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Abstract 

Background and Aims: Incidence of colorectal cancer (CRC) in younger adults is increasing 

in many countries. Given the established association of body mass index (BMI) with CRC risk 

and the increasing obesity prevalence among younger generations, we aimed to evaluate the 

association of BMI at different ages during early adulthood with early-onset CRC. 

 

Methods: Among 6602 CRC patients and 7950 matched controls who were recruited in 2003-

2020 in the DACHS study, a population-based case-control study from Germany, 747 patients 

and 621 controls were below age 55 and included in this analysis. Self-reported height and 

weight at ages 20 and 30 years, and at approximately 10 years before diagnosis or interview 

were recorded in personal interviews. Associations of BMI with early-onset CRC were 

estimated using multiple logistic regression.   

 

Results: Compared to participants with BMI <25 kg/m2, those with BMI ≥30 kg/m2 (obesity) 

at age 20 and 30 years and approximately 10 years before diagnosis/interview had 2.56 (95% 

CI 1.20-5.44), 2.06 (1.25-3.40), and 1.88 (1.30-2.73) fold risk of early-onset CRC. The 

association of BMI with early-onset CRC risk was particularly pronounced among and 

essentially restricted to the majority of participants with no previous colonoscopy.  

 

Conclusion: Obesity at early adulthood is strongly associated with increased risk of early- 

onset CRC.  

 

Keywords: colorectal cancer; body mass index; early-onset colorectal cancer; obesity 
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Introduction 

Incidence of colorectal cancer (CRC) in younger adults is increasing in many countries, 

including countries already experiencing a stable or declining trend of CRC incidence in older 

adults (e.g., Australia, Canada, Denmark, New Zealand, UK, and the US).1-9 The increasing 

trend in younger adults might indicate recent changes in risk factors for CRC and might worsen 

the already high burden of CRC. Hence, it is important to identify key modifiable risk factors 

for early-onset CRC to help develop preventive strategies for younger adults. 

Evidence from numerous studies suggests that body mass index (BMI) is positively associated 

with CRC risk.10-13 Also, several studies have demonstrated that overweight and obesity in 

early life may be particularly relevant for CRC risk.14-18 However, evidence on BMI and CRC 

risk has mostly come from studies including participants of all ages, in whom the vast majority 

are older than 60 years.10-12 In particular, it is unclear to what extent and how strongly 

overweight and obesity at different ages (e.g., 20, 30) are related to risk of early-onset CRC, 

and if and to what extent associations vary by sex. Such information could though be most 

relevant for the development of effective prevention strategies. In this study, we examined the 

associations of BMI at different ages in early adulthood with risk of early-onset CRC in a large 

population-based case-control study. 
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Methods and Materials 

Study design and study population 

The DACHS study (Darmkrebs: Chancen der Verhütung durch Screening) is an ongoing 

population-based case–control study conducted in the Rhine-Neckar region in southwestern 

Germany since 2003. Details of the DACHS study have been reported elsewhere.19, 20 Briefly, 

patients with a histologically confirmed first diagnosis of CRC (International Classification of 

Diseases, 10th Revision [ICD-10] codes C18–C20) are eligible if they are at least 30 years of 

age, can speak German, and are physically able to participate in an interview of about 1 hour. 

No upper age limit is employed. Community-based controls are randomly selected from 

population-based registries, using frequency matching with respect to age, sex, and county of 

residence. Controls with a history of CRC are excluded; otherwise inclusion and exclusion 

criteria are the same as in cases. The study was approved by the ethics committees of the 

Heidelberg Medical Faculty of Heidelberg University and of the state Medical Boards of 

Baden-Württemberg and Rhineland-Palatinate. Written informed consent is obtained from each 

participant. The current analysis is based on cases and controls that were recruited between 

2003 and 2020. 

Data collection 

Patients were informed about the study by their physicians, usually during or shortly after their 

hospital stay for CRC surgery. All of the >20 clinics providing CRC surgery in the catchment 

area of approximately 2 million people contributed to recruitment. Patients participated in an 
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interview with trained interviewers who collected information on patients’ socio-demographic, 

medical, and lifestyle history using a standardized questionnaire. In addition, patients who 

could not be recruited during their hospital stay were contacted by mail shortly after discharge 

by clinicians or clinical cancer registries. According to estimates based on cancer registries, 

approximately 50% of eligible cases in the study area could be recruited. Controls were 

contacted by the study centers through mail and follow-up calls, and interviews were scheduled 

at their homes (participation rate was 51%). A minority of control participants not willing to 

participate in a personal interview provided some key information in a self-administered 

questionnaire only and was excluded from this analysis because information on BMI at 

different ages was not obtained from those participants.  

