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INTRODUCTION 

Rising trends in incidence from colorectal cancer (CRC) in young adults have been reported in the USA and 

selected countries of Northern Europe and Austral-Asia; corresponding cohort patterns were observed 1-3. In 

this work, we examined trends in CRC mortality between age 25 and 49 from 12 selected high-income 

countries and the EU.  

METHODS 

We extracted numbers of official certified deaths at age 25-49 for CRC from 1980 to 2017 (or the last 

available year), using the WHO database 4. We selected high-income countries with over 20 million 

population with reliable mortality coverage and the EU as a whole as defined in 2020 (27 countries). 

Using the dataset with certified deaths and resident populations, country, sex and calendar year, we 

calculated the age-standardized (world standard population) mortality rates per 100,000 person-years. 

We carried out a joinpoint regression analysis 5 to calculate Estimated Annual Percent Changes (EAPC) and 

Average Annual percent Changes (AAPC). To disentangle the effects of age, period of death and cohort of 

birth, we applied an Age Period Cohort (APC) model. Full methods are in supplementary materials. 

RESULTS 

Figure 1 (panel A) gives rates in the selected countries. The highest rates in 2015-17 (between 3.8 and 

3.4/100,000 in men and 3.2 and 2.8/100,000 in women) were in the USA, Canada, Australia and the UK in 

both sexes, and Russian women. The USA, Canada, and the UK also showed unfavourable trends between 

2005 and 2017 in both sexes, Australia only in men; in the same countries AAPCs were between 1.5% and 

0.7% in men and between 1.6% and 1.1% in women. All other countries show lower rates in both sexes and 

favourable or stable trends over the most recent decade.  

Considering the whole 1980-2017 period (Figure 1 panel B and Supplementary Table 1), the overall 

mortality trends were favourable in all included countries in both sexes, except for USA and Korea where 

they were stable. In men, the AAPCs ranged between -0.2% in the USA and Korea and -1.6% in France, 

Germany and Italy, while in women the AAPCs ranged from -0.1% in Korea to -2.2% in Australia. 
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Joinpoint modelling identified significant rising trends for recent calendar years in the USA and Canada in 

both sexes and the UK women in the 2000s with EAPCs between 1.1 and 2.6%. There was also a rising 

trend in Australian men (1.9%). In Germany and the EU in both sexes and UK and Japanese men, there was 

a flattening of the previous favourable trends in the 2000s.  

APC (Figure 1 panel C) shows favourable period effects over the most recent quinquennia in all countries 

and both sexes, except for Russia and Poland, and UK women which had a plateau after the declining trends 

seen until the early 2000s. A common cohort pattern with descending effects up to those born in the 1950s 

or 1960s, with a trough and a subsequent rise in effects, was observed in the USA in both sexes, and in men 

in Canada and Australia. In women in Canada, France, Germany, Australia, UK and EU, effects either 

reached a plateau or a slowdown in the falling trend. The remaining examined countries displayed declining 

risks for successive recent cohorts. 

DISCUSSION 

In recent years trends in incidence for CRC in young adults have been rising in the USA, and selected 

European and Asian countries 1-3. In particular rises in CRC cancer incidence under the age of 50 were 

recorded since the 1990s in both males and females in the USA and a cohort pattern showed that recent 

cohorts of birth shared the same risk of developing CRC as those born in 1890; a similar pattern was also 

seen in Canada 1, 6. In the EU, rises in incidence were reported for young adults aged 20 to 39 years in 

France, Germany, Poland and the UK, but not Italy 3. 

