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This study examined how age, period and birth cohort influence the
incidence of colorectal cancer (CRC) in Spain from 1990 to 2019. Using data
from the Global Burden of Disease Study 2019, the researchers identified
patterns that showed a steady increase in CRC incidence rates, which were
significantly higher in men. Different trends emerged for each sex: men had
three phases of increase, slowdown and subsequent decline, while women
had a single increase followed by stabilization. The study revealed temporal

and age-related changes in CRC risk, which was consistently higher in men.
Individuals born since the early 20th century had an increased risk, which
peaked in the 1960s and remained stable until the late 1990s. The findings
highlight the need for a comprehensive approach to CRC prevention,
addressing age, period and cohort factors, and promoting lifestyle changes to
reduce incidence and improve public health in Spain.
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‘What is already known about this topic?’
e Colorectal cancer (CRC) is a global health concern with increasing incidence
worldwide, particularly in developed regions like Europe.
e |t is the third most common cancer, with an estimated 1.93 million new cases and

9.96 million deaths reported in 2020.

‘What does this study add?’

e This research sheds light on the intricate trends of colorectal cancer (CRC) in Spain
over the past three decades, employing advanced analytical methods to identify the
underlying epidemiological factors.

e Utilizing data from the Global Burden of Disease (GBD) study, the study provides a

comprehensive examination of CRC incidence patterns from 1990 to 2019.
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e The study highlights the unique epidemiological characteristics of CRC in Spain,
revealing a stabilization of incidence rates in women that lagged behind the
European trend by approximately eight years.

e After 2012, the incidence of CRC in men decreased significantly, causing the wide gap
between men and women to narrow slightly.

e In Spain, colorectal cancer incidence rates are generally stable in younger individuals
(aged <45 years) but tend to rise in older age groups.

e Older groups see increases, influenced by historical trends and cohort-specific

vulnerabilities.

How the results will influence clinical practice?
e The outcomes of this study have profound implications for clinical practice. By
illuminating the nuanced dynamics of CRC in Spain, the research lays the foundation

for developing targeted and personalized prevention strategies.



Lay summary

This study examined how age, period and birth cohort influence the incidence of colorectal
cancer (CRC) in Spain from 1990 to 2019. Using data from the Global Burden of Disease
Study 2019, the researchers identified patterns that showed a steady increase in CRC
incidence rates, which were significantly higher in men. Different trends emerged for each
sex: men had three phases of increase, slowdown and subsequent decline, while women had
a single increase followed by stabilisation. The study revealed temporal and age-related
changes in CRC risk, which was consistently higher in men. Individuals born since the early
20th century had an increased risk, which peaked in the 1960s and remained stable until the
late 1990s. The findings highlight the need for a comprehensive approach to CRC prevention,
addressing age, period and cohort factors, and promoting lifestyle changes to reduce

incidence and improve public health in Spain.

Key points

1. In Spain, the stabilization of colorectal cancer incidence rates in women lagged
behind the European trend by approximately eight years.

2. After 2012, the incidence of CRC in men decreased significantly, causing the wide gap
between men and women to narrow slightly.

3. In Spain, colorectal cancer incidence rates are generally stable in younger individuals
(aged <45 years) but tend to rise in older age groups.

4. Older groups see increases, influenced by historical trends and cohort-specific

vulnerabilities.



Abstract

Aim: This study aimed to evaluate how age, period, and cohort (A-P-C) impact colorectal
cancer (CRC) incidence in Spain from 1990 to 2019.

Method: Using data from the Global Burden of Disease Study 2019, we used joinpoint
analysis to identify long-term trends and A-P-C modelling to quantify net drift, local drift,
longitudinal age curves, and rate ratios (RRs) of period and cohort effects.

Results:

CRC incidence increased steadily in Spain from 1990 to 2019, with a more significant rise in
men than in women. The age standardised rates rose from 84.9 to 129.3 cases per 100,000
in men and from 56.9 to 70.3 cases per 100,000 in women. Joinpoint analysis revealed
distinct patterns for men and women: men's incidence showed three phases--a surge until
1995, a slowdown until 2012, and a subsequent decrease--while women's incidence
experienced a single increase until 2011 and then stabilized. Local drifts increased in all age
groups over 45, with stability in men under 45 and a decrease in women aged 30-39. The risk
of CRC increased with age, with men consistently having a higher risk than women. The risk
of CRC increased over time for both men and women but at different rates. The risk for
cohorts born in the early to mid-20th century peaked in the 1960s and remained stable until
the late 1990s.

