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Abstract

Background: Gastric cancer (GC) remains a leading cause of cancer-related mortality worldwide. In Ecuador,
GC was the primary cause of cancer-related deaths until 2013. Despite a general decline in GC mortality, significant
regional and sex-based disparities persist. This study aimes to analyze trends in GC mortality by sex from 2004 to 2021
using Joinpoint regression analysis. Methods: We analyzed GC mortality data from the National Institute of Statistics
and Censuses (INEC) for the period 2004-2021. Age-standardized mortality rates (ASMR) were calculated using the
SEGI world standard population. Joinpoint regression was applied to estimate the annual percentage change (APC) in
mortality trends. Additionally, we examined regional differences and identified provinces with the highest mortality
rates based on the average from 2017-2021. Results: GC mortality rates declined nationally, with an annual decrease
of 1.9% in men and 2.2% in women. However, significant regional disparities were observed. In the Coastal region,
mortality rates among men showed no significant decline, while the rates for women decreased by 2.4% annually. In
the Highlands, GC mortality declined by 1.8% in men and 2.4% in women, while in the Amazon region, the decrease
was 2.8% and 3.0% per year for men and women, respectively. The highest GC mortality rates in 2021 were observed
in Bolivar, Santo Domingo, and Cotopaxi among men, and in Zamora Chinchipe, Cotopaxi, and Loja among women.
Notably, while most provinces experienced a decline, Esmeraldas reported an increasing mortality trend of 2.8%
annually from 2004 to 2021. Conclusions: Despite an overall decline in GC mortality in Ecuador, disparities persist
across regions and between sexes. The faster decline in female mortality suggests potential differences in risk factors,
healthcare access, or early detection efforts.
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Introduction mortality rates than women [6]. In Central and South

America, GC remains a significant public health challenge,

Gastric cancer (GC) is a major global health concern,
ranking among the top ten causes of cancer-related deaths
in both men and women worldwide [1]. According to
GLOBOCAN 2022, GC was the third leading cause of
cancer-related mortality, accounting for approximately
770,000 deaths, and the fifth most commonly diagnosed
malignancy, with nearly 1 million new case [1, 2].
Despite a global decline in GC incidence and mortality,
largely attributed to a reduced prevalence of Helicobacter
pylori infection the primary risk factor [3-5] substantial
geographic and demographic disparities persist.

Men consistently exhibit higher GC incidence and

ranking as the fifth most commonly diagnosed cancer.
Notably, incidence rates in this region are significantly
higher in men than in women [2].

In Ecuador, GC was the leading cause of cancer-related
deaths until 2013, responsible for approximately 19,000
deaths between 2004 and 2015 [7]. The national age-
standardized mortality rate (ASMR) during this period
was 10.9 deaths per 100,000 population, with higher
rates in men (12.0 per 100,000) compared to women (9.4
per 100,000). While crude mortality rates have declined
for both sexes, the decrease in incidence has been more
pronounced in women. Additionally, there is considerable
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variation in GC mortality across Ecuadorian provinces
[7, 8].

Understanding sex-based disparities in GC mortality
trends is essential for developing targeted public health
strategies. This study aimed to analyze GC mortality trends
by sex in Ecuador from 2004 to 2021 using Joinpoint
regression analysis. Additionally, we examined regional
variations and spatial distribution patterns at different
altitudes from 2016 to 2021 to provide insights into
potential environmental or healthcare access influences.

Materials and Methods

Source of information

This is an ecological observational time series study.
This study analyzed gastric cancer (GC) mortality trends
in Ecuador from 2004 to 2021. Mortality data were
obtained from the National Institute of Statistics and
Censuses (INEC), which records deaths based on official
death certificates issued by physicians following World
Health Organization (WHO) standards. GC-related deaths
were identified using the International Classification of
Diseases, 10th Revision (ICD-10, code C16) [9].

Population denominators were extracted from INEC
demographic projections published by the National
Secretariat of Planning. Ecuador consists of 24 provinces
across four geographical regions: Coastal, Highlands,
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Amazon, and Insular. As of the most recent projections,
the country’s population exceeded 17.7 million, with over
8.7 million men.

