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Background & Aims—Colorectal cancer (CRC) incidence and mortality are increasing among 

persons in the United States younger than 50 years old, but risk factors associated with early-onset 

CRC (EOCRC) have not been widely studied.

Methods—We conducted a case–control study of United States veterans 18–49 years old who 

underwent colonoscopy examinations from 1999 through 2014. EOCRC cases were identified 

from a national cancer registry; veterans who were free of CRC at their baseline colonoscopy 

through 3 years of follow up were identified as controls. We collected data on age, sex, race/

ethnicity, body weight, body mass index (BMI), diabetes, smoking status, and aspirin use. 

Multivariate-adjusted EOCRC odds were estimated for each factor, with corresponding 95% CI 

values.

Results—Our final analysis included 651 EOCRC cases and 67,416 controls. Median age was 

45.3 years, and 82.3% were male. Higher proportions of cases were older, male, current smokers, 

non-aspirin users, and had lower BMIs, compared with controls (P<.05). In adjusted analyses, 

increasing age and male sex were significantly associated with increased risk of EOCRC, whereas 

aspirin use and being overweight or obese (relative to normal BMI) were significantly associated 

with decreased odds of EOCRC. In post-hoc analyses, weight loss of 5 kg or more within the 5-

year period preceding colonoscopy was associated with higher odds of EOCRC (odds ratio, 2.23; 

95% CI, 1.76–2.83).

Conclusions—In a case–control study of veterans, we found increasing age and male sex to be 

significantly associated with increased risk of EOCRC, and aspirin use to be significantly 

associated with decreased risk; these factors also affect risk for CRC onset after age 50. Weight 

loss may be an early clinical sign of EOCRC. More intense efforts are required to identify the 

factors that cause EOCRC and signs that can be used to identify individuals at highest risk.

Short Summary

In an analysis of veterans, we found that weight loss is an early sign of colorectal cancer in 

persons younger than 50 years, and that aspirin can decrease risk.

Graphical Abstract
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BACKGROUND & AIMS

Colorectal cancer (CRC) is the fourth most common cause of cancer in the United States 

(US) and the second leading cause of cancer death.1 Although CRC incidence and mortality 

trends have been declining overall across the entire population, these trends are rising in 

adults ages <50 years. In the US, incidence of early-onset CRC (EOCRC) has increased by 

1.1 cases per 100,000 people between 2010–2014 and 2.5 cases per 100,000 people between 

2000–2014.1 A majority of these new cases are left-sided cancers.2, 4–6 Current literature 

suggests that as many as 94% of EOCRC cases are symptomatic at diagnosis – most 

predominant symptoms being bleeding and abdominal/rectal pain7, 8 – and are more likely to 

have advanced stage at diagnosis and poorer outcomes.5, 9–11

Reasons for rising EOCRC incidence and mortality are unclear. Some have hypothesized 

that the rising trend may be related to common or increasingly prevalent modifiable 

behaviors, such as excess body weight, low physical activity, and diabetes mellitus.12–16 

Additionally, non-modifiable risk factors such as race/ethnicity may be associated with 

EOCRC compared to later-onset CRC.17, 18 Prior studies have generally been descriptive of 

tumor location, stage, and histology;4, 5, 9, 19, 20 or focused only on demographic factors.
18, 21–23 Few case-control studies or cohort studies of risk factors for EOCRC have been 

published.14, 24–26 Many prior studies have had relatively small sample sizes, or not utilized 

normal colonoscopy controls, which may have blunted ability to identify significant 

associations, and the magnitude of any associations present with precision. To address 

current gaps in the literature, our aim was to conduct a large case-control study to identify 

candidate risk factors for EOCRC.

MATERIALS AND METHODS

Study Design

We conducted a retrospective case-control study of Veterans ages <50 years and receiving 

care within the Veteran’s Health Administration (VHA), who underwent colonoscopy 

between 1999–2014.

