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Background

The burden of colorectal cancer (CRC) in Europe is at a high level, but the epidemiological features have not yet been systematically studied. This study aimed to provide a timely and reliable assessment of the burden and trends of CRC in Europe to provide a scientific basis for its prevention and treatment.





Methods

We analyzed data on CRC in 44 European countries between 1990 and 2019 from the Global Burden of Disease study (GBD) 2019. In addition, the joinpoint regression model was applied to reflect temporal trends. The age-period-cohort model was constructed to explore age, period, and birth cohort effects that influence the risk of morbidity and mortality.





Results

In Europe, new cases, disability-adjusted life years (DALYs) and deaths of CRC rose by 70.01%, 22.88% and 38.04% from 1990 to 2019, respectively. The age-standardized incidence rate (ASIR) has increased, while age-standardized DALY rate and age-standardized mortality rate (ASMR) have declined. We found that men experienced a significantly higher CRC burden than women. Age-period-cohort analysis showed that the risk of incidence and mortality increased with age and time; and it was lower in the later-born cohort than the earlier-born cohort.





Conclusion

ASIR for CRC in Europe generally trended upwards from 1990 to 2019, stabilizing in recent years but still at a high level. CRC burden varied considerably in different countries. There was a pronounced gender difference in CRC burden, and middle-aged and older men should be a priority population for CRC prevention and treatment.
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Introduction

CRC is the third most prevalent cancer in the world and the second leading cause of cancer-related deaths (1). It is estimated that there are approximately 900,000 CRC deaths per year worldwide (1). There are significant regional differences in the disease burden of CRC, with the highest morbidity and mortality rates usually found in countries with a high Human Development Index, such as Europe, Oceania, and North America (2, 3). The economic burden of CRC across Europe in 2015 was €19.1 billion (4). Nevertheless, there is a lack of systematic studies on the epidemiology of CRC in European countries.

GBD 2019 is a substantial database researched by multi-country cooperation that covers all WHO member countries. It provides a comprehensive assessment of health losses due to 369 diseases and injuries and 87 risk factors in 204 countries and territories worldwide between 1990 and 2019 (5). It is currently the most extensive and credible database on the burden of disease worldwide and has been widely used in disease burden studies (5–7). Therefore, in this study, we aimed to evaluate the disease burden and trends of CRC in Europe in a timely and reliable manner, thus providing a scientific basis of some value for CRC prevention and treatment.





Materials and methods




Data resource

Data available for this study include cases and ASRs of CRC incidence, mortality, DALY, and age-specific incidence and mortality rates in Europe (comprising 44 countries) and corresponding demographic data. The GBD project is an international collaborative health science research project conducted by the Institute for Health Metrics and Evaluation (IHME) at the University of Washington in conjunction with the World Health Organization (WHO), the World Bank, and the Harvard School of Public Health (8). To provide estimates on the burden of CRC, data were collected using various sources such as vital registration, verbal autopsy, and cancer registries. All GBD estimates in this study were provided with 95% uncertainty intervals (UIs). For each computational step, 1000 draws were generated; 95% UIs were calculated by taking values at the 2.5th and 97.5th percentile from the 1000 draws, and were provided with the mean estimates (9). All data for this study were obtained from the GBD 2019, which can be retrieved via a website tool (https://vizhub.healthdata.org/gbd-results/). The parameters were set as follows: GBD Estimate - Cause of death or injury; Measure - Deaths, DALYs, Incidence; Metric - Number, Rate; Cause - Colon and rectum cancer; Location - Europe, all European countries; Age - Age-standardized, All ages, age groups (5-9 years, 10-14 years,……90-94 years and 95 + years); Sex - Both, Female, Male; Year - from 1990 to 2019. Detailed descriptions of the raw data and general methodology of the GBD 2019 study have been described in previous publications (10).





Joinpoint regression analysis

To assess trends in ASRs of CRC in Europe between 1990 and 2019, we performed joinpoint regression analysis on different gender populations. Joinpoint regression, also known as segmented regression, is based on the premise that the long-term trendline is divided into segments, each of which is described by a continuous log-linear model (11). The Joinpoint software (version 5.0.2; National Cancer Institute, Rockville, MD, US) was used to understand temporal trends in a structured way and to test which trends between joinpoints were statistically significant (12). A maximum of 6 line segments (5 joinpoints) were applied in the model. AAPC, APC, and corresponding 95% Confidence Interval (CI) were calculated for this study. An APC of >0 for a given stage indicates an increasing trend in morbidity/mortality/DALY rates. Conversely, an APC of <0 for a stage represents a decreasing trend in morbidity/mortality/DALY rates (13). AAPC is the average APC over the entire period considered.





Age-period-cohort analysis

The APC model is based on a multiple regression model with a Poisson distribution as the essence and is suitable for studies of cancer incidence or mortality (14, 15). In contrast to traditional methods, the APC model can be fitted to the data by controlling for the three factors (age, period, and cohort) of the interaction. Standard regression modelling techniques are not appropriate because of the lack of linear independence between variables where cohort=period-age. As a result, an APC model using the intrinsic estimator (IE) was created for each outcome variable. The result is compelling and unique, with the advantages of no restriction assumption and a wide application range, which became one of the APC model research hotspots. Compared with the traditional generalized linear model, which assumes that two or more coefficients of a parameter vector are equal, the IE algorithm limits the geometric orientation of the parameter vector in the parameter space (16). In the IE method of the APC model, the fixed 5-years group form for age, period and cohort is usually required (6, 17). Accordingly, we used 5 consecutive years as a period/cohort (cohort = period - age) and 5 consecutive years as an age group in this study. Effect coefficient and relative risk (RR) for age, period, and cohort for CRC morbidity and mortality were calculated using Stata 16.0 based on the age-period-cohort model and the IE method. RR = exp (effect coefficient), with larger RR values indicating a higher risk of incidence or mortality.RR values above 1 indicate a higher risk of incidence or mortality relative to the average. Conversely, RR values less than 1 suggest a lower risk of incidence or mortality relative to the average (18).

In addition, R 4.3.1 was used for data analysis and plotting in this study. A P-value <0.05 was considered statistically significant.