This mortality analysis confirms the trends reported for incidence in the USA and Canada, and to a lesser 

degree in the UK particularly in women and Australia mainly in males. Rising cohort patterns observed in 

incidence 1, 3, 6 are confirmed by mortality data for the USA, and to a lesser degree Canada, Australia and 

limited to the last few cohorts in France and UK, only in men. Although a comparison of incidence and 

mortality analyses should take into account the lag between the two indicators (estimated in 5-10 years), our 

results suggest that the increase in incidence in the young include also advanced and aggressive CRC, at 

least in countries that showed the strongest trend in incidence. 
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Overweight and obesity are recognized risk factors for colorectal cancer and the prevalence patterns 

recorded in the studied countries are coherent to the recorded CRC mortality trends; the USA, Canada, 

Australia and UK are the countries examined with the highest and fastest rising prevalences in 

overweight/obesity 7. Alcohol is also confirmed risk factor in early onset colorectal cancer, and among the 

countries that did not display a rising trend in mortality from these neoplasms, France and Italy had the 

greatest fall in total alcohol consumption since at least the 1960s with Germany and Spain showing similar 

falls in consumption since the 1980s, Canada and the USA did not have these falls in consumption8. 

As a result of these rising trends in incidence in young onset colorectal cancer, the American Cancer 

Association updated its guidelines on screening, recommending that subjects at average risk should start 

screening at 45 years instead of 50. In Europe, screening programs have mostly been implemented from the 

early 2000s, differently from the USA where they have been recommended since the 1980s. 

In conclusion, the rising trends in young adult colorectal cancer are confirmed by mortality data in the USA, 

Canada, Australia and the UK, but not in other selected countries. Due to their cohort nature, a smaller 

increase in overweight and obesity and declining alcohol drinking in some European countries may, at least 

in part explain the observed trends 
7, 8.  
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FIGURE LEGENDS 

Figure 1 (panel A) Bar plots of male and female age-standardized mortality rates from colorectal cancer 

among young adults aged 25-49 years per 100,000, in 12 countries and the EU as a whole, in 2005-2007 

(red) and 2015-2017 (blue), and the corresponding AAPC (males in blue and females in red, with 95% 

confidence intervals) for the period from 2005 to the most recent available year. (Panel B) Trends in age-

standardised (25-49 years) mortality rates for colorectal cancer (males: full circles, females: empty circles) 

and corresponding joinpoint models (lines)  for 11 selected countries and the EU as a whole, over the period 

1980-2017. (Panel C) APC analysis of colorectal cancer mortality (top panel: men, bottom panel: women) in 

11 selected high-income countries worldwide and the EU as a whole. Age estimates are expressed as 

average age-specific (35-39 to 75-79 years) mortality rates per 100,000 persons; birth cohort (1890-99 to 

1970-89) and period of death (1970-74 to 2010-14) effect estimates are expressed as relative multiplicative 

effects against their weighted average set to unity. Effect estimates are in black, approximate 95% 

confidence interval limits in red.  
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SUPPLEMENTARY METHODS 

We extracted numbers of official certified deaths at age 25-49 years for colorectal cancers 

(according to the 10th Revision of the International Classification of Disease 1, ICD-10 codes: 

C17-C21 and C26) considered all together, in selected countries worldwide, since 1980 up to 

2017 (or the last available year), using the WHO database 2. 

From the same WHO database 2, we also extracted estimates of the resident populations, 

based on official censuses, for all countries considered except for the USA and Canada, for 

which we retrieved data from the Pan American Health Organization (PAHO) 3. 

We selected high income countries with over 20 million population analysed data for 12 high 

income countries with reliable mortality coverage (Canada, the USA, Japan, Korea, Australia, 

France, Germany, Italy, Poland, the Russian Federation, Spain, and the UK) and the EU as a 

whole (as defined in 2020 without the UK). 

Using the dataset with certified deaths and resident populations, country, sex and calendar 

year, we derived age-specific rates for five age groups (25-29, 30-34, 35-39, 40-44, 45-49 

years), and calculated the age-standardized mortality rates per 100,000 person-years, using 

the world standard population 4. 

We carried out a joinpoint regression analysis 5 over the period 1980-2017. We thus 

identified the time point(s), called ‘joinpoints’, when a change in the linear slope (on a log 

scale) of the temporal trend occurred, by testing from zero up to a maximum of four 

joinpoints. As a summary measure, we also obtained the estimated annual percent change 

(EAPC) for each identified linear segment, and the weighted average EAPC (AAPC) over the 

entire study period 6, 7.  

