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Abstract
Background: Peptic ulcer disease has been a major threat to the world’s population, which 
remains a significant cause of hospitalization worldwide and healthcare resource utilization.
Objectives: We aimed to describe the global burden, trends, and inequalities of peptic ulcer 
disease.
Design: An observational study was conducted.
Methods: In this secondary analysis of the Global Burden of Disease, Injuries, and Risk 
Factors Study 2019, we extracted data for age-standardized incidence rates (ASIRs), disability-
adjusted life year rates (ASDRs), and mortality rates (ASMRs); then, we stratified by age, level 
of regionals, and country; subsequently, we calculated estimated annual percentage changes 
(EAPC) of ASIR, ASDR, ASMR, and quantified cross-country inequalities in peptic ulcer disease 
mortality.
Results: Globally, ASIR showed a continuous downward trend, from 63.84 in 1990 to 44.26 per 
100,000 population in 2019, with an annual decrease of 1.42% [EAPC = −1.42 (95% CI: −1.55 
to −1.29)]. ASDR showed a continuing downward trend, and the EAPC was −3.47% (−3.58 to 
−3.37). ASMR showed a persistent decline, declining by nearly half in 2019 compared to 1990 
(3.0 versus 7.39 per 100,000 population), with an annual decrease of 2.55% [EAPC = −3.36 (95% 
CI: −3.47 to −3.25)]. A significant reduction in sociodemographic index (SDI)-related inequality, 
from an excess of 190.43 disability-adjusted life years (DALY) per 100,000 (95% CI: −190.83 to 
−190.02) between the poorest and richest countries in 1990 to 62.85 DALY per 100,000 (95% CI 
−62.81 to −62.35) in 2019.
Conclusion: Global peptic ulcer disease morbidity and mortality rates decreased significantly 
from 1990 to 2019. These health gains were in accordance with a substantial reduction in 
the magnitude of SDI-related inequalities across countries, which is paired with overall 
socioeconomic and health improvements observed in the region.
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Introduction
Peptic ulcer disease (PUD) is usually located in 
the stomach and proximal duodenum, referring 
to acid peptic injury of the digestive tract.1 PUD 
and its complications, including perforation and 
bleeding, have been a major threat to the world’s 

population, which remains a significant cause for 
hospitalization worldwide and healthcare 
resource utilization.2 Helicobacter pylori (Hp) and 
the widespread use of nonsteroidal anti-inflam-
matory drugs were the most common etiologies 
of PUD since the second half of the 20th 
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century. Subsequently, because of the use of 
antibiotics and effective gastric acid-suppressing 
medications (namely, proton pump inhibitors), 
the global incidence of PUD has been decreas-
ing.3 The report about the association between 
the burden of PUD and the sociodemographic 
index (SDI), states that the age-standardized 
prevalence rates, mortality rates, and disability-
adjusted life years (DALY) were highest in the 
low and low-middle SDI quantiles from 1990 to 
2019.4 The burden of PUD is the result of a syn-
ergistic effect of sociodemographic disadvantage 
and poor access to and poor performance of 
healthcare systems.5 Therefore, characterizing 
changes in trends in PUD across countries is 
critical for assessing population-related risk fac-
tors and optimizing resource allocation to reduce 
the burden of PUD and its complications.

Our objective was to assess the global burden, 
trends, and inequalities of PUD by use of a com-
prehensive approach, which includes a trend 
analysis of the burden through a secondary analy-
sis of the Global Burden of Disease (GBD) 20196 
and a standard health equity analytic method 
favored by WHO7 to identify where PUD remains 
a public health issue.

Methods

Data sources
The GBD 2019 project estimated the incidence, 
DALY, and mortality for 204 countries and ter-
ritories from 1990 to 2019. We performed a sec-
ondary analysis of GBD 2019. GBD uses various 
interrelated metrics to measure population health 
loss, study on the peptic ulcer burden were col-
lected from the 2019 GBD study, including the 
annual incident cases, DALYs count, number of 
deaths, and their age-standardized rates (ASR) 
by using the Global Health Data Exchange 
query tool (https://ghdx.healthdata.org/gbd-
results-tool).6 In this report, we extracted esti-
mates and their 95% uncertainty interval (UI) 
for incidence of cases, deaths, and DALYs as 
measures of PUD (ICD-10 codes: K25-K28). 
The International Classification of disease 
(ICD) codes (ICD-10) detailed information 
could be found at https://icd.who.int/browse10/ 
2010/en#/K20-K31. PUD DALYs were the  
sum of the years of life lost and the years lived 
with disability (DALYs = Years of life lost 
(YLLs) + Years lived with disability (YLDs)).

