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Summary
Background The disease burden of gastrointestinal disease (GD) in China is high, with significant variation across
provinces. A comprehensive agreed set of indicators could guide rational resource allocation to support better GD
outcomes.

Methods This study collected data from multiple sources, including national surveillance, surveys, registration sys-
tems, and scientific research. Literature reviews and Delphi methods were used to obtain monitoring indicators; the
analytic hierarchy process was used to determine indicator weights.

Findings The China Gastrointestinal Health Index (GHI) system consisted of four dimensions and 46 indicators. The
weight of the four dimensions from high to low included the prevalence of gastrointestinal non-neoplastic diseases
and gastrointestinal neoplasms (GN) (0.3246), clinical treatment of GD (0.2884), prevention and control of risk factors
(0.2606), and exposure to risk factors (0.1264). The highest indicator weight of GHI rank was the successful smoking
cessation rate (0.1253), followed by the 5-year survival rate of GN (0.0905), and the examination rate of diagnostic
oesophagogastroduodenoscopy (0.0661). The overall GHI for China in 2019 was 49.89, varying from 39.19 to
76.13 across all sub-regions. The top five sub-regions in the total GHI score were in the eastern region.

Interpretation GHI is the first system designed to monitor gastrointestinal health systematically. In the future, data
from sub-regions of China should be used to test and improve the GHI system for its impact.
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Introduction
The gastrointestinal system, including the gastroin-
testinal tract and accessory organs, plays a vital role in
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digestion, absorption, metabolism, and maintenance
of human health. Gastrointestinal diseases (GD) in-
clude gastrointestinal non-neoplastic diseases (GNND)
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Research in context

Evidence before this study
In the past, comprehensive evaluation was challenging and
restricted by the insufficient availability of regional survey
data on epidemiology, exposure to risk factors, treatment
capabilities for diseases, and treatment outcomes. We
searched PubMed from database inception to 2023 without
applying any language restrictions, using the following search
string: ("Monitoring" [Title/Abstract] OR "Epidemiological
Monitoring" [MeSH Terms]) AND "health index" [Title/
Abstract]. We systematically reviewed the 116 search results
and found 15 relevant original research articles. The advent of
big data, coupled with the completion of large-scale surveys
and the growing demand for health monitoring, has led to
the creation of comprehensive health monitoring indices.
These indices, such as the cardiovascular health index, the
Child health index, and the Injury index, are designed to
assess the health status of groups and provide quantitative
guidance for intervention strategies. However, there is no
comprehensive evaluation system for regional gastrointestinal
health monitoring.

Added value of this study
By utilizing the Delphi method and analytic hierarchy process,
a comprehensive index system was established for the
quantitative evaluation of regional gastrointestinal health.
Along with the scientific evaluation, the GHI includes four
dimensions and 46 indicators that can be used by provincial
managers to easily and quickly identify areas that need
improvement in terms of gastrointestinal disease prevention
and control.

Implications of all the available evidence
Our research findings have practical applications for decision-
makers who need to assess the effectiveness of policies.
Specifically, our results can help identify and address the pain
points associated with gastrointestinal diseases. Our research
offers valuable insights into the rational allocation of regional
resources. By utilizing these insights, low economic regions
can invest more effectively in areas of need, while avoiding
investments in low output and low efficiency sectors.
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and gastrointestinal neoplasms (GN), which have
become important contributors to disability-adjusted
life-years (DALYs) and mortality.1 The disease
burden of GN is increasing worldwide, and gastric,
liver, and colorectal cancers account for three of the
top five cancer-related deaths.2 GN accounted for 26%
of global cancer incidence and 35% of all cancer-
related deaths in 2018.3 China should put more re-
sources into preventing and controlling GN than the
United States and the United Kingdom, with a popu-
lation of 1.4 billion and a special period of cancer
transformation.4 Concerns over GNND are also
increasing, and besides death, they cause pain, affect
the quality of life of patients, and bring a huge eco-
nomic burden to social development.5–8

