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Objective: This study aimed to identify risk factors associated with colorectal adenomatous polyps in young adults (<40 years) to
support early prevention and screening strategies for colorectal cancer.

Methods: We conducted a study involving 805 young patients who underwent colonoscopy at the Endoscopy Center of The Fifth
Affiliated Hospital of Zhengzhou University, China, from September 2023 to January 2025. Among them, 288 patients had at least one
pathologically confirmed adenomatous polyp (cases), and 517 patients with no detected polyps served as controls. Data on demo-
graphics, lifestyle habits (smoking, alcohol use), metabolic parameters, and hematological indices were collected and analyzed.
Results: Several factors were significantly associated with an increased risk of adenomatous polyps, including male sex, hypertension,
diabetes, smoking, alcohol consumption, elevated body mass index, and reduced high-density lipoprotein cholesterol (HDL-C).
Multivariate analysis further identified hypertension, alcohol use, and higher red blood cell count as independent risk factors.
Conversely, female sex and higher HDL-C levels were found to be protective.

Conclusion: The development of colorectal adenomatous polyps in young adults is strongly linked to modifiable risk factors such as
hypertension and alcohol consumption, as well as elevated red blood cell counts. These findings highlight the importance of addressing
cardiovascular and metabolic health, along with lifestyle modifications, in early screening and prevention programs for high-risk
young individuals.
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Introduction

Colorectal cancer (CRC) remains the third most prevalent malignancy globally, presenting a significant public health
burden characterized by distinct age-stratified patterns in both incidence and mortality.! Historically associated with
advanced age, there is now an alarming epidemiological shift towards earlier disease onset that fundamentally challenges
established paradigms. Recent data highlight this concerning trend: the American Cancer Society’s 2023 report indicates
a sustained annual increase of approximately 2% in CRC incidence among individuals under 50 years old over recent
decades.” Consequently, the proportion of new diagnoses within the 2049 age group has surged dramatically, rising from
6% 1in 1995 to 12% in 2020. This phenomenon is not confined to North America; corroborating evidence from the
National Cancer Center of China® reveals an even more pronounced escalation 48% in CRC incidence among young
adults aged 1845 years over the past decade.* Importantly, this rate of increase significantly outpaces that observed in
older populations within these regions, signaling a unique and growing public health challenge specific to younger
demographics.

This increasing incidence among younger individuals directly challenges the traditional screening initiation age of
45-50 years established in longstanding clinical guidelines.” Acknowledging this urgency, the American College of
Gastroenterology revised its recommendations in 2021, lowering the suggested screening age for average-risk individuals
to 45 years. However, while this broad adjustment is necessary, it remains inadequate. A significant gap persists in
developing and validating evidence-based strategies for effective risk stratification and targeted early intervention
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specifically designed for high-risk young adults. Identifying which younger individuals require intensified surveillance
prior to symptomatic presentation is crucial for efficient resource allocation and impactful prevention efforts.

Adenomatous polyps are recognized as the primary precursor lesions for the majority of sporadic colorectal cancers
(CRCs). The timely detection and endoscopic removal of these neoplastic growths through screening colonoscopy
represent a highly effective strategy for significantly reducing future CRC incidence and mortality. However, existing
research on adenomatous polyps predominantly focuses on populations aged 50 and older,® reflecting traditional
screening cohorts. As a result, there exists a substantial knowledge gap regarding the prevalence, characteristics, and
underlying risk factors specifically associated with adenoma development in adults under 45 to 50 years of age.
Compounding this issue is the persistently low awareness of CRC risks and symptoms among young adults themselves,
which often leads to delayed presentation and diagnosis at more advanced stages that are less amenable to treatment.
Furthermore, the array of risk factors predisposing young adults to adenomatous polyp formation—potentially differing
in nature, magnitude, or interaction from those affecting older adults—remains poorly defined and inadequately studied.
While recognized hereditary conditions—such as Lynch syndrome and familial adenomatous polyposis—confer sig-
nificant risk, they explain only a fraction of cases. Broader genetic susceptibilities, including common risk alleles and
family aggregation, may interact with modifiable factors to shape individual risk. In addition to alcohol and tobacco use,
which are well-documented, other lifestyle elements are likely contributory. These include dietary habits rich in
processed meats and low in fiber, physical inactivity, obesity, and metabolic disorders such as diabetes and dyslipidemia.
Furthermore, early-life environmental exposures and shifts in gut microbiota composition are emerging as potential
mediators of risk. A comprehensive approach that incorporates genetic predisposition, multifaceted lifestyle factors, and
metabolic health is crucial to elucidating the etiology of adenomatous polyps in young adults and informing targeted
prevention and early screening strategies.

