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Abstract
Background
The burden of gastric cancer (GC) should be further clarified worldwide, and helped us to understand the current situation of GC.

Methods
In the present study, we estimated disability-adjusted life-years (DALYs) and mortality rates attributable to several major GC risk factors, including smoking, dietary risk, and behavioral risk. In addition, we evaluated the incidence rate and trends of incidence-based mortality (IBM) due to GC in the United States (US) during 1992–2018.

Results
Globally, GC incidences increased from 883,395 in 1990 to 1,269,805 in 2019 while GC-associated mortality increased from 788,316 in 1990 to 957,185 in 2019. In 2019, the age-standardized rate (ASR) of GC exhibited variations around the world, with Mongolia having the highest observed ASR (43.7 per 100,000), followed by Bolivia (34 per 100,000) and China (30.6 per 100,000). A negative association was found among estimated annual percentage change (EAPC) and ASR (age-standardized incidence rate (ASIR): r = − 0.28, p < 0.001; age-standardized death rate (ASDR): r =  − 0.19, p = 0.005). There were 74,966 incidences of GC and 69,374 GC-related deaths recorded between 1992 and 2018. The significant decrease in GC incidences as well as decreasing trends in IBM of GC were first detected in 1994. The GC IBM significantly increased at a rate of 35%/y from 1992 to 1994 (95% CI 21.2% to 50.4%/y), and then begun to decrease at a rate of − 1.4%/y from 1994 to 2018 (95% CI − 1.6% to − 1.2%/y).

Conclusion
These findings mirror the global disease burden of GC and are important for development of targeted prevention strategies.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40537-024-00907-8.
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Introduction
Gastric cancer (GC) ranks as the fifth most common malignant tumor in the world [1]. More than 70% of GC cases are reported in developing countries, of which, about 50% occur in East Asian countries, especially China, Japan, and Korea [1]. It is estimated that 26,380 cases of gastric cancer will be diagnosed in 2022 in the United States, and approximately 11,090 cancer-related deaths are expected [2]. Late diagnosis and lack of effective treatments have contributed to high GC incidence, high mortality and poor prognosis [3]. The GC incidence is 5–tenfold higher in high-risk compared with low-risk countries [4]. While smoking, dietary factors, and genetic susceptibility can contribute to GC risk, most cases (90%) are due to H. pylori infection [5]. In addition, the contribution of behavioral factors to the development of GC has been established [6]. At the same time, a high salt diet, frequent consumption of moldy substances, genetic factors, and older age are also associated with the emergency of gastric cancer [6]. With advancements in technology and endoscopic techniques, endoscopy has become the core in diagnosis and management of GC [7]. Surgical intervention is primarily used for early GC, whereas chemotherapy is recommended for patients who cannot be resected or with advanced metastasis but the prognosis is always unsatisfactory as GC is highly heterogeneous in gene and biology [8].
Different regions of the world have specific situations when it comes to gastric cancer. The area with the highest age-standardized rate (ASR) of incidence is Eastern Asia, with 22.4 cases per 100,000 inhabitants and Eastern Asia also experiences the greatest mortality from gastric cancer, with an ASR of 14.6 deaths per 100,000 [9]. Meanwhile, GC is one of the most common causes of tumor-related deaths and disability-adjusted life-years (DALYs) in males (12.2 million DALYs and 542,000 deaths) [10]. GC mortality rates differ by region depending on human development index (HDI) and incidence rates [2]. In addition, the temporal trends and incidence of GC vary by gender and age [11]. Studies have reported a declining trend in GC burden in the elderly population (> 50 years old), but not in the younger population [12]. Based on the analysis of mortality-to-incidence ratios (MIRs) data for 57 countries from the GLOBOCAN 2012 database, Tsai et al. [13] found that the more developed regions had high GC mortality and crude incidence rates, but lower MIR values than the less developed regions. Nevertheless, other factors, such as tumor stage and treatment strategy can also have a significant effect on patients’ prognosis. About two thirds of GC patients who undergo surgical resection with curative intent can benefit from adjuvant chemoradiation therapy [14]. Although overall survival (OS) for GC patients correlates well with stage, only 61–65% of patients with local–regional disease undergoes surgery [15]. Nowadays, the Surveillance, Epidemiology, and End Results (SEER) cancer registries record the incidence, incidence-based mortality (IBM), stage and treatment data of GC. However, this database is mainly focused on the US population. Nevertheless, the data can be used to develop targeted strategies for other populations. From 1975 to 2014, the incidence rate of GC in the US decreased at a steady rate of − 1.5% per year and the overall annual US death rate per 100,000 per year decreased from 5.1 to 3.1 based on the SEER database [16]. Based on the analysis of the SEER data, Pourmousavi et al. [17] found that GC patients who experienced endoscopic therapy vs. surgery had a comparable long-term cancer-specific mortality.
A Global Burden of Disease (GBD) study evaluated the burden of GC in 204 countries and regions worldwide, revealing the current situation of GC [10]. In the present study, we used GC data from the GBD study 2019 to analyze the incidence and mortality cases of GC from 1990 to 2019, as well as estimate age-standardized morbidity, mortality and DALY rate. Moreover, we estimated DALYs and mortality rates attributable to several major GC risk factors, including smoking, dietary risk, and behavioral risk. In addition, we evaluated the incidence rate and trends of IBM due to GC in the US during 1992–2018.