Information on weight at preceding ages (10-year intervals: at ages 20, 30 etc.) and height was 

obtained from self-reports during the interview. To calculate BMI, weight (in kg) at the various 

ages was divided by the square of height (in meters). For this analysis, BMI at the following 

points of time was considered: at age 20, at age 30, and approximately 10 years ago. BMI 

approximately 10 years ago was based on weight reported 5-14 years before diagnosis or 

interview. For example, weight at age 40 was used for people aged 45-54. As information on 

weight at various ages was comprehensively obtained during the interviews only, we restricted 

the analyses to interviewed cases (N = 747) and controls (N = 621); a total of 238 controls with 

short questionnaire were excluded (Figure 1).  
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Statistical analysis 

There are no clear definitions of early-onset CRC yet. Many studies have used 50 years as the 

threshold age for defining early/late-onset CRC, because it is the starting age for CRC 

screening recommended in most countries’ guidelines.21 However, the increase of incidence in 

early-onset rectal cancer was observed to extend to age 50-54 in the US.22 Therefore, and in 

order to have adequate number of cases in our analyses, a cutoff of 55 years was used for most 

of our analyses. In addition, we also carried out analyses restricted to the population aged <50 

years and provide results in Supplementary Table 2 to enable comparison of results with those 

from other studies using a cut-off at age 50. 

We compared the distribution of demographic and lifestyle characteristics among cases and 

controls. Differences were tested for statistical significance using the Pearson Chi-square test. 

We quantified correlations of BMI at various ages by Spearman rank correlation coefficients 

among both cases and controls.   

Multiple logistic regression was used to estimate odds ratios (ORs) and 95% confidence 

intervals (CIs) for the associations of BMI at different ages with risk of early-onset CRC. Two 

adjustment levels were applied. Model A was adjusted for age and sex. Model B was 

additionally adjusted for education, family history of CRC, previous endoscopy, ever regular 

smoking, alcohol consumption, use of nonsteroidal anti-inflammatory drugs (NSAIDs, 

including aspirin), physical activity and diabetes. Results from model B are reported as main 

results. Subsite-stratified analyses were also performed for colon cancer and rectal cancer. 
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In most of the main analyses, three categories of BMI (<25, 25 to <30 and ≥30 kg/m2, reflecting 

underweight or normal weight, overweight and obesity, respectively) were used. Underweight 

(BMI <18.5 kg/m2) was rare in this study population and not considered as separate category 

in most analyses. However, we additionally carried out analyses using the standard BMI 

categories (underweight, normal weight, overweight and obesity) defined by World Health 

Organization (WHO) and provide results in Supplementary Table 1. Furthermore, we also 

assessed dose-response relationships between the different BMI measures with early-onset 

CRC risk using restricted cubic spline functions.23 Knots were placed at the 25th, 50th, and 75th 

percentiles of BMI among controls.  

To investigate potential effect modification of the association between BMI and early-onset 

CRC risk by other lifestyle factors, we performed analyses stratified by sex, family history of 

CRC (no/yes) and previous endoscopy (no/yes). In all stratified analyses, BMI was classified 

according to tertiles of values observed in the control group in order to ensure reasonably large 

numbers of participants in each of the categories. Potential variations in the association of BMI 

with risk of early-onset CRC between subgroups were assessed by adding product terms of 

BMI with the respective covariates to the models that included BMI at the various ages as 

continuous variable. 

All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). Statistical 

tests were two-sided, with an alpha level of 0.05. 
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Results 

Characteristics of the study participants 

Figure 1 shows the flow chart of selection of the study population. After excluding participants 

with missing data on relevant covariates, 747 cases and 621 controls aged <55 years (mean 

ages 48.4 and 48.7 years, respectively) were included. Characteristics of the participants are 

given in Table 1. Cases had lower levels of education, were more likely to be current smokers 

and heavy drinkers, were more likely to have a first-degree relative with history of CRC, and 

they had less often had large bowel endoscopy than controls.  

Distributions of the different BMI measures among cases and controls are shown in Figure 2. 

Prevalences of overweight and obesity had steadily increased from age 20 to approximately 10 

years before diagnosis among cases or interview among controls and were higher among cases 

than among controls at all ages. BMI levels at the different ages were strongly correlated among 

both cases and controls (Supplementary Table 3). For example, correlation coefficients of 

BMI at age 20 with BMI at ages 30, and with BMI approximately 10 years ago were 0.82 and 

0.72 among controls (p<0.001 for each correlation). 

