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Abstract 

Background The spatiotemporal epidemiological evidence supporting joint endoscopic screening for esophageal 
cancer (EC) and gastric cancer (GC) remains limited. This study aims to identify combined high-risk regions for EC 
and GC and determine optimal areas for joint and separate endoscopic screening.

Methods We analyzed the association of incidence trends between EC and GC in cancer registry areas across China 
from 2006 to 2016 using spatiotemporal statistical methods. Based on these analyses, we divided different combined 
risk regions for EC and GC to implement joint endoscopic screening.

Results From 2006 to 2016, national incidence trends for both EC and GC showed a decline, with an average annual 
percentage change of -3.15 (95% confidence interval [CI]: -5.33 to -0.92) for EC and -3.78 (95% CI: -4.98 to -2.56) for GC. 
A grey comprehensive correlation analysis revealed a strong temporal association between the incidence trends of EC 
and GC, with correlations of 79.00% (95% CI: 77.85 to 80.14) in males and 77.62% (95% CI: 76.50 to 78.73) in females. 
Geographic patterns of EC and GC varied, demonstrating both homogeneity and heterogeneity across different 
regions. The cancer registry areas were classified into seven distinct combined risk regions, with 33 areas identified 
as high-risk for both EC and GC, highlighting these regions as priorities for joint endoscopic screening.

Conclusion This study demonstrates a significant spatiotemporal association between EC and GC. The identified 
combined risk regions provide a valuable basis for optimizing joint endoscopic screening strategies for these cancers.
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Background
Upper gastrointestinal cancer (UGIC), including esopha-
geal cancer (EC) and gastric cancer (GC), impose a sig-
nificant global burden [1]. In 2022, there were 511,054 
new cases of EC and 968,764 new cases of GC world-
wide, with China contributing to 37.02% of EC cases and 
43.83% of GC cases, respectively [2, 3]. Consequently, 
China bears the heaviest burden of UGIC globally, with 
the highest number of cases and deaths.

Higher incidences of both cancers are observed in the 
Taihang Mountains and Huaihe Basin, while the Kazakh-
inhabited Xinjiang region has a higher incidence of EC. 
In contrast, Northwest China (e.g., Gansu and Qinghai 
provinces) and East Shandong show higher incidences of 
GC [4]. These findings reveal distinct geographical pat-
terns of EC and GC, with notable overlaps and associa-
tions, suggesting shared risk factors and the potential for 
joint early prevention and screening.

The geographical distribution of EC and GC exhibits 
both similarities and differences worldwide. East Asia 
reports the highest incidence rates for both cancers, with 
elevated rates also observed in southeastern Africa and 
western South America [5]. The concentrating and devi-
ating patterns of EC and GC vary by subsite and loca-
tion across specific regions, demonstrating both positive 
and inverse correlations [6]. For example, Mongolia and 
China rank among the top five countries globally in terms 
of EC and GC incidence, with rates exceeding 10.8 per 
100,000 persons. In contrast, Japan has a higher inci-
dence of EC relative to GC, whereas South Korea exhibits 
the opposite trend. Similarly, South Africa reports a sig-
nificantly higher incidence of EC compared to GC, with a 
difference exceeding tenfold [6, 7]. Our previous research 
identified common high-risk regions for EC and GC in 
China and quantified the associated risk levels. However, 
regional disparities and similarities in risk persist [4]. 
Higher incidences of both cancers are observed in the 
Taihang Mountains and Huaihe Basin, while the Kazakh-
inhabited Xinjiang region has a higher incidence of EC. 
In contrast, Northwest China (eg, Gansu and Qinghai 
provinces) and East Shandong have higher incidences of 
GC [4]. These findings indicated distinct geographical 
patterns of EC and GC, with notable overlaps and asso-
ciations, suggesting shared risk factors and the potential 
for joint early prevention and screening.

Since the 1970s, China has implemented early endo-
scopic screening programs for EC and GC and inten-
sified research on UGIC in high-risk areas [8]. Prior 
studies have predominantly focused on high-risk regions 
for EC or GC separately, neglecting their geographical 
co-occurrence patterns [9, 10]. Despite being different 
cancer types, EC and GC share anatomical proximity 
and several analogous risk factors. Furthermore, early 

screening for both cancers can be conducted collectively 
using endoscopy. In 2015, the National Cancer Center of 
China (NCCC) launched a multi-center joint screening 
program for EC and GC to assess the cost-effectiveness 
of joint screening among residents aged 40–69  years in 
six regions of China, reporting 23% and 57% reductions 
in UGIC incidence and mortality rates, respectively [11]. 
Our previous studies have indicated that biennial joint 
endoscopic screening for EC and GC could be an opti-
mal strategy in common high-risk areas, supporting its 
implementation in China [12, 13]. Nevertheless, limited 
research has explored the temporal and spatial associa-
tions between EC and GC, leaving unanswered questions 
regarding the necessity to expand screening regions and 
the identification of priority areas for joint endoscopic 
screening.