Results




Temporal patterns of CRC burden in Europe

There were 590,376 (95% uncertainty interval (UI): 529,705 to 651,670) new cases of CRC in Europe in 2019 (Table 1), an increase of 70.01% compared to 1990 (347,261 (335,664 to 355,050)). In the same year, 5,762,063 (5,402,969 to 6,091,773) DALYs and 298,983 (274,675 to 316,530) deaths were recorded, representing a rise of 22.88% and 38.04%, respectively, compared to 1990.


Table 1 | CRC incidence, DALY and mortality in Europe in 1990 and 2019 and AAPC from 1990 to 2019.



Figure 1 and Table 2 present the joinpoint analysis of trends in ASRs for European CRC from 1990 to 2019. Jointpoint regression results showed that ASIR increased from 33.49 (95% UI: 32.33 to 34.26) per 100,000 population in 1990 to 38.38 (34.56 to 42.47) per 100,000 population in 2019 in both sexes, with an AAPC of 0.49% (95% CI: 0.17% to 0.80%, P < 0.05). More specifically, ASIR rose most significantly from 1990 to 1994 (APC: 2.33% (1.72% to 2.94%), P < 0.05). From 1994 to 1997 there was a slight but not statistically significant downward trend (APC: -0.14% (-1.97% to 1.72%), P > 0.05). From 1997 to 2003 there was another increase (APC: 1.41% (0.93% to 1.89%), P < 0.05). From 2003 to 2009 there was a downward trend but not statistically significant (APC: -0.19% (-0.71% to 0.34%), P > 0.05). From 2009 to 2013 there was a decrease but not statistically significant (APC: -1.04% (-2.27% to 0.20%), P > 0.05). From 2013 to 2019 there was again an upward trend, but not statistically significant (APC: 0.37% (-0.37% to 1.11%), P > 0.05).




Figure 1 | Temporal trends in CRC burden in Europe between 1990 and 2019. (A) The age-standardized incidence rate (ASIR). (B) The age-standardized prevalence rate (ASPR). (C) The age-standardized disability-adjusted life year (DALY) rate.




Table 2 | Joinpoint regression analysis of ASRs for CRC in Europe from 1990 to 2019.



In contrast, the age-standardized DALY rate and ASMR have declined over the past 30 years. The age-standardized DALY rate decreased from 458.43 (95% UI: 446.08 to 469.69) per 100,000 in 1990 to 391.65 (367.89 to 414.26) per 100,000 in 2019, with an AAPC of -0.54% (95% CI: -0.79% to -0.29%, P < 0.05). The ASMR declined from 21.02 (95% UI: 20.11 to 21.59) per 100,000 in 1990 to 18.44 (17.07 to 19.50) per 100,000 in 2019, with an AAPC of -0.44% (95% CI: -0.67% to -0.22%, P < 0.05). The most significant decline in the DALY rate occurred from 2003 to 2013 (APC: -1.47% (-1.69% to -1.26%), P < 0.05). ASMR increased significantly from 1990 to 1994 (APC: 1.32% (0.79% to 1.85%), P < 0.05). There was a downward trend from 1994 to 1997, but not statistically significant (APC: -1.17% (-2.80% to 0.48%), P > 0.05). There was an increase from 1997 to 2003 (APC: 0.45% (0.03% to 0.87%), P < 0.05). From 2003 to 2014 there was a significant decrease (APC: -1.51% (-1.68% to -1.35%), P < 0.05). There was a slight but not statistically significant decrease from 2014 to 2019 (APC: -0.11% (-0.73% to 0.52%), P > 0.05).





Gender differences in CRC

In 2019, men accounted for 54.54% of new CRC cases in Europe. CRC DALYs and deaths followed a similar pattern, with 55.85% of CRC DALYs and 52.48% of deaths belonging to men. Similar gender differences existed for ASRs, as shown in Figure 1. From 1990 to 2019, ASIR was significantly higher in men than in women, as were age-standardized DALY rate and ASMR. ASIR for CRC increased in men during the study period (AAPC: 0.60% (95% CI: 0.28 to 0.92), P < 0.05), whereas there was no significant trend in women (0.22% (-0.08% to 0.51%), P > 0.05). Furthermore, although DALY and mortality rates decreased in both men and women, the decrease was significantly smaller in men than in women. It can be seen that the CRC burden was significantly higher in European men than in women.





Age-period-cohort analysis




Age effect

Smaller values for Akaike’s information criterion (AIC) and Bayesian information criterion (BIC) with parameter penalty terms denote a better fit. For the incidence model, the BIC values for overall gender, male and female were 417.95, -55.89 and 197.96, respectively. The AIC values for both gender, male and female were 17.86, 12,99 and 15.21, respectively, which indicated a good model fit.

Figure 2A shows the relative incidence risk of CRC by gender. As can be seen in Figure 2A, the highest incidence risk was reached in males aged 75-79 years and females aged 85-89 years. In other words, the relative incidence risk of CRC increased with age in both females and males, but began to decline in the 85-89 age group for females and the 75-79 age group for males. The relative incidence risk increased in the 95-plus age group for both males and females. Females aged 50-95 plus years and males aged 45-95 plus years were the two risk groups with a relative incidence risk >1 (Table 3). Figure 3A shows the relative death risk of CRC by sex. The relative death risk for CRC increased with age for both women and men, with the highest risk of death in those aged 95 years and over. Men and women aged 45-95 plus years were the two risk groups with a relative death risk of >1 (Table 4).




Figure 2 | CRC relative incidence risk for male and females due to age, period, and cohort effects in Europe. (A) Relative incidence risk due to age effect. (B) Relative incidence risk due to period effect. (C) Relative incidence risk due to cohort effect.




Table 3 | CRC relative incidence risk due to age, period, and cohort effects.






Figure 3 | CRC relative mortality risk for male and females due to age, period, and cohort effects in Europe. (A) Relative mortality risk due to age effect. (B) Relative mortality risk due to period effect. (C) Relative mortality risk due to cohort effect.




Table 4 | CRC relative death risk due to age, period, and cohort effects.