Associations of BMI at different ages with early-onset CRC 

Table 2 shows the associations between BMI at different ages and early-onset CRC. Higher 

BMI was strongly associated with a higher risk of early-onset CRC risk, irrespective of when 

BMI was recorded, and strong associations persisted even after adjustment for multiple 

potential confounders. BMI ≥30 kg/m2 (obesity) at ages 20, 30, and approximately 10 years 
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before diagnosis/interview was associated with a 2.56- (95%CI, 1.20-5.44), 2.06- (95%CI, 

1.25-3.40), and 1.88- (95%CI, 1.30-2.73) fold increased risk of early-onset CRC respectively, 

when compared to BMI <25 kg/m2. BMI from 25 to <30kg/m2 (overweight) at age 30 and 

approximately 10 years before diagnosis/interview was associated with a 1.34- (95% CI: 1.02-

1.77 ) and 1.46- (95% CI: 1.13-1.90) fold increased risk of early-onset CRC, respectively. The 

ORs for each 5-unit increment in BMI at ages 20, 30, and approximately 10 years before 

diagnosis/interview were 1.44 (95% CI, 1.18-1.75), 1.36 (95% CI, 1.15-1.61) and 1.36 (95% 

CI, 1.18-1.58).  

Supplementary Table 1 shows the corresponding ORs when using the standard four BMI 

categories defined by WHO, using only normal weight people with BMI 18.5 to <25 kg/m2 as 

reference. Given the small number of underweight cases and controls, ORs for overweight and 

obesity were very similar to those shown in Table 2. Underweight at ages 20 and 30 was 

associated with reduced risk of early-onset CRC. 

Supplementary Table 2 shows the associations of the various BMI measures with early-onset 

CRC risk when using 50 years as the threshold age for defining early-onset CRC. In this 

analysis, those with BMI≥30 kg/m2 (obesity) at age 20, 30, and approximately 10 years before 

diagnosis/interview had 3.29 (95%CI, 1.08-10.09), 2.15 (95%CI, 1.16-4.01) and 1.75 (95%CI, 

1.02-2.99) times higher odds of early-onset CRC compared with BMI <25 kg/m2.  

Supplementary Figure 1 shows dose-response relationships of BMI measured at different 

ages with early-onset CRC risk. Monotonic positive relationships with early-onset CRC risk 

were consistently seen for BMI at ages 20, 30 and approximately 10 years before 
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diagnosis/interview.  

Associations of BMI at different ages with early-onset CRC by subsite 

Table 3 shows that overweight and obesity BMI approximately 10 years before 

diagnosis/interview were associated with increased risk for both colon and rectal cancer. When 

looking at reported BMI at ages 20 and 30, obesity but not overweight showed a particularly 

strong association with rectum cancer, with adjusted ORs (95% CI) of 3.41 (95%CI, 1.46-7.95) 

and 2.51 (95%CI, 1.41-4.48), respectively.  

Subgroup analyses of BMI and tests for interactions 

Table 4 shows subgroup analyses by sex, family history of CRC, and previous endoscopy use. 

Results showed particularly pronounced associations of higher BMI with early-onset CRC risk 

in females and those with no history of large bowel endoscopy, but tests for interactions did 

not reach statistical significance.  
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Discussion 

The role of overweight and obesity as risk factors for CRC has long been established.10-13 

However, previous research mostly focused on CRC at all ages.10-12 Given that early-onset CRC 

accounts for a minority of CRC cases only, it was unclear to what extent the observed 

associations would hold for CRC at young ages whose incidence has been increasing in many 

countries in recent years.1,3,8,9 A few recent studies have specifically assessed associations of 

overweight and obesity with early-onset CRC,15-18, 24-28 but most typically evaluated BMI at 

one specific point of time only. On first view, results were rather mixed, ranging from strong 

positive16,17,18,25 to null24,26or even inverse associations.27,28 A closer look at the studies, 

however, reveals that the latter mostly ascertained BMI at a point of time close to diagnosis.  

A plausible explanation for this apparent inconsistency could be pre-diagnostic weight loss, 

which is well-known for many cancers including CRC,29,30 and which may lead to strong 

attenuation or even reversal of apparent BMI-CRC associations due to reverse causality. This 

large case-control study from Germany, which took utmost care to avoid possible bias by pre-

diagnostic weight loss, strongly supports the hypothesis of an important role of overweight and 

obesity in the risk of early-onset CRC risk from early adulthood on (and possibly earlier).  