Conclusion:

The increasing incidence of CRC in Spain, with distinct patterns by gender and birth cohort,
underlines the importance of preventive strategies adapted to temporal and demographic

variations to address this public health challenge.

Keywords: Colorectal cancer. Incidence. Age. Period. Cohort. Spain.

Investigando patrones temporales de incidencia de cancer colorrectal en Espafia: Un

andlisis exhaustivo de los efectos de edad, periodo y cohorte, 1990-2019

Resumen
Objetivo: Este estudio tuvo como objetivo evaluar cdmo la edad, el periodo y la cohorte (A-

P-C) impactan la incidencia de cancer colorrectal (CCR) en Espafia desde 1990 hasta 2019.



Método: Utilizando datos del Global Burden of Disease Study 2019, se utilizé el andlisis
joinpoint para identificar las tendencias a largo plazo y el modelado A-P-C para cuantificar la
deriva neta, la deriva local, las curvas longitudinales de edad y las razones de tasas (RR) de
los efectos de periodo y cohorte.

Resultados:

La incidencia del CCR aumentd de forma constante en Espafia entre 1990 y 2019, con un
incremento mas significativo en hombres que en mujeres. Las tasas estandarizadas por edad
aumentaron de 84,9 a 129,3 casos por 100.000 en hombres y de 56,9 a 70,3 casos por
100.000 en mujeres. El andlisis Joinpoint reveld patrones distintos para hombres y mujeres:
la incidencia masculina mostrd tres fases -un repunte hasta 1995, una ralentizacion hasta
2012 y un posterior descenso-, mientras que la incidencia femenina experimentd un Unico
aumento hasta 2011 y luego se estabilizé. Las derivas locales aumentaron en todos los
grupos de edad mayores de 45 anos, con estabilidad en los hombres menores de 45 afios y
un descenso en las mujeres de 30 a 39 aiios. El riesgo de CCR aumentd con la edad, siendo
sistematicamente mayor en los hombres que en las mujeres. El riesgo de CCR aumento con
el tiempo tanto en hombres como en mujeres, pero a ritmos diferentes. El riesgo para las
cohortes nacidas entre principios y mediados del siglo XX alcanzé su maximo en la década de
1960 y se mantuvo estable hasta finales de la década de 1990.

Conclusiones: La creciente incidencia del CCR en Espafia, con patrones distintos por sexo y
cohortes de nacimiento, subraya la importancia de estrategias preventivas adaptadas a las

variaciones temporales y demograficas para abordar este desafio de salud publica.

Palabras clave: Cancer colorrectal, incidencia, edad, periodo, cohorte, Espafia.

INTRODUCTION

Colorectal cancer (CRC) is a major global health problem. With an estimated 1.9 million new
cases and 904,019 deaths in 2022, it is the four most common cancer worldwide'. More than
half of all CRC cases are diagnosed in regions with a high Human Development Index,
particularly in Europe, East Asia, and North America®?. The age-standardised incidence rate

(ASIR) of CRC has steadily increased worldwide since 1990%*%, and this trend is expected to



continue>®. While the ASIR of CRC has also increased in Europe, it has stabilised in recent
years’.

The Global Burden of Disease (GBD) study, which provides the most comprehensive data on
disease, injury and risk factors worldwide, provides detailed estimates of CRC incidence in
204 countries and territories, including Spain, from 1990 to 2019%8°,

Age-period-cohort (A-P-C) analysis is a valuable tool for understanding the complex interplay
of factors that contribute to changing patterns of CRC incidence and mortality’®!%, It has
been widely used in different settings, including Spain and other countries, to disentangle
the effects of ageing, period-specific changes in risk factors and cohort-specific exposures on
the burden of disease®*&712714,

Incidence rates of CRC in Spain have traditionally been lower than in other European
countries; however, the trend has been increasing over the period 1975-2004. This trend
showed a slight decrease in both sexes around 1995, coinciding with a turning point!4,
Despite this slight decline, CRC remains an important public health problem®>’.