The prevention and control of GD is a process that
requires individualized intervention, especially lifestyle
changes through education or expensive medical inter-
vention. Long-term and sustained preventive measures
require action at global and national levels.9,10 The first
step is effectively assessing the prevalence of GD, the
risk of GD, and the effectiveness of GD prevention and
control. In implementing this initial step, establishing a
monitoring system and related indicators to measure
the burden and changes in GD is necessary. In the
global action plan for the prevention and control of non-
communicable diseases 2013–2020, the World Health
Organization (WHO) has encouraged the monitoring of
chronic diseases and tumours to reduce mortality by
25%.11 The National Institutes of Health (NIH) of the
United States provided $3.1 billion to evaluate the
annual disease burden and cost of, and carry out
research on, gastrointestinal, liver, and pancreatic dis-
eases in 2020, with GI research continuing to capture
roughly 7% of the NIH budget.12 In China, long-term
plans and policies have been implemented to enhance
the surveillance of chronic diseases and tumours,
reduce the probability of premature death by 30%, and
increase the average life expectancy to 79 years by 2030
compared with the rate in 2015.13–16

It is necessary to evaluate and monitor the health of
the digestive system to achieve the national goal of GD
prevention and control in China.17,18 Indicators can be
used to monitor disease control and prevention. For
example, the adenoma detection rate (ADR) reflects the
frequency of colonoscopy and promotes early screening
for colorectal tumours, however, it does not measure the
GD status of the population.19 Although incidence and
mortality are commonly used indicators to evaluate the
disease burden of GD, they were unable to fully reflect
the prevention and control capabilities.20 System-based
monitoring has brought about gains in supply-demand
balance for multi-disease prevention.9,21 However,
there has been no monitoring of GD, which has
compromised equity in the supply and demand of
medical resources.

Importantly, an innovative index of GD would help
policymakers understand the current situation of GD in
China, increase public awareness of GD, and support
research to control incidence of GD. Therefore, we re-
ported development of the China Gastrointestinal
Health Index (GHI); based on comprehensive and
objective data related to GD, the GHI reflects the health
status of the digestive system in the Chinese population.
www.thelancet.com Vol 38 September, 2023
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Specifically, this paper introduces the establishment of
the GHI, describes the processes to select and weight
each indicator, and proposes the use of GHI.
Methods
To assess the health status of the digestive system in
the Chinese population, a comprehensive GHI should
reflect the current prevalence and risk of GD, evaluate
the effectiveness of prevention and treatment mea-
sures, and emphasise public health policies and
population-based and community interventions. To
construct the GHI, we conducted a literature review,
sought expert advice, screened indicators using the
Delphi method, and determined indicator weights us-
ing the analytical hierarchy process (AHP). Fig. 1 pre-
sents a step-by-step process of the literature review,
expert discussion, indicator screening, weight defini-
tion, and GHI construction.

Defining GHI dimensions
First, guided by the monitoring needs of WHO and
Healthy China 2030 for monitoring chronic diseases
and tumours and drawing on the research of the car-
diovascular health index (CHI), it was determined that
the GHI should be composed of four dimensions; the
prevalence of GNND and GN, exposure to risk factors,
prevention and control of risk factors, and clinical treat-
ment of GD.12,21,22 Using data sources currently available
from the National Center for Chronic and Non-
communicable Disease Control and Prevention of the
Chinese Center for Disease Control and Prevention
(CDC) and National Digestive Endoscopy Improve-
ment System (NDEIS), including the study on the
burden of disease by the provinces in China, the sur-
veillance survey of chronic diseases and risk factors in
China, the epidemiology of digestive system diseases
in China, the endoscopic quality control data of
NDEIS, and other data sources, we sorted the existing
digestive health indicator-related data in the four di-
mensions. Furthermore, we extensively searched rele-
vant literature to collect widely recognised risk factors
for GNND and GN and searched various public data
sources at the national level to obtain relevant data. In
addition, a wide range of experts in the digestive field
was solicited to consult about the indicators and data
availability for the diagnosis and treatment of GD.
Finally, multiple expert discussion rounds were used
to define the GHI indicator. eTable 1 shows the defi-
nition, calculation methods and data sources of GHI
indicators.23–28
Fig. 1: Process of con
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Defining the GD indicator system using the Delphi
method
Through literature review, we established an indicator
database and conducted a pilot survey to develop an
expert consultation questionnaire. Next, we defined the
indicator through two rounds of the Delphi method.29