Therefore, this study aims to elucidate the temporal 
and spatial associations between EC and GC, and accu-
rately divide different combined risk regions. The find-
ings will provide robust evidence for targeting high-risk 
areas and inform the rational planning and implemen-
tation of joint endoscopic screening programs for these 
cancers in China.

Methods
Data source
The data for this study were obtained from the China 
Cancer Annual Report, issued by the NCCC. This report 
provides comprehensive and standardized annual data 
on cancer incidence and mortality, stratified by sex and 
across various regions of China. Since 2005, population-
based cancer statistics have been reported to the NCCC 
by local cancer registries, which collect data from hospi-
tals, community health centers, basic medical insurance 
systems, the new rural cooperative medical system, and 
death surveillance centers [14]. The data collection pro-
cess adheres to the Guidelines for China Cancer Regis-
tration, the standards of the International Agency for 
Research on Cancer (IARC), and the Cancer Incidence 
in Five Continents (CI5) series [15]. The NCCC ensures 
data quality through rigorous evaluation of comparabil-
ity, completeness, and validity using multiple indicators, 
including the mortality-to-incidence ratio, the percent-
age of morphologically verified cases, the percentage of 
death certificate-only cases, and the stability of cancer 
trends over time. Although the cancer registration sys-
tem has improved over time, regional disparities and 
discontinuities in data remain due to the varying num-
ber of cancer registries. In 2006, there were 34 cancer 
registration areas (CRAs), expanding to 487 by 2016, 
with 31 CRAs providing continuous data throughout the 
study period. Detailed information on the number and 
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population coverage of these CRAs is provided in Addi-
tional file 1: Table S1 and S2.

We extracted data on EC and GC using the Interna-
tional Classification of Diseases, 10th Revision (ICD-10) 
codes C15 and C16, respectively. The dataset included 
annual case counts, crude incidence rates, and age-stand-
ardized incidence rates (ASIRs) adjusted using Segi’s 
world standard population, stratified by sex and urban–
rural classification. According to China’s urban–rural 
administrative division guidelines, a CRA in a county-
level city is classified as rural, while a CRA in a prefec-
ture-level city or municipal district is classified as urban. 
To ensure consistency in administrative region names 
over time, we merged and matched all CRAs based on 
year and identical administrative division codes, enabling 
accurate integration and analysis across different regions 
in China.

To address potential deviations in geographical loca-
tions caused by administrative division changes, we cali-
brated these deviations by CRA location and year. First, 
we matched CRA locations with administrative divisions 
using identical codes and then extracted matched CRAs. 
Unmatched CRAs were calibrated by revising names or 
codes and re-matching them. For administrative divi-
sion adjustments (e.g., separations or mergers) in specific 
years, we aligned CRA locations using corresponding 
codes. Name changes were addressed by updating codes 
based on the latest administrative names and matching 
them again. Ultimately, we integrated the matched CRA 
locations and administrative divisions to establish the 
Geographical Information Database of EC and GC in 
China from 2006 to 2016. More details on this process 
are provided in Additional file 2:Fig. S1 and S2.

Statistical analysis
Temporal association between EC and GC
To assess overall trends in ASIRs for EC and GC, we cal-
culated the average annual percentage change (AAPC) 
using linear logarithmic regression, with ASIR as the 
dependent variable and year as the independent vari-
able. Additionally, the annual percentage change (APC), a 
geometrically weighted average of the annual percentage 
changes, was computed to identify the year with the most 
significant changes during the study period. We used the 
Joinpoint regression model to analyze both overall and 
segmented trends in ASIRs for EC and GC, stratified by 
sex, at the national and CRA levels from 2006 to 2016 
(Joinpoint Regression Program, Version 4.5.0.1, Statisti-
cal Methodology and Applications Branch, Surveillance 
Research Program, National Cancer Institute, Rockville, 
MD, USA). A significant upward trend was defined as 
APC or AAPC > 0 with the lower bound of the 95% confi-
dence interval (CI) > 0 (P < 0.05). Conversely, a significant 

downward trend was defined as APC or AAPC < 0 with 
the upper bound of the 95% CI < 0 (P < 0.05). If neither 
condition was met, the trend was considered non-signif-
icant. For instance, an APC or AAPC of 0.1 would indi-
cate an annual or average annual increase of 0.1% over 
the period. The principles and interpretations of APC 
and AAPC are discussed in a previous study [16]. Sub-
sequently, the temporal association between EC and GC 
from 2006 to 2016 was examined using the grey compre-
hensive correlation (GCC), a summary indicator measur-
ing temporal associations over a fixed period. GCC is a 
weighted measure of grey absolute correlation (GAC) and 
grey relative correlation (GRC), indicating the concord-
ance and fluctuation association between EC and GC, 
with values ranging from 0 to 100%. Due to non-contin-
uous CRA data between 2006 and 2016, we selected data 
with at least three years for temporal association analysis 
by sex. Detailed GCC calculations are provided in Addi-
tional file 2 (p3-p4) and are described elsewhere [17].