Period effect

In the period effects, both relative morbidity and mortality risks for CRC in Europe showed a gradual increase over time (Figures 2B, 3B). The pattern of period effects was similar for relative morbidity and mortality risks. Relative morbidity risk increased from 0.61 to 1.54 and relative mortality risk increased from 0.69 to 1.40. 2005-2009, 2010-2014, and 2015-2019 were the three risk groups in which the relative morbidity and mortality risks were >1 for both men and women during this period.





Cohort effect

Figures 2C and 3C show birth cohorts for relative incidence and mortality risks for each sex, respectively. Overall, the cohort effects all showed a consistent downward trend from 1895 to 2004. The risk of CRC incidence decreased from 5.78 in 1895-1899 to 0.48 in 2000-2004, and the risk of death decreased from 6.36 in 1895-1899 to 0.08 in 2000-2004. The 1895-1954 birth cohort was a risk group with an RR of incidence and death >1 in both sexes.






Country-wise CRC burden in 2019

The epidemiology of CRC in different European countries is presented in the Supplementary Material Table. We found that the CRC burden varied considerably between countries. In terms of absolute counts, Germany was the leading country in 2019 with 78,951 (95% UI: 62,925 to 101,417) incident cases, followed by the Russian Federation (71,542 (62,884 to 81,644)) and Italy (60,514 (50,073 to 71,460)). San Marino (32 (95% UI: 25 to 42)), Monaco (57 (46 to 68)), and Andorra (79 (60 to 101)) had the lowest incident cases. The Russian Federation (42,834 (95% UI: 37,637 to 48,395)) was the leading country in terms of deaths, followed by Germany (37,552 (34,131 to 40,326)) and France (25,497 (22,330 to 27,996)). The three countries with the lowest number of deaths were San Marino (15 (11 to 21)), Monaco (25 (21 to 30)) and Andorra (34 (26 to 42)). The highest number of DALYs was recorded in the Russian Federation (939,798 (822,798 to 1,069,392)) followed by Germany (647,921 (598,987 to 694,996)) and Italy (436,750 (402,100 to 459,967)).

As for ASRs, in 2019, Monaco (60.69 (95% UI: 48.55 to 73.57)/100,000), Andorra (56.65 (42.79 to 71.90)/100,000) and Slovakia (56.45 (44.36 to 71.04)/100,000) had the highest ASIRs, while the countries with the lowest ASIRs were Albania (15.15 (11.4 to 19.9)/100,000), Republic of Moldova (29.17 (25.39 to 33.9)/100,000), and Slovakia (29.17 to 33.9 /100,000). Countries with the highest DALY rates were Hungary (630.26 (95% UI: 519.2 to 763.47)/100,000), followed by Bulgaria (582.28 (462.42 to 724.90)/100,000) and Slovakia (571.63 (449.13 to 723.92)/100,000). In addition, Hungary (28.56 (95% UI: 23.65 to 34.03)/100,000) reported the highest ASMR, followed by Slovakia (26.31 (20.96 to 32.80))/100,000) and Serbia (25.38 (20.63 to 31.01)/100,000). Albania (9.15 (95% UI: 6.96 to 11.89)/100,000), Iceland (11.81 (10.53 to 13.16)/100,000) and Switzerland (11.85 (10.7 to 12.84)/100,000) were the countries with the lowest ASMR.





Country-wise temporal patterns of ASRs

From 1990 to 2019, ASIR increased in some countries. Notably, Romanian ASIR (AAPC: 2.81% (95% CI: 2.30% to 3.32%), P < 0.05), ASMR (1.77% (1.30% to 2.25%), P < 0.05) and age-standardized DALY rate (1.51% (1.11% to 1.91%), P < 0.05) increased most significantly. In addition, Cyprus and Bosnia and Herzegovina were among the top 3 countries in terms of ASIR increase. In contrast, Austria (AAPC: -1.56% (-1.97% to -1.14%), P < 0.05), Czechia (-0.70% (-1.31% to -0.09%), P < 0.05) and Luxembourg (-0.32% (-0.49% to -0.15%), P < 0.05) had the largest decline. Bosnia and Herzegovina and North Macedonia experienced the highest increase in both ASMR and age-standardized DALY rates. In contrast, Austria showed the largest decrease in ASMR (AAPC: -2.38% (-2.61% to -2.16%), P < 0.05) and age-standardized DALY rate (-2.59% (-2.84% to -2.35%), P < 0.05).






Discussion

In this study, we analyzed trends in CRC burden in 44 European countries over the past three decades with the latest data from GBD 2019. At the same time, we revealed the epidemiological features of CRC in Europe by analyzing the age, period, and cohort effects of CRC morbidity and mortality. The results of the study can be used by local governments to target appropriate CRC prevention measures.

We found a significant increase in ASIR for CRC in Europe in the periods 1990-1994 and 1997-2003. ASIR appeared to stabilize after 2003, which was attributed to the rapid spread of CRC screening (19, 20). Nevertheless, ASIR for CRC in Europe was significantly higher than the worldwide average (38.38 vs. 26.71 per 100,000) (21), which may be related to the aging population, poor dietary habits, and lifestyle (22). Diets in European countries are characterized by high-calorie, high-fat, and high-protein diets that are too low in fiber, grains, fruits, and vegetables, which may be the main reason for the higher incidence of CRC in Europe (23, 24). There is growing evidence that fiber can alter the microbiota in the colon, thereby reducing the risk of CRC (25). Moreover, other risk factors such as obesity, physical inactivity, and smoking also increase the incidence of CRC (26, 27). During the study period, ASMR showed a decreasing trend, which is attributed to regular screening and improving diagnostic and therapeutic techniques (28).