Statistical analysis

[10] We performed an analysis with the average of the
last 5 years (2017-2021) for GC mortality rates in Ecuador
and its provinces. The analysis was conducted using the
Joinpoint Regression Program (version 4.7.0, National
Cancer Institute). Mortality counts, population estimates,
and the Segi world standard population were used to
compute age-standardized mortality rates (ASMRSs) per
100,000 inhabitants [11, 12]. The Joinpoint model was
fitted under the assumption of uncorrelated errors and
applied a log transformation [In(y) =xb], allowing for the
interpretation of the slope as the annual percent change
(APC). The Monte Carlo permutation method was used to
determine the optimal number and location of joinpoints.
The model assumed uncorrelated errors, and standard
errors were calculated internally by the software based
on input data. APC estimates with p-values <0.05 were
considered statistically significant.

Results

Figure 1 presents the mortality rates for gastric cancer
in Ecuadorian provinces, comparing the first year (2004)
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Figure 1. Age-Standardized (SEGI’s World Standard Population) Gastric Cancer Mortality Rates per 100,000 in 2004

and Predicted for 2021 in Ecuador and Its Provinces
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and the last year (2021) of the study period. Among males,
seventeen provinces reported lower mortality rates in 2021
compared to 2004. In 2004, the highest mortality rates
were observed in Cotopaxi (23.9 per 100,000), Azuay
(23.1), and Santo Domingo (22.2); whereas in 2021
were observed in the provinces of Bolivar (18.2), Santo
Domingo (17.6), and Cotopaxi (16.6). Among females,
twenty provinces reported lower mortality rates in 2021
compared to 2004. In 2004, the highest mortality rates
were observed in Galapagos (31.8 per 100,000), Carchi
(19.2), and Santa Elena (16.3); whereas in 2021, the
provinces with the highest mortality rates were Zamora
Chinchipe (13.9), Cotopaxi (12.6), and Loja (11.6).

Among men, the national mortality rate declined from
14.62 to 11.10 per 100,000, with an Average Annual
Percent Change (AAPC) of —1.9% (95% CI: 2.3 to —1.4;
p < 0.05). In the Highlands, the decline was even more
pronounced (AAPC =-2.4%; 95% CI: —3.1 to —1.7), while
the Amazon region (Orient) also experienced a significant
decrease (AAPC = —2.8%; 95% CI: =5.2 to —0.4). In
contrast, the Coastal region presented a more complex
trend: an initial non-significant increase between 2004 and
2006 (+11.2%; 95% CI: —3.3 to 28.0), followed by two
significant decreasing segments from 2006 to 2013 (APC =
=3.7%; 95% CI: —5.8 to —1.6) and from 2013 t0 2021 (APC
= —1.2%; 95% CI: —2.6 to —0.2). However, the overall
AAPC for the Coastal region in men was not statistically
significant (—0.9%; 95% CI: —2.6 to 0.9). Among women,
the national mortality rate declined from 10.72 to 7.19
per 100,000. The trend was characterized by a significant
decline from 2004 to 2016 (APC =—-3.2%; 95% CI: 3.9
to —2.4), followed by a plateau from 2016 to 2021 (APC
= +0.1%; 95% CI: —2.7 to 2.9), resulting in an overall
AAPC of —2.2% (95% CI: 3.1 to —1.3; p < 0.05). All
three geographic regions showed statistically significant
decreases in female mortality: Coastal (AAPC = —2.6%;
95% CI: —3.4 to —1.7), Highlands (AAPC =—2.8%; 95%
CI: —3.4 to —2.1), and Orient (AAPC = —4.0%; 95% CI:
—7.0 to —0.9) (Table 1 and Figure 2).

Table 2 presents the annual percentage change in
mortality rates by province. At the provincial level, the
most significant declines in gastric cancer mortality
among men were observed in Azuay (APC: —3.0%; 95%
CI: 4.5 to —1.4), Carchi (—3.2%; 95% CI: =5.6 to —0.7),
Chimborazo (—1.9%; 95% CI: =3.5 to —0.3), Guayas
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(—3.2%; 95% CI: —4.2 to —2.2), Los Rios (—3.2%; 95%
CI: —4.7 to —1.6), and Santa Elena (—5.5%; 95% CI: 8.7
to —2.3). In contrast, Esmeraldas experienced a significant
increase in mortality from 2015 to 2021 (APC: +19.9%;
95% CI: 9.5 to 31.3), while Sucumbios showed a marked
decline from 2006 to 2019 (—11.8%; 95% CI: —14.0 to
—8.5). Among women, the provinces with the steepest and
statistically significant reductions were Carchi (—5.5%;
95% CI: =7.7 to —3.2), Chimborazo (—3.1%; 95% CI:
—5.0 to —1.1), Cotopaxi (—3.3%; 95% CI: —5.3 to —1.3),
El Oro (—3.5%; 95% CI: —5.0 to —2.0), Guayas (—3.3%;
95% CI: —4.3 to —2.2), Pichincha (—2.8%; 95% CI: —4.7
to —0.8), and Tungurahua (—3.3%; 95% CI: —5.1 to —1.6).
Esmeraldas was the only province with a significant
increase in female mortality (APC: +2.8%; 95% CI: 0.2
to 5.5).