Materials and methods
GBD source
Age-standardized and annual incidence of gastric cancer from 1990 to 2019 by region, sex, country, and risks were downloaded from the Global Health Data Exchange query tool [18]. The Socio-Demographic Index (SDI) is a composite measure of economic, social, and demographic factors that can be used to describe the characteristics of a population and its distribution across a country or region. As a good composite measure of social development, including education, income, and fertility, SDI is closely correlated with health outcomes [10]. Based on the SDI, 204 countries and territories were categorized into five regions: high, high-middle, middle, low-middle, and low. In addition, the world was geographically divided into 21 regions. The HDI is a composite measure of human development across countries, created by the United Nations Development Program (UNDP) to provide a single measure of a country's progress and the standard of living of its citizens and the HDI is calculated using three main components: health, education, and income [2]. DALYs were calculated by summing years lived with disability and years of life lost. Rates were standardized to the GBD world population and reported as age-standardized DALY rates, age-standardized incidence rates, and age-standardized death rates per 100,000 people. Age-standardized rate (ASR) and estimated annual percentage change (EAPC) were used to quantify the trends of gastric cancer incidence, deaths, and DALYs rate [19]. ASR trend was used to better reflect the change in disease patterns in the population and establish targeted preventive strategies for gastric cancer [20]. EAPC summary was used to quantify the trends of ASR among different populations in a period [21]. The Global Burden of Disease study typically uses the World Health Organization's World Standard Population (WHO 2000–2025) for standardizing rates across different populations.

SEER source
The SEER Program gets data on all deceases happening in the US based on the National Center for Health Statistics (NCHS) on an annual basis and denominator data for both incidence and death rates were got from the Bureau of the Census [22]. We also collected GC patients from the SEER-13 registry database (1992–2018) using National Cancer Institute (NCI)’s SEER*Stat software (version 8.4.0). Histologic codes from the International Classification of Diseases for Oncology, Third Edition (ICD-O-3), and site codes to determine GC patients. GC were diagnosed as the merely primary malignancy based on histology and diagnostic information can only be obtained from patients with autopsy reports or death certificates. Cases were removed for unknown detailed data. Variables used in both GBD study and SEER data involved calendar year, sex, and age groups. SEER historic stage A (1973–2015) used for GC staging: localized, regional, unstaged, and distant. For treatment data, SEER offers therapy classification such as chemotherapy, radiotherapy, and surgery based on SEER-specific documents. We choose surgery applying the SEER code “Reason no cancer-direct surgery”, while radiotherapy and chemotherapy were determined applying items “radiation recode” and “chemotherapy recode”. The IBM reveals the population-level mortality caused by certain tumor sets. This method can classify the mortality of the general population based on the characteristics related to cancer diagnosis and recorded in the SEER register [23].

Joinpoint regression analysis
The determination of changes in recent disease trends is useful in the analysis of cancer mortality and incidence data. To describe such continuous changes, Joinpoint regression analysis was performed on the age-adjusted rates to estimate piecewise log-linear time calendar trends by country using NCI Joinpoint Regression software (version 4.9.0.0). Using Joinpoint regression model analysis, a long-term trend line was cut into significant trend sections characterized by continuous linearity through the model fitting [24]. The temporal trends were fitted with up to five joinpoints for gastric cancer incidence and death rates during 1990–2019 in the GBD study. To characterize the trend of the incidence rate of cancer over time, the best fitting logarithmic linear regression model was used to estimate the annual percentage change (APC), average APC (AAPC), and the corresponding 95% confidence interval (CI) for each trend and to determine the significant connection point.

Age-period-cohort analyses
Age period cohort analysis is used to analyze disease trends by age, population-level demographic changes (period), and initial life or generational exposures (cohort) effects [25]. Investigating age, period, and cohort effects at the same time is significant as characteristics of patients change with age. In the present study, we used the NCI’s age period cohort analysis online tool (http://​analysistools.​nci.​nih.​gov/​apc/​) to explore the relationship of the observed incidence rates with age, period, and cohort effects. Briefly, the number of incidents or deaths by age set was entered in a calendar phase as the number and the relevant person-year at-risk cases as the population. Mortality was assessed based on the age groups and corresponding calendar periods. The mortality of GBD data was estimated using 6 corresponding calendar periods and 13 five-year age groups. The rate ratio (RR) of mortality rates in each calendar period and a reference period was also calculated, adjusting for age and nonlinear cohort effects.

Statistical analysis
ASR and EAPC were calculated according to the procedure by Liu et al. [21]. Both EAPC value and the upper 95% CI boundary were < 0, suggesting a downward trend in ASR. In contrast, the EAPC value and the lower boundary of the 95% CI were > 0, suggesting a rising trend of ASR. A 95% CI of 0 indicates that ASR has a constant trend. Incidence rates were calculated per 100,000 person-years, and age‐adjusted to the 2000 US standard population. Moreover, to determine the affect factors for EAPC, Pearson correlation analysis was used to explore the relationship among EAPC and ASR (1990), and HDI (2019) at the national level was evaluated respectively. Hierarchical cluster analysis was performed using the “factoextra” R package combining EAPC data on morbidity and mortality to group the countries and territories into 4 categories (significant increase, significant decrease, minor decrease and minor increase). All statistical analyses were conducted using R software (R 4.1.2 software). Values with p < 0.05 were considered statistically significant.


