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Association of incidence of
colorectal polyp with markers of
insulin resistance and other related
factors: a cross-sectional study
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To explore the relationship between the incidence of colorectal polyps and related factors such as
markers of insulin resistance (IR), aretrospective analysis was used to collect 2716 patients who
underwent physical examinations in Guangzhou Cadre and Talent Health Management Center from
June 2020 to June 2023. The patients were classified as colorectal polyp group (n=1328) and non-
polyp group (n=1388) after colonoscopy. Baseline data of colorectal polyp and non-polyp groups
were compared. Non-insulin-based IR markers including Triglyceride Glucose Index (TyG), triglyceride
glucose index (TyG)- Body Mass Index(BMI), triglycerides (TG)/high density lipoprotein cholesterol
(HDL-C), Metabolic Score for Insulin Resistance (METS-IR), and mean arterial pressure (MAP) were
calculated. The risk factors of colorectal polyps were analyzed by binary logistic regression. Receiver
operating characteristic (ROC) curves and area under the curve (AUC) were used to evaluate the ability
of insulin resistance markers to detect colorectal polyps. The proportion of males in colorectal polyp
group was higher than that in non-polyp group. There were significant differences in TyG-BMI, TyG,
TG/HDL-C, METS-IR, MAP, and other indicators between the colorectal polyp group and the non-
polyp group (p<0.05). Binary logistic regression analysis showed that elevation in age, BMI, TyG-BMI,
TyG, TG/HDL-C, METS-IR, MAP and CEA were positively correlated with the risk of colorectal polyps
(p<0.05). The AUCs of insulin resistance markers and MAP were larger than CEA to detect colorectal
polyps. The AUC values of models in combination of age, sex and insulin resistance markers/MAP is
higher. TyG, TyG-BMI, TG/HDL-C, and METS-IR could be used as indicators to predict the occurrence
of colorectal polyps. These findings provide an important clinical reference for the prevention and
treatment of colorectal polyps.
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Colorectal polyps are excrescences of the intestinal mucosa, which are the most common benign disease of
the lower digestive tract. According to the pathology, they are classified into adenomatous polyps and non-
adenomatous polyps, among which adenomatous polyps are closely related to the occurrence of colorectal
cancer. The sequential progression theory of “polyp-adenoma-cancer” has become the current consensus, and
the timely detection and removal of colorectal polyps are the main ways to curb the occurrence and development
of colorectal cancer. It has been reported that the majority of colorectal cancer originates from adenomatous
polyps, and colonoscopy is the most effective method to detect and remove colorectal polyps, thereby reducing
the incidence and mortality of colorectal cancer!. However, due to the invasive nature of colonoscopy and
people’s psychological fear and reluctance, coupled with poor awareness of physical examinations, colonoscopy
is currently difficult to popularize nationwide. Therefore, it is crucial to identify the risk factors for the occurrence
of colorectal polyps.

A study has found that age, sex, non-alcoholic fatty liver disease, and type 2 diabetes are independent risk
factors for colorectal polyps®. Another study indicated that insulin resistance (IR) was significantly associated
with an elevated risk of adenomatous polyps in non-Asian ethnic groups, and higher levels of insulin, C-peptide,
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and homeostasis model assessment of insulin resistance (HOMA-IR) are significantly associated with an
increased risk of colorectal adenoma®. Currently, insulin resistance-related indicators include HOMA-IR*but due
to its cumbersome sampling process and high cost, it is difficult to carry out in many clinical practices. Several
studies have suggested that non-insulin-based IR markers, such as triglyceride glucose index (TyG)- Body Mass
Index(BMI), TyG, triglycerides (TG)/high density lipoprotein cholesterol (HDL-C), Metabolic Score for Insulin
Resistance (METS-IR) can effectively assess the degree of insulin resistance™®. There is evidence indicating
an association between insulin resistance and the occurrence of colorectal polyps’but there are fewer studies
directly pointing out the correlation between TyG-BMI, TyG, TG/HDL-C, and METS-IR and colorectal polyps.
Therefore, this study aims to further explore the relationship between TyG-BMI, TyG, TG/HDL-C, METS-IR,
and colorectal polyps, providing a basis for clinical assessment of the risk of colorectal polyp occurrence.