To gain a deeper understanding of the factors driving CRC trends in Spain, this study aims to
update and evaluate the impact of A-P-C effects on CRC incidence using GBD-2019 data in
Spain from 1990 to 2019. The findings will provide valuable insights for developing

personalized prevention strategies.

MATERIAL AND METHODS
We conducted an ecological trend study of CRC incidence in Spain during the period

1990-2019.

Data source:

We obtained CRC incidence data for Spain from 1990 to 2019, categorized by sex and age,
using the Global Health Data Exchange online query tool. This tool provides access to a
comprehensive dataset of health indicators, including CRC incidence, from various sources

worldwide. The data for Spain is available at: https://vizhub.healthdata.org/gbhd-results/.

This study included all colorectal cancers (CRCs) as defined by the International Classification
of Diseases (ICD) coding systems. We employed both ICD-10 codes (C18-C21, D01.0-D01.3)
and ICD-9 codes (153-154, 230.3-230.6) to capture the full spectrum of CRCs. This decision



aligns with the colorectal continuum model, which recognizes colon and rectal cancers as a
single entity arising from a common precursoré,

In addition, the Data Input Sources Tool provides a detailed overview of the data sources
used in the GBD 2019 study, including the specific sources for CRC incidence data in Spain.
The main sources of data used for GBD estimation are cancer registries, vital registration
systems, sample registration systems, and verbal autopsies®. This information is available at:

https://ghdx.healthdata.org/gbd-2019/data-input-sources.

These data sources are carefully vetted and documented to ensure the accuracy and
transparency of the GBD estimates as suggested in the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER), a statement that promotes best practices
in reporting health estimates.

The Spanish National Statistics Institute provided population data for the period 1990 to

2019, disaggregated by age, sex, and year (available at: https://www.ine.es/). The

population data was estimated on July 1st of each year.

Statistical analyses
ASIRs were estimated by sex using the direct method and the revised European Standard
Population®®. The Joinpoint regression program, version 4.9.1.0, was used to estimate rates

and mortality trends (available at https://surveillance.cancer.gov/joinpoint/). Using the

software's default settings, we calculated the turning points in the trend and the annual
percentage change (APC) for each identified period. We also estimated the average annual
percentage change (AAPC) between 1990 and 2019, which is a geometrically weighted
average of the individual APCs. The weights correspond to the duration of each period
within a given period. To assess whether the trends are parallel for both sexes, we used the
"Pairwise comparison" option of the software. All calculated rates are given per 100,000
persons. The ratio of men to women was also estimated.

To apply the A-P-C model, we structured the dataset into six 5-year periods, spanning from
1990-1994 to 2015-2019. Additionally, we divided the data into 13 5-year age groups,
ranging from 20-24 to 80-84 years old. This configuration resulted in a total of 18 birth
cohorts, labelled according to the central year of birth, ranging from 1910 to 1995. For each

age group and 5-year period, we computed a matrix of age-specific death rates, which



served as a key element of the A-P-C model analysis.
The A-P-C effects were assessed using the National Cancer Institute A-P-C tools (available at

https://analysistools.nci.nih.gov/apc/). We focused on the following estimable functions:

longitudinal age-specific rates, period and cohort rate ratios, and local drifts with net drift.
The longitudinal age curve gives the fitted longitudinal age-specific rates in reference
cohorts adjusted for period deviations, while the period (or cohort) relative risk (RR) is the
period (or cohort) RR adjusted for age and non-linear cohort (or period) effects in a period
(or cohort) relative to the reference. The net drift is the overall log-linear trend by calendar
period and birth cohort and gives the overall annual percentage change, whereas the local
drifts are the log-linear trend by calendar period and birth cohort for each age group and
give the annual percentage change for each age group. All A-P-C analyses used the central
age, calendar period and birth cohort group as the reference group. Wald’s chi-square tests
were used to test the significance of estimable functions. Statistical significance was
established at P < .05.

The data used did not require informed patient consent as it was publicly available.
Furthermore, the data used in the GBD study adhered to the Guidelines for Accurate and
Transparent Health Estimation Reporting for Population Health Research (GATHER), ensuring

the credibility and integrity of the findings.