Results
Global gastric cancer burden
Globally, GC incidences increased from 883,395 in 1990 to 1,269,805 in 2019 while GC-associated mortality increased from 788,316 in 1990 to 957,185 in 2019. In 2019, the ASR of GC exhibited variations around the world, with Mongolia having the highest observed ASR (43.7 per 100,000), followed by Bolivia (34 per 100,000) and China (30.6 per 100,000) (Fig. 1A). The ASR decreased by an average of − 1.22% (95% CI − 1.35% to − 1.09%) per year in the same period (from 22.4 per 100,000 in 1990 to 15.6 per 100,000 in 2019) (Table 1). The most pronounced increase was in the United Arab Emirates, where it increased by 475.8% (95% CI 48.2% to 277.5%) (Fig. 1B). The largest increase in ASR was in the Dominican Republic (EAPC = 1.07; 95% CI 0.91 to 1.23) while the largest decrease in ASR was in the Maldives (EAPC = − 3.72; 95% CI − 4.02 to − 3.41) (Fig. 1C). Hierarchical cluster analysis found that four countries (or territories such as Lesotho, Dominican Republic, Zimbabwe, and Honduras) were included in the “significant increase” group. Forty-nine countries (or territories such as Egypt, Irag and Yemen) were included in the “significant decrease” group. One hundred and eleven countries (or territories such as the Australia, Brazil, USA, and China) were included in the “minor decrease” group. Forty countries (or territories such as the UK, Switzerland, and Japan) were included in the “minor increase” group (Additional file 1: Fig. S1). The observed regional in connection to SDI, versus the expected level for individual location on the basis of SDI was demonstrated in Additional file 2: Fig. S2. These results indicate that central and Eastern Europe as well as southern Latin America exhibited the expected trends over the study period, while in the Asian regions, there were wide variations in observed patterns. Comparable trends were also observed at the national level. Then, we assessed the relationship between EAPC and ASR (in 1990) and HDI (in 2019), respectively. A negative association was found among EAPCs and ASR (ASIR: r = − 0.28, p < 0.001; ASDR: r = − 0.19, p = 0.005). In addition, a significant negative association was determined among EAPCs and HDI (ASIR: r = − 0.50, p < 0.001; ASDR: r = − 0.66, p < 0.001), implying that countries with higher HDI exhibited a rapid decrease in ASR of GC from 1990 to 2019 (Fig. 2).[image: ]
Fig. 1The global disease burden of gastric cancer (GC) in countries and territories in 2019. A The age-standardized rate (ASR) of gastric cancer, B the relative change in incident cases of gastric cancer among 1990 to 2019; C the estimated annual percentage change (EAPC) of gastric cancer ASR from 1990 to 2019

Table 1The incident cases, age-standardized incidence and temporal trends of gastric cancer in 1990 and 2019


	Location
	1990
	2019
	1990–2019

	Incident cases
No. 103 (95% UI)
	ASR per 100,000
No. (95% UI)
	Incident cases
No. 103 (95% UI)
	ASR per 100,000
No. (95% UI)
	EAPC
No. (95% CI)

	Andean Latin America
	6.0 (5.4–6.5)
	29.7 (26.9–32.4)
	12.4 (10.1–15.0)
	22.4 (18.3–27.2)
	− 0.98 (− 1.08 to 0.88)

	Australasia
	2.4 (2.3–2.5)
	10.2 (9.7–10.6)
	3.4 (2.8–4.2)
	7 (5.7–8.5)
	− 1.42 (− 1.5 to 1.34)

	Caribbean
	2.9 (2.7–3.1)
	11.3 (10.3–12)
	4.4 (3.8–5.0)
	8.4 (7.3–9.6)
	− 0.9 (− 1 to 0.79)

	Central Asia
	13.4 (13.0–13.8)
	28 (27.1–28.8)
	12.1 (11.0–13.4)
	16.4 (15–17.9)
	− 1.82 (− 1.95 to 1.7)

	Central Europe
	26.5 (25.8–26.9)
	18.1 (17.6–18.4)
	21.7 (19.1–24.4)
	10.3 (9–11.6)
	− 1.98 (− 2.04 to 1.93)

	Central Latin America
	15.5 (15.0–15.9)
	19 (18.2–19.6)
	30.5 (26.0–35.8)
	13 (11.1–15.2)
	− 1.6 (− 1.69 to 1.51)

	Central Sub-Saharan Africa
	2.7 (2.2–3.3)
	11.9 (9.9–14.1)
	4.2 (3.4–5.3)
	8 (6.5–9.8)
	− 1.45 (− 1.5 to 1.41)

	East Asia
	325.7 (285.5–367.3)
	37.1 (32.7–41.7)
	626.5 (526.6–741.3)
	30.2 (25.5–35.5)
	− 0.43 (− 0.76 to 0.1)

	Eastern Europe
	87.0 (84.2–88.7)
	30.9 (29.8–31.5)
	54.1 (48.8–59.8)
	16.1 (14.5–17.8)
	− 2.66 (− 2.85 to 2.46)

