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Doubled risk of colorectal polyp occurrence in adults under 50 with a high-level
mildly elevated body mass index trajectory: a retrospective cohort study based on

latent class mixed modeling
ZHENG Qingyun, WANG Yumeng, CHANG Jiali, FU Xuan, TIAN Shuxin Department of Gastroenterology, First
Affiliated Hospital of Shihezi University; National Health Commission (NHC) Key Laboratory of Prevention and

Treatment of Central Asia High Incidence Diseases (Co-construction ), Shihezi, Xinjiang, China

[Abstract] Objective In recent years, the incidence of early-onset colorectal cancer(diagnosed
before the age of 50 years) has been increasing. As a modifiable factor, obesity may be associated with the
occurrence of colorectal polyps in adults under 50. Since body mass index(BMI) measured at a single time
point is insufficient to reflect an individual’s long-term body weight status and its dynamic changes, this study
aims to investigate the relationship between longitudinal BMI trajectories and the risk of colorectal polyps in
this population, and to further analyze the relationship between different BMI trajectories and the occurrence
of adenomatous polyps. Methods A retrospective cohort study was conducted on the adults younger than 50
years who met the eligibility criteria and underwent at least 2 colonoscopic examinations at Digestive
Endoscopy Center of our hospital between January 2016 and February 2025. Based on BMI data at 3 time
points(TO: 2 consecutive calendar years prior to the calendar year of the first colonoscopy; T1: the calendar
year of the first colonoscopy; T2: 2 consecutive calendar years following the calendar year of the first
colonoscopy), latent class mixed model(LCMM) was used to construct BMI trajectories. The optimal model was
determined by comprehensively considering the Bayesian information criterion, average posterior probability,
entropy, and the sample size proportion of each trajectory group. Log-rank test was employed to compare the
cumulative incidence of colorectal polyps among the trajectory groups in the optimal model. Cox proportional
hazards regression model was utilized to estimate hazard ratios(HRs) and 95% confidence intervals(95%Cls)
for colorectal polyps in each BMI trajectory group. Firth’s penalized maximum likelihood logistic regression
was applied to analyze the association between BMI trajectory grouping and adenomatous polyps. Results A
total of 603 participants were finally included, comprising 258 males(42. 79%) and 345 females(57. 21%).
Based on LCMM, a 3-group linear trajectory model was ultimately selected as the optimal model: low-level
stable group, middle-level stable group, and high-level mildly elevated group. The low-level stable group
included 243 participants(40. 30%), with mean BMI values of 21. 11, 20. 93, and 21. 06 kg/m? at the 3 time
points, respectively, indicating an overall stable BMI. The middle-level stable group included 272 participants
(45. 11%), with mean BMI values of 25.08, 25.24, and 25.32 kg/m® at the 3 time points, respectively,
indicating an overall stable BMI. The high-level mildly elevated group included 88 participants(14. 59%),
with mean BMI values of 30. 20, 30. 51, and 30. 77 kg/m? at the 3 time points, respectively, indicating an
overall trend of mild elevation in BMI. Log-rank test showed statistically significant differences in the
cumulative incidence of colorectal polyps among the 3 BMI trajectory groups(x*=58.219, P<0.001). Cox
proportional hazards regression analysis showed that, after adjusting for confounding factors, compared with
the low-level stable group, the risk of colorectal polyps was increased in both the middle-level stable group
(HR=2.90, 95%CI: 1. 67 to 5. 01, P<0. 001) and the high-level mildly elevated group(HR=6. 01, 95%ClI: 3. 26
to 11. 10, P<0. 001). In addition, compared with the middle-level stable group, the high-level mildly elevated
group had an approximately 1. 08-fold increased risk of colorectal polyps(HR=2. 08, 95%CI: 1. 35 to 3. 20, P<
0.001). Among 121 patients with newly developed polyps, 63(52. 07%) had adenomatous polyps. Firth’ s
penalized maximum likelihood logistic regression showed that, after adjusting for age, sex, smoking history,
drinking history, and other factors, the high-level mildly elevated group had a significantly increased
likelihood of adenomatous polyps compared with the low-level stable group(OR=3. 77, 95%CI: 1. 11 to 13. 83,
P=0.033). Conclusion Higher BMI trajectory levels are independently associated with an increased risk of
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colorectal polyps in adults younger than 50 years. In particular, the high-level mildly elevated trajectory may

also be associated with adenomatous polyps. Dynamic monitoring of BMI changes and strengthened body

weight management may contribute to risk identification and prevention of colorectal polyps and adenomatous

lesions.
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Table 1 Goodness-of-fit indices for each trajectory model