RESULTS

Over the period 1990-2019, an estimated 1,010,186 cases of CRC were diagnosed in Spain.
The average annual growth rate was 3.2%, with a slightly higher increase for men (3.6%)
than for women (2.7%).

Figure 1 presents the ASIR of CRC in Spain from 1990 to 2019, stratified by sex and
complemented with joinpoint analysis findings. The graph highlights a consistent upward
trend in CRC ASIR for both men and women, with a more pronounced rise in men (AAPC:
1.4%) compared to women (AAPC: 0.7%). The incidence rate in men rose from 84.9 cases per
100,000 in 1990 to 129.3 in 2019. For women, the rate increased from 56.9 to 70.3. The
male-to-female ratio was 1.8 over the whole period, reflecting a higher CRC incidence rate in

men than in women. This ratio increased from 1.5 in 1990 to 1.9 in 2019.



Joinpoint analysis demonstrates distinct patterns in CRC ASIR between men and women,
indicating non-parallel trends. In men, the analysis revealed three distinct periods: a
significant increase from 1990 to 1995, with an annual per cent change (APC) of 3.2% (P <
0.05); a slowing of the upward trend from 1995 to 2012, with an APC of 1.8% (P < 0.05), and
a subsequent decrease from 2012 to 2019, with an APC of -0.6% (P < 0.05). In contrast, the
incidence trend for women exhibited a single period of increase from 1990 to 2011, with an
APC of 0.8% (P < 0.05), followed by a period of stabilization from 2011 to 2019, with an APC
of 0.1% that was not statistically significant.

Figure 2 shows the net drift (annual percentage change in overall expected age-adjusted
rates) and local drift (age-specific rates over time) of CRC incidence in Spain from 1990 to
2019. The overall net drift per year was 0.9% (95% Cl, 0.7% to 1.1%) for men and 0.3% (95%
Cl, 0.1% to -0.5%) for women. In particular, there was an increase in local drift in all age
groups for both sexes from the age of 45. However, for men under 45, there was stability
across all age groups. A similar pattern was observed for women, except for a significant
decrease in the 30-39 age group, while the other age groups remained stable.

Figure 3 shows the longitudinal age curves, estimated cohort relative risk (RR) trends and
estimated period RR trends for CRC incidence rates in Spain by sex. The longitudinal trends
(age effect) were generally consistent for both sexes, with a consistently higher incidence
risk observed in men. The risk of CRC incidence increased steadily with increasing age in both
women and men. The highest incidence rates were found in the 80-84 age group.

In Spain, the RR of CRC incidence showed a steady upward trend over different periods. The
RR increased from 0.85 for men and 0.95 for women in 1990-1994 to 1.10 and 1.04,
respectively, in 2010-2014. Notably, this upward trend diverged between the sexes,
stabilising for women and decreasing for men.

For men and women born between the early 20th century and the mid-20th century, the risk
of CRC incidence showed a steady upward trend, peaking in the 1960s. This increased risk
remained at a relatively constant level until the late 1990s.

Furthermore, Wald tests revealed that all net drifts, local drifts, cohort effects, and period
effects were statistically significant for both sexes (all p-values < 0.001). These findings
indicate that the incidence of CRC exhibited a statistically significant difference in local drifts

and net drifts, as well as age, period, and cohort deviations. These differences suggest the
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potential influences of age, cohort, and period on the observed temporal trends in CRC

incidence (Table 1).

DISCUSSION

Based on the latest GBD 2019 data, this study examines the trends in CRC incidence in Spain
over the last three decades. At the same time, we identify the epidemiological
characteristics of CRC in Spain by analysing the age, period and cohort effects of CRC
incidence. The results of the study serve as a valuable tool for designing effective CRC
prevention strategies.