	Eastern Sub-Saharan Africa
	8.2 (7.1–9.2)
	10.7 (9.3–11.8)
	11.8 (10.2–13.4)
	7.2 (6.3–8.2)
	− 1.53 (− 1.6 to 1.46)

	Global
	883.4 (834.2–929.2)
	22.4 (21.2–23.6)
	1269.8 (1150.5–1399.8)
	15.6 (14.1–17.2)
	− 1.22 (− 1.35 to 1.09)

	High-income Asia Pacific
	123.7 (119.6–126.5)
	61.5 (59.3–63)
	128.2 (108.5–147.7)
	28.2 (24.2–32.3)
	− 2.82 (− 2.9 to 2.74)

	High-income North America
	30.3 (29.1–31.)
	8.5 (8.2–8.7)
	37.6 (33.0–42.7)
	6.1 (5.4–7)
	− 1.33 (− 1.41 to 1.26)

	North Africa and Middle East
	23.5 (20.5–25.7)
	13.7 (11.9–15)
	42.3 (38.2–46.7)
	10.1 (9.1–11.1)
	− 0.94 (− 1.15 to 0.73)

	Oceania
	0.4 (0.3–0.5)
	13.8 (11–16.6)
	0.9 (0.7–1.2)
	12.9 (10.1–15.9)
	− 0.23 (− 0.27 to 0.19)

	South Asia
	57.6 (52.0–63.2)
	9.9 (8.9–11)
	99.4 (87.3–113.6)
	7 (6.2–8)
	− 1.31 (− 1.39 to 1.23)

	Southeast Asia
	28.1 (24.3–31.1)
	10.9 (9.5–12.1)
	40.0 (35.5–44.8)
	6.7 (6–7.5)
	− 1.9 (− 1.98 to 1.81)

	Southern Latin America
	8.5 (8.2–8.7)
	18.5 (17.9–19.1)
	10.7 (8.6–13.3)
	12.8 (10.2–16)
	− 1.29 (− 1.36 to 1.23)

	Southern Sub-Saharan Africa
	2.4 (2.2–2.6)
	8.7 (7.9–9.5)
	3.6 (3.3–4.0)
	6.5 (6–7.1)
	− 1.16 (− 1.49 to 0.83)

	Tropical Latin America
	16.1 (15.5–16.6)
	18.1 (17.2–18.7)
	24.5 (23.1–25.7)
	10.2 (9.6–10.7)
	− 2.03 (− 2.11 to 1.95)

	Western Europe
	94.0 (90.0–96.1)
	16.1 (15.5–16.5)
	86.5 (75.2–97.4)
	9.4 (8.2–10.7)
	− 1.96 (− 2.02 to 1.9)

	Western Sub-Saharan Africa
	8.5 (7.4–9.6)
	10.2 (8.9–11.4)
	15.0 (12.9–17.4)
	8.7 (7.5–9.8)
	− 0.36 (− 0.44 to 0.28)


ASR: age standardized incidence rate; EAPC: estimated annual percentage change; CI: confidence interval; UI: uncertainty interval


[image: ]
Fig. 2The relationship between estimated annual percentage change (EAPC) and age-standardized rate (ASR) in 1990, and human development index (HDI) in 2019 of gastric cancer, respectively. A The relationship between EAPC and ASR; B the relationship between EAPC and HCI. ASIR: age-standardized incident rate; ASDR: age-standardized death rate



Global gastric cancer burden by subgroup
Incidences of GC and associated mortalities among different age groups at the global level in 1990 and 2019 are shown in Fig. 3. In 1990, the incidences and mortalities were highest among males and females aged 60 to 69 years, and there were more new cases among males aged 35 to 84 years and in females aged 85 years and older. In contrast, in 2019, the incidences and mortalities were highest in both males and females aged 65 to 74 years, and there were more new cases in males aged 30 to 89 years as well as in females aged 90 years and older in 2019, which means that the incidences and mortalities of GC are gradually younger. At the regional level, incidences of GC were higher in high or high-middle SDI, relative to low or low-middle SDI, while, the mortality rate was comparable. Meanwhile, in all region groups, the incidence, prevalence and death cases were higher in males than in females, especially in high-income Asia Pacific, East Asia, and Middle SDI (Additional file 3: Fig. S3). Globally, in 2019, a considerable percentage of DALYs were attributable to the three risk factors for which GBD estimates were accessible; 17.2% (95% UI 13.8 to 20.4) attributable to smoking, 7.8% (0.2 to 30.9) to dietary risks, and 23.6% (14.9 to 42.7) to behavioral risks. Moreover, in 2019, the deaths attributable to these three risk factors were; 18.0% (95% UI 14.7 to 21.1) attributable to smoking, 7.7% (0.2 to 30.9) to dietary risks, and 24.2% (15.7 to 43.1) to behavioral risks. Some region exhibited high percentage of smoking, such as Central Europe, East Asia, and Western Europe; Southeast Asia and East Asia exhibited high percentage of dietary risks, while most of region revealed high percentage of behavioral risks, such as High-middle SDI, Middle SDI, and East Asia (Additional file 4: Fig. S4).[image: ]
Fig. 3The gastric cancer incidence and death count of different age groups at the global level in 1990 and 2019. A Age-specific incidence count in 1990; B age-specific incidence count in 2019; C age-specific incidence death in 1990; D age-specific death count in 2019