Our study is among the first to specifically assess associations between BMI at defined ages in 

early adulthood and early-onset CRC risk. Even though a test for interaction by sex did not 

reach statistical significance, possibly due to lack of power given the low numbers of early-

onset CRC cases especially among females, we found a stronger association of obesity with 

early-onset CRC among women than among men, with associations observed among females 
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being similar to the results from a cohort study of US female nurses.18 Our findings of 

particularly strong associations of obesity with rectal cancer are also consistent with results of 

a large population-based study from Israel,17 supporting suggestions of possibly different 

mechanisms of colon and rectum cancer pathogenesis.31 

Along with the disquieting rise of the obesity epidemic in younger generations,32-34 these 

patterns suggest overweight and obesity as potential factors in increases in CRC incidence in 

many countries, in particular the US.35  In Germany, from 1999 to 2017, obesity prevalence 

among adults (≥18 years) likewise increased in all age groups.36 By 2015, 54.0% of adults in 

Germany were overweight or obese. The prevalence of obesity was 18.1% (18.3% for men and 

18 % for women).  

The underlying biological mechanisms for the association between early adulthood obesity and 

early-onset CRC may include changes in hormone metabolism, insulin and insulin-like growth 

factor (IGF), adipokine pathophysiology and inflammatory pathways.37-40 Obesity itself has a 

multifactorial etiology, involving a complex interplay between lifestyle, environment, nutrition, 

genetics and epigenetic predisposition. However, unlike genetic factors, environmental and 

lifestyle factors have substantially changed over the past few decades and are the plausible 

drivers for the increase in obesity and its adverse health consequences, including colorectal 

cancer at younger ages.41-43  

Our findings may have important implications for more effective prevention of CRC at young 

ages and beyond. Overweight and obesity in adulthood often and increasingly start developing 

early in life, with permanent weight reduction being difficult to achieve once they have 
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developed. Measures effectively preventing development of overweight and obesity, which 

could also prevent many other adverse health consequences, would have to start very early in 

life and would be crucial to limit the toll of the obesity epidemic.  

The strong associations of early life overweight and obesity with early-onset CRC observed in 

our study also underline the potential relevance of considering overweight and obesity in CRC 

risk stratification for potential risk-adapted screening strategies, such as risk-adapted starting 

ages of screening. For example, future studies, including modelling studies might evaluate if 

and to what extent the recommendation of lowering the starting age of CRC screening to 45 

years in the US in the average-risk population44-46 might be refined in the future by taking 

overweight and obesity and potentially other risk factors into account.  

Specific strengths of our study include the population-based design and the overall very large 

size of our case-control study, along with detailed ascertainment of CRC risk factors in personal 

interviews, including ascertainment of BMI at various ages. However, a number of limitations 

also deserve careful consideration. Firstly, all BMI measures were based on self-reported height 

and weight which implies the potential of misreporting and recall bias, especially with respect 

to BMI at early adulthood. Although there is evidence suggesting that self-reported and 

measured weights correspond well,47 imperfect ascertainment of BMI would most likely have 

led to some underestimation of BMI-CRC associations. Secondly, despite the overall very large 

sample size, the number of CRC cases and controls below age 55, in particular below age 50, 

were still rather limited, which limited precision and power of the analyses for early-onset CRC. 

Thirdly, even though we adjusted for a large number of relevant covariates, we were not able 
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to adjust for other potential confounders such as meat and vegetable intake, for which only 

current but not past habits (such as those at ages 20, 30 or approximately 10 years ago) were 

ascertained. However, given their relatively weak association with CRC, they are unlikely to 

explain such strong associations of BMI with CRC risk as those observed in our study.48 

Fourthly, our study provides only very limited evidence on potential mechanisms underlying 

the observed BMI-CRC associations. Further research is required for more fully disclosing the 

mechanisms underlying the relationship between overweight and obesity and early-onset CRC. 