CRC incidence rates have exhibited distinct patterns across different regions. In developed
Western nations, CRC incidence rates have stabilized or even declined, while rapidly
developing countries like Shanghai have witnessed an upward trend. Japan, Singapore, and
Hong Kong experienced rapid increases in CRC incidence followed by stabilization, mirroring
their economic development®. Conversely, a study found that CRC incidence rates
decreased in Somalia, Eswatini, South Africa, Central African Republic, and Libya from 2010
to 2019, a trend contrary to the overall increase observed in most other African countries??.
CRC ASIR trends in Spain have followed the overall European trend, increasing from 1990 to
2019’. However, since 2003, CRC incidence rates have stabilized across Europe’. Notably, in
Spain, the stabilization of CRC incidence rates in women lagged behind the European trend
by approximately eight years. Conversely, a significant decrease in CRC incidence rates in
men was observed from 2012 onwards, widening the gap between male and female
incidence rates.

The increasing incidence of CRC in Spain has been linked to changes in diet, reduced physical
activity and ageing®>**. Economic development has led to changes in dietary habits, with
increased consumption of processed foods and reduced intake of fibre and fruit?*?3. These
dietary changes have contributed to obesity, a risk factor for CRC*. Ageing also increases the
risk of CRC through genetic mutations and exposure to harmful lifestyle factors?.

Age effects: CRC incidence typically rises with age, but most populations see a slight decline
in incidence at advanced ages. The UK, USA, and Australia exhibit a more pronounced
decline in CRC incidence compared to Japan, Hong Kong, Shanghai, Singapore, and India 2.

Spain stands apart, with incidence peaking in the 80-84 age group.
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In Spain, CRC incidence trends exhibit distinct patterns across age groups. In younger
individuals (aged <45 years), CRC incidence rates are generally stable, except for a slight
decrease in women aged 30-39 years. This is in contrast to the global trend of increasing CRC
rates in younger adults®®. In older age groups (>45 years), CRC incidence rates tend to rise,
with men having slightly higher rates than women (similar to what has been observed in
other studies)?’. This trend is likely due to a combination of factors, such as increased
exposure to risk factors over time, a longer time for precancerous lesions to develop into
cancer, and a decline in the effectiveness of the immune system in detecting and eliminating
abnormal cells®.

Studies have shown that CRC incidence rates have increased in Spain over time, affecting all
age groups simultaneously'®. This phenomenon, known as period effects, has also been
observed in other countries?®. Our analysis showed a significant increase in CRC incidence
rates for both sexes between 1990 and 2014, especially for men. After 2014, however, a
clear shift emerged, with CRC rates stabilising in women and even declining in men. Due to
the short-term nature of these observations, longer-term monitoring is essential to capture
the complex mechanisms driving these shifts.

Western populations, particularly those born in the 1950s and 1960s, exhibit an escalating
trend in CRC incidence, reflecting a cohort-specific vulnerability ?°. Asian populations,
excluding India, present a converse trend, showcasing a decline in CRC incidence among
individuals born in the 1950s. Notably, Japan mirrors Western patterns, experiencing an
increasing trend in CRC incidence among those born in the 1960s 3>?°, Hong Kong, Shanghai
and Singapore showed signs of an upward trend in their more recent cohorts %°. In contrast,
Spain has maintained a stable CRC risk for individuals born since the 1970s. It is important to
note, however, that the confidence intervals for these trends in Spain are wider, indicating
some uncertainty in the stability assessment. Despite the potential efficacy of screening
strategies and colonoscopic polypectomy in reducing CRC incidence in Western countries,
their impact on the current younger age groups is anticipated to be less pronounced
compared to older generations. This discrepancy arises from the standard recommendation
of CRC screening for individuals aged 50 and above *.

The study has many strengths. It used a robust statistical methodology including A-P-C

modelling to disentangle the complex interaction of A-P-C effects on CRC incidence. The long
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follow-up of older birth cohorts not only increases the reliability and power of the results
but also enhances international comparability. In particular, the study treated CRC as a single
entity, recognising the differential impact of risk factors on different subsites (colon vs
rectum, left vs right colon).

However, the study had several limitations. First, reliance on routinely collected data is
limited by the age-related increase in CRC incidence, which may underestimate cohort
effects in younger individuals. Second, the linear dependence between age, period and
cohort poses a challenge to model identifiability and requires caution in interpreting the
results. Finally, the study couldn't examine temporal variation in risk factors and screening
due to a lack of individual-level data.

CONCLUSION

This study provides valuable insights into the complex factors influencing CRC incidence in
Spain and offers a roadmap for effective prevention strategies. By addressing the interplay
between age, period and cohort effects, as well as lifestyle and dietary changes, Spain can

strive to further reduce CRC incidence.
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Table 1: Wald Chi-square test for estimable parameters in the age-period-cohort model.