Joinpoint regression analysis
Globally, in 1993–1998, GC incidences significantly decreased APC at − 1.93% per year (/y) (95% CI − 2.4% to − 1.5%/y); from 1998 to 2004, they significantly increased at a rate of 0.58%/y (95% CI 0.23% to 0.93%/y), while from 2004 to 2017, they significantly decreased at a rate of − 2.05%/y (95% CI − 2.17% to − 1.93%/y) (Fig. 4). From 1990 to 2019, the high-income Asia Pacific had the most significant decrease in AAPC at a rate of − 2.71%/y (95% CI − 3.12% to − 2.31%/y), with Singapore showing the most significant decrease at − 3.23%/y (95% CI − 3.65% to − 2.80%/y) (Additional file 12: Table S1–4). Meanwhile, the global had a decrease in AAPC at a rate of − 1.24%/y (95% CI − 1.48% to − 0.99%/y), China shown a decrease in AAPC at a rate of − 0.70%/y (95% CI − 0.88% to − 0.51%/y).[image: ]
Fig. 4Joinpoint regression analysis of gastric cancer incidence in global



Age-period-cohort analyses
At the global level, DALYs were attributable to the smoking, dietary risks, and behavioral risks. We next performed age-period-cohort analyses to explore the mortality attributed to these three risk factors. Net Drift represents the overall temporal trend in mortality/morbidity, but also takes into account trends attributable to period and cohort factors. For smoking, the overall Net Drift was − 2.51%/y (95% CI − 2.60% to − 2.41%/y) and the mortality rate under the age of 87.5 is decreasing per year based on the local drift values. The age effect analyses of mortality shown that in the same birth cohort, mortality rate increased gradually until age 72.5 at 20.97%/y (95% CI 20.58% to 21.36%/y) and then began to decline based on the longitudinal age curves values. For period effect based on the period RR values, the RR revealed that the effect in decreasing the death of GC occurred and the relative risk of mortality/morbidity was higher before 2002 than in the reference period. The cohort effect analyses based on the cohort RR values indicating that the mortality risk of GC decreasing among all birth cohorts and the relative risk of mortality/morbidity was higher before 1945 than in the reference birth cohorts Additional file 5: Fig. S5. Similar trends were also observed for dietary risks Additional file 6: Fig. S6 and behavioral risks Additional file 7: Fig. S7 as well.

SEER data analysis
In this study, a decrease in ASR was found in the US (AAPC = − 1.26; 95% CI − 1.44 to − 1.07), based on GBD study, therefore, we assessed the incidence, IBM, stage and treatment data for GC using the SEER database as a likely validation set. There were 74,966 incidences of GC and 69,374 GC-related deaths recorded between 1992 and 2018 (Tables 2, 3). The overall incidence decreased (AAPC = − 1.4; 95% CI − 1.5 to − 1.2) between 1992 and 2018. The significant decrease in GC incidences as well as decreasing trends in IBM of GC were first detected in 1994. The GC IBM significantly increased at a rate of 35%/y from 1992 to 1994 (95% CI 21.2% to 50.4%/y), and then begun to decrease at a rate of − 1.4%/y from 1994 to 2018 (95% CI − 1.6% to − 1.2%/y). Comparable trends in IBM were also found among males, relative to females (Additional file 8: Figure S8, Additional file 9: Figure S9). Meanwhile, there were variations in GC incidences and mortality patterns among the age subgroups. Across the study periods, incidences of GC increased until patients aged 45–49 (AAPC = 0.5; 95% CI 0.1 to 0.9) then declined (patients aged 50–54). Moreover, there were variations in IBM rates of GC among the age subgroups. The IBM rates decreased among individuals aged 45–59 (AAPC = − 0.5; 95% CI − 1.2 to 0.2) and 50–54 (AAPC = − 1.1; 95% CI − 1.9 to − 0.4). Among individuals aged 60–64, IBM rates of GC were increased (1992–1994: APC = 43.4; 95% CI 14.5 to 79.8), then declined (1992–2015: APC = − 2.5; 95% CI − 2.9 to − 2.0), and finally increased (2015–2018: APC = 5.9; 95% CI − 2.3 to 14.9). Mortality rates for older patients aged > 75 years showed increasing trends. In contrast, incidences and mortality rates for younger GC people were more inclined to enter the plateau period. Finally, we assessed the trends in tumor stages and therapeutic options for GC in the US from 1992 to 2015. There was an increasing trend in the use of chemotherapy in overall disease stage (from 9.5% to 22.2%, p < 0.001) and metastatic disease (from 20.0% to 38.8%, p < 0.001). However, a decreasing trend in the choice of surgery was observed for regional disease (from 39.4% to 8.3%, p < 0.001) and localized disease (from 51.8% to 11.3%, p < 0.001) (Additional file 10: Fig. S10). Chemotherapy + radiotherapy was the most frequently used option for distant stage GC patients. Surprisingly, over the past three decades, the overall survival outcomes for GC patients have been at a plateau, with no significant improvements [26]. The flow chart of the study can find in Additional file 11: Fig. S11.Table 2Joinpoint trends of gastric cancer incidence rates, SEER-13, 1992–2018


	Characteristic
	Joinpoint trends for incidence (N = 74,966)