Spatial association between EC and GC
We mapped the geographical distribution of ASIRs for 
EC and GC by sex from 2006 to 2016, using the ASIR 
in 2016 as a reference. Moran’s I index was used to ana-
lyze the spatial patterns of EC and GC in adjacent areas, 
determining whether the spatial distribution was clus-
tered, dispersed, or random. A Moran’s I > 0 with P < 0.05 
suggests a clustered pattern, while a Moran’s I < 0 with 
P < 0.05 indicates a dispersed pattern. A random pattern 
is indicated when neither condition is met. This analysis 
was conducted using ArcGIS 10.6, with further details 
provided in Additional file 2 (p5). Given the large popula-
tion and extensive CRA coverage in 2016, we calculated 
the relative risk (RR) of EC and GC for that year to assess 
their spatial association. A concordant direction between 
 RREC and  RRGC suggests a homogeneous association 
(both high-risk or low-risk regions) between EC and 
GC, while an opposite direction suggests a heterogene-
ous association (separately high-risk or low-risk regions). 
Spatial scan statistics were employed using SatScanTM 
9.6.1, with detailed methods described in Additional 
file 2 (p6-p7).

Combined risk regions of EC and GC
We classified combined risk regions for EC and GC by 
sex using the ratio of ASIR at each CRA to the national 
level, providing insights into prioritizing areas for endo-
scopic screening. The combined risk regions were clas-
sified as follows: double high-risk EC and GC, single 
high-risk EC, single high-risk GC, double middle-risk EC 
and GC, middle-risk EC and low-risk GC, middle-risk 
GC and low-risk EC, and double low-risk EC and GC. 
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Classification methods and definitions are detailed in 
Additional file 2: Fig. S3, and Table S1.

Results
Temporal trends between EC and GC
As shown in Fig.  1, the ASIR of EC and GC for both 
sexes combined increased nationally from 2006 to 2010 
(EC: APC = 6.75, 95% CI: 1.20 to 12.61; GC: APC = 1.45, 
95% CI: -1.55 to 4.54). Following this period, there was 
a significant decrease in EC (APC = -6.01, 95% CI: -7.41 
to -4.57) and GC (APC = -5.45, 95% CI: -6.31 to -4.56). 
When stratified by sex, this pattern remained consistent. 
Notably, the incidence trends differed between urban and 
rural areas. In urban areas, the ASIR of EC and GC ini-
tially rose before declining, whereas in rural areas, a lin-
ear decrease was observed throughout the study period. 
This trend persisted after further stratification by sex in 
both urban and rural regions.

As presented in Fig.  2, the ASIR for both EC and 
GC combined showed a significant decline from 2006 
to 2016. The ASIR for EC decreased from 13.11 per 
100,000 persons in 2006 to 11.46 per 100,000 per-
sons in 2016, with an AAPC of -3.15 (95% confidence 

interval [CI]: -5.33 to -0.92). Similarly, the ASIR for 
GC declined from 24.14 per 100,000 persons in 2006 
to 17.62 per 100,000 persons in 2016, with an AAPC 
of -3.78 (95% CI: -4.98 to -2.56). This consistent down-
ward trend was observed in both males and females 
over the same period.

Table  1 presents the AAPC in ASIR for EC and GC 
across 31 CRAs with continuous data from 2006 to 
2016. Most CRAs exhibited a decline in ASIR for both 
EC and GC (AAPC < 0), with the exception of Fusui. 
Specifically, significant reductions in ASIR for EC 
were observed in 25 CRAs for males and 23 CRAs for 
females, while GC rates significantly decreased in 23 
CRAs for males and 20 CRAs for females. The most 
notable decrease in ASIR for EC among males was 
recorded in Jianhu, with an AAPC of -8.73 (95% CI: 
-11.38 to -6.00), while Nangang showed the largest 
decrease among females, with an AAPC of -14.35 (95% 
CI: -23.46 to -4.16). For GC, the largest declines were 
observed in Jianhu and Dafeng, with AAPCs of -7.85 
(95% CI: -9.59 to -6.07) for males and -10.29 (95% CI: 
-13.94 to -6.48) for females, respectively. Detailed data 
can be found in Table 1.

Fig. 1 The annual percentage change (APC) in the ASIR of EC and GC by sex and urban–rural types from 2006 to 2016 in China (A, B and C 
denote whole population, males and females at national level, respectively; D, E and F denote whole population, males and females in urban area, 
respectively; G, H and I denote whole population, males and females in rural area, respectively)
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Temporal association between EC and GC
As shown in Table  2, from 2006 to 2016, the average 
GAC, GRC, GCC between EC and GC for males were 
73.63% (95CI: 72.12 to 75.14), 84.37% (95CI: 83.19 to 
85.55) and 79.00% (95CI: 77.85 to 80.14). For females, 
these correlation values were 73.81% (95% CI: 72.33 to 
75.29), 81.42% (95% CI: 80.07 to 82.78), and 77.62% (95% 
CI: 76.50 to 78.37), respectively. These findings indicate 
significant associations in the trends of concordance, 
fluctuation, and comprehensiveness between EC and GC.