Despite its limitations, our study demonstrates that overweight and obesity at early adulthood 

are strongly associated with increased risk of early-onset CRC. It thereby strongly supports 

suggestions that recent increases in prevalence of obesity in younger generations may be an 

important factor in the increases in incidence of early-onset CRC in many countries. Our results 

suggest that measures to prevent or curb the obesity epidemic in younger generations are likely 

to be as crucial for preventing CRC as they are for preventing other common diseases. The 

strong association of early adulthood BMI with early-onset CRC risk furthermore calls for due 

consideration of this important risk factor in developing personalized, risk-adapted screening 

strategies.   
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Table 1. Characteristics of participants 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviations: MET, metabolic equivalent of task; CRC, colorectal cancer; NSAIDs, nonsteroidal anti-
inflammatory drugs. 
a p values were calculated from Pearson chi-square test. 
b Not smoking for at least 2 years prior to the interview. 
c Lifetime alcohol consumption categories using sex-specific cutoffs: light drinkers: 0-12 g/d (women) and 0-24 
g/d (men); moderate drinkers: >12-25 g/d (women) and >24-50 g/d (men); and heavy drinkers: >25 g/d (women) 
and >50 g/d (men). 
d Tertiles of lifetime physical activity in metabolic task hours per week (MET-h/wk). 
e NSAIDs use was defined as taking NSAIDs (including aspirin) at least 2 times per week for at least 1 year. 

 

 

 

 Cases  Controls  P a  

 (N=747) (N=621)   

Variables  N (%) N (%)  

Sex      

Female 

 

322 

 

(43) 

 

276 

 

(44) 

 

 

Male 

 

425 

 

(57) 

 

345 

 

(56) 

 

 

Age in years  

 

     

30-39  

 

59 (8) 

 

42 

 

(7)  

40-49  

 

280 

 

(37) 222 

 

(36) 

 

 

50-54  408 (55) 357 (57)  

Education (years)     <0.001 

≤9  315 (42) 151 (24)  

10-11  201 (27) 214 (34)  

12-13  231 (31) 256 (42)  

 Smoking status      <0.001 

Never 283 (38) 319 (51)  

Former b 224 (30) 157 (25)  

Current 240 (32) 145 (24)  

Alcohol consumptionc     0.027 

Light drinkers 567 (76) 507 (82)  

Moderate drinkers 130 (17) 87 (14)  

  Heavy drinkers 50 (7) 27 (4)  

Physical activity (MET-hours/week )d   0.014 

<144.7 228 (31) 228 (37)  

144.7 - <220.6 247 (33) 209 (33)  

≥220.6 272 (36) 184 (30)  

History of CRC in 1st degree relative CRC   <0.001 

No 638 (85) 575 (93)  

Yes 109 (15) 46 (7)  

Previous large bowel endoscopy   <0.001 

No 628 (84) 424 (68)  

Yes 119 (16) 197 (32)  

Diabetes     0.187 

No 704 (94) 595 (96)  

Yes 43 (6) 26 (4)  

NSAIDs use e 

  

    0.284 

No 

 

686 

 

(92) 

 

560 

 

(90) 

 

 

Yes 

 

 

 

 

 

61 (8) 61 (10)  
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Table 2. Associations of BMI measured at different ages with early-onset CRC risk  

BMI measures Cases 

N (%) 

Controls 

N (%) 

Adjusted 

OR
a
 (95% CI) 

Adjusted 

OR
b
 (95% CI) 

BMI at age 20 c   

＜25 596 (81) 538 (87) 1 [Ref]  1 [Ref] 

25 to <30 104 (14) 71 (11) 1.32 [0.95-1.83] 1.10 [0.78-1.57] 

≥30 32 (5) 10 (2) 2.84 [1.38-5.83] 2.56 [1.20-5.44] 

per 5 kg/m2 increase 732 (100) 619 (100) 1.54 [1.28-1.86] 1.44 [1.18-1.75] 

     BMI at age 30 d   

＜25 467 (63) 452 (73) 1 [Ref] 1 [Ref] 

25 to <30 201 (28) 142 (23) 1.37 [1.06-1.77] 1.34 [1.02-1.77] 

≥30 68 (9) 26 (4) 2.49 [1.55-3.99] 2.06 [1.25-3.40] 

per 5 kg/m2 increase 736 (100) 620 (100) 1.45 [1.24-1.70] 1.36 [1.15-1.61] 

BMI about 10 years before diagnosis/interview e  

     ＜25 359 (48) 374 (60) 1 [Ref] 1 [Ref] 

25 to <30 262 (35) 187 (30) 1.50 [1.18-1.92] 1.46 [1.13-1.90] 

≥30 121 (17) 59 (10) 2.17 [1.54-3.07] 1.88 [1.30-2.73] 

per 5 kg/m2 increase 742 (100) 620 (100) 1.43 [1.25-1.64] 1.36 [1.18-1.58] 