	Trend 1
	Trend 2
	Full trend

	Years
	APC (95% CI)
	P
	Years
	APC
	P
	Years
	AAPC
	P

	Overall
	1992–2018
	− 1.4 (− 1.5 to − 1.2)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.4 (− 1.5 to − 1.2)*
	< 0.001

	Male
	1992–2018
	− 1.8 (− 1.9 to − 1.7)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.8 (− 1.9 to − 1.7)*
	< 0.001

	Female
	1992–2018
	− 1.0 (− 1.1 to − 0.8)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.0 (− 1.1 to − 0.8)*
	< 0.001

	Age groups
	 	 	 	 	 	 	 	 	 
	 20–24
	1992–2018
	4.3 (2.3 to 6.3)
	< 0.001
	–
	–
	–
	1992–2018
	4.3 (2.3 to 6.3)*
	< 0.001

	 25–29
	1992–2018
	0.8 (− 0.7 to 2.3)
	0.297
	–
	–
	–
	1992–2018
	0.8 (− 0.7 to 2.3)
	0.297

	 30–34
	1992–2018
	1.1 (0.1 to 2.2)
	0.037
	–
	–
	–
	1992–2018
	1.1 (0.1 to 2.2)*
	0.037

	 35–39
	1992–2018
	1.3 (0.8 to 1.9)
	< 0.001
	–
	–
	–
	1992–2018
	1.3 (0.8 to 1.9)*
	< 0.001

	 40–44
	1992–2018
	0.6 (0 to 1.2)
	0.045
	–
	–
	–
	1992–2018
	0.6 (0 to 1.2)*
	0.045

	 45–49
	1992–2018
	0.5 (0.1 to 0.9)
	0.017
	–
	–
	–
	1992–2018
	0.5 (0.1 to 0.9)*
	0.017

	 50–54
	1992–2018
	− 0.4 (− 0.7 to − 0)
	0.038
	–
	–
	–
	1992–2018
	− 0.4 (− 0.7 to − 0)*
	0.038

	 55–59
	1992–1999
	− 3.6 (− 6.0 to − 1.3)
	0.004
	1999–2018
	− 1.0 (0.1 to − 1.8)
	0.093
	1992–2018
	− 1.3 (− 2 to − 0.6)*
	< 0.001

	 60–64
	1992–2018
	− 1.3 (− 1.6 to − 0.9)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.3 (− 1.6 to − 0.9)*
	< 0.001

	 65–69
	1992–2018
	− 1.7 (− 2.0 to − 1.4)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.7 (− 2.0 to − 1.4)*
	< 0.001

	 70–74
	1992–2018
	− 1.8 (− 2.1 to − 1.6)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.8 (− 2.1 to − 1.6)*
	< 0.001

	 75–79
	1992–2016
	− 1.4 (− 1.6 to − 1.2)
	< 0.001
	2016–2018
	− 8.9 (− 16 to − 1.1)
	0.028
	1992–2018
	− 2.0 (− 2.6 to − 1.4)*
	< 0.001

	 80–84
	1992–2018
	− 1.7 (− 2.0 to − 1.5)
	< 0.001
	–
	–
	–
	1992–2018
	− 1.7 (− 2.0 to − 1.5)*
	< 0.001


SEER: Surveillance, Epidemiology, and End Results; APC, annual percent change; AAPC, average annual percent change; CI: confidence interval
*Indicates that the AAPC is significantly different from zero at the alpha = 0.05 level


Table 3Joinpoint trends of gastric cancer incidence-based mortality rates, SEER-13, 1992–2018


	Characteristic
	Joinpoint trends for incidence-based mortality (N = 69,374)

	Trend 1
	Trend 2
	Trend 3
	Full trend

	Years
	APC (95% CI)
	P
	Years
	APC
	P
	Years
	APC
	P
	Years
	AAPC
	P

	Overall
	1992–1994
	35 (21.2 to 50.4)
	 < 0.001
	1994–2018
	− 1.4 (− 1.6 to − 1.2)
	 < 0.001
	 	 	 	1992–2018
	1 (0.2 to 1.8)*
	0.008

	Male
	1992–1994
	37.6 (24.9 to 51.5)
	 < 0.001
	1994–2018
	− 1.6 (− 1.7 to − 1.4)
	 < 0.001
	 	 	 	1992–2018
	1 (0.3 to 1.7)*
	0.005

	Female
	1992–1994
	40.3 (15 to 71.1)
	0.002
	1994–2018
	− 1.1 (− 1.4 to − 0.8)
	 < 0.001
	 	 	 	1992–2018
	1.6 (0.1 to 3.1)*
	0.029

	Age groups
	 	 	 	 	 	 	 	 	 	 	 	 
	 30–34
	1992–2018
	0.3 (− 1.0 to 1.6)
	0.637
	–
	–
	–
	 	 	 	1992–2018
	0.3 (− 1.0 to 1.6)
	0.637

	 35–39
	1992–2018
	1.5 (0.3 to 2.7)
	0.015
	–
	–
	–
	 	 	 	1992–2018
	1.5 (0.3 to 2.7)*
	0.015

	 40–44
	1992–2018
	0.5 (− 0.4 to 1.5)
	0.260
	–
	–
	–
	 	 	 	1992–2018
	0.5 (− 0.4 to 1.5)
	0.260