Results of the age effect analysis showed an overall increasing trend in CRC incidence risk with increasing age in the European population. Higher age groups tend to have a combination of chronic underlying diseases, such as type 2 diabetes and hypertension, which, together with low levels of immune function, result in a higher incidence of CRC (29). Additionally, this study found that relative incidence risk was greater than 1 for both women over 50 years and men over 45 years, indicating that their risk of CRC incidence was higher than the overall average. There is no doubt that the middle-aged and older population will remain a priority population for CRC prevention and treatment in Europe in the future. Most guidelines recommend discontinuing cancer screening at age 75 years (30). The European Council recommended screening until the age of 75, and this cut-off is observed in most European countries (31). Given the life expectancy of the elderly, the risk of overdiagnosis is certainly greater. Most of the benefit-risk data for CRC screening over 75 years came from simulation studies (32). In our study, it found that age of 75 is the peak of CRC onset, which is correlated to the current status of CRC screening in the elderly. The surge in the relative incidence risk in the 95-plus age group is considered to be related to model prediction, and more large-sample cohort validation is needed in the future. It is noteworthy that in recent years a growing number of studies have shown an increasing incidence of CRC in young Europeans (33). It is recommended to strengthen health knowledge education for European residents, especially young adult males, to encourage them to develop good eating habits and lifestyles and maintain a healthy weight. It is also advisable to further increase CRC screening in the middle-aged and elderly population, to achieve early diagnosis and treatment.

Analysis of the period effect showed that the risk of CRC incidence and mortality in both men and women in Europe increased gradually over time. On the one hand, with the improvement of living standards, the dietary structure of residents has gradually changed, with a significant increase in the intake of fat, oil, salt, sugar, and red meat, and a decrease in the intake of fiber-rich foods such as vegetables and fruits. On the other hand, the rising work and mental stress accompanying economic development have also resulted in a marked increase in the incidence of poor lifestyles, such as alcohol intake, smoking, prolonged sedentary time, and staying up all night, which is a significant factor contributing to the increase in CRC incidence (34). A European Prospective Study on Cancer and Nutrition showed that increasing alcohol intake in middle and late adulthood increased CRC risk, whereas decreasing alcohol intake decreased the risk (35). Furthermore, the growing healthy life expectancy of the European population, the greater population aging, the expansion of CRC screening coverage, and the improvement of diagnostic techniques have also contributed to an increase in the number of reported cases, thus causing an increasing CRC incidence rate (19, 36).

The cohort effects analysis revealed a lower risk of CRC morbidity and mortality in the later birth cohort. Both men and women born in 2000-2004 had significantly lower risks of CRC morbidity and mortality compared to those born in 1895-1899. Earlier birth cohorts tend to be less well nourished than later birth cohorts due to factors such as war and famine, and nutritional status correlates with CRC risk. Studies have demonstrated that women who have experienced severe famine have a significantly higher risk of developing CRC than those who have not (37). Moreover, earlier-born populations are less literate, have a relatively poor awareness of CRC prevention, and are more likely to be exposed to CRC-related risk factors (38).

Previous studies have documented that men have a significantly higher incidence of CRC than women (1, 39). The present study also found that cases and rates of morbidity, mortality, and DALY were higher in European men than in women between 1990 and 2019. Bad habits such as smoking and alcohol consumption, which may contribute to the formation of CRC, are highly prevalent in the male population compared to females (26). Besides, sex hormones have been recognized as a factor in gender differences in CRC incidence and mortality (40). It has been shown that androgens negatively regulate the BMP signaling pathway by targeting the androgen receptor in intestinal stromal cells to promote proliferation and inhibit differentiation of intestinal stem cells, which provides a possible explanation for the high incidence of CRC in men (41). Another study found that a sex-biased gut microbiome may be a potential cause of sexual dimorphism in the development of CRC (42). Male mice showed significant enrichment of oncogenic bacteria and depletion of probiotics, which led to elevated levels of oncogenic lysophosphatidylcholine, promotion of cell proliferation, and impairment of intestinal barrier function, ultimately accelerating CRC tumorigenesis and increasing its mortality. Given these findings, it would be advisable to advocate for gender-specific public health campaigns or clinical guidelines.

Additionally, we found that the CRC burden varied by country. In 2019, Germany (78,951) had the highest incident cases. A population-based clinical cancer registry survey in Germany showed that, like many countries, socioeconomic inequalities in CRC survival exist in Germany (43). Further research into the underlying causes to overcome these inequalities is crucial. Hungary’s ASIR ranked 5th among 44 European countries, and Hungary reported the highest age-standardized DALY rate and ASMR. Hungary should promote the implementation of primary and secondary prevention and further expand the coverage of CRC screening to reduce the risk of death (44). ASIR and ASMR have stabilized or declined in most European countries, which may be attributable to the long-term implementation of colonoscopy and fecal examination screening programs. Notably, over the past 30 years, Romania has experienced the greatest increase in ASIR, ASMR, and age-standardized DALY rates. This upswing could be attributed to multiple factors such as the aging population, shifts in dietary habits, increased sedentary lifestyles, or the improved diagnostic facilities leading to heightened reported cases. Countries showcasing rising AAPC values in terms of incidence and DALY should take these as cues to be more proactive in reevaluating and reinforcing their healthcare strategies to better tackle this increasing burden. Conversely, Austria had the largest decrease in the above 3 indicators. CRC has been a serious public health problem in Romania, and it tops the list of gastrointestinal tract cancer deaths (45). Romania is estimated to have one of the highest CRC incidence and mortality rates in Europe, with a high mortality rate that is almost twice as high as the European range (46). Lifestyle factors, inadequate screening programs, and variations in treatment may account for the high incidence and mortality from CRC. The study noted that lifestyle changes such as tobacco and alcohol consumption, obesity and diabetes, sedentary lifestyles, and unhealthy dietary patterns may increase the prevalence and mortality of CRC (47). The north-central region of Romania is very developed and westernized, and the dietary intake of margarine, sausages, red meat, and a high-fat diet is associated with the incidence of CRC (48). Reducing alcohol consumption, maintaining good dietary habits and good weight management will make an important contribution to the prevention of CRC in Romania (49). It is also necessary to increase screening for the disease in young people and to raise the attention of clinicians to the increased incidence of CRC in young patients (50). In addition, attention has been paid to the phenomenon of genetic variability specific to the Romanian population, with studies on KRAS, NRAS, BRAF, PIK3CA, and TP53 Mutations (51). However, the exact mechanism remains unclear and further in-depth studies on the causes of the high incidence of CRC in Romania are highly relevant.