Model AvePP/% Proportions per class/% mil% BIC Entropy
GI_L 100. 0 100.0 100. 0 9838. 12 -

GI1_Q 100. 0 100.0 100.0 9844, 46 -

G2_L 96.6/93.2 66.2/33. 8 66.2/33. 8 8941.51 0.848 3
62_0 96.6/93.2 66.2/33. 8 66.2/33. 8 8953. 84 0.848 4
G3_L 95.1/94. 1/95.2 40.3/45.1/14. 6 40.5/45.1/14. 3 8 345. 67 0.888 3
G3_0 95.3/94.0/95. 2 40.1/45.3/14. 6 40.5/45.1/14. 3 8363. 62 0.888 6
G4_L 96. 8/92. 7/92.7/97. 4 34.5/41.5/19. 6/4. 5 34. 8/40. 9/19. 8/4. 5 8024.73 0.903 3
G40 96.7/92.9/92. 6/97. 5 34.5/41.3/19. 7/4. 5 34.8/40. 8/19.9/4. 5 8 048. 50 0.903 4

G: number of trajectory groups; L: linear model; Q: quadratic model; AvePP: average posterior probability; Proportions per class% : actual

assignment proportion of each trajectory group; mj: model-estimated proportion of each trajectory group; BIC: Bayesian information criterions
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1 21.091(0.123) <0.001  -0.018(0.081)  0.823 > 275
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Figure 1 Fitted trajectories for each BMI trajectory
subgroup in the best-fitting model

A, BIH 121 41(20.07%) k4 T8 Em SR, H
FRARAKOE AR 4 L /KPR e AL RN & K R T e A
3 184511 (7. 41%) .64 1 (23. 53%) .39 i (44. 32%)
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Table 3 Comparison of baseline characteristics among BMI trajectory subgroups [n(%), M(P,, P,;) ]

BMI L35 p oK P33 7€ 4 (HR=3. 51,

Low-level stable group

Middle-level stable group

High-level mildly elevated

2

Variable (n=243) (n=272) group(n=88) i P
Follow-up time/years 55.70(39. 30, 71.30) 51.80(35. 20, 67.30) 48.95(30. 95, 69.35) 3.87 0. 144
Agelyears 45.00(39. 00, 47.00) 45.00(40. 00, 47.00) 45.00(37. 50, 47.00) 1.59 0.452
Male 46(18.9) 151(55.5) 61(69.3) 99.80 <0.001
Hypertension 21(8.6) 67(24.6) 41(46.6) 58.42 <0.001
Diabetes 12(4.9) 37(13.6) 16(18.2) 15.89 <0.001
Coronary heart disease 12(4.9) 3(8.5) 8(9.1) 3.00 0.224
Family history of gastrointestinal cancer 15(6.2) 7(2.6) 2(2.3) - 0,102
Smoking history 22(9.1) 75(27.6) 32(36.4) 39.91 <0.001
Drinking history 18(7.4) 70(25.7) 29(33.0) 39.67 <0.001
UA/(pumol/L) 241.00(204. 00, 285.00)  312.50(244.00, 379.00)  355.50(295.50, 412.00) 105.68 <0.001
FBG/(mmol/L) 4.67(4.41,5.08) 4.97(4.55,5.54) 5.13(4.83,5.79) 35.62 <0.001
TG/(mmol/L) 0.92(0. 68, 1.22) 1.32(0.92, 2.04) 1.81(1.38, 2.47) 120. 18 <0. 001
TC/(mmol/L) 4.37(3.86, 4.95) 4.49(3.82, 5.10) 4.58(4.00, 5.20) 4.68 0.096
LDL-C/(mmol/L) 2.34(1.92, 2.82) 2.55(2.04, 3.05) 2.66(2.21, 3.14) 15.77 <0.001
HDL-C/(mmol/L) 1.42(1.24, 1. 67) 1.27(1.04, 1. 44) 1.12(0.95, 1.37) 56.35 <0.001