Discussion

Our study found a significant decline in gastric cancer
mortality in Ecuador between 2004 and 2021, with an
annual decrease of 1.9% in men and 2.2% in women.
This downward trend, more pronounced among women,
aligns with global patterns but also reveals persistent
regional disparities. The Coastal region showed limited
reductions, particularly in men, while the Highlands and
Orient regions experienced more notable declines. These
differences may reflect variations in healthcare access,
early detection practices, and exposure to key risk factors
such as Helicobacter pylori (H. pylori). In Ecuador, the
prevalence among asymptomatic individuals varies
between 47.7% and 62.7%, and it increases substantially
with age, exceeding 90% in older adult [13, 14]. These
findings emphasize the critical role of H. pylori control in
addressing GC. Efforts to reduce its prevalence, coupled
with early detection and targeted interventions, could
significantly impact the burden of GC in Ecuador. The
persistent regional disparities in H. pylori prevalence and
its direct correlation with GC incidence underscore the
need for comprehensive public health strategies tailored
to high-risk populations.

And at the national level, in the context of the
downward trend in gastric cancer rates, it is relevant to
consider the specific data from Quito between 1985 and
2013. Age- and sex-standardized incidence rates have been

Table 1. Mortality Trends for Gastric Cancer in Ecuador and Its Regions: Average Annual Percentage Change (AAPC)
and 95% confidence interval (95% CI) for the period 2004—2021

Men 2004 2021 Year APC Year APC Year APC Average APC
(C195%)

Ecuador 14.62 11.1  2004-2021 -1.9%(-2.3,-1.4) —1.9%(=2.3,-1.4)
Coastal 1206  9.94 2004-2006 11.2(-3.3,28.0) 20062013 —3.7%(-5.8,-1.6) 2013-2021 —1.2%(-2.6,-0.2) —0.9(=2.6,0.9)
Highlands 18.25 12.77 2004-2021 —2.4*(-3.1,-1.7) —2.4*%(=3.1,-1.7)
Orient 7.45 6.73  2004-2021 —2.8%(-5.2,-0.4) —2.8%(=5.2,-0.4)
‘Women

Ecuador 1072 7.19  2004-2016 —3.2%(-3.9,-2.4) 2016-2021 0.1(-2.7,2.9) —2.2*%(=3.1,-1.3)
Coastal 9.3 631  2004-2021 —2.6%(-3.4,-1.7) —2.6%(=3.4,-1.7)
Highlands 12.12  8.18  2004-2021 —2.8%(-3.4,-2.1) —2.8%(=3.4,-2.1)
Orient 6.17 544 2004-2021 —4.0%(-7.0,-0.9) —4.0%(=7.0,-0.9)

APC, Annual Percent change; C195%: Confidence interval 95% ;* p value <0.05
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Table 2. Joinpoint Analysis for Mortality Rates for Ecuador Provinces from 2004 to 2021

Geographical area 2004 2021 Years APC Years APC Years APC Average APC(CI 95%)
Men

