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Evidence of the risk factors associated with early-onset colorectal neoplasm from prospective population-based studies is limited. We enrolled 17,293 participants younger than 50 years from the Shanghai colorectal cancer (CRC) screening program cohort. Face-to-face interviews were performed by trained primary care physicians using a standardized questionnaire to collect the information on potential risk factors at baseline entry. Furthermore, 124 cases of early-onset colorectal neoplasm, including six CRC cases and 118 colorectal adenoma (CRA) cases, were detected between 2012 and 2016. Multivariable logistic regression models and restricted cubic spline (RCS) were used to evaluate the risk factors associated with early-onset colorectal neoplasm. We found that sex, body mass index (BMI), and family history of CRC were associated with the early onset of colorectal neoplasm. The RCS model showed a positive dose–response and linear association between BMI and risk of early-onset colorectal neoplasm among young participants (p-overall = 0.19, p-nonlinear = 0.97). The findings indicated that it was beneficial for normal people younger than 50 years to start opportunistic CRC screening. As for those at high risk, increased surveillance is strongly recommended. Further close follow-up is required for research on the underlying causes of early-onset CRC.
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Highlights

In a population-based screening cohort with 17,293 participants younger than 50 years, 124 cases of early-onset colorectal neoplasm, including six cancer cases and 118 adenomas cases, were detected from 2012 to 2016. Sex, body mass index (BMI), and family history of colorectal cancer (CRC) were associated with early-onset colorectal neoplasm. Our results provided evidence for the efficacy of screening in Chinese youth and the risk factors associated with early-onset CRC.



Introduction

The burden of colorectal cancer (CRC) incidence and mortality is rapidly growing worldwide. According to GLOBOCAN 2020 (1), more than 1.9 million new CRC cases and 935,000 deaths were estimated to occur, representing about one in 10 cancer cases and deaths. CRC incidence and mortality rates have declined substantially in the United States (US) over the past four decades due to CRC screening and improvements in treatment (2). However, the decrease in incidence and mortality occurred mostly among adults older than 50 years. In contrast, the incidence of CRC kept increasing and nearly doubled in younger adults since the 1990s (3, 4). Approximately one in 10 new patients with CRC in the US is younger than 50 years, and this early-onset CRC now accounts for 10%-12% of all new CRC diagnoses (5). In China, a steady increase in CRC incidence was observed over the past three decades, with the most pronounced increase in the youth aged 15-49 years (6). Therefore, the increasing incidence of CRC among younger individuals has become a global trend; however, the reason remains unclear.

Little is known about the mechanisms and factors responsible for the development of this early-onset CRC. Evidence suggested that early-onset CRC had a different clinical and molecular profile compared with traditional late-onset CRC (7). Epidemiological observation showed that early-onset CRC was characterized by a more advanced stage at diagnosis, poorer cell differentiation, higher prevalence of signet ring cell histology, and left colon-sided location of the primary tumor (8, 9). Some risk factors, such as obesity, smoking, alcohol, and consumption of red or processed meat, have been demonstrated to be independent risk factors associated with late-onset CRC (10–14). However, whether these environmental exposures and lifestyle factors play similarly important roles in early-onset CRC is poorly understood. The consensus regarding lifestyle-related and environmental risk factors associated with early-onset CRC requires more population-based studies.

In addition, the American Cancer Society (ACS) recently recommended lowering the beginning age of CRC screening to 45 years considering the prolonged trends in the increasing CRC disease burden among persons younger than 50 years (2, 15, 16) and based on the modeling analyses showing efficient strategies for CRC screening starting at the age of 45 years (17, 18). The implementation of widening the screening age gap and lowering the beginning age of screening has generated controversies. The present evidence for the efficacy of screening is limited to adults older than 50 years (19). The next question is whether CRC screening, which has demonstrated great benefits for older adults, is of great value to younger people.

Therefore, the present study used data from a large community-based CRC screening program cohort to provide evidence for the efficacy of screening in Chinese youth and further identify the risk factors associated with early-onset CRC.



Materials and Methods


Study Design and Population

The data were obtained from local Songjiang District community residents in the city of Shanghai, east of China. Songjiang District, located in the northwest suburban part of Shanghai, with an area of 464.2 km2 and a population of 1,568,000 residents in 2015, represents characteristics of the typical urban–rural integration area of the Chinese population. The Songjiang local CRC screening cohort was initially established in 2012 and covered almost all native residents by the end of 2016.

The details of the design and procedures of the Shanghai CRC screening program were described previously (20). In brief, local residents aged 50-74 years with no history of CRC were invited to participate in screening. The screening involves two steps: initial screening [including fecal immunochemical test (FIT) and risk assessment], followed by diagnostic testing of colonoscopy for individuals with positive results. Residents aged 50-74 years were the target population, and the fees were covered by the local government and personal health insurance account. Residents younger than 50 years were also welcomed to participate in screening but at their own expense.