To disentangle the effects of age, period of death and cohort of birth, we applied an age 

period cohort (APC) model to quinquennial age-standardized rates from 1970-74 to 2010-14. 

Age groups were limited to those between 35 (35-39 years) and 79 (75-79 years) years. 

Jo
urn

al 
Pre-

pro
of



Cohorts were defined according to their central year of birth, hence the earliest possible 

cohort is that of 1895 corresponding to 75-79 year olds who died in the 1970-74 

quinquennium. The age effects are interpretable as mean age-specific death rates per 100,000 

persons over the analysed period, the period and cohort effects are expressed in relative terms 

against their weighted average set to unity 8, 9. 

No ethics committee approval was necessary because we only considered public data. For all 

statistical analyses, we used the software R version 3.4.1 (R Development Core Team, 2017), 

in particular, the package “apc” 8, SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), 

SEER*Stat (seer.cancer.gov/seerstat) version 8.3.6, and Joinpoint Regression Program 

version 4.11. 
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Supplementary Table 1. Joinpoint analysis for colorectal cancer in young adults aged 25-49 years, from 1980 to 2017 (according to data availability), by 

country and sex. 

 Males  Females 

Country Years EAPC1 Years EAPC2 Years EAPC3 Years EAPC4 AAPC  Years EAPC1 Years EAPC2 Years EAPC3 Years EAPC4 Years EAPC5AAPC

Canada 1980-2008 -1.8* 2008-2017 2.6*     -0.8*  1980-2005 -2.3* 2005-2017 1.1*       -1.2* 

USA 
1980-1998 -1.3* 1998-2001 2.8 

2001-
2004 

-3.2 
2004-
2017 

1.5* -0.2  1980-1992 -2* 1992-2012 0.1 
2012-
2017 

2.6*     -0.3 

Japan 
1980-1998 -0.5* 1998-2009 -2.4* 

2009-
2017 

0.2   -0.9*  1980-1991 0.2 1991-2017 -1.7*       -1.1* 

Republic 
of Korea 

1985-2001 1.9* 2001-2017 -2.2*     -0.2  1985-1997 2.8* 1997-2017 -1.8*       -0.1 

Australia 1980-2007 -2.6* 2007-2017 1.9     -1.4*  1980-1994 -4.6* 1994-2017 -0.8*       -2.2* 

France 1980-2016 -1.6*       -1.6*  1980-1987 -3.9* 1987-2016 -0.7*       -1.3* 

Germany 
1980-1992 -1.1* 1992-2006 -3.1* 

2006-
2017 

-0.4   -1.6*  1980-1991 -1.1* 1991-2005 -3.6* 
2005-
2017 

-0.5     -1.8* 

Italy 1980-1982 6.5 1982-2016 -2.1*     -1.6*  1980-1996 -1* 1996-2016 -2.5*       -1.9* 

Poland 1980-2017 -0.8*       -0.8*  1980-2017 -0.9*         -0.9* 

Russian 
Federation 

1980-2014 -1.1*       -1.1*  1980-1982 -5* 1982-1985 3.5 
1985-
1988 

-3.4 
1988-
1995 

0.1 
1995-
2014 

-1.7* -1.2* 

Spain 1980-1997 1.6* 1997-2017 -2.6*     -0.7*  1980-1993 1.7* 1993-2017 -2.4*       -1* 

UK 1980-2003 -2.4* 2003-2016 0.7     -1.3*  1980-2002 -2.8* 2002-2016 1.6*       -1.1* 

EU 
1980-1991 -0.4* 1991-2005 -1.6* 

2005-
2008 

-3.7 
2008-
2015 

-0.7* -1.2*  1980-1995 -0.8* 1995-2007 -2.3* 
2007-
2015 

-0.6     -1.3* 

EAPC: estimated annual percent change. *Significantly different from 0 (p<0.05) 
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