 e — -19m1
isas:] e ———— s
F R 20 0 0 4 6@ s
Incidence of IBD (1/100,000)
D
Female Male
2017- -2017
2015~ _= -2015
2013 —— -
2011- = =2011
2009- e — 2009
2007- e — 2007
§ ™ o — o
& 2003 ] ~2003 2
2001~ B — | ~2001
1999— == -1999
1997- e E— 1997
1995- o —— 1998
1993~ == ~1993
1991~ == ~1991
- I _l—I I Lisss
40 20 o 20 40
DALYs of IBD (1/100,000)

Fig. 2. Disease burden of IBD among different sex groups from 1990 to 2017 in China. (A) The differences in prevalence between males and females; (B) the differences in incidence
between males and females; (C) the differences of mortality between males and females; (D) the differences in DALYs between males and females. DALYs=disability-adjusted life

years.

higher in males than females, while the incidence, deaths and YLLs
was higher in females than males (table 2).

Fig. 3 shows the rates of IBD among different age groups. IBD of
over 100/100 000 rate was more prevalent among individuals aged
over 35 and increased rapidly between the ages of 30 and 69. The
highest prevalence rate was observed in those aged 65—69. Similar
tendency was observed in incidence with highest rate among those
aged 50-55. The incidence was observed over 20/100 000 in those
aged over 15. The mortality began to increase rapidly from the age of
60 with rates that were consistently high among those aged over 80.
The rate of DALYs was over 50/100 000 among those aged over 50.

Fig. 4 illustrates the rate of DALYs in IBD by GBD country and sub-
national locations in 2017 for both sexes combined. The geographical
variation in IBD of DALYs across countries is shown: the age-stan-
dardized rate of DALYs with over 100 per 100,000 was seen in 11 of
195 countries and territories, including Connecticut, Maine, Massa-
chusetts, New Hampshire, New York, Pennsylvania, Rhode Island,
North East England, North West England, East of England and South
West England. The age-standardized rate of DALYs with 51~100 per
100,000 was seen in 51 of 195 countries and territories. The age-stan-
dardized rate of DALYs with below 50 per 100,000 was seen in other
countries and territories, and in China it was 27.51 (95%Ul: 21-1,
34.95) per 100,000.

4. Discussion

This study described the disease burden of IBD in China, revealing
that the prevalence, incidence and YLDs persisted to increase
between 1990 and 2017. As IBD is the product of industrialization, it
is easily to understand the increasing trend due to the rapidly
expanding urbanization and developing industry occurring in China.
Similar increasing trends were seen in Hong Kong from 1991 to 2006
[20,21], Taiwan from 1998 to 2008 [22], Brail from 1988 to 2012 [23],
Malaysia from 1990 to 2013 [24], Tuzla from 1995 to 2006 [25,26],
Songpa from 1991 to 2005 [27]. However, some reports showed
declining incidence of IBD in parts of North America and Europe [4].
Despite the incidence in parts of North America had declining trend,
there were still approximate more than two million North Americans
live with IBD today, and that population is forecasted to be approach-
ing four million by 2030 [1,28,29].

Although the incidence of IBD increased between 1990 and 2017,
the burden in terms of mortality and YLLs improved. It is not surpris-
ing that China has experienced a rapid social and economic develop-
ment over the past three decades. Transformation of the social
economy has accelerated the process of industrialization and health
political developments, including China’s social health insurance pro-
grams. For instance, the urban employee-based basic medical
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insurance program (UEBMI) was launched in 1998, the rural new
cooperative medical program (NCMS) was launched in 2003 and the
urban resident-based basic medical insurance program (URBMI) was
launched in 2007 [30]. With these developments, the general popula-
tion had enough public health insurance, leading to pay more atten-
tion to their own health. In addition, increasing clinicians had been
trained to have adequate experience in the diagnosis and treatment
of IBD [31].