Firstly, professionals in chronic disease prevention and
treatment and clinical experts in GD participated in the
group consultation. Secondly, the experts scored
the importance of each indicator (from 1 representing
the lowest degrees of importance to 4 representing the
highest degrees of importance) and listed the reasons
and evidence of each dimension. The indicator was
accepted when the mean value of the index importance
score was ≥3 and the coefficient of variation ≤0.5.
Finally, the second round of the Delphi method was
used to calculate the average and coefficient of variation
of each indicator importance score, remove indicators
that did not meet the inclusion criteria, and add new
indicators according to the suggestions of the experts.
The authority coefficient (Cr) was used to express the
degree of authority of an expert. The mean and inter-
quartile range (IQR) of the importance scores of each
indicator were used to measure the degree of concen-
tration of expert opinions. The higher the mean, the
shorter the IQR, indicating that experts’ opinions on the
importance of indicators were more concentrated. The
coordination of experts’ judgments on all indicators was
represented by the coefficient of variation and Kendall’s
W. The collected Delphi expert consultation question-
naire was used to establish a database with EpiData v3.1
(Odense, Denmark), double-entry of data was per-
formed, and SPSS software (version 20.0; IBM, USA)
was used for data analysis. Fig. 2 shows a flowchart of
the Delphi method.

Defining GHI weight with AHP
AHP was used to define the indicator weights for the
GHI.30 Firstly, the indicators were layered, and a target
tree was established. The indicators of each dimension
were used to form a hierarchical structure, and a GHI
weight evaluation target tree was constructed. Secondly,
YAAHP software (Shanxi Yuan Decision Software
Technology Co., Ltd., China) was used to establish a
hierarchical structure of the goal tree and generate a
pairwise judgment matrix of indicators. Seven senior
experts in the field of GD prevention and control were
selected to compare the importance of each indicator
within the same matrix. The expert group listed the
judgment matrix (Table 1) in the questionnaire accord-
ing to the GHI weight and used the evaluation criteria in
structing of GHI.
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B1 environmental factors
B2 biological factors
B3 lifestyle

The above scores are not th

Table 1: Examples of judg

Fig. 2: Flowchart of Delphi process.
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Table 2 to assign certain weights to the indicators of the
same level according to their values in the previous in-
dex. The consistency of the expert judgment matrix was
calculated to test the logic of the judgment. When the
consistency index (CI) or random consistency ratio (CR)
was less than 0.10, the judgment matrix achieved strong
consistency, and the weight coefficients were consistent.
If consistency was not met, the expert was asked to
repeat the scoring process until the consistency of each
matrix met the target before submitting the matrix
scoring results. This study was based on the scores of
experts and the initial weight coefficient, normalised
weight coefficient, and combination weight coefficient
of each indicator. According to the principle of equal
scores for each expert, we determined the average of the
scores of the experts and calculated the final weight of
each level and indicator. Fig. 3 shows the AHP process.

Calculation of GHI markers
Based on the indicator selected by the Delphi method
and the indicator weight defined by AHP, the GHI was
B1 environmental
factors

B2 biological
factors

B3 lifestyle

1 (b11) 3(B12) 5 (b13)
1/3 (b21) 1 (b22) 3 (b23)
1/5 (b31) 1/3 (b32) 1 (b33)

e real marks used in the AHP for evaluating CHI weights.

ment matrices marking.
constructed to calculate the gastrointestinal health score
of different regions in China. Regional GHI allows
comparisons between different regions, which have
different population size, economic development,
urban-rural mix, and health systems, and can help
formulate public health policies. The maximum score
for the GHI is 100 points; the higher the score of each
region, the better the GD-related health status.