Materials and methods
Study population
The study subjects were selected from individuals who underwent physical examinations and colonoscopy
at the Guangzhou Cadre and Talent Health Management Center from June 2020 to June 2023. According to
the exclusion and inclusion criteria, a total of 2716 individuals meeting the requirements were screened. All
of individuals accomplished the colonoscopy, with a 100% rate of cecal intubation. Among them, there were
2,137 males and 579 females. 1328 patients with colorectal polyps were selected as the observation group, 1388
individuals who showed no obvious abnormalities upon colonoscopy were selected as the control group. Among
these 1328 patients with colorectal polyps, 474 patients with colorectal adenomatous polyps and 854 patients
with colorectal non-adenomatous polyps were confirmed by pathological examination(As shown in Table 1).
TyG, TyG-BMI, TG/HDL-c, and METS-IR were calculated as follows®:

TyG = In[TG (mg/dL) x FPG (mg/dL) /2],
TyG — BM = TyG x BMI,
TG/HDL-C = TG (mg/dL) /HDL-C (mg/dL)
METS — IR = In [(2 x FPG (mg/dL ) + TG (mg/dL) ] x BMI)/In [HDL-C (mg/dL)]).

Inclusion and exclusion criteria

« Inclusion criteria: (1) age between 20 and 79 years old; (2) complete examination data; (3) the patient has no
serious cardiovascular, hepatic, or renal diseases, including but not limited to acute myocardial infarction,
heart failure, liver cirrhosis, renal failure, or other systemic disorders such as infectious diseases or malig-
nancies.

o Exclusion Criteria: (1) inadequate bowel preparation or incomplete endoscopic examination; (2) complicated
with severe heart, liver, kidney, or other organ diseases, coagulation disorders, and other underlying diseases
or infectious diseases; (3) patients with incomplete medical history examination data; (4) patients in whom
polyps were found during colonoscopy but did not undergo pathological examination; (5) patients with two
or more pathological types of colorectal polyps; (6) patients have diseases that may cause elevated CEA, such
as colorectal cancer, inflammatory bowel disease, lung cancer.

Basic information of study subjects

Sex, age, Body Mass Index (BMI), fasting blood glucose (FBG), systolic blood pressure (SBP), diastolic blood
pressure (DBP), cholesterol, triglycerides (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
apolipoprotein A-I (ApoA-I), apolipoprotein B (ApoB), carcinoembryonic antigen (CEA), carbohydrate antigen
199 (CA199), urea, creatinine, uric acid, free triiodothyronine (FT3), thyroid stimulating hormone (TSH),
free thyroxine (FT4), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein (TP),
albumin (ALB), total bilirubin (TBIL), and indirect bilirubin (IBIL) and globulin (GLB) were collected from
both study groups. Colonoscopy was used to screen whether the subjects had colorectal polyps. TyG-BMI, TyG,
TG/HDL-C, METS-IR and MAP were calculated.

Colonoscopy examination

Colonoscopies were conducted by experienced gastroenterologists. Each colonoscopy withdrawal time lasted
for at least 6 min to minimize the chance of missing any lesions. Detailed colonoscopy results encompassed the
size, quantity, location of polyps, as well as the records of polypectomy procedures. Experienced pathologists
confirmed the diagnosis of adenoma through histological examination after colonoscopic polypectomy.

Statistical analysis
Statistical analysis of the data was performed using SPSS 25.0 statistical software and GraphPad Prism 8
software. When the measurement data of the two groups followed a normal distribution, they were expressed as

Polyps/non-polyps | Ad tous/non-ad t Sex(male/female)
Ratio | 1328/1388 474/854 2137/579

Table 1. The results of colonoscopy examination.
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Polyps | Non-polyps | x* p-value

Male 1088 1049 16.322 | <0.001

Female | 240 339

Table 2. Distribution of sex in polyp and non-polyp groups.