Abbreviations: BMI: Body mass index; CRC, colorectal cancer; OR: odds ratio; CI: confidence interval; Ref: 

reference. 
aAdjusted for age and sex. 
bAdjusted for age, sex, previous endoscopy, CRC family history, education, ever regular smoking state, alcohol 

consumption, NSAIDs use, physical activity and diabetes. 
c1351 participants were included in the models. 
d1356 participants were included in the models. 
e1362 participants were included in the models.  
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Table 3. Associations of BMI measured at different ages with early-onset CRC risk by 

subsite 

BMI measures Subsite
 
 

Colon 

 

Rectum 

 Cases 

N (%) 

Controls

N (%) 

OR
a
 (95% CI)  Cases 

N (%) 

Controls 

N (%) 

OR
a
 (95% CI) 

BMI at age 20 b       

＜25 303 (81)  538 (87) 1 [Ref] 293 (81)  

 

538 (87) 1 [Ref] 

25 to <30 54 (15) 71 (11) 1.10 [0.72-1.67] 50 (14) 71 (11) 1.09 [0.71-1.67] 

≥30 14 (4) 10 (2) 1.93 [0.81-4.62] 18 (5) 10 (2) 3.41 [1.46-7.95] 

per 5 kg/m2 increase 371 (100) 619 (100) 1.41 [1.11-1.78] 361 (100) 619 (100) 1.47 [1.17-1.86] 

BMI at age 30 c       

       ＜25 234 (63) 452 (73) 1 [Ref] 233 (64)  

 

452 (73) 1 [Ref] 

25 to <30 106 (28) 142 (23) 1.45 [1.05-2.01] 95 (26) 142 (23) 1.21 [0.86-1.70] 

≥30 32 (9) 26 (4) 1.75 [0.97-3.14] 36 (10) 26 (4) 2.51 [1.41-4.48] 

per 5 kg/m2 increase 372 (100) 620 (100) 1.38 [1.09-1.75] 364 (100) 620 (100) 1.41 [1.16-1.71] 

BMI about 10 years before diagnosis/interview d    

       ＜25 181 (49) 374 (60) 1 [Ref] 178 (48) 374 (60) 1 [Ref] 

25 to <30 135 (36) 187 (30) 1.75 [1.24-2.48] 127 (34) 187 (30) 1.43 [1.04-1.98] 

≥30 57 (15) 59 (10) 1.77 [1.08-2.92] 64 (18) 59 (10) 2.06 [1.32-3.37] 

per 5 kg/m2 increase 373 (100) 620 (100) 1.35 [1.13-1.61] 369 (100) 620 (100) 1.41 [1.19-1.68] 

Abbreviations: BMI: Body mass index; CRC, colorectal cancer; OR: odds ratio; CI: confidence interval; Ref: 

reference. 
aAdjusted for age, sex, previous endoscopy, CRC family history, education, ever regular smoking state, alcohol 

consumption, NSAIDs use, physical activity and diabetes. 
b1351 participants were included in the models. 
c1356 participants were included in the models. 
d1362 participants were included in the models.  
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Table 4. Subgroup analysis of BMI (divided into tertiles) measured at different ages and early-onset CRC risk  

Covariates  BMI
a
 BMI at 20  BMI at 30  BMI≈10y ago

d
  

   Ncases/controls OR
b
            P

 c
 Ncases/controls OR

b
            P

 c
 Ncases/controls OR

b
 P

 c
 

Sex Female T1 133/149 1 [Ref] 0.14 144/147 1 [Ref] 0.07 146/144 1 [Ref] 0.21 

 T2 101/80 1.49 [0.99-2.25]  77/79 0.91 [0.59-1.39]  72/76 0.96 [0.63-1.48]  

 T3 88/47 1.88 [1.18-3.00]  101/50 1.90 [1.20-3.00]  104/56 1.66 [1.07-2.59]  

 per 5 kg/m2 increase 322/276 1.64 [1.21-2.23]  322/276 1.56 [1.22-2.01]  322/276 1.51 [1.21-1.87]  

           Male T1 62/58 1 [Ref]  74/58 1 [Ref]  60/57 1 [Ref]  

 T2 147/126 1.02 [0.65-1.62]  122/130 0.72 [0.46-1.13]  132/134 0.91 [0.57-1.45]  

 T3 216/161 1.19 [0.76-1.85]  229/157 1.11 [0.73-1.71]  233/154 1.35 [0.86-2.11]  

  per 5 kg/m2 increase 425/345 1.32 [1.02-1.72]  425/345 1.20 [0.94-1.53]  425/345 1.26 [1.02-1.55]  

