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1 INTRODUCTION 

1.1 Epidemiology of colorectal cancer 
 
Colorectal cancer is a neoplasm caused by adenomatous polyps emerging from the innermost 

layer of the large intestine (Amersi et al. 2005). When epithelial cells of the intestinal mucosa 

cumulate mutations, the cells develop into adenomas, which over time may morph into 

carcinomas (Bogaert and Prenen 2014; Leslie et al. 2002). As of 2018, colorectal cancer was the 

third most diagnosed and the second leading cause in cancer-related deaths with an estimated 1.8 

million new cases and 861,000 deaths worldwide (Bray et al. 2018). In Europe alone, almost 

500,000 novel cases occurred with approximately half as many colorectal cancer-related deaths, 

highlighting the global impact of the disease. Nonetheless, Europe contains 9% of the global 

population but a significant 25% of new annual colorectal cancer cases, suggesting a 

disproportionate burden of this cancer worldwide (Ferlay et al. 2018). 

 

The highest incidence rates of colorectal cancer are observed in Australia and regions of Europe 

and North America, whereas the lowest are recorded in South Asia and Africa (Figure 1). It is 

believed that disparity in incidence between these regions are owed largely to differences in 

genetic susceptibility and environmental factors, namely diet (Global Burden of Disease Cancer 

Collaboration 2017). Colorectal cancer incidence is also three to four-fold more likely in 

economically more developed nations as opposed to lesser developed nations, reflecting an effect 

of socioeconomic status and human development index (Bray et al. 2018). Sex differences are 

also present in colorectal cancer distribution with men consistently having higher incidence and 

colorectal cancer-related mortality (Figure 2).  
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Despite the rising new cases and deaths worldwide, there are a few countries with a high human 

development index that have observed an overall reduction of incidence and mortality rates in 

recent years, such as Australia, the US and certain European nations (Center et al. 2009; 

Schreuders et al. 2015). The main reasons for these trends are not fully understood; however, 

they are at least in part due to the emergence of cancer screening programs and improvements in 

radiotherapy and chemotherapy (Center et al. 2009). On the other hand, there are also nations 

with rapid economic growth that are observing increases in both incidence and mortality 

probably due to the changes in diet and lifestyle associated with improved human development 

(Arnold et al. 2017). In Japan, between the 1950s and 1970s (a significant period of economic 

growth) ‘westernization’ of diet is believed to have led to the surge of colorectal cancer 

incidence and mortality observed until the 1990s (Kono 2004). While number of new colorectal 

cancer cases continues to rise globally and disease incidence and mortality are projected to 

increase 60% by 2030, controlling the disease remains an important public health issue (Ferlay et 

al. 2015).   
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Figure 1. Colorectal cancer age-standardized incidence rates in 2018  
Available from https://gco.iarc.fr/; Accessed on 01/19/2020.  
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Figure 2. Colorectal cancer age-standardized incidence and mortality rates by sex in 2018  

Available from https://gco.iarc.fr/; Accessed on 01/19/2020.   
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1.2 Risk factors of colorectal cancer 

 
It is widely understood that both genetic and environmental factors contribute to the 

development of colorectal cancer. Environmental risk factors, such as diet (high in red/processed 

meats, low in vegetables), low physical activity, obesity, smoking and alcohol, have all been 

associated with increased risk of colorectal cancer (Bagnardi et al. 2015; Botteri et al. 2008; 

Robsahm et al. 2013; Zhao et al. 2017). These modifiable factors, namely diet and physical 

activity, have been suggested to explain the elevated burden of colorectal cancer in transitioning 

and developing regions around the world (Bishehsari et al. 2014). Furthermore, regulation of 

such dietary and lifestyle factors has been associated with reduction in as much as 50% of 

colorectal cancer risk (Colditz et al. 1996).  

 

Of the non-modifiable genetic risk factors, advanced age, male sex, family history, and inherited 

genetic syndromes are the most notable (Rawla et al. 2019). Male sex (across regions and all 

ages) has been associated with increased risk of colorectal cancer (Bray et al. 2018). Genetic 

syndromes, such as familial adenomatous polyposis (FAP) and hereditary non-polyposis 

colorectal cancer (HNPCC), contribute 5% to 10% of colorectal cancer cases (Toma et al. 2012). 

These risk factors, although associated with an extremely high lifetime risk of colorectal cancer, 

are far less common than familial cases of colorectal cancer, which account for about 20-30% of 

all cases and involve a combination of both genetic and environmental factors (De Rosa et al. 

2015; Rawla et al. 2019).  Family history is a well-established risk factor with risk increasing 

with cumulative numbers of first-degree and second-degree relatives with colorectal cancer 

(Johns and Houlston 2001; Tian et al. 2019). 
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Personal history of certain diseases has also been associated with elevated colorectal cancer risk. 

Inflammatory bowel diseases, such as Crohn’s disease and ulcerative colitis, are major risk 

factors and are associated with roughly 3-fold risk of colorectal cancer (Johnson et al. 2013). 

Personal history of an inflammatory bowel disease is also associated with increased colorectal 

cancer-related mortality (Amersi et al. 2005). Studies have suggested that long-term presence of 

inflammatory bowel diseases, as well as the extent of the bowel affected, both contribute to 

increase in the risk of colorectal cancer, with an estimated 7% to 14% of cases developing 

colorectal cancer within 25 years of the disease diagnosis (Gillen et al. 1994; Gyde et al. 1988).  

Due to their robust association with colorectal cancer, inflammatory bowel diseases are also 

among a few colorectal risk factors that have been indicated in many colorectal cancer screening 

guidelines around the world. 

 
 

1.3 Screening for colorectal cancer 
 
Colorectal cancer screening has been determined to be more cost-effective (or even cost-saving) 

in the long run than not screening (Lansdorp-Vogelaar et al. 2009; Patel and Kilgore 2015). 

There are two main categories of colorectal cancer screening, invasive and non-invasive 

(Schreuders et al. 2015). The best established non-invasive tests are tests for the presence of 

blood in stool. The two most common such tests are the Guaiac fecal occult blood test (gFOBT), 

as well as the fecal immunochemical test (FIT) (Bevan and Rutter 2018). The gFOBT, though 

limited by low sensitivity, has been the most widely used non-invasive test since the emergence 

of colorectal cancer screening programs due to its low cost, ease of use, and evidence of 

effectiveness from randomized controlled trials (RCTs) (Rabeneck et al. 2012). The FIT has 
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replaced the gFOBT in several programs since it is unaffected by false positive results from food, 

only requires one sample, and multiple studies and meta-analyses have shown that it is more 

accurate than the gFOBT (Brenner and Tao 2013; Lee et al. 2014; Steele et al. 2013). When stool 

samples yield a positive result, patients are recommended to undergo an invasive test, such as 

colonoscopy. Colonoscopy is deemed to be the gold standard of all forms of colorectal cancer 

screening and serves the purpose of colorectal cancer detection as well as a secondary purpose of 

adenoma removal. Since physicians can remove precancerous lesions such as adenomas during 

colonoscopy, this procedure has a major advantage not afforded by other cancer screening modes 

(Bevan and Rutter 2018). 

 

There are a wide variety of screening programs globally. Despite their differences, studies 

evaluating the long-term effectiveness of individual screening programs have yielded a reduction 

in colorectal cancer incidence and mortality (Brenner et al. 2015a; Greuter et al. 2016; Lew et al. 

2017). Screening programs vary not only in the age of first screening, frequency of screening, 

and screening modality, but also in the management of high-risk cases. Currently, most screening 

programs recommend earlier screening for high-risk groups, such as those with a first-degree 

relative (FDR) diagnosed with colorectal cancer, genetic syndromes like FAP or HNPCC, prior 

history of adenomas, and inflammatory bowel diseases (Wilkins et al. 2018). Apart from family 

history of colorectal cancer, these high-risk groups contribute to a minority of colorectal cancer 

cases. 

 

Overall, it has been found that colorectal cancer screening is effective in reducing incidence and 

mortality of colorectal cancer. A 2015 study tracking incidence in the US found that since 1975 
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there has been a 0.92% decrease per year in age-adjusted incidence in those over the age of 49 

years. It is believed that colonoscopy screening, specifically targeted for those aged 50 or older is 

largely responsible for the reduction in incidence over time (Bailey et al. 2015; Edwards et al. 

2010). The idea that screening is responsible for colorectal cancer incidence reductions is 

supported by the fact that countries such as US and Germany have observed a much larger 

reduction in colorectal cancer incidence and mortality than countries such as Sweden and the 

Netherlands, with similar high level of development, but without or with only recently installed 

organized screening programs (Ait Ouakrim et al. 2015).  In spite of the success in reducing 

incidence, the 2015 US study established that an increase in incidence was observed among 

young people below the age of 50 who are not being targeted by screening. Similar trends are 

observed across Europe with colorectal cancer cases rapidly rising among young adults in an 

analysis of 20 European countries (Vuik et al. 2019). As a result, some countries have lowered 

the ages of first screening such as from 50 to 45 in the US, and a proposed change from 60 to 50 

in the UK (Cairns et al. 2010; Wolf et al. 2018). Although this is one method of reducing cancer 

incidence in young people, there are several limitations, such as the cost of screening an 

additional large portion of the population, as well as the risks associated with colonoscopy such 

as perforation which may be unnecessary in a young individual who is otherwise at low risk for 

colorectal cancer (Megna and Shaukat 2019). 

 

 It has been suggested that a personalized screening, rather than a one-size-fits-all approach, 

would allow those with high risk to be targeted while simultaneously reducing the burden of 

screening on those with low risk who are unlikely to develop colorectal cancer in their lives 

(Kuipers and Spaander 2018). Though currently the ability to distinguish those at high and low 
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risk is weak, identifying additional risk factors, such as personal history of diseases that may 

pose a threat to young individuals, is becoming increasingly important as it may help to provide 

the basis of a risk-adapted (personalized) screening. 

 

1.4 Epidemiology of diabetes mellitus 
 
Diabetes mellitus is a metabolic disease characterized by long-term hyperglycemia due to 

deficits in insulin function. There are two most common forms of diabetes, type 1 and type 2. 

Type 1 diabetes represents between 5% and 10% cases and is an autoimmune disease most 

commonly affecting children and adolescents, in which beta cells of the pancreas, which produce 

insulin, are destroyed (Kharroubi and Darwish 2015). Type 2 diabetes, characterized by insulin 

resistance or deficiency, is the most common form of diabetes representing roughly 90% of 

diabetes cases with hundreds of millions of people affected worldwide. The global burden of 

diabetes is significant with an estimated prevalence of 9% (463 million) worldwide and a 

predicted prevalence of 10% (578 million) by 2030. Although the causes of type 1 diabetes are 

not well understood, type 2 diabetes has genetic and lifestyles components and is well known to 

be preventable (Wu et al. 2014). Furthermore, like colorectal cancer, variation in type 2 diabetes 

prevalence is observed across geographic location. The lowest prevalence is often in rural areas 

of developing countries, whereas the highest is observed in developed countries and in societies 

that have adopted a western lifestyle (Forouhi and Wareham 2014). 

 

Apart from similarity in geographic distribution, type 2 diabetes and colorectal cancer share 

important risk factors. The main risk factors of type 2 diabetes are obesity, physical inactivity, 

family history, diets high in sugar and processed or red meats (InterAct Consortium 2013a; 
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InterAct Consortium 2013b; Wu et al. 2014). With the similarities in risk factors, it is not 

surprising that diabetes has been associated with colorectal cancer. Meta-analyses have shown 

that personal history of diabetes is associated with about 30% increased risk of colorectal cancer 

(Kramer et al. 2012; Larsson et al. 2005). However, it is noteworthy that overlapping risk factors 

between diabetes and colorectal cancer alone may not explain the association since type 1 

diabetes (which does not share risk factors with colorectal cancer) has also been implicated with 

colorectal cancer, albeit with a modest association (Carstensen et al. 2016). Diabetes incidence 

has also been rapidly increasing among young adults. A UK study demonstrated that the age-

standardized rate of new diabetes cases in people aged 40 or below rose significantly from 217 

per 100,000 in 1996-2000 to 598 per 100,000 in 2006-2010 (Lascar et al. 2018). Hence, shared 

risk factors, similar geographic distribution, and rising incidence in young people make diabetes 

an ideal candidate to be explored as a colorectal cancer risk factor.  

 

1.5 Gaps in the literature 
 
As mentioned before, diabetes has been associated with moderately increased risk of colorectal 

cancer in several studies in recent decades (Larsson et al. 2005). Despite this, there are still 

several gaps in the literature. For instance, to date no study has evaluated the risk of colorectal 

cancer in young diabetic patients by age at diagnosis and family history of colorectal cancer. A 

large study with accurate information on personal history of diabetes and family history of 

colorectal cancer demonstrating the association between diabetes and colorectal cancer could 

provide the robust evidence needed to establish diabetes as a colorectal cancer risk factor. 
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Since the emergence of colorectal cancer screening only a handful of risk factors have been 

indicated in screening guidelines. However, these risk factors are unlikely to explain the surge in 

colorectal cancer cases in young adults. Researchers hypothesize that this trend may be a 

reflection of a more sedentary lifestyle in recent decades (Edwards et al. 2010). Since diabetes is 

directly associated with such a lifestyle as well, introduction of diabetic patients as a new high-

risk group into colorectal cancer screening guidelines could be an important gap to fill. 

Furthermore, if ‘lifestyle’ practices are indeed leading to higher rates of colorectal cancer in 

young adults, it becomes increasingly important to identify associated risk factors to be used as 

basis of an earlier risk-adapted colorectal cancer screening. 

 

1.6 Aims 
 
The main aims of this study are to determine the risk of colorectal cancer in diabetic patients 

with and without a family history of colorectal cancer and to provide the basis for risk-adapted 

first screening in diabetic patients, using the world’s largest nationwide family-cancer datasets 

from Sweden. 

 

1.6.1 Assessing risk of colorectal cancer in diabetic patients  
 

• To evaluate whether diabetic patients are at increased risk of colorectal cancer and what 

effect age at diabetes diagnosis has on colorectal cancer risk 

• To evaluate the risk of early-onset and late-onset colorectal cancer in diabetic patients by 

sex and family history of colorectal cancer. 
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1.6.2 Determining risk-adapted starting ages of colorectal cancer screening 
for diabetic patients using 10-year cumulative risk curves 

 
• To determine the age-specific 10-year cumulative risk of colorectal cancer in diabetic 

patients by sex and family history of colorectal cancer 

• To provide risk-adapted starting ages of screening for diabetic patients. 

 

1.6.3 Comparison of risk of colorectal cancer between dynamic and static 
variable definitions 

 
• To compare the absolute and relative risk of colorectal cancer in diabetic patients by the 

dynamic and static definitions of diabetes history and family history of colorectal cancer. 

• To compare risk-adapted first screening ages by dynamic and static definitions of 

diabetes history and family history of colorectal cancer. 
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2 METHODS 
 

2.1 Database description 
 
In this study, the Swedish family-cancer datasets were utilized. These datasets were initially 

produced during the 1990s by connecting data from the Multi-generation Register, national 

censuses, Swedish Cancer Registry, and death register using unique lifetime national registration 

numbers (Hemminki et al. 2001). These culminate to produce the world’s largest family-cancer 

dataset to date with data on all Swedish residents (irrespective of country of birth) born from 

1932 onwards (offspring generation) and their parents (parental generation). Data on ancestry 

and familial relationship were obtained using the Multi-generation register. This was linked with 

the Swedish Cancer registry, which was established in 1958, and contains detailed information 

on cancer diagnosis. Four-digit diagnostic codes based on the seventh revision of the 

International Classification of Diseases (ICD-7) were used to classify cancer types. Linkage 

between these two registers is the foundation of the database with updates every two years. The 

most recent edition of the database (with data until end of 2015) culminates to a total of 16.1 

million individuals, with roughly 2 million primary invasive cancer cases recorded from 1958 to 

2015. Further linkage with the Death Registry and the National Census bolsters the database with 

cause and date of death data, residential area, occupation, socioeconomic status, immigration, 

and emigration records among others. 

 

2.2 Study population 
 
In order to form the study population, the aforementioned Swedish family-cancer datasets were 

linked to the Swedish National Inpatient and Outpatient Registers. The Inpatient Register 
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contains patient records from 1964 to 2015, while the outpatient records contain records from 

2001 to 2015.  In total, there were approximately 37 million hospital visit records for a list of 

over 60 cancer-related diseases. After removing all individuals without known first-degree 

relatives, the study population composed of roughly 12.6 million individuals (Figure 3). The 

population datasets were pseudonymized, therefore, contact with and identification of 

participants was not possible. As a result, participants were not involved in development of the 

present study, or in the writing or interpretation of the results. Lastly, there is no intention of 

disseminating the results directly to any participants. Approval of the study protocol was granted 

by the Lund regional ethic committee (2012/795). 
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Figure 3. Flowchart of study population 
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2.3 Follow-up 
 
Start of follow-up for each individual was established as the most recent of birth year, 

immigration year, or 1964 (the first year in which hospital records were available). Follow-up 

ended in year of death, colorectal cancer diagnosis, emigration, or at the end of 2015, whichever 

happened earlier. The maximum length of follow-up was 51 years from the start of 1964 until the 

end of 2015. 

