
Received: March 17, 2023. Accepted: March 28, 2024
Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of Public Health 2024. This work is written by US Government
employees and is in the public domain in the US.

American Journal of Epidemiology, 2024, 193, 1197–1202

https://doi.org/10.1093/aje/kwae027
Advance access publication date April 3, 2024

Research Letter

Gallbladder cancer mortality in Chile: has the
government program targeting young gallstone patients
had an impact?
Vicente Cid1, Claudio Vargas2,3, Iris Delgado4, Mauricio Apablaza5, Meredith S. Shiels6 , Allan Hildesheim6, Jill Koshiol*,† ,6 ,

Catterina Ferreccio*,† ,2,7

1Rectory, Universidad de Santiago de Chile, Santiago 9170009, Chile
2Advanced Center for Chronic Diseases, Universidad de Chile and Pontificia Universidad Católica de Chile, Santiago 8330077, Chile
3Departamento de Matemáticas y Ciencias de la Computación, Facultad de Ciencias, Universidad de Santiago de Chile, Santiago 9170022, Chile
4Center of Epidemiology and Public Health, Faculty of Medicine, Clínica Alemana Universidad del Desarrollo, Santiago 7610315, Chile
5School of Government, Universidad del Desarrollo, Santiago 7610315, Chile
6Infections and Immunoepidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of Health, Rockville,
MD 20850, United States
7Department of Public Health, Faculty of Medicine, Pontificia Universidad Católica de Chile, Santiago 8330077, Chile

*Corresponding authors: Jill Koshiol, Infections and Immunoepidemiology Branch, Division of Cancer Epidemiology and Genetics, National Cancer Institute, 9609
Medical Center Drive, Room 6-E106, Rockville, MD 20850 (koshiolj@mail.nih.gov); or Catterina Ferreccio, Departamento Salud Pública, Escuela de Medicina,
Pontificia Universidad Católica de Chile, Av. Diagonal Paraguay 362, Santiago 8330077, Chile (cferreccio@med.puc.cl)
†Jill Koshiol and Catterina Ferreccio contributed equally to this work as co–senior authors.

Key words: cholecystectomy; gallbladder neoplasms; health services research; mortality; universal health care; women.

Introduction
Chile has among the highest rates of gallbladder cancer (GBC)
mortality worldwide.1 Gallstones are strong risk factors for GBC.
On pathological review, 2%-4% of the gallbladders with gallstones
removed via cholecystectomy in Chile have been found to have
cancer.2,3

In July 2005, Chile reformed its universal health plan through a
benefits package called Universal Access with Explicit Guarantees
(Acceso Universal con Garantías Explícitas, or AUGE).4,5 The AUGE
benefits package focuses on priority health problems, including
cholecystectomy for the prevention of GBC. AUGE prioritizes
cholecystectomy among individuals aged 35-49 with gallstones,
including some without symptoms.6 Although this approach
might effectively eliminate risk of developing GBC in young
individuals, it could lead to delayed treatment of older patients at
higher GBC risk and overtreatment of patients at low risk.

While mortality from cholecystectomy is low (0%-0.6%),7,8

complications (bile duct injury, biliary leak, postoperative
bleeding, and wound infection) occur in 5% of patients, and
bile duct damage occurs in approximately 1/200 patients.7 In
addition, cholecystectomy has been associated with increased
risk of gastrointestinal cancers9 and fatty liver disease,10 bringing
into question the long-term consequences of preferentially chole-
cystectomizing young individuals, particularly those without
symptoms from gallstones.

We analyzed the magnitude and trends in GBC mortality in
Chile as an indirect assessment of the potential impact of the
AUGE program on GBC mortality.

Methods
We accessed publicly available data from 1990-2021 through the
Chilean Ministry of Health mortality database.11 Given concerns
over data accuracy during the SARS-CoV-2 pandemic, we excluded
2020-2021. Ethical review was not required as anonymized data
are publicly available. We conducted a descriptive analysis to
indirectly evaluate how the AUGE program might have affected
GBC morality.

For each year of the study period, we identified individuals who
died from GBC using International Classification of Diseases, Tenth
Revision, code C23. Cause-specific mortality was calculated by sex
and age group. Crude and age-adjusted mortality rates per 100 000
were plotted by year using a 3-year moving average. We conducted
joinpoint analysis to examine trends over time and calculate
annual percent change (APC) and 95% confidence intervals (CIs)
by sex and age group in 1992-2019, projecting populations using
the 2017 population census, the best data available. We investi-
gated trends among those aged 35-49 years (ages covered by the
AUGE program beginning in July 2005), 50-59 years (individuals
aged 37-47 in July 2005 would be 50-59 by the end of 2019), and
≥60 years (most of whom would not have been covered by AUGE).