Due to the differences in dimension, order of
magnitude, and reflection of the content of each indi-
cator, the measurement of GHI involved several major
steps, including original database data cleaning, index
calculation, co-directional transformation, stand-
ardisation, percentage transformation, and weighted
summation. Firstly, the same trend conversion was
adopted for each indicator so that the orientation of the
indicators reflecting the health status was consistent
with the orientation of the health status represented by
GHI. Subsequently, we standardised the index. Pre-
liminary analysis showed that most indexes had a
normal distribution. Therefore, the standard normal
transformation was used to remove the dimension of
each index so that all the transformed indexes obey the
standard normal distribution with a mean value of 0 and
a standard deviation of 1. The transformation formula is
as follows:

Zi =Xi−μi
σi
www.thelancet.com Vol 38 September, 2023
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Comparison
score

Relative importance Description

1 Equally important Both contribute equally to the goal

3 Slightly important From experience, one indicator is slightly more
favourable than the other

5 More important From experience, one indicator is more favourable than
the other

7 Very important One indicator is more favourable than the other and has
been proven in practice

9 Absolutely important Significant degree of importance

(2, 4, 6, 8) The median value of two
adjacent degrees

Use when a compromise is required

Table 2: Marking criteria of each level of the goal tree.

Articles
Zi refers to the mark of the i th index after standard
normal transformation, Xi refers to the initial or co-
directional value of the i th index, μi refers to the
mean value of the i th index for each Chinese province,
and σi refers to the standard deviation of the i th index
for each province.

Notably, a percentage conversion was necessary to
ensure that the final value was between 0 and 100. This
was performed by calculating the area under the stan-
dard normal distribution curve to the left of the Z value.
For any standard normalised index Zi, its score was Si:

Si = 100⋅ ∫
Zi

−∞

1̅̅̅̅̅
2π

√ e−
x2
2 dX

Finally, combined with the standard normalised
score and weight of each index, the scores of the
different dimensions and the final GHI score of each
province were calculated. The calculation method is as
follows:

GHI= ∑n
i=1

Si⋅Wi

N refers to the number of indicators in a certain
dimension or the total number of indicators, and Si
refers to the standard normalised score of the ith index,
Wi refers to the index weight.

Ethical considerations
The data involved in this study protected the research
subjects through anonymisation and removal of identi-
fying information. This study was a secondary analysis
of public survey data involving only province-level in-
dicator results. The original informed consent involved
in this study allowed for secondary analysis, and no
additional consent was required.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors confirmed that they
had full access to all the data in the study and accepted
the responsibility to submit for publication.
Results
GHI dimensions and indicators
The intention is that the GHI should be a comprehen-
sive set of objective and specific indices. The composite
index model is usually complex and uncertain;
Fig. 3: Procedu
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therefore, it is necessary to include various factors
affecting the index to reflect instantaneity, stability, and
continuity. For this reason, we established an index
system with four dimensions as follows: the prevalence
of GNND and GN, the exposure to risk factors, the
prevention and control of risk factors, and the clinical
treatment of GD. These dimensions enable researchers
to focus on specific elements. Through a literature re-
view, 46 indicators were selected, and an index base was
established.

Screening of indicators
In the first round of the Delphi method, we distributed
103 questionnaires (89 experts in the clinical digestive
field and 14 experts in the public health field) and
received 76 questionnaires (62 experts in the clinical
digestive field and 14 experts in the public health field).
The degree of enthusiasm of experts was 73.79%. In the
second round of the Delphi method, we distributed 76
questionnaires (62 clinical digestive experts and 14
public health experts) and received 68 questionnaires
(56 clinical digestive experts and 12 public health ex-
perts). For the indicators, the average degree of famil-
iarity, knowledge to judge the program, and the Cr of
the experts were 0.85, 0.88, and 0.87, respectively,
indicating that the experts selected in this study had
relatively high authority.