14

Null hypothesis Men Women
df Chi-square P-Value Chi-square P-Value

NetDrift =0 1 61.1 <.001 11.3 <.001
All Age Deviations =0 11 2067.9 <.001 1580.2 <.001
All Period Deviations = 0 4 1193 <.001 19.7 <.001
All Cohort Deviations =0 16 126.5 <.001 137.4 <.001
All Period RR=1 5 156.3 <.001 27.4 <.001
All Cohort RR=1 17 1267.9 <.001 391.1 <.001
All Local Drifts = Net Drift 13 1256 <.001 136.0 <.001
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Figure 1: Age Standardised Incidence Rates (all ages) and trends estimated by joinpoint

analysis for colorectal cancer in Spain over the period 1990-2019 by sex.
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Figure 3: Age-period-cohort (APC) modelling results for colorectal cancer incidence in Spain

from 1990 to 2019, for men and women.



18

References

1.

10.

Cancer (IARC) TIA for R on. Global Cancer Observatory. Accessed February 5, 2024.
https://gco.iarc.fr/

Sharma R, Abbasi-Kangevari M, Abd-Rabu R, et al. Global, regional, and national burden
of colorectal cancer and its risk factors, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. The Lancet Gastroenterology & Hepatology.
2022;7(7):627-647. d0i:10.1016/S2468-1253(22)00044-9

Zhang J, Zhu S, Liu C, et al. Colorectal cancer and its attributable risk factors in East Asia,
1990-2030. J Gastroenterol Hepatol. Published online January 14, 2024,
doi:10.1111/jgh.16467

Liu Y, Zhang C, Wang Q, et al. Temporal Trends in the Disease Burden of Colorectal
Cancer with Its Risk Factors at the Global and National Level from 1990 to 2019, and
Projections Until 2044. Clin Epidemiol. 2023;15:55-71. doi:10.2147/CLEP.S388323

Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 2040. Trans/ Oncol.
2021;14(10):101174. doi:10.1016/j.tranon.2021.101174

Hu S, Li Y, Zhu W, Liu J, Wei S. Global, region and national trends and age-period-cohort
effects in colorectal cancer burden from 1990 to 2019, with predictions to 2039. Environ
Sci Pollut Res Int. 2023;30(35):83245-83259. d0i:10.1007/s11356-023-28223-3

Long D, Mao C, Zhang Z, et al. Long-term trends in the burden of colorectal cancer in
Europe over three decades: a joinpoint regression and age-period-cohort analysis.
Frontiers in Oncology. 2023;13. Accessed January 25, 2024.
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2023.1287653

Wu Z, Chen K, Li J, Dai X. The global, regional, and national burden of colorectal cancer in
204 countries and territories from 1990 to 2019. J Public Health (Berl). Published online
February 9, 2023. doi:10.1007/s10389-023-01831-6

Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden of 369 diseases and
injuries in 204 countries and territories, 1990-2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet (London, England). 2020;396(10258):1204-1222.
doi:10.1016/50140-6736(20)30925-9

Rosenberg PS, Check DP, Anderson WF. A web tool for age-period-cohort analysis of

cancer incidence and mortality rates. Cancer epidemiology, biomarkers & prevention : a



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

19

publication of the American Association for Cancer Research, cosponsored by the
American Society of Preventive Oncology. 2014;23(11):2296-2302.
doi:10.1158/1055-9965.EPI-14-0300

Murphy CC, Yang YC. Use of age-period-cohort analysis in cancer epidemiology research.
Curr Epidemiol Rep. 2018;5(4):418-431. d0i:10.1007/s40471-018-0174-8

Ghulam E, Ramadan M. Age-period-cohort analysis of colorectal cancer mortality in
Saudi  Arabia  from 1990 to 2019. Public Health. 2024;228:43-50.
doi:10.1016/j.puhe.2023.11.033

Lépez-Abente G, Pollan M, Vergara A, et al. Age-period-cohort modeling of colorectal
cancer incidence and mortality in Spain. Cancer Epidemiol Biomarkers Prev.
1997;6(12):999-1005.