Age groups Number | Percentage %
20-29 years old 7 0.53
30-39 yearsold | 126 9.49
40-49 years old | 467 35.17
50-59 years old | 608 45.78
60-69 yearsold | 111 8.36
70-79 years old 9 0.68

Table 3. Age distribution of patients with colorectal polyps.

mean * standard deviation (x+s) and compared using the t-test. When the measurement data did not follow a
normal distribution, they were expressed as median [M(P25, P75)] and compared using the nonparametric rank
sum test. Counting data were compared using the X2 test. Logistic regression analysis was used to analyze the
influencing factors of colorectal polyps in healthy individuals undergoing physical examinations. The GraphPad
Prism 8 software was used to draw Forest plot. A prediction model for the occurrence of colorectal adenomatous
polyps in healthy individuals was constructed, and the receiver operating characteristic curve (ROC) was used
to evaluate the predictive value of the model for the onset of colorectal polyps. A p-value <0.05 was considered
statistically significant.

Results

General characteristics of the study population

Among 1328 patients with colorectal polyps, 1088 were male and 240 were female, with a male-to-female ratio
of 4.53:1. Among 1388 patients in the non-polyp group, 1049 were male and 339 were female, with a male-to-
female ratio of 3.09:1. When comparing the sex ratios of the two groups using the chi-square test, there was a
statistically significant difference (x*=16.322, p<0.001). It is believed that men are more prone to colorectal
polyps than women (Table 2).

Sex ratios were compared between the adenomatous polyp group and the non-adenomatous polyp group.
Among 474 patients with adenomatous polyps, 396 were male and 78 were female, with a male-to-female ratio
of 5.07:1. Among 854 patients with non-adenomatous polyps, 692 were male and 162 were female, with a male-
to-female ratio of 4.27:1. There was no statistically significant difference in sex ratios between the adenomatous
polyp group and the non-adenomatous polyp group (x2=1.301, p=0.254).

As shown in Table 3, the average age of onset for patients with colorectal polyps was 50.03 +7.881 years old.
Among them, the average age of onset for males was 50.12 +7.846 years old, and the average age of onset for
females was 49.67 + 8.044 years old. The incidence rate was high among people over 40 years old, accounting for
89.98% of the total population. Therefore, this study suggests that individuals over 40 years old should complete
at least one colonoscopy screening.

Differences in clinical biochemical indicators and related derived indicators were compared between the
two groups. All of these indicators are quantitative data. First, a normality test was performed on the data.
Among them, BMI, TyG-BM]I, diastolic blood pressure, MAP, total cholesterol, LDL-C, ApoB, uric acid, TP,
and globulin followed a normal distribution, so t-test was used to analyze. As shown in Table 4, the results
showed statistically significant differences in BMI, TyG-BM]I, diastolic blood pressure, MAP, and ApoB between
the polyp group and the non-polyp group. The BMI, TyG-BMI, diastolic blood pressure, MAP and ApoB were
higher in the polyp group than in the non-polyp group (p<0.05). Age, TyG, TG/HDL-C, METS-IR, FBG, SBP,
TG, HDL, ApoAl, CEA, CA199, urea, blood creatinine, FT3, TSH, FT4, ALT, AST, TBIL, IBIL, ALB, alkaline
phosphatase, and total bile acids exhibited skewed distribution, thus non-parametric tests were employed. The
results revealed statistically significant differences in age, TyG, TG/HDL-C, METS-IR, FBG, SBP, TG, HDL-C,
CEA, FT3, total bilirubin, indirect bilirubin, and ALB between the polyp and non-polyp groups (p <0.05). Age,
TyG, TG/HDL-C, METS-IR, FBG, SBP, TG, CEA, FT3, TBIL, and IBIL levels were higher in the polyp group
compared to the non-polyp group, whereas HDL and ALB levels were lower in the polyp group compared to the

non-polyp group.