In conclusion, although the incidence of CRC in Europe seems to have generally stabilized in recent years, it still faces a severe disease burden, and there is still a long way to go in CRC prevention and control, which requires the development of targeted prevention and treatment strategies based on gender and age. Prevention and early diagnosis of CRC in European populations, especially in middle-aged and elderly men, should continue to be strengthened. Currently, secondary prevention based on population-based screening is still the main preventive measure for CRC and the most powerful measure to reduce CRC morbidity and mortality. Continuing to refine the screening and management of patients with high CRC will facilitate further reduction of CRC burden.





Limitation

There are some limitations of this study. First, the quality of the data used in this study relies on the quality control of the original GBD data collection process, and the bias is still inevitable. It is recommended that the findings of this study be further validated with the help of a large cohort study. Secondly, this study only focused on the current situation of the European population. In the future, we need to use more types of data to build relevant models to predict the prevalence of CRC and provide a richer basis for CRC prevention and control. Finally, due to the lack of data, we were unable to determine CRC subtype burden by histological classification of tumors or specific anatomical sites.





Conclusion

ASIR for CRC in Europe generally trended upwards from 1990 to 2019, stabilizing in recent years but still at a high level. Absolute counts and ASRs of CRC varied considerably in different European countries. Incidence and mortality risks increased with age in both men and women. In terms of gender differences, the CRC burden was significantly higher in European men than in women. CRC disease burden in Europe was of concern and preventive and control measures should be taken according to its epidemiological features. Middle-aged and older men should be a priority population for the prevention and treatment of CRC in Europe.
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951(9.19 to 9.83)
9.97(9.58 to 10.38)

10.56(10.04 to 11.1)

-3.78(-4.04 to -3.51)
-3.84(-4.07 to -3.61)
-3.06(-3.2 to -2.91)
-2.38(-248 to -2.27)
-1.78(-1.86 to -1.7)
-117(-123 to -1.1)
-0.69(-0.75 to -0.64)
-0.24(-0.28 to -0.19)
0.23(0.19 to 0.27)
0.61(0.58 to 0.64)
0.92(0.89 to 0.95)
L17(115 to 1.19)
1.39(1.37 to 1.41)
1.6(1.58 to 1.62)
1.84(1.81 to 1.86)
2.03(2 to 2.06)
2.22(2.19 to 2.26)
2.39(235 to 2.44)

2.53(248 to 2.58)

0.02(0.02 to 0.03)
0.02(0.02 to 0.03)
0.05(0.04 to 0.05)
0.09(0.08 to 0.1)
0.17(0.16 to 0.18)
0.31(0.29 to 0.33)
0.50(0.47 to 0.53)
0.79(0.75 to 0.83)
1.26(1.21 to 131)
1.84(1.78 to 1.9)
2.51(2.44 to 2.57)
3.22(3.15 to 3.3)
4.00(3.92 to 4.08)
4.96(4.86 to 5.07)
6.28(6.13 to 6.43)
7.65(7.42 to 7.87)
9.23(8.9 to 9.56)
10.95(10.49 to 11.42)

12.52(11.9 to 13.18)

1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
2015-2019
Cohort
1895-1899
1900-1994
1905-1909
1910-1914
1915-1919
1920-1924
1925-1929
1930-1934
1935-1939
1940-1944
1945-1949
1950-1954
1955-1959
1960-1964
1965-1969
1970-1974
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014
AIC
BIC

Deviance

-0.37(-0.38 to -0.36)
-0.21(-0.22 to -0.2)

-0.04(-0.04 to -0.03)
0.09(0.09 to 0.09)
0.19(0.18 t0 0.2)

0.34(0.33 to 0.36)

1.85(1.8 to 1.91)
1.77(1.73 to 1.81)
1.67(1.64 to 1.71)
1.57(1.54 to 1.6)
1.43(141 to 1.46)
1.3(1.27 to 1.32)
L13(L11 to 1.16)
0.95(0.92 to 0.97)
0.75(0.72 to 0.77)
0.57(0.54 to 0.6)
0.38(0.35 to 0.41)
0.21(0.17 to 0.25)
0.03(-0.01 t0 0.07)
-0.19(-0.23 to -0.15)
0.42(-047 to -0.37)
-0.63(-0.69 to -0.58)
-0.8(-0.86 to -0.74)
-0.96(-1.03 to -0.89)
-1.15(-1.23 to -1.07)
-1.37(-147 to -1.28)
-1.62(-1.76 to -1.48)
-1.84(-2.05 to -1.63)
2.1(-244 to -1.77)
-2.52(-3.08 to -1.95)
13.01
-48.52

273.54

0.69(0.68 to 0.7)
0.81(0.80 to 0.82)
0.96(0.96 to 0.97)
1.09(1.09 to 1.09)
121(1.2 to 122)

1.40(1.39 to 1.43)

6.36(6.05 to 6.75)
5.87(5.64 to 6.11)
531(5.16 to 5.53)
4.81(4.66 to 4.95)
4.18(4.1 to 431)
3.67(3.56 to 3.74)
3.1(3.03 to 3.19)
259(2.51 to 2.64)
2.12(2.05 to 2.16)
1.77(1.72 to 1.82)
1.46(1.42 to 1.51)
1.23(1.19 to 1.28)
1.03(0.99 to 1.07)
0.83(0.79 to 0.86)
0.66(0.63 to 0.69)
0.53(05 to 0.56)
0.45(0.42 to 0.48)
0.38(0.36 to 0.41)
0.32(0.29 to 0.34)
0.25(0.23 to 0.28)
0.2(0.17 to 0.23)
0.16(0.13 to 0.2)
0.12(0.09 to 0.17)

0.08(0.05 to 0.14)

-0.4(-0.42 to -0.38)

-0.22(-0.24 to -0.21)

-0.05(-0.06 to -0.04)
0.1(0.09 to 0.1)
0.21(0.2 to 0.22)

0.37(0.35 to 0.39)