 
 

2.4 Dynamic disease and family history definitions 
 
Disease history was established in our study using the National Inpatient/Outpatient Registers, 

while family history was available through the linkage between the Swedish Cancer Registry and 

the Multi-generation Register. Family history was established in first-degree relatives (anyone 

with whom a participant shared 50% of their genetic information), i.e. parents, siblings and 

children. Individuals with colorectal cancer and one or more first-degree relatives were referred 

to as familial cases, while those without any diagnosed first-degree relatives were known as 

sporadic (non-familial) cases. In this study, personal history of diabetes and family history of 

colorectal cancer were handled using two methods; the ‘static’ and ‘dynamic’ methods (Figure 

4). In this study, all disease (personal or family) histories, unless otherwise expressed, were 

allocated according to the dynamic method, while the static method was used in some analyses 

as a comparison method in risk estimation. All participants were recorded as cases or non-cases 

of diabetes, and as without family history or with family history of colorectal cancer, with 

subcategorization of family history based on the number of affected first-degree relatives.  
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Figure 4. Illustration depicting static and dynamic definitions of personal history of 
diabetes and family history of colorectal cancer in a hypothetical case 
(FDR = first-degree relative) 

Example: According to the static definition of family history, the index person in Figure 4 has a personal 

history of diabetes and two first-degree relatives with colorectal cancer for their entire follow-up period. 

Based on the dynamic definition, his life can be divided into three phases: for the period 1970-1985 he 

would be categorized as a non-diabetic person without family history of colorectal cancer; for the period 

1985-2000 he would be categorized as a non-diabetic person with a family history of colorectal cancer in 

one first-degree relative; and from 2000 to 2007 he would be categorized as a diabetic patient with a 

family history of colorectal cancer in one first-degree relative.  
 

Static disease and family history: The static approach is based on the information available in 

the most recent data release (2015, end of study follow-up). Due to record linkage between the 

Swedish Cancer Registry and the Multi-generation Register, all individuals’ personal and family 

history whether occurring prior to or after the end of follow-up for the index person, was known. 

In cases where additional family history was registered before birth or even after end of the 

follow-up for the index person, it was considered during risk-estimation. In other words, disease 

and family history were independent of the index person’s follow-up and person-years in risk 

estimation were allocated to a single risk category. The static approach might also be called time-

independent or register-based method (Brandt et al. 2010). 
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diagnosed

Death or colorectal 
cancer diagnosis

1 FDR

Second FDR 
diagnosed

No disease or family history Diabetes + 1 FDR

Diabetes + 2 FDRs

1970

Diabetes 
diagnosis

1985 2000 2007 2015

Calendar year

Birth
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Dynamic disease and family history: In the dynamic approach, participant’s family history and 

personal disease history is fully dependent on the chronological timeline of events occurring 

during follow-up, with the notable exception of family history prior to birth which was also 

registered since it was ‘in effect’ at the commencement of follow-up of the index person. In this 

method, a participant’s life can be divided into phases in which his personal and family history 

status is unique and in risk calculation, person-years are allocated accordingly. Since these 

histories are time dependent, a person was only allocated in a certain group based on the time of 

diagnosis. In short, a person was only registered as being diabetic from the age at which they 

were diagnosed with diabetes, and prior to that were registered as non-diabetic cases. Similarly, 

if a person’s first-degree relative was diagnosed with colorectal cancer, he was only registered as 

having a family history from that point onwards and prior to that was registered as not having a 

family history of cancer. If a first-degree relative of the index person was diagnosed with 

colorectal cancer or diabetes after the conclusion of individual’s follow-up, it was not considered 

as ‘with history’. This approach is also considered as time-dependent or time-varying. 

 

2.5 Colorectal cancer and diabetes diagnosis 
 
Data on colorectal cancer diagnosis was available through the Swedish Cancer Registry. 

Diagnoses of primary invasive cancer were registered according to the International 

Classification of Diseases, seventh revision for the entire study period. The following codes were 

used to define colorectal cancer: 153, 153.0, 153.1, 153.2, 153.3, 153.4, 153.8, 153.9, 154, 154.0, 

and 154.8. All colorectal cancers included in this study, whether personal or family history, were 

primary invasive cancers and did not precede a diabetes diagnosis. All cases of diabetes were 

extracted from the Swedish Inpatient (hospital records) Register and Outpatient Register 
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(specialized day clinic records) and were defined according to the following International 

Classification of Diseases (ICD) codes and calendar periods of diagnosis: ICD-7 from year 1964 

to 1968: 260; ICD-8 from 1969 to 1986 250; ICD-9 from 1987 to 1996 250; and ICD-10 from 

1997 to 2015: E10, E11, E13, and E14. Cases with diabetes due to malnutrition or pregnancy-

related diabetes were excluded.  Diabetes diagnosis date was registered as the first visit in which 

a diabetes code was recorded. Furthermore, cases with a colorectal cancer diagnosis preceding a 

diabetes diagnosis were also excluded to avoid the bias due to reverse-causation. Diabetes 

subtype was only registered from 1997 onwards, since the Swedish Inpatient/Outpatient 

Registers did not recognize a distinction between Type 1 and Type 2 diabetes until the tenth 

revision of the ICD (Liu et al. 2015).  

 

2.6 Statistical analysis 
 
All analyses were performed using SAS v9.4 (by SAS Institute Inc., Cary, NC, USA). 
 
 
2.6.1 Relative risk 
 
In this study standardized incidence ratios (SIRs) were used to estimate relative risk. The 

exposures of interest were primarily diabetes personal history, age at diabetes diagnosis, and 

family history of colorectal cancer. The main outcome of interest was colorectal cancer 

diagnosis. SIRs were calculated as a ratio between the observed and expected number of cases. 

The expected number was a product of strata-specific person-years in those with the exposures of 

interest (personal and family history) and strata-specific incidence rates in those without the 

exposures of interest. 

SIRs were adjusted for 5-year age group, calendar period (1964-1969, 1970-1974,…, 2005-2009, 

2010-2015), socioeconomic status (white collar worker, blue collar worker, private, farmer, 
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professional, unspecified/other), residential area (small cities in North Sweden, small cities in 

South Sweden, and large cities) and sex. The 95% confidence intervals for SIRs were calculated 

based on a Poisson distribution. 

 

 In this study, SIRs were reported, which are comparable to other relative risk estimators such as 

hazards ratios (HRs) from Cox proportional hazard regression. Prior studies have shown that 

both methods produce similar estimates, which are also similar to risk ratios (RRs) calculated by 

Poisson regression and even negative binomial regression. For example, it has been established 

that regardless of the method of relative risk estimation, risk of familial colorectal cancer is 

roughly 1.9-fold in the Swedish family-cancer database [HR=1.9 (Kharazmi et al. 2012), 

SIR=1.9 (Frank et al. 2014), average RR of an affected parent or affected sibling=1.9 by Poisson 

regression and negative binomial regression (Frank 2015)], similar results have also been 

observed in the Utah Population DataBase [HR=1.9 (Samadder et al. 2015); SIR=1.9 (Taylor et 

al. 2010)]. 

 

 As an additional analysis, SIRs were adjusted for hospitalization due to alcoholism, obesity and 

chronic obstructive pulmonary disorder (which was used as a surrogate for heavy smoking). An 

additional sensitivity analysis was conducted which excluded patients with inflammatory bowel 

diseases to ensure that they did not confound any associations since they are established 

colorectal cancer risk factors. Furthermore, risk of colorectal cancer by subsite was evaluated to 

determine if certain regions of the bowel are differentially affected. Finally, sensitivity analysis 

by subtype of diabetes (type 1 and type 2) was conducted for cases diagnosed from 1997 

onwards to detect any difference in risk between the two exposures, however those with both 

subtypes recorded were excluded from this analysis. 
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2.6.2 Absolute risk  
 
In this study, cumulative risk was used to establish absolute risk. Cumulative risk since birth was 

calculated at 10-year increments (0-9, 0-19, 0-29, …, and 0-79). Lifetime cumulative risk (LCR) 

was defined as the cumulative risk up to age 79 because the average life expectancy in Europe in 

2015 was 80 years. LCR was calculated using the following equations:  

• Age-specific yearly incidence rate = Total cases at each 1-year age divided by the total 

person-years at that age  

• Lifetime cumulative rate = Sum of all age-specific incidence rates by age 79  

• Lifetime cumulative risk = 1 – e (-lifetime cumulative rate)  

Conventional aggregated data was not used for the calculation of cumulative incidence, rather, 

exact values from individual participant’s age-specific yearly data were used. The 95% 

confidence intervals for the lifetime cumulative rates were calculated based on Poisson 

distribution. 

 

2.6.3 10-year cumulative risk 
 
To determine risk-adapted starting ages of screening, age-specific 10-year cumulative risk curves 

were used. 10-year cumulative risk represents the risk of developing an outcome within the next 

10 years and is calculated based on the following equations:  

• Age-specific yearly incidence rate = Total cases at each 1-year age divided by the total 

person-years at that age  

• 10-year cumulative rate for age X = Sum of ten consecutive yearly age-specific incidence 

rates from age X to age X+9  

• 10-year cumulative risk = 1 – e (– 10-year cumulative rate).  
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Exact values from individual participant’s age-specific yearly data (not the conventional 

aggregated data) were used. Risk-adapted screening ages were determined by comparing 10-year 

cumulative risk curves of each risk group with 10-year cumulative risk curve for the general 

population. A moving average technique was employed to curves to reduce the effects of random 

variation in incidence rates. For example, for 10-year cumulative risk at age 40, the risks at age 

39, 40, and 41 were averaged, while for age 41, the risks at age 40, 41 and 42 were averaged and 

so on to smoothen the curves and be able to accurately infer risk-adapted first screening ages 

(Figure 5). This method of calculating risk-adapted starting age of cancer has also been utilized 

for other conditions (Mukama et al. 2020a; Mukama et al. 2020c; Tian et al. 2020). The risk-

adapted screening ages were provided for different benchmark ages of first screening mentioned 

in screening programs (i.e. 45, 50, 55, and 60). 
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Figure 5. Sample 10-year cumulative risk plot used to infer risk-adapted starting age of 
first screening  
The horizontal line represents the 10-year cumulative risk of colorectal cancer for 50-year-old 

individuals in the general population. 

Example: The population (black line) 10-year cumulative risk shows that at age 50, the most common age 

of first screening, the 10-year cumulative risk of developing an outcome is 0.4%. The high-risk (red 

dashed line) group reaches this population level of risk seven years earlier (at age 43), suggesting that 

they could be screened at that age. Similarly, low-risk individuals (green dotted line) reach the same 

population level of risk one year later, suggesting that screening can be accordingly delayed for them. 
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3 RESULTS 
 

3.1 Population demographics 
 
The study population consists of a total of 12,614,256 individuals with at least one known first-

degree relative who have been residing in Sweden some time during 1964 to 2015. The 

maximum possible follow-up was 52 years (January 1964 to December 2015) and the median 

length of follow-up was 33 years. In the study population, a total of 559,375 (4.4%) were 

diabetic patients, of which 101,135 (18%) were diagnosed with diabetes before the age of 50 

(Table 1). Of all diabetic patients, 288,348 (51.5%) were men and the median age of diabetes 

diagnosis was 64 for men, four years younger than that for women. The period with most 

diabetes cases diagnosed per year was 2010-2015, with over 16,000 cases per year, whereas from 

2000-2010 nearly 15,000 cases were diagnosed per year.   

 

Within the study population 162,226 cases of colorectal cancer were identified (Table 2).  In 

total, 155,247 of all colorectal cancer cases were without a family history (95.6%), with an 

approximately equal distribution between men and women (52.5% men). Compared with 

familial colorectal cancer cases, sporadic (without a family history) colorectal cancer was 

diagnosed five years later (mean diagnosis age 69.3, median 71). Of all colorectal cancer cases 

17,969 cases were not distinguishable by location of tumor. The most common was colorectal 

cancer of the proximal colon (40.4%), followed by the rectum (34.7%) and the distal colon 

(24.8%), all of which had similar mean age of onset.  Approximately 6.5% of sporadic colorectal 

cancer and 9% of familial colorectal cancer cases occurred before the age of 50.  
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Table 1. Characteristics of diabetic patients in study population 

  
Diabetic patients 

All  Without CRC  With CRC 
N %   N %   N % 

Total 559,375 100.0  547,839 97.9  11,536 2.1 
Sex         

Men 288,348 51.5  281,609 51.4  6,739 58.4 
Women 271,027 48.5  265,230 48.4  4,797 41.6 

Age at DM diagnosis         

<20 28,639 5.1  28,601 5.22  38 0.3 
20-29 15,196 2.7  15,121 2.76  75 0.7 
30-39 20,373 3.6  20,198 3.69  175 1.5 
40-49 37,066 6.6  36,549 6.67  517 4.5 
50-59 76,678 13.7  75,107 13.7  1571 13.6 
60-69 130,909 23.4  127,239 23.2  3670 31.8 
70-79 153,043 27.4  148,863 27.2  4180 36.2 
80-84 97,471 17.4  96,161 17.6  1310 11.4 

Period of diagnosis         

1964-1969 5,466 1.0  5,406 1.0  60 0.5 
1970-1979 57,752 10.3  56,646 10.3  1106 9.6 
1980-1989 114,024 20.4  111,702 20.4  2322 20.1 
1990-1999 137,054 24.5  133,876 24.4  3178 27.5 
2000-2009 147,111 26.3  143,800 26.2  3311 28.7 
2010-2015 97,968 17.5  96,409 17.6  1559 13.5 

Disease history         

IBD 19,232 3.4  18,848 3.4  384 3.3 
HNPCC 82 0.0  74 0.0  8 0.1 
Obesity* 19,019 3.4  18,705 3.4  314 2.7 
Alcoholism* 20,074 3.6  19,733 3.6  341 3.0 
COPD* 52,096 9.3   50,970 9.3   1126 9.8 

* Hospitalization for these conditions 
Abbreviations: CRC = Colorectal cancer, DM = Diabetes mellitus, IBD = Inflammatory bowel 
disease, HNPCC = Hereditary nonpolyposis colorectal cancer, N = Number of people; % = 
Percentage of diabetic patients with the specified characteristic out of total number of diabetic 
patients 
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Table 2. Characteristics of colorectal cancer patients in study population 

* Hospitalization for these conditions 
Abbreviations: CRC = Colorectal cancer, DM = Diabetes mellitus, IBD = Inflammatory bowel 
disease, HNPCC = Hereditary nonpolyposis colorectal cancer, N = Number of people; % = 
Percentage of patients with specified characteristic out of total number of patients with colorectal 
cancer 

  Patients with colorectal cancer  
 All   Non-familial CRC  Familial CRC 

  N %   N %   N % 
Total 162,226 100.0  155,247 95.7  6,979 4.3 
Sex         

Men 85,212 52.5  81,245 52.3  3,808 54.6 
Women 77,014 47.5  74,002 47.7  3,171 45.4 

Age at diagnosis         
<20 428 0.3  427 0.3  1 0.0 
20-29 920 0.6  897 0.6  23 0.3 
30-39 2,347 1.4  2,221 1.4  126 1.8 
40-49 7,160 4.4  6,676 4.3  484 6.9 
50-59 20,238 12.5  18,840 12.1  1398 20.0 
60-69 42,534 26.2  40,019 25.8  2515 36.0 
70-79 53,577 33.0  51,646 33.3  1931 27.7 
≥80 35,022 21.6  34,521 22.2  501 7.2 

Period of diagnosis         
1964-1969 5,400 3.3  5,398 3.5  2 0.0 
1970-1979 15,901 9.8  15,880 10.2  21 0.3 
1980-1989 26,141 16.1  25,686 16.5  455 6.5 
1990-1999 36,236 22.3  35,617 22.9  619 8.9 
2000-2009 45,586 28.1  42,942 27.7  2,644 37.9 
2010-2015 32,962 20.3  29,724 19.1  3,238 46.4 

Age at diabetes diagnosis         
<50 805 0.5  738 0.5  67 1.0 
≥50 10,731 6.6  10,252 6.6  479 6.9 
All ages 11,536 7.1  10,990 7.1  546 7.8 

Disease history  
 

 
  

 
  

IBD 6,198 3.8  5,662 3.6  536 7.7 
HNPCC 103 0.1  0 0.0  103 1.5 
Obesity* 2,918 1.8  2,747 1.8  171 2.5 
Alcoholism* 4,660 2.9  4,456 2.9  204 2.9 
COPD* 13,324 8.2   12,618 8.1   706 10.0 
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3.2 Relative risk of colorectal cancer in diabetic patients 
 
3.2.1 SIR by age at diabetes diagnosis  
 
3.2.1.1 Sporadic (non-familial) colorectal cancer 
 
3.2.1.1.1 Both sexes 
 
In the combined analysis for sporadic colorectal cancer in both sexes, diabetic patients had 1.6-

fold risk of colorectal cancer (95% CI: 1.6-1.7; Table 3) compared to those without history of 

diabetes. The median age of colorectal cancer diagnosis for diabetic patients of any age was 74 

years. Overall, for diabetic patients diagnosed before age 50, relative risk of colorectal cancer 

before age 50 was higher (SIR 1.9, 95% CI: 1.6-2.3) than for colorectal cancer at/after age 50 

(SIR 1.3, 95% CI: 1.2-1.4). The highest relative risk of colorectal cancer before age 50 was 

observed for patients diagnosed with diabetes between ages 40 and 49 who had 3.6-fold risk 

(95% CI: 2.8-4.5). In patients with diabetes diagnosed between ages 30 and 39, the SIR was 1.6 

(95% CI: 1.1-2.2) and the association was not statistically significant for diabetic patients 

diagnosed before age 30 (SIR 1.2, 95% CI: 0.8-1.6). The median age of colorectal cancer for 

diabetes before age 50 was 12 years lower (age 59) than for patients without diabetes (age 71).  
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Table 3. Relative risk of sporadic colorectal cancer by age at diabetes diagnosis in both sexes combined 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median 
age at 
CRC 

diagnosis 
(years) 