Univariate analysis of risk factors for colorectal polyp occurrence

Sixteen factors related to the occurrence of colorectal polyps, identified through univariate analysis, were used as
variables for univariate logistic regression analysis. The results showed that sex, age, BMI, FBG, TyG-BMI, TyG,
TG/HDL-C, METS-IR, MAP, and CEA were risk factors for the occurrence of colorectal polyps, while HDL-C
was a protective factor for the occurrence of colorectal polyps. The above results are shown in Table 5.
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Variable Non-polyps Polyps M t/z-value | p-value
BMI 24.47+2.79 25.04+2.73 -5.065 <0.001
TyG-BMI 210.65+32.54 218.91+32.38 -6.194 <0.001
DBP 71.68+9.54 74.20+10.24 -6.176 <0.001
MAP 87.54+10.29 90.37+10.76 -6.609 <0.001
TC 5.22+0.94 5.26+0.98 -0.981 0.327
LDL 3.23+0.82 3.24+0.87 -0.350 0.727
ApoB 0.99+0.22 1.01+0.23 -2.055 0.040
UA 400.21+£99.35 400.17+£95.18 0.009 0.993
TP 73.46+3.82 73.19+4.14 1.750 0.080
Age 48(41,53) 50(45,55) -9.417 <0.001
TyG 8.54(8.20,8.92) 8.65(8.31,9.05) -5.786 <0.001
TG/HDL-C | 2.01(1.30,3.14) 2.29(1.49,3.74) -5.177 <0.001
METS-IR 2.00(1.85,2.16) 2.05(1.91,2.21) -5.393 <0.001
FBG 5.26 (4.97,5.60) 5.36 (5.04,5.74) -4.658 <0.001
SBP 119(110,128) 123(113,132) -6.032 <0.001
TG 1.20(0.87,1.75) 1.33(0.97,1.92) -5.243 <0.001
HDL-C 1.37(1.18,1.62) 1.32(1.16,1.55) -3.261 0.001
Apo A-1 1.38(1.21,1.59) 1.36(1.20,1.55) -1.825 0.068
CEA 1.56(0.95,2.40) 1.72(1.06,2.70) 3778 0.000
CA199 16.62 (11.49,25.64) | 16.34 (11.17,24.89) | -0.544 0.586
Urea 5.07 (4.34,5.88) 5.01 (4.27,5.86) -0.945 0.345
Scr 79.40 (68.50,88.90) | 79.50 (69.98,88.52) | -0.661 0.509
FT3 4.83(4.38,5.32) 5.03(4.62,5.45) -4.391 <0.001
TSH 1.90 (1.36,2.73) 1.93 (1.30,2.70) -0.043 0.965
FT4 16.42 (14.99,18.83) | 16.60 (15.29,18.02) | -0.410 0.682
ALT 21.30 (16.00,29.20) | 22.00 (16.50,31.20) | -2.477 0.013
AST 19.80 (17.00,23.20) | 19.90 (17.10,24.15) | -1.534 0.125
TBIL 13.90(10.4,18.30) 15.50(11.10,20.20) | -2.777 0.005
IBIL 10.00(7.30,13.37) 11.30(8.0,14.90) -2.893 0.004
ALB 44.60(43.00,46.20) | 44.40(42.80,46.00) | -1.995 0.046
ALP 64.60 (53.87,75.85) | 64.10 (53.60,76.30) | -0.032 0.974
TBAs 2.30 (1.50,3.85) 2.40 (1.50,4.10) -0.763 0.445

Table 4. Comparison of physical examination indices between the two groups.

The forest plot shows that there are statistically significant differences in CEA (OR=1.121, 95% CI: 1.008-
1.248, p<0.05) and HDL-C (OR=0.746, 95% CI: 0.597-0.932, p<0.05) between the adenoma group and the
non-adenoma group. There are also statistically significant differences in MAP (OR=1.013, 95% CI: 1.005-1.022,
p<0.05), METS-IR (OR=1.797, 95% CI: 1.197-2.697, p<0.05), TG/HDL-C (OR=1.054, 95% CI: 1.019-1.090,
p<0.05), TyG (OR=1.536, 95% CI: 1.120-2.108, p <0.05), TyG-BMI (OR = 1.006, 95% CI: 1.001-1.101, p < 0.05),
and Age (OR=1.045, 95% CI: 1.035-1.056, p <0.05) between the two groups (as show in Fig. 1).