Data Sources

The VHA is one of the largest integrated healthcare providers in the US. The VHA includes 

over 1,200 healthcare facilities across the US that provide health coverage to over 6 million 

Veterans annually.27 Since 1999, all VHA facilities have utilized a universal electronic 

medical record, which allows clinical data sharing. Data from the millions of clinical 

encounters through the VHA are collected into a Corporate Data Warehouse (CDW) and can 

be used for clinical research. The CDW provides access to discrete data used in this study, 

including demographic information, claims-based procedure and diagnostic codes, 

anthropometric data (e.g. heights and weights), prescriptions, and free-text procedure and 

pathology notes. EOCRC cases defined in our analysis were ascertained using the VA 

Central Cancer Registry (VACCR) and/or National Death Index (NDI) cause-specific 

mortality data.
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Study Sample and Selection Criteria

The study base consisted of Veterans ages 18–49 years, undergoing colonoscopy between 

1999–2014. A list of colonoscopy-related current procedural terminology (CPT) codes used 

is detailed in Appendix Table 1. From the study base, we excluded individuals with any of 

the following: (1) prior history of CRC based on International Classification of Diseases, 

Ninth Revision (ICD-9) diagnosis codes issued greater than 6 months prior to baseline 

colonoscopy; (2) a history of inflammatory bowel disease (IBD) based on ICD-9 codes 

issued 6 months before and after baseline colonoscopy.

Case Selection

EOCRC cases were ascertained by VACCR and/or NDI cause-specific mortality data within 

6 months of baseline colonoscopy. Surveillance, Epidemiology, and End Results (SEER) 

program staging and histology information were collected for all cases. Appendix Table 2 

provides highlighted information regarding selection criteria with ICD-O-3 codes. Candidate 

cases were excluded if missing SEER stage or if ICD-O-3 histology codes were not 

consistent with adenocarcinoma; Stage 0 diagnoses were included as cases. If histology code 

was not accessible, we included the EOCRC case as long as site, stage, and diagnosis date 

information were available, given that the majority of CRCs are adenocarcinomas. All cases 

were stratified by anatomic site based on site codes – proximal (C18.0, C18.2-C18.4), distal 

(C18.5-C18.7), and rectal (C19.9, C20.9).

Control Selection

Controls were defined as Veterans who had a normal baseline colonoscopy, no CRC 

diagnosis prior to colonoscopy, and no CRC diagnosis through 3 years follow-up. Normal 

colonoscopy was defined by presence of a CPT code for diagnostic colonoscopy only 

(45378 or G0121) and absence of a pathology report within 30 days of baseline 

colonoscopy. Our prior work has shown that this definition is 96.3% sensitive and 97.5% 

specific for normal colonoscopy, with a positive predictive value (PPV) of 97%.28, 29 

Appendix Table 3 outlines the detailed study selection criteria.

Predictors

All predictor variables were collected at time of baseline colonoscopy. Candidate risk factors 

considered include age, sex, race/ethnicity, body mass index (BMI), diabetes, smoking 

status, and aspirin use. Diabetes status was ascertained using a previously validated 

algorithm that included inpatient encounters, outpatient encounters, and medications.30 

Smoking status was determined from the VHA Health Factors domain.31 Subjects were 

further classified by smoking status into never, former, current and unknown subgroups. 

Aspirin use was characterized utilizing structured medication file data, as well as 

unstructured free text progress reports with a validated algorithm shown to have PPV and 

negative predictive value of 99.2% and 97.5%, respectfully.32 BMI and weight were derived 

utilizing previously developed criteria, including removal of biologically implausible values.
33
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Statistical Analysis

Summary statistics including means and frequencies for each candidate risk factor were used 

to characterize the patient population and describe the distribution of Veterans ages <50 

years with EOCRC. For descriptive analyses, Chi-squared tests were was utilized to 

compare the distributions of categorical variables and t-tests and analysis of variance 

(ANOVA) tests were calculated to compare distributions of continuous variables between 

cases and controls. Our primary analyses included: (1) univariate analyses, examining the 

association of each candidate risk factor with EOCRC odds; and (2) a multivariable 

regression model, including multiple candidate risk factors. The multivariable logistic-

regression model was derived using a forward stepwise selection of candidate risk factors. 

Predictors were included in the model if they had a significant association with the binary 

outcome (EOCRC yes vs. no) in univariate analyses at a P-value of 0.05. Model fit was 

assessed using the Hosmer-Lemeshow test and found to be acceptable in the final regression 

model described in the results. Univariate and multivariable model effects were summarized 

using odds ratios (OR) and corresponding 95% confidence intervals (CI).