1.89(1.79 to 1.99)
1.82(1.76 to 1.88)
1.72(1.67 to 1.77)
1.6(156 to 1.64)
1.45(1.42 to 149)
1.32(1.29 to 136)
1.16(1.13 to 1.19)
0.97(0.93 to 1)
0.76(0.72 to 0.79)
0.58(0.55 to 0.62)
0.38(0.34 to 0.43)
0.21(0.17 to 0.26)
0.03(-0.02 to 0.08)
0.19(-025 to -0.13)
-0.43(-05 to -0.36)
-0.65(-0.73 to -0.58)
-0.82(-09 to -0.74)
-0.98(-1.07 to -0.89)
-1.18(-128 to -1.08)
-1.4(-1.53 to -1.27)
-1.66(-1.85 to -1.48)
-1.89(-2.16 to -1.61)
-2.17(-262 to -1.71)
-2.54(-3.29 to -1.8)
10.94
-205.86

116.20

0.67(0.66 to 0.68)
0.8(0.79 to 0.81)
0.95(0.95 to 0.96)
1.10(1.09 to 1.11)
1.23(1.22 to 1.25)

1.44(1.42 to 1.47)

6.63(6 t0 7.34)
6.18(5.83 o 6.56)
5.59(5.34 to 5.85)
4.96(4.76 0 5.16)
428(4.13 to 4.44)
3.75(3.63 to 3.88)
3.18(3.08 to 3.29)
263(2.54 to 2.72)
2.14(2.06 to 2.21)
1.79(1.73 to 1.86)
1.47(1.41 to 1.53)
1.24(1.18 to 1.3)
1.03(0.98 to 1.09)
0.82(0.78 to 0.87)
0.65(0.61 to 0.69)
0.52(0.48 to 0.56)
0.44(0.41 to 0.48)
038(0.34 to 0.41)
031(0.28 to 0.34)
025(0.22 to 0.28)
0.19(0.16 to 0.23)
0.15(0.11 t0 0.2)
0.11(0.07 to 0.18)

0.08(0.04 to 0.17)

-0.34(-0.36 to -0.32)
0.2(-021 to -0.19)

-0.03(-0.03 to -0.02)
0.08(0.08 to 0.09)
0.16(0.15 to 0.18)

0.32(0.3 to0 0.34)

1.82(1.75 to 1.9)
1.75(1.69 to 1.8)
1.66(1.61 to 1.71)
1.57(1.53 to 1.61)
1.45(1.41 to 1.49)
1.31(1.27 to 1.35)
1.14(11 to 1.17)
0.94(0.9 to 0.98)
0.73(0.69 to 0.77)
0.55(0.51 to 0.59)
0.35(0.3 to 0.4)
0.19(0.13 to 0.24)
0(-0.06 to 0.06)
-0.21(-0.28 to -0.14)
-0.43(-051 to -0.36)
-0.63(-0.71 to -0.55)
-0.8(-0.89 to -0.71)
-0.96(-1.06 to -0.86)
-1.15(-1.26 to -1.03)
-1.37(-1.52 to -1.23)
-1.6(-1.81 to -1.39)
-1.78(-2.09 to -1.47)
2.02(-25 to -1.53)
-2.49(-3.37 to -1.62)
1146
-141.95

180.11

0.71(0.7 to 0.73)
0.82(0.81 to 0.83)
0.98(0.97 to 0.98)
1.09(1.08 to 1.09)
1.18(1.16 to 1.19)

1.37(1.35 to 1.4)

62(5.75 t0 6.68)
5.74(5.43 to 6.08)
5.25(5 to 5.51)
4.81(4.6 t0 5.02)
4.25(4.08 to 4.42)
3.7(3.56 to 3.84)
3.12(3 to 3.23)
2.56(2.46 to 2.65)
2.07(1.99 to 2.15)
1.73(1.66 to 1.81)
1.42(1.35 to 149)
1.20(1.14 to 127)
1(0.94 to 1.06)
0.81(0.76 to 0.87)
0.65(0.6 to 0.7)
0.53(0.49 to 0.58)
0.45(0.41 to 0.49)
0.38(0.35 to 0.42)
0.32(0.28 to 0.36)
0.25(0.22 to 0.29)
0.2(0.16 to 0.25)
0.17(0.12 to 0.23)
0.13(0.08 to 0.22)

0.08(0.03 to 0.2)





OEBPS/Images/table3.jpg
Variables Both Male Female

Coef_95%ClI RR_95%ClI Coef_95%Cl RR_95%CI Coef_95%Cl RR_95%CI

59 -3.64(-3.75 to -3.54) 0.03(0.02 to 0.03) -3.66(-3.8 to -3.52) 0.03(0.02 to 0.03) -3.65(-3.8 to -3.5) 0.03(0.02 to 0.03)