Azuay 23.14  13.84 2004-2021 -3.0%(-4.5,-1.4) -3.0%(-4.5,-1.4)
Bolivar 17.23  18.24 2004-2021 0.1(-2.3,2.7) 0.1(-2.3,2.7)
Canar 16.78  15.64 2004-2021 -0,6 (-3,7 - 2,6) -0,6 (-3,7 - 2,6)
Carchi 2043 831 2004-2021 —3.2%(=5.6,—0.7) —3.2%(=5.6,—0.7)
Chimborazo 20.62  13.22 2004-2021 —1.9%(=3.5,-0.3) —1.9%(=3.5,-0.3)
Cotopaxi 23.86 16.65 2004-2021 —1.4(-3.5,0.7) —1.4(-3.5,0.7)
El Oro 5.89 10.9 2004-2021 -1.7 (4.2, 0.8) -1.7 (4.2, 0.8)
Esmeraldas 522 12.18 2004-2012 8.2%(1.1,15.9) 2012-2015 —27.7(-59.1,27.9)  2015-2021 19.9*%(9.5, 31.3)
Guayas 1241 9.2 2004-2021 —3.2%--42,-22) —3.2%=-42,-2.2)
Imbabura 11.08  14.88 2004-2021 1.1(-1.2,3.5) 1.1(-1.2,3.5)
Loja 16.34 1243 2004-2021 —1.0 (-2.6, 0.6) —1.0 (-2.6, 0.6)
Los Rios 19.7 7.47 2004-2021 —3.2%(-4.7,-1.6) —3.2%(-4.7,-1.6)
Manabi 16.9 12.45 2004-2013 —5.9%(-8.3,-3,5) 2013-2016 21.8 (=6.7, 59.0) 2016-2021 —4.7(-9.3,0.1)
Morona Santiago 6.31 9.15 2004-2021 -1.6 (5.7, 2.7) -1.6 (-5.7, 2.7)
Napo 8.41 2.29 2004-2021 NA NA
Orellana 18 7.63 2004-2021 NA NA
Pastaza 22.03  6.76 2005-2021 -4.2 (-10.1, 2.1) —4.2 (-10.1, 2.1)
Pichincha 1841 10.17 2004-2011 —6.9%(=9.2,4.6) 2011-2021 —0.6 (—1.9, 0.8)
Santa Elena 1474  7.32 2008-2021 —5.5%(-8.7,-2.3) —5.5%(-8.7,-2.3)
Santo Domingo 22.19  17.56 2008-2021 -1.2(-3.1,0.7) -1.2(-3.1,0.7)
Sucumbios 5.51 7.57 2004-2006 72.1 (—14.3,245.6) 2006-2019 —11.8%(—14.0,-8,5)  2019-2021 51.3(-20.9, 189.4)
Tungurahua 16.22  10.53 2004-2006 13.4 (—19.0, 58.8) 2006-2009 —17.7 (—41.4,15.6)  2009-2021 —0.1(-2.2,2.0)
Zamora Chinchipe 7.06 5.09 2004-2021 NA NA

Women
Azuay 14.6 8.57 2004-2021 —2.1%¥(-3.8,-0.5) —2.1%(-3.8,-0.5)
Bolivar 12.66  9.89 2004-2021 —2.1(-5.7, 1.6) —2.1(-5.7, 1.6)
Canar 8.59 9.81 2004-2021 -1.4 (3.9, 1.1) -1.4(-3.9,1.1)
Carchi 19.24  2.05 2004-2021 =5.5%(-7.7,-3.2) =5.5%(-7.7,-3.2)
Chimborazo 12.68 8.77 2004-2021 -3.1*%(=5.0,-1.1) -3.1*(-5.0,-1.1)

APC, Annual percentage change; CI 95%: Confidence interval 95%; * p value <0.05; NA, Not applicable
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Table 2. Continued

Geographical area 2004 2021 Years APC Years APC Years APC Average APC(CI 95%)
Women

Cotopaxi 1496 12.56 2004-2021 -3.3*(-5.3,-1.3) —3.3%(=5.3,-1.3)

El Oro 1424 64 2004-2021 —3.5%(=5.0, —2.0) —3.5%(=5.0, -2.0)

Esmeraldas 3.44 6.32 2004-2021 2.8%(0.2,5.5) 2.8%(0.2,5.5)

Guayas 9.27 6.22 2004-2021 —3.3%(—4.3,72.2) —3.3%(—4.3,2.2)

Imbabura 12.32 10.73 2004-2021 —-0.9 (2.7, 1.0) —0.9 (2.7, 1.0)

Loja 11.22 11.59 2004-2021 -1.7(=3.7,0.3) —1.7(=3.7,0.3)

Los Rios 9.12 7.02 2004-2009 7.6 (3.3, 19.8) 2009-2021 —5.8%(-8.2,-3.3) —2.0(-5.2,1.3)

Manabi 11.81  5.61 2004-2021 -1.3(-3.1,0.6) -1.3(-3.1,0.6)

Morona Santiago 7.24 2.06 2004-2021 NA NA

Napo 3.95 3.87 2004-2021 NA NA

Orellana 1442 631 2004-2021 NA NA

Pastaza 9.27 8.04 2004-2021 NA NA

Pichincha 1224  6.16 2004-2013 —6.4%(-9.1,-3.7) 2013-2021 1.6 (1.8, 5.0) —2.8%(—4.7,-0.8)

Santa Elena 1632 9.37 2008-2021 —2.1(-7.8,3.8) —2.1(-7.8, 3.8)

Santo Domingo 8.98 5.34 2008-2021 —0.8 (—4.7,3.2) -0.8(—4.7,3.2)