UA: uric acid; FBG: fasting blood glucose; TG:
HDL-C: high-density lipoprotein cholesterol

triglycerides; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol;
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1.90 % (HR=2.90, 95%CI: 1. 67~5. 01, P<0.001) , /&
TRV B v 2 45 L B R e AR KU 38 24 5. 01 4%
(HR=6.01,95%CI: 3. 26~11. 10, P<0. 001) ; 5 1 /K F-
e g AH E, R KR B TR AL 45 B S R & AR R
W 2 1.08 £ (HR=2.08, 95%CI: 1.35~3.20, P<
0.001) ; [RIB}, AF I AF 88 0 1 %7, 45 B I S8 A & A XU
WA #) 6% (HR=1.06,95%CI: 1. 02~1. 10, P=0. 005) .
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Table 4 Univariate Cox proportional hazards regression analysis of colorectal polyp occurrence

Variable B SE A HR(95%CI) P

Groups

Low-level stable group 0. 00 1.00

Middle-level stable group 1.25 0.27 4.69 3.51(2.08—5.92) <0.001

High-level mildly elevated group 1.96 0.29 6. 88 7.13(4. 08— 12. 48) <0.001
Age 0.04 0.02 2.40 1.04(1.01—1.08) 0.016
Male 0.87 0.19 4.62 2.38(1.65—3.43) <0. 001
Hypertension 0.63 0.19 3.23 1.87(1.28—2.73) 0. 001
Diabetes 0.32 0.25 1.29 1.38(0.85—2.26) 0. 197
Coronary heart disease 0.21 0.35 0.61 1.23(0.62—2.44) 0. 545
Family history of digestive tract cancer -0.22 0. 46 -0.47 0.81(0.33—1.99) 0. 640
Smoking history 0. 65 0.20 3.31 1.91(1.30—2. 80) <0. 001
Drinking history 0. 84 0.20 4.21 2.33(1.57—3.44) <0. 001
UA 0.00 0. 00 4.02 1.00(1.00—1.01) <0. 001
FBG 0.02 0.05 0.43 1.02(0.92—1.14) 0. 665
TG 0.16 0.04 4.54 1.18(1.10—1.26) <0. 001
TC 0.16 0.08 2.07 1.17(1.01—1.35) 0.038
LDL-C 0.16 0.11 1.41 1.17(0.94—1. 46) 0. 158
HDL-C -0. 40 0.27 -1.50 0.67(0.39—1.13) 0. 134

UA: uric acid; FBG: fasting blood glucose; TG: triglycerides; TC: total cholesterol; LDL-C: low-density lipoprotein

cholesterol; HDL-C: high-density lipoprotein cholesterol
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Table 5 Multivariate Cox proportional hazards regression analysis of colorectal polyp occurrence
Model 1 Model 2 Model 3
Variable
HR(95%CI) P HR (95%CI) P HR(95%CI) P
1.05 1. 06
Age(per 1-year increase ) - - 0. 006 0. 005
(1.02—1.09) (1.02—1.10)
Groups
3.51 2.87 2.90
Middle-stable group vs Low-stable group <0. 001 <0. 001 <0. 001
(2.08—5.92) (1.67—4.95) (1.67—5.01)
7.13 5.77 6.01
High-level mildly increasing group vs Low-stable group <0. 001 <0. 001 <0.001
(4.08—12.48) (3.19—10. 44) (3.26—11.10)
2.03 2.01 2.08
High-level mildly increasing group vs Middle-stable group <0. 001 <0. 001 <0. 001
(1.36—3.04) (1.34—3.02) (1.35—3.20)

Model 1: Unadjusted; Model 2: Adjusted for age, sex, smoking history, drinking history, and family history of digestive tract cancer; Model 3: Further

adjusted for hypertension, UA, TG, and TC based on Model 2
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Table 6 Logistic regression analysis of the association between BMI trajectory groups and adenomatous polyps

Model 1 Model 2
Groups
OR(95%CI) P OR(95%CI) P
Low-level stable group Reference Reference
Middle-level stable group 1.92(0. 68—5. 88) 0.221 2.08(0.67—6.92) 0.208
High-level mildly elevated group 3.38(1.10—11.20) 0.033 3.77(1.11—13.83) 0.033

Model 1: Unadjusted; Model 2: Adjusted for age, sex, smoking history, and drinking history
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