Lopez-Abente G, Ardanaz E, Torrella-Ramos A, et al. Changes in colorectal cancer
incidence and mortality trends in Spain. Ann Oncol. 2010;21 Suppl 3:iii76-82.
do0i:10.1093/annonc/mdq091

Bezerra-de-Souza DL, Bernal MM, Gémez FJ, Gdmez GJ. Predictions and estimations of
colorectal cancer mortality, prevalence and incidence in Aragon, Spain, for the period
1998-2022. Rev Esp Enferm Dig. 2012;104(10):518-523.
doi:10.4321/s1130-01082012001000003

Darba J, Marsa A. Results after 10 years of colorectal cancer screenings in Spain: Hospital
incidence and in-hospital mortality (2011-2016). PLoS One. 2020;15(2):e0228795.
doi:10.1371/journal.pone.0228795

Ribes J, Navarro M, Cléries R, et al. Colorectal cancer mortality in Spain: trends and
projections for 1985-2019. Eur J Gastroenterol Hepatol. 2009;21(1):92-100.
doi:10.1097/MEG.0b013e32830b5f39

International Classification of Diseases (ICD). Accessed January 26, 2024.
https://www.who.int/standards/classifications/classification-of-diseases

2013 edition Revision of the European Standard Population Report of Eurostat’s task
force. doi:10.2785/11470

Chung RYN, Tsoi KKF, Kyaw MH, Lui AR, Lai FTT, Sung JJY. A population-based age-period-
cohort study of colorectal cancer incidence comparing Asia against the West. Cancer

Epidemiol. 2019;59:29-36. d0i:10.1016/j.canep.2019.01.007



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

20

Awedew AF, Asefa Z, Belay WB. Burden and trend of colorectal cancer in 54 countries of
Africa 2010-2019: a systematic examination for Global Burden of Disease. BMC
Gastroenterology. 2022;22(1):204. doi:10.1186/s12876-022-02275-0

Béjar LM, Gili M, Infantes B, Marcott PF. Effects of changes in dietary habits on colorectal
cancer incidence in twenty countries from four continents during the period 1971-2002.
Rev Esp Enferm Dig. 2011;103(10):519-529. do0i:10.4321/s1130-01082011001000004
Béjar L, Gili M, Diaz V, et al. Incidence and mortality by colorectal cancer in Spain during
1951-2006 and its relationship with behavioural factors. Eur J Cancer Prev.
2009;18(6):436-444. doi:10.1097/CEJ.0b013e328330eb2f

Epidemiology and risk factors for colorectal cancer - UpToDate. Accessed January 27,
2024. https://www.uptodate.com/contents/epidemiology-and-risk-factors-for-
colorectal-cancer

Cléries R, Buxd M, Martinez JM, Espinas JA, Dyba T, Borras JM. Contribution of changes
in demography and in the risk factors to the predicted pattern of cancer mortality among
Spanish women by 2022. Cancer Epidemiol. 2016;40:113-118.
doi:10.1016/j.canep.2015.12.002

Wang Y, Huang X, Cheryala M, et al. Global increase of colorectal cancer in young adults
over the last 30 years: an analysis of the Global Burden of Disease Study 2019. Journal of
Gastroenterology and Hepatology. 2023;38(9):1552-1558. d0i:10.1111/jgh.16220

Zaki TA, Singal AG, May FP, Murphy CC. Increasing Incidence Rates of Colorectal Cancer
at Age 50-54 Years. Gastroenterology. 2022;162(3):964-965.e3.
doi:10.1053/j.gastro.2021.10.039

Colorectal cancer. Accessed January 28, 2024. https://www.who.int/news-room/fact-
sheets/detail/colorectal-cancer

Murphy CC, Zaki TA. Changing epidemiology of colorectal cancer - birth cohort effects
and emerging risk factors. Nat Rev Gastroenterol Hepatol. 2024;21(1):25-34.
doi:10.1038/541575-023-00841-9

Vuik FE, Nieuwenburg SA, Bardou M, et al. Increasing incidence of colorectal cancer in
young adults in Europe over the last 25 vyears. Gut. 2019;68(10):1820-1826.
doi:10.1136/gutjnl-2018-317592