The opinions of experts were highly concentrated. In
the first round of Delphi expert consultation indicators,
the importance scores were 35 (IQR: 3.0, 4.0) and 9 (IQR:
4.0, 4.0), with the average importance scores between
2.62 and 3.84. Additionally, in the second round of in-
dicators, the importance scores were 21 (IQR: 3.0, 4.0)
and 20 (IQR: 4.0, 4.0), with the mean importance scores
between 2.47 and 3.91. The opinions of the experts were
highly coordinated. In the first round, the mean coeffi-
cient of variation was 0.23 (0.11–0.36). In the second
re of AHP.
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round of indicators, the mean coefficient of variation was
0.16 (0.07–0.42); The Kendall’s W of the two rounds of
expert consultation were 0.195 and 0.393, respectively,
with both P < 0.05, indicating the coordination of the
experts’ judgments on all indicators was consistent.

According to the principle of indicator screening,
after two rounds of the Delphi method, the GHI
comprised four dimensions and 46 indicators (Table 3).
The data sources (eTable 1) for these indicators included
the Global Burden of Disease China (2019), Digestive
Endoscopy Annual Data of NEDIS (2019), Chronic
Disease Risk Factor Surveillance in China (2019), Chi-
nese Journal of Health Statistics 2020, Report on the
State of the Ecology and Environment in China 2019,
Inflammatory Bowel Disease Annual Data (2021),
annual data of Helicobacter pylori specialist clinics
(2021), and annual data on Helicobacter pylori infection
in China (2021).

Index weight
According to the AHP results, the weights of the four
dimensions from high to low were as follows: the
prevalence of GNND and GN (0.3246), clinical treat-
ment of GD (0.2884), prevention and control of risk
factors (0.2606), and exposure to risk factors (0.1264).
Regarding the prevalence of GNND and GN, the weight
of GN (0.2369) was higher than that of GNND (0.0877).
In the dimension of exposure to risk factors, the weight
coefficients of the secondary indicators in descending
order were lifestyle (0.0564), environmental factors
(0.0394), and biological factors (0.0306). In the dimen-
sion of prevention and control of risk factors, the weight
coefficients of secondary indicators in descending order
were prevention and control of high-risk factors
(0.1253), endoscopic screening (0.0893), and early
diagnosis and treatment of tumours (0.046). In the
clinical treatment of GD, therapeutic capacity (0.1869)
was higher than the treatment outcome (0.1015). Table 3
shows the list of the weights of the indexes.

Results of GHI
The GHI average score in China was 49.89, with 14 and
17 provinces scoring higher and lower than the national
average, respectively. Zhejiang had the highest GHI
(76.13), followed by Shanghai (70.44) and Peking
(62.73). The lowest scoring provinces were Shanxi
(33.19), Qinghai (33.85), and Inner Mongolia (39.77).
Fig. 4, eFigs. 1–4, and Table 4 show the detailed GHI
results. The ranking of GHI sub-dimensions and sec-
ondary indicators are shown in eTables 2 and 3,
respectively. The GHI maps can be accessed as an open-
source tool through https://digestive-web.doctorwor
king.cn/ (eFigs. 5–9).

Discussion
This study was carried out with multi-centre coopera-
tion, and the team researchers came from the CDC,
NEDIS, tertiary hospitals, and other health administra-
tive departments. All data required to calculate GHI
were obtained from high-quality research (Global
Burden of Disease China) and officially released Chi-
nese data (Digestive Endoscopy Annual Data of the
National Health Commission and Chronic Disease Risk
Factor Surveillance in China of CDC). These represen-
tative data ensured the consistency and stability of the
study. The GHI adopted the comprehensive index
method and comprehensively compared the indicators
of different characteristics, categories, and measure-
ment units. To construct a composite index, we used a
literature review, the Delphi method, and AHP, a pro-
cess commonly used to assess and monitor chronic
disease prevention and control systems.21,29,30 In a liter-
ature review, we combined qualitative and quantita-
tive analysis using the Delphi method and AHP to
summarise the back-to-back evaluation results and
face-to-face evaluation opinions of experts, and finally
established the GHI system, with the derived weights of
the 46 indices.