10-14 -3.85(-3.94 to -3.75) 0.02(0.02 to 0.02) -3.97(-4.1 to -3.84) 0.02(0.02 to 0.02) -3.73(-3.87 to -3.6) 0.02(0.02 to 0.03)
15-19 -2.78(-2.83 to -2.72) 0.06(0.06 to 0.07) -2.8(-2.87 to -2.73) 0.06(0.06 to 0.07) 2.79(-2.87 to -2.71) | 0.06(0.06 to 0.07)
20-24 -2.18(-222 to -2.14) 0.11(0.11 to 0.12) -2.23(-2.29 to -2.18) 0.11(0.1 to 0.11) 2.15(-221 10 -2.09) | 0.12(0.11 to 0.12)
25-29 -1.63(-1.66 to -1.6) 0.2(0.19 t0 02) -1.7(-1.74 to -1.66) 0.18(0.17 to 0.19) -1.57(-1.62 to -1.52) 021(0.2 to 0.22)
30-34 -1.06(-1.08 to -1.03) 0.35(0.34 to 0.36) -1.13(-1.16 to -1.09) 0.32(0.31 to 0.34) -1(-1.04 to -0.96) 0.37(0.35 to 0.38)
35-39 -0.53(-0.55 to -0.51) 0.59(0.57 to 0.6) -0.61(-0.64 to -0.58) 0.54(0.53 to 0.56) -0.46(-049 to -0.43) | 0.63(0.61 to 0.65)
40-44 -0.07(-0.09 to -0.05) 0.93(0.92 to 0.95) -0.15(-0.17 to -0.12) 0.86(0.84 to 0.89) 0(-0.03 to 0.02) 1.00(0.97 to 1.02)
45-49 039(0.37 to 0.4) 1.47(1.45 to 1.5) 0.34(031 to 0.36) 1.4(1.37 to 1.43) 0.42(0.4 to 0.44) 1.52(1.49 to 1.56)
50-54 0.83(0.82 to 0.85) 2.30(2.27 to 2.34) 0.82(0.8 to 0.83) 2.26(2.22 to 2.3) 0.83(0.81 to 0.85) 23(2.26 to 2.35)
55-59 1.18(1.17 to 1.19) 3.24(321 to 3.28) 1.21(1.19 to 1.22) 335(3.3 t0 34) L11(L1 to 1.13) 3.05(3 to 3.09)
60-64 1.44(1.43 to 1.45) 4.21(4.17 to 4.25) 1.52(151 to 1.53) 4.56(4.51 to 4.62) 1.32(1.3 to 1.33) 3.73(3.68 to 3.78)
65-69 1.62(1.62 to 1.63) 5.08(5.04 to 5.12) 1.73(1.72 to 1.74) 5.63(5.57 to 5.7) 1.49(1.48 to 1.5) 4.43(4.38 to 4.48)
70-74 1.73(1.72 to 1.74) 5.65(5.6 to 5.69) 1.84(1.83 to 1.85) 6.3(6.23 to 6.37) 1.61(1.6 to 1.63) 5.02(4.96 to 5.08)
75-79 1.81(1.8 to 1.82) 6.13(6.07 to 6.19) 1.92(1.9 to 1.93) 6.81(6.72 to 6.9) 1.73(1.72 to 1.74) 5.64(5.56 to 5.71)
80-84 1.81(1.8 to 1.82) 6.11(6.05 to 6.18) 1.9(1.89 to 1.92) 6.71(6.6 to 6.82) 1.77(1.75 to 1.79) 5.86(5.77 to 5.96)
85-89 1.76(1.75 to 1.78) 5.83(5.75 to 5.91) 1.83(1.81 to 1.85) 6.21(6.09 to 6.33) 1.77(1.75 to 1.79) 5.87(5.75 to 5.98)
90-94 1.56(1.54 to 1.58) 4.76(4.68 to 4.84) 1.57(1.54 to 1.59) 4.79(4.67 to 4.91) 1.62(1.6 to 1.64) 5.05(4.93 to 5.17)
95 plus 1.6(1.57 to 1.62) 4.93(4.82 to 5.04) 1.58(1.55 to 1.62) 4.88(4.71 to 5.05) 1.68(1.65 to 1.71) 5.36(5.2 to 5.53)
Period
1990-1994 -0.49(-0.5 to -0.48) 0.61(0.61 to 0.62) -0.52(-0.53 to -0.51) 0.59(0.59 to 0.6) -0.46(-047 to -0.44) | 0.63(0.63 to 0.64)
1995-1999 -0.28(-0.28 to -0.27) 0.76(0.75 to 0.76) -0.29(-0.3 to -0.28) 0.75(0.74 to 0.75) 0.26(-027 t0 -0.25) | 0.77(0.77 to 0.78)
2000-2004 -0.05(-0.05 to -0.05) 0.95(0.95 to 0.95) -0.06(-0.07 to -0.06) 0.94(0.94 to 0.94) -0.04(-0.04 to -0.03) | 0.96(0.96 to 0.97)
2005-2009 0.13(0.12 to 0.13) 1.14(1.13 to 1.14) 0.14(0.13 to 0.14) 1.15(1.14 to 1.15) 0.12(0.11 to 0.12) L12(1.12 to 1.13)
2010-2014 026(0.25 to 0.26) 1.30(1.29 to 1.3) 0.28(0.27 to 0.29) 1.33(1.32 to 1.33) 023(0.23 to 0.24) 1.26(1.25 to 127)
2015-2019 0.43(0.42 to 0.44) 1.54(1.53 to 1.55) 0.45(0.44 to 0.47) 1.58(1.56 to 1.59) 0.4(0.39 to 0.41) 1.49(1.48 to 1.51)
I Cohort
1895-1899 1.75(1.7 to 1.81) 5.78(5.49 to 6.08) 1.79(1.69 to 1.89) 5.98(5.4 to 6.61) 1.72(1.66 to 1.78) 5.59(5.26 to 5.95)
1900-1994 1.68(1.65 to 1.71) 5.35(5.21 to 5.51) 1.73(1.69 to 1.78) 5.66(5.4 to 5.93) 1.65(1.61 to 1.69) 52(5.01 to 5.39)
1905-1909 1.56(1.54 to 1.58) 4.74(4.65 to 4.84) 1.61(1.58 to 1.64) 5.01(4.85 to 5.17) 1.53(1.5 to 1.56) 4.63(4.5 to 4.77)
1910-1914 1.44(1.42 to 1.45) 4.21(4.14 to 4.28) 1.47(1.45 to 1.5) 4.36(4.25 to 4.48) 1.43(1.4 to 1.45) 4.18(4.08 to 4.28)
1915-1919 1.29(1.28 to 1.31) 3.64(3.58 to 3.7) 1.32(1.29 to 1.34) 3.73(3.65 to 3.82) 1.3(1.28 to 1.32) 3.66(3.58 to 3.74)
1920-1924 1.16(1.15 to 1.17) 3.19(3.15 to 3.24) 1.19(1.17 to 1.21) 3.3(3.23 to 337) 1.16(1.14 to 1.18) 32(3.13 to 3.26)
1925-1929 0.97(0.96 to 0.99) 2.65(2.61 to 2.68) 1.01(0.99 to 1.03) 2.75(2.7 to 2.8) 0.97(0.95 to 0.98) 2.63(2.58 0 2.68)
1930-1934 0.78(0.77 to 0.8) 2.18(2.16 to 2.21) 0.81(0.79 to 0.83) 2.25(2.21 to 2.3) 0.76(0.74 to 0.78) 2.13(2.09 to 2.18)
1935-1939 0.59(0.58 to 0.61) 1.81(1.79 to 1.84) 0.62(0.6 to 0.64) 1.86(1.82 to 1.9) 0.56(0.54 to 0.58) 1.75(1.72 to 1.79)
1940-1944 0.44(0.42 to 0.45) 1.55(1.52 to 1.57) 0.46(0.44 to 0.48) 1.58(1.55 to 1.62) 0.40(0.38 to 0.43) 1.5(1.46 to 1.53)
1945-1949 03(0.28 to 0.31) 1.34(1.32 to 1.37) 0.31(0.28 to 0.33) 1.36(1.33 to 1.39) 0.26(0.24 to 0.29) 1.3(1.27 to 1.33)
1950-1954 0.12(0.1 to 0.14) L13(L1 to 1.15) 0.13(0.1 to 0.15) L.14(L11 to 1.17) 0.09(0.06 to 0.12) 1.1(1.07 to 1.13)
1955-1959 -0.05(-0.07 to -0.03) 0.95(0.93 to 0.97) -0.04(-0.07 to -0.01) 0.96(0.93 to 0.99) -0.07(-0.1 to -0.04) 0.93(0.9 to 0.96)
1960-1964 -0.22(-025 to -0.2) 0.8(0.78 to 0.82) -0.22(-0.26 to -0.19) 0.8(0.77 to 0.83) -0.24(-027 to -0.2) 0.79(0.76 to 0.82)
1965-1969 -0.4(-0.43 to -037) 0.67(0.65 to 0.69) -0.41(-0.44 to -0.37) 0.67(0.64 to 0.69) -0.41(-045 t0 -0.36) | 0.67(0.64 to 0.69)
1970-1974 -0.58(-0.61 to -0.55) 0.56(0.54 to 0.58) -0.6(-0.64 to -0.56) 0.55(0.53 to 0.57) -0.56(-0.61 to -0.52) 0.57(0.54 to 0.6)
1975-1979 -0.72(-0.76 to -0.69) 0.48(047 to 0.5) -0.74(-0.79 to -0.7) 0.47(045 to 0.5) 0.71(-0.76 to -0.66) | 0.49(0.47 to 0.51)
1980-1984 -0.86(-0.9 to -0.82) 0.42(0.41 to 0.44) -0.88(-0.93 to -0.83) 0.41(0.39 to 0.44) -0.85(-0.91 to -0.8) 0.43(0.4 to 0.45)
1985-1989 -1.02(-1.07 to -0.98) 0.36(0.34 to 0.37) -1.05(-1.11 to -1) 0.35(0.33 to 0.37) -101(-107 to -0.94) | 0.37(0.34 to 0.39)
1990-1994 -1.21(-1.26 to -1.16) 0.3(0.28 to 0.31) -1.24(-131 to -1.17) 0.29(0.27 to 0.31) -12(-1.28 to -1.12) 0.3(0.28 to 0.33)
1995-1999 -1.43(-15 to -1.36) 0.24(0.22 to 0.26) -1.47(-1.57 to -1.37) 0.23(0.21 to 0.25) -14(-151 to -1.29) 0.25(0.22 to 0.28)
2000-2004 -1.62(-1.73 to -1.51) 02(0.18 to 0.22) -1.67(-1.81 to -1.52) 0.19(0.16 to 0.22) -1.57(-1.73 to -1.4) 0.21(0.18 to 0.25)
2005-2009 -1.82(-2 to -1.64) 0.16(0.13 to 0.19) -1.9(-2.15 to -1.65) 0.15(0.12 to 0.19) -1.76(-2.02 to -1.5) 0.17(0.13 to 0.22)
2010-2014 -2.14(-2.44 to -1.85) 0.12(0.09 to 0.16) -2.23(-2.62 to -1.84) 0.11(0.07 to 0.16) -2.07(-2.5 to -1.63) 0.13(0.08 to 0.2)
AIC 17.86 12,99 1521
BIC 417.95 -55.89 197.96