Methods

All participants underwent complete colonoscopic examination reaching the cecum using an Olympus CF-H290Z video
colonoscope (Olympus Corporation, Tokyo, Japan). Tissue specimens analyzed consisted of complete pathological
biopsy samples or polyps excised during surgical procedures. Relevant clinical and laboratory data were collected for
each participant, encompassing demographics (sex), anthropometrics (body mass index, BMI), lifestyle factors (smoking
status, alcohol consumption), comorbidities (hypertension, diabetes mellitus), serum lipid profile [triglycerides (TG),
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), liver
function tests [total bilirubin, direct bilirubin, indirect bilirubin, albumin, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), coagulation/hematology markers (D-dimer, platelet count), ery-
throcyte count, and fasting blood glucose (FBG). Cases comprised patients with >1 colorectal adenomatous polyp
confirmed by both colonoscopy and histopathology. Controls were defined as individuals who underwent complete
colonoscopy (cecal intubation confirmed) with no polyps of any histologic type identified.

Participants were classified as “smokers” if they reported current regular tobacco use (>1 cigarette per day) for over 6
months, and “non-smokers” otherwise. “Drinkers” were defined as individuals consuming >30 g of ethanol per week for
males or >20 g per week for females for at least one year.

Hypertension:” Defined as either:

(i) Self-reported physician diagnosis with ongoing antihypertensive medication use, OR.

(i) Systolic blood pressure >140 mmHg and/or diastolic >90 mmHg on two consecutive measurements during

enrollment (using Omron HEM-7124 sphygmomanometer).

Diabetes mellitus: Defined as either:

(1) Self-reported physician diagnosis with hypoglycemic treatment, OR

(i1) Fasting plasma glucose >7.0 mmol/L or HbAlc >6.5% at enrollment.

Statistical analyses were conducted using SPSS software (version 27.0; IBM Corp., Armonk, NY, USA). Categorical
variables are presented as frequencies and percentages and were compared using the Chi-square (y?) test. Normality of
continuous variables was assessed using the Shapiro—Wilk test. Variables exhibiting non-normal distribution (eg, BMI,
TG, ALT, AST, FBG:; all P < 0.05 on Shapiro—Wilk testing) were expressed as median (interquartile range) [M (Q1, Q3)]
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and compared using the Mann—Whitney U-test. Normally distributed variables (eg, RBC, HDL-C; P > 0.05) were
expressed as mean + SD and compared using the independent samples #-test. Variables demonstrating statistically
significant differences (P < 0.05) in these univariate analyses were subsequently included in a binary logistic regression
model to identify independent risk factors associated with colorectal adenomatous polyps. Statistical significance was
defined as a two-tailed P-value < 0.05 for all analyses. Variables demonstrating statistically significant differences (P* <
0.05) in univariate analyses were included in the subsequent binary logistic regression model to identify independent risk
factors. This study was conducted in accordance with the Declaration of Helsinki. The research protocol was reviewed
and approved by the Institutional Review Board of the Fifth Affiliated Hospital of Zhengzhou University (Approval
Number: 20230812). Written informed consent was obtained from each study participant.