A post-hoc analysis of weight trends (serving as a surrogate for BMI trends) over 10 years 

prior to baseline colonoscopy was conducted in order to characterize the overall trends of 

weight for EOCRC cases leading up to diagnosis. Frequency of weight loss ≥5 kg and ≥10 

kg in the five-year period preceding baseline colonoscopy was computed for EOCRC cases 

and normal colonoscopy controls. Logistic regression analyses were conducted to determine 

odds of developing EOCRC give these changes in weight for cases and controls. A post-hoc 

analysis was also conducted to examine risk factors among the population stratified into two 

age groups: ages <40 and ages ≥40. In additional post-hoc analyses, we characterized 

indication for colonoscopy by reviewing a random sample of colonoscopy reports for 100 

cases and 100 controls, and summarized indications listed as proportions (Appendix Figure 

1). In this sample of 100 cases and 100 controls, we also searched for evidence of family 

history of colorectal cancer in clinical progress notes preceeding the index colonoscopy 

procedure. Statistical differences in proportions of indications within cases and controls 

were tested using Fisher’s exact testing.

Statistical tests were two-sided and P-values of <0.05 were considered statistically 

significant. Analyses were conducted using Statistical Analysis System 9.4 (SAS Institute 

Inc., Cary, NC).

RESULTS

Study Sample

We identified 68,067 Veterans age <50 years with colonoscopy exposure meeting inclusion 

criteria: 651 were EOCRC cases and 67,416 were normal colonoscopy controls. Descriptive 

characteristics of the sample are summarized in Table 1. Mean age of the combined sample 

was 43.2 years. The majority of subjects were male (82.3%) and non-Hispanic White 

(55.3%). A substantial majority of the combined sample was overweight or obese (72.2%), 

with a mean BMI of 30.0.
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A majority of cases were rectal cancers (39.6%), followed by distal (30.3%) and proximal 

cancers (30.1%). Of the EOCRC cases, 575 (88%) were ages 40–49, 59 (9%) were ages 30–

39, and 17 (3%) were <30 years of age (Appendix Figure 2). Of the 651 cases, there were 

309 (47%) cases that were early-stage, 285 (44%) late-stage cases and 57 (9%) unknown. 

Among early-stage cases, 69% were overweight or obese, while 61% of late-stage cases 

were overweight or obese. In contrast, 72.2% of normal colonoscopy controls were 

overweight or obese; distribution of BMI for cases and controls, including for cases 

stratified by stage, is provided in Appendix Figure 3. On univariate analyses, EOCRC cases 

were more likely to be older, male, current smokers, non-aspirin users, and have lower BMI 

compared to normal colonoscopy controls on univariate analyses (Appendix Table 4; P<0.05 

for all comparisons).

Adjusted Analysis of EOCRC Risk Factors

Increasing age and male sex were significantly associated with increased EOCRC odds, 

while aspirin use and being overweight or obese (relative to normal BMI) at time of 

colonoscopy were significantly associated with decreased EOCRC odds in the multivariable 

adjusted analysis (Figure 1). For every additional year in age, the odds of developing 

EOCRC increased by 5% (OR 1.05, 95% CI [1.03, 1.07]). Males had 2.2 times greater odds 

of developing EOCRC than females (OR 2.21, 95% CI [1.68, 2.91]). Aspirin users had a 

34% reduction in odds of developing EOCRC compared to non-aspirin users (OR 0.66, 95% 

CI [0.52, 0.84]). Being overweight or obese at time of colonoscopy compared to normal 

BMI were both associated with a 31% reduction in odds of EOCRC (overweight: OR 0.69, 

95% CI [0.55, 0.87]; obese: OR 0.69, 95% CI [0.55, 0.86]). Smoking status was included in 

the multivariable model due to significant differences seen within the “unknown” smoking 

status group, though we are unable to precisely interpret the findings among this group.

Weight Trends Prior to Colonoscopy

At baseline colonoscopy, average weight was significantly lower in EOCRC cases 

(weight=91.82 kg) as compared with normal colonoscopy controls (weight=93.79 kg; 

P=0.02). In a post-hoc analysis of weight-change trends prior to baseline colonoscopy, the 

average 10-year change in weight increased for controls, but decreased for EOCRC cases. 