Geographical patterns of between EC and GC
The geographical patterns of EC and GC over time are 
presented in Additional File 2 (Fig. S4-S7). Figure  3 
exhibits the geographical patterns of the ASIR for EC 
and GC, both of which exhibit spatial clusters (Moran’s 
I > 0 and P < 0.01), indicating a significant spatial associa-
tion of EC and GC with that in adjacent areas.Addition-
ally, the temporal variations in Moran’s I for both cancers 
over the period suggest consistent spatial clustering 
trends, reflecting temporal concordance in their spatial 
associations.

Spatial association of EC and GC
Figure 4 shows substantial geographical variation in the 
spatial association between EC and GC, reflecting both 
homogeneous and heterogeneous risk patterns across 
CRAs. In regions with homogeneous high-risk for both 
EC and GC  (RREC and  RRGC > 1), the  RREC and  RRGC 

among males were 2.75 (95% CI: 2.73 to 2.77) and 2.44 
(95% CI: 2.43 to 2.46), respectively, while among females 
they were 4.54 (95% CI: 4.41 to 4.67) and 2.28 (95% CI: 
2.22 to 2.33), respectively (Additional File 3: Table  S1). 
The differences in  RREC between the highest- and low-
est-risk areas for males and females were 10.60-fold and 
62.33-fold, respectively, while the differences for  RRGC 
were 6.71-fold and 9.82-fold, respectively (Additional File 
3:Tables S2 and S3).

In heterogeneous risk regions, where  RREC and  RRGC 
exhibited opposite trends, there were significant differ-
ences in risk magnitudes and patterns (Fig.  4). In areas 
where  RREC > 1 and  RRGC < 1, the  RREC and  RRGC among 
males were 1.71 (95% CI: 1.68 to 1.74) and 0.66 (95% 
CI: 0.64 to 0.68), respectively, while among females they 
were 1.92 (95% CI: 1.80 to 2.05) and 0.64 (95% CI: 0.59 
to 0.70), respectively, indicating a higher risk for EC and 
a lower risk for GC. Conversely, in areas where  RREC < 1 
and  RRGC > 1, the  RREC and  RRGC among males were 0.57 
(95% CI: 0.53 to 0.61) and 1.58 (95% CI: 1.56 to 1.60), 
respectively, while among females they were 0.36 (95% 
CI: 0.34 to 0.39) and 1.63 (95% CI: 1.59 to 1.69), respec-
tively (Additional File 3: Table S1).

The combined risk regions of EC and GC
Table  3 summarizes the classification of combined 
risk regions for EC and GC, highlighting areas that 
should be prioritized for joint endoscopic screen-
ing. The double high-risk regions, identified as top 

Fig. 2 The average annual percentage change (AAPC) of the EC and GC in China between 2006 and 2016
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priorities for joint screening of both EC and GC, 
encompass 33 areas. In these regions, the average 
ASIR for EC and GC among males were 54.23 per 
100,000 persons (ratio = 3.16) and 78.42 per 100,000 
persons (ratio = 3.11), respectively. Among females, 
the corresponding rates were 27.21 per 100,000 per-
sons (ratio = 4.66) and 31.05 per 100,000 persons 
(ratio = 3.02), respectively. For regions classified as sin-
gle high-risk for EC, where targeted screening for EC 
is recommended, 38 areas were identified for males 
and 27 for females. In these regions, the average ASIR 
for EC and GC among males were 49.75 per 100,000 
persons (ratio = 2.89) and 30.78 per 100,000 persons 

(ratio = 1.22), respectively, while among females, the 
rates were 20.10 per 100,000 persons (ratio = 3.44) 
and 12.66 per 100,000 persons (ratio = 1.23), respec-
tively. For regions classified as single high-risk for GC, 
where screening efforts should focus on GC, 25 areas 
were identified for males and 15 areas for females. In 
these regions, the average ASIRs for EC and GC among 
males were 20.70 per 100,000 persons (ratio = 1.20) and 
63.71 per 100,000 persons (ratio = 2.53), respectively, 
while among females, the rates were 5.97 per 100,000 
persons (ratio = 1.02) and 27.96 per 100,000 persons 
(ratio = 2.72), respectively. Further details on regional 
classifications are depicted in Additional File 2: Fig. S9 

Table 1 The average annual percentage change (AAPC) in 31 CRAs from 2006 to 2016

CRAs cancer registration areas
a denotes statistically significant

CRAs Male Female

EC(95%CI) GC(95%CI) EC(95%CI) GC(95%CI)

Beijing -3.98(-4.73, -3.22)a -2.05(-2.68, -1.41)a -7.78(-9.21, -6.33)a -1.46(-2.81, -0.09)a

Shexian -7.89(-10.28, -5.43)a -5.30(-7.42, -3.13)a -6.78(-8.7, -4.82)a -6.62(-9.01, -4.17)a

Cixian -6.40(-9.27, -3.44)a -3.24(-5.74, -0.67)a -7.52(-9.68, -5.30)a -4.48(-7.48, -1.38)a