SDI and geographic regions
According to the results of the GBD 2015, the 
Institute for Health Metrics and Evaluation 
(IHME) proposed a new developmental classifi-
cation indicator – SDI (ranging from 0 to 1), 
which is composed of a total fertility rate under 
25, lag distributed income per capita (LDI), and 
mean education for those age 15 and older (EDU 
15+), which was closely related to population 
health outcomes and social development status. 
Meanwhile, the GBD 2019 categorized 204 
countries and territories into 21 geographic 
regions. SDI is used to divide countries and ter-
ritories into five categories8 (high SDI, high-mid-
dle SDI, middle SDI, low-middle SDI, and low 
SDI levels). The numeric value is 1, indicating 
that the highest Total Fertility rate Under (TFU)  
was 25, the highest LDI, and the highest EDU 
15+, meaning that the region had the highest 
theoretical level of development related to health 
outcomes, and the SDI value of 0 was the 
opposite.

Statistical analysis
We performed a descriptive analysis to charac-
terize the burden of PUD in 204 countries and 
territories. The number of cases, number of 
DALYs, number of deaths, age-standardized 
incidence (per 100,000 persons), age-standard-
ized DALYs, and age-standardized mortality 
(per 100,000 persons) in both sexes combined 
were compared globally and in different regions. 
The ASRs (per 100,000 persons) were calcu-
lated using the following formula in conjunction 
with the age group construction of the standard 
population:

ASR 100,000=1

=1

=

a w

a

i i
i

A

i
i

A

∑

∑
×

ai refers to the incidence of the ith age group and 
wi represents the number of people (or weight) in 
group i of the same age in the assigned reference 
population.9

Furthermore, we divided ages into five segments, 
including <20 years, 20–39 years, 40–59 years, 
60–79 years, and 80+ years, and analyzed the dif-
ferent age proportions of age-standardized inci-
dence rate (ASIR), age-standardized DALYs rate 
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(ASDR), and age-standardized mortality rate 
(ASMR) in 1990 and 2019 globally and region-
ally separately. Moreover, we calculated the esti-
mated annual percentage change (EAPC) of 
ASIR, ASDR, and ASMR, which is a method 
using a regression model to describe ASR, and it 
quantitatively calculates the average annual rate 
of change of ASR over a specific time interval. 
Meanwhile, we explored the correlation (Pearson 
correlation coefficient)10 between EAPC and 
ASIR, ASDR, and ASMR. A linear regression 
was used to estimate the natural logarithm of the 
rates; the equation11 is Y = + +α β εX , where 
Y = ln (ASR) and X = calendar year. The EAPC 
was calculated as 100 × (eβ − 1), and its 95% con-
fidence interval (CI) can also be calculated from 
the linear regression model.

We used the slope index of inequality (SII) and 
the health inequality concentration index to 
measure the distributive inequality of PUD bur-
den across 204 countries and territories, two 
standard metrics of absolute and relative gradi-
ent inequality, respectively.7 The SII was 
defined by the midpoint of the cumulative range 
of population ranked by SDI, which was calcu-
lated by regressing national DALYs rates in all 
ages population on an SDI-associated relative 
position scale. The utilization of a weighted 
regression model to account heteroskedasticity.5 
The concentration index was calculated by 
numerically integrating the area under the 
Lorenz concentration curve, which was fitted 
using the cumulative fraction of DALYs and 
cumulative relative distribution of population 
ranked by SDI.12

This research was performed and reported 
adhering to the Guidelines for Accurate and 
Transparent Health Estimates Reporting 
(GATHER) statement, which defines best prac-
tices for documenting studies that synthesize 
evidence from multiple sources to quantitatively 
describe past and current population health and 
its determinants. IHME estimates are freely 
available for non-commercial use to the world’s 
researchers and policymakers according to 
GATHER best practices.