For EOCRC cases, weight began declining five years prior to baseline colonoscopy, while 

weight continued to increase over this time period for normal colonoscopy controls 

(Appendix Figure 4). Over the five-year period, 17.5% of EOCRC cases lost ≥5 kg 

compared to 8.7% of controls (OR 2.23, 95% CI [1.76, 2.83]), and 5% of EOCRC cases lost 

≥10 kg compared to 2.1% of controls (OR 2.50, 95% CI [1.65, 3.78]) (Figure 2).

Age-Stratified Analysis of EOCRC Risk Factors

Age-stratified unadjusted and adjusted analyses for individuals age 40 to 49 and younger 

than 40 years are provided in Appendix Table 5; adjusted analyses are presented herein. 

Overall across all age groups, and on age-stratified analyses, male sex was associated with 

increased risk for EOCRC. Overall, and among individuals 40 to 49 years old, aspirin was 

associated with reduced odds for EOCRC, but not for individuals under age 40. Overall, and 

among individuals 40 to 49 years old, being overweight or obese was associated with 

reduced odds for EOCRC. A similar, but non-statistically significant reduced odds for 
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EOCRC was observed for individuals age <40. While being underweight was associated 

with a non-statistically significant 1.9-times greater odds of EOCRC overall compared to 

normal weight, age stratified analyses showed a statistically significant 4.5-times greater 

odds of EOCRC among individuals under 40 (OR 4.47, 95% CI [1.02, 19.62]), and a non-

statistically significant 1.3-times increased odds of EOCRC among individuals age 40 to 49 

(OR 1.29, 95% CI [0.52, 3.2]). This age-stratified finding should be interpreted with caution, 

as there were only 7 EOCRC cases with underweight BMI, only two of which were under 

age 40. Taken together, the age-stratified analyses suggest that the association of aspirin with 

reduced EOCRC is mainly restricted to individuals age 40 to 49, and that being underweight, 

while not associated with increased risk for all ages combined, was associated with 

increased odds of EOCRC among individuals younger than 40 years.

DISCUSSION

In a national sample of 651 EOCRC cases and 67,416 normal colonoscopy controls, we 

found that age and male sex are significantly associated with increased, and aspirin use and 

higher BMI with decreased odds for EOCRC. In a post-hoc analysis, we observed that 

weight began to decline in EOCRC cases five years prior to diagnosis, and that EOCRC 

cases compared to controls were more likely to experience clinically significant weight loss 

within the five years leading up to diagnosis. Our findings confirm and extend, but in some 

cases also contrast with prior observations of risk factors for EOCRC as well as CRC 

overall, providing some new insights.

Age

Increasing age was associated with increasing risk for EOCRC, which mirrors current CRC 

literature suggesting that annual transition rates from advanced adenomas to CRC strongly 

increase with age.34 You et al. found that the median age for EOCRC was 44 years with a 

majority (75%) of cases developing between the ages of 40–49 years as compared to less 

than 40 years.17 We demonstrate a similar trend with a median age for EOCRC of 46 years, 

and 89% of cases occurring between 40–49 years of age. Given that our work and prior 

reports suggest that a large proportion of EOCRC cases occur between ages 40–49, the idea 

that early initiation of screening at age 40 or 45 could detect the majority of early-onset 

cases is plausible. The American Cancer Society has issued a qualified recommendation for 

all average-risk adults to initiate screening at age 45 years,35 and a recent analysis has 

concluded that early initiation of screening could be cost-effective.36 However, the cost-

effectiveness analysis suggested that investment in early initiation of screening would be less 

cost effective than increasing screening rates and diagnostic colonoscopy completion rates 

among individuals older than 50 who are at higher risk for CRC.36 The best strategy for 

identifying individuals younger than age 50 who might benefit from screening, in context of 

population prevention for CRC across the age spectrum, remains to be determined.

Sex

Consistent with prior work, we found males had a 2.2-fold increase in EOCRC odds 

compared to females.19, 37, 38 To date, guidelines have been consistent in suggesting the 

same age of initiation for screening for males and females. Future research should determine 
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whether males with potential signs and symptoms of EOCRC such as iron deficiency anemia 

and hematochezia have substantially higher risk for CRC diagnosis than females.