	 45–49
	1992–2018
	0.1 (− 0.8 to 1.1)
	0.773
	–
	–
	–
	 	 	 	1992–2018
	0.1 (− 0.8 to 1.1)
	0.773

	 50–54
	1992–2018
	− 0.5 (− 1.2 to 0.2)
	0.181
	–
	–
	–
	 	 	 	1992–2018
	− 0.5 (− 1.2 to 0.2)
	0.181

	 55–59
	1992–1999
	− 1.1 (− 1.9 to − 0.4)
	0.005
	 	 	 	 	 	 	1992–2018
	− 1.1 (− 1.9 to − 0.4)*
	0.005

	 60–64
	1992–1994
	43.4 (14.5 to 79.8)
	0.003
	1994–2015
	− 2.5 (− 2.9 to − 2.0)
	 < 0.001
	2015–2018
	5.9 (− 2.3 to 14.9)
	0.152
	1992–2018
	1.4 (− 0.5 to 3.4)
	0.513

	 65–69
	1992–1994
	43.5 (13.7 to 81.1)
	0.004
	1994–2018
	− 2.1 (− 2.5 to − 1.7)
	 < 0.001
	 	 	 	1992–2018
	0.8 (− 0.9 to 2.6)
	0.325

	 70–74
	1992–1996
	12.7 (5.8 to 20)
	0.001
	1996–2018
	− 2.3 (− 2.8 to − 1.9)
	 < 0.001
	 	 	 	1992–2018
	− 0.2 (− 1.1 to 0.8)
	0.899

	 75–79
	1992–1994
	41.6 (10.9 to 80.9)
	0.007
	1994–2018
	− 1.6 (− 2.0 to − 1.2)
	 < 0.001
	 	 	 	1992–2018
	1.2 (− 0.6 to 3)
	0.188

	 80–84
	1992–1994
	28.7 (12.3 to 47.5)
	0.001
	1994–1999
	1.9 (− 1.4 to 5.2)
	0.250
	1999–2018
	− 1.6 (− 1.9 to − 11.3)
	 < 0.001
	1992–2018
	1.1 (− 0.0 to 2.3)
	0.053


SEER: Surveillance, Epidemiology, and End Results; APC: annual percent change; AAPC: average annual percent change; CI: confidence interval
Age groups 20–24 and 25–29 years could not analysis in Joinpoint
*Indicates that the AAPC is significantly different from zero at the alpha = 0.05 level