Three core concepts the development of the GHI.
The first was the advantage of a comprehensive evalu-
ation, as evidenced by the successful application of the
cardiovascular index.31 The GHI dimensions and in-
dicators reflect the need to adopt a comprehensive
method to assess the health status of the digestive sys-
tem of the ideal population. The GHI included in-
dicators to assess the quality of work performed by
clinicians (ADR and complete resection rate of endo-
scopic submucosal dissection for early cancer), in-
dicators of the impact of a healthy lifestyle (smoking
rate, obesity rate, and insufficient fruit and vegetable
intake rate), digestive system health influencing factors
(hepatitis incidence, Helicobacter pylori infection rate,
blood lipids, and blood sugar), clinical treatment in-
dicators, and early screening indicators based on public
health intervention populations (early tumour detection
rate and penetration rate of endoscopy). The GHI is a
multidimensional and multi-index concept. The China
GHI is weighted 32% to reflect the current prevalence
and disease burden of GD, and 68% for the three di-
mensions of GD measures.

The GHI can provide a focus on surveillance of GD.
Among the three dimensions used to monitor GD,
clinical treatment of GD was weighted highest at
28.84%. Within this dimension, 5-year survival rate of
GN was weighted 0.0905, accounting for the highest
proportion, followed by the proportion of hospitals
providing advanced endoscopic techniques (0.0415) and
the proportion of hospitals with emergency gastroscopic
haemostasis capability (0.0365). These three indicators
ranked second, fourth, and seventh of the 46 GHI in-
dicators, respectively. The highest weighted indicator
was the successful smoking cessation rate (0.1253). This
reflects the importance of smoking cessation in influ-
encing better outcomes for early diagnosis, early
www.thelancet.com Vol 38 September, 2023
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Dimension Sub-dimension Number Indicator Weight

A prevalence of GNND and GN A1 prevalence of GN A01 Incidence of oesophageal cancer 0.028

A02 Mortality of oesophageal cancer 0.0208

A03 Incidence of stomach cancer 0.0401

A04 Mortality of stomach cancer 0.0271

A05 Incidence of colorectal cancer 0.0198

A06 Mortality of colorectal cancer 0.0149

A07 Incidence of liver cancer 0.0341

A08 Mortality of liver cancer 0.0097

A09 Incidence of pancreatic cancer 0.0083

A10 Mortality of pancreatic cancer 0.0341

A2 prevalence of GNND A11 Prevalence of liver cirrhosis 0.0166

A12 Mortality of liver cirrhosis 0.0088

A13 Prevalence of peptic ulcer 0.0063

A14 Mortality of peptic ulcer 0.0018

A15 Prevalence of gastro-oesophageal reflux disease 0.0065

A16 Prevalence of IBD 0.0122

A17 Mortality of IBD 0.0046

A18 Prevalence of pancreatitis 0.0216

A19 Mortality of pancreatitis 0.0093

B exposure to risk factors B1 environmental factors B01 Quality of drinking water 0.0394

B2 biological factors B02 HP infection rate 0.0122

B03 Incidence of hepatitis B and C 0.0184

B3 lifestyle B04 Current smoking rate 0.0159

B05 Per capita salt intake 0.008

B06 Harmful drinking rate 0.005

B07 Excessive intake of red meat 0.0056

B08 Insufficient intake rate of vegetable and fruit 0.0053

B09 Obesity rate 0.0104

B10 Prevalence of dyslipidemia 0.0062

C prevention and control of risk factors C1 prevention and control
of high-risk factors