Deviance 740.01 266.17 520.02
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Incidence

Sex

Both

Female

Male

DALY

Sex

Mortality

Both

Female

Male

Sex

Both

Female

Male

1990

Cases NO.(95%UI)

347260.56 (335664.4 to 355050.09)

178614.56 (170480.56
to 184119.61)

168646.00 (164524.35
to 171973.71)

4689192.52 (4565695.4
to 4801932.34)

2315406.16 (2230570.04
to 2389935.27)

2373786.36 (2320186.82
to 2423249.47)

216586.73 (207793.04
to 222141.61)

113941.44 (107491.58
to 118007.46)

102645.29 (99942.38 to 104750.69)

ASR/100,000

(95% UI)

33.49 (32.33 to 34.26)

28.62 (27.38 t0 29.5)

41.23 (40.06 to 42.09)

458.43 (446.08 to 469.69)

387.68 (374.63 to 400.58)

562.18 (548.5 to 574.56)

21.02 (20.11 to 21.59)

17.88 (16.9 to 18.55)

26.21 (25.33 to 26.79)

2019
Cases NO.(95%UlI)

590376.19 (529705.15
to 651670.25)

268402.31 (237200.69
to 298400.08)

321973.88 (289417.17
to 357024.34)

5762062.89 (5402969.47
to 6091772.8)

2543802.53 (2340778.17
to 2721258.56)

3218260.36 (3020619.2
to 3407979.03)

298982.75 (274675.49
to 316529.96)

142087.43 (126946.16
to 152094.71)

156895.32 (145832.77
to 165963.43)

ASR/100,000
(95% UI)

38.38 (34.56 to 42.47)

30.43 (27.19 to 33.77)

48.88 (44.03 to 54.2)

391.65 (367.89 to 414.26)

307.1 (285.79 to 328.14)

497.92 (467.8 to 527.39)

18.44 (17.07 to 19.50)

14.63 (1332 to 15.62)

23.69 (22 to 25.07)

1990-20.

AAPC
(95%Cl)

049
(0.17 to 0.80)

022
(-0.08 to 0.51)

060
(0.28 to 0.92)

-0.54
(-0.79 to -0.29)

-0.81
(-1.06 to -0.56)

040
(-0.64 to -0.16)

-0.44
(-0.67 to -0.22)

-0.69
(-0.92 to -0.46)

-0.34
(-0.59 to -0.09)