Yangcheng -6.01(-7.63, -4.36)a -5.54(-8.64, -2.33)a -4.99(-8.16, -1.71)a -3.85(-7.37, -0.18)a

Shenyang -3.53(-6.58, -0.38)a -3.08(-4.95, -1.18)a -6.51(-10.06, -2.82)a -1.70(-3.47, 0.11)

Anshan -3.46(-6.15, -0.69)a -3.91(-5.85, -1.94)a -10.33(-14.16, -6.32)a -3.41(-6.35, -0.37)

Benxi -4.41(-8.25, -0.42)a -4.97(-8.67, -1.11)a -3.67 (-15.4, 9.68) -3.55(-6.55, -0.45)a

Daoli -1.82(-7.33, 4.03) -6.19(-9.25, -3.03) -10.89(-16.71, -4.66)a -1.36(-5.04, 2.46)

Nangang -5.25(-7.38, -3.08)a -2.47(-4.45, -0.44)a -14.35(-23.46, -4.16)a -5.80(-8.31, -3.21)a

Suzhou -7.30(-9.28, -5.28)a -6.51(-7.83, -5.16) -9.40(-12.52, -6.18)a -5.04(-6.71, -3.35)a

Qidong -1.35(-3.97, 1.34) -0.03(-2.24, 2.24)a -4.24(-7.62, -0.74)a -0.94(-3.71, 1.91)

Haimen -5.12(-7.22, -2.97)a -4.85(-7.72, -1.88)a -5.37(-8.10, -2.55)a -2.08(-4.63, 0.54)

Jianhu -8.73(-11.38, -6.00)a -7.85(-9.59, -6.07)a -7.50(-10.34, -4.57)a -5.50(-7.53, -3.42)a

Yangzhong -8.69(-12.02, -5.23)a -7.79(-10.49, -5.01)a -12.50(-15.48, -9.41)a -8.85(-12.93, -4.58)a

Hangzhou -1.46(-4.09, 1.25) -2.78(-4.79, -0.72)a -8.80(-10.12, -7.46)a -3.32(-5.42, -1.17)

Jiaxing -4.50(-7.68, -1.21)a -4.31(-6.58, -1.98)a -4.25(-12.96, 5.33) -0.99(-5.33, 3.56)

Jiashan -7.02(-9.59, -4.38)a -4.89(-7.51, -2.20)a -4.82(-9.43, 0.03) -5.89(-8.54, -3.16)a

Haining -5.61(-8.17, -2.97)a -2.53(-6.26, 1.34) -5.68(-9.99, -1.16)a -2.58(-6.51, 1.51)

Maanshan -4.50(-8.18, -0.68)a -1.60(-5.21, 2.14) -6.54(-12.42, -0.27) -3.69(-6.17, -1.15)

Feicheng -5.99(-9.11, -2.76)a -1.86(-4.38, 0.73) -7.46(-11.59, -3.14)a -4. 55(-9.11, 0.23)

Linzhou -5.37(-8.99, -1.60)a -2.68(-5.74, 0.47) -6.22(-8.39, -4.00)a -3.80(-6.13, -1.41)a

Wuhan -3.25(-4.42, -2.07)a -2.89(-4.09, -1.67)a -4.86(-8.16, -1.45)a -1.77(-3.36, -0.15)a

Guangzhou -8.62(-11.29, -5.88)a -5.44(-7.68, -3.14)a -12.86(-15.76, -9.86)a -5.42(-7.13, -3.68)a

Sihui -5.88(-10.40, -1.13)a -3.41(-9.16, 2.70) -5.61(-12.38, 1.67) 3.57(-2.56, 10.09)

Zhongshan -3.89(-6.32, -1.40)a -2.31(-5.45, 0.93) -10.31(-20.19, 0.80) -2.21(-6.21, 1.96)

Fusui 1.21(-7.14, 10.31) 9.38(5.07, 13.87)a 101.18(-10.64,352.92) 7.89(0.31, 16.05)a

Yanting -0.65(-1.90, 0.62) -2.03(-3.3, -0.74)a -1.11(-2.65, 0.46) -1.37(-2.89, 0.16)

Hangzhou -2.31(-3.96, -0.63)a -2.49(-3.41, -1.57)a -6.85(-8.09, -5.60)a -3.01(-3.76, -2.26)a

Dafeng -8.30(-10.69, -5.85)a -8.22(-12.22, -4.04)a -11.85(-14.51, -9.11)a -10.29(-13.94,-6.48)a

Changle -5.21(-9.09, -1.17)a -7.09(-9.27, -4.87)a -3.93(-8.00, 0.33) -6.57(-9.23, -3.84)a

Huaian -6.30(-14.04, 2.14) -3.82(-10.55, 3.43) -8.21(-15.52, -0.26)a -3.04(-9.43, 3.79)a
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and S10. Comprehensive data on ASIRs and risk levels 
across all categorized CRAs are available in Additional 
File 2: Table S3.