All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

No 144,257 Reference   10,080 Reference   134,177 Reference 71 

Yes (Any age) 10,990 1.6 1.6 1.7  141 1.9 1.6 2.3  10,849 1.6 1.6 1.7 74 

<50 738 1.4 1.3 1.5   141 1.9 1.6 2.3   597 1.3 1.2 1.4 59 

<30 102 1.2 1.0 1.5  38 1.2 0.8 1.6  64 1.3 1.0 1.6 51 

<20 35 1.5 1.0 2.0   19 1.2 0.7 1.9   16 2.0 1.1 3.2 44 

20-29 67 1.1 0.9 1.5  19 1.2 0.7 1.8  48 1.1 0.8 1.5 53.5 

30-39 161 1.2 1.1 1.4   33 1.6 1.1 2.2   128 1.2 1.0 1.4 58 

40-49 475 1.5 1.4 1.6  70   3.6* 2.8 4.5  405 1.4 1.2 1.5 61 

≥50 10,252 1.7 1.6 1.7   NA NA - -   10,252 1.7 1.6 1.7 75 
CRC = Colorectal cancer; DM = Diabetes mellitus; Obs = Observed number of colorectal cancer cases in each risk group; SIR = Standardized incidence ratio; CI 
= Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Individuals with a personal history of diabetes mellitus diagnosed at age 40-49 without a family history of colorectal cancer had 3.6-fold risk of 
colorectal cancer before age 50 compared to individuals without history of diabetes and without a family history of colorectal cancer. 
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3.2.1.1.2 Men 
 
In the analysis for sporadic colorectal cancer in men, diabetic patients were at elevated risk of 

colorectal cancer at all ages (SIR 1.7, 95% CI: 1.6-1.7; Table 4). The relative risk of colorectal 

cancer before age 50 among diabetic men diagnosed before age 50 was higher (SIR 2.5, 95% CI: 

2.1-3.1) than for colorectal cancer at/after age 50 (SIR 1.4, 95% CI: 1.2-1.5). The median age of 

colorectal cancer diagnosis among men with diabetes before age 50 was 59 years, with roughly 

20% of all colorectal cancer diagnoses occurring before age 50. Diabetic men diagnosed before 

age 20 had 1.7-fold (95% CI: 1.1-2.7) risk of colorectal cancer at all ages, but this effect was not 

significant for colorectal cancer before age 50 (SIR 1.3, 95% CI: 0.6-2.4). The relative risk of 

colorectal cancer before age 50 increased with increasing age of diabetes diagnosis; SIR 2.0 

(95% CI: 1.1-3.2) for diabetes diagnosed between ages 20 and 29, SIR 2.2 (95% CI: 1.4-3.2) for 

diabetes diagnosed between ages 30 to 39, and SIR 4.0 (95% CI: 3.0-5.2) for diabetes diagnosed 

between ages 40 to 49. 
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Table 4. Relative risk of sporadic colorectal cancer by age at diabetes diagnosis in men 

CRC = Colorectal cancer; DM = Diabetes mellitus; Obs = Observed number of colorectal cancer cases in each risk group; SIR = Standardized incidence ratio; CI 
= Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Men with a personal history of diabetes mellitus diagnosed at age 40-49 without a family history of colorectal cancer had 4.0-fold risk of colorectal 
cancer before age 50 compared to men without a history of diabetes and without a family history of colorectal cancer. 
 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median age 
at CRC 

diagnosis 
(years) All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI  

No 75,120 Reference   4,781 Reference   70,399 Reference 70 

Yes (Any age) 6,388 1.7 1.6 1.7  101 2.5 2.1 3.1  6,287 1.7 1.6 1.7 73 

<50 479 1.5 1.4 1.7   101 2.5 2.1 3.1   378 1.4 1.2 1.5 59 

<30 58 1.5 1.2 2.0  25 1.6 1.0 2.4  33 1.5 1.0 2.1 51 

<20 20 1.7 1.1 2.7   10 1.3 0.6 2.4   10 2.6 1.2 4.8 47 

20-29 38 1.4 1.0 2.0  15 2.0 1.1 3.2  23 1.2 0.7 1.8 54 

30-39 91 1.3 1.0 1.6   26 2.2 1.4 3.2   65 1.1 0.8 1.4 56 

40-49 330 1.6 1.5 1.8  50   4.0* 3.0 5.2  280 1.5 1.3 1.6 61 

≥50 5,909 1.7 1.6 1.7   NA NA - -   5,909 1.7 1.6 1.7 74 
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3.2.1.1.3 Women 
 
In women, risk of colorectal cancer at all ages among diabetic patients was 1.6-fold (SIR 1.6, 

95% CI: 1.6-1.6; Table 5) compared to that in women without diabetes. No statistically 

significant association was detected in women between diabetes and colorectal cancer before age 

50, though the median age of colorectal cancer diagnosis in woman with diabetes was 11 years 

younger (age 60) than in women without diabetes (age 71). Risk of colorectal cancer before age 

50 in women was not significantly associated with diabetes, except in women diagnosed with 

diabetes between age 40 and 49 who had a nearly 3-fold risk (SIR 2.9, 95% CI: 1.7-4.4).  

Diabetic women diagnosed at/after age 50 had the highest relative risk of colorectal cancer at all 

ages (SIR 1.6, 95% CI: 1.6-1.7). 
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Table 5. Relative risk of sporadic colorectal cancer by age at diabetes diagnosis in women 

CRC = Colorectal cancer; DM = Diabetes mellitus; Obs = Observed number of colorectal cancer cases in each risk group; SIR = Standardized incidence ratio; CI 
= Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Women with a personal history of diabetes mellitus diagnosed at age 40-49 without a family history of colorectal cancer had 2.9-fold risk of 
colorectal cancer before age 50 compared to women without a history of diabetes and without a family history of colorectal cancer. 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median 
age at 
CRC 

diagnosis 
(years) 

All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

No 69,137 Reference   5,299 Reference   63,838 Reference 71 

Yes (Any age) 4,602 1.6 1.6 1.6  40 1.2 0.9 1.7  4,562 1.6 1.6 1.6 76 

<50 259 1.2 1.1 1.4   40 1.2 0.9 1.7   219 1.2 1.0 1.4 60 

<30 44 1.0 0.7 1.3  13 0.8 0.4 1.3  31 1.1 0.8 1.6 52 

<20 15 1.2 0.7 2.0   9 1.1 0.5 2.1   6 1.4 0.5 3.1 40 

20-29 29 0.9 0.6 1.3  4 0.5 0.1 1.2  25 1.1 0.7 1.6 53 

30-39 70 1.2 0.9 1.5   7 0.8 0.3 1.6   63 1.3 1.0 1.6 61 

40-49 145 1.3 1.1 1.5  20   2.9* 1.7 4.4  125 1.2 1.0 1.4 61 

≥50 4,343 1.6 1.6 1.7   NA NA - -   4,343 1.6 1.6 1.7 76 



 33 

 
3.2.1.2 Familial colorectal cancer 
 
3.2.1.2.1 Both sexes 
 
In the analysis of familial colorectal cancer among men and women combined those without a 

diabetes diagnosis but just one first-degree relative with colorectal cancer had 1.6-fold risk of 

colorectal cancer at all ages (95% CI: 1.6-1.7; Table 6). The SIR of colorectal cancer before age 

50 was 2.4 (95% CI: 2.2-2.6), whereas for colorectal cancer at/after age 50 it was 1.6 (95% CI: 

1.5-1.6). When an additional personal history of diabetes was present, irrespective of age at 

diagnosis, risk of colorectal cancer at all ages was 3.2-fold (95% CI: 3.0-3.5) compared to that in 

those without a first-degree relative and without a personal history of diabetes. For those with a 

personal history of diabetes diagnosed before age 50 and a first-degree relative with colorectal 

cancer, risk of colorectal cancer at all ages was 2.3-fold (SIR 2.3, 95% CI: 1.7-2.9). whereas 

nearly 7-fold risk was observed in this risk group for colorectal cancer before age 50 (SIR 6.9, 

95% CI: 3.8-11).  The median age of colorectal cancer diagnosis for those with diabetes and one 

first-degree relative with colorectal cancer was 71. It was six years lower for those without 

diabetes and one first-degree relative with colorectal cancer (age 65) and 12 years lower for 

those without both, diabetes and family history of colorectal cancer (age 59). Highest relative 

risk of colorectal cancer before age 50 in those with an affected first-degree relative was 

observed in those with diabetes diagnosed between ages 40 and 49 (SIR 12, 95% CI: 4.7-24).  In 

those with at least two first-degree relatives with colorectal cancer, diabetic patients had nearly 

5-fold (SIR 4.7, 95% CI: 3.2-6.7) risk of colorectal cancer at all ages, whereas those with just a 

family history of colorectal cancer had approximately 3-fold (SIR 2.8, 95% CI: 2.5-3.1) risk of 

colorectal cancer at all ages.
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Table 6. Relative risk of familial colorectal cancer by age at diabetes diagnosis in men and women combined 

Relative 
with CRC 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median 
age at CRC 

diagnosis 
(years) 

All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

1 FDR No 6,033 1.6 1.6 1.7  589 2.4 2.2 2.6  5,444 1.6 1.5 1.6 65 

 Yes (Any age) 516 3.2 3.0 3.5   15 6.9 3.8 11   501 3.2 2.9 3.5 69 

 <50 63 2.3 1.7 2.9  15   6.9* 3.8 11  48 1.9 1.4 2.5 59 

 <30 11 2.3 1.2 4.2   6 6.5 2.4 14   5 1.3 0.4 3.1 49.5 

 <20 3 3.0 0.6 8.7  3 7.2 1.5 21  0 - - - 47 

 20-29 8 2.2 0.9 4.3   3 5.8 1.2 17   5 1.6 0.5 3.9 53 

 30-39 14 1.6 0.9 2.7  2 3.0 0.4 11  12 1.5 0.8 2.6 62 

 40-49 38 2.6 1.8 3.6   7 12 4.7 24   31 2.2 1.5 3.2 61 

 ≥50 453 3.4 3.1 3.8  NA NA - -  453 3.4 3.1 3.8 70 

≥2 FDRs No 400 2.8 2.5 3.1   29 7.6 5.1 11   371 2.6 2.4 2.9 67 

 Yes (Any age) 30 4.7 3.2 6.7  1 29 0.7 159  29 4.6 3.1 6.5 69 

 <50 4 4.8 1.3 12   1 29 0.7 159   3 3.7 0.8 11 53.5 

  ≥50 26 4.7 3.1 6.9   NA NA - -   26 4.7 3.1 6.9 71 
CRC = Colorectal cancer; DM = Diabetes mellitus; FDR = First-degree relative; Obs = Observed number of colorectal cancer cases in each risk group; SIR = 
Standardized incidence ratio; CI = Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Individuals with a personal history of diabetes diagnosed before age 50 with a history of colorectal cancer in one first-degree relative had 6.9-fold risk 
of colorectal cancer before age 50 compared to those without a history of diabetes and without a family history of colorectal cancer. 
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3.2.1.2.2 Men 
 
Diabetic men with history of colorectal cancer in a first-degree relative had 3.4-fold (95% CI: 

3.0-3.7) risk of colorectal cancer at all ages compared to men without diabetes and a family 

history of colorectal cancer,  whereas the risk in those with a first-degree relative with colorectal 

cancer without personal history of diabetes was 1.7-fold (95% CI: 1.6-1.7) (Table 7). Of the 516 

cases of familial colorectal cancer in diabetic patients with one affected first-degree relative, 330 

(64%) occurred in men. Nine of these cases occurred in patients before the age of 50, with over 

7-fold (SIR 7.5, 95% CI: 3.4-14) risk of colorectal cancer compared to sporadic colorectal cancer 

in men without diabetes. Relative risk of colorectal cancer at all ages in patients with one first-

degree relative was highest for men diagnosed with diabetes at/after age 50 (SIR 3.6, 95% CI: 

3.2-4.0). Among men with at least two first-degree relatives with colorectal cancer and an 

additional diabetes diagnosis, risk of colorectal cancer at all ages was 5-fold (SIR 5.1, 95% CI: 

3.2-7.8), whereas it was 3-fold for such men without diabetes (SIR 2.9, 95% CI: 2.6-3.3). There 

was only one case of colorectal cancer before age 50 among diabetic patients with at least two 

first-degree relatives with colorectal cancer.  
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Table 7. Relative risk of familial colorectal cancer by age at diabetes diagnosis in men 

CRC = Colorectal cancer; DM = Diabetes mellitus; FDR = First-degree relative; Obs = Observed number of colorectal cancer cases in each risk group; SIR = 
Standardized incidence ratio; CI = Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Men with a personal history of diabetes diagnosed before age 50 with a history of colorectal cancer in one first-degree relative had 7.5-fold risk of 
colorectal cancer before age 50 compared to men without a history of diabetes and without a family history of colorectal cancer. 
  

Relative 
with CRC 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median 
age at 
CRC 

diagnosis 
(years) 

All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

1 FDR No 3,232 1.7 1.6 1.7  310 2.6 2.3 2.9  2,922 1.6 1.6 1.7 65 
 Yes (Any age) 330 3.4 3.0 3.7   9 7.5 3.4 14   321 3.3 2.9 3.7 69 
 <50 38 2.3 1.6 3.1  9   7.5* 3.4 14  29 1.9 1.2 2.7 58 
 <30 6 2.9 1.1 6.3   3 6.7 1.4 20   3 1.8 0.4 5.3 50 
 <20 1 2.0 0.1 11.0  1 4.9 0.1 27  0 0.0 0.0 0.0 47 
 20-29 5 3.2 1.0 7.4   2 8.2 1.0 30   3 2.2 0.5 6.5 52 
 30-39 8 1.7 0.7 3.3  1 2.9 0.1 16  7 1.6 0.6 3.3 62 
 40-49 24 2.4 1.5 3.6   5 12 4.0 28   19 2.0 1.2 3.1 60 
 ≥50 292 3.6 3.2 4.0  0 0 0.0 0.0  292 3.6 3.2 4.0 70 

≥2 FDRs No 225 2.9 2.6 3.3   17 9.1 5.3 14   208 2.8 2.4 3.2 66 
 Yes (Any age) 21 5.1 3.2 7.8  1 47 1.2 261  20 4.9 3.0 7.6 68 
 <50 3 6.6 1.4 19   1 47 1.2 261   2 4.6 0.6 17 54 

  ≥50 18 4.9 2.9 7.8   0 0 0.0 0.0   18 4.9 2.9 7.7 68 
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3.2.1.2.3 Women 
 
In women with familial colorectal cancer, a similar trend as in men was observed. Having 

diabetes and a first-degree relative with colorectal cancer was associated with 3.1-fold (95% CI: 

2.6-3.5) risk of colorectal cancer at all ages, whereas those without diabetes had a 1.6-fold risk of 

familial colorectal cancer at all ages (95% CI: 1.6-1.7). Relative risk of colorectal cancer before 

age 50 in diabetic women with one first-degree relative with colorectal cancer (SIR 6.2, 95% CI: 

2.3-13) was similar to that in women without a diabetes diagnosis but at least two first-degree 

relatives with colorectal cancer (SIR 6.2, 95% CI: 3.2-11). The highest relative risk of colorectal 

cancer at all ages in women was observed in those with both a diabetes diagnosis and a diagnosis 

of colorectal cancer in two first-degree relatives (SIR 3.9, 95% CI: 1.8-7.4).   
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Table 8. Relative risk of familial colorectal cancer by age at diabetes diagnosis in women 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CRC = Colorectal cancer; DM = Diabetes mellitus; FDR = First-degree relative; Obs = Observed number of colorectal cancer cases in each risk group; SIR = 
Standardized incidence ratio; CI = Confidence interval; NA = Not applicable; Bold values indicate significant risks.  
*Example: Women with a personal history of diabetes diagnosed before age 50 with a history of colorectal cancer in one first-degree relative had 6.2-fold risk of 
colorectal cancer before age 50 compared to women without a history of diabetes and without a family history of colorectal cancer. 
  

Relative 
with CRC 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) Median 
age at 
CRC 

diagnosis 
(years) 

All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

1 FDR No 2,801 1.6 1.6 1.7  279 2.3 2.0 2.6  2,522 1.5 1.5 1.6 66 
 Yes (Any age) 186 3.1 2.6 3.5   6 6.2 2.3 13   180 3.0 2.6 3.5 70 
 <50 25 2.3 1.5 3.3  6 6.2* 2.3 13  19 1.9 1.1 2.9 61 
 <30 5 1.9 0.6 4.5   3 6.3 1.3 18   2 1.0 0.1 3.4 49 
 <20 2 4.0 0.5 14  2 9.5 1.1 34  0 0.0 0.0 0.0 36 
 20-29 3 1.4 0.3 4.2   1 3.8 0.1 20   2 1.1 0.1 4.0 53 
 30-39 6 1.5 0.6 3.3  1 3.2 0.1 18  5 1.4 0.4 3.2 62 
 40-49 14 3.1 1.7 5.2   2 11 1.3 40   12 2.8 1.4 4.8 62 
 ≥50 161 3.2 2.8 3.8  0 0 0.0 0.0  161 3.2 2.8 3.8 71.5 

≥2 FDRs No 175 2.6 2.2 3.0   12 6.2 3.2 11   163 2.5 2.1 2.9 68 
 Yes (Any age) 9 3.9 1.8 7.4  0 0 0.0 0  9 3.9 1.8 7.4 71 
 <50 1 2.6 0.06 15   0 0 0.0 0   1 2.7 0.1 15 53 

  ≥50 8 4.1 1.8 8.2   0 0 0.0 0.0   8 4.1 1.8 8.2 71.5 
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3.2.2 Absolute (cumulative) risk by age at diabetes diagnosis 
 
3.2.2.1 Sporadic colorectal cancer  
 
3.2.2.1.1 Both sexes  
 
Lifetime (0-79 years) risk of colorectal cancer in the study population was 4.0% (95% CI: 4.0%-

4.0%) for men and women combined, whereas risk of colorectal cancer before age 50 was 0.2% 

(95% CI: 0.2%-0.2%; Table 9). Those with no diabetes and no family history of colorectal 

cancer had a 3.8% (95% CI: 3.8%-3.8%) lifetime risk of colorectal cancer, and a 0.2% (95% CI: 

0.2-0.2) risk of colorectal cancer before age 50. Among diabetic patients diagnosed before age 

50, lifetime risk of colorectal cancer was 5.0% (95% CI: 4.4%-5.6%) and colorectal cancer risk 

before age 50 was 0.4% (95% CI: 0.3%-0.4%), double that of people without diabetes. Among 

diabetic patients, those diagnosed between ages 40 and 49 had the highest lifetime risk (LCR 

5.5%, 95% CI: 4.7%-6.4%); 463 (63.7%) diabetes cases diagnosed before age 50 were diagnosed 

between ages 40 and 49. The lifetime risk of colorectal cancer increased with increasing age at 

diagnosis of diabetes; LCR 2.0% (95% CI 0.6%-3.3%) for diabetes diagnosed before age 20, 

2.6% (1.2%-3.9%) for diagnosis between ages 20 and 29, 3.9% (2.6%-5.2%) for diagnosis 

between ages 30 and 39, and 5.5% (4.7%-6.4%) for diabetes between ages 40 and 49. The 

highest lifetime risk of sporadic colorectal cancer was for those diagnosed with diabetes at/after 

age 50 with almost 8% lifetime risk (LCR: 7.7%, 95% CI: 7.7%-7.7%), twice that of those 

without diabetes. Out of all diabetic patients who developed colorectal cancer, 7,333 (90.9%) 

developed diabetes at/after age 50.  
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Table 9. Lifetime and age-specific cumulative risk of sporadic colorectal cancer by age at diagnosis of diabetes in men and 
women combined 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; CR = Cumulative risk; Obs = Observed number of colorectal cancer 
cases in each risk group for age group 0-79 years; CI = Confidence interval 
*Example: Individuals with a personal history of diabetes diagnosed before age 50 had a 5.0% lifetime risk of colorectal cancer. 
 