All analyses were performed using R version 
4.2.2 software (The R Foundation for Statistical 
Computing, Vienna, Austria), and a two-sided 
p < 0.05 was considered statistically significant.

Results

The change in the incidence of PUD
Globally, the incidence cases of PUD increased 
from 28,150.19 (95% UI: 23,620.80–
33,019.83) × 102 in 1990 to 35,914.69 (95% UI: 
30,312.88–42,176.45) × 102 in 2019. However, 
ASIR showed a continuous downward trend 
[Figure 1(a)] from 63.84 (95% UI: 54.09–75.54) 
per 100,000 population in 1990 to 44.26 (95% 
UI: 37.32–51.87) per 100,000 population in 
2019, with an average annual decrease of 1.42% 
[EAPC = −1.42 (95% CI: −1.55 to −1.29)] 
(Table 1). In addition, ASIR in both female and 
male patients decreases similarly [Figure 1(d) and 
(g)]. Meanwhile, a significant negative correlation 
was detected between EAPC and ASIR (R = −0.29, 
p < 0.01), and there was no significant correlation 
between EAPC and SDI (R = −0.0086, p = 0.91), 
implying that PUD increased more slowly in 
countries with high incidence than in countries 
with low incidence [Figure 2(a) and (b)].

With respect to the SDI level, the ASIR in the low 
SDI quintile presented the highest level is 68.83 
(95% UI: 58.98–79.08) in 2019. Among the 21 
GBD regions, the highest ASIR of PUD reported 
in South Asia is 77.46 (95% UI: 65.31–91.62) per 
100,000 population. Moreover, Australasia is 
17.81 (95% UI: 14.79–21.15) presenting the low-
est ASIR per 100,000 population in 2019. The 
highest ASIR of decrease is 4.73 [EAPC = −4.73 
(95% CI: −5.2 to −4.26)] occurred in Tropical 
Latin America from 1990 to 2019 (Table 1). The 
higher the SDI level, the older patients are among 
all PUD incidence patients (Figure 3).

At the national level, the top two countries with 
high ASIRs were Kiribati (129.77) and Vanuatu 
(103.29), which were the countries with more 
than 100 per 100,000 population in 2019, and 
all in Oceania. The bottom two countries were 
Israel (7.56) and Costa Rica (9.45). EAPCs of 
ASIR were significantly decreasing in Bangladesh 
(−6.02), Brazil (−4.78), and Taiwan (Province 
of China) (−3.68). All the above results are 
shown in Figure 4(a) and (b) and Supplemental 
Table S3.

The change in DALYs of PUD
On a global level, there were 81,960.62 (95% UI: 
75,810.35–89,654.47) × 102 DALYs in 1990 and 
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Volume 16

4 journals.sagepub.com/home/tag

TherapeuTic advances in 
Gastroenterology

60,295.10 (95% UI: 55,865.98–66,417.73) × 102 
DALYs in 2019, a decrease of 26.43%. The 
ASDR demonstrated a downward trend with an 
EAPC of −3.47 (95% UI: −3.58 to −3.37), 
declining from 189.03/100,000 population (95% 
UI: 175.52–205.63) in 1990 to 74.4/100,000 
population (95% UI: 68.96–81.95) in 2019 
(Supplemental Table S1). The DALYs cases of 

males were higher than that of females both in 
1990 and 2019 (Supplemental Table S1).

Investigating from the SDI standpoint, all five 
SDI regions witnessed a drop in the ASDR, and 
both females and males decreased similarly 
[Supplemental Table S1, Figure 1(b), (e), (h)]. 
Furthermore, there was a negative association 

Figure 1. The change trends of ASIR, ASDR, ASMR among different SDI countries. (a, d, g) ASIR; (b, e, h) 
ASDR; (c, f, i) ASMR.
ASDR, age-standardized DALYs rate; ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate;  
SDI, sociodemographic index.
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between EAPC and SDI (R = −0.44, p < 0.01), 
and there was no significant correlation between 
EAPC and ASDR (R = 0.079, p = 0.3) [Figure 
2(c) and (d)]. The lower the SDI level, the greater 
the proportion of PUD DALYs patients under 
the age of 20 (Supplemental Figure S1).