A binary logistic regression analysis was conducted using four insulin resistance-related indicators and MAP
(Table 6). The results showed that TyG, TyG-BMI, and MAP were identified as risk factors for the occurrence
of colorectal polyps when analyzing these five indicators, consistent with the results of the univariate analysis.
However, it was found that the p-values for TG/HDL-C and METS-IR were greater than 0.05. Considering the
influence of other factors, TyG, TyG-BMI, and MAP appeared to have greater predictive value. In Models 2 and
3, after controlling for multiple factors such as sex, age, CEA, FT3, etc., MAP and TyG-BMI were found to have
better predictive ability.

Area under the curve of the insulin resistance factors and other related indexes to predict the
risk for colorectal polyps

ROC curve analysis results show that in the overall population, the AUC of TyG, TyG-BMI, TG/HDL-C, METS-
IR, MAP, CEA, and their combination with sex and age are all greater than 0.5 (p <0.05), indicating a certain
predictive value for the occurrence and development of colorectal polyps. The descending order of AUC values
for individual indicators is as follows: TyG-BMI (0.574, 95% CI 0.550-0.598), MAP (0.574, 95% CI 0.550-0.597),
TyG (0.567, 95% CI 0.544-0.591), METS-IR (0.563, 95% CI 0.539-0.587), TG/HDL-C (0.561, 95% CI 0.537-
0.585), CEA (0.546, 95% CI 0.522-0.570). The descending order of AUC values for combined indicators is as
follows: TyG + TyG-BMI + TG/HDL-C+METS-IR + Sex + Age (0.625, 95% CI 0.602-0.648), MAP + Sex + Age
(0.624, 95% CI 0.601-0.647), TyG + TyG-BMI + TG/HDL-C + METS-IR (0.577, 95% CI 0.553-0.601), as shown

Scientific Reports |

(2025) 15:23969

| https://doi.org/10.1038/s41598-025-08505-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

95% confidence interval
Variable Coefficient | Std.Error | p-value | Odds ratio | Lower limit | Upper limit
Sex 0.285 0.118 0.016 1.329 1.055 1.675
Age 0.044 0.005 0.000 1.045 1.035 1.056
BMI 0.053 0.016 0.001 1.054 1.022 1.088
FBG 0.112 0.052 0.030 1.119 1.011 1.238
TyG-BMI 0.006 0.002 0.009 1.006 1.001 1.010
TyG 0.429 0.161 0.008 1.536 1.120 2.108
TG/HDL-C | 0.052 0.017 0.002 1.054 1.019 1.090
METS-IR 0.586 0.207 0.005 1.797 1.197 2.697
MAP 0.013 0.004 0.002 1.013 1.005 1.022
HDL-C -0.293 0.114 0.010 0.746 0.597 0.932
ApoB 0.146 0.174 0.401 1.157 0.823 1.626
CEA 0.115 0.054 0.035 1.121 1.008 1.248
FT3 0.143 0.081 0.076 1.154 0.985 1.351
ALT 0.008 0.005 0.077 1.008 0.999 1.017
TBIL 0.048 0.073 0.511 1.049 0.909 1.212
IBIL -0.012 0.093 0.896 0.988 0.823 1.186
ALB 0.014 0.037 0.701 1.014 0.944 1.090

Table 5. Univariate logistic regression analysis of factors influencing colorectal polyp occurrence.
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Fig. 1. Forest plot of comparison of factors influencing colorectal polyp occurrence.
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Sensitivity

Modell Model2 Model3
Variables | OR (95%CI) P OR (95%CI) P OR (95%CI) P
TyG 1.422(1.036,1.950) | 0.029 | 1.183(0.857,1.632) | 0.042 | 0.879(0.337,2.291) | 0.112