Race/Ethnicity

Contrary to current CRC literature, we found no statistically significant difference in odds of 

EOCRC across racial/ethnic groups. Previous SEER data has consistently reported 

differences in CRC rates among race/ethnicity groups.39 For example, data have suggested a 

lower incidence of CRC in Hispanics compared Non-Hispanics, as well as in Asian/Pacific 

Islanders and American Indians compared to Whites.39 On the other hand, African 

Americans compared to Whites have a 13% higher overall, age-adjusted incidence of CRC.
39 Combined data from the National Program of Cancer Registries and SEER from 1999–

2004 initially reported a 36% increased incidence of EOCRC in African Americans 

compared to Whites beginning at age 40–44 years.39 More recent SEER data, however, 

demonstrate new trends.40 Although overall colon cancer incidence in those age 20–49 years 

is higher for African Americans compared to Whites (12.7 vs. 11.0 per 100,000 from 2010–

2014 SEER data), incidence trends from 1992–1996 to 2010–2014 show a more dramatic 

rise in Whites compared to African Americans (7.5 to 11.0 per 100,000 for Whites 

compared to 11.7 to 12.7 per 100,000 for African Americans).40 These trends are also 

consistent across anatomical CRC sites, with an overall decreasing incidence rate from 

1992–1996 (4.3 per 100,000) to 2010–2014 (3.9 per 100,000) for proximal colon cancer in 

African Americans.40

Our observation of no difference in EOCRC odds by race/ethnicity, in contrast to other 

published literature, may be a result of dynamic changes in incidence of EOCRC among 

race/ethnicity groups. Our findings may also show no difference in odds of EOCRC because 

we did not examine time trends or because of our focus on a Veteran population. Veterans 

across racial/ethnic groups have more standardized healthcare access through the VHA 

system which may mitigate health disparities, and, as such, their care is not representative of 

healthcare access in the general US population. We also used normal colonoscopy controls, 

a factor which could have controlled for healthcare utilization. More research is needed in 

order to better characterize racial/ethnic differences in EOCRC.

Diabetes

In contrast to current CRC literature, we did not observe increased risk for EOCRC among 

diabetics. Prior work, unrestricted by age of presentation, has demonstrated diabetes is 

associated with a 1.3-fold increased risk for CRC.41 The relationship between EOCRC and 

diabetes has not been widely reported. Our observation of no association may be related to 

duration of diabetes.42 La Vecchia et al. found a significant association between diabetes and 

CRC odds in the group with diabetes burden ≥10 years from CRC diagnosis (OR 1.6, 95% 

CI [1.1, 2.3]) and a non-significant association in the group with diabetes burden <10 years 

from CRC diagnosis (OR 1.2, 95% CI [0.8, 1.7]).25 Since diabetes incidence is highly age-

specific, it is possible that EOCRC risk may not be strongly impacted by diabetes, 

accounting for our observation. Nonetheless, more research is needed to better characterize 

the association between diabetes and EOCRC risk.
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Smoking

Our adjusted analyses found neither current nor former smoking to be associated with 

EOCRC odds compared to never smoking. This is contrary to prior analyses among CRC 

cases of all ages, which suggest a 1.2-fold increased risk of CRC for ever-smokers compared 

to never smokers.43 Prior work has also found that smoking increases CRC risk at distal,44 

and rectal anatomic sites.26, 45 Our study is one of the first to evaluate the association 

between smoking status and EOCRC odds. While our findings indicate a non-significant 

association, smoking status was unknown for a substantial proportion: more research will 

need to be conducted to explore the relationship between smoking and EOCRC risk.

Aspirin Use

Unrestricted by age, studies have consistently shown aspirin exposure is associated with 

reduced risk for CRC.46–49 Our analyses extend prior work (which did not specifically 

report associations under age 50), by demonstrating that aspirin exposure is associated with 

reduced EOCRC odds. Our age-stratified subgroup analyses showed reduced risk was 

restricted to individuals age 40 to 49, perhaps consistent with the postulate that longitudinal 

exposure is required to reduce CRC risk. Aspirin might be considered as a chemopreventive 

strategy among young adults if our observations can be confirmed, and if a higher risk 

population, for whom potential benefits would outweigh potential risks, can be identified.50

BMI/Weight

In our analysis we found that increased BMI and body weight had a protective effect on the 

odds of EOCRC. This relationship was unexpected given that CRC has been identified as an 

obesity-related cancer,42 and given that several biologic correlates of being overweight or 

obese – particularly insulin resistance and increased circulating estrogens – are believed to 

increase cancer risk.42 Specific to EOCRC, the Nurses’ Health Study II found a significant 

association between weight gain since early childhood among women and EOCRC risk.14 

Women with a BMI of 30 or above had the highest risk of EOCRC compared to women with 

normal BMI, with an EOCRC relative risk of CRC of 1.93 (95% CI [1.15, 3.25]).14 One 

potential explanation for our contrasting findings is that we used data near subjects’ baseline 

colonoscopy, a time in which cases were being diagnosed with EOCRC and were potentially 

losing weight due to presence of prevalent cancer.