In Western countries, it showed an equal gender distribution for
UC and a slight female predominance for CD [32—34]. In contrast,
data from Asian countries showed male predominance for CD and an
equal gender distribution for UC [35,36]. In China, the male-to-female
ratio is around 2-32:1 in CD and 1.53:1 in UC [10]. The reason
remained unexplained for this difference in gender ratio between
Asian and Western populations. Smoking could explain the male pre-
dominance in IBD incidence [37]. Although the smoking rate is much

higher in men (50%) than that in women (11%) [38], some held the
view that smoking could not fully explain the difference in CD preva-
lence between gender distribution [39]. However, there was a para-
dox that the male-to female ratio was 0-6:1 in IBD prevalence and
incidence (data could be obtained in GHDx) [18]. The possible reason
was that sample in the GBD 2017 was larger and more reliable than
that in Jiang L's study [10]. Similar to the total trends, the prevalence,
incidence, DALYs and YLDs among males and females for all-ages
increased, while the mortality and YLLs decreased from 1990 to
2017.

Although IBD was primarily diagnosed at middle age, the preva-
lence rate was on the rise among the elderly for the aging population
increasing worldwide. Due to the longer disease duration, the mortal-
ity began to increase at the age of 60 with highest rates at age of over
80. In addition, the results in this study was in consistent with the
previous literature, which reported that the proportion diagnosed
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was rising among the children and adolescents [40]. According to the
China Statistical Yearbook 2017, children and adolescents aged <14
accounted for 16.8% at the end of 2017 [41]. It could explain why IBD
was less prevalent among individuals aged <14. Data from the West
showed that IBD is characterized by a bimodal age distribution with
peaks at age groups 20—39 and 60-79 years [42]. In this study, the
peak of IBD incidence rate was observed at age groups 50—55.

Little data were available on DALYs in IBD patients in China. Here,
we found that the burden of IBD was still low in China, unlike the
Western countries with higher DALYs such as the Europe and north
America. Given the massive population in China, IBD should be paid
more attention. Luckily, the health care delivered improved resulting
from the economic progression. The implementation of sigmoidos-
copy or colonoscopy enhanced the detection of IBD [25]. In the era of
Internet, social media emerged as a group of internet-based applica-
tions that allow users to exchange information and create content
[43]. In China, there are several IBD-related social media widely used,
such as Baidu blog, WeChat, Dingxiang Yisheng and Haodaifu. Among
them, WeChat is the most popular mobile app. As a result, increasing
IBD patients are inclined to use social media as part of their disease
management [31]. They could change their attitude and the way they
deal with the illness through seeking information from social media.
It was reported that there was 59.3% of IBD patients seeking informa-
tion from social media [31].

However, there were no predictive forecasting models of the
prevalence and economic impact of IBD in China, which should be
resolved in the future. Luckily for IBD patients, China Crohn’s and
Colitis Foundation (CCCF) has been established to improve their qual-
ity of life (QOL) through education and training. CCCF is a nonprofit,
volunteer-driven organization founded in Hangzhou, China. Now it
has a total of 5 programs in action: IBD specialist training programs,
IBD patients’ health education programs, health care professionals-
patients network project, fundraising program, and volunteer pro-
gram [31]. According to Kaplan GG, the strategies to reduce burden of
IBD included establishing the predictive forecasting models of the
prevalence and economic impact of IBD, ensuring the equality and
affordability of IBD management, funding research on interactions
between genes, the environment and intestinal microbes [1].

There were several limitations in this study. First, general limi-
tations of the GBD 2017 exist and have been illustrated
[14,15,19]. One of the main limitations of measuring IBD burden
in China was a lack of reliable incidence data. In China, there
were no IBD research centers or monitor system. These data may
be not nationally representative. The estimates depend on sophis-
ticated statistical modeling to address sparse and inconsistent
data, data collection and model selection may cause errors, and
which may be addressed in the next iteration of the GBD study.
Additionally, our study does not include the differences of IBD
incidence and prevalence in Chinese ethic populations or factors
related to UC and CD, respectively.

In conclusion, China still experienced an increase in the age-
standardized prevalence rate and incidence rate between 1990
and 2017. Due to the improved health care delivery, the age-stan-
dardized rate of DALYs, deaths and YLLs due to IBD decreased.
Female predominance was in IBD patients. The highest incidence
rate was observed at age groups 50-55. China is still one of the
low endemic areas of DALYs for IBD. Regarding the massive popu-
lation, strategies should be considered in the future to reduce the
burden of IBD.
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