TyG-BMI 1.004(0.999,1.008) | 0.047 | 1.003(0.999,1.007) | 0.047 | 1.011(0.999,1.023) | 0.035
TG/HDL-C | 0.934(0.866,1.007) | 0.077 | 0.95(0.891,1.028) 0.085 | 0.986(0.765,1.272) | 0.251
(
(

METS-IR 1.172(0.507,2.712) | 0.089 | 1.362 (0.575,3.227) | 0.056 | 0.845(0.072,9.951) | 0.325
MAP 1.018(1.010,1.027) | 0.000 | 1.01(1.002,1.020) 0.012 | 1.009(0.986,1.033) | 0.044

Table 6. Multivariate logistic regression analysis of factors influencing colorectal polyp occurrence. OR: Odds
Ratio, CI: Confidence Interval. Modell: Crude. Model2:Adjust: age, sex. Model3:Adjust: age, sex, CEA, FT3,
albumin, total bilirubin, indirect bilirubin.

ROC Curve

TyG

TyG-BMI
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METS-IR

MAP

CEA
TyG+TyG-BMI+TG/HDL-
C+METS-IR
TyG+TyG-BMI+TG/HDL-
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Reference Line

02 04 06 08 10

1 - Specificity

Fig. 2. Receiver operating characteristic (ROC) curve of makers of insulin resistance and the combination.

in Fig. 2; Table 7. Based on these results, we conclude that the combined insulin resistance-related indicators,
MAP, sex, age, and CEA can better predict the occurrence of colorectal polyps.

Discussion

According to statistics, there were over 1.9 million new cases and 935,000 deaths of colorectal cancer globally
in 2020°. The incidence rate of colorectal cancer ranks third, but its mortality rate ranks second. Currently,
significant progress has been made in detecting colorectal cancer, but simpler and more accurate methods
are still lacking. Studies have found that abnormalities in sugar and lipid metabolism also contribute to the
occurrence and development of colorectal cancer'’. Though previous studies indicated that diabetes increases
the probability of developing colorectal polyps®!!neither of them investigated the relationship between insulin
resistance indicators and colorectal polyps. In addition, there are currently no reports on the correlation between
insulin resistance markers (TyG, TyG-BMI, TG/HDL-C, METS-IR) and colonic polyps. Therefore, this study
retrospectively analyzed the association between insulin resistance markers and the presence of colorectal polyps
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Variable Sensitivity/% | Specificity/% | AUC (95%CI) Youden index | Cut-off point
TyG 38.8 72.0 0.567 (0.544, 0.591) | 0.108 8.84
TyG-BMI 69.4 43.6 0.574 (0.550, 0.598) | 0.131 202.75
TG/HDL-C 69.7 39.9 0.561 (0.537,0.585) | 0.096 1.674
METS-IR 62.8 48.2 0.563 (0.589,0.587) | 0.111 1.99

MAP 32.8 78.2 0.574 (0.550, 0.597) | 0.110 95.5

CEA 68.4 38.6 0.546 (0.522, 0.570) | 0.070 1.22

TyG +TyG-BMI+TG/HDL-C + METS-IR 66.9 46.8 0.577 (0.553,0.601) | 0.137 0.468

TyG +TyG-BMI+TG/HDL-C + METS-IR + Sex + Age | 56.8 63.3 0.625(0.602,0.648) | 0.201 0.506

MAP +Sex + Age 53.8 64.1 0.624(0.601, 0.647) | 0.196 0.509

Table 7. Analysis of the diagnostic efficiency of predictive algorithm in diagnosing colorectal polyps.

in the population undergoing colonoscopy at our center. To the best of our knowledge, this is the first report on
the correlation between insulin resistance markers and the incidence of colonic polyps.