Although a formal priori sample size calculation was not performed, this exploratory study aimed to enroll as many
eligible consecutive patients as possible during the study period to ensure robust model fitting. With a total of 805
participants (288 cases and 517 controls), a post-hoc power analysis revealed that the achieved statistical power exceeded
99% (0=0.05, two-sided) to detect the observed effect sizes of our primary risk factors (eg, an odds ratio of 1.69 for
alcohol use), indicating that the sample size was more than adequate.

Results
Univariate analysis identified significant differences between the adenomatous polyp and control groups for multiple
variables (Table 1). Sex, hypertension, diabetes, smoking, alcohol consumption, BMI, TC, TG, HDL-C, LDL-C, ALT,
AST, RBC, and FBG demonstrated statistically significant associations with adenomatous polyps (P < 0.05). Conversely,
no significant differences (P > 0.05) were observed for age, TB, DT, ALB, ALP, IB, D-dimer, PLT, or WBC.
Significant variables from the univariate analysis were included in a multivariate binary logistic regression model
(Table 2). This identified sex, hypertension, alcohol consumption, HDL-C, and RBC as independent predictors of
colorectal adenomatous polyps (all P < 0.05):

e Female sex: Significantly lower risk vs males (OR = 0.534; 95% CI: 0.391-0.731; P < 0.001).

¢ Hypertension: 2.17-fold increased risk (OR = 2.169; 95% CI: 1.381-3.407; P = 0.001).

Alcohol consumption: 69.2% increased risk vs non-consumers (OR = 1.692; 95% CI: 1.104-2.593; P = 0.016).
HDL-C: Each 1 mmol/L increase associated with 46.9% risk reduction (OR =0.531; 95% CI: 0.318-0.889; P =0.016).
RBC: Each 1 x 10"?/L increase associated with 39.2% increased risk (OR = 1.392; 95% CI: 1.021-1.899; P = 0.037).

Variables including BMI, TC, smoking, and diabetes did not show independent significance (P > 0.05).

Discussion
This study identifies hypertension, alcohol consumption, and elevated red blood cell (RBC) count as independent risk
factors for colorectal adenomatous polyps in young adults (<40 years). In contrast, female sex and higher levels of HDL-
C provide significant protective effects. These findings address a critical knowledge gap concerning early-onset color-
ectal carcinogenesis, emphasizing the synergistic roles of metabolic dysregulation and behavioral exposures within young
populations. The association between hypertension and adenomatous polyps (OR=2.169) may be attributed to angio-
tensin [I-induced oxidative stress and chronic inflammation, which contribute to endothelial dysfunction and abnormal
angiogenesis in the colonic mucosa. This observation is consistent with mechanistic studies that link hypertension to
advanced adenomas through mechanisms involving VEGF overexpression and impaired DNA repair pathways.®
Alcohol consumption (OR=1.692) is likely to contribute to carcinogenesis through multiple mechanisms: the
metabolism of ethanol produces acetaldehyde, a direct DNA mutagen, while simultaneously depleting folate reserves
that are crucial for methyl-group donation and maintaining DNA stability.”'° Notably, the increased risk observed among
young alcohol consumers may be indicative of higher rates of binge drinking within this demographic, which exacerbates
mucosal injury and accelerates adenoma formation.'' This observation aligns with cohort studies indicating a 40%

increase in colorectal cancer incidence among heavy drinkers under the age of 45 years.lz’13
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Table | Comparison of Baseline Characteristics Between Non-Adenomatous and Adenomatous Polyp
Groups in Young Adults