At the level of GBD regions and countries, 200 
countries had a decreased ASDR, and 4 countries 
had an increased ASDR. There were 6 countries 
with ASDR over 300 per 100,000 population: 
Kiribati (512.71), Cambodia (427.74), Lao 
People’s Democratic Republic (397.46), Timor-
Leste (348.16), and Lesotho (315.04). EAPCs of 
ASDR were significantly decreasing in Bangladesh 
(−10.19), the Republic of Korea (−7.34), and 
Taiwan (Province of China) (−6.55), all in Asia 
(Supplemental Table S4). All the above results 
are shown in Figure 4(c) and (d).

The change in the mortality of PUD
Globally, the number of deaths decreased from 
2789.79 (95% UI: 2594.55–3011.12) × 102 in 
1990–2361.39 (95% UI: 2167.62–2614.13) × 102 
in 2019, a decrease of 15.36% (Supplemental 
Table S2). ASMR showed a persistent decline, 
with an annual decrease of 3.36% [EAPC = −3.36 
(95% CI: −3.47 to −3.25)]. In addition, ASMR 
in both female and male patients decreases simi-
larly [Figures 1(c), (f) and 4(f)].

At the regional level, the highest death cases and 
ASMR in 2019 were in South Asia (749.29 × 102) 
and Western Sub-Saharan Africa (6.69 per 
100,000 population). EAPC of ASMR was sig-
nificantly decreasing for all regions. With respect 
to the SDI, ASDRs in the different SDI regions 
decreased (Supplemental Table S2). EAPC was 
negatively associated with SDI (R = −0.45, 
p < 0.01), meaning that PUD increased more 
slowly in countries with high SDI than those with 
low SDI. However, there is no correlation 
between EAPC and ASMR [Figure 2(e) and (f)]. 
The higher the SDI level, the older patients are 
among all PUD death patients (Supplemental 
Figure S2).

At the national level, 200 countries had a reduced 
ASMR, 1 country had a stable ASMR, and 4 
countries had an increased ASMR. Cambodia 
had the highest ASMR, which reached 22.48 
(95% UI: 17.42–28.98) per 100,000 population. 
The top there ASDRs were those of Cambodia, 
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Kiribati, and the Lao People’s Democratic 
Republic, while the bottom three were those of 
Sri Lanka, Italy, and Israel. All the above 
results are shown in Supplemental Table S5 
and Figure 4(e).

SDI-related health inequality for the burden of 
DALY due to PUD, 1990–2019
Significant absolute and relative SDI-related ine-
quality existed in the burden of DALY due to 
PUD across 204 countries of the global analyzed. 
This burden of DALY was disproportionately 

concentrated among poorer countries. These ine-
qualities have decreased significantly over time, 
paired with a reduction in the regional average 
from 189.03 (95% UI: 175.52–205.63) per 
100,000 population in 1990 to 74.40 (95% UI: 
68.96–81.95) per 100,000 population in 2019 
(Table 2). Absolute gradient inequality, as meas-
ured by the SII, was −190.43 (95% CI: −190.83 
to −190.02) in 1990 and decreased to −62.85 
(95% CI: −62.81 to −62.35) in 2019 (Figure 5 
and Table 2). As indicated by the health inequal-
ity concentration index, a disproportionate con-
centration of the burden among the poorer half of 

Figure 2. The correlation between EAPCs and ASR [(a) ASIR, (c) ASDR, (e) ASMR], SDI [(b) incidence,  
(d) DALYs, (f) death] in 2019.
The size of circles describe the number of PUD patients. The circles represent countries that are available on SDI values. 
The R indices Pearson’s correlation coefficient and p values are calculated by Pearson’s correlation analysis.
ASDR, age-standardized DALYs rate; ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate;  
ASR, age-standardized rate; DALYs, disability-adjusted life years; EAPC, estimated annual percentage change; PUD, peptic 
ulcer disease; SDI, sociodemographic index.
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the population, was −19.85 (95% CI: −21.12 to 
−18.57) in 1990 and −13.08 (95% CI: −13.95 to 
−12.22) in 2019 (Figure 6 and Table 2).