Our study found that there were differences in sex, age, FPG, BMI, TyG, TyG-BMI, TG/HDL-C, METS-IR,
MAP, TG, high-density lipoprotein, and CEA between the colorectal polyp group and the non-colorectal polyp
group(p <0.05). Univariate logistic regression analysis indicated that sex, age, BMI, TyG, TyG-BMI, TG/HDL-C,
METS-IR, mean arterial pressure, and CEA are risk factors for the occurrence of colorectal polyps. This findings
suggests that TyG, TyG-BMI, TG/HDL-C, and METS-IR could be used as indicators to predict the occurrence
of colorectal polyps.

Our research results suggest that the risk of colorectal polyps increases with age. Logistic regression risk
analysis indicated an OR value of 1.045, indicating that the risk of developing colorectal polyps increases by
1.045 times for each age grade increase. We found that the prevalence of colorectal polyps was 89.98% in people
over 40 years old, which is consistent with a foreign study'?. Therefore, it is reccommended that people over
40 years old should undergo colonoscopy as soon as possible. This study found that men are more prone to
colorectal polyps than women, consistent with previous reports!"'*and the possible mechanisms may be related
to unhealthy lifestyles such as smoking'#and alcohol consumption'®as well as low estrogen levels in males'®.

Our research found that as the degree of insulin resistance increases, the risk of developing colorectal
polyps also rises. The results of univariate logistic regression analysis showed that METS-IR had the highest
risk coeflicient (OR 1.797), followed by TyG (OR1.536), while TyG-BMI, TG/HDL-C, and MAP were lower
( OR 1.006, 1.054, and 1.013, respectively). Studies have indicated that insulin resistance can contribute
to the occurrence of colorectal polyps!” .The mechanism behind this may be that when insulin resistance is
present, elevated insulin levels in the body can promote cell mitosis and the production of insulin-like growth
factors, which can inhibit the process of apoptosis when it binds to IGF-1R receptors, and thus contribute to
the development of colorectal polyps. Currently, many studies have confirmed that the TyG, TyG-BMI, TG/
HDL-C, and METS-IR are reliable and convenient new indicators for reflecting insulin resistance and metabolic
syndrome. Previous studies have found that these new indicators of insulin resistance are associated with obesity,
hypertension, metabolic syndrome, and diabetes. However, research on the relationship between these new
indicators of insulin resistance and the incidence of colorectal polyps has not yet been reported in domestic
and foreign studies. This study aims to clarify the predictive value of these four indicators for colorectal polyps,
with the hope of providing clinicians with an effective, simple, and convenient prediction method that is easy to
promote in clinical practice.

The TyG index is calculated from TG and FPG, the TyG-BMI index is obtained by multiplying BMI based on
TG and FPG, the METS-IR index is calculated from FBG, TG, BMI and high-density lipoprotein. TG/HDL-C
represents the ratio of TG to HDL-C. These four insulin resistance indicators have certain predictive value for the
occurrence of colorectal polyps, reflecting the potential roles of BMI, FPG, TG, and HDL-C in the development
and progression of colorectal polyps. They also reveal the roles of lipotoxicity and glucotoxicity in the occurrence
of colorectal polyps. Studies have found that there is fat accumulation in the submucosal tissue of patients with
colorectal polyps, which is considered to be related to insulin resistance. Under insulin resistance conditions, the
supply of free fatty acids to the colonic and rectal tissues increases, leading to TG accumulation and lipid droplet
formation'®. This study also found that in the polyp group with metabolic syndrome, BMI, FPG, HOMA-IR,
and DBP were all higher than those in the control group, while serum HDL-C was lower than that in the control
group, which is consistent with the results of our study.

A study has found that HDL, TG, total cholesterol, and LDL are all related to the occurrence of colorectal
polyps!®. This study noted that in the polyp group, HDL levels are significantly lower than those in the control
group, while TG, total cholesterol, and LDL levels are significantly higher. However, our findings differ from
those of this study. Total cholesterol and LDL-C are not risk factors for colorectal polyps (p>0.05). ApoB levels
were significantly higher in the polyp group compared with that of the non-polyp group (p <0.05). Other studies
have also indicated that TG and ApoB are risk factors for recurrence after colorectal polyp removal?.