Discussion
In this study, we investigated the temporal trends in GC incidences and specific mortality at global, regional, and national levels based on the GBD study and the SEER database. In general, there was a steady global decrease in GC incidences and mortality from 1990 to 2019, and from 1992–2018 in the US. Changes in population growth and age structure imply that GC incidences and associated deaths will continue to increase [9]. Our research helps to understand the epidemiological characteristics of gastric cancer and its impact on global health. Revealing the main risk factors leading to gastric cancer, such as smoking and dietary habits, can help develop prevention strategies for gastric cancer and understand the differences between different regions to optimize patient management and treatment.
Consistent with previous studies, we found that the prevalence and death cases were higher among males than in females in all region groups. In 2019, the incidence and mortality rate of GC in both males and females peaked at age 65 to 74 years, and there were more new cases in males aged 30 to 89 years, and in females aged between 90 years and older in 2019. Most of the GC patients outside the US were younger (< 60 years old) and had the poorly differentiated (diffuse) subtype, presented high intratumor heterogeneity and poor cellular differentiation, while within US, GC was highly prevalent among older patients, which was commonly well differentiated (intestinal) [27]. In a previous meta-analysis, longer exposure to estrogen from either ovarian or exogenous origin was shown to reduce risk of GC among females [28]. In females, a lack of lactation history, nulliparity, old age at first delivery (> 35 years), and poor nutritional status throughout pregnancy were associated with increased risk of GC while family history was more closely correlated with GC among males [29]. Although early estrogen exposure may have some protective effects, female reproduction may not have a significance influence on GC development. Age distribution for female patients is not closely correlated with estrogen levels, thus, the protective effects of estrogen should be evaluated further [30]. Epstein-Barr virus (EBV) has been causally associated with GC. Prevalence estimates of EBV positivity with a twofold difference by sex were found to be 11.1% in males vs 5.2% in females [31]. Atrophy and intestinal metaplasia scores in patients with H. pylori infections have been shown to be severe in males than in females, particularly in elderly patients [32]. This difference in risk factors between males and females may contribute to differences in incidences and death.
The incidence rate and mortality of gastric cancer in different countries and regions are also different. Eastern Asia, the Pacific region of South America, and Central/Eastern Europe exhibit a higher GC incidence of ASR, while North America and Africa have the lowest rates. Before 1940, GC was the leading cause of cancer death in American males and the third cause in American females [33]. Moreover, between 1957 and 1981, 31,716 cases of gastric cancer were registered in the West Midlands, UK and the age-standardized incidence has shown a decrease from 17.42 per 100,000 population during the first quinquennium to 15.30 per 100,000 in the last [34]. Nowadays, the incidence rate of gastric cancer in the US and UK is at a lower level compared with other countries. The variability of GC incidence is associated with the geographical distribution of risk factors [35]. Developing countries exposures more increased GC risk include tobacco use and industrial and chemical pollutants [36]. Different ethnic groups have a widely varying prevalence of the GC anatomic subsite. The cardias is more commonly affected in Afro-Americans, Hispanics, and Amerindians, while Caucasians primarily experience the non-cardia type of GC [37]. The extent of the decrease differs in various countries, we observed some countries are actually facing an increase in their burden, such as Dominican Republic, El Salvador and Honduras. Consequently, it is essential to enhance measures aimed at reducing the disease burden in countries like China and Egypt, which currently bear a larger burden and have experienced a lower decline. In 2020, gastric cancer resulted in over 1 million new cases and approximately 770,000 deaths. China accounted for about half of the global new cases, which is roughly 478,000 [38]. By enhancing public awareness and education regarding health and fostering the adoption of disease prevention measures, it is possible to decrease disease occurrence and transmission, ultimately relieving the burden caused by diseases. The incidence rate of gastric cancer in the United States is at a lower level compared with other countries, which is more valuable for research. In fact, for regions with low incidence rate, research can help reveal the specific pathogenic factors and environmental factors in the region, so as to provide more reference information for the prevention and treatment of gastric cancer worldwide.
H. pylori infection is among the most significant risk factors for GC development, thus, various prevention strategies against GC focus on H. pylori infection [39]. Virulence factors of H. pylori, such as CagA or VacA, have been determined to increase GC risk [40]. Treatment of H. pylori reduces the risk of GC development; however, the extent of risk reduction relies on the extent of pre-existing injury at the time of eradication. In addition, salty food intake increases the risk of H. pylori infection, and may synergistically contribute to GC development [1]. In this study, 7.7% deaths were attributable to dietary risks, therefore, dietary adjustment to reduce salt and salt intake is a possible strategy for preventing GC. Importantly, H. pylori infection was strong related to dietary risks. In the United States, the decline was most reflected in the non-Hispanic White population, but prevalence is still high (30–40%) among Hispanic and African American populations and significantly increased rates (approximately 75%) are seen in the Alaskan Native populations [41]. A low and stable prevalence of H. pylori infection has been reported in the USA. Currently, the high GC-associated mortality rate in Japan has also been correlated with increased rates of smoking, as the prevalence of smoking has been high among males, especially among those born before the late 1950s in Japan [42]. In a study involving 371,813 veterans with H. pylori infection, it was established that there was a significantly high risk of GC among smokers [37]. In this study, globally, 17.2% DALYs and 18.0% deaths were attributable smoking. Thus, to reduce GC incidences, there is a need for lifestyle interventions involving smoking and diet, as well as screening and treatment of H. pylori, especially in high GC mortality countries.
For GC without distant metastasis, the main treatment option is surgical resection with sufficient lymphadenectomy and chemotherapy before and after. In a previous study, the 15-year GC survival rate was 21% for the standardized limited (D1) lymphadenectomy group and 29% for the standardized extended (D2) lymphadenectomy group [43]. With regards to adjuvant therapy after curative-intent surgery, only 25% of qualified patients accepted adjuvant chemoradiation while only 3% accepted perioperative chemotherapy from 2002 to 2009 [44]. A randomized phase III trial (INT-0116) revealed powerful persistent advantages of adjuvant radiochemotherapy in GC cases at moderate risk of locoregional failure following surgery [45]. Importantly, preoperative chemoradiotherapy enhanced survival outcomes for patients with potentially curable esophageal or esophagogastric-junction cancer [46]. However, compared to postoperative chemotherapy, postoperative chemoradiotherapy did not improve the OS of patients with resectable GC who received adequate preoperative chemotherapy and surgical treatment [47]. For locally advanced GC, perioperative chemotherapy is the first choice in Europe while in the USA, adjuvant chemoradiotherapy is standard, and in Japan, adjuvant chemotherapy is recommended [48]. Thus, selection of GC patients that are likely to benefit from adjuvant therapy may help optimize the benefit for those at a high risk of mortality. The SEER database contains detailed treatment data for GC in the US; our study found that from 1992 to 2015, there was an increasing trend in the use of chemotherapy (from 9.5% to 22.2%) and a decreasing trend in the choice of surgery (from 28.5% to 5.4%). This reflects the continuous exploration of new therapeutic strategies in GC. In recent years, there has been a growing utilization of clinical prediction models in clinical practice. One such model that has gained popularity is the nomogram, which presents data in a visually comprehensive graphical format derived from multiple regression analysis results. This study has several limitations. First, we did not estimate the burden of H. pylori infection as well as cardia and non-cardia forms of GC as the data was absent, thus, we ignored the different epidemiological risk factors and clinicopathological characteristics between the two topographic categories. Second, specific factors influencing the GC burden in different regions were difficult to study. Finally, GBD data were produced by a combination of estimation corrections made by various models, therefore, they should fully account for the offset caused by the source of the original data.

Conclusion
In summary, even though we found a decrease in overall GC incidences and mortality rates, GC remains a major public health concern. Advances in screening, diagnosis (especially in endoscopy) as well as improvements in socio-economic status and targeted treatment strategies accounted for the decreased burden of GC. Prevention of GC due to smoking and dietary behavioral risks through government policy interventions should be highlighted and these factors should be adjusted to individual country's risk factor profile. These findings mirror the global disease burden of GC and are important for development of targeted prevention strategies.
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