Variable Non-Adenomatous Adenomatous Statistics P-value
Polyp Group Polyp Group
Age,years 36 (31~4l) 35 (31~39) —1.684 0.092
Gender,n(%) 23.601 <0.001
Male* 229 (44.3%) 179 (62.2%)
Female 288 (55.7%) 109 (37.8%)
Hypertension,n(%) 28.277 <0.001
No 469 (90.7%) 222 (77.1%)
Yes 48 (9.3%) 66 (22.9%)
Diabetes,n(%) 5915 0.015
No 486 (94.0%) 257 (89.2%)
Yes 31 (6.0%) 31 (10.8%)
Smoking,n(%) 37.587 <0.001
No 424 (82.0%) 180 (62.5%)
Yes 93 (18.0%) 108 (37.5%)
Drinking,n(%) 42.568 <0.001
No 424 (82.0%) 176 (61.1%)
Yes 93 (18.0%) 112 (38.9%)
BMl,kg/m? 23.67 (18.48~28.86) 24.66 (20.1~29.22) —3.598 <0.001
TC,mmol/L 4.57 (3.39~5.75) 4.71 (3.38~6.04) —2311 0.021
TG,mmol/L 1.24 (0.04~2.44) 1.56 (0.27~2.85) —4.676 <0.001
HDL-C,mmol/L 1.28 (0.82~1.74) 1.20 (0.86~1.54) —4.043 <0.001
LDL-C,mmol/L 2.34 (1.42~3.26) 2.52 (1.56~3.48) —2.373 0.018
TB,umol/L 12.30 (6.20~18.40) 12.85 (5.77~19.93) —0.954 0.340
DB,umol/L 2.50 (1.20~3.80) 2.70 (1.20~4.20) -0.997 0319
ALB,g/L 42.00 (37.05~46.95) 42.00 (37.07~46.93) —0.035 0.972
ALTU/L 18.00 (1.00~35.00) 23.00 (6.00~40.00) —4.892 <0.001
ASTU/L 21.00 (12.00~30.00) 22.00 (11.00~33.00) —3.437 0.001
ALPU/L 70.00 (44.00~96.00) 72.00 (44.00~100.00) —1.785 0.074
IB,umol/L 9.80 (4.45~15.15) 10.00 (4.60~15.40) —0.830 0.407
D-D,mg/L 0.25 (0.04~0.46) 0.29 (0.10~0.48) —1.905 0.057
PLT,x10%L 226.00 (156.50~295.50) 226.00 (152.20~299.80) —0.057 0.954
RBC,x10'?/L 4.45 (3.71~5.19) 4.70 (4.01~5.39) —5.081 <0.001
WBC,x10%/L 5.98 (3.82~8.14) 6.11 (3.60~8.62) —0.626 0.531
FBG,mmol/L 4.81 (3.87~5.75) 5.09 (3.89~6.29) —4.989 <0.001

Note: *Reference category for Sex: Male.

The novel association with elevated red blood cell (RBC) count (OR=1.392 per 1x10'?/L) necessitates further
mechanistic investigation. We hypothesize that erythrocytosis may indicate subclinical chronic hypoxia or undiagnosed
myeloproliferative disorders, which could lead to increased luminal iron concentrations that promote the formation of
reactive oxygen species (ROS) and subsequent epithelial DNA damage.'*'> Alternatively, an increase in RBC mass
might serve as an early indicator of metabolic syndrome, given its correlation with visceral adiposity and insulin
resistance observed within our cohort.

Regarding protective factors, female sex (OR=0.534) is likely to benefit from the anti-inflammatory effects of
estrogen and the suppression of IGF-1 signaling, both of which collectively inhibit polyp development.'® Furthermore,
elevated levels of HDL-C (OR=0.531 per 1 mmol/L) may provide protection through mechanisms such as reverse
cholesterol transport and direct antioxidant actions. These include the neutralization of endotoxins and the inhibition of
oxidized LDL uptake in colonic tissue.'” Our findings extend previous epidemiological evidence indicating a 22%
reduction in colorectal cancer risk for each 0.1 mmol/L increase in HDL-C levels.'®
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Table 2 Results of Binary Logistic Regression Analysis for Factors Associated
with Colorectal Adenomatous Polyps in Young Adults