Sucumbios 11.28 291 2005-2021 NA NA

Tungurahua 11.21 841 2004-2021 —3.3*%(=5.1,-1.6) —3.3%(=5.1,-1.6)

Zamora Chinchipe 5.13 13.86 2004-2021 NA NA

APC, Annual percentage change; CI 95%: Confidence interval 95%; * p value <0.05; NA, Not applicable
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Figure 2. Joinpoint for Gastric Cancer Mortality Trends in Ecuador and Its Regions, 2004-2021.

observed to show a significant decrease among females,
while no significant difference was observed for males [8].
These findings are linked to a previous publication in the
National Tumor Registry, which explored differences in
gastric cancer incidence among several cities, including
Quito, Guayaquil, Manabi, Loja and Cuenca. This
publication highlighted that the incidence rate in Loja
was approximately double that of the other cities. Despite
the methodological divergences between this study and
the previous publication, Loja was also identified as one
of the secondary groups with a high incidence of gastric
cancer mortality [7].

The cost-effectiveness analysis of screening tests such
as serum pepsinogen shows a favorable relationship in
countries such as Mexico, especially when combined
with upper gastrointestinal endoscopies performed every
three years [15]. However, in Eastern countries such as
Japan and South Korea, where the incidence of gastric
cancer is higher, five-year survival rates of about 70%, and
nearly 95% in early stages, have been achieved through
more frequent screening, such as upper gastrointestinal
endoscopy performed every two years [16]. In Asian
countries, gastric cancer screening strategies and programs
have shown good results in terms of early detection and
REF survival [17, 18]. The effective implementation of
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these strategies in developing countries such as Ecuador
requires budgeting and addressing determinants of health,
which include behavioral, environmental, biological
and social factors, which could represent a challenge to
achieve the objectives established in the short and long
term in terms of early detection of gastric cancer, while
the results in terms of mortality are not clear [19].

In 2017, the Ministry of Public Health (MSP) of
Ecuador launched the National Strategy for Comprehensive
Cancer Care, which included gastric cancer screening for
individuals over 50 years of age using serological tests for
H. pylori, pepsinogen assays, and upper gastrointestinal
endoscopy, aiming to detect the disease at early stages.
The strategy also incorporated behavioral counseling as a
key component of prevention and health promotion for this
age group, implemented across primary care centers (first
level) and general hospitals (second level), with diagnosis
and treatment centralized in specialized tertiary centers.
Strengthening cancer registries and expanding access
to population-based screening—following models from
countries with successful outcomes—could offer valuable
guidance for Ecuador. By adopting a comprehensive,
multi-level approach, the country could make significant
progress in reducing the burden of gastric cancer.



Future recommendations

Given these gaps, expanding population-based
screening particularly in high-mortality provinces and
incorporating cost-effective tools such as pepsinogen
testing and H. pylori eradication strategies could improve
early diagnosis. Strengthening the cancer registry
system and addressing behavioral, environmental, and
socioeconomic determinants are also critical for long-term
control. Ecuador’s public health system must prioritize
integrated, region-specific interventions to reduce
disparities and improve gastric cancer outcomes.

Limitations

This study has several limitations inherent to its
ecological design. Although it focused on detailing
mortality trends, it did not include individual-level
variables such as socioeconomic status, dietary habits,
smoking, or exposure to Helicobacter pylori, which
are key factors in the development of gastric cancer.
Additionally, the data analyzed may be subject to
underreporting or misclassification of causes of death,
potentially affecting the accuracy of the calculated
mortality rates. Finally, the study did not account for the
impact of changes in screening programs, early detection
efforts, or therapeutic advancements that may have
influenced mortality rates during the study period. On the
other hand, this study provides a comprehensive analysis
of gastric cancer mortality trends in Ecuador, covering
an extended period (2004-2021) with nationwide data
from the National Institute of Statistics and Censuses
(INEC). By disaggregating mortality rates by sex and
geographic region, the study highlights critical disparities
and population-specific patterns. The use of standardized
methodologies and robust statistical tools, such as
Joinpoint regression, ensures the reliability and global
comparability of the findings. Additionally, the focus on
a high-burden disease contributes valuable insights for
public health planning and targeted interventions.

In conclusion, this study reported an overall decrease
in gastric cancer mortality rates in Ecuador between
2004 and 2021, mainly in women. Heterogeneity in the
evolution of mortality rates was reported in the different
regions of the country. On the other hand, the highest
mortality rates were reported in Bolivar, Santo Domingo,
and Cotopaxi for males, and in Zamora Chinchipe,
Cotopaxi, and Loja for females.
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