 

Sex 
DM personal 
history by Dx 
age (years) 

Cumulative risk (CR%) of colorectal cancer by age group (years)   

0-29  0-39  0-49  0-59  0-69  0-79 

CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI Obs 

Any No 0.0 0.0 0.0   0.1 0.1 0.1   0.2 0.2 0.2   0.6 0.6 0.6   1.6 1.6 1.6   3.8 3.8 3.8 113,220 

 Yes (Any age) 0.0 0.0 0.0  0.1 0.1 0.1  0.3 0.3 0.3  1.3 1.3 1.3  3.5 3.5 3.5  7.2 7.2 7.2 8,059 

 <50 0.0 0.0 0.0   0.1 0.1 0.1   0.4 0.3 0.3   1.0 1.0 1.0   2.3 2.1 2.5     5.0* 4.4 5.6 726 

 <30 0.0 0.0 0.0  0.1 0.1 0.1  0.2 0.2 0.2  0.8 0.6 1.0  1.6 1.2 2.0  2.6 1.3 4.0 102 

 <20 0.0 0.0 0.0   0.1 0.1 0.1   0.2 0.2 0.2   1.2 0.6 1.8   2.0 0.6 3.3   2.0 0.6 3.3 35 

 20-29 0.0 0.0 0.0  0.1 0.1 0.1  0.2 0.2 0.2  0.7 0.5 0.9  1.5 1.0 2.0  2.6 1.2 3.9 67 

 30-49 0.0 0.0 0.0   0.1 0.1 0.1   0.4 0.4 0.4   1.0 1.0 1.0   2.4 2.2 2.6   5.1 4.5 5.7 624 

 30-39 0.0 0.0 0.0  0.1 0.1 0.1  0.2 0.2 0.2  0.8 0.6 1.0  2.0 1.7 2.4  3.9 2.6 5.2 161 

 40-49 0.0 0.0 0.0   0.0 0.0 0.0   0.5 0.3 0.7   1.1 0.9 1.3   2.6 2.3 3.0   5.5 4.7 6.4 463 

  ≥50 0.0 0.0 0.0   0.0 0.0 0.0   0.0 0.0 0.0   1.5 1.4 1.4   4.0 3.7 4.2   7.7 7.7 7.7 7,333 

Population NA 0.0 0.0 0.0   0.1 0.1 0.1   0.2 0.2 0.2   0.6 0.6 0.6   1.7 1.6 1.7   4.0 4.0 4.0 127,765 
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3.2.2.1.2 By sex 
 
Overall, lifetime risk of colorectal cancer was consistently higher for diabetic men than for 

diabetic women in all risk groups (Table 10). For instance, the lifetime risk of sporadic 

colorectal cancer among diabetic patients diagnosed at any age was 8.2% (95% CI: 8.2%-8.2%) 

among men and 6.0% (95% CI: 6.0%-6.1%) among women. Cumulative risk of developing 

colorectal cancer before age 50 was 0.2% for both men and women. The highest risk of lifetime 

cumulative risk among diabetic patients for both men (LCR 8.6%, 95% CI: 8.6%-8.6%) and 

women (LCR 6.4%, 95% CI: 6.4%-6.4%) was for those with diabetes diagnosed at/after age 50. 

Among diabetic patients diagnosed before age 50, men had 6.0% (95% CI: 5.0%-7.1%) risk of 

developing colorectal cancer, whereas such a risk was 3.8% in women (95% CI: 3.0%-4.6%). 

Men also constituted 65.4% (n=475) of all colorectal cancer cases among diabetic patients 

diagnosed before age 50. Men with diabetes before age 20 had a 2.2% (95% CI: 0.6%-3.8%) 

lifetime risk of colorectal cancer, whereas in women the risk was 1.8% (95% CI: 0.0%-3.8%).   
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Table 10. Lifetime and age-specific cumulative risk of sporadic colorectal cancer by age at diagnosis of diabetes and sex 

Sex 
DM personal 
history by Dx age 
(years) 

Cumulative risk (CR%) of colorectal cancer by age group (years)   
0-29  0-39  0-49  0-59  0-69  0-79 
CR   CR   CR   CR   CR   CR 95% CI Obs 

Men No 0.0   0.1   0.2   0.6   1.8   4.4 4.4 4.4 60,304 
 Yes (Any age) 0.0  0.1  0.4  1.6  4.1  8.2 8.2 8.2 4,952 
 <50 0.0   0.1   0.4   1.1   2.7     6.0* 5.0 7.1 475 
 <30 0.0  0.1  0.3  1.0  2.2  3.1 1.0 5.2 58 
 <20 0.0   0.1   0.2   1.6   2.2   2.2 0.6 3.8 20 
 20-29 0.0  0.1  0.3  0.8  2.1  3.0 0.9 5.1 38 
 30-49 0.0   0.1   0.5   1.2   2.7   6.1 5.1 7.1 417 
 30-39 0.0  0.1  0.3  0.9  2.1  3.8 2.0 5.6 91 
 40-49 0.0   0.0   0.6   1.3   3.0   6.8 5.6 7.9 326 

  ≥50 0.0   0.0   0.0   1.7   4.4   8.6 8.6 8.6 4,477 
Men population NA 0.0   0.1   0.2   0.6   1.9   4.6 4.6 4.6 68,855 
Women No 0.0  0.1  0.2  0.6  1.5  3.4 3.4 3.4 52,916 

 Yes (Any age) 0.1   0.1   0.2   1.0   2.8   6.0 6.1 6.1 3,107 
 <50 0.1  0.1  0.2  0.8  1.9  3.8 3.0 4.6 251 
 <30 0.1   0.1   0.1   0.7   1.2   2.3 0.5 4.0 44 
 <20 0.0  0.1  0.2  0.8  1.8  1.8 0.0 3.8 15 
 20-29 0.1   0.1   0.1   0.7   1.1   2.2 0.4 3.9 29 
 30-49 0.0  0.0  0.2  0.8  2.0  3.9 3.0 4.7 207 
 30-39 0.0   0.0   0.1   0.7   1.9   4.0 2.2 5.7 70 
 40-49 0.0  0.0  0.4  0.9  2.1  3.9 3.1 4.8 137 

  ≥50 0.0   0.0   0.0   1.2   3.2   6.4 6.4 6.4 2,856 
Women population NA 0.0   0.1   0.2   0.6   1.6   3.5 3.5 3.5 58,910 
CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; CR = Cumulative risk; Obs = Observed number of colorectal cancer 
cases in each risk group for age group 0-79 years; CI = Confidence interval 
*Example: Men with a personal history of diabetes diagnosed before age 50 had a 6.0% lifetime risk of colorectal cancer. 
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3.2.2.2 Familial colorectal cancer 
 
3.2.2.2.1 Both sexes  
 
 
Lifetime cumulative risk of colorectal cancer among people with just a first-degree relative with 

colorectal cancer was 6.3% (95% CI: 6.3%-6.4%; Table 11). Those with a first-degree relative 

with colorectal cancer and an additional diabetes diagnosis had a 14% (95% CI: 12%-15%) 

lifetime risk, over 3-fold the lifetime risk of colorectal cancer in the general population (LCR 

4.0%, 95% CI: 4.0%-4.0%). The lifetime risk of colorectal cancer in those with a diabetes 

diagnosis before age 50 (LCR 7.0%, 95% CI: 4.5%-9.4%) was half that of those with diabetes 

diagnosed at or after age 50 (LCR 14%, 95% CI: 13%-16%). Of those diagnosed with diabetes 

before age 50 and one first-degree relative with colorectal cancer, patients who were diagnosed 

with diabetes between ages 40 and 49 had the highest lifetime risk of familial colorectal cancer 

(LCR 10%, 95% CI: 5.5%-15%). The lifetime risk of familial colorectal cancer increased with 

increasing age at diagnosis of diabetes; LCR 1.8% (95% CI 0.0%-3.9%) for diabetes diagnosed 

before age 20, 3.0% (0.7%-5.2%) for diagnosis between ages 20 and 29, 4.8% (1.1%-8.3%) for 

diagnosis between ages 30 and 39. Those with at least two first-degree relatives without diabetes 

had an 11% (95% CI: 9.9%-12%) lifetime risk of colorectal cancer.  People with an additional 

diabetes diagnosis had the highest risk out of all risk groups, with 20% (95% CI: 11%-28%) risk 

of developing colorectal cancer in their lifetime.  
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Table 11. Lifetime and age-specific cumulative risk of familial colorectal cancer by diabetes age at diagnosis in men and 
women combined 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; CR = Cumulative risk; Obs = Observed number of colorectal cancer 
cases in each risk group for age group 0-79 years; CI = Confidence interval 
*Example: Individuals with a personal history of diabetes had a 14% lifetime risk of colorectal cancer. 
 
  

Sex 
Relative 
with 
CRC 

DM personal 
history by Dx 
age (years) 

Cumulative risk (CR%) of colorectal cancer by age group (years)   

0-29  0-39  0-49  0-59  0-69  0-79 

CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI   CR 95% CI Obs 

Any 1 FDR No 0.1 0.1 0.1   0.2 0.2 0.2   0.5 0.5 0.5   1.2 1.2 1.2   2.9 2.9 2.9   6.3 6.3 6.4 5,595 
  Yes (Any age) 0.7 0.0 2.0  0.8 0.0 2.1  1.7 0.3 3.1  3.0 1.6 4.5  7.4 5.8 8.9  14* 12 15 472 
  <50 0.7 0.0 2.0   0.8 0.0 2.1   1.7 0.3 3.1   2.5 1.0 3.9   4.7 3.1 6.4   7.0 4.5 9.4 63 
  <30 0.7 0.0 2.0  0.9 0.0 2.2  1.6 0.0 3.1  2.2 0.5 3.8  3.3 1.0 5.5  3.3 1.0 5.5 11 
  <20 0.8 0.0 2.4   0.8 0.0 2.4   1.8 0.0 3.9   1.8 0.0 3.9   1.8 0.0 3.9   1.8 0.0 3.9 3 
  20-29 0.0 0.0 0.0  0.4 0.0 1.1  1.0 0.0 2.0  1.8 1.1 3.2  3.0 0.7 5.2  3.0 0.7 5.2 8 
  30-49 0.0 0.0 0.0   0.0 0.0 0.0   1.2 0.4 2.0   2.1 0.1 3.0   4.5 3.1 5.8   6.8 4.5 9.1 52 
  30-39 0.0 0.0 0.0  0.0 0.0 0.0  0.4 0.0 1.0  1.0 1.0 1.8  3.1 1.4 4.8  4.8 1.1 8.3 14 
  40-49 0.0 0.0 0.0   0.0 0.0 0.0   4.1 0.0 8.0   5.1 1.4 9.0   7.6 3.4 12   10 5.5 15 38 
  ≥50 0.0 0.0 0.0  0.0 0.0 0.0  0.0 0.0 0.0  2.4 2.5 3.5  7.4 6.1 8.7  14 13 16 409 
 ≥2 FDRs No 0.0 0.0 0.0   0.8 0.1 1.5   1.6 0.8 2.4   3.3 2.1 4.2   6.0 5.0 7.0   11 9.9 12 391 
  Yes (Any age) 0.0 0.0 0.0  0.0 0.0 0.0  4.1 0.0 12  6.8 0.0 14.8  13 4.2 21  20 11 28 28 
  <50 0.0 0.0 0.0   0.0 0.0 0.0   4.1 0.0 12   7.9 0.0 16.6   11 0.0 21   11 0.0 21 4 

    ≥50 0.0 0.0 0.0   0.0 0.0 0.0   0.0 0.0 0.0   0.0 0.0 0.0   8.0 3.5 12   16 9.7 21 24 

Population NA NA 0.0 0.0 0.0   0.1 0.1 0.1   0.2 0.2 0.2   0.6 0.6 0.6   1.7 1.6 1.7   4.0 4.0 4.0 127,765 
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3.2.2.2.2 By sex 
 
When stratifying the study population by sex, men consistently had a higher lifetime cumulative 

risk of familial colorectal cancer (Table 12). Among those with diabetes and a first-degree 

relative with colorectal cancer, men had 15% (95% CI: 13%-17%), whereas women had 12% 

(95% CI: 9.0%-15%) lifetime risk of colorectal cancer. This risk was also higher than that of 

men (LCR 12%, 95% CI: 11%-14%) and women (LCR 9.8%, 95% CI: 8.0%-12%) without 

diabetes but with at least two first-degree relatives with colorectal cancer.  Men with diabetes 

and two first-degree relatives also had the highest lifetime risk, with 22% (95% CI: 9.0%-33%), 

followed by women of the same category who had a 15% (95% CI: 4.8%-25%) lifetime risk.   
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Table 12. Lifetime and age-specific cumulative risk of familial colorectal cancer by diabetes age at diagnosis in men 

Sex Relative 
with CRC 

DM personal 
history by Dx age 
(years) 

Cumulative risk (CR%) of colorectal cancer by age group (years)   
0-29  0-39  0-49  0-59  0-69  0-79 
CR   CR   CR   CR   CR   CR 95% CI Obs 

Men 1 FDR No 0.1   0.2   0.5   1.2   3.3   7.1 7.1 7.1 3,042 
  Yes (Any age) 0.0  0.0  1.3  2.9  7.5  15* 13 17 316 
  <50 0.0   0.0   1.3   2.3   4.3   7.5 4.0 11 38 
  <30 0.0  0.0  1.1  2.1  3.4  3.4 0.2 6.6 6 
  <20 0.0   0.0   1.0   1.0   1.0   1.0 0.0 3.1 1 
  20-29 0.0  0.0  1.2  2.6  4.1  4.1 0.2 7.9 5 
  30-49 0.0   0.0   1.6   2.6   4.7   8.0 4.3 12 32 
  30-39 0.0  0.0  0.4  1.1  3.4  6.4 0.0 13 8 
  40-49 0.0   0.0   5.7   6.8   8.8   12 5.0 19 24 
  ≥50 0.0  0.0  0.0  2.5  7.8  16 14 17 278 
 ≥2 FDRs No 0.0   1.0   1.8   3.8   7.1   12 11 14 222 
  Yes (Any age) 0.0  0.0  6.1  7.9  17  22 9.0 33 19 
  <50 0.0   0.0   6.1   9.0   15   15 0.0 30 3 

    ≥50 0.0   0.0   0.0   0.0   10   16 8.7 24 16 
Men Population NA NA 0.0   0.1   0.2   0.6   1.9   4.6 4.6 4.6 68,855 
Women 1 FDR No 0.1   0.2   0.5   1.1   2.6   5.7 5.7 5.7 2,553 

  Yes (Any age) 1.4  1.6  2.1  3.1  6.9  12 9.0 15 156 
  <50 1.4   1.6   3.1   2.7   5.2   6.2 2.8 9.5 25 
  <30 1.4  1.8  2.1  2.4  3.4  3.4 0.0 6.8 5 
  <20 1.7   1.7   2.6   2.6   2.6   2.6 0.0 6.2 2 
  20-29 0.0  0.8  0.8  1.2  2.3  2.3 0.0 4.9 3 
  30-49 0.0   0.0   0.7   1.4   4.2   5.4 2.8 7.9 20 
  30-39 0.0  0.0  0.4  0.8  2.9  2.9 0.5 5.3 6 
  40-49 0.0   0.0   0.9   1.9   5.3   7.2 3.1 11.1 14 
  ≥50 0.0  0.0  0.0  2.4  6.8  12 9.4 15 131 
 ≥2 FDRs No 0.0   0.7   1.4   2.8   5.0   9.8 8.0 12 169 
  Yes (Any age) 0.0  0.0  0.0  3.8  6.3  15 4.8 25 9 
  <50 0.0   0.0   0.0   4.7   4.7   4.7 0.0 13 1 

    ≥50 0.0   0.0   0.0   0.0   3.2   13 4.2 21 8 
Women Population NA NA 0.0   0.1   0.2   0.6   1.6   3.5 3.5 3.5 58,910 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; CR = Cumulative risk; Obs = Observed number of colorectal cancer 
cases in each risk group for age group 0-79 years; CI = Confidence interval  
*Example: Men with a personal history of diabetes had a 15% lifetime risk of colorectal cancer. 
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3.2.3 Sensitivity analyses  
 
3.2.3.1 By type of diabetes 
 
As a sensitivity analysis, the study period was limited to 1997 to 2015 (with available 

information on type of diabetes) to stratify the analysis by confirmed cases of type 1 and type 2 

diabetes. After excluding patients who were defined as both type 1 and type 2, a total of 165 

(56.9% type 2) cases of sporadic colorectal cancer, and 16 (68.8% type 2) cases of familial 

colorectal cancer were identified (Table 13). Those with type 2 diabetes has a 3.5-fold risk of 

sporadic colorectal cancer before age 50 (95% CI: 2.3-5.1), whereas those with type 1 diabetes 

did not show any significant association with sporadic colorectal cancer before age 50 (SIR 1.0, 

95% CI 0.6-1.7). Both types of diabetes, similarly, did not show any statistically significant 

association with risk of colorectal cancer diagnosed at/after age 50. Among those with a family 

history of colorectal cancer, patients with type 1 diabetes had an 8.6-fold (95% CI 2.3-21, n=4) 

risk of colorectal cancer before age 50, whereas those with type 2 diabetes had an 18-fold risk of 

colorectal cancer before age 50 (95% CI 5.9-42, n=5).  