Discussion
This study is the first to explore the spatiotemporal asso-
ciations between EC and GC in China and to identify 
their combined risk regions using population-reported 
data and a series of spatiotemporal analyses. We identi-
fied seven distinct combined risk regions for EC and GC, 
providing critical evidence for prioritizing joint endo-
scopic screening areas and understanding the overlap-
ping and divergent risks associated with these cancers in 
China.

Our findings indicate that ASIR of EC and GC initially 
increased before showing a significant decline from 2006 
to 2016. This trend is consistent with previous stud-
ies on the epidemiological profiles of EC and GC both 

Table 2 The temporal association magnitude of EC and GC from 
2006 to  2016a

a 322 cancer registration areas with EC and GC data not less than 3 years from 
2006 to 2016. GAC  grey absolute correlation, GRC  grey relative correlation, 
GCC  grey comprehensive correlation, Min Minimum value, Max Maximum value, 
SD standard deviation, 95%CI 95% confidence interval

Temporal 
association

Min(%) Max(%) Mean(%) SD(%) 95%CI

Male

 GAC 50.42 99.61 73.63 13.69 72.12 to 75.14

 GRC 52.17 99.96 84.37 10.75 83.19 to 85.55

 GCC 53.65 98.46 79.00 10.41 77.85 to 80.14

Female

 GAC 51.54 99.72 73.81 13.49 72.33 to 75.29

 GRC 50.00 99.99 81.42 12.31 80.07 to 82.78

 GCC 54.26 98.02 77.62 10.12 76.50 to 78.73

Fig. 3 The spatial autocorrelation of EC and GC by sex from 2006 to 2016

Fig. 4 The spatial association of EC and GC by sex in China
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in China and globally. For example, research has docu-
mented a decreasing annual trend in the ASIR of EC and 
GC of -4.2% (95% CI: -4.6 to -3.7) and -3.0% (95% CI: -3.5 
to -2.4) between 2005 and 2015, respectively, with pro-
jections of continued declines through 2030 [18]. The 
Global Burden of Disease study also estimated that the 
global ASIR of EC and GC decreased by 22% and 28%, 
respectively, with China contributing to a significant pro-
portion of these cases [19, 20].

The decline in ASIR for both EC and GC was more 
pronounced in rural areas compared to urban areas, 
regardless of sex. This difference is likely attributable 
to the implementation of early screening programs in 
rural areas since the 1970s. A case–control study in 
Linzhou, China, demonstrated that early endoscopic 
screening reduced GC mortality by 28% [21]. Addition-
ally, a nine-year screening program in rural areas led 
to a 20% reduction in incidence and a 32% decrease in 
mortality risk for EC [22]. Between 2012 and 2018, over 
2.16 million individuals in 194 rural areas participated 
in early screening programs, with a detection rate of 
UGIC at 2.05% compared to 0.20% in urban areas [23]. 
Nutritional interventions with beta-carotene, vitamin 
E, and selenium in rural areas have also been effec-
tive in reducing EC and GC incidence by 8% and 16%, 
respectively [24]. Despite limited access to treatment 
facilities in rural areas, China’s central government has 
implemented early diagnosis and treatment projects 
for UGIC in high-incidence areas since 2005. With 

the enhancement of the medical insurance system and 
the improvement of primary healthcare services, the 
medical care level for residents in rural areas has sig-
nificantly improved. Policies and guidelines have been 
issued, and medical resources have been allocated to 
facilitate early diagnosis and treatment [25–27]. For 
instance, in Cixian, a high-incidence area, early screen-
ing and treatment increased five-year survival rates by 
14.11% for EC, 16.71% for cardia GC, and 14.92% for 
noncardia GC due to early screening and treatment 
from 2003 to 2013 [28]. These results highlight the 
importance of ongoing and targeted screening efforts, 
particularly in rural regions, to further mitigate the 
burden of EC and GC in China.

Our study found a significant temporal association 
between EC and GC, with concordance rates of 79.00% 
(95% CI: 77.85 to 80.14) among males and 77.62% (95% 
CI: 76.50 to 78.73) among females. This suggests that 
both cancers may share common risk factors and etio-
logical pathways. Although the exact reasons for this 
association are not fully understood, several factors 
likely contribute, including the decreasing prevalence of 
smoking, alcohol use, and Helicobacter pylori (Hp) infec-
tion [5, 29, 30], as well as improved dietary habits and 
access to medical services have likely played a role [31]. 
The increased consumption of fruits and vegetables, 
which are rich in antioxidants, has been associated with 
a reduced risk of both cancers, potentially explaining the 
declining incidence [32]. Enhanced access to medical 

Table 3 The general information of the combined risk region between EC and GC by sex

N: the number of cancer registration areas;

ASIR: age-standardized incidence rate(per 100,000 persons);

Ratio: the ratio of ASIR at cancer registration area to national level;

Region1: double high-risk EC and GC;

Region2: single high-risk EC;

Region3: single high-risk GC;

Region4: double middle-risk EC and GC;