Participants who met the following criteria were enrolled in this study: (1) asymptomatic residents younger than 50 years; (2) individuals who signed informed consent; and (3) individuals completing the baseline risk interview.

We excluded individuals with a prior diagnosis of CRC at baseline (n = 55). Participants who did not report baseline weight were also excluded (n = 7,139). In the case of the potential survival bias, individuals diagnosed with any prevalent cancer before baseline were also excluded (n = 201) (Figure 1).




Figure 1 | Flow diagram for selection of study cohort and participants.





Ascertainment of Colorectal Neoplasm

We defined all colorectal neoplasms, including colorectal adenomas (CRAs), carcinoma in situ, and CRC, as our primary end point. Participants were followed up from 2012 until the occurrence of cancer, death, or December 31, 2016. Participants with cancer were tracked through CRC screening results and annual searches of the Shanghai cancer registry system. CRC cases were defined as colorectal adenocarcinoma and confirmed by hospital medical records or pathology reports of colonoscopy. CRA cases were defined as histologically classified tubular adenomas, mixed adenomas, and villous adenomas and confirmed by the histopathological report of colonoscopy. The outcome information was further confirmed by a medical record review performed by clinical experts.



Exposure Assessment

Face-to-face interviews were performed by trained primary care physicians for all participants using a standardized questionnaire to collect the information on potential risk factors at baseline entry. The questionnaire comprised 30 questions, including clinical anorectal symptoms; related colorectal diseases such as polyps and appendicitis; CRC family history; personal history of chronic diseases such as diabetes, hypertension, and hyperlipidemia; personal history of cancer history; and lifestyle factors such as smoking, alcohol drinking, and so forth. The educational level was classified as illiterate/primary school, middle school, and college/university. The marital status was classified as married, unmarried, divorced, and widowed. The smoking status was classified as current, ever smokers, and nonsmokers. The alcohol drinking status was classified as light drinkers (drinking less than once per month for more than 6 months), drinkers (drinking more than once per month for more than 6 months), and nondrinkers. Body weight and height were measured while participants were wearing light clothes without shoes, and the body mass index (BMI) was calculated using the following equation: BMI = weight (kg)/height (m2).



Statistical Analysis

Numerical data were shown as means and standard deviation (SD) and compared with independent-sample t tests. Categorical variables were described as percentages and compared using the chi-square test. Binary logistic regression models adjusted for suspected confounders were used to calculate odds ratio (OR) and 95% confidence interval (CI) for risk factors and early-onset colorectal neoplasm, with adjustments for sex (male/female), educational level (illiterate/primary school, middle school, and college/university), marital status (married, unmarried, divorced, and widowed), BMI (continuous variable), family history of CRC (yes/no), personal history of diabetes (yes/no), frequency of smoking (nonsmoker, ever smoker, and current smoker), and frequency of alcohol drinking [nondrinker, light drinker (<1 time per month for more than 6 months), and drinker (≥1 time per month for more than 6 months)]. The restricted cubic spline (RCS) analysis was used in the multivariate logistic regression to explore the association between continuous BMI and early-onset colorectal neoplasm in the study.

We conducted the sensitivity analysis of risk factors for early-onset colorectal neoplasm by excluding the participants who had a positive history of chronic enteritis (including a history of inflammatory bowel disease (IBD), Crohn’s disease, and ulcerative colitis) (n = 461) and history of polyps (n = 280), which might lead to the detection of symptom bias.

The data management and all analyses were conducted using SAS statistical software, version 9.4 (SAS Institute). A p-value <0.05 indicated a statistically significant difference.




Results


Characteristics of the Screening Cohort Aged Younger Than 50 Years

Among the 17,293 participants screened, 43.23% were men. The mean age was 47.82 years (SD 2.60 years), almost all the participants (96.95%) were married, and the major education level was middle school or lower (95.75%). Very few (3.18%) had a family history of CRC. Among 2,950 FIT-positive participants, 874 (29.63%) underwent colonoscopy. The characteristics of the screening cohort aged younger than 50 years are shown in Table 1.


Table 1 | Characteristics of screening cohort younger than 50 years.



By December 31, 2016, a total of 124 patients with colorectal neoplasm were newly diagnosed, including six cases of early-onset CRC (median age at diagnosis, 49 years) and 118 CRA cases (median age at diagnosis, 48 years). The overall detection rate for CRAs and cancer was 682.36 per 100,000 and 34.69 per 100,000, respectively. Participants with CRC and CRA were taller and had a higher proportion of males and a positive family history of CRC. Moreover, participants with CRC and CRA were more likely to have higher BMI and more likely to smoke and drink alcohol.