 
3.2.3.2 Diabetic patients without inflammatory bowel diseases (IBD) 
 
After excluding patients with IBD from the analysis, no substantial changes to SIRs were 

observed (Table 14). 
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Table 13. Relative risk of colorectal cancer by type of diabetes in period 1997-2015 

Relative 
with CRC 

DM 
personal 
history by 
Dx age 
(years) 

DM 
type 

Age at CRC diagnosis (years) 
All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

No No NA 72,514 Reference  4,190 Reference  68,324 Reference 
 <50 1 71 1.2 0.9 1.5  14 1.0 0.6 1.7  57 1.2 0.9 1.6 
 <50 2 94 1.5 1.2 1.8  26   3.5* 2.3 5.1  68 1.2 0.9 1.5 
Yes <50 1 5 1.4 0.5 3.3  4 8.6 2.3 21  1 0.3 0.0 1.8 
  <50 2 11 3.0 1.5 5.4  5 18 5.9 42  6 1.8 0.7 3.9 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; Obs = Observed number of colorectal cancer cases in each risk group; 
SIR = Standardized incidence ratio; CI = Confidence interval; Bold values indicate significant risks.  
*Example: Risk of non-familial colorectal cancer before age 50 was 3.5-fold for those with type 2 diabetes diagnosed before age 50 compared to those without a 
history of diabetes and without a family history of colorectal cancer. 
 
Table 14. Relative risk of colorectal cancer in those without any inflammatory bowel disease (IBD) 
Relative 
with CRC 

DM personal 
history by Dx 
age (years) 

Age at CRC diagnosis (years) 
All ages 

 
<50 

 
≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 
No No 138,975 Reference 

 
9,512 Reference 

 
129,463 Reference  

<50 700 1.4 1.3 1.5 
 

128   1.9* 1.6 2.2 
 

572 1.3 1.2 1.4  
<30 93 1.2 1.0 1.5 

 
35 1.2 0.8 1.6 

 
58 1.3 1.0 1.6  

30-39 151 1.2 1.1 1.5 
 

30 1.5 1.0 2.2 
 

121 1.2 1.0 1.4  
40-49 456 1.5 1.4 1.7 

 
63 3.4 2.6 4.4 

 
393 1.4 1.3 1.5 

1 FDR No 5,783 1.6 1.6 1.7 
 

569 2.5 2.3 2.7 
 

5,214 1.6 1.5 1.6 
  <50 60 2.3 1.8 3.0 

 
13 6.4 3.4 11 

 
47 2.0 1.4 2.6 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; Obs = Observed number of colorectal cancer cases in each risk group; 
SIR = Standardized incidence ratio; CI = Confidence interval; Bold values indicate significant risks.  
*Example: Risk of non-familial colorectal cancer before 50 was 1.9-fold for those with diabetes diagnosed before age 50 compared to those without a history of 
diabetes and without a family history of colorectal cancer
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3.2.3.3 By colorectal cancer subsite 
 
After excluding cases with unspecified subsites, relative risk of colorectal cancer by subsite was 

analyzed. In general, those with a family history of colorectal cancer and without diabetes 

diagnosis had a 2.4-fold risk of colorectal cancer before age 50 compared to those without 

diabetes and without a family history of colorectal cancer (Table 6). The subsites were divided 

into the proximal colon, distal colon and the rectum, however statistically significant differences 

in relative risk of colorectal cancer among those without diabetes and with one first-degree 

relative between the three subsites were not observed (overlap of 95% CIs; Table 15). Highest 

relative risk of sporadic colorectal cancer before age 50 among diabetic patients diagnosed 

before age 50 was observed for the distal colon (SIR 2.3, 95% CI: 1.7–3.2), followed by the 

proximal colon (SIR 1.8, 95% CI: 1.4–2.4) and the rectum (SIR 1.8, 95% CI: 1.3–2.0). In all 

three subsites, relative risk of colorectal cancer before age 50 in diabetic patients was higher than 

the relative risk of colorectal cancer at/after age 50, except for those with diabetes diagnosed 

before age 30.  
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Table 15. Standardized incidence ratio of colorectal cancer by personal history of diabetes, family history of colorectal  
cancer, age at diagnosis of diabetes, and colorectal cancer subsite 

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; Obs = Observed number of colorectal cancer cases in each risk group; 
SIR = Standardized incidence ratio; CI = Confidence interval; Bold values indicate significant risks.  
*Example: Risk of non-familial rectal cancer was 1.2-fold for those with diabetes diagnosed before age 50 compared to those without a history of diabetes and 
without a family history of colorectal cancer.

CRC subsite 
Relative 
with 
CRC 

DM 
personal 
history by 
Dx age 
(years) 

Age at CRC diagnosis (years) 
All ages  <50  ≥50 

Obs SIR 95% CI   Obs SIR 95% CI   Obs SIR 95% CI 

Proximal colon No No 58,333 Reference   4,735 Reference   53,598 Reference 
  <50 283 1.5 1.3 1.7   58 1.9 1.4 2.4   225 1.4 1.2 1.6 
  <30 47 1.5 1.1 2.0   22 1.4 0.9 2.1   25 1.5 1.0 2.2 
  30-39 63 1.3 1.0 1.7   15 1.8 1.0 2.9   48 1.3 0.9 1.7 
  40-49 173 1.5 1.3 1.8   21 2.9 1.8 4.4   152 1.4 1.2 1.7 
1 FDR No 2307 1.7 1.6 1.7   235 2.4 2.1 2.7   2,072 1.6 1.5 1.7 
  <50 26 2.7 1.8 3.9   7 8.2 3.3 17   19 2.1 1.3 3.4 

Distal colon No No 35,852 Reference   2,216 Reference   33,636 Reference 
  <50 207 1.5 1.3 1.7   39 2.3 1.7 3.2   168 1.4 1.2 1.6 
  <30 25 1.2 0.8 1.8   8 1.2 0.5 2.3   17 1.2 0.7 2.0 
  30-39 47 1.4 1.0 1.8   10 2.0 1.0 3.7   37 1.3 0.9 1.7 
  40-49 135 1.6 1.4 1.9   21 4.4 2.7 6.7   114 1.5 1.2 1.8 
1 FDR No 1699 1.7 1.7 1.8   164 2.8 2.4 3.3   1,535 1.7 1.6 1.8 
  <50 19 2.5 1.5 3.9   6 11 4.1 25   13 1.9 1.0 3.2 

Rectum No No 50,072 Reference   3,129 Reference   46,943 Reference 
  <50 248   1.2* 1.1 1.4   44 1.8 1.3 2.4   204 1.2 1.0 1.3 
  <30 30 1.0 0.7 1.4   8 0.8 0.4 1.6   22 1.1 0.7 1.7 
  30-39 51 1.0 0.8 1.4   8 1.1 0.5 2.1   43 1.0 0.8 1.4 
  40-49 167 1.4 1.2 1.6   28 3.8 2.5 5.4   139 1.2 1.0 1.5 
1 FDR No 2027 1.5 1.5 1.6   190 2.3 1.9 2.6   1,837 1.5 1.4 1.5 
  <50 18 1.7 1.0 2.6   2 2.5 0.3 9.1   16 1.6 0.9 2.6 
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3.3 Risk-adapted starting age of colorectal cancer screening in 
diabetic patients 
 
3.3.1 First screening in the general population at benchmark age 50 
 
Using age-specific 10-year cumulative risk curves, risk-adapted ages of colorectal cancer 

screening were generated for diabetic patients with and without family history of colorectal 

cancer. Among men, the 10-year cumulative risk of colorectal cancer in the general population at 

age 50 was 0.44% (Figure 6). The risk in men without a family history of colorectal cancer but 

with a diabetes diagnosis before age 50, reached the same 0.44% 10-year cumulative risk 

approximately five years earlier, at age 45. Men with both a family history of colorectal cancer 

and a diabetes diagnosis reached the 0.44% 10-year cumulative risk at age 32 (18 years earlier 

than men in the general population). Men with no diabetes and no family history of colorectal 

cancer reached the 0.44% population level of risk, roughly one year later, at age 51. 

 

In women, the 10-year cumulative risk of colorectal cancer at age 50 was 0.41% (Figure 7). 

Women without family history of colorectal cancer but with a diabetes diagnosis reached the 

population level of risk four years earlier, at age 46. The risk in women with both a diabetes 

diagnosis and family history of colorectal cancer reached the 0.41% population level of risk in 

50-year-old women, 12 years earlier, at age 38. The 10-year cumulative risk of women with no 

diabetes and no family history of colorectal cancer was not substantially different from women in 

the general population at age 50.  
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Figure 6. Age-specific 10-year cumulative risk of colorectal cancer by personal history of diabetes before age 50 and family 
history of colorectal cancer in first-degree relatives among men  
DM = Diabetes mellitus; CRC = Colorectal cancer; FDR = First-degree relative 
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Figure 7. Age-specific 10-year cumulative risk of colorectal cancer by personal history of diabetes before age 50 and family 
history of colorectal cancer in first-degree relatives among women  
DM = Diabetes mellitus; CRC = Colorectal cancer; FDR = First-degree relative
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3.3.2 Ten-year cumulative risk by risk groups in men and women 
 
Age-specific 10-year cumulative risk data was used to generate risk-adapted starting ages of 

screening for diabetic patients (Table 16).  In men, between the ages of 45 and 49, the average 

10-year cumulative risk of developing colorectal cancer was 0.31% (95% CI:  0.30%-0.31%) in 

the general population, 0.29% (95% CI: 0.28%-0.29%) in those without diabetes and without a 

family history of colorectal cancer, 0.53% (95%CI: 0.44%-62%) for diabetic patients with no 

family history of colorectal cancer, 0.61% (95% CI:  0.16%-1.06%) for diabetic patients with a 

family history of colorectal cancer. In women, 10-year cumulative risks in all risk groups were 

consistently lower than their corresponding values in men. Between the ages of 45 and 49, the 

average 10-year cumulative risk of developing colorectal cancer was 0.30% (95% CI:  0.29%-

0.31%) in the general population of women, 0.29% (95% CI: 0.28%-0.30%) in women without 

diabetes and without a family history of colorectal cancer, 0.42% (95%CI: 0.33%-0.52%) for 

diabetic women with no family history of colorectal cancer, 0.92% (95% CI:  0.28%-1.55%) for 

diabetic women with a family history of colorectal cancer.
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Table 16. Sex and age-specific 10-year cumulative risk of colorectal cancer in population 
and different risk groups by personal history of diabetes (diagnosed before age 50) and 
family history of colorectal cancer  
    10-year cumulative risk (CR) of colorectal cancer 

  Population   No DM, No FH   DM Dx age <50, No 
FH   DM Dx age <50, 

FH 

Sex 
Age 
group, 
y 

N % 95% CI   N % 95% CI   N % 95% CI   N % 95% CI 

Men 0-9 46 0.00 0.00–0.00  46 0.00 0.00–0.00  0 0.00 -  0 0.00 - 
 10-14 191 0.01 0.01–0.01  189 0.01 0.01–0.01  0 0.00 -  0 0.00 - 
 15-19 317 0.01 0.01–0.01  309 0.01 0.01–0.01  1 0.01 0.00–0.02  0 0.00 - 
 20-24 483 0.02 0.01–0.02  461 0.01 0.01–0.02  5 0.04 0.01–0.08  0 0.00 - 
 25-29 830 0.03 0.03–0.03  775 0.03 0.02–0.03  12 0.08 0.03–0.12  0 0.00 - 
 30-34 1,487 0.05 0.05–0.05  1,360 0.05 0.05–0.05  28 0.15 0.10–0.21  2 0.54 0.00–1.16 
 35-39 2,581 0.09 0.09–0.09  2,342 0.08 0.08–0.09  48 0.20 0.14–0.26  8 1.06 0.26–1.86 
 40-44 4,451 0.16 0.16–0.17  4,013 0.15 0.15–0.16  94 0.34 0.28–0.41  9 0.89 0.26–1.51 
 45-49 7,722 0.31 0.30–0.31  6,867 0.29 0.28–0.29  133 0.53 0.44–0.62  8 0.61 0.16–1.06 
 50-54 12,780 0.56 0.55–0.56  11,228 0.52 0.51–0.53  165   0.92* 0.77–1.06  13 1.24 0.56–1.91 
 55-59 19,409 0.95 0.94–0.97  16,897 0.89 0.88–0.90  176 1.33 1.13–1.53  17 2.16 1.14–3.17 
 60-64 25,926 1.53 1.51–1.55  22,520 1.43 1.42–1.45  135 1.81 1.48–2.14  14 2.74 1.22–4.23 
 65-69 29,544 2.28 2.26–2.31  25,732 2.16 2.13–2.18  90 2.49 1.91–3.08  8 4.05 0.82–7.19 
 70-74 28,155 3.09 3.06–3.13  24,632 2.96 2.92–3.00  50 3.32 2.23–4.41  3 2.52 0.00–5.45 
 75-79 21,205 3.68 3.62–3.73  18,684 3.56 3.51–3.61  19 3.03 1.23–4.80  0 0.00 - 
 80-84 11,477 3.70 3.63–3.78  10,182 3.62 3.54–3.70  2 1.09 0.00–2.60  0 0.00 - 
 85-89 3,968 2.95 2.86–3.11  3,534 2.92 2.82–3.09  0 0.00 -  0 0.00 -                  

Women 0-9 105 0.00 0.00–0.00  104 0.00 0.00–0.00  0 0.00 -  0 0.00 - 
 10-14 314 0.01 0.01–0.01  310 0.01 0.01–0.01  1 0.01 0.00–0.03  0 0.00 - 
 15-19 451 0.02 0.01–0.02  439 0.02 0.01–0.02  4 0.03 0.00–0.07  1 1.36 0.00–3.97 
 20-24 587 0.02 0.02–0.02  561 0.02 0.02–0.02  5 0.04 0.01–0.08  1 1.36 0.00–3.97 
 25-29 867 0.03 0.03–0.03  818 0.03 0.03–0.03  4 0.03 0.00–0.06  0 0.00 0.00–0.00 
 30-34 1,549 0.05 0.05–0.06  1,444 0.05 0.05–0.05  8 0.05 0.02–0.09  1 0.26 0.00–0.77 
 35-39 2,755 0.10 0.09–0.10  2,548 0.09 0.09–0.10  17 0.10 0.05–0.14  2 0.40 0.00–0.99 
 40-44 4,646 0.17 0.17–0.18  4,253 0.17 0.16–0.17  42 0.21 0.15–0.28  5 0.62 0.07–1.16 
 45-49 7,564 0.30 0.29–0.31  6,880 0.29 0.28–0.30  78 0.42 0.33–0.52  8 0.92 0.28–1.55 
 50-54 11,613 0.50 0.49–0.50  10,545 0.47 0.47–0.48  92 0.67 0.54–0.81  7 0.99 0.30–1.67 
 55-59 16,219 0.77 0.76–0.78  14,665 0.74 0.72–0.75  83 0.83 0.65–1.01  10 1.65 0.61–2.67 
 60-64 20,686 1.14 1.13–1.16  18,530 1.09 1.07–1.11  76 1.27 0.97–1.58  11 2.42 0.85–3.96 
 65-69 23,805 1.64 1.62–1.66  21,068 1.55 1.53–1.57  57 1.71 1.22–2.19  5 1.96 0.15–3.73 
 70-74 24,060 2.19 2.16–2.21  21,182 2.08 2.05–2.11  29 2.35 1.34–3.35  1 0.64 0.00–1.89 
 75-79 20,525 2.65 2.62–2.69  18,131 2.57 2.53–2.60  14 2.60 1.03–4.15  0 0.00 - 
 80-84 12,889 2.61 2.56–2.65  11,422 2.55 2.50–2.60  4 7.94 0.00–20.0  0 0.00 - 

  85-89 5,037 1.97 1.91–2.04   4,462 1.93 1.87–2.01   1 6.89 0.00–19.1   0 0.00 - 
Abbreviations:  CR = Cumulative risk; CI = Confidence interval; DM = Diabetes mellitus; FH = Family history; Dx 
age = Diagnosis age. 
*Example: 10-year cumulative risk of developing non-familial colorectal cancer between ages 50 and 54 in men 
with diabetes diagnosed before age 50 was 0.92%.
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3.3.3 Other benchmark ages for initial mass screening  
 
Since screening programs globally have different benchmark initial screening ages, other 

than the most common first screening age 50, 10-year cumulative risk and risk-adapted 

screening ages for diabetic patients based on other benchmark mass screening ages were also 

provided (45, 55, and 60; Table 17). For benchmark age 45, men and women in the general 

population had a 10-year cumulative risk of 0.24% at that age. Men with diabetes and no 

family history of colorectal cancer reached the 10-year cumulative risk of 0.24% at age 40, 

five years earlier, whereas women with diabetes reached this level of 10-year cumulative risk 

at age 42, 3 years earlier. Both men and women with diabetes and a family history of 

colorectal cancer reached the population level of risk 14 years earlier at age 31. 