1st degree 

family history 

of CRC 

No T1 165/193 1 [Ref] 0.49 186/196 1 [Ref] 0.97 179/188 1 [Ref] 0.78 

 T2 215/191 1.37 [1.01-1.87]  178/192 0.90 [0.65-1.22]  177/193 0.93 [0.68-1.28]  

 T3 258/191 1.54 [1.11-2.12]  274/187 1.48 [1.08-2.02]  282/194 1.42 [1.04-1.94]  

 per 5 kg/m2 increase 638/575 1.47 [1.19-1.82]  638/575 1.37 [1.14-1.64]  638/575 1.37 [1.18-1.60]  

           Yes T1 30/14 1 [Ref]  32/9 1 [Ref]  27/13 1 [Ref]  

 T2 33/15 0.74 [0.26-2.12]  21/17 0.56 [0.18-1.75]  27/17 1.10 [0.37-3.26]  

 T3 46/17 1.28 [0.48-3.47]  56/20 1.17 [0.41-3.32]  55/16 2.15 [0.77-6.04]  

  per 5 kg/m2 increase 109/46 1.24 [0.69-2.24]  109/46 1.56 [0.92-2.62]  109/46 1.52 [0.93-2.47]  

Previous large 

bowel 

endoscopy 

No T1 165/148 1 [Ref] 0.21 181/151 1 [Ref] 0.17 166/150 1 [Ref] 0.11 

 T2 206/141 1.34 [0.96-1.88]  168/139 0.94 [0.67-1.32]  175/140 1.12 [0.79-1.57]  

 T3 257/135 1.59 [1.12-2.24]  279/134 1.63 [1.16-2.28]  287/134 1.74 [1.24-2.45]  

 per 5 kg/m2 increase 628/424 1.53 [1.22-1.93]  628/424 1.46 [1.20-1.78]  628/424 1.46 [1.23-1.73]  

           Yes T1 30/59 1 [Ref]  37/54 1 [Ref]  40/51 1 [Ref]  

 T2 42/65 1.22 [0.65-2.27]  31/70 0.53 [0.28-1.02]  29/70 0.44 [0.22-0.87]  

 T3 47/73 1.19 [0.63-2.27]  51/73 0.87 [0.46-1.64]  50/76 0.70 [0.37-1.33]  

  per 5 kg/m2 increase 119/197 1.16 [0.77-1.74]  119/197 1.08 [0.77-1.52]  119/197 1.10 [0.82-1.47]  

Abbreviations: BMI: Body mass index; CRC, colorectal cancer; OR: odds ratio; T1, first tertile; T2, middle tertile, T3, third tertile; Ref: reference.  
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a For BMI at age 20: T1:<20.6, T2 :20.6-<23.1 and T3:≥23.1; For BMI at age 30: T1:<22.0, T2 :22.0-<24.4, and T3:≥24.4; For BMI about 10 years before diagnosis/interview: 
T1:<22.8, T2:22.8-<25.5, and T3:≥25.5.  
b Adjusted for age, sex, previous endoscopy, CRC family history, education, ever regular smoking state, alcohol consumption, NSAIDs use, physical activity and diabetes. 
c P for interaction. 
d BMI about 10 years before diagnosis/interview. 
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Supplementary Table 1. Associations of BMI (according to the WHO categories) at 

different ages with early-onset CRC risk 

 

Abbreviations: BMI: Body mass index; WHO: World Health Organization; CRC, colorectal cancer; OR: odds 

ratio; CI: confidence interval; Ref: reference. 
aAdjusted for age and sex. 
bAdjusted for age, sex, previous endoscopy, CRC family history, education, ever regular smoking state, alcohol 

consumption, NSAIDs use, physical activity and diabetes. 
c1351 participants aged <55y were included in the models. 
d1356 participants aged <55y were included in the models. 
e1362 participants aged <55y were included in the models.  

 

BMI measures Cases 

N (%) 

Controls 

N (%) 

Adjusted 

OR
a
 (95% CI) 

Adjusted 

OR
b
 (95% CI) 

BMI at age 20 c    

＜18.5 45 (6) 62 (10) 0.62 [0.41-0.93]  0.62 [0.40-0.95] 

18.5 to <25 551 (75) 476 (77) 1 [Ref] 1 [Ref] 

25 to <30 104 (14) 71 (11) 1.27 [0.92-1.77] 1.06 [0.75-1.52] 

≥30 32 (5) 10 (2) 2.72 [1.32-5.61] 2.45 [1.15-5.22] 

per 5 kg/m2 increase 732(100) 619(100) 1.54 [1.28-1.86] 1.44 [1.18-1.75] 