C01 Successful smoking cessation rate 0.1253

C2 endoscopic screening C02 The examination rate of diagnostic
oesophagogastroduodenoscopy

0.0661

C03 The examination rate of diagnostic colonoscopy 0.0232

C3 early diagnosis and early
treatment of tumours

C04 Proportion of early cancer in all oesophageal cancer
during diagnostic EGD

0.0139

C05 Proportion of early cancer in all gastric cancer during
diagnostic EGD

0.018

C06 Proportion of early cancer in all colorectal cancer
during diagnostic colonoscopy

0.0079

C07 Adenoma detection rate of colonoscopy 0.0062

D clinical treatment of GD D1 therapeutic capacity D01 Proportion of hospitals with gastroenterology
department

0.0194

D02 Number of gastrointestinal endoscopists 0.019

D03 Proportion of hospitals with gastrointestinal
endoscopy centers

0.0247

D04 Proportion of hospitals with emergency gastroscopic
haemostasis capability

0.0365

D05 Proportion of hospitals providing primary endoscopic
techniques

0.0234

D06 Proportion of hospitals providing advanced
endoscopic techniques

0.0415

D07 Proportion of regional medical centers for IBD 0.0113

D08 Proportion of HP standardised outpatient
demonstration centers

0.0111

D2 treatment outcome D09 Complete resection rate of ESD for early cancer 0.011

D10 5-Year survival rate of GN 0.0905

ESD, endoscopic submucosal dissection; EGD, oesophagogastroduodenoscopy; IBD, inflammatory bowel disease; HP, Helicobacter pylori.

Table 3: Indicators and weights in GHI.
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Fig. 4: GHI scores of provinces in China.
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treatment, and prevention and treatment of GN.3,32,33 In
the GHI, the weight of the prevention and control
dimension of risk factors was 26.06%. Risk factor
intervention can effectively reduce the incidence and
mortality of GD, especially GN, and this effect applies to
the complete life cycle of the entire population and in-
dividuals. As an example, amongst possible cancer
control measures in Australia, “smoke-free” initiatives
have the potential have the largest impact on potential
years of life lost.34 In addition, the popularisation and
effective use of endoscopy can improve the benefits of
early tumour screening and prevention in the entire
population.35,36 As a developing country, China has
relatively scarce health resources, and the average
number of endoscopies, and the average number of
Item GHI A the prevalence of
GNND and GN

B
to

Weight 0.3246 0.

Mean score 49.89 16.81 6.

Maximum score 76.13 21.98 9.

Minimum score 33.19 8.36 3.

Max/min score 2.3 2.6 2.

Table 4: GHI and dimension scores for Chinese provinces.
endoscopists is far below demand. Comprehensive early
diagnosis, treatment, and prevention measures have
been proven to be the most cost-effective interventions
in the disease control field, especially in cancer pre-
vention and treatment.37,38 In the clinical treatment of
GD dimension, therapeutic capacity weighting was the
highest; therefore, it is crucial to improve the capacity
for diagnosis and treatment, especially prevention,
screening and early control of GD.

Monitoring will contribute to the optimisation of
resource allocation and use in China’s sub-regions.
Research by the WHO showed that low- and middle-
income countries performed poorly in monitoring and
researching diseases and risk interventions in response
to chronic disease epidemics.11 Similarly, this also
the exposure
risk factors

C the prevention
and control of risk
factors

D the clinical
treatment of GD

1264 0.2606 0.2884

46 12.49 14.13

32 22.99 26.44

55 5.13 2.54

6 4.5 10.4
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applies to China, and the increasing burden of GD in
China has led the government to implement policies
and programs to address this increase.13–15 The GHI can
be used to support China’s GD goals, including
increasing life expectancy, reducing premature mortal-
ity, and optimising the distribution of medical resources
between sub-regions. Similar to the success of CHI, the
GHI can facilitate inter-provincial comparisons, through
assessing a province’s performance with respect to
achieving control of GD incidence, prevention and
control of GD risks, and GD treatment.39 For example,
the total GHI score of Shanghai ranked second, but the
index identifies components that can be improved. The
exposure to environmental risk factors is relatively high
(mainly due to poor surface water quality), as is GD
burden (reflected in morbidity and mortality). It is
suggested that these should be the focus of digestive
health intervention in Shanghai. Additionally, the GHI
can increase public awareness of GD, help policymakers
evaluate the policies relating to GD, and provide a
reference for developing countries with a relative lack of
medical resources on how to monitor GD prevention
and control.