Consistent with this postulate, our post-hoc analysis indicated that there was an overall 

decline in weight among EOCRC cases beginning at 5 years prior to baseline colonoscopy 

and that a loss of ≥5 kg over the 5-year period was two-fold more common in EOCRC cases 

compared to controls. Our findings align with a systematic review of 18 publications 

examining the association between CRC and weight loss around time of diagnosis that found 

that the likelihood of CRC was more than double for patients presenting with weight loss.7

Our findings are consistent with weight loss being one clinical sign that should trigger 

consideration of EOCRC on the differential diagnosis, but do not rule out a longitudinal 

association between increased weight, increased BMI, and risk for EOCRC.
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Strengths and Limitations

Several limitations may be considered in interpreting this report. Our study group was 

comprised of US Veterans, which may limit generalizability to all individuals at risk for 

EOCRC. For example, the study sample was 82% male and included 72% of individuals 

who had a BMI considered overweight or obese, which is markedly higher than the 65% 

found among adults ages 20 and older in the general US population.51 Notably with respect 

to sex, the study population is approximately 18% female, which is a smaller disparity than 

what is seen in other studies using VHA data.52 The control group was comprised by 

individuals who had colonoscopy but no CRC diagnosis, because this offered the advantage 

of ensuring that the control comparison group was free of CRC and other neoplasia. 

However, individuals completing colonoscopy under age 50 may differ from the general 

population of individuals under age 50 in CRC risk, as well as distribution of purported risk 

factors for CRC. As such, risk factor associations for CRC in our study, which focused on a 

study base of individuals exposed to colonoscopy under age 50, may not be generalizable to 

the general population of individuals under age 50. Observed risk factors in this study might 

be less or more closely associated with CRC risk were a comparison to be made to a group 

of non-colonoscopy controls.

Indication for colonoscopy was not available for analysis. In a post-hoc analysis, we 

conducted manual chart review to identify indication at colonoscopy for 100 cases and 100 

CRC-free colonoscopy controls (Appendix Figure 1). Among cases and controls combined, 

the two most common indications for colonoscopy were rectal bleeding (46%) and 

abdominal pain (19.5%). Weight loss (9%) was also a prevalent indication. When separated 

by case/control status, the proportion with rectal bleeding (54% for cases, 38% for controls, 

p=0.03) and abdominal pain (24% for cases, 15% for controls, p=0.15) were more similar 

than the proportion with weight loss (17% for cases, 1% for controls, p<0.01). Additional 

statistical differences in proportions were found for indications of screening for a family 

history of CRC (p<0.01), iron deficiency anemia (p<0.01), abnormal imaging finding 

suggestive of malignancy (p<0.01), and fatigue (p=0.03).

These observations support that a high proportion of the study base exposed to colonoscopy 

had potential clinical signs of CRC, and that indications such as rectal bleeding, weight loss, 

iron deficiency anemia, imaging findings suggestive of malignancy and fatigue were more 

prevalent among CRC cases than CRC-free colonoscopy controls. These exploratory data 

are also consistent with: (1) the inverse relationship we described for BMI and EOCRC risk 

in our adjusted analyses, and (2) our post-hoc analysis demonstrating weight loss as an early 

clinical finding of EOCRC.