BMI at age 30 d    

＜18.5 16 (2) 28 (5) 0.52 [0.27-0.98] 0.47 [0.24-0.92] 

18.5 to <25 451 (61) 424 (68) 1 [Ref] 1 [Ref] 

25 to <30 201 (27) 142 (23) 1.34 [1.04-1.74] 1.31 [0.99-1.73] 

≥30 68 (10) 26 (4) 2.41 [1.50-3.88] 1.98 [1.20-3.28] 

per 5 kg/m2 increase 736(100) 620(100) 1.45 [1.24-1.70] 1.36 [1.15-1.61] 

BMI about 10 years before diagnosis/interview e  

＜18.5 13 (2) 11 (1) 1.18 [0.52-2.68] 1.06 [0.44-2.52] 

18.5 to <25 346 (47) 363 (59) 1 [Ref] 1 [Ref] 

25 to <30 262 (35) 187 (30) 1.51 [1.18-1.93] 1.47 [1.13-1.91] 

≥30 121 (16) 59 (10) 2.18 [1.54-3.09] 1.88 [1.30-2.74] 

per 5 kg/m2 increase 742(100) 620(100) 1.43 [1.25-1.64] 1.36 [1.18-1.58] 
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Supplementary Table 2. Associations of BMI measured at different ages with CRC risk 

in participants aged <50 years 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: BMI: Body mass index; CRC, colorectal cancer; OR: odds ratio; CI: confidence interval; Ref: 

reference. 
aAdjusted for age, sex, previous endoscopy, CRC family history, education, ever regular smoking state, alcohol 

consumption, non-steroidal anti-inflammatory drugs use physical activity and diabetes. 
c598 participants aged <50y were included in the models. 
d601 participants aged <50y were included in the models. 
e601 participants aged <50y were included in the models.  

  

BMI measures Cases  

N (%) 

Controls  

N (%) 

Adjusted ORa (95% CI) 

BMI at age 20
b
  

＜25 273 (81) 224 (85) 1 [Ref] 

25 to <30 42 (13) 36 (13) 0.77 [0.46-1.29] 

≥30 19 (6) 4 (2) 3.29 [1.08-10.09] 

per 5 kg/m2 increase 334 (100) 264 (100) 1.31 [1.00-1.71] 

BMI at age 30c  

＜25 196 (58) 180 (68) 1 [Ref] 

25 to <30 96 (28) 67 (25) 1.22 [0.82-1.82] 

≥30 45 (14) 17 (7) 2.15 [1.16-4.01] 

per 5 kg/m2 increase 337 (100) 264 (100) 1.28 [1.03-1.59] 

BMI about 10 years before diagnosis/interviewd   

＜25 164 (49) 160 (61) 1 [Ref] 

25 to <30 117 (35) 76 (29) 1.47 [0.99-2.16] 

≥30 57 (16) 27 (10) 1.75 [1.02-2.99] 

per 5 kg/m2 increase 338 (100) 263 (100) 1.26 [1.03-1.54] 
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Supplementary Table 3. Spearman correlation coefficients of BMI at various ages  
 

 

 

 

 

 

 

Abbreviations: BMI: Body mass index. 
a BMI about 10 years before diagnosis/interview.  

 Controls  Cases  All 

 BMI at 

age 30 

BMI 

≈10y ago
a
 

 BMI at 

age 30 

BMI 

≈10y ago 

 BMI at 

age 30 

BMI 

≈10y ago 

BMI at age 20 0.82 0.72  0.80 0.70  0.81 0.71 

BMI at age 30  0.86   0.85   0.86 
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Figure legends 

Figure 1. Flow chart showing selection of the study population 
Abbreviations: DACHS: Darmkrebs: Chancen der Verhütung durch Screening; NSAIDs, 
nonsteroidal anti-inflammatory drugs. 

 

Figure 2. Distributions of different BMI measures among cases and controls  

Abbreviations: BMI: Body mass index (kg/m2). 
 

Supplementary Figure 1. Dose-response analysis of BMI at various ages and risk of early-

onset CRC   

Abbreviations: BMI: Body mass index (kg/m2); CRC, colorectal cancer. 

Note: Dose-response relationships between the different BMI measures with early- onset CRC 

risk using restricted cubic spline functions and logistic regression models adjusted for age, sex, 

previous endoscopy, CRC family history, education, ever regular smoking state, alcohol 

consumption, non-steroidal anti-inflammatory drugs use, physical activity and diabetes. 

 

 

 
  
 
 

 

 