 

For benchmark screening ages 55 and 60, population levels of 10-year cumulative risk for 

men were 0.77% and 1.28%, respectively, whereas for women the population level of 10-year 

cumulative risk was 0.65% and 0.98%, respectively. Men and women with no diabetes and 

no family history of colorectal cancer reached the population level of risk one year later, at 

age 56 and 61, respectively. Conversely, those with both diabetes and family history of 

colorectal cancer reached the general population risk 21 years earlier (men) and between 14 

and 15 years earlier (women). Finally, men with diabetes but no family history of colorectal 

cancer reached the population level of risk at ages 5 year earlier, for benchmark screening 

ages 55 and 60, respectively. Women with diabetes reached the population level of risk at age 

51 and 55 for benchmark screening ages 55 and 60, respectively. 
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Table 17. Risk-adapted starting ages of colorectal cancer screening by sex, personal 
history of diabetes and family history of colorectal cancer tailored to different 
benchmark stating age of mass screening in the population 

Sex   
Diabetes 
personal 
history† 

  
CRC 
family 
history 

  Patients 
(Obs)   Risk-adapted starting age of screening (years) 

Population*   Any   Any   162,226   45   50   55   60 

Men   No  No  75,120  45  51  56  61 

  Yes  No  6,388  40   45‡  50  55 

  Yes  ≥1 FDR  351  31  32  34  39 

Women   No  No  69,137  45  50  56  61 

  Yes  No  4,602  42  46  51  55 

    
Yes 

  
≥1 FDR   195   31   38   41   45 

CRC = Colorectal cancer; FDR = First-degree relative; Obs: Number of observations with colorectal 
cancer; bold ages indicate benchmark starting ages of colorectal cancer screening in the general 
population.  
*Ten-year cumulative risks of colorectal cancer in the general population at ages 45, 50, 55, and 60 
were 0.24%, 0.44%, 0.77%, and 1.28% in men, and 0.24%, 0.41%, 0.65%, and 0.98% in women, 
respectively.  

†Diabetes was diagnosed before CRC diagnosis and benchmark starting age of mass screening in the 
population i.e. diabetes diagnosis age <45 for benchmark screening age 45, diabetes diagnosis age 
<50 for benchmark screening age 50, etc. 
‡Example: 45-year-old men with a personal history of diabetes without family history of colorectal 
cancer reached the same 10-year cumulative risk of colorectal cancer as 50-year-old men in the 
general population who were subject to colorectal cancer screening in their society, i.e. with a 
benchmark starting age of mass screening in the general population at age 50 years, the risk-adapted 
starting age for those with only personal history of diabetes was 45 years, thus those with a personal 
history of diabetes without family history of colorectal cancer could be screened at age 45 years, five 
years earlier than the general population. 
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3.3.4 Comparison with existing guidelines 
 
Although diabetes has yet to be included as a risk factor in any colorectal cancer screening 

guidelines, a comparison between the findings regarding diabetic patients with a family 

history of colorectal cancer and existing screening guidelines for those with a first-degree 

relative diagnosed with colorectal cancer was made (Table 18). Specifically, recommended 

screening ages in the US (benchmark first screening age 45), Canada (benchmark first 

screening age 50), and part of the United Kingdom (benchmark first screening age 60), for a 

specific sample age, were compared with the risk-adapted screening ages in this study and 

the difference between them, in years, was provided.   In most cases, it was found that the 

evidence-based findings yielded earlier screening ages. The comparison revealed wide-

ranging differences between the risk-adapted starting ages of screening and those in the 

current guidelines (between -5 and 21 years). However, the differences for other sample ages 

could be even more. Nonetheless, a direct comparison was not possible since an investigation 

of risk-adapted screening for diabetic patients is a novel one. 
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Table 18. Comparison between recommended risk-adapted starting ages of screening in the US, Canada, and UK Guidelines 
and our evidence-based ones 

      Recommended starting age of colorectal cancer in population 

   45   50   60 

Sex 
FDR 
Dx 

Age,a y 

Example 
ageb, y 

United 
Statesc Evidenced Diff e  Canadac Evidenced Diff e  Part of United 

Kingdomc Evidenced Diff e 

Men <45 43 33 31 2  33 32 1  55 39 16 

 45-49 47 37 31 6  37 32 5  55 39 16 

 ≥50 60 40   31* 9  45 32 13  60 39 21 

Women <45 43 33 31 2  33 38 -5  55 45 10 

 45-49 47 37 31 6  37 38 -1  55 45 10 

  ≥50 60 40 31 9  45 38 7  60 45 15 

FDR = first-degree relative; Dx Age = age at diagnosis in affected first-degree relative 
aAge at diagnosis of colorectal cancer in the affected first-degree relative(s)  
bExample youngest diagnosis age of each category was given to allow a head-to-head comparison between our starting ages and those in the guidelines. 
cRecommended age of screening based on nation specific guidelines for individuals with one first-degree relative with colorectal cancer only (since diabetes has 
not been mentioned in any screening guidelines)  
dThe recommended evidence-based risk-adapted starting age of screening from our study in individuals with at least one affected first-degree relative and a 
personal history of diabetes (actually only 4 cases had >1 affected first-degree relatives + diabetes before age 50, so it can be considered as 1 affected first-degree 
relative + diabetes). 
eDifference between the recommended starting age by guideline and our evidence-based value. 
 (years).  
*Example: In a country with a benchmark initial screening age at 45 years, our study recommended men with one affected first-degree relative with colorectal 
cancer diagnosed at age 60 and a personal history of diabetes could start screening at age 31 years, whereas the US Multi-Society Task Force on Colorectal 
Cancer recommends that at age 40 years, nine years later.
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3.4 Comparison of dynamic and static risk of colorectal cancer  
 
This study compared the risk estimates of standardized incidence ratios between the static and 

dynamic definitions of disease history and found significant differences (Table 19). In general, 

there were many more cases of familial colorectal cancer by the static method, whereas for 

sporadic colorectal cancer cases there were more cases when using the dynamic method. For 

sporadic colorectal cancer at all ages, relative risk in diabetic patients diagnosed before age 50 

was higher by the dynamic method (SIR 1.4, 95% CI: 1.3-1.5) compared to the static method 

(SIR 1.2, 95% CI: 1.1-1.3). For colorectal cancer before age 50 in the same group, with the 

dynamic method nearly 2-fold (SIR 1.9, 95% CI: 1.6-2.3) risk was observed, whereas with the 

static method a statistically significant effect was not observed (SIR 1.2, 95% CI: 0.96-1.37).  

For diabetes before age 20, relative risk of sporadic colorectal cancer at all ages was the same 

using both methods (SIR 1.5, 95% CI: 1.0-2.0), even for colorectal cancer before age 50 (SIR 

1.2, 95% CI: 0.7-1.9) even though the relationship was not statistically significant.  The relative 

risk of colorectal cancer at all ages was also higher by the dynamic method for those with 

diabetes diagnosed between ages 40 and 49 (SIR 1.5, 95% CI: 1.4-1.6) than by the static method 

(SIR 1.3, 95% CI: 1.1-1.4). This difference was more pronounced for colorectal cancer before 

age 50 where 3.6-fold risk (SIR 3.6, 95% CI: 2.8-4.5) was observed, but the association was not 

significant by the static method (SIR 1.2, 95% CI: 0.9-1.5). 

 

A similar pattern was also observed in familial cases of colorectal cancer. Relative risk of 

colorectal cancer was nearly identical by the dynamic (SIR 1.6, 95% CI: 1.6-1.7) and static 

methods (SIR 1.6, 95% CI: 1.6-1.6) for those with a first-degree relative with colorectal cancer 

but without a diabetes diagnosis. However, for colorectal cancer before age 50, the dynamic 
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method yielded a higher relative risk (SIR 2.4, 95% CI: 2.2-2.6) compared to the static method 

(SIR 1.9, 95% CI: 1.8-2.0). For those with an additional diabetes diagnosis before age 50, 

relative risk of familial colorectal cancer at all ages was again higher by the dynamic method 

(SIR 2.3, 95% CI: 1.7-1.9) than the static method (SIR 2.0, 95% CI: 1.6-2.5). 
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Table 19. Standardized incidence ratios (SIR) of colorectal cancer in diabetic patients with and without a family history of 
colorectal cancer by dynamic and static methods of disease history and family history allocations  

CRC = Colorectal cancer; DM = Diabetes mellitus; Dx age = Age at diagnosis of diabetes; Obs = Observed number of colorectal cancer cases in each risk group; 
SIR = Standardized incidence ratio; CI = Confidence interval; Bold values indicate significant risks. 
*Example: Using the dynamic method, risk of non-familial colorectal cancer before age 50 was 1.9-fold in diabetic patients diagnosed before age 50 compared to 
those without a history of diabetes and without a family history of colorectal cancer..

Method of  
disease  
history 

CRC 
status 

CRC 
affected 
relative 

DM by Dx age 
(years) 

Age at CRC diagnosis (years) 
All ages  <50  ≥50 

N SIR 95% CI   N SIR 95% CI   N SIR 95% CI 
Dynamic Sporadic No No 144,257 Reference  10,080 Reference  134,177 Reference 

   <50 738 1.4 1.3 1.5  141   1.9* 1.6 2.3  597 1.3 1.2 1.4 
   <20 35 1.5 1.0 2.0  19 1.2 0.7 1.9  16 2.0 1.1 3.2 
   20-29 67 1.1 0.9 1.5  19 1.2 0.7 1.8  48 1.1 0.8 1.5 
   30-39 161 1.2 1.1 1.4  33 1.6 1.1 2.2  128 1.2 1.0 1.4 
   40-49 475 1.5 1.4 1.6  70 3.6 2.8 4.5  405 1.4 1.2 1.5 
 Familial 1 FDR No 6,033 1.6 1.6 1.7  589 2.4 2.2 2.6  5,444 1.6 1.5 1.6 
   <50 63 2.3 1.7 2.9  15 6.9 3.8 11  48 1.9 1.4 2.5 
   <20 3 3.0 0.6 8.7  3 7.2 1.5 21  0    

   20-29 8 2.2 0.9 4.3  3 5.8 1.2 17  5 1.6 0.5 3.9 
   30-39 14 1.6 0.9 2.7  2 3.0 0.4 11  12 1.5 0.8 2.6 
   40-49 38 2.6 1.8 3.6  7 12 4.7 24  31 2.2 1.5 3.2 
  ≥2 FDRs No 400 2.8 2.5 3.1  29 7.6 5.1 11  371 2.6 2.4 2.9 

      <50 4 4.8 1.3 12   1 29 0.7 159   3 3.7 0.8 11 
Static Sporadic No No 137,958 Reference  9,436 Reference  128,522 Reference 

   <50 709 1.2 1.1 1.3  131 1.2 1.0 1.4  578 1.2 1.1 1.4 
   <20 35 1.5 1.0 2.0  19 1.2 0.7 1.9  16 2.0 1.1 3.2 
   20-29 65 1.1 0.8 1.4  18 1.0 0.6 1.6  47 1.1 0.8 1.5 
   30-39 167 1.2 1.0 1.4  31 1.2 0.8 1.7  126 1.2 1.0 1.4 
   40-49 452 1.3 1.1 1.4  63 1.2 0.9 1.5  389 1.3 1.2 1.4 
 Familial 1 FDR No 11,751 1.6 1.6 1.6  1,203 1.9 1.8 2.0  10,548 1.6 1.5 1.6 
   <50 86 2.0 1.6 2.5  23 3.0 1.9 4.5  63 1.8 1.4 2.3 
   <20 3 1.9 0.4 5.5  3 3.5 0.7 10.4  0    
   20-29 9 1.7 0.8 3.2  3 2.3 0.5 6.6  6 1.5 0.6 3.3 
   30-39 18 1.4 0.8 2.2  4 2.0 0.5 5.1  14 1.3 0.7 2.2 
   40-49 56 2.4 1.8 3.1  13 3.7 2.0 6.3  43 2.2 1.6 2.9 
  ≥2 FDRs No 978 2.7 2.6 2.9  138 4.8 4.0 5.6  840 2.5 2.4 2.7 

      <50 9 4.3 2.0 8.1   3 8.7 1.8 25.5   6 3.4 1.3 7.5 
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3.5 Comparison of dynamic and static age at first screening 
 
The dynamic and static methods of determining the age of first screening for diabetic patients 

using 10-year cumulative risk for benchmark screening at age 50 were also compared (Figure 8 

and Figure 9). There were minor differences in risk-adapted screening ages for men with 

diabetes but no family history of colorectal cancer. The dynamic and static method yielded a 

risk-adapted screening age of 45 and 46, respectively, with a 1-year difference. For men with 

diabetes and family history of colorectal cancer, the dynamic method yielded a risk-adapted 

screening age of 32, as opposed to 38 estimated by the static method. Men with no diabetes and 

no family history did not reach the population level of risk one year later by the static method, as 

was observed by the dynamic method. Among women, a similar pattern was observed where the 

dynamic method yielded earlier risk-adapted screening ages among diabetic patients. For those 

with diabetes and a family history of colorectal cancer, the dynamic method yielded a risk-

adapted screening age of 38, whereas with the static method it was at age 40. Similarly, for 

patients with diabetes but no family history the dynamic method yielded a screening age one 

year earlier than the static method, at age 46. 
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Figure 8. Comparison of dynamic and static methods of age-specific 10-year cumulative risk of colorectal cancer by personal 
history of diabetes before age 50 and family history of colorectal cancer in first-degree relatives among men  
CRC = Colorectal cancer; DM = Diabetes mellitus  
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Figure 9. Comparison of dynamic and static methods of age-specific 10-year cumulative risk of colorectal cancer by personal 
history of diabetes before age 50 and family history of colorectal cancer in first-degree relatives among women  
CRC = Colorectal cancer; DM = Diabetes mellitus
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4 DISCUSSION 

4.1 Risk by age at diagnosis and family history of colorectal cancer 
 
4.1.1 Principal findings 
 
This study presented novel evidence regarding the associations between family history of 

colorectal cancer, personal history of diabetes, and increased risk of colorectal cancer. It was 

established that having diabetes was associated with elevated risk of colorectal cancer in a 

similar magnitude to having a first-degree relative with colorectal cancer. It was further found 

that these relationships were most prominent in young adults, as opposed to the elderly, and in 

concordant age groups. More specifically, having a diabetes diagnosis between ages 40 and 49 

was associated with 3.6-fold risk of early-onset colorectal cancer compared to those without 

diabetes, much higher than in those without diabetes and just a first-degree relative with 

colorectal cancer. Furthermore, it was observed that having both diabetes and a family history of 

colorectal cancer was associated with a nearly 7-fold risk of early-onset colorectal cancer in 

comparison to those without such disease histories. This marked increase in risk of colorectal 

cancer in the presence of diabetes and family history of colorectal cancer suggests an interaction 

between the two factors, warranting additional exploration. 

 

4.1.2 Comparison with other studies 
 
Apart from family history of colorectal cancer, few other indicators such as male sex, rare 

genetic syndromes like HNPCC or gastroenterology-related diseases like IBD have been 

associated with early-onset colorectal cancer (Ballester et al. 2016; Gausman et al. 2019; Mauri 

et al. 2019; Triantafillidis et al. 2009). These aforementioned factors have been mentioned as 

colorectal cancer risk factors, while diabetes has not. A meta-analysis of colorectal cancer risk 
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among diabetic patients established a positive association between diabetes history and 

colorectal cancer risk [SIR 1.21, 95% CI: 1.02-1.42 (Guraya 2015)]. Nonetheless, the meta-

analysis showed a wide disparity in the risk estimates provided by the studies incorporated. 

Estimates of risk ratios observed were as high as 2.05 (95% CI: 1.69-2.48) and others as low as 

1.05 (95% CI: 0.94-1.18). Meanwhile the relative risk estimate in this study was in between with 

1.6-fold risk of colorectal cancer at all ages in diabetic patients. The disparity observed in risk 

estimates is likely due to variance in study design, cohort or sample sizes, age at diagnosis of 

diabetes and colorectal cancer, use of any diabetic medication, and management of family 

history of colorectal cancer. Prior studies have also implicated prediabetes, a precursor to type 2 

diabetes, with increased risk of later colorectal cancer, implying that glycemic imbalances and 

lifestyle factors associated with type 2 diabetes may have a mediating effect on the associations 

between diabetes and colorectal cancer (Zhou et al. 2010). An association between family history 

of colorectal cancer and risk of colorectal cancer has been thoroughly documented in the 

literature with risk estimated for having first-degree relatives with 1.87-fold (95%CI: 1.68-2.09) 

risk as estimated by a meta-analysis. Additionally, those with just one first-degree relative with 

colorectal cancer had an estimated increase in risk of colorectal cancer by a factor of 1.76 

(Mehraban Far et al. 2019).  