For women, where the number of cases was larger, we evalu-
ated mortality rates by approximately 5-year age group from ages
30-79 years for the 1946-1950, 1951-1956, 1957-1961, 1962-1968,
1969-1974, and 1975-1980 birth cohorts. The 1946-1950 and 1951-
1956 birth cohorts were not covered by the AUGE program; 1957-
1961 was partially covered, and 1962-1968, 1969-1974, and 1975-
1980 were covered for 5-15 years.
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Figure 1. Crude and age-adjusted mortality rates using a 3-year moving average for gallbladder cancer among men and women in Chile, 1990-2019.
Acceso Universal con Garantías Explícitas (AUGE) guidelines recommend that women aged 40 be given a questionnaire to assess risk factors (history
of biliary colic, history of gallstones, multiparity, education < 8 years, body mass index of > 27, aboriginal ethnicity). If positive, they should be referred
for ultrasound and to cholecystectomy if the ultrasound revealed gallstones of ≥ 3 cm, volume of gallstones of > 10 mL, or polyps of ≥ 1 cm. Otherwise,
men or women aged 35-49 years with symptomatic gallstones should be referred for cholecystectomy.

Since GBC mortality has been declining for some time, we
needed to understand whether AUGE led to a more-recent acceler-
ation in the declining mortality rate. Thus, we first estimated the
expected rate by approximately 5-year age groups based on the
mortality rate experienced by the 2 previous 5-year age cohorts.
For example, for age group 40-44 years we calculated the ratio
of mortality rates for the 1951-1956 vs 1946-1950 cohorts and
multiplied the number of GBC deaths observed in the 1946-1950
cohort by that ratio to determine the expected number of cases
for age group 40-44 years in the 1957-1961 cohort. We then divided
the observed rate of GBC deaths by the expected rate to determine
whether the observed number was higher or lower than expected
based on the difference in mortality rates in the previous two
cohorts.

We hypothesized that if AUGE reduced GBC mortality, the
relative risk (RR) of observed-to-expected mortality rates would
be lower among AUGE-eligible individuals compared with those
not covered by AUGE.

Results
As expected, the GBC mortality rates were highest in women
(Figure 1). In women aged 35-49 years, the mortality rate
decreased in 1992-2007 (APC = −1.5%; 95% CI, −2.7 to −0.1) and
then decreased more sharply in 2007-2019 (APC = −8.9%; 95% CI,
−10.8 to −7.5) (Figure 2A). In women aged 50-59 years, the rate
increased in 1992-1999 (APC = 4.8%; 95% CI, 3.2-7.1), decreased
in 1999-2010 (APC = −3.4%; 95% CI, −4.3 to −1.7), and decreased
more steeply in 2010-2019 (APC = −6.0%; 95% CI, −9.0 to −5.0)
(Figure 2B). In women aged ≥60 years, the rate increased in 1992-
1997 (APC = 3.4%; 95% CI, 1.7-7.0), plateaued (APC = −0.7%; 95%
CI, −1.6 to 0.0), and then decreased in 2007-2019 (APC = −4.1%;
95% CI, −4.7 to −3.6) (Figure 2C).

In men aged 35-49 years, GBC mortality increased in 1992-1996
(APC = 21.7%; 95% CI, 6.7-64.7), plateaued (APC = −2.0%; 95%
CI, −4.9 to 0.8), and then decreased in 2011-2019 (APC = −12.7%;
95% CI; −25.8 to −8.3) (Figure 2D). In men aged 50-59 years, the

rate was stable in 1992-2013 (APC = −0.7%; 95% CI, −1.7 to 14.9)
and decreased in 2013-2019 (APC = −6.9%; 95% CI, −28.0 to −1.6)
(Figure 2E). In men aged ≥60 years, the rate increased until 2007
(APC = 1.5%; 95% CI, 0.9-2.2) and then decreased (APC = −3.0%;
95% CI, −4.1 to −2.2) (Figure 2F).