Variable B (SE) Wald | p-value | OR 95% CI
Sex (Female vs Male*) | —0.626 (0.160) | 15.398 | <0.001 | 0.534 | 0.391-0.731
Hypertension 0.774 (0.230) | 11.292 | 0.001 2.169 | 1.381-3.407
Diabetes 0.357 (0.338) 1.117 0.291 1.429 | 0.737-2.772
Smoking 0.426 (0.221) 3.728 0.054 1.531 | 0.994-2.360
Drinking 0.526 (0.218) 5.82 0.0l16 1.692 | 1.104-2.593
BMI 0.016 (0.021) | 0.633 0.426 | 0.984 | 0.945-1.024
TC 0.241 (0.145) | 2.769 0.096 1.273 | 0.958-1.692
TG —0.119 (0.068) | 3.065 0.08 0.888 | 0.777-1.014
HDL-C —0.632 (0.262) | 5.806 0.016 | 0.531 | 0.318-0.889
LDL-C 0.026 (0.170) | 0.024 0.878 | 0.974 | 0.698-1.360
ALT 0.002 (0.007) | 0.06l 0.806 1.002 | 0.988-1.015
AST 0.011 (0.008) |.64 0.2 1011 | 0.994-1.028
RBC 0.331 (0.158) | 4.36l 0.037 1.392 | 1.021-1.899
FBG 0.007 (0.056) | 0.017 0.897 1.007 | 0.902-1.125
Constant —2.188 (0.907) | 5.825 0.016 | 0.112 -

Note: *Reference category for Sex: Male.

Notably, smoking and diabetes—established risk factors in older populations—Iost their statistical independence in
multivariate analysis. This divergence suggests that young-onset adenomas may develop through distinct pathways,
where hemodynamic stress (hypertension), hematological alterations (RBC count), and acute toxic exposures (alcohol)
outweigh traditional metabolic drivers.'” This paradigm shift underscores the necessity for age-specific risk stratification
models.?® Clinically, these findings advocate for enhanced colonoscopic screening in young males with hypertension or
alcohol consumption habits. High-density lipoprotein cholesterol and red blood cell count should be evaluated as
accessible biomarkers for risk stratification, while lifestyle interventions aimed at reducing alcohol intake and controlling
blood pressure should be prioritized among high-risk youth.

The limitations of this study include its single-center design, the potential presence of unmeasured confounders (such
as dietary patterns and genetic susceptibility), and its cross-sectional nature, which precludes causal inference. Future
prospective studies should aim to validate these associations in multi-ethnic cohorts and further elucidate the biological
interplay between elevated red blood cell counts and early colorectal carcinogenesis.

Conclusion

This case-control study establishes that young adults (<40 years) with colorectal adenomatous polyps exhibit distinct
metabolic and behavioral risk profiles. Hypertension (OR=2.169, 95% CI: 1.381-3.407), alcohol consumption
(OR=1.692, 95% CI: 1.104-2.593), and elevated red blood cell count (per 1 x 10'%/L increase; OR=1.392, 95% CI:
1.021-1.899) were identified as independent risk factors, conferring increased risks of 2.17-fold, 1.69-fold, and
approximately 39.2%, respectively. Conversely, female sex (OR=0.534, 95% CI: 0.391-0.731) and higher HDL-C levels
(per 1 mmol/L increase; OR=0.531, 95% CI: 0.318-0.889) were found to be protective factors that reduced the risk by
approximately 46.6% and 46.9%. These findings underscore a synergistic interplay between behavioral exposures—such
as alcohol use—and metabolic dysregulation—including hypertension and low HDL-C—in the pathogenesis of early-
onset adenomas. To address the growing burden of young-onset colorectal lesions, clinicians may consider more vigilant
colonoscopic evaluation and metabolic assessment in high-risk young adults—such as males, individuals with hyperten-
sion, and those who consume alcohol. Lipid profiles and hematological parameters could serve as potential tools for
refining risk stratification in this population.
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