 

4.1.3 Novel contributions to the literature 

Although studies have found that diabetes is associated with increased risk of colorectal cancer, 

to date, no study has investigated the association between risk of colorectal cancer and different 

combinations of personal history of diabetes at different ages and family history of colorectal 

cancer. Our finding regarding elevated risk of early-onset colorectal cancer in diabetic patients 
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could be even more important considering that early-onset colorectal cancer might be a unique 

subset of colorectal cancer in which the association with diabetes has not been explored (Silla et 

al. 2014). Furthermore, our record linkage to produce the world’s largest nationwide family-

cancer cohort of its kind enabled us to investigate this association and provide clinically-relevant 

risk estimates using real-world data.  

 

4.1.4 Implications of findings 
 
Due to the emerging trend of elevated colorectal cancer incidence among young adults below the 

age of screening, studies have explored if the starting age of colorectal screening for the average-

risk population should be reduced (Brenner et al. 2017; Peterse et al. 2018), and resultantly, 

many countries have shifted their screening recommendation towards a younger first screening 

age (McFerran et al. 2019; Walter et al. 2018). There are prospective issues with such an 

approach, such as greater expenses associated with screening resources since many more 

individuals in the population become eligible, and yet there still may be high-risk individuals in 

the population who do not meet age requirements for subsidized screening who are being 

overlooked (Liang 2018). It was found that individuals with diabetes before age 50 were 

diagnosed with colorectal cancer at younger ages (median age 59) than the general population 

(age 71) and even those who did not have diabetes but had a family history of colorectal cancer 

(age 65). When also considering that the mean time for an adenomatous polyp to progress into 

colorectal cancer is more than 10 years (Atkin and Saunders 2002), screening of diabetic patients 

before age 50 (most commonly recommended starting age of screening) ought to be considered. 

Nonetheless, further studies are warranted to elucidate the underlying mechanism of our findings 
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and to determine whether the underlying risk factors of diabetes are involved, some of which are 

also known to predispose individuals to colorectal cancer.  

 

Risk factors such as advanced body mass index (BMI) and sedentary lifestyle, involved in both 

diabetes and colorectal cancer, appear to play significant roles in this association. It has been 

further suggested that the atypically high levels of insulin and glucose may produce an 

environment in the bowel that promotes the development of colorectal cancer (Atkinson et al. 

2014; Khaw et al. 2004; Siddiqui et al. 2008; Vu et al. 2014). The prevalence of diabetes in 

Sweden is lower than in most developed nations, roughly 4.5% compared to a prevalence of 9% 

in the US (Bullard et al. 2018). Further, mean BMI in Sweden was 25.8 as of 2014, whereas it 

was 28.8 in the US (Mendis et al. 2015a). Since diabetes is more common in the US and 

accompanied with other colorectal cancer risk factors such as advanced BMI, colorectal cancer 

screening for diabetic patients may be even more necessary in the US given our finding that 

diabetes, namely type 2, is associated with a prominent risk of early-onset colorectal cancer. 

 
 
4.1.5 Strengths of the study 
 
The primary strength of this study was utilization of the world’s largest nationwide register-

based family-disease datasets with up to 52 years of follow-up. The nature of these linked 

datasets reduces the effects of recall and selection biases that are common in most cohort and 

case-control studies. As an example, the family history data used in this study, which was 

produced by linking the cancer registry and Multi-generation database, ensured accurate 

information; avoiding the biases involved in self-reported family history and information bias. 

Additional details regarding disease diagnosis such as age at diabetes diagnosis allowed us to 
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minimize the risk of a reverse association between diabetes and colorectal cancer. Furthermore, 

it enabled us to allocate person-years precisely based on the dynamic nature of such histories.  

 

The method of analyses in this study for the purpose of risk estimation is also superior to that 

utilized in most register-based cohort studies that conventionally allocate disease history 

independently to the age or time of diagnosis (Goldgar et al. 1994; Schoen et al. 2015). The 

findings are according to the dynamic method of disease history assessment, and resultantly 

produce risk estimates that are more valid for real-world scenarios and can be implemented in 

clinical risk assessment and counselling. Another advantage of this study was the employment of 

absolute (cumulative) risk as a tangible risk estimator in addition to relative risk estimates. It 

provides more practical insight into risk of colorectal cancer in the population as opposed to only 

the use of conventional relative risk measures, such as hazard ratios or SIRs (Guraya 2015; 

Larsson 2005). 

 

Utilization of the dynamic method of family history of colorectal cancer and diabetes personal 

history ascertainment is another novel aspect and key benefit of this study. Large registry-based 

cohort studies typically do not employ this method of disease history ascertainment (Guraya 

2015; Johnson et al. 2013). Typically, whatever is known regarding an individual’s histories at 

the commencement of study follow-up is attributed to them lifelong. However, this does not 

reflect the time-dependent nature of disease onset. This study ensured that individuals were 

considered as cases from the time of diagnosis to ensure the estimates reflect the real-time risks. 
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4.1.6 Potential limitations and sensitivity analysis 
 
A limitation of the study was that details regarding the type of diabetes diagnoses for individuals 

diagnosed before 1997 were not available. As a result, a sensitivity analysis was conducted 

limiting the follow-up period from 1997 to 2015 to determine the association between type of 

diabetes and risk of colorectal cancer in a subset of the study population. A positive association 

was found between diagnosis of type 2 diabetes and risk of early-onset colorectal cancer, but not 

type 1 diabetes in patients without a family history of colorectal cancer. Since type 1 diabetes 

occurs primarily in adolescents, patients with type 1 diabetes diagnosed from 1997 onward 

would not have reached the age of colorectal cancer by the end of the study in 2015. 

Alternatively, if diabetes diagnosed before age 30 was classified as type 1 [a valid criterion with 

proven predictive value in other studies utilizing the same database (Mollazadegan et al. 2013)], 

type 1 diabetic patients had 1.2-fold risk of early-onset colorectal cancer (95% CI 1.0-1.5). An 

additional analysis by subsite of colorectal cancer demonstrated that, irrespective of the subsite, 

diabetes personal history was associated with an elevated risk of cancer in all regions of the 

bowel, which internally validated the association between diabetes and colorectal cancer.  

 

An additional limitation of the study was that there was no information on any treatments used to 

manage diabetes in diabetic patients. Nonetheless, the study findings revealed that those without 

a family history of colorectal cancer but diagnosed with diabetes between age 40 and 49 had a 

significantly elevated relative risk of early-onset colorectal cancer (SIR=3.6, 95% CI: 2.8-4.5) 

compared to those patients diagnosed with diabetes before age 30, which was not statistically 

significant (SIR=1.2, 95% CI: 0.8-1.6). Since metformin is the primary treatment of type 2 

diabetes (Rojas and Gomes 2013), and in spite of the well-known protective influence of 
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metformin on cancer, including colorectal cancer (Dulskas et al. 2020; Higurashi and Nakajima 

2018; Saraei et al. 2019), increased risk of early-onset colorectal cancer in type 2 diabetic 

patients was observed. Consequently, the true risk in the absence of metformin could have been 

even higher. Moreover, the first line of treatment for type 1 diabetes is insulin, and has been 

found to increase cancer risk (Atkinson et al. 2014). If insulin mediated the association, higher 

increase in risk of colorectal cancer in type 1 patients, as opposed to type 2, would have been 

expected, which was not observed in this study.  

 

Based on Amsterdam II criteria families with patients with high likelihood of having HNPCC 

were found. Excluding these individuals did not affect risk estimates for familial colorectal 

cancer. Thus making it unlikely that HNPCC patients confounded any findings since Amsterdam 

II criteria stipulates that an individual should have three family members with colorectal cancer 

and/or other related cancers to be tested for HNPCC (Vasen et al. 1999). In a sensitivity analysis, 

IBD patients were also excluded and little to no changes in risk estimates were observed.  

 

Lastly, there was no access to data on lifestyle factors such as physical activity or diet, though 

data on socioeconomic status, residential area, hospitalization for COPD, obesity, and alcoholism 

was available. After adjusting for these hospitalization factors, no significant changes in relative 

risk estimates were observed. The SIRs in this study were also adjusted for sex, age, 

socioeconomic status, residential area, and calendar period to partially consider lifestyle factors 

and differences in healthcare access between different regions.   
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4.1.7 Conclusion 

This study provides evidence that diabetic patients have an elevated risk of colorectal cancer, 

namely early-onset colorectal cancer. It was determined that young diabetic patients, regardless 

of an existing family history of colorectal cancer, are at increased risk of colorectal cancer in a 

comparable manner to individuals with a family history of colorectal cancer. The present 

findings warrant an exploration into potentially screening diabetic patients earlier, and an 

investigation into the practicality, benefits and limitations of screening in young diabetic patients 

earlier than the average-risk population, particularly in those with type 2 diabetes.  

 
 

4.2 Risk-adapted colorectal cancer screening in diabetic patients 
 
4.2.1 Principal findings 
 
Using the world’s largest family-cancer database, this study showed that patients with diabetes 

reach the same level of colorectal cancer risk as 50-year-olds in the general population four to five 

years earlier, depending on sex. It was also found that diabetic patients, with a family history of 

colorectal cancer, reach this level of risk 12 years earlier in women, and 18 years earlier in men in 

comparison to those in the general population. Repeating the analysis for several benchmark ages 

of screening (45, 55 and 60) showed that patients with diabetes and a family history of colorectal 

cancer reached the population level of risk 12-21 years earlier, depending on sex and the 

benchmark age. For those diabetic patients without a family history of colorectal cancer the risk 

advancement was three to five years earlier, again depending on sex and the benchmark age.  
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4.2.2 Novel contributions to the literature and implications of findings 

The relationship between diabetes, family history of colorectal cancer, and colorectal cancer risk 

has been described in the literature (Guraya 2015; Larsson 2005; Peeters et al. 2015).  

Nonetheless, to date, studies have not evaluated the clinical relevance of such associations and 

how they can be used to counsel diabetic patients in clinic or offer risk-adapted starting ages of 

screening to them. This study fills this gap in the literature by providing clinically useful 

information regarding colorectal cancer screening for diabetic patients. Not only are diabetic 

patients not given particular attention as a high risk group in any colorectal cancer screening 

guidelines, but colorectal cancer first screening recommendations in individuals at high-risk are 

also largely based on expert opinions and/or low-quality evidence (Canadian Task Force on 

Preventive Health Care 2016; Gupta et al. 2019; Lichtenstein et al. 2018; Rubin et al. 2019). In 

contrast, this study provides strong evidence based on high-quality data. Furthermore, 10-year 

cumulative risk was utilized and tracked colorectal cancer incidence by age to provide risk-

adapted screening ages, a method never used before to evaluate colorectal cancer risk in diabetic 

patients (Larsson 2005).  

 

In this study 10-year cumulative risk was employed to evaluate colorectal cancer risk in different 

risk strata, which were dependent on various combinations of age, diabetes status, family history 

of colorectal cancer, and different benchmark ages of initial colorectal cancer screening. This 

study demonstrated the use of 10-year cumulative risk with a benchmark initial screening age of 

50 years since this is the most commonly recommended age of first colorectal cancer screening 

in the majority of programs globally (Navarro et al. 2017). This study established that diabetic 

patients reach the population level of colorectal cancer risk a few years earlier than the general 
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population, however when considering that diabetic patients have higher risk of early-onset 

colorectal cancer than late-onset (Ali Khan et al. 2020), screening prior to age 40 may even be 

warranted in patients with an additional family history of colorectal cancer. Even though 

screening at young ages is uncommon, colorectal cancer incidence is rapidly rising in young 

people and since colonoscopy screening allows the removal of precancerous polyps (Atkin and 

Saunders 2002), it could be justified. Even though randomized trial results for colonoscopy are 

not yet available, increased rates in young adults have spiked and need to be addressed (Brenner 

et al. 2015b; Doubeni et al. 2018; Larsen et al. 2018). Furthermore, it has been deduced that 

screening for colorectal cancer is cost-effective and a risk-adapted approach to screening is ideal 

(Patel and Kilgore 2015; Reeves et al. 2019).  

 

In this study, the proportion of patients with colorectal cancer who at the time of their diagnosis 

had a history of such a cancer in their first-degree relatives (4.3%) was consistent with that in 

another study on risk of colorectal cancer by family history constellations (4.4%) (Tian et al. 

2020). Another Swedish study utilizing the family-cancer datasets demonstrated that risk of 

colorectal cancer in first-degree relatives (i.e. parents, siblings) did not show significant 

differences by the type of relationship (Tian et al. 2019). Additionally, this study on diabetic 

patients observed common patterns in the 10-year cumulative risk of colorectal cancer in diabetic 

men and women, which establishes internal validity of the results. Nevertheless, it is important to 

note that evaluations of the cost-effectiveness of advanced screening in diabetic patients are 

required and warrant exploration. 
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Due to global differences in the initial age of colorectal cancer screening such as the UK (age 

55/60, depending on location), in the Netherlands (age 55) and in the US (recent change to age 

45) (Dyer 2018; Navarro et al. 2017), risk-adapted screening ages for various benchmark ages 

were provided. It was observed that, irrespective of benchmark age of first screening, diabetic 

patients with an additional family history of colorectal cancer reach the population level of risk 

much earlier than diabetic patients without a family history, which suggests that both conditions 

provide unique contributions to colorectal cancer risk. The findings could be informative for use 

in risk calculators and potentially could be combined with additional risk factors of colorectal 

cancer or polygenic risk scores (Driver et al. 2007; Freedman et al. 2009; Tao et al. 2014) to 

produce further stratified personalized screening ages for colorectal cancer in the future. The 

process of implementing such findings into risk predictors with other factors have been 

mentioned in another study (Mukama et al. 2020c). At the very least, indicating diabetes as 

modifiable risk factor mentioned in colorectal cancer guidelines would increase its importance as 

a risk factor and patients at risk for diabetes could be wary and encouraged to have better 

lifestyle habits. Furthermore, the findings of this analysis were compared with those of another 

study, which demonstrated first screening in first-degree relative with colorectal cancer to be 

roughly five years earlier (Tian et al. 2020), which is the same as the risk advancement that was 

observed for diabetic patients. This suggests that, regarding colorectal cancer screening, diabetic 

patients could be treated similarly to those with a family history of colorectal cancer. 

 
4.2.3 Strengths of this study 
 
Elevated risk of colorectal cancer has been previously reported in diabetic patients. However, 

relative risk estimates (such as SIRs, hazard ratios), as opposed to an absolute risk measures such 

as 10-year cumulative risk may not be as practical in reference to determining screening ages 
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(Taylor et al. 2011). Quantification and use of 10-year cumulative risk in this study, namely the 

real-world risk of developing colorectal cancer in the next 10 years, is particularly appropriate 

for colorectal cancer screening since the mean time for precancerous polyps to progress into 

colorectal cancer is roughly 10 years (Atkin and Saunders 2002). Further, since 10-year 

cumulative risk tracks incidence in the next 10 years at each age, it allows us to consider how 

absolute risk changes dynamically with age, making it more suited than standard absolute risk 

measures (i.e. from birth to a certain age) for risk-adapted screening. The method employed in 

this study has the added benefit that it can be applied to fit different populations with different 

favored benchmark ages of first screening. 

 

This study also benefitted from using the world’s largest nationwide family-cancer dataset of its 

kind. The large size of the database results in sample sizes large enough to make conclusions 

regarding risk groups defined by several criteria such as sex, diabetes status and family history of 

colorectal cancer. Furthermore, use of such a nationwide database is advantageous for risk-

adapted screening since it captures the holistic characteristics of a real population, which is 

exactly what risk-adapted screening is meant for. The study population also benefits from long-

term stability of colorectal cancer incidence rates in Sweden. Since Sweden is one of the few 

countries with high Human Development Index (HDI) without widespread colorectal cancer 

screening, colorectal cancer incidence has not markedly changed in the time-frame of the study 

as demonstrated by NORDCAN data (Supplementary Figure 1). Resultantly, any potential 

effects of a cohort-effect are minimized (Drackert B 2019). Hence making Sweden an ideal 

population for investigation into risk-adapted colorectal cancer screening. The present study also 

allows for the clinical application of risk estimates of colorectal cancer in diabetic patients and 
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can be viewed as building on the idea of “risk advancement periods” which has been proposed to 

quantify exposure effect on diseases such as colorectal cancer, where incidence increases with 

age (Brenner et al. 1993).  

 

4.2.4 Potential limitations 
 
Despite the value of utilizing such a large nationwide database with accurate family history 

information, there are potential limitations to be wary of. Firstly, although the findings show that 

diabetic patients have an advanced risk of colorectal cancer, these findings may only be 

generalizable to similar populations with similar disease incidence rates. Nonetheless, the 

method of generating risk-adapted screening ages may be used to produce similar risk-adapted 

screening ages tailored to a specific population with different demographic characteristics.  

 

It is important to discuss that information on colonoscopy uptake within the cohort, to determine 

whether diabetic patients would be more likely to seek out colonoscopy or other forms of 

screening, was not available. In Sweden, as of 2015, a nationwide screening program did not 

exist apart from in the Gotland region, where pilot phase screening has commenced (Blom et al. 

2014). In a previous study, an analysis by calendar period of colorectal cancer diagnosis before 

and after screening program initiation demonstrated no considerable change in familial colorectal 

cancer risk (Tian et al. 2019). Irrespective of this, detection bias due to elevated screening uptake 

in those with a family history of cancer does not impact the primary focus of the study, which is 

colorectal cancer risk in diabetic patients. Furthermore, the association with diabetes is not well 

established compared to the association with family history of colorectal cancer, making it 

unlikely that diabetic patients would be recommended to be screened earlier. Rather, diabetic 
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patients are notorious for poorly adhering to treatment regimens, and studies have suggested 

nearly half of all type 2 patients do not meet self-care standards. (Kurtz 1990; Polonsky and 

Henry 2016). This makes it unlikely that they would undergo screening for a new potential 

disease while they struggle to adhere to recommendations for a preexisting disease. A study 

comparing adenoma detection rates in two cohorts of patients aged 40 to 49 years with diabetes 

and without diabetes demonstrated three times the risk in diabetic patients (Vu et al. 2014). This 

supports a real association rather than a detection bias in diabetic patients. 