Region5: middle-risk EC and low-risk GC;

Region6: middle-risk GC and low-risk EC;

Region7: double low-risk EC and GC

Combined risk regions Male Female

N EC GC N EC GC

ASIR Ratio ASIR Ratio ASIR Ratio ASIR Ratio

High-risk Region 1 33 54.42 3.16 78.42 3.11 33 27.21 4.66 31.05 3.02

Region 2 38 49.75 2.89 30.78 1.22 27 20.10 3.44 12.66 1.23

Region 3 25 20.70 1.20 63.71 2.53 15 5.97 1.02 27.96 2.72

Non-high risk Region 4 205 18.60 1.08 26.62 1.05 131 5.72 0.98 10.81 1.05

Region 5 39 14.83 0.86 9.41 0.37 17 4.98 0.85 4.06 0.39

Region 6 94 6.29 0.37 20.77 0.82 175 1.40 0.24 9.21 0.89

Region 7 53 5.29 0.31 9.42 0.37 59 0.98 0.17 3.81 0.37
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facilities through health insurance and public health initi-
atives has likely improved early detection and treatment, 
further contributing to the decrease in advanced cancers 
[33]. Although our study could not evaluate the specific 
effects of these factors due to data limitations, previous 
research supports their role in reducing cancer incidence 
[34].

Our analysis revealed that high-risk areas for EC and 
GC are primarily concentrated in the adjacent regions 
of Henan, Hebei, Shanxi, Shandong, Jiangsu, and Anhui 
provinces, as well as in parts of Xinjiang and Sichuan 
provinces. Spatial scanning statistics identified homo-
geneous high-risk areas in the Taihang Mountains and 
Huaihe Basin, suggesting that environmental factors 
may significantly contribute to the high incidence of EC 
and GC in these regions. While excessive smoking and 
drinking have been highlighted as risk factors in past 
studies, case–control studies suggested their role in 
carcinogenesis may be limited [35, 36]. Therefore, fur-
ther research is needed to clarify the influence of these 
factors across both high- and low-risk regions [37]. The 
elevated incidence risks of EC and GC in these areas 
may be associated with water pollution. Previous stud-
ies documented that approximately 80% of EC cases 
occurred within 10  km of rivers, and rural residents 
often used untreated surface water from rivers and 
lakes for drinking [38, 39]. Additionally, 76% and 88% 
of cancer villages in high-risk areas located within 3 km 
and 10  km of rivers, respectively, and the correlation 
coefficient between sewage discharge and high-risk vil-
lages was 0.94 (P < 0.05) [40]. However, the incidence 
risks significantly decreased with strict pollution con-
trol measures.

The heterogeneous risk patterns for EC and GC sug-
gest that variations in geographical patterns are driven 
by different risk exposures. Although specific risk factors 
for this distribution are not fully identified, the higher 
prevalence of Hp infection in Northwest China (e.g., 
Ningxia, Qinghai, and Gansu provinces) is associated 
with increased GC rates in these regions [41, 42]. This 
indicates that Hp infection may play a significant role in 
the spatial distribution of EC and GC. The common low-
risk areas in the southern Yangtze River regions, despite 
being surrounded by high-risk areas, have notably lower 
cancer rates compared to traditional high-risk areas. This 
discrepancy highlights the need for further research to 
uncover the protective factors and risk exposures con-
tributing to lower incidence rates in these regions.

Our previous research demonstrated that joint 
screening could be a cost-effective strategy in high-
risk regions for both EC and GC [12, 43]. This 
study further validates that areas with a high preva-
lence of EC often also have a high prevalence of GC, 

supporting the rationale for joint screening initiatives. 
Identifying different combined risk regions for EC 
and GC allows for prioritizing joint screening efforts 
and guiding cancer prevention and control strategies. 
These findings can inform cancer prevention and con-
trol plans by delineating various risk regions, includ-
ing those without joint screening, and guide related 
research on cancer burden and risk factor assessment. 
The First National Death Survey (1973–1975) defined 
high-risk areas for EC as those with a crude mortal-
ity rate of ≥ 60 per 100,000 males and ≥ 30 per 100,000 
females. Similarly, high-risk areas for GC were defined 
as ≥ 50 per 100,000 males and ≥ 25 per 100,000 females 
[44]. While this classification reflected the realities of 
EC and GC in China at that time, it did not account 
for population structure and lacks comparability at 
a global level. Another study classified high-risk, 
medium-risk, and low-risk areas of GC worldwide 
by ASIR > 20 per 100,000 persons, 11–19 per 100,000 
persons, and < 10 per 100,000 persons based on 2005 
cancer statistics, respectively [45]. However, this clas-
sification is outdated for China, where GC incidence 
has notably declined, though it remains higher than 
the global average. Our study, in contrast, divided 
classifies combined risk areas of EC and GC using the 
RR in CRAs compared to the national level, based on 
spatiotemporal associations in China. Areas with an 
RR ≥ 2 are prioritized for joint endoscopic screening 
for EC and GC, reflecting current realities in China 
and helping policymakers understand the similari-
ties and differences between these cancers. We rec-
ommend implementing joint endoscopic screening 
in the following areas: Shexian, Cixian, Wu’an, Ping-
shun, Yangcheng, Jintan, Yandu, Jianhu, Danyang, 
Yangzhong, Feixi, Lujiang, Chaohu, Yi’an, Tianchang, 
Songxian, Luoning, Lushan, Linzhou, Neixiang, Jiyuan, 
Yanting, Shangzhou, Liangzhou, and Xinyuan. By 
focusing on high-risk regions, resources can be allo-
cated more effectively to reduce the burden of EC 
and GC. The geographic and epidemiological data 
provided enhance the precision of identifying critical 
areas, improving upon previous methods that relied on 
broader regional data. Additionally, the effective joint 
screening in rural areas faces substantial challenges 
and barriers, including logistic and financial con-
straints. Our study acknowledges these challenges and 
suggests that future research should explore innovative 
solutions, such as mobile screening units and telemed-
icine, to overcome these barriers.