Risk Factors for Early-Onset Colorectal Neoplasm

The univariate analyses showed that sex, BMI, family history of CRC, smoking, and alcohol drinking were associated with early-onset colorectal neoplasm (Table 2). After adjusting for suspected confounders, the multivariable regression analysis indicated that sex, family history, and BMI were important risk factors associated with early-onset colorectal neoplasm. The male sex was associated with a 94% (95% CI: 1.12-3.36) higher risk of early-onset colorectal neoplasm. Participants with a positive family history of CRC had a five times higher risk of early-onset colorectal neoplasm (95% CI: 3.07-8.72). BMI was independently associated with a 7% increased risk of early-onset colorectal neoplasm (95% CI: 1.01-1.14). The RCS model showed a positive dose-response and linear relationship between the level of BMI and the risk of early-onset colorectal neoplasm among young participants (p-overall = 0.19, p-nonlinear = 0.97) (Figure 2).


Table 2 | Risk factors associated with early-onset colorectal neoplasm.






Figure 2 | Cubic spline graph of the adjusted odds ratio (OR) (shown in solid line) and 95% CI (the dotted lines) for the association between body mass index (BMI) and risk of early-onset colorectal neoplasm in Shanghai colorectal cancer (CRC) screening cohort, 2012-2016. Knots: 18, 24, and 28 of BMI (kg/m2); Referent: 18 kg/m2.





Sensitivity Analysis

In the sensitivity analysis, the ORs remained robust when excluding the participants who had a positive history of chronic enteritis (n = 461) of sex (OR = 1.87, 95% CI: 1.06-3.29), BMI (OR = 1.07, 95% CI: 1.00-1.14), and family history of CRC (OR = 4.91, 95% CI: 2.83-8.54). In addition, excluding participants who had a positive history of polyps (n = 280), still a positive association was found between risk of the early-onset colorectal neoplasm and sex (OR = 2.04, 95% CI: 1.14-3.66), BMI (OR = 1.08, 95% CI: 1.01-1.15), and family history of CRC (OR = 5.26, 95% CI: 3.02-9.16) (Table 3).


Table 3 | Sensitivity analyses of the risk factors associated with early-onset colorectal neoplasm.






Discussion

This large prospective cohort study on Chinese youth included 17,293 local residents younger than 50 years who participated in the CRC screening program in Shanghai. Furthermore, 124 cases of early-onset colorectal neoplasm, including six CRC cases and 118 cases of CRA, were detected. Furthermore, sex, BMI, and family history of CRC were found to be significantly associated with the risk of early-onset colorectal neoplasm. This study was among the first prospective studies to provide evidence for the screening benefit in the youth and investigate prospectively the risk factors associated with early-onset colorectal neoplasm among the youth in mainland China.

In our study, six CRC cases and 118 CRA cases were screened out of 17,293 participants younger than 50 years with the detection rate of 34.70/100,000 and 682.36/100,000, respectively. The detection rate was relatively lower than that in participants aged 50-74 years in Shanghai in 2013 (201.35/100,000 for CRC and 823.69/100,000 for CRA) (20) and even much lower than that in participants aged 65-75 years in Dutch in 2014 (4.7/1,000 for CRC and 23/1,000 for advanced adenomas) (21). This was in line with the increasing trends in CRC incidence with age in Shanghai (22). Moreover, a low detection rate might also be related to the low participation rate. A Japanese national survey on the implementation of CRC screening showed that the participation rates of individuals aged 40-49 years was only 15.69%, much lower than that of individuals in their 50s, 60s, and 70s (23). Besides, a low participation rate in our study could be partly due to the fact that the young people were not the target group of CRC screening. In terms of screening age, the recommendation of starting age in current guidelines from all major organizations was at the age of 50 years (19). However, lowering the beginning age to 45 years might provide unexpected benefits for those aged between 45 and 50 years. Concerning the great loss in life-years when young people develop CRC, it might be worth starting opportunistic screening at the age younger than 50 years, especially in those with increased CRC risk. Regarding the organized population-based CRC screening program, more evidence is needed for the recommendation of lowering the beginning age. Geographical variations in CRC incidence, economic resources, healthcare structure, and infrastructure to support screening, such as the ability to identify the target population at risk and cancer registry availability, should also be taken into account (19).