Absence of indication for colonoscopy could also impact interpretation of our observation of 

no association between race/ethnicity and CRC risk. For example, if African Americans 

were disproportionately referred for the indication of early initiation of screening at age 45, 

this could have impacted our observation of no association between race/ethnicity and CRC 

risk, either towards (due to subclinical CRC detection) or away from a closer association 

(due to detection and removal of large adenomas). Family history was also not completely 

characterized. While family history could serve as a potential risk factor for EOCRC, data 

on family history of CRC within usual care VHA data are not coded and available for large-
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scale analysis. As such, we were unable to examine the association of family history of CRC 

with risk for CRC. Similarly, the usual VHA data accessed did not contain coded data on 

any germline testing for hereditary CRC syndromes, precluding analysis of prevalence of 

germline mutations in CRC cases or controls. Previous research has demonstrated that up to 

16% of individuals with EOCRC may have a pathogenic germline mutation associated with 

increased risk for cancer.53, 54

The study was cross-sectional and risk factors were measured at time of baseline 

colonoscopy, precluding the ability to examine impact of longitudinal status of candidate 

risk factors on EOCRC risk. Variation over time for predictor variables, such as prior history 

of diabetes that had resolved by time of colonoscopy, could not be accounted for in our 

analyses. Additionally, our results are subject to residual confounding due to unmeasured 

factors. For example, while we postulate that weight loss may be an early clinical sign of 

CRC, we cannot rule out presence of an unmeasured confounder associated with both 

weight loss and CRC diagnosis as an explanation for our observed finding.

Strengths of this study include the large sample, and our strategy of utilizing normal 

colonoscopy controls to optimize exclusion of prevalent neoplasia among controls. Further, 

measurement approaches for all predictors used in our analyses had been previously 

validated by our group or other investigators.30–33

CONCLUSIONS

In a large study of US Veterans with EOCRC compared to normal colonoscopy controls, we 

found age and male sex were associated with increased cancer risk, consistent with 

observations reported for individuals both over and under age 50. Our results extend prior 

observations of CRC risk associated with aspirin exposure by demonstrating that reduced 

risk associated with exposure applies specifically to individuals younger than 50. In contrast 

to epidemiologic findings for individuals under and over age 50, we found no relationship 

between race/ethnicity and EOCRC among US Veterans. We provide one of the first 

analyses of the association of diabetes and smoking and EOCRC risk, and found no 

association, in contrast to the well-established relationship between these factors and 

increased risk for CRC older than age 50. On initial analyses, increased BMI and weight 

were associated with reduced, rather than increased odds for EOCRC. However, our post-

hoc analyses suggest that cases were more likely to have had significant reductions in weight 

in the 5-year period preceding colonoscopy, consistent with weight loss being a potential 

early clinical sign of EOCRC. Taken together, these findings provide new insights into risk 

factors for EOCRC, but also highlight that much work remains to be done to identify the key 

drivers and clinical signs of EOCRC. Elucidating risk factors and key clinical signs may 

serve to clarify which individuals under age 50 may benefit from screening and diagnostic 

evaluation that may lead to early detection and prevention of EOCRC.
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What you need to know

BACKGROUND AND CONTEXT

Colorectal cancer (CRC) incidence and mortality are increasing among persons in the 

United States younger than 50 years old, but risk factors associated with early-onset CRC 

(EOCRC) have not been well determined.

NEW FINDINGS

In a case–control study of United States veterans, we found increasing age and male sex 

to be significantly associated with increased risk of EOCRC, and aspirin use to be 

significantly associated with decreased risk; these factors also affect risk for CRC onset 

after age 50. Weight loss may be an early clinical sign of EOCRC.

LIMITATIONS

This was a retrospective analysis of veterans.

IMPACT

Weight loss may be an early sign of EOCRC, but more studies are needed to identify 

features that can be used to identify individuals at highest risk.
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Figure 1. Early-Onset Colorectal Cancer Risk Factors.
Results of a multivariable model estimating odds for EOCRC with candidate risk factors is 

depicted. * Denotes statistical significance where p<0.05. All variables listed in the figure 

met forward stepwise selection criteria (p<0.05) and were included in the multivariable 

regression model. Variables selected out of the model include: (1) race/ethnicity and (2) 

diabetes. Hosmer-Lemeshow goodness-of-fit p-value = 0.6. EOCRC, early-onset colorectal 

cancer; OR, odds ratio; CI, confidence interval; BMI, body mass index.
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Figure 2. Weight Trends Preceding Colonoscopy for Early-Onset Colorectal Cancer Cases and 
Normal Colonoscopy Controls.
Proportion of cases with ≥5 and ≥10 kg weight loss in the five year period preceding 

baseline colonoscopy is depicted. Differences significant at p<0.05. EOCRC, early-onset 

colorectal cancer; kg, kilogram.
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