The future use of GHI involves evaluating the scores
among provinces, improving the dimensions and indi-
cator scores for each province, and improving the eval-
uation system of GHI. The eastern region of China has
higher GHI scores than the western region. The five
provinces with the highest GHI are all in the eastern
region, the Shanxi Province, with the lowest score in the
central region, and the other four provinces in the
lowest scoring five are in the western region. Endo-
scopic screening, early diagnosis, early treatment, and
therapeutic capacity are generally better in the eastern
region. However, the prevalence and disease burden of
GN is relatively heavy, and individual areas such as
Shanghai are exposed to serious environmental risk
factors (poor surface water quality). Governance in this
area should be strengthened. Biological risk factor
exposure (e.g., Helicobacter pylori infection and the
incidence of hepatitis B and C), prevention and control
of high-risk factors (the successful smoking cessation
rate), endoscopic screening, and treatment outcomes
were generally poor in the western and central regions.
The results for each province can be used to support
implementation of targeted interventions and policies,
for example strengthening the efforts supporting
smoking cessation and endoscopic screening in Shanxi,
preventing and treating Helicobacter pylori infection and
hepatitis B and C in Qinghai, and strengthening edu-
cation about healthy diets in Inner Mongolia. In the
future, we will regularly publish national and provincial
GHI scores, research regional and municipal GHI
evaluation systems, and formulate GD prevention and
control measures in pilot cities based on GHI results.

This study had several limitations. One of the limi-
tations of this study was the lack of process indicators
www.thelancet.com Vol 38 September, 2023
relating to clinical treatment of GD. Considering the
lack of recognised indicators of the GD treatment pro-
cess and the scarcity of corresponding national data, this
secondary indicator could not be included in the GHI.
In the future, we plan to conduct corresponding
research and collect and monitor indicators related to
the treatment process. Another limitation of the study
was the lack of accurate information on 5-year survival
rates for oesophageal, gastric, colorectal, liver, and
pancreatic tumours by province. The low quality of
single-disease epidemiological studies in some prov-
inces would impact the reliability of GHI evaluations.
After expert discussion, these were replaced by the
5-year survival rate of patients with GN. This substitu-
tion affects the precision of provincial intervention pol-
icies. In addition, although both literature review and
the Delphi method are utilized to decrease the hetero-
geneity of indicators, the bias resulting from heteroge-
neity cannot be entirely eradicated, like other indexes.
As a solution, we plan to enhance the relevant di-
mensions in the updated version of the GHI in order to
decrease heterogeneity and enhance clinical signifi-
cance. Finally, indicators such as disability adjusted life
years and mortality to incidence ratio were not included
in the GHI. This is because the GHI is mainly used by
sub-regional managers to find the weak links, so the
indicators should be easy to understand and apply.
Although this will affect the evaluation effectiveness of
the disease burden dimension, the impact on the
exposure of weak links is acceptable. We will further
refine the indicators during application, validation, and
feedback.

In summary, the GHI of China is a comprehensive
evaluation system to support control of GD. The
comprehensive GHI score helps us to improve our
understanding of GD in a more intuitive and simple
way. The GHI evaluation system has 46 indicators
within four dimensions. These dimensions and in-
dicators enable different GHI researchers to focus on
specific elements that can support GD prevention and
control, reduce disease morbidity and mortality, and
promote the improvement of GD management in
China. We will collect data and calculate the GHI scores
over several years, identify changes in GD, and evaluate
relevant policies and interventions.
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