Our finding that the BMI level was associated with a significantly increased risk of early-onset colorectal neoplasm in this study was in line with the observations in existing studies. A case-control study in Iran youth showed that the incidence of overweight and/or obesity (BMI >25 kg/m2) was significantly higher in adenoma-positive patients compared with controls (49.9% and 0.9%, respectively, p = 0.04) (11). A retrospective cross-sectional study with 37,483,140 average-risk adults and 16,090 sporadic early-onset CRC in the US showed that obesity (BMI ≥30 kg/m2) was an independent risk factor for early-onset CRC at the age of 20-39 years (men: OR = 1.92, 95% CI: 1.85-1.99; women: OR = 2.22, 95% CI: 1.84-2.43) and the age of 40-49 years (men: OR = 1.96, 95% CI: 1.87-2.06; women: OR = 1.49, 95% CI: 1.41-1.57) (24). Another retrospective analysis of 72,356 asymptomatic persons aged less than 40 years in Korea found that obesity (BMI ≥25.0 kg/m2) might increase the risk of early-onset adenomas and advanced early-onset colorectal neoplasm (multivariate OR = 1.26, 95% CI: 1.19–1.34; OR = 1.33, 95% CI: 1.11–1.61) (25). The prospective Nurses’ Health Study II cohort in the US found that the risk of early-onset CRC was 37% higher in overweight women (BMI = 25.0-29.9 kg/m2) and 93% higher in obese women (BMI ≥30.0 kg/m2) (HR = 1.37, 95% CI: 0.81-2.30; HR = 1.93, 95% CI: 1.15-3.25) compared with women with a normal BMI of 18.5-22.9 (26). It has been widely reported that BMI is associated with late-onset CRC. We might need to study BMI across a lifetime, so as to provide more information on the association with early-onset CRC and identify periods of exposure that have the greatest effects on risks.

In our present study, one out of six early-onset CRC cases had a positive family history, which was lower than that in the US where approximately four of 10 patients with newly diagnosed early-onset CRC had a positive family history of the disease (5). The youth was likely to have a less positive rate of family history. A retrospective population-level cohort study in Western Austria indicated that individuals aged 50–69 years were more likely to have a first-degree relative with CRC (9.7%) compared with those aged 18–49 years (2.9%) (27). In agreement with previous reports that positive family history had a very close association with CRC or colorectal neoplasm incidence (28, 29), our study also showed the significant association between family history and the risk of early-onset colorectal neoplasm (OR = 5.17, 95% CI: 3.07-8.72).

In this study, we found that the risk of early-onset colorectal neoplasm was much higher in men than in women, which was in line with the observations in late-onset CRC reported previously (30, 31). Several possible mechanisms might explain higher risks in men. Sex hormonal factors and metabolic syndrome (MS), as well as complex interactions between these influences, might be responsible for the difference. Studies indicated that the risk of CRC with MS was either observed only in men (OR = 1.86, 95% CI: 1.21-2.86; OR = 1.13, 95% CI: 0.66-1.93 for men and women, respectively) (32) or stronger in men (OR for CRC = 1.78 and 1.16 for men and women, respectively) (33). Similar findings were reported for CRA (OR = 1.44, 95% CI: 1.16-1.80; OR = 1.04, 95% CI: 0.74-1.46 for men and women, respectively) (34).

The major limitation of our study was the relatively small sample size and small number of cancer cases, which was mainly due to the low participation rate and short follow-up time, limiting the cancer-specific analysis and detailed clinical, pathological, or even genetic analysis. A longer follow-up time is required for further research on potential specific risk factors associated with early-onset CRC. The second limitation was the possible selection bias due to the health worker effect. Youth aged less than 50 years who came to participate in this screening were keen to care about personal health, which might have underestimated our result. Third, not all participants in this study underwent colonoscopy, and a certain number of CRC or CRA cases might have been misclassified as the screening negative participants, leading to misclassification bias. However, the misclassification of positive cases as negative was to some extent a dilution of the results, making the present results relatively conservative. The association between risk factors and colorectal neoplasm would be even greater. Furthermore, more in-depth and further extensive research is required due to the non-availability of the data for certain significant anthropometric and clinicopathological features/parameters (nutritional, lifestyle, and potential risk factors) and prevalence of chronic conditions, as well as the limited analysis.

Nevertheless, the use of a population-based cohort of younger people significantly increased the strength of this study. Moreover, prospective collection of data and assessments of weight, height, and other risk factors could minimize the influence of confounding bias, recall bias, measurement errors, and information errors.

In summary, our study focused on the implementation of CRC screening in Chinese young people younger than 50 years and provided convincing evidence that sex, BMI, and family history of CRC were independent risk factors for early-onset colorectal neoplasm in Chinese youth. These findings indicated that it might be beneficial for normal people to start opportunistic CRC screening at the age of less than 50 years. A personalized screening approach with increased surveillances is strongly recommended for people at a high risk such as those with a positive family history or higher BMI. Further close follow-up is required for research on the underlying causes and mechanisms of early-onset CRC, especially on genetic mechanisms. Genetic testing of early-onset CRC patients could guide precision treatment and help in early detection of at-risk people. The discovery of genetic and molecular mechanisms will provide additional information on further new treatment approaches.
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