Among women, cohorts born before 1957 were not covered by
AUGE, so age-specific mortality rates decreased due to secular
trend rather than AUGE (Table S1). Comparing observed with
expected rates, women aged < 49 years in the 1957-1961 cohort
(partially covered by AUGE) had higher than expected rates
based on the secular trend (RR = 1.44; 95% CI, 1.11-1.85 for
women aged 40-44 years; and RR = 1.29; 95% CI, 1.08-1.55
for those aged 45-49 years). However, those 40-44 years in the
1969-1974 and 1975-1980 cohorts, in which almost everyone
had at least some AUGE coverage, tended to have lower than
expected rates (RR = 0.58; 95% CI: 0.44-0.76, and RR = 0.82;
95% CI, 0.43-1.54, respectively). In the 1962-1968 cohort, those
aged 45-49 years and 50-54 years, who had substantial AUGE
coverage, also tended to have lower than expected mortality rates
(RR = 0.74[95% CI, 0.63-0.86] and RR = 0.88[95% CI, 0.77-1.02],
respectively).

Discussion
The age-specific mortality rates for GBC began dropping in Chile
prior to the introduction of AUGE in July 2005. The rates declined
more rapidly in women aged 35-59 years in 2007-2010, consistent
with the hypothesis that the introduction of AUGE contributed
to a greater decrease in mortality. In 35-59-year-old men, rates
dropped from 2011-2013, potentially reflecting a slower uptake in
men. Rates also declined in men and women aged ≥60 years in
2007, potentially reflecting public health interventions to control
typhoid fever in the mid-1980s and 1990s.12,13 Younger female
cohorts with more years of AUGE coverage tended to have larger
drops in GBC mortality than expected based on the decrease in
mortality observed in prior cohorts. This post-AUGE reduction in
observed rates suggests that prioritizing individuals aged 35-49
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A)

B)

Figure 2. Continues

years with gallstones for cholecystectomy might have contributed
to a faster decline in GBC mortality.

This finding is consistent with previous reports from Chile
(2002-2014) and Australia (1982-2018), suggesting that prioritizing
younger individuals can reduce GBC incidence and mortality.14,15

This strategy might be effective because it removes the gallblad-
der before the average age of cancer invasion. If true, the effect
will become more pronounced as cohorts reach peak ages for
GBC incidence, while primary prevention measures to reduce gall-
stone incidence (eg, decreasing obesity, improving metabolic and
inflammatory conditions, controlling chronic infections) might
take decades to have an effect. However, primary prevention
approaches are important to consider since surgery is not without
risk, and prioritizing younger individuals for cholecystectomy
extends the wait time for surgery among older individuals. Addi-
tionally, if living without a gallbladder increases the risk of other
digestive cancers and fatty liver disease,9,10 cholecystectomy at
younger ages lengthens the period of increased risk.

The reasons for the decline in GBC mortality prior to initia-
tion of the AUGE program are unclear. One factor that is often
proposed as an explanation is increasing cholecystectomy rates.
However, hospital discharge data showed that cholecystectomy
rates decreased in Chile through the 1980s and did not begin to
increase until the 2000s,14,16,17 largely after the AUGE program
began, in July 2005. In addition, GBC mortality rates decreased
among women from an older birth cohort prior to the time when
cholecystectomy rates began to increase. Thus, it seems unlikely
that increasing cholecystectomy rates completely account for the
decline in GBC mortality. Reductions in exposure to Salmonella
enterica serovariant Typhi might have contributed prior to the
increase in cholecystectomies and AUGE.12

Administrative data have limitations, requiring cautious inter-
pretation. For example, we assumed that GBC cases not covered by
AUGE had lower access to surgery, while AUGE-eligible individuals
had higher access. However, only individual-level data could con-
firm whether GBC cases not covered by AUGE had to wait longer
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C)

D)

Figure 2. Continues

for surgery than AUGE-eligible cases. In addition, it is possible that
to facilitate programmatic evaluation the AUGE initiative led to
more stringent criteria for diagnosis of GBC as opposed to other
biliary tract cancers, potentially artificially reducing the rate of
GBC, particularly in AUGE-covered ages.

This study also has strengths. We analyzed nearly 30 years of
data. The Chilean Ministry of Health mortality database covers
the entire country, allowing us to indirectly assess the potential
impact of AUGE on GBC mortality in Chile.

We observed a strong decline in GBC mortality in Chile.
Additional studies are needed to fully understand the reasons
for this decline. However, the acceleration of the decline among
age groups and cohorts covered by the AUGE program suggests
that prioritizing younger individuals for surgery might have
contributed.

Supplementary material
Supplementary material is available at American Journal of Epidemi-
ology online.
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E)

F)

Figure 2. Joinpoint analysis of gallbladder cancer mortality in Chile, 1992-2019. A) Women aged 35-49 years, B) women aged 50-59 years, C) women
aged 60 years or older, D) men aged 35-49 years, E) men aged 50-59 years, and F) men aged 60 years or older.
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