 

Additional data on diabetes treatment and end-organ manifestations was also lacking. Studies 

have demonstrated that high hemoglobin A1C (HgbA1C) levels and insulin administration, 

which represent advanced diabetes, were associated with increased risk of colorectal cancer 

(Khaw et al. 2004; Siddiqui et al. 2008; Vu et al. 2014). However, metformin is commonly the 

first line of treatment for type 2 diabetes and has a protective effect on risk of colorectal cancer. 

A related study on the same study population showed that the majority of diabetic cases with 

colorectal cancer before age 50 have type 2 diabetes (Ali Khan et al. 2020). This implies that any 

confounding affect from diabetes treatment in the findings is likely to dilute (rather than over-

estimate) 10-year cumulative risk estimates. 

 

Even though further exploration into the practicality of earlier screening of diabetic patients is 

warranted, prevalence of several shared diabetes and colorectal cancer risk factors indicate that 

risk estimates in the Swedish population may in fact be conservative and that risk-adapted 

screening in diabetic patients may be more critical in other nations. The prevalence of diabetes in 

Sweden is 4.5%, nearly half of that in the US (Bullard et al. 2018). As of 2014, the mean adult 
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BMI in Sweden was also markedly lower (25.8) in comparison to the US (28.8), where obesity 

rates are also much higher (Mendis et al. 2015b). In terms of tobacco consumption, Sweden has 

one of the lowest age-standardized rates of smoking in Europe (18.9%), which is also lower than 

in the US (21.9%). In addition, approximately 23% of the Swedish adult population is considered 

to undergo insufficient physical activity. The prevalence in the US is nearly twice as high (40%) 

(World Health Organization 2019). Although the aforementioned risk factors are potential 

confounders in the association between diabetes and colorectal cancer, if shared risk factors such 

as BMI, smoking, and physical inactivity are mediating the relationship, the findings would 

suggest that risk of colorectal cancer in diabetic patients is likely greater in other populations. 

Resultantly, earlier screening of diabetic patients may be more important in countries such as the 

US, where these risk factors are more prominent. It is noteworthy that the utility of diabetes as a 

risk factor would appear to be contingent on the availability/intensity of diabetes screening or 

diagnosis in the population. Studies have found that roughly 20% of patients with type 2 diabetes 

remain undiagnosed, nonetheless, due the presence of opportunistic screening for diabetes in 

Sweden since the 1980s, a significantly smaller percentage of undiagnosed diabetics are 

anticipated in comparison to other countries (Andersson et al. 1991; Midthjell et al. 1995; 

Thunander et al. 2008). 

 

4.2.5 Conclusion 
 
To conclude, this study provides novel evidence-based data for risk-adapted personalized starting 

ages of colorectal cancer screening in diabetic patients. The rising colorectal cancer rates in 

young individuals calls for a change in screening practices. This, in combination with the accrual 

of evidence that diabetic patients are at increased risk of colorectal cancer, especially early-onset 
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warrants the targeting of diabetic patients in an attempt to curb the increasing colorectal cancer 

incidence in the population below screening age. The findings demonstrate that diabetic patients 

reach the population level of colorectal cancer risk four to five years earlier in those without a 

family history of colorectal cancer, and 12 to 21 years earlier in those with family history. These 

findings warrant an exploration into the practicality, benefits and limitation of risk-adapted 

screening of diabetic patients.  

 
4.3 Comparison between dynamic and static definitions 

 
4.3.1 Principal findings 
 
When comparing the dynamic and static methods of evaluating disease history some marked 

differences in relative risk of colorectal cancer among diabetic patients were detected. It was 

found that in diabetic patients diagnosed before age 50, risk of colorectal cancer at all ages was 

1.4-fold by the dynamic method, but 1.2-fold by the static method. For early-onset colorectal 

cancer, the risk was 1.9-fold by the dynamic method, and was 1.2-fold by the static method, but 

was not statistically significant. In patients diagnosed with diabetes before age 20, the dynamic 

and static methods yielded similar results, with 1.5-fold colorectal cancer risk in both methods. 

In terms of relative risk of familial colorectal cancer, risk estimates of diabetic patients were 

consistently higher using the dynamic method, particularly for early-onset colorectal cancer. 

However, familial colorectal cancer risk estimates for those without a diabetes diagnosis were 

similar by both methods. In regard to risk-adapted screening ages, both methods yielded 

dissimilar results with diabetic patients reaching the population level of risk consistently earlier 

by the dynamic method in comparison to the static method.  
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4.3.2 Comparison between methods 
 
Overall, for both risk prediction and risk-adapted screening ages, the dynamic and static methods 

yielded different results for risk of colorectal cancer among diabetic patients. The important 

difference in these two methods is that the dynamic method allocates disease history only from 

the time of diagnosis, whether it is a diabetes diagnosis or a family member diagnosed with 

colorectal cancer. As a result, the person-years allocated in risk calculations will be different by 

both methods. For example, when evaluating the risk of early-onset colorectal cancer in diabetic 

patients diagnosed before age 50, if a person is diagnosed with diabetes at age 40 and colorectal 

cancer at age 45, by the static method the full 45 years of this individual’s person-years will be 

allocated to the group with diabetes. By the dynamic method, only 5 years from age 40 to 45 will 

be allocated to the diabetes risk calculation, while 40 person-years will be allocated to the ‘non-

diabetic’ group. Since over 60% of diabetes cases before age 50 occurred after age 40, by the 

dynamic method a large portion of person-years of diabetic patients were allocated to the non-

diabetic group, which resulted in the large differences observed in SIRs by the dynamic and 

static methods, especially for risk of early-onset colorectal cancer.  

 

By the same token, differences by both methods were not observed in diabetic patients diagnosed 

before age 20, since only a small portion of person-years were being allocated to the ‘non-

diabetic’ group by the dynamic method. For example, if a person is diagnosed with diabetes at 

age 5 and develops colorectal cancer at age 45, by the dynamic method 40 years are allocated to 

the ‘diabetic’ group while 45 years are allocated to the same group using the static method, a 

much smaller difference between the two. A comparison of the risk estimates using the static 

method (SIR 1.2, 95% CI 1.1-1.3) with those of other studies employing the static method 
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showed very similar results for risk of colorectal cancer in diabetic patients with roughly 20% 

increased risk (Guraya 2015). 

 

In a recent study comparing the dynamic and static definitions for family history of breast 

cancer, the dynamic method consistently yielded elevated relative risk and absolute risk 

estimates (Mukama et al. 2020b). The study demonstrated that both methods of disease history 

can be applied to estimate the disease risk, however the best option depends on the desired 

implication of the study. The dynamic method is understood to be the most appropriate for 

studies involving risk prediction and risk stratification since it provides real-time risk estimates 

for individuals that can be applied in clinical settings. For example, if individuals want to know 

the risk of developing colorectal cancer at the present time, only known histories can be taken 

account. Meanwhile, the static method is possible in register-based studies where an individual’s 

entire prior personal or family histories are known at the conclusion of study follow-up.  As a 

result, the static method captures disease history completely and would be most valid for 

estimating the overall effect (burden or attributable fraction) of a risk factor on an outcome. In 

this study, the dynamic (time-dependent) method was employed since the primary aim of the 

study was risk prediction and risk stratification of colorectal cancer in diabetic patients that could 

be used for real-time counselling.  In brief, the dynamic method reflects the time-dependent 

nature of family and personal disease histories making it better suited for the purposes of this 

study.  
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4.4 Overall conclusions 
 
The present study using the world’s largest nationwide family-cancer datasets with the use of a 

time-dependent method of ascertaining disease history provides evidence-based information on 

the risk of colorectal cancer in diabetic patients with clinical utility. It was found that individuals 

with diabetes before age 50 are at increased risk of colorectal cancer at all ages, especially early-

onset colorectal cancer and in concordant age groups. It was demonstrated that individuals with 

diabetes are at elevated risk for early-onset colorectal cancer in a magnitude similar to having a 

family history of colorectal cancer suggesting that diabetes could be considered an established 

risk factor of colorectal cancer. Furthermore, individuals with personal history of diabetes and 

family history of colorectal cancer had nearly 7 times the risk of early-onset colorectal cancer, 

higher than the multiplicative product of their individual relative risks by these histories, which 

implies an interaction between the two criteria. These results may be helpful for evidence-based 

counselling of diabetic and prediabetic patients to make them aware of the elevated risk of 

colorectal cancer. This may in the long run help alleviate the burden of early-onset colorectal 

cancer by earlier screening and/or informing diabetic patients to take precautions via improved 

lifestyle practices, which are common modifying factors for both diseases.  

 

For the first-time, risk-adapted starting ages of colorectal cancer screening were also provided 

for diabetic patients taking into account sex, family history of colorectal cancer, suggesting an 

adjustment to existing colorectal cancer screening practices. The rising incidence of colorectal 

cancer in young adults has increased pressure on countries to adjust their screening programs to 

improve incidence and outlook of colorectal cancer in individuals below screening age. The 

results follow recent studies that suggest a risk-adapted approach to colorectal cancer screening 
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and promote allocation of screening resources to individuals who are at high-risk in the 

population. The risk-adapted screening ages derived in this study may help guide clinicians to 

recommend diabetic patients to the best course of action for prevention of colorectal cancer in a 

timely manner.  
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5 SUMMARY 
Colorectal cancer is currently the third most common and the second most deadly of all cancers. 

Despite the success of global colorectal cancer screening programs in reduction of both 

incidence and mortality, in recent decades the incidence in young individuals, particularly before 

the age of 50, has risen in several countries. Resultantly, there is a call for colorectal cancer 

screening programs to alter screening recommendation and identify risk factors that make young 

people susceptible. Diabetes is a disease that has also been rising in young people in recent 

decades. Additionally, diabetes shares several risk factors with colorectal cancer and has been 

associated with colorectal cancer in some studies. Hence, it becomes increasingly important to 

determine if diabetic patients are at increased risk and if they should be directed for an earlier 

screening than the general population. 

 

This study aimed to investigate the associations between diabetes and early-onset and late-onset 

colorectal cancer and determine what effect age of diabetes diagnosis, family history of 

colorectal cancer, and sex have on these associations. In addition, if diabetic patients are at 

increased risk of colorectal cancer, it aimed to provide evidence-based risk-adapted screening 

ages in diabetic patients with and without a family history of colorectal cancer, given that 

diabetes has yet to be mentioned in global screening guidelines.   

 

The analysis was conducted using the Swedish family-cancer datasets, the world’s largest of 

their kinds with record linkage to the Swedish Inpatient and Outpatient Registers. The study 

population consisted of 12,614,256 individuals with valid genealogical information (at least one 

first-degree relatives) and up to 52 years of follow-up spanning from 1964 to 2015. Among the 
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12.6 million individuals, 559,375 cases of diabetes and 162,226 cases of colorectal cancer were 

identified. Standardized incidence ratios, lifetime cumulative risk (age 0 to 79), and 10-year 

cumulative risk of colorectal cancer in diabetic patients with and without a family history of 

colorectal cancer were calculated. Both family and personal disease histories were ascertained 

using a dynamic (time-dependent) method, in which individuals were treated as cases only from 

their age at diagnosis onwards.  

 

It was observed that diabetic patients are at an increased risk of colorectal cancer, particularly 

early-onset colorectal cancer and that the magnitude of this association was similar to that of 

having a first-degree relative with colorectal cancer. This risk was further elevated in diabetic 

patients with an additional family history of colorectal cancer with nearly 7 times the risk of 

colorectal cancer compared to those in the general population with no diabetes and no family 

history of colorectal cancer. Building on these findings, the study provided risk-adapted ages of 

initial colorectal cancer screening for diabetic patients with and without a family history of 

colorectal cancer. It was found that diabetic patients reached the population level of risk several 

years earlier irrespective of the benchmark age of screening in the population (age 45, 50, 55 or 

60). 

 

The results regarding risk of colorectal cancer in diabetic patients provide clinically-relevant and 

evidence-based data designed for real-time counselling of diabetic patients who are at an 

increased risk for early-onset colorectal cancer. The findings could help physicians provide 

personalized screening recommendation for diabetic patients and at the very least make patients 

wary of their increased risk so they can make lifestyle changes accordingly. Overall, irrespective 
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of the specific application, the findings carry strong potential in impacting the management of 

diabetes, especially in young patients who are not targeted by colorectal cancer screening. 
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5  ZUSAMMENFASSUNG 
Darmkrebs ist derzeit die dritthäufigste Krebserkrankung und die zweithäufigste 

Krebstodesursache weltweit. Trotz des Erfolgs globaler Darmkrebsvorsorge-Programme in 

Hinblick auf Häufigkeit und Mortalität ist in den letzten Jahrzehnten die Häufigkeit bei jungen 

Menschen, insbesondere vor dem 50. Lebensjahr drastisch gestiegen. Daraus ergibt sich die 

Forderung an Darmkrebs-Früherkennungsprogramme, die Früherkennungsempfehlungen zu 

ändern und Risikofaktoren zu identifizieren, welche junge Menschen anfällig machen. Eine 

weitere Krankheit, die bei jungen Menschen in den letzten Jahrzehnten deutlich zugenommen 

hat, ist Diabetes. Darüber hinaus teilt sie mehrere Risikofaktoren mit dem Kolorektalkarzinom 

und wurde in jüngsten Studien mit dem Kolorektalkarzinom in Verbindung gebracht. Daher wird 

es immer wichtiger festzustellen, ob Diabetes-Patienten ein erhöhtes Risiko haben und ob sie für 

eine frühere Vorsorgeuntersuchung vorgesehen werden sollten. 

 

Ziel dieser Studie war es, die Zusammenhänge zwischen Diabetes und Darmkrebs zu 

untersuchen und festzustellen, welchen Einfluss das Alter bei der Diabetes-Diagnose, die 

Familiengeschichte in Bezug auf Darmkrebs und das Geschlecht auf diese Zusammenhänge 

haben. Im Falle, dass Diabetes-Patienten ein erhöhtes Risiko für Darmkrebs haben, zielte sie 

zudem darauf ab, ein evidenzbasiertes, risikoadaptiertes Früherkennungsalter bei Diabetes-

Patienten mit und ohne Darmkrebs-Familiengeschichte zu ermitteln, da Diabetes bisher in keiner 

globalen Früherkennungsrichtlinie spezielle Berücksichtigung fand.   

 

Die Analyse wurde mit Hilfe der Krebsdatensätze schwedischer Familien durchgeführt, dem 

weltweit größten landesweiten Familien-Krebsregister mit “record linkage”. Die 
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Studienpopulation bestand aus 12.614.256 Personen mit gültigen genealogischen Informationen 

(mindestens ein Verwandter ersten Grades) und einer 52-jährigen Nachbeobachtung, die sich von 

1964 bis 2015 erstreckte. Unter den 12,6 Millionen Personen wurden 559.375 Fälle von Diabetes 

und 162.226 Fälle von Kolorektalkrebs festgestellt. Es wurden standardisierte 

Inzidenzverhältnisse, das kumulative Lebenszeitrisiko (Alter 0 bis 79 Jahre) und das kumulative 

Zehn-Jahres-Risiko für Darmkrebs bei Diabetikern mit und ohne familiäre Vorgeschichte von 

Darmkrebs berechnet. Sowohl die familiäre als auch die persönliche Krankheitsgeschichte 

wurden mit einer dynamischen (zeitabhängigen) Methode ermittelt, bei der Personen, ab dem 

Alter bei der Diagnose, als Fälle behandelt wurden.  

 

Es wurde beobachtet, dass Diabetes-Patienten ein erhöhtes Risiko haben, an Darmkrebs, 

insbesondere an Darmkrebs in relativ jungem Lebensalter, zu erkranken und dass das Ausmaß 

dieser Assoziation ähnlich groß ist wie bei einem Verwandten ersten Grades mit Darmkrebs. 

Dieses Risiko war bei Patienten mit einer zusätzlichen Familiengeschichte von Darmkrebs weiter 

erhöht, wobei das Risiko für Darmkrebs fast siebenmal höher war als in der 

Allgemeinbevölkerung ohne Diabetes und ohne Familiengeschichte von Darmkrebs. Aufbauend 

auf diesen Ergebnissen lieferte die Studie risikoadaptierte Altersangaben für die Darmkrebs-

Erstvorsorge für Patienten mit Diabetes, mit und ohne familiärer Darmkrebsvorgeschichte. Es 

stellte sich heraus, dass Diabetiker das Risikoniveau der Bevölkerung einige Jahre früher 

erreichten, unabhängig vom Referenzalter der Früherkennung in der Bevölkerung (Alter 45, 50, 

55 oder 60 Jahre). 
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Die Ergebnisse bezüglich des Darmkrebsrisikos bei Diabetikern liefern klinisch relevante Daten, 

die für die Echtzeit-Beratung von Diabetikern mit erhöhtem Risiko für Darmkrebs im 

Frühstadium relevant sind. Die Ergebnisse könnten Ärzten helfen, personalisierte Empfehlungen 

für die Vorsorgeuntersuchung von Diabetes-Patienten auszusprechen und die Patienten 

zumindest vor ihrem erhöhten Risiko zu warnen, damit sie ihre Lebensweise entsprechend 

ändern können. Unabhängig von der spezifischen Anwendung bergen die Ergebnisse ein großes 

Potenzial für die Verbesserung der Krebsvorsorge von Diabetikern, insbesondere bei jungen 

Patienten, die nicht ins Visier der Darmkrebs-Früherkennung fallen. 
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11 APPENDIX 

11.1 Supplementary Figure 
 

 
Supplementary Figure 1. Age-specific incidence of colorectal cancer in Sweden over time 
(1962-2015) by sex 