Public health implications
The classification of risk regions for EC and GC has 
significant public health implications. Understanding 
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the spatiotemporal patterns of these cancers is cru-
cial for developing national screening standards. First, 
many risk factors contributing to disparities in EC 
and GC remain poorly understood despite decades of 
research. It is essential to strengthen efforts to imple-
ment early screening strategies, improve compliance 
with screening programs, and expand cancer registries 
to reduce exposure to specific risks. Second, collabora-
tion with local governments and research institutions 
is vital to establish screening programs in uncovered 
regions and to ensure effective diagnosis and treat-
ment capacities. Finally, future research should focus 
on environmental and screening-related factors to 
explore potential etiological pathways between EC and 
GC. Expanding joint screening initiatives and conduct-
ing comprehensive cost-effectiveness analyses in iden-
tified high-risk areas will further optimize resource 
allocation and policy decisions. Addressing these key 
aspects will enhance early detection, improve preven-
tion efforts, and ultimately reduce the burden of EC 
and GC in high-risk populations.

Strengths and limitations
In this study, our primary contributions are being 
the first to examine the spatiotemporal associations 
between EC and GC and to divide different combined 
risk areas for both cancers. This provides crucial evi-
dence to support joint endoscopic screening and iden-
tifies high-risk areas for EC and GC in China. Second, 
this study applies interdisciplinary and integrated 
approaches, utilizing spatiotemporal techniques to 
analyze the association between EC and GC. The com-
bined application of these methods and models allows 
us to explore potential etiological associations between 
EC and GC, offering important references for specific 
cancers with previously unexplored relationships. 
Third, our findings establish a theoretical framework 
and explicit analytical solutions for tailoring standards 
of high- and low-risk areas for UGIC at the national 
level. However, there are some limitations to this 
study. First, EC and GC have different subsites that 
were not analyzed due to a lack of data, so the results 
predominantly reflect the dominant subsites (esopha-
geal squamous cell carcinoma and gastric cardia can-
cer) in China. Second, we acknowledge the potential 
discrepancy between the locations where cancer 
cases are identified and where patients receive treat-
ment, particularly in rural areas with limited health-
care access. Although our study focuses on incidence 
locations using data from the NCCC—which includes 
diverse sources like hospitals, community health cent-
ers, and insurance systems—these challenges highlight 

the need for further research. Future studies should 
assess how access barriers influence screening out-
comes and explore solutions such as mobile screening 
units and telemedicine initiatives [46]. Third, due to 
disparities in population density and economic condi-
tions across CRAs, and the concentration of CRAs in 
eastern regions, potential biases may exist in the find-
ings for western regions. However, the existing CRAs 
in Western China still reflect real epidemiological pro-
cess because the CRA settings are based on population 
sampling data. Fourth, this study was conducted dur-
ing the COVID-19 pandemic, which caused a signifi-
cant lag in the latest data. Data spanning from 2006 to 
2016 only present profiles up to that time. However, 
given the typically stable geographical patterns of EC 
and GC in China, these findings still offer valuable 
guidance for joint screening efforts. Lastly, the una-
vailability of combined data for both sexes within each 
CRA limits our ability to examine sex-specific asso-
ciations comprehensively. Despite this, the consistency 
in results across sexes strengthens the robustness and 
validity of our conclusions.

Conclusions
This study utilized spatiotemporal statistical approaches 
to investigate the associations between EC and GC, 
identifying various combined risk regions and support-
ing the implementation of joint endoscopic screening 
efforts. From 2006 to 2016, the ASIRs of EC and GC 
initially increased slightly but then experienced a sig-
nificant decline, with a notable reduction observed par-
ticularly among females and in rural areas. Identifying 
high-risk regions provides a foundation for targeted 
screening and prevention strategies, which are crucial 
for refining public health policies and enhancing can-
cer control efforts in China. The findings underscore the 
importance of sustained, targeted screening programs 
to further mitigate the burden of EC and GC, offering 
valuable insights for developing effective prevention 
and control measures.
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