Discussion
Currently, PUD remains a major global public 
health problem and warrants our attention.13 The 
prevalence of PUD in 2019 was approximately 
8.09 million worldwide. Our secondary analysis 
of the GBD 2019 data offers an updated descrip-
tion of the epidemiology of PUD in the 204 coun-
tries and territories. Quantifying the cross-country 
inequalities in the burden of PUD across the SDI 
increases understanding of its determinants and 

identifies countries that must strengthen PUD 
prevention and control.14,15

In this study, we comprehensively analyzed the 
disease burden (incidence, DALYs, mortality) of 
PUD at the global, regional, and national levels 
with their corresponding current trends and sur-
vival patterns from 1990 to 2019. In general, the 
incidence cases of PUD have been increasing 
since 1990, reaching 3.6 million in 2019; how-
ever, the ASIR showed a continuous downward 
trend, with an average annual decrease of 1.42%; 
we conjectured this attributable to the population 
growth and worldwide aging, popularity of upper 
endoscopy, improvement of medical sanitary, 

Figure 3. Distribution of different ages of PUD incidence cases by globally and region in 1990 and 2019.
PUD, peptic ulcer disease.
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widespread use of proton pump inhibitors, and 
awareness of the importance of Hp eradication in 
most of the countries from 1990 to 2019.

PUD has declined significantly from 1990 to 
2019 in the point of ASIR, ASDR, and ASMR, 
decreasing by a mean of 1.42%, 3.47%, and 
3.36%, respectively. Furthermore, the decrease 
in the global ASR from 1990 to 2019 may be 
attributed to the fact that since 1994, the 
National Institutes of Health guidelines began 

recommending the use of antibiotics for the treat-
ment of PUD caused by Hp.3,16 Nevertheless, 
there was significant heterogeneity between dif-
ferent regions and countries.

In the context of the continuous reduction of 
ASIR of PUD worldwide, the highest decrease 
occurred in Tropical Latin America, such as 
Brazil; we conjectured might be Brazil has a pop-
ular medical plant – Combretaceae, having anti-
ulcer action and anti-Hp.17,18

Figure 4. Geographical distribution of global disease burden of PUD in 204 countries and territories. (a) ASIR 
of peptic ulcer in 2019. (b) The EAPC of peptic ulcer ASIR from 1990 to 2019. (c) ASDR of peptic ulcer in 2019. 
(d) The EAPC of peptic ulcer ASDR from 1990 to 2019. (e) ASMR of peptic ulcer in 2019. (f) The EAPC of peptic 
ulcer ASMR from 1990 to 2019.
ASDR, age-standardized DALYs rate; ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; DALYs, 
disability-adjusted life years; EAPC, estimated annual percentage change; PUD, peptic ulcer disease.
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Table 2. Summary measures and 95% CI for SDI-related inequalities in PUD DALY.

Equity stratifier Health inequality metrics Year Value 95% CI

Socio demographic index Slope index of inequality 
(absolute gradient)*

1990 −190.43 −190.83 to −190.02

2019 −62.85 −62.81 to −62.35

Health concentration index 
(relative gradient)*

1990 −19.85 −21.12 to −18.57

2019 −13.08 −13.95 to −12.22

ASDR (per 100,000 persons) 1990 189.03 175.52 to 205.63

 2019 74.40 68.96 to 81.95

*Non-trivially departed from the equity reference.
ASDR, age-standardized DALYs rate; DALYs, disability-adjusted life years; PUD, peptic ulcer disease;  
SDI, sociodemographic index.

Figure 5. SDI-related health inequality slope index.
SDI, sociodemographic index.
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Of all social determinants, income and wealth are 
central to a population’s health,19,20 and its distri-
bution inequality profoundly affects the distribu-
tion of health and access to healthcare and health 
outcomes.21,22 We found that these inequalities 
were sustained and substantially reduced while 
reducing the overall burden of disease due to 
PUD. In our study, we documented a narrowing 
of the gap between countries in the SII of DALYs 
due to mortality from PUD, which means the 
graduality of regional reduction, more specifi-
cally, the closer to the poorest end of the income 
gradient, the heavier the burden of PUD, and the 
higher its reduction over time.23,24 The tendency 
of the concentration curve toward the diagonal 
line with no inequality corroborates this pattern, 
meaning that the gap in the burden of PUD is 
narrowing between poorer and richer countries. 