In our study, we found that MAP in the colorectal polyp group was significantly higher than that in the control
group. Logistic regression analysis also showed that MAP is a risk factor for the occurrence of colorectal polyps.
Previously, there have been few studies on the relationship between hypertension and the risk of colorectal
polyps, and the conclusions were inconsistent. One study on a Chinese population found that blood pressure in
the non-colorectal polyp group was lower than that in the polyp group?!. Another study found that hypertension
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is a predictor of colorectal polyp recurrence in the elderly??. However, a study in Japan suggested that the use
of antihypertensive medications may be a risk factor for colorectal polyps®®.Therefore, the relationship between
blood pressure levels, duration of hypertension, and the progression of colorectal polyps needs to be further
investigated.

The development of colorectal cancer typically follows an evolutionary process of “polyp - adenoma -
carcinogenesis”?%. CEA testing provides a certain degree of diagnostic capability for polyp carcinogenesis. A
study found that an elevated CEA level (>1.435 ng/mL) is an independent risk factor for polyps?. Our research
also revealed that CEA levels were significantly higher in the colorectal polyp group than.

that in the non-polyp group, suggesting a correlation between CEA and the occurrence of colorectal polyps.
ROC curve analysis indicated that the optimal cutoff value for CEA is 1.22 ng/mL. In the present study, we
also discovered that the predictive ability of all four insulin resistance-related indicators is stronger than that of
CEA. The AUC values were even higher when considering the four insulin resistance indices in combination
with age and sex. During ROC curve analysis, we also observed that MAP has a certain predictive ability. The
predictive effectiveness of insulin resistance indicators and MAP for the occurrence of colorectal polyps is higher
than that of CEA, and the predictive efficacy of combining insulin resistance indicators and MAP with sex and
age was even higher. This suggests that while indicators of insulin resistance are useful for risk stratification,
they should be combined with other clinical indicators such as blood pressure, sex, age, and CEA. This further
illustrates that using simple and convenient insulin resistance indicators, along with consideration of blood
pressure, may more accurately reflect the probability of colorectal polyp occurrence. Therefore, a comprehensive
consideration of factors such as sex, age, CEA, blood pressure, dyslipidemia, and insulin resistance provides even
more convincing evidence.

There are shortcomings in our study. Firstly, our study belongs to a single-center retrospective study, this
study is mainly based on healthy people physical examination of the population. Due to the high health literacy
samples, so it is easy to bias the results of the study, and it is necessary to further expand the scope of the
study, and to unite more centers to carry out the study. Secondly, due to the observational cross-sectional design
employed in this study, its inherent limitations restrict the ability to infer causal relationships between of insulin
resistance markers and colorectal polyps. Thirdly, some genetic factors promote the development of colorectal
polyps, such as the hereditary mixed polyposis syndrome, Lynch syndrome, etc?’. Some studies have found that
sugar and sugar-containing soft drink consumption in adulthood is not associated with the risk of adenomas?’
and carbohydrate intake is not associated with the risk of colorectal polyps?®. However, some studies have also
shown dietary polyamine exposure increased odds of colorectal adenoma?,and higher flavonol intakes were
inversely associated with high risk adenoma recurren®. Therefore, we will expand the sample size and collect
dietary and genetic information in future studies to rule out the influence of these two factors on the results. The
current findings could be regarded as preliminary exploratory discoveries, and further longitudinal cohort study
is needed to validate the causality between the two by tracking changes in insulin resistance marker levels and
the temporal relationship with the occurrence/development of colorectal polyps.

In summary, middle-aged and elderly individuals, males, those with high blood pressure, insulin resistance,
dyslipidemia (especially high TG and low HDL), and elevated CEA levels are independent risk factors for the
onset of colorectal polyps. A risk prediction model constructed based on these factors can effectively predict
individuals at risk of developing colorectal polyps. By combining colonoscopy with other screening methods,
the occurrence of colorectal polyps can be effectively screened and prevented, thereby minimizing the risk of
colorectal cancer.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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