However, what we have to acknowledge is that 
there is still a divide between the rich and the 
poor countries, and the inequality still exist. In 
Figure 5, we highlight two mega-populous coun-
tries, China and India, and we find that in 1990, 
both countries had an SDI < 0.5, but India’s 
DALYs rate was significantly higher than China’s, 
and we speculated whether this was closely related 
to the use of hands to take food and hygiene prac-
tices in India.

Cambodia, Kiribati, and the Lao People’s 
Democratic Republic are less developed coun-
tries; the ASDR and ASMR of these 3 countries 
rank in the top 3 out of 204 countries and ter-
ritories. For such less developed countries, their 
medical technology may not be in place, but 
they can prevent the occurrence of ulcers by 

Figure 6. SDI-related health inequality concentration curves.
SDI, sociodemographic index.
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preventing pathogenic agents, Hp, such as by 
improving infrastructure, improving the diet envi-
ronment, and educating the public, etc.

Our study demonstrated that PUD remains a 
public health problem. At the regional level, the 
highest ASMR in 2019 was in Western Sub-
Saharan Africa (6.69 per 100,000 population). 
Most of the countries in this region have low SDI, 
and therefore, poor medical care is one cause of 
the result. The level and trend of morbidity and 
mortality might become outcome indicators to 
evaluate a country’s performance in PUD control 
and treatment. Perforated peptic ulcer (PPU) is 
important complications that risk disability and 
mortality, surgery remains the standard approach 
of management to treat PPU. PPU is a surgical 
emergency which occurs in 2–10% of PUD 
patients and has mortality risk of up to 20%. 
Advanced surgical technology and critical care 
are important to those persons. More effort needs 
to develop and strengthen control programs, that 
is reducing the rate of Hp infection, rational use 
of antibiotics to eradicate Hp, improvements in 
surgical care, critical care, advanced technology, 
multimodal care provisions, and guideline devel-
opment and implementation; these are very 
important issues that rich nations have benefited 
and poor economies are catching up.

This is a great challenge for countries with vast 
territories and large populations (i.e. India and 
China) because implementing plans is much 
more complicated than decision-making. With 
the development of network technology, technol-
ogy-enhanced communication (TEC) strategies 
emphasize the importance of Hp eradication and 
motivation to tolerate mild-to-moderate adverse 
effects. A meta-analysis showed that TEC-based 
interventions significantly improve patient treat-
ment compliance and eradication Hp rate. TEC 
allows the provider to transcend through space to 
provide the care required, appearing to be an 
attractive choice.

Nonetheless, several limitations of this study 
should be noted. First, as with all research based 
on GBD, the accuracy and robustness of the 
results are subject to the quality and quantity of 
the GBD 2019 data. Second, the golden standard 
for the diagnosis of PUD is endoscopy; since the 
asymptomatic infection was not rare in PUD, it is 
possible that the morbidity and mortality of PUD 

have been underestimated. Third, in the GBD 
2019, PUD consists of gastric and duodenal 
ulcers; endoscopy is needed to distinguish sub-
type characteristics of those two diseases in the 
future. Fourth, due to space limitations, an in-
depth analysis of the risk factors leading to PUD 
was not performed.

Conclusion
In conclusion, global PUD morbidity and mortal-
ity rates decreased significantly from 1990 to 
2019; with the passage of time for Hp eradica-
tion, the downward trend gradually weakened, 
however, a high degree of heterogeneity among 
regions and countries. The gap in the burden of 
PUD is narrowing between poorer and richer 
countries, and the inequality is greatly reduced 
although the inequality still exists. The full imple-
mentation of control programs, infrastructure, 
prevention, and medical care is a key point oppor-
tunity for the eradication of PUD in the 